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NOTE TO THE READER

The term 'carcinogenic risk' in the IARC Monographs series is taken to mean the
probability that exposure to an agent will lead to cancer in humans.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only
that the published data have been exarnned. Equally, the fact that an agent hàS not yet
been evaluated in a monograph does not mean that it is not carcinogenic.

The evaluations of carcinogenic risk are made by international working groups of
independent scientists and are qualitative in nature. No rccommendation is given for
regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the carcino-
genic risk of an agent to humans is encouraged to make this information available to the
Unit of Carcinogen Identification and Evaluation, International Agency for Research on
Cancer, 150 cours Albert Thomas, 69372 Lyon Cedex 08, France, in order that the agent
may be considered for re-evaluation by a future W orking Group.

Although every effort is made to prepare the monographs as accurately as possible,
mistakes may occur. Readers are requested to communicate any errors to the Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.
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IARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS1

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (IARC) initiated a pro-
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce mono-
graphs on individu al chemicals. The Monographs programe has since been expanded
to include consideration of exposures to complex mixtures of chemicals (which occur,
for example, in some occupations and as a result of human habits) and of exposures to
other agents, such as radiation and viruses. With Supplement 6 (IARC, 1987a), the title
of the series was modified from IARC Monographs on the Evaluation of the Carcino-
genic Risk of Chemicals to Humans to IARC Monographs on the Evaluation of Carcino-
genic Risks to Humans, in order to reflect the widened sc ope of the programe.

The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted
by the working groups whose deliberations resulted in the first 16 volumes of the IARC
Monographs series. Those criteria were subsequently updated by further ad-hoc working
groups (IARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991a; Vainio et aL., 1992).

2. OBJECTIVE AND SCOPE

The objective of the programe is to prepare, with the help of international working
groups of experts, and to publish in the form of monographs, critical reviews and eva-
luations of evidence on the carcinogenicity of a wide range of human exposures. The
Monographs may also indicate where additional research efforts are needed.

The Monographs represent the first step in carcinogenic risk assessment, which
involves exarnation of all relevant information in order to assess the strength of the
available evidence that certain exposures could alter the incidence of cancer in humans.
The second step is quantitative risk estimation. Detailed, quantitative evaluations of
epidemiological data may be made in the Monographs, but without extrapolation beyond
the range of the data available. Quantitative extrapolation from experimental data to the
human situation is not undertaken.

¡This project is supported by PHS Grant No. 5-UÜ1 CA33193-16 awarded by the United States National
Cancer Institute, Deparment of Health and Human Services. Since 1986, the programe has also been
supported by the European Comnssion.

-9-
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The term 'carcinogen' is used in these monographs to denote an exposure that is
capable of increasing the incidence of malignant neoplasms; the induction of benign neo-
plasms may in some circumstances (see p. 17) contribute to the judgement that the
exposure is carcinogenic. The terms 'neoplasm' and 'tumour' are used interchangeably.

Some epidemiological and experimental studies indicate that different agents may act
at different stages in the carcinogenic process, and several mechanisms may be involved.
The aim of the Monographs has been, from their inception, to evaluate evidence of carci-
nogenicity at any stage in the carcinogenesis process, independently of the underlying

mechanisms. Information on mechanisms may, however, be used in makng the overall
evaluation (IARC, 1991a; Vainio et aL., 1992; see also pp. 23-25).

The Monographs may assist national and international authorities in makng risk
assessments and in formulating decisions concerning any necessar preventive measures.
The evaluations of IARC working groups are scientific, qualitative judgements about the
evidence for or against carcinogenicity provided by the available data. These evaluations
represent only one par of the body of information on which regulatory measures may be
based. Other components of regulatory decisions var from one situation to another and
from country to countr, responding to different socioeconomic and national priorities.
Therefore, no recommendation is given with regard to regulation or legislation,
which are the responsibiUty of individual governments and/or other international
organizations.

The IARC Monographs are recognized as an authoritative source of information on
the carcinogenicity of a wide range of human exposures. A survey of users in 1988 indi-
cated that the Monographs are consulted by varous agencies in 57 countries. About 4000
copies of each volume are printed, for distrbution to governments, regulatory bodies and
interested scientists. The Monographs are also available from the International Agency
for Research on Cancer in Lyon and via the Distribution and Sales Service of the World
Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) there is evidence of human
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term
'agent' is used to inc1ude individual chemical compounds, groups of related chemical
compounds, physical agents (such as radiation) and biological factors (such as virses).
Exposures to mixtures of agents may occur in occupational exposures and as a result of
personal and cultural habits (like smoking and dietar practices). Chemical analogues
and compounds with biological or physical characteristics similar to those of suspected
carcinogens may also be considered, even in the absence of data on a possible carcino-
genic effect in humans or experimental anmals.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcino-
genicity (IAC, 1973-1996) and directories of on-going research in cancer epidemiology
(lARC, 1976-1996) often indicate exposures that may be scheduled for future meetings.
Ad-hoc working groups convened by IARC in 1984, 1989, 1991 and 1993 gave recom-
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mendations as to which agents should be evaluated in the IARC Monographs series
(lARC, 1984, 1989, 1991b, 1993).

As significant new data on subjects on which monographs have already been prepared
become available, re-evaluations are made at subsequent meetings, and revised mono-
graphs are published.

4. DATA FOR MONOGRAPHS

The Monographs do not necessarly cite aH the literature concernng the subject of an
evaluation. Only those data considered by the Working Group to be relevant to makng
the evaluation are included.

With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are
reviewed by the working groups. ln certain instances, govemment agency reports that
have undergone peer review and are widely available are considered. Exceptions may be
made on an ad-hoc basis to include unpublished reports that are in their final form and
publicly available, if their inclusion is considered pertinent to makng a final evaluation
(see pp. 23-25). ln the sections on chemical and physical propertes, on analysis, on pro-
duction and use and on occurrence, unpublished sources of information may be used.

5. THE WORKIG GROUP

Reviews and evaluations are formulated by a working group of experts. The tasks of
the group are: (i) to ascertain that all appropriate data have been coHected; (ii) to select
the data relevant for the evaluation on the basis of scientific merit; (iii) to prepare
accurate summares of the data to enable the reader to follow the reasoning of the
Working Group; (iv) to evaluate the results of epidemiological and experimental studies
on cancer; (v) to evaluate data relevant to the understanding of mechanism of action; and
(vi) to make an overall evaluation of the carcinogenicity of the exposure to humans.

W orking Group paricipants who contrbuted to the considerations and evaluations
withn a parcular volume are listed, with their addresses, at the beginnig of each publi-
cation. Each paricipant who is a member of a working group serves as an individual
scIentist and not as a representative of any organzation, governent or industr. ln
addition, nominees of national and international agencies and industral associations may
be invited as observers.

6. WORKIG PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of the
monographs are anounced and parcipants are selected by IAC staff in consultation
With other experts. Subsequently, relevant biological and epidemiological data are
coHected by the Carcinogen Identification and Evaluation Unit of IAC from recognized
sources of information on carcinogenesis, includig data storage and retrieval systems

such as MEDLIN and TOXLIN.
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For chemicals and some complex mixtures, the major collection of data and the
preparation of first drafts of the sections on chemical and physical properties, on
analysis, on production and use and on occurrence are cared out under a separate
contract funded by the United States National Cancer Institute. Representatives from
indus trial associations may assist in the preparation of sections on production and use.
Information on production and trade is obtained from governmental and trade publi-
cations and, in some cases, by direct contact with industries. Separate production data on
some agents may not be available because their publication could disc10se confidential
information. Information on uses may be obtained from published sources but is often
complemented by direct contact with manufacturers. Efforts are made to supplement this
information with data from other national and international sources.

Six months before the meeting, the material obtained is sent to meeting paricipants,
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first
drafts are compiled by IARC staff and sent before the meeting to aH paricipants of the
W orking Group for review.

The Working Group meets in Lyon for seven to eight days to discuss and finalIze the
texts of the monographs and to formulate the evaluations. After the meeting, the mas ter
copy of each monograph is verified by consulting the original literature, edited and
prepared for publication. The aim is to publish monographs within six months of the
W orking Group meeting.

The available studies are summarzed by the W orking Group, with paricular regard
to the qualitative aspects discussed below. ln general, numerical findings are indicated as
they appear in the original report; units are converted when necessar for easier compa-
rison. The W orking Group may conduct addition al analyses of the published data and use
them in their assessment of the evidence; the results of such supplementar analyses are
given in square brackets. When an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader, a comment is given in
square brackets.

7. EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the people most likely to be exposed and the factors that contribute to the
exposure are inc1uded at the beginning of each monograph.

Most monographs on individual chemicals, groups of chemicals or complex mixtures
include sections on chemical and physical data, on analysis, on production and use and
on occurrence. ln monographs on, for example, physical agents, occupational exposures
and cultural habits, other sections may be inc1uded, such as: historical perspectives,
description of an industr or habit, chemistr of the complex mixture or taxonomy.
Monographs on biological agents have sections on strcture and biology, methods of
detection, epidemiology of infection and c1inical disease other than cancer.

For chemical exposures, the Chemical Abstracts Services Registr Number, the latest
Chemical Abstracts Primar Name and the IUPAC Systematic Name are recorded; other
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synonyms are given, but the list is not necessarly comprehensive. For biological agents,
taxonomy and structure are described, and the degree of varabilty is given, when
applicable.

Information on chemical and physical properties and, in paricular, data relevant to
identification, occurrence and biological activity are included. For biological agents,
mode of replication, life cycle, target cells, persistence and latency and host response are
given. A description of technical products of chemicals inc1udes trade names, relevant
specifications and available information on composition and impurities. Some of the
trade names given may be those of mixtures in which the agent being evaluated is only
one of the ingredients.

The purpose of the section on analysis or detection is to give the reader an overview
of current methods, with emphasis on those widely used for regulatory purposes.
Methods for monitoring human exposure are also given, when available. No critical eva-
luation or recommendation of any of the methods is meant or implied. The IARC
published a series of volumes, EnvironmentaZ Carcinogens: Methods of AnaZysis and
Exposure Measurement (lARe, 1978-93), that describe validated methods for analysing
a wide varety of chemicals and mixtures. For biological agents, methods of detection
and exposure assessment are described, including their sensitivity, specificity and repro-
ducibility.

The dates of first synthesis and of first commercial production of a chemical or
mixture are provided; for agents which do not occur naturally, this information may
allow a reasonable estimate to be made of the date before which no human exposure to
the agent could have occurred. The dates of first reported occurrence of an exposure are
also provided. ln addition, methods of synthesis used in past and present commercial
production and different methods of production which may give rise to different impu-
rities are described.

Data on production, international trade and uses are obtained for representative

regions, which usually inc1ude Europe, Japan and the United States of America. It should
not, however, be inferred that those areas or nations are necessarly the sole or major
sources or users of the agent. Sorne identified uses may not be current or major appli-
cations, and the coverage is not necessarly comprehensive. ln the case of drgs, mention
of their therapeutic uses does not necessarly represent current practice, nor does it imply
judgement as to their therapeutic effcacy.

Information on the occurrence of an agent or miture in the environment is obtained
from data derived from the monitorig and surveillance of levels in occupational envi-
ronments, ai, water, soil, foods and animal and human tissues. When available, data on
the generation, persistence and bioaccumulation of the agent are also inc1uded. ln the
case of mitures, industres, occupations or processes, information is given about all

agents present. For processes, industres and occupations, a historical description is also
given, noting varations inchemical composition, physical properties and levels of occu-
pational exposure with tIe and place. For biological agents, the epidemiology of

infection is described.
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Statements concernng regulations and guidelines (e.g., pesticide registrations,
maximal levels perrtted in foods, occupational exposure limits) are inc1uded for some

countres as indications of potential exposures, but they may not reflect the most recent
situation, since such limits are continuously reviewed and modified. The absence of
information on regulatory status for a country should not be taken to imply that that
countr does not have regulations with regard to the exposure. For biological agents,
legislation and control, including vaccines and therapy, are described.

8. STUDIES OF CANCER lN HUMANS

(a) Types of studies considered

Thee types of epidemiological studies of cancer contrbute to the assessment of carci-
nogenicity in humans - cohort studies, case-control studies and correlation (or ecolo-
gical) studies. Rarely, results from randomized trals may be available. Case series and
case reports of cancer in humans may also be reviewed.

Cohort and case-control studies relate the exposures under study to the occurrence of
cancer in individuals and provide an estimate of relative risk (ratio of incidence or morta-
lity in those exposed to incidence or mortality in those not exposed) as the main measure
of association.

ln correlation studies, the units of investigation are usually whole populations (e.g. in
parcular geographical areas or at parcular times), and cancer frequency is related to a
summar measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individual exposure is not documented, however, a
causal relationship is less easy to infer from correlation studies than from cohort and
case-control studies. Case reports generally arse from a suspicion, based on clinical
experience, that the concurrence of two events - that is, a paricular exposure and

occurrence of a cancer - has happened rather more frequently than would be expected
by chance. Case reports usually lack complete ascertainment of cases in any population,
definition or enumeration of the population at risk and estimation of the expected number
of cases in the absence of exposure. The uncertnties surounding interpretation of case
reports and correlation studies make them inadequate, except in rare instaces, to form
the sole basis for inferrng a causal relationship. When taken together with case-control
and cohort studies, however, relevant case reports or correlation studies may add
materially to the judgement that a causal relationship is present.

Epidemiological studies of benign neoplasms, presumed preneoplastic lesions and
other end-points thought to be relevant to cancer are also reviewed by working groups.
They may, in some instaces, strengthen inferences drawn from studies of cancer itself.

(b) Quality of studies considered

The Monographs are not intended to summarze all published studies. Those that are
judged to be inadequate or Irelevant to the evaluation are generaly omitted. They may
be mentioned briefly, parcularly when the information is considered to be a useful
supplement to that in other reports or when they provide the only data available. Their
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inclusion does not imply acceptance of the adequacy of the study design or of the

analysis and interpretation of the results, and limitations are clearly outlined in square
brackets at the end of the study description.

It is necessar to take into account the possible roles of bias, confounding and chance
in the interpretation of epidemiological studies. By 'bias' is meant the operation of
factors in study design or execution that lead erroneously to a stronger or weaker asso-
ciation than in fact exists between disease and an agent, mixture or exposure circum-
stance. By 'confounding' is meant a situation in which the relationship with disease is
made to appear stronger or weaker than it truly is as a result of an association between
the apparent causal factor and another factor that is associated with either an increase or
decrease in the incidence of the disease. ln evaluating the extent to which these factors
have been mmimized in an individual study, working groups consider a number of
aspects of design and analysis as described in the report of the study. Most of these
considerations apply equally to case-control, cohort and correlation studies. Lack of
clarty of any of these aspects in the reporting of a study can decrease its credibility and
the weight given to it in the final evaluation of the exposure.

Firstly, the study population, disease (or diseases) and exposure should have been
well defined by the authors. Cases of disease in the study population should have been
identified in a way that was independent of the exposure of interest, and exposure should
have been assessed in a way that was not related to disease status.

Secondly, the authors should have taken account in the study design and analysis of
other varables that can influence the risk of disease and may have been related to the
exposure of interest. Potential confounding by such varables should have been dealt with
either in the design of the study, such as by matching, or in the analysis, by statistical
adjustment. ln cohort studies, comparsons with local rates of disease may be more
appropriate than those with national rates. InternaI comparsons of disease frequency
among individuals at different levels of exposure should also have been made in the
study.

Thdly, the authors should have reported the basic data on which the conclusions are
founded, even if sophisticated statistical analyses were employed. At the very least, they
should have given the numbers of exposed and unexposed cases and controls in a case-
control study and the numbers of cases observed and expected in a cohort study. Furer
tabulations by time since exposure began and other temporal factors are also important.
ln a cohort study, data on all cancer sites and all causes of death should have been given,
to reveal the possibilty of reporting bias. ln a case-control study, the effects of investi-
gated factors other than the exposure of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confdence intervals and significance tests, and to adjust for confounding
should have been clearly stated by the authors. The methods used should preferably have
been the generally accepted technques that have been refined since the mid-1970s.

These methods have been reviewed for case-control studies (Breslow & Day, 1980) and
for cohort studies (Breslow & Day, 1987).
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(c) Inferences about mechanism of action

DetaIled analyses of both relative and absolute risks in relation to temporal varables,
such as age at first exposure, time since first exposure, duration of exposure, cumulative
exposure and time since exposure ceased, are reviewed and summarzed when available.
The analysis of temporal relationships can be useful in formulating models of carcino-
genesis. ln paricular, such analyses may suggest whether a carcinogen acts early or late
in the process of carcinogenesis, although at best they allow only indirect inferences
about the mechanism of action. Special attention is given to measurements of biological
markers of carcinogen exposure or action, such as DNA or protein adducts, as well as
markers of early steps in the carcinogenic process, such as próto-oncogene mutation,

when these are incorporated into epidemiological studies focused on cancer incidence or
mortality. Such measurements may allow inferences to be made about putative mecha-
nisms of action (IARC, 1991a; Vainio et aZ., 1992).

(d) Criteria for causaZity

After the quality of individual epidemiological studies of cancer has been summarzed
and assessed, a judgement is made concerning the strength of evidence that the agent,
mixture or exposure circumstance in question is carcinogenic for humans. ln makng its
judgement, the W orking Group considers several criteria for causality. A strong asso-
ciation (a large relative risk) is more likely to indicate causality than a weak association,
although it is recognized that relative risks of small magnitude do not imply lack of
causality and may be important if the disease is common. Associations that are replicated
in several studies of the same design or using different epidemiological approaches or
under different circumstances of exposure are more likely to represent a causal relation-
ship than isolated observations from single studies. If there are inconsistent results
among investigations, possible reasons are sought (such as differences in amount of
exposure), and results of studies judged to be of high quality are given more weight than
those of studies judged to be methodologically less sound. When suspicion of carcino-
genicity arses largely froID a single study, these data are not combined with those from
later studies in any subsequent reassessment of the strength of the evidence.

If the risk of the disease in question increases with the amount of exposure, this is
considered to be a strong indication of causality, although absence of a graded response
is not necessarly evidence against a causal relationship. Demonstration of a dec1ine in
risk after cessation of or reduction in exposure in individuals or in whole populations
also supports a causal interpretation of the findings.

Although a carcinogen may act upon more than one target, the specificity of an asso-
ciation (an increased occurrence of cancer at one anatomical site or of one morphological
type) adds plausibilty to a causal relationship, parcularly when excess cancer occur-
rence is limted to one morphological tye within the same organ.

Although rarely available, results from randomized trals showing different rates
among exposed and unexposed individuals provide paricularly strong evidence for
causality.
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When several epidemiological studies show little or no indication of an association
between an exposure and cancer, the judgement may be made that, in the aggregate, they
show evidence of lack of carcinogenicity. Such a judgement requires first of all that the
studies giving rise to it meet, to a sufficient degree, the standards of design and analysis
described above. Specifically, the possibility that bias, confounding or misc1assification
of exposure or outcome could explain the observed results should be considered and
exc1uded with reasonable certainty. ln addition, aU studies that are judged to be methodo-
logically sound should be consistent with a relative risk of unit y for any observed level of
exposure and, when considered together, should provide a pooled estimate of relative
risk which is at or near unit y and has a narow confidence interval, due to sufficient
population size. Moreover, no individu al study nor the pooled results of aU the studies
should show any consistent tendency for the relative risk of cancer to increase with
increasing level of exposure. it is important to note that evidence of lack of carcIno-
genicity obtained in this way from several epidemiological studies can apply only to the
type(s) of cancer studied and to dose levels and intervals between first exposure and
observation of disease that are the same as or less than those observed in all the studies.
Experience with human cancer indicates that, in some cases, the period from first
exposure to the development of clinical cancer is seldom less than 20 years; latent
periods substantiaUy shorter than 30 years cannot provide evidence for lack of carcIno-
genicity.

9. STUDIES OF CANCER lN EXPERIENTAL ANIMALS

All known human carcinogens that have been studied adequately in experimental
animaIs have produced positive results in one or more animal species (Wilbourn et aL.,
1986; Tomatis et aL., 1989). For several agents (aflatoxins, 4-arnobiphenyl, azathio-
prine, betel quid with tobacco, bischloromethyl ether and chloromethyl methyl ether
(technical grade), chlorambucil, chlomaphazine, cic1osporin, coal-tar pitches, coal-tars,
combined oral contraceptives, cyclophospharde, diethylstilboestrol, melphalan, 8-
methoxypsoralen plus ultraviolet A radiation, mus tard gas, myleran, 2-naphthylarne,
nonsteroidal oestrogens, oestrogen replacement therapy/steroidal oestrogens, solar
radiation, thiotepa and vinyl chloride), carcinogenicity in experimental animaIs was esta-
blished or highly suspected before epidemiological studies confrmed their carcIno-
genicity in humans (Vainio et aL., 1995). Although this association cannot establish that
aU agents and mixtures that cause cancer in experimental animaIs also cause cancer in
humans, nevertheless, in the absence of adequate data on humans, it is biologicaIly
plausible and prudent to regard agents and mixtures for which there is sufficient
evidence (see p. 24) of carcinogenicity in experimental animais as if they presented a
carcinogenic risk to humans. The possibilty that a given agent may cause cancer

though a species-specific mechanism which does not operate in humans (see p. 25)
should also be taken into consideration.

The nature and extent of impurities or contarnants present in the chemical or
mixture being evaluated are given when available. Animal strain, sex, numbers per
group, age at star of treatment and survival are reported.
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Other types of studies summarzed include: experiments in which the agent or mixture
was adrnistered in conjunction with known carcinogens or factors that modify carcIno-
genic effects; studies in which the end-point was not cancer but a defined precancerous
lesion; and experiments on the carcinogenicity of known metabolites and derivatives.

For experimental studies of mixtures, consideration is given to the possibilty of

changes in the physicochemical properties of the test substance during collection,
storage, extraction, concentration and delivery. Chemical and toxicological interactions
of the components of mixtures may result in nonlinear dose-response relationships.

An assessment is made as to the relevance to human exposure of samples tested in
experimental animaIs, which may involve consideration of: (i) physical and chemical
characteristics, (ii) constituent substances that indicate the presence of a class of
substances, (iii) the results of tests for genetic and related effects, inc1uding genetic
activity profiles, DNA adduct profiles, proto-oncogene mutation and expression and
suppressor gene inactivation. The relevance of results obtained, for example, with anmal
viruses analogous to the virs being evaluated in the monograph must also be considered.
They may provide biological and mechanistic information relevant to the understanding
of the process of carcinogenesis in humans and may strengthen the plausibilty of a
conclusion that the biological agent under evaluation is carcinogenic in humans.

(a) Qualitative aspects

An assessment of carcinogenicity involves several considerations of qualitative
importance, including (i) the experimental conditions under which the test was
performed, including route and schedule of exposure, species, strain, sex, age, duration
of follow-up; (ii) the consistency of the results, for example, across species and target
organes); (iii) the spectrum of neoplastic response, from preneoplastic les ions and benign
tumours to malignant neoplasms; and (iv) the possible role of modifying factors.

As mentioned earlier (p. 11), the Monographs are not intended to summarze all
published studies. Those studies in experienta animals that are inadequate (e.g., too
short a duration, too few anmals, poor survival; see below) or are judged irrelevant to
the evaluation are generally omitted. Guidelines for conducting adequate long-term

carcinogenicity experiments have been outlined (e.g. Montesano et aL., 1986).

Considerations of importance to the W orking Group in the interpretation and eva-
luation of a paricular study include: (i) how clearly the agent was defIned and, in the
case of mixtures, how adequately the sample characterization was reported; (H) whether
the dose was adequately monitored, paricularly in inhalation experiments; (ii) whether
the doses and duration of treatment were appropriate and whether the survival of treated
anals was similar to that of controls; (iv) whether there were adequate numbers of
anals per group; (v) whether animaIs of each sex were used; (vi) whether anmals were

allocated randomly to groups; (vii) whether the duration of observation was adequate;
and (vii) whether the data were adequately reported. If available, recent data on the
incidence of specific tumours in historical controls, as. well as in concurrent controls,
should be taken into account in the evaluation of tumour response.
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When benign tumours occur together with and originate from the same cell type in an
organ or tissue as malignant tumours in a paricular study and appear to represent a stage
in the progression to malignancy, it may be valid to combine them in assessing tumour
incidence (Huff et aL., 1989). The occurrence of lesions presumed to be preneoplastic
may in certain instances aid in assessing the biological plausibilty of any neoplastic
response observed. If an agent or mixture induces only benign neoplasms that appear to
beend-points that do not readily undergo transition to malgnancy, it should neverteless
be suspected of being a carcinogen and requires further investigation.

(b) Quantitative aspects

The probabilty that tumours wil occur may depend on the species, sex, strain and
age of the anmal, the dose of the carcinogen and the route and length of exposure.

Evidence of an increased incidence of neoplasms with increased level of exposure
strengthens the inference of a causal association between the exposure and the develop-
ment of neoplasms.

The form of the dose-response relationship can var widely, depending on the
paricular agent under study and the target organ. Both DNA damage and increased cell
division are important aspects of carcinogenesis, and cell proliferation is a strong deter-
minant of dose-response relationships for some carcinogens (Cohen & Ellwein, 1990).
Since many chemicals require metabolic activation before being converted into their
reactive intermediates, both metabolic and pharacokinetic aspects are important in
deterrning the dose-response pattern. Saturation of steps such as absorption, activation,
inactivation and elimination may produce nonlinearty in the dose-response relationship,
as could saturation of processes such as DNA repai (Hoel et al., 1983; Gar et aL., 1986).

(c) Statistical analysis of long-term experiments in animals

Factors considered by the W Olking Group inc1ude the adequacy of the information

given for each treatment group: (i) the number of anmals studied and the number
exarned histologically, (ü) the number of anals with a given tumour type and
(üi) length of surival. The statistical methods used should be c1tarly stated and should
be the generaly accepted technques refined for ths purose (Peto et al., 1980; Gar

et al., 1986). When there is no difference in surival between control and treatment
groups, the W orking Group usually compares the proportons of anaIs developing each

tumour type in each of the groups. Otherwise, consideration is given as to whether or not
appropriate adjustments have been made for differences in survival. These adjustments
can include: comparsons of the proportions of tuour-bearg anaIs among the
effective number of anmals (alve at the time the first tumour is discovered), in the case
where most differences in survival occur before tumours appear; life-table methods,
when tuours are visible or when they may be considered 'fata' because mortaIity
rapidly follows tuour development; and the Mantel-Haenszel test or logistic regression,
when occult tumours do.not affect the anmals' risk of dying but are 'incidental' findings
at autopsy.
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ln practice, c1assifying tumours as fatal or incidental may be difficult. Several
surival-adjusted methods have been developed that do not require this distinction (Gar
et aL., 1986), although they have not been fully evaluated.

10. OTHER DATA RELEVANT TO AN EVALUATION OF
CARCINOGENICITY AND ITS MECHANISMS

ln coming to an overall evaluation of carcinogenicity in humans (see pp. 23-25), the
W orking Group also considers related data. The nature of the information selected for the
summar depends on the agent being considered.

For chemicals and complex mixtures of chemicals such as those in some occupational
situations and involving cultural habits (e.g. tobacco smoking), the other data considered
to be relevant are divided into those on absorption, distrbution, metabolism and

excretion; toxic effects; reproductive and developmental effects; and genetic and related
effects.

Concise information is given on absorption, distrbution (inc1uding placental transfer)
and excretion in both humans and experimental anmals. KInetic factors that may affect
the dose-response relationship, such as saturation of uptake, protein binding, metabolic
activation, detoxification and DNA repai processes, are mentioned. Studies that indicate
the metabolic fate of the agent in humans and in experimental anmals are summarzed
briefly, and comparsons of data on humans and on anmals are made when possible.
Comparative information on the relationship between exposure and the dose that reaches
the target site may be of parcular importce for extrapolation between species. Data
are given on acute and chronic toxic effects (other than cancer), such as organ toxicity,
increased cell proliferation, immunotoxicity and endocrine effects. The presence and
toxicological significance of cellular receptors is described. Effects on reproduction,

teratogenicity, fetotoxicity and embryotoxicity are also summarzed briefly.
Tests of genetic and related effects are described in view of the relevance of gene

mutation and chromosomal damage to carcinogenesis (Vainio et aL., 1992). The ade-
quacy of the reportng of sample characterization is considered and, where necessar,
commented upon; with regard to complex mixtues, such comments are similar to those
described for anmal carcinogenicity tests on p. 18. The available data are interpreted
critically by phylogenetic group according to the end-points detected, which may inc1ude
DNA damage, gene mutation, sister chromatid exchange, micronucleus formation, chro-
mosomal aberrations, aneuploidy and cell transformation. The concentrations employed
are given, and mention is made of whether use of an exogenous metabolic system in vitro
afected the test result. These data are given as listings of test systems, data and
references; bar graphs (activity profiles) and corresponding summar tables with detailed
information on the preparation of the profiles (Waters et al., 1987) are given in

appendices.
Positive results in tests using prokarotes, lower eukarotes, plants, insects and

cultured mamalan cells. suggest that genetic and related effects could occur in
mamals. Results from such tests mayalsogive information about the types of genetic
effect produced and about the involvement of metabolic activation. Some end-points
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described are c1early genetic in nature (e.g., gene mutations and chromosomal aberra-
tions), while others are to a greater or lesser degree associated with genetic effects (e.g.
unscheduled DNA synthesis). ln-vitro tests for tumour-promoting activity and for cell
transformation may be sensitive to changes that are not necessarly the result of genetic
alterations but that may have specific relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano et aL., 1986).

Genetic or other activity manifest in experimental mamals and humans is regarded
as being of greater relevance than that in other organsms. The demonstration that an
agent or mixture can induce gene and chromos omal mutations in whole marals indi-
cates that it may have carcinogenic activity, although ths activity may not be detectably
expressed in any or all species. Relative potency in tests for mutagenicity and related
effects is not a reliable indicator of carcinogenic potency. Negative results in tests for
mutagenicity in selected tissues from anmaIs treated in vivo provide less weight, parly
because they do not exc1ude the possibilty of an effect in tissues other than those
exarned. Moreover, negative results in short-term tests with genetic end-points canot
be considered to provide evidence to rule out carcinogenicity of agents or mixtures that
act through other mechansms (e.g. receptor-mediated effects, cellular toxicity with rege-
nerative proliferation, peroxisome proliferation) (Vaio et al., 1992). Factors that may
lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano et aL., 1986).

When available, data relevant to mechansms of carcinogenesis that do not involve
strctural changes at the level of the gene are also described.

The adequacy of epidemiological studies of reproductive outcome and genetic and
related effects in humans is evaluated by the same criteria as are applied to epidemio-
logical studies of cancer.

Strcture-activity relationships that may be relevant to an evaluation of the carcino-

genicity of an agent are also described.

For biological agents - viroses, bacteria and parasites - other data relevant to

carcinogenicity inc1ude descriptions of the pathology of infection, molecular biology

(integration and expression of virses, and any genetic alterations seen in human
tumours) and other observations, which might inc1ude cellular and tissue responses to
inection, immune response and the presence of tumour markers.

Il. SUMRY OF DATA REPORTED

ln ths section, the relevant epidemiological and experienta data are summarzed.
Only reports, other than in abstract form,that meet the criteria outlined on p. 11 are
considered for evaluating carcinogenicity. Inadequate studies are generally not
summarzed: such studies are usually identified by a square-bracketed comment in the
preceding text.
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(a) Exposure

Human exposure to chemicals and complex mixtures is summarzed on the basis of
elements such as production, use, occurrence in the environment and deterrnations in
human tissues and body fluids. Quantitative data are given when available. Exposure to
biological agents is described in terms of transmission and prevalence of infection.

(b) Carcinogenicity in humans

Results of epidemiological studies that are considered to be pertnent to an assessment
of human carcinogenicity are summarzed. When relevant, case reports and correlation
studies are also summarzed.

(c) Carcinogenicity in experimental animals

Data relevant to an evaluation of carcinogenicity in anmaIs are summarzed. For each
animal species and route of administration, it is stated whether an increased incidence of
neoplasms or preneoplastic lesions was observed, and the tumour sites are indicated. If
the agent or mixture produced tumours after prenatal exposure or in single-dose experi-
ments, ths is also indicated. Negative findings are also summarzed. Dose-response and
other quantitative data may be given when available.

(d) Other data relevant to an evaluation of carcinogenicity and its mechanisms

Data on biological effects in humans that are of paricular relevance are summarzed.
These may include toxicological, kinetic and metabolic considerations and evidence of
DNA binding, persistence of DNA lesions or genetic damage in exposed humans. Toxi-
cological information, such as that on cytotoxicity and regeneration, receptor bindig and
hormonal and immunological effects, and data on kinetics and metabolism in experi-
mental animals are given" when considered relevant to the possible mechansm of the
carcinogenic action of the agent. The results of tests for genetic and related effects are
summarzed for whole mamals, cultued mamalan cells and nonmamalan systems.

When available, comparsons of such data for humans and for anmals, and par-
cularly anals that have developed cancer, are described. -

Strctue-activity relationships are mentioned when relevant.

For the agent, mixtue or exposure circumstace being evaluated, the available data
on end-points or other phenomena relevant to mechansms of carcinogenesis from studies
in humans, experimental anaIs and tissue and cell test systems are summarzed withn
one or more of the following descriptive dimensions:

(i) Evidence of genotoxicity (strctual changes at the level of the gene): for

example, strctue-activity considerations, adduct formation, mutagenicity (eftect on

specifc genes), chromosomal mutationlaneuploidy

(ii) Evidence of etfects on the expression of relevant genes (functional changes at

the intracellular level): for example, alterations to the strctue or quantity of the product
of a proto-oncogene or tumour-suppressor gene, alterations to metabolic activationl-
inactivationlNA repai
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(üi) Evidence of relevant effects on cell behaviour (morphological or behavioural

changes at the cellular or tissue level): for example, induction of mitogenesis, compen-
satory cell proliferation, preneoplasia and hyperplasia, survival of premalignant or mali-
gnant cells (immortalization, immunosuppression), effects on metastatic potential

(iv) Evidence from dose and time relationships of carcinogenic etfects and inter-
actions between agents: for example, early/late stage, as inferred from epidemiological
studies; initiationlpromotionlprogressionlmalignant conversion, as defined in anal
carcinogenicity experiments; toxicokinetics

These dimensions are not mutually exclusive, and an agent may fall withn more than
one of them. Thus, for example, the action of an agent on the expression of relevant
genes could be summarzed under both the first and second dimensions, even if it were
known with reasonable certainty that those effects resulted from genotoxicity.

12. EV ALVA TION

Evaluations of the strength of the evidence for carcinogenicity arsing from human
and experimental anal data are made, using standard terms.

It is recognized that the criteria for these evaluations, described below, canot
encompass all of the factors that may be relevant to an evaluation of carcinogenicity. ln
considering all of the relevant scientific data, the W orkig Group may assign the agent,
mixture or exposure circumstance to a higher or lower category than a strct inter-
pretation of these criteria would indicate.

(a) Degrees of evidence for carcinogenicity in humans and in experimental

animals and supporting evidence

These categories refer only to the strength of the evidence that an exposure Is carcino-
genic and not to the extent of its carcinogenic activity (potency) nor to the mechansms
involved. A classification may change as new information becomes available.

An evaluation of degree of evidence, whether for a single agent or a mitue, is

lited to the materials tested, as defined physically, chemicaly or biologicaly. When

the agents evaluated are considered by the W orking Group to be suffciently closely
related, they may be grouped together for the purose of a single evaluation of degree of
evidence.

(i) Carcinogenicity in humans

The applicabilty of an evaluation of the carcinogenicity of a mitue, process, occu-
pation or industr on the basis of evidence from epidemiological studies depends on the

varability over tIe and place of the mitues, processes, occupations and industres.

The W orking Group seeks to identify the specifc exposure, process or activity whIch is
considered most Iiely to be responsible for any excess risk. The evaluation is focused as
narowly as the avaiable data on exposure and other aspects permt.

The evidence relevant to carcinogenicity from studies in humans is classifed into one
of the following categories:
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Suffcient evidence of carcinogenicity: The W orking Group considers that a causal
relationship has been established between exposure to the agent, mixture or exposure
circumstance and human cancer. That is, a positive relationship has been observed
between the exposure and cancer in studies in which chance, bias and confounding could
be ruled out with reasonable confidence.

Limited evidence of carcinogenicity: A positive association has been observed
between exposure to the agent, mixture or exposure circumstance and cancer for which a
causal interpretation is considered by the W orking Group to be credible, but chance, bias
or confounding could not be ruled out with reasonable confdence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient
quality, consistency or statistical power to permt a conclusion regarding the presence or
absence of a causal association, or no data on cancer in humans are available.

Evidence suggesting lack of carcinogenicity: There are several adequate studies
covering the full range of levels of exposure that human beings are known to encounter,
which are mutually consistent in not showing a positive association between exposure to
the agent, mixture or exposure circumstance and any studied cancer at any observed level
of exposure. A conclusion of 'evidence suggesting lack of carcinogenicity' is inevitably
limited to the cancer sites, conditions and levels of exposure and length of observation
covered by the available studies. ln addition, the possibility of a very small risk at the
levels of exposure studied can never be excluded.

ln some instances, the above categories may be used to c1assify the degree of evi-
dence related to carcinogenicity in specific organs or tissues.

(ii) Carcinogenicity in experimental animais

The evidence relevant to carcinogenicity in experimental anals is classified into
one of the following categories:

Suffcient evidence of carcinogenicity: The W orkig Group considers that a causal
relationship has been established between the agent or mixture and an increased inci-
dence of malignant neoplasms or of an appropriate combination of benign and malignant
neoplasms in (a) two or more species of anmals or (b) in two or more independent

studies in one species cared out at different tIes or in dierent laboratories or under

different protocols.

Exceptionally, a single study in one species might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are
lited for makng a definitive evaluation because, e.g. (a) the evidence of carcino-
genicity is restrcted to a single experiment; or (b) there are unesolved questions

regarding the adequacy of the design, conduct or interpretation of the study; or (c) the
agent or miture increases the incidence only of benign neoplasms or lesions of uncertain
neoplastic potential, or of certn neoplasms which may occur spontaeously in high
incidences in cert strains.
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Inadequate evidence of carcinogenicity: The studies canot be interpreted as showing
either the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations, or no data on cancer in experimental animals are available.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent or
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity
is inevitably limited to the species, tumour sites and levels of exposure studied.

(b) Other data relevant to the evaluation of carcinogenicity and its mechanisms

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. Ths may inc1ude
data on preneoplastic lesions, tumour pathology, genetic and related effects, structure-
activity relationships, metabolIsm and pharacokinetics, physicochemical parameters
and analogous biological agents.

Data relevant to mechansms of the carcinogenic action are also evaluated. The
strength of the evidence that any carcinogenic effect observed is due to a paricular

mechansm is assessed, using terms such as weak, moderate or strong. Then, the
Working Group assesses if that paricular mechansm is liely to be operative in humans.
The strongest indications that a paricular mechansm operates in humans come from
data on humans or biological specimens obtained from exposed humans. The data may
be considered to be especially relevant if they show that the agent in question has caused
changes in exposed humans that are on the causal pathway to carcinogenesis. Such data
may, however, never become available, because it is at least conceivable that certain
compounds may be kept from human use solely on the basis of evidence of their toxicity
and/or carcinogenicity in experimental systems.

For complex exposures, including occupational and indus tral exposures, the chemical
composition and the potential contrbution of carcinogens known to be present are
considered by the W orking Group in its overall evaluation of human carcinogenicity. The
W orking Group also determnes the extent to which the materials tested in experimental
systems are related to those to which humans are exposed.

(c) Overall evaluation

Finally, the body of evidence is considered as a whole, in order to reach an overall
evaluation of the carcinogenicity to humans of an agent, mitue or cIrcumstance of
exposure.

An evaluation may be made for a group of chemical compounds that have been
evaluated by the Working Group. ln addition, when supporting data indicate that other,
related compounds for which there is no diect evidence of capacity to induce cancer in
humans or in anaIs may also be carcinogenic, a statement describing the rationale for
ths conclusion is added to the evaluation narative; an additional evaluation may be. .
made for ths broader group of compounds if the strengt of the evidence warants it.

The agent, mixtue or exposure circumstance is described according to the wording of
one of the following categories, and the designated group is given. The categorization of
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an agent, mixture or exposure circumstance is a matter of scientific judgement, reflecting
the strength of the evidence derived from studies in humans and in experimental animals
and from other relevant data.

Group 1- The agent (mixture) is carcinogenic to humans.
The exposure circumstance entails exposures that are carcinogenic to humans.

Ths category is used when there is suffcient evidence of carcinogenicity in humans.
Exceptionally, an agent (miture) may be placed in ths category when evidence in
humans is less than sufficient but there is suffcient evidence of carcinogenicity in expen-
mental anmals and strong evidence in exposed humans that the agent (mixture) acts
through a relevant mechansm of carcinogenicity.

Group 2

Ths category inc1udes agents, mixtures and exposure circumstances for which, at one
extreme, the degree of evidence of carcinogenicity in humans is almost sufficient, as well
as those for which, at the other extreme, there are no human data but for which there is
evidence of carcinogenicity in experimental anmaIs. Agents, mixtues and exposure
circumstances are assigned to either group 2A (probably carcinogenic to humans) or
group 2B (possibly carcinogenic to humans) on the basis of epidemiological and expen-
mental evidence of carcinogenicity and other relevant data.

Group 2A - The agent (mixture) is probably carcinogenic to humans.
The exposure circumstance entails exposures that are probably carcinogenic to humans.

Ths category is used when there is limited evidence of carcinogenicity in humans and
suffcient evidence of carcinogenicity in experimental anals. ln some cases, an agent
(mixture) may be c1assIfed in ths category when there is inadequate evidence of carci-
nogenicity in humans, sufcient evidence of carcinogenicity in experimental anaIs and
strong evidence that the carcinogenesis is medIated by a mechansm that also operates in
hurnans. Exceptionally, an agent, mixtue or exposure circumstace may be c1assified in
ths category solely on the basis of lirted evidence of carcinogenicity in humans.

Group 2B - The agent (mixture) is possibly carcinogenic to humans.
The exposure circumstance entails exposures that are possibly carcinogenic to humans.

Ths category is used for agents, mitues and exposure circumstances for which there
is limited evidence of carcinogenicity in humans and less than sufcient evidence of
carcinogenicity in experimenta anrnals. It rnay aIso be used when there is inaequate
evidence of carcinogenicity in hurnans but there is suffcient evidence of carcinogenicity
in experienta anals. ln sorne instaces, an agent, miture or exposure circumstace

for whIchthere is inaequate evidence of carcinogenicity in humans but limited evidence

of carcinogenicity in experlenta anals together with supportg evidence frorn other
relevant data may be placed in ths group.
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Group 3 - The agent (mixture or exposure circumstance) is not classifable as to its
carcinogenicity to humans.

Ths category is used most commonly for agents, mixtures and exposure CIT-
cumstances for which the evidence of carcinogenicity is inadequate in humans and
inadequate or limited in experimental anmaIs.

Exceptionally, agents (mitures) for which the evidence of carcinogenicity is
inadequate in humans but sufficient in experimenta anmaIs may be placed in ths
category when there is strong evidence that the mechanism of carcinogenicity in experi-
mental anmaIs does not operate in humans.

Agents, mixtures and exposure circumstances that do not fall into any other group are
also placed in ths category.

Group 4 - The agent (mixture) is probably not carcinogenic to humans.

Ths category is used for agents or mixtures for which there is evidence suggesting
lack of carcinogenicity in humans and in experienta anmaIs. ln some instances, agents
or mixtures for which there is inadequate evidence of carcinogenicity in humans but
evidence suggesting lack of carcinogenicity in experiental anals, consistently and

strongly supported by a broad range of other relevant data, may be c1assified in this
group.
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GENERAL REMARKS

Ths seventieth volume of the lARC Monographs on the Evaluation of Carcinogenic
Risks to Humans is the fourt volume devoted to virses and the fifth volume devoted to

biological agents. Volume 59 (IAC, 1994a) covered thee human hepatotropic virses
- hepatitis B virs, hepatitis C virs and hepatitis D virs (also known as the delta

agent); Volume 64 (lARC, 1995) addressed human papillomavirses and Volume 67
(IAC, 1996), human imunodeficiency virses and human T -cell lymphotropic
virses. Volume 61 (lARC, 1994b) covered schistosomes, liver flukes and Helicobacter
pylori.

Epstein-Bar virs is a gama-l herpesvirs found in all human populations, with a

prevalence of over 90% in adults. It is found in Burkitt's lymphoma, sinonasal angio-
centrc T-celllymphoma, imunosuppression-related lymphoma, Hodgkin's disease and

nasopharngeal carcinoma.
Kaposi's sarcoma herpesvirs/human herpesvirus 8 is a gama-2 herpesvirs that

was detected in 1994 in Kaposi' s sarcomas in a patient with acquired immune deficiency
syndrome (AIDS).
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INTRODUCTION

Herpesviruses are a family of DNA virses found commonly in humans and anmals.
Nearly 100 herpesvirses have been at least parially characterized, and most anial
species have been shown to be infected by at least one member of the famly. The name,
derived from the Greek herpein, to creep, refers to the characteristic lesions caused by
two common human herpesvirses: fever blisters caused by herpes simplex and varcella
and shingles induced by herpes zoster. The known herpesvirses have a common viron
architecture and four significant biological properties:

(i) They encode a large varety of enzymes involved in nucleic acid metabolism,

DNA synthesis and protein processing.

(ii) Synthesis of viral DNA and assembly of the capsid occur in the nucleus of
infected cells.

(iii) The production of infectious viral progeny is usually accompanied by destruction
of the infected cell.

(iv) Herpesvirses can remain latent and persist for life in their natural hosts. Latent
infection occurs in specific sets of cells that differ from one virs to another. The
latent viral genomes usually take the form of circular episomes, and only a small
subset of viral genes is expressed.

According to the officiaI nomenclature endorsed by the International Commttee on
the Taxonomy of Virses, herpesvirses are designated by serial Arabic numbers and the
farly or subfarly of the natual host; e.g. human herpesvirses (HH) 1, 2, 3 and
equine herpesvirses 1, 2, 3. Ths nomenclature is used in the following text with the
common names of the most relevant virses.

1. Structure of herpesviruses

The strcture of herpesvirses has been reviewed by Roizman (1996).

1.1 The virion

A typical herpesviron consists of a core containing linear double-stranded DNA, an
icosahedral capsid, an amorphous tegument and a lipid envelope with viral glycoprotein
spikes on its surface (Figure 1). Herpesvirs paric1es have a diameter of about 120 to
more than 200 nm and contain, in addition to viral DNA, 25-35 virs-encoded proteins
and host-specific phospholipids derived from the nuclear membrane. Many of the
paric1es with a population of virons do not possess envelopes, and some are empty

capsids.
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Figure 1. Schematic stmcture of a herpesvirus 

Glycopmtetn spikes Envelope 

The core of the mature virion contains the double-stranded vird DNA arranged in a 
torus of about 75 nm in diameter. In some virions, the DNA appears to be wrapped 
around a DNA-associated spindle-shaped protein consisting of fibrils attached to the 
inside of the capsid. The icosahedral capsid is approximately 100-1 10 nm in diameter 
and contains 162 capsomers. The hexarneric capsomers are 9.5 x 12.5 nm in longitudinal 
sections with a channel of 4 nm in diameter running along the long axis. TPhe pentameric 
capsomers located at the vertices of the capsid have .not been characterized. The capsid is 
surrounded by an amorphous material, the tegument, composed of globular proteins. The 
tegument is frequently distributed asymetlically, and its thickness may vary depending 
on the location of the virion within the infected cells. The envelope of herpesviruses has 
a mica1 ki1arneIla.r structure and is derived from patches of altered cellular membranes. 
Its high lipid content results in dative instability of the virions at room temperature and 
their rapid inactivation by lipid solvents such as diethyl ether and chloroform and by 
detergents. The envelope bears numerous projections or spikes, approximately 8 nm long 
and consisting of gIycopmteins, the composifion of which varies widely among the 
different members of the family. 

1.2 Genomic organization 

Herpesvirus DNA can be distinguished on the basis of size, base composition and 
structural arrangement in unique and repeated sequences. The length of herpesvirus DNA 
varies from approximately 120 to more than 230 kilobases (kb) and is characteristic for 
each genus (e-g. simplex virus and cytornegalovirus). Minor variations in the size of 
individual isolates of the same virus are due mainly to variations in the number of 
internal and terminal repeat regions. Herpesviruses can be divided into six structurdy 
distinct groups on the basis of the presence and location of repeated sequences greater 
than 100 base pairs (Figure 2). Iri group A viruses, exemplified by the human herpes- 



INODUCTION 35

Figure 2. Architecture of herpesvirus genomes
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For symbols used in Group E, see text.

virses 6 and 7 (HHV6 and HHV7), a large sequence from one termnus is diectly
repeated at the other termnus (left termnal repeat and right termnal repeat). ln group B
virses, exemplified by Kaposi's sarcoma herpesvirs (HH8; see the monograph in ths
volume), the priate herpesvirses saimi (HVS or SHV-2) and ateles (HV A-2) and the

mouse herpesvirs strai 68 (MHV-4), the termnal sequence is diectly repeated
numerous times at both term. ln group C virses, exemplified by Epstein-Bar virus

(EBV, HH4; see the monograph in ths volume), both termnal and internal repeat
sequences are present thoughout the viral genome, which subdivide it into well-defined
unique sequences. ln group D virses, exemplified by varcella-zoster virs (VZV,
HH3) and by numerous virses isolated from mamals and birds, the termal region
is repeated in an inverted orientation internaly. The short unique region contained
between the termnal repeat and ths inverted form can assume two possible orientations
relative to the long unique sequence, such that virons isolated from infected cells consist
of two equimolar populations. A more complex architectue is observed in group E
vises, exemplied by herpes simplex virsestyes 1 (HSV-1, HH1) and 2 (HSV-2,
HH2), human cytomegalovirs (CMV, HH5) and Marek's disease virs (MDV or
GHV-2). Sequences from both term (anb and anc) are repeated in inverse orientation
and juxtaposed intemaly (a'nb' and a'nc'), dividig the genome into two components
consisting of long and short unque sequences separated by Inverted repeats. Both
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components can occur in two orientations relative to each other, resulting in four equi- 
molar populations of virions. There are no repeat regions in the genome of the group F 
viruses, exemplified by murine herpesvirus 1. 

The base composition varies significantly among the herpesviruses, the guanine-cyto- 
sine (GC) content ranging horn 46 m01 % in VZV to 69 m01 % in HSV (Roizman, 1996). 
An under-representation of the CpG dinucleotide pair and a relative excess of CpA and 
TpG dinucleotides has been observed in the lymphotropic herpesviruses, possibly due to 
met hylation-dependent CpG suppression in rapidly dividing cells (Honess at al., 1989). 
Despite these major differences, comparison of herpesvhs DNA sequences shows large 
regions of distant collinear homology at the predicted protein level, Relatively well- 
comewed genes code for trans-activating factors, enzymes involved in viral replication, 
such as DNA polymerase, ribonucleotide reductase and thymidhe kinase, and some 
structural glyceproteins, including the major spike components (Stewart er al., 1996). 
The similarities are largely restricted to the early and late genes expressed during the pro- 
ductive cycle, while genes expressed in latently infected cells are usually unique, sugges- 
ting a possible origin from cellular DNA. 

2, Taxonomy of herpesviruses 

Herpesviruses are classified into three subfamilies - alpha, beta and gamma - with 
different biological properties and tissue tropism. Further subdivision i n t ~  genera is 
based on DNA sequence homology, similarities in genomic sequence arrangement and 
relatedness of viral proteins demonstrable by immunological methods (Roizman et al., 
198 1 ; Roizman, 1982) (Table 11). A compilation of the major herpesvimses in animals is 
given in Table 2, which also includes a comparable list of human herpesviruses. 

Table I. Biological characteristics of herpesvirus subfamilies 

Characteristic Alpha Beta Gamma 

Genus 

Host range 
hvalent genomic organization 
Productive cycle 
Spread in culture 
Site of latency 

Proliferation of latently 
infected cells 

Simplexvirus 
Varicelfavirus 
Broad 

D, E 
Short 
Eff~cient 
Sensory ganglia 

Cytoaegdovirus 
Muromegalovirus 
Restricted 
Variable 

Long 
Moderate 
Lymphoreticular 

tissues 

No 

Lymp hocryptovirus 
 nov virus 

Restricted 

B, C 

Long 
Poor 

Yes 

...- 

Adapted fmm Roizman (1996) 
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2.1 Alphaherpesviruses

The subfamily Alphaherpesvirnae inc1udes the genera Simplexvirus and Vari-
cellovirus, of which the human HSV-l, HSV-2 and VZV (HHV1, 2 and 3, respectively)
are the best-known examples. Members of the alpha subfarly have a relatively broad
host range and may infect other, related species, in addition to their natural host species.
These virses have a relatively short productive cycle in epithelial cells and spread very
efficiently in tissue cultures. A hallmark of the farly is the capacity to establish latent
infection primarly, but not exclusively, in sens ory ganglia.

Table 2. International nomenclature of herpesviruses (shortened list)

Designation

Human viruses

Human herpesvirus 1
Human herpesvirs 2
Human herpesvirs 3
Human herpesvirs 4
Human herpesvirus 5
Human herpesvirs 6
Human herpesvirs 7
Human herpesvirus 8

Viruses of non-human primates

Aotine herpesvirus 1

Aotine herpesvirus 3

Cercopithecine herpesvirs 1

Cercopithecine herpesvirus 2

Cercopithecine herpesvirs 3

Cercopithecine herpesvirus 4

Cercopithecine herpesvirs 5

Cercopithecine herpesvirs 6

Cercopithecine herpesvirus 7

Cercopithecine herpesvirs 8

Cercopithecine herpesvirs 9

Cercopithecine herpesvirs 10

Cercopithecine herpesvirs 12

Common name and synonyms Sub-
famly

G+C

(mol
%)

Herpes simplex virs 1

Herpes simplex virus 2
Varcella-zoster virus
Epstein-Bar virus
Cytomegalovirus

ex

ex

ex

y,

ß
ß
ß
y,

68.3
69
46
60
57
42

Herpesvirus aotus type 1
Herpesvirus aotus type 3
B virs, Herpesvirus simiae

Herpesvirus siITan agent 8
(SA-8)
Herpesvirs siman agent 6
(SA-6)
Herpesvirs siITan agent 15
(SA-15)
Mrican green monkey cyto-
megalovirus
Liverpool vervet monkey virs
Patas monkey herpesvirus;
MM or PHV delta herpesvirus
Rhesus monkey cytomegalo-
virs
Medical Lake macaque
herpesvirs; siman varcella
herpesvirs
Rhesus leukocyte-associated
herpesvirs strain 1
Herpesvirus papio, baboon
herpesvirs

ß
ß
ex

ex

55
56
75
67

ß

ß

ß

51

ex

ex

52

ß 52

ex

Y1

Group Size
(kb)

E
E
D
C
E
A
A

152
152
125
172
229
162

230

E
D
E
E

220
219
160
150

C 170

kajo
Pencil
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Table 2 (contd)

Designation Common name and synonyms Sub- G+C Group Size
famly (mol (kb)

%)

Viruses of non-human primates (contd)

Cercopithecine herpesvirs 13 Herpesvirus cyclopis
Cercopithecine herpesvirs 14 Afcan green monkey EBV -lie

'Y,

virs
Cercopithecine herpesvirus 15 Rhesus EBV-like herpsvirus

'Y,

Ateline herpesvirs 1 Spider monkey herpesvirs a 72
Ateline herpesvirs 2 Herpesvirus ateles

'Y2 48 B 135
Callitrchine herpesvirs 1 Herpesvirus saguinus
Calltrchine herpesvirs 2 SSG, maroset cytomegalo- ß

virs
Cebine herpesvirs 1 Capuchin herpesvirus (AL-5) ß
Cebine herpesvirus 2 Capuchin herpesvirs (AP-18) ß
Pongine herpsvirs 1 Chimpanee herpsvirs; pan

'Yi C 170
herpesvirus

Pongine herpsvirs 2 Orangutan herpsvirs
'Y,

Pongine herpesvirus 3 Gorilla herpesvirs
'Y,

Saimiine herpesvirs 1 Manoset herpesvirus; herpes a 67 D 152
T, Herpesvirus tamarin us, 

Herpesvirus platyrrhinae

Saimiine herpesvirs 2 Squirrel monkey herpesvirs,
'Y2 46 B 155

Herpesvirus saimiri

Bovine viruses

Bovine herpesvirus 1 Inectious bovine rhinotracheitis a 72 D 140
herpesvirs

Bovine herpesvirus 2 Bovine mamlltis virs, a 64 E 133
Allerton virus, pseudolumpy
skin disease herpesvirs

Bovine herpesvirs 4 Movar herpsvirs
'Y2 50 B 145

Bovine herpesvirs 5 Bovine encephalitis herpesvirs a 72 D 140
Ovine herpesvirs 1 Sheep pulmonar adenomatosis- D 137

associated herpsvirs
Ovine herpesvirs 2 Sheep-associated malignant

'Y B
catarhal fever

Caprine herpesvirus 1 Goat herpesvirs a
Alcelaphine herpesvirus 1 Wildebeest herpsvirs,

'Y 61 B 160
malignant catahal fever

herpesvirus
Alcelaphine herpesvirs 2 lIarebeest herpesvirs

'Y B
Cervid herpsvirs 1 Red deer herpesvirs a D
Cervid herpesvirs 2 Reindeer (Rangifer tarandus) a D

herpesvirs
Murid viruses
Murd herpsvirus 1 Mouse cytomegalovirs ß 59 F 235
Murd herpsvirs 2 Rat cytomegalovirs 47



INTRODUCTION 39

Table 2 (contd)

Designation Common name and synonyms Sub- G+C Group Size
famly (mol (kb)

%)

Murid viruses (contd)
Mund herpesvirus 3 Mouse thymic herpesvirus
Mund herpesvirus 4 Mouse herpesvirs strain 68 y, B 135
Mund herpesvirus 5 Field mouse herpesvirs;

Microtus pennsylvanicus
herpsvirus

Mund herpesvirus 6 Sand rat nuclear inclusion
agents

Mund herpesvirus 7 Munne herpesvirus

Galld viruses
Galld herpesvirus 1 Infectious larngotracheitis a 46 D 165

virus
Galld herpesvirus 2 Marek's disease herpesvirus 1 a 47 E 180
Galld herpesvirus 3 Marek's disease herpesvirus 2 a
Gruid viruses

Gruid herpesvirs 1 Crane herpesvirus
Meleagnd herpesvirus 1 Turkey herpesvirus a 48 E 150
Ranid viruses
Ranid herpesvirus 1 Lucke frog herpesvirus 46
Ranid herpesvirus 2 Frog herpesvirus 56

Modified from Roizman (1996) and the International Commtte on the Taxonomy ofViruses (Murphy
et aL., 1995)
Lymphoma-associated herpesvirus, a lymphocryptovirus isolated from cynomolgus monkeys (Macaca
fascicularis), is not yet included on this list since it has not yet been given an officiaI name by the
International Committee on the Taxonomy of Viruses.

2.2 Betaherpesviruses

The subfamily Betaherpesvirinae inc1udes the genera Cytomegalovirus and Muro-
megalovirus, of which human CMV (HHV5) and murine CMV (MHV-1) are the proto-
types, respectively. The recently discovered human lymphotropic herpesviruses HHV6
aÍd HHV7 have been c1assified in this subfamily on the basis of their genetic homology
with human CMV, although these viruses share several biological propertes with the
gamaherpesviruses. The betaerpesviruses have a restricted host range, and many
anmal species are infected with their own CMV. These viruses appear to replicate in a
varety of cell types in vivo, inc1uding epithelial cells, while the host cell range is more
restrcted in vitro. The infection progresses slowly and is accompanied by cell enlarge-
ment (cytomegaly) and by the appearance of characteristic nuc1ear eosinophilic inclusion
bodies, formed by the accumulation of defective paricles containing enveloped viral
proteins without DNA or assembled capsids. The viruses can be maintained in a latent
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form in lymphoreticular cells, secretory glands, kidneys and other tissues. Human CMV
is often isolated from explants of apparently normal human adenoids and salivar glands,
as have CMV s from mice, rats, hamsters and guinea-pigs.

2.3 Gammaherpesviruses

The subfarly Gamaherpesvirinae inc1udes the genera Lymphocryptovirus and

Rhadinovirus. Virses of this subfarly 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, where many can immortalize the
infected cells. Gamaherpesvirses have a narow natural host range which is restricted
to the farly or order to which the natural host belongs. Most gamaherpesviruses repli-
cate inefficiently in haematopoietic cells, but some have efficient productive cycles in
epithelial cells and fibroblasts. Latent virus is usually detected in lymphoid organs. The
lymphocryptoviruses (or gama-l herpesvirses) include EBV (HH4) and related
viruses of Old World primates such as chimpanzees (Herpesvirus pan), orangutans

(Herpesvirus orangutan) and gorillas (Herpesvirus gorila). These virses share tropism
for B lymphocytes, a genomic architecture of group B or C and similar gene orga-
nization. Furthermore, several of their structural and nonstrctural proteins are antigeni-
cally related, especially among the primate viruses, resulting in the presence of cross-
reactive antibodies (Gerber & Birch, 1967; Chu et aL., 1971; Landon & Malan, 1971). ln
contrast, there is little nucleotide sequence homology or antigenic cross-reactivity
between the lymphocryptoviruses and the rhadinoviruses (or gara-2 herpesviruses).

The genus is exemplified by the herpesviruses of primates, such as the ateles virus of
spider monkeys and the saimi virus of squirel monkeys and sorne virses of horses
(equid herpesvirus 2; Telford et aL., 1993) and mice (mouse herpesvirus strain 68; Sunil-
Chandra et al., 1992, 1994). The recently described human Kaposi's sarcoma-associated
herpesvirs (KSHV or HHV8) has been c1assified in this genus owing to its close simi-
larty to the saimiri virus. The rhadinoviruses have a group B genome.

2.4 Current classifcation

The curent classification of herpesviruses, which is based mainly on biological
properties, does not help in defining evolutionar relatedness. The distiction between
the alpha, beta and gama subfarlies has been somewhat blurred by more detaled
molecular studies and by the discovery of new viruses that co-express the strctual

features of one subfarly and at least some biological properties of another. Good

examples are HHV6 and HHV7, which are classifed as betaherpesvirses on the basis of
their genetic homology to human CMV although their primar T -cell tropism is a typical
feature of gamaherpesviruses (Bememan et al., 1992; Lusso, 1996), and Marek's
disease virus, which is inc1uded in the alpha subfarly in spite of its lymphotropism and
its capacity to induce proliferation of latently infected cells (Buckmaster et al., 1988).

The rapid accumulation of DNA sequences provides increased opportnities to study
molecular evolution and phylogenetic relationships. Several methods have been used for
constrcting phylogenetic trees for groups of organsms. These are usually based on the
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alignment of homologous DNA or protein sequences, followed by tree constrction
based on varous statistical criteria such as parsimony, distance matrices, maximum
likelihood, invarants and paralinear distances. Altematively, evolutionar distances have
been assessed on the basis of the relative abundance of di-, tri- and tetranucleotides in
representative DNA sequences. These studies have shown a relatively good consistency
with the alpha, beta and gama classification but have generally failed to clarfy finer
details of branching between subfamlies (Karlin et aL., 1994; McGeoch et aL., 1995). It
was estimated that the three subfamilies arose between 180 and 200 millon years ago,
I.e. 100-160 millon years before the emergence of mamals. The speciation within
sublineages took place within the last 80 millon years, probably including a major
component of co-speciation with the host lineages (McGeoch et aL., 1995). Distance
assessment based on dinucleotide-relative abundance placed the HH6 genome in the
most central position, i.e. nearest to the consensus herpesvirus genome, suggesting that it
may be closest to the progenitor virus. According to this criterion, herpesvirus sequences
are closer to the chicken than the human DNA sequence collection, indicating that the
ancient host of the vIrses was avian species (Karlin et al., 1994).

3. Herpesviruses and human dIsease

An overview of the pathogenic properties of the known human herpesviruses IS
shown in Table 3.

References

Bememan, Z.N., Ablashi, D.V., Li, G., Eger-Fletcher, M., Reitz, M.S., Jr, Hung, C.-L., Brus, 1.,
Komaroff, A.L. & Gallo, R.e. (1992) Human herpesvirus 7 is a T-Iymphotropic virus and is
related to, but significantly different from, human herpesvirus 6 and human cytomegalovirus.
Proc. natl Acad. Sei. USA, 89, 10552-10556

Buckmaster, A.E., Scott, S.D., Sanderson, M.J.S., Boursnell, M.E.G., Ross, N.L.J. & Binns,
M.M. (1988) Gene sequence and mapping data from Marek's disease virs and herpesvirus
of turkeys: Implications for herpesvirus classification. J. gen. Virol., 69, 2033-2042

Chu, C.-T., Yang, C.-Z. & Kawamura, A., Jr (1971) Antibodies to Epstein-Bar virs in a

Burkitts lymphoma cell line in Taiwan monkeys (Macaca cyclopis). Appt. MicrobioL., 21,
539-540

Gerber, P. & Birch, S.M. (1967) Complement-fixing antibodies in sera of human and non-
human primates to viral antigens derived from Burkitts lymphoma cells. Proc. natl Acad.
Sei. USA, 58, 478-484

Honess, R.W., Gompels, U.A., Barell, B.G., Craxton, M., Cameron, K.R., Staden, R., Chang,
Y.-N. & Hayward, G.S. (1989) Deviations from expected frequencies of CpG dinucleotides
in herpesvirs DNAs may be diagnostic of differences in the states of their latent genomes. J.
gen. Virol., 70, 837-855

Karlin, S., Mocarski, E.S. & Schachtel, G.A. (1994) Molecular evolution of herpesviruses:
Genomic and protein sequence comparsons. J. Virol., 68, 1886-1902

Landon, J.e. & Malan, L.B. (1971) Seroepidemiologic studies of Epstein-Bar virus antibody in
monkeys. J. natl Cancer Inst., 46,881-884

kajo
Pencil

kajo
Pencil



Table 3. Pathogenic properties of human herpesviruses 

Herpesvirus Psevalence Transmission Diseases associated with Diseases associated with Suspected turnour 
in aduItsa primary infection reactivation association 

Herpes simplex 
type 1 ( R W  f 
Herpes simplex 
me 2 (HHV2$ 
Varicella-zoster 
virus ( W 3 )  
Epstein-Barr virus 
CHHV4) 

High 
-- 

Direct contact Oral and ocular herpes 

Genital: herpes 

Varicella (chickenpox) 

Infectious mononucleosis 

. - 

Oral and ocular herpes None 

Luw-inter- 
mediate 

Intermediate- 
high 
High 

Sexud Genitd herpes None 

Inhdation, direct 
contact 
Saliva, blood 

Zoster (shingles) None 

Oral hairy 1eukopIakia 
(associated with severe 
immunodepression) 

Multiple types, including 
Burkitt's lymphoma, 
nasopharyngeal carcinoma, 
Hodgkin's disease 
None Intermediate Transplacentd, 

saliva, blood?, 
urine?, semen? 
Saliva 

Congenital infection, 
rnononuc~eosis 

e,g. Pneumonia, hepatitis 
(associated with severe 
immunodepression) 
Pneumonia, encephalitis, 
retinitis 

High Exanthem subitnm 
(mainly variant B), 
hetemphi1 myeloma, 
infectious mononucleosis 
Exanthem subiturn, iosidu 
excitern 
Unknown 

None 

High 

? 

Saliva Unknown None 

Unknown (semen?) Multiple types,  including 
Kaposi's sarcoma, primary 
effusion 2y mphoma, 
Cas tleman's disease 

Kaposi's sarcoma- 
associated herpes- 
virus (HHV8) 

Unknown 

"May vary significantly among different populations 
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EPSTEIN-BARR VIRUS

1. Virus-Host Interactions

1.1 Structure, taonomy and viral gene products

1.1.1 Structure

Like other herpesvirses (see Figure 1 of Introduction), Epstein-Bar virus (EBV) has
a toroid-shaped protein core that is wrapped with DNA, a nucleocapsid with 162 capso-
mers, a protein tegument between the nucleocapsid and the envelope and an outer enve-
lope with external glycoprotein spikes. The major EBV capsid proteins are 160, 47 and
28 kDa, similar in size to the major capsid proteins of herpes simplex virs. The most
abundant EBV envelope and tegument proteins are 350/220 and 152 kDa, respectively
(Kieff, 1996).

1.1.2 Taxonomy

EBV is the most extensively studied gamaherpesvirus and the prototype of the
lymphocryptovirs subfarly. The gamaherpesvirus classification was initially esta-
blished on the basis of similarty in biological properties rather than strctural characte-

ristics. Like other gamaherpesvirses, EBV establishes latent infection in lymphocytes
and can induce proliferation of the latently infected cells. Taxonomists have renamed
EBV human herpesvirus 4 (HHV4).

Two major EBV types have been detected in humans (Gerber et al., 1976a; Adldinger
et al., 1985; Zimber et aL., 1986; Young et aL., 1987; Rowe et al., 1989; Sixbey et aL.,
1989; Gratama et aL., 1992; Walling et al., 1992). Type 1 and type 2 EBV genomes
(formerly referred to as types A and B) are nearly identical, except for the genes that
encode some of the nuclear proteins (EBV nuclear antigen, EBNA-2, EBNA-3A, -3B,
-3C; see section 1.5.2) in latently inected cells (Nonoyama & Pagano, 1973; Bornam
et al., 1980). These differences are reflected in type-specific and type-common epitopes
for antibody (Young et al., 1987) and T-cell responses (Moss et al., 1988). AntibodIes to
type-2 virses are somewhat more prevalent in Afrcan sera than in sera from people in
developed countres, but the recovery of type-2 virs from blood is unusual (Young
et al., 1987; Rowe et al., 1989), perhaps because EBV type-2 infected lymphocytes grow
less effciently in vitro (Rickinson et al., 1987). A naturaly occurng EBV recombinant
that encodes both tye-1 and type- 2 nuclear antigen sequences was isolated from the

blood of a healthy adult in Papua-New Guinea (Burows et al., 1996a).
ln addition to tye-specific polymorphism, signicant DNA sequence heterogeneity

has been found by comparson of selected regions of the genome in EBV isolated in
certn geographical areas or even from the same area. These polymorphisms define

-47-
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different viral strains within types 1 and 2 (Aitken et al., 1994). Some of the changes
cause amno-acid substitutions in viral proteins and may even affect peptides that are
important for the immune control of viral infection (de Campos-Lima et al., 1993a; Lee
et aL., 1993a; de Campos-Lima et al., 1994; Lee et al., 1995a; Burrows et aL., 1996b).

1. 1.3 Host range

Under normal circumstances, EBV infection is restrcted to humans. Antibodies to
EBV have been detected in several primate species, probably due to the presence of
cross-reactive antibodies against their own species-specific EBV homologues (reviewed
by Kieff et aL., 1979). Such cross-reactive immunity may explain why these animaIs are
usually refractory to experimental infection, although their B lymphocytes can be effi-
ciently transformed in vitro (Miler et aL., 1972; Levine et aL., 1980a). New World
monkeys car no EBV-like virs, and at least three species appear to be infectable
experimentally. The cotton-topped tamarn (Saguinus oedipus oedipus) and owl monkey
(Aotus trivirgatus) are susceptible to EBV -induced B-cell lymphomas (Epstein et aL.,
1973; Shope & Miler, 1975), while in more limited studies with the common maroset
(Callthrix jacchus) induction of a mononucleosis-like syndrome was seen in some
anmaIs (Wedderburn et aL., 1984). Infection of newbom marosets with EBV resulted
in the establishment of a long-term permssive infection, indicating similarties in the
responses of marosets and humans to EBV (Cox et al., 1996).

1.1.4 Target cells

EBV is a B-Iymphotropic herpesvirus, and infection of B cells is mediated through
interaction of the viral envelope glycoprotein gp350 (gp340)/220 with the receptor for
the C3d complement component CR2 (CD21; Fingeroth et aL., 1984, 1988). After
binding of the viral paric1e to the surface of the host cell and endocytosis, the viral enve-
lope fuses with the host cell membrane by a mechansm involving three other viral
glycoproteins, gp85, gp25 and gp2 (Li et al., 1995a). Interestingly, gp42 can bind to
major histocompatibilty complex (MHC) c1ass II, and EBV uses this as a cofactor in the
infection of B lymphocytes (Li et al., 1997). The notion that EBV is a predominantly if
not exclusively B-Iymphotropic virus has been challenged, initially on the basis of the
detection of EBV in non-B-cell tumours, notably certain T-celllymphomas and some
carcinomas. ln addition, it has become apparent that expression of the C3d/BV receptor
is not restricted to B cells. Thus, identical or related molecules have been detected in T
cells, follcular dendrtic reticulum cells and, possibly, some epithelial cells (Reynes
et al., 1985; Fingeroth et aL., 1988; Timens et aL., 1991; Birkenbach et al., 1992; Hedrck
et al., 1992; Sinha et aL., 1993). The cellular tropism of EBV is c1early not restricted
though CD21, however; thus, the virs has been detected in CD21-negative cells. More-
over, some CD21-positive cells, such as follcular dendritic reticulum cells, have proved
dificult to infect in vitro and have been shown consistently to contan no EBV in vivo.

Curent evidence suggests that EBV infection in healthy chronic virus carers is
largely restrcted to B cells, although in certn situations the virus can be detected in

non-neoplastic epithelial cells and T lymphocytes as well (see section 1.2.1).
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1.1.5 Genome, episomal and integrated viral forms and gene products

The EBV genome is a linear, double-stranded, 172-kb DNA molecule (Kieff, 1996).
It has been speculated that the observed relative underrepresentation of CpG dinucleo-
tides may correlate with the latent status of the viral genome (Honess et al., 1989). The
genome of the prototype laboratory strain B95-8 has been sequenced as a set of BamHI-
restrction fragments (Baer et al., 1984). The nomenclature for EBV open reading frames
(ORPs) is based on the BamHI-restriction fragment in which they are found. For
example, the BARF 1 ORF is found in the BamHI A fragment and extends rightwards.
The BLLF2 ORP is the second leftwards ORF in the BamHI L fragment (Table 1,
Figure 1). The genome has the structural organization of group C herpesviruses with
reiterated 0.5-kb termnal direct repeats and a reiterated 3-kb internaI direct repeat, which
divide the genome into short and long, largely unique sequences. The unique sequences
contain several perfect or imperfect tandem repeat elements, many of which encode for
repeat domains in proteins. EBV isolates differ in their tandem repeat reiteration
frequency. Thus, differences in protein size are often useful markers of specific isolates
and strains (Gratama et al., 1990). Furtheimore, latent EBV infection is usually charac-
terized by persistence of the genome as an episome with a characteristic number of
termnal repeats. The fact that each progeny cell tends to have the same number of
termnal repeats can be used to determne whether latently infected cells have arsen from
a common progenitor (Raab-Traub & Flynn, 1986).

Circular episomal EBV DNA is detected in the nuclei of blood lymphocytes infected
in vitro within 12-16 h of infection (Hurley & Thorley-Lawson, 1988). Probably only
DNA repair synthesis is required for circularzation, because significant nucleotide incor-
poration does not occur until 48 h after infection (Sixbey & Pagano, 1985). Stable,
latently infected, proliferating so-called 'lymphoblasts' contain multiple EBV episomes
(Adams & Lindahl, 1975; Kaschka-Dierich et al., 1976; Lindahl et aL., 1976). EBV
episomes are replicated early in the S phase by cell DNA polymerase (Hampar et aL.,
1974; Gussander & Adams, 1984; Shaw, 1985); the initial amplification requires DNA
synthesis early in the S phase (Hampar et aL., 1974), and the number of episomes
increases thereafter over several days (Sugden et aL., 1979), probably due to effects of
EBNA-l on S-phase oriP-dependent DNA replication, although the abundance of
EBNA-l does not appear to correlate with the episome copy number (Ernberg et aL.,
1977; Yates et aL., 1984; Sternås et aL., 1986). Episomal DNA is liely to be necessar
for lytic cycle EBV DNA replication, since viral production has not been observed in
cells that contain only integrated EBV DNA, and circular DNA copy numbers increase
during lytic infection (Shaw, 1985).

Although episomal forms are commonest, the EB V genome can also persist by inte-
grating into chromos omal DNA (Henderson et al., 1983; Matsuo et aL., 1984; Lawrence
et aL., 1988; Hurley et al., 1991a,b; Delecluse et al., 1993a). Few cell lines with
integrated EBV DNA have been studied in detaiI. ln the Burkitt' s lymphoma line
Namalwa, EBV DNA has persisted by integrating into Ip35, and the entire block of cell
DNA with the integrated EBV genome is duplicated as an Inverted DNA domain
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Table 1. Identified EBV gene products and their open
reading frames

Open reading
frame

Common
name

Proposed function

Latent genes
BKRF1
BYRFI
BERF1
BERF2
BERF3/4
BWRF1
BNLF1
BNRF 1
BAR(j

EBNA-1
EBNA-2
EBNA-3A
EBNA-3B
EBNA-3C
EBNA-LP
lMP-l
lMP-2A1B

Plasmid maintenance
trans- Acti vation, transformation
trans-Activation, transformation
Unkown
trans-Activation, transformation
trans-Activation, transformation
Transformation
Maintenance of latency
Unkown

Immediate early genes
BZL 1 ZEBRA
BRLF1
B/'LF4

trans-Activation, initiation of lytic cycle
trans-Activation, initiation of lytc cycle
trans-Activation, initiation of lytic cycle

Early genes
BMRF1
BALF2
BALF5
BORF2
BARF 1
BXLF1
BGLF5
BSLF1
BBLF4
BKRF3

trans-Activation
DNA binding
DNA polymerase
Ribonucleotide reductase subunit
Ribonucleotide reductase subunit
Thymidine kinase
Alkaline exonuclease
Prmase
Helicase
Uracil DNA glycosylase

Late genes
BUF1
BXL2
BKRF2
BZLF2

BALF4
BDLF3
BILF2
BCRF1
BHRFr

gp350
gp85 (gH)

gp25 (gL)

gp42

gpllO (gB)

gp1 001 50
gp55--0

Major envelope glycoprotein
Virus-host envelope fusion

Virs-host envelope fusion

Virs-host envelope fusion, binds

MHC class II
Unkown
Unkown
Unkown
Viral interleuln-IO
Viral bcl-2 analogue

Adapted from Li et al. (1995a); Nolan & Morgan (1995)
a Expressed in latently infected celIs as weil

EBNA, EBV nuclear antigen; LP, leader protein; LMP, latent membrane
protein; ZEBRA, Z EBV replication activation; gp, glycoprotein; MHC,
major histocompatibilty complex



Figure 1. BamHI-restriction map of the EBV genome and latent transcripts
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(Henderson et al., 1983; Lawrence et al., 1988). In the human fetal lymphoblastoid cell 
line B4, multiple EBV genome copies are integrated in tandem into 4q25 (Matsua et al., 
1984; Hurley ed ai., 199 1 b). Integration occurs frequently when Burkitt' s lymphoma cells 
are infected with EBV in vitro (HurZey et al., 199 1 a). CIearly, integration is not chromo- 
some site-specific or a regular feature of EBV infection. 

In the establishment of Iatent infection, most of the EBV genome undergoes 
progressive methylation (Kintner & Sugdea, 198 1 ; Larocca & Clough, 1982; Perlmann 
et al., 1982), whereas regulatory domains involved in maintaining latent infection, such 
as oriP, tend to remain under-methylated (Minarovits et al., 1992). Extensive methy- 
lation of parts of the genome not expressed in latent infection may help to maintain 
latency by inhibiting lytic gene expression (Nonkwelo & Long, 1993). Treatment of 
latently infected ceIls with drugs that reduce DNA methylation increases the frequency 
of cells entering the productive cycle (Ben-Sasson & KEein, 198 1). 

EBV infection of primate B lymphocytes in vitm is usually nonproductive and results 
in the expression of a restricted number of viral genes and continuous proliferation. 
EBV-infected proliferating B Iymphocytes are similar to lymphocytes that are proli- 
ferating in response to antigens, mitogens or interleukin (1L)-4 and anti-CI)40 in that 
they express a similar repertoire of activation-associated markers, secrete similar immu- 
noglobulins and have similar intercellular adherence ( h a n  et a[., 1986; Hurley & 
Thlorley-Lawson, 1988; Alfieri et al., 1991; Banchereau et al., 1991). At least 1 1 EBV 
genes are expressed in latently infected B lymphocytes (Table 2, Figure 1). Two of these 
encode small, non-polyaden ylated M A S  (the EBV-encoded W A S  EBER- 1 and EBER- 
2), six encode nuclear proteins (the EBV nuclear antigens EBNA-1, EBNA-2, EBNA-3, 
-4 and -6, also called EBNA-3A, -3B and -3C, and EBNA-5, also called leader protein, 
LP), and three encode integral membrane proteins (the latent membrane proteins LMP- 1 
and LMP-2A and -2B, also called terminal proteins 1 and 2). Other viral mRNAs 
encoded for example by the BHRH and BARF0 O m s  have been detected in latently 
infected cells, but their products are not well characterized (reviewed by Geff, 1996). 

Different patterns of viral gene expression have been identified in latently infected, 
EBV-carrying cells in vivo (Table 3). Expression of all the latent viral genes detected in 
lymphoblastoid cell lines in vitro is a feature of the immunoblastic lymphomas of 
immunosuppressed patients. This form of latency is commonly defined as latency III, 
Latency I was first detected in EBV-positive Burkitt's lymphoma cells and is charac- 
terized by restricted expression of the EBERs, EBNA- I and probably the product of the 
BARFO OW. Latency LT, characterized by the expression of EBEb, EBNA-1 and the 
three LMPs, was first recognized in a proportion of nasophaqmged carcinomas but also 
seems to be common in most EBV-carrying non-B-cell tumoum and in EIodgkin's 
disease (reviewed by Rickinsan & Kieff, 1996). The latency 11 type has been reproduced 
in vitro by stable infection of a human T-cell line with a recombinant EBV carrying a 
selectable marker (Yoshiyama et al., 1995). An additiona1 form of latency characterized 
by restricted expression of EBERs, EBNA-1 and EBNA-2 has been described in smooth- 
muscle turnours arising in immunosuppressed children and AIDS patients (Lee et a!., 
1995b). 



EPSTEIN-BAR VIUS 53

Table 2. Nomenclature of latent viral
gene products

Adopted
tennnology

Alternative nomenclature

EBNA-l
EBNA-2
EBNA-3A
EBNA-3B
EBNA-3C
EBNA-LP

LMP-1
LMP-2A
LMP-2B

EBER-1
EBER-2

EBNA-1
EBNA-2
EBNA-3
EBNA-4
EBNA-6
EBNA-5

EBNA-1
EBNA-2
EBNA-3A
EBNA-3B
EBNA-3C
EBNA-4

TP-1
TP-2

EBNA, EBV nuclear antigen; LP, leader pro-
tein; LMP, latent membrane protein; EBER,
EBV -encoded RNA; TP, tennnal protein

Table 3. Patterns of EBV latent gene expression

Type of Gene product Examples Reference
latency

l EBERs, EBNA-1 Burkitts lymphoma Rowe et aL. (1987a)
Gastrc carcinoma Imai et aL. (1994a)

II EBERs, EBNA-1, LMP-1, Hodgkin' s disease Deacon et aL. (1993)
-2A, -2B, BARO Nasopharngeal carcinoma Hitt et al. (1989);

Brooks et al. (1992)
III EBERs, EBNA-1, -2, -3A, Post-transplant lympho- Young et aL. (1989a)

-3B, -3C, -LP LMP-1, -2A, proliferative disorder
-2B Infectious mononucleosis Tierney et aL. (1994)

Other EBERs, EBNA-1,-2 Smooth-muscle tumours Lee et aL. (1995b)

EBER, EBV-encoded RNA; EBNA, EBV nuclear antigen; LMP, latent membrane protein;
LP, leader protein

With a frequency characteristic of each EBV-infected B-Iymphocyte line, some
progeny spontaeously become permssive for viral replication. ln these cells, the viral
DNA is amplified several hundred-fold by a lytic origin of DNA replication, oriLyt
(Hamerschrdt & Sugden, 1988). Multimeric forms produced from presumably
circular templatesare generated from oriLyt following a pattern that could result from
rollg-circ1e DNA replication (Pfller & Hamerschrdt, 1996). The expression of
vial genes associated with productive infection follows a temporal and sequential order

(reviewed by Kieff, 1996). Some viral genes are expressed early afer induction, indepen-
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dently of new protein synthesis, and are therefore classified as immediate early genes.
Early lytic genes are expressed slightly later, and their expression is not affected by
inhbition of viral DNA synthesis. Genes the expression of which is blocked by inhbitors
of viral DNA synthesis are categorized as late genes. Because epithelial cells are fully
permssive for lytic EBV infection in vivo (Lau et al., 1993; Ryon et al., 1993), consi-
derable efforts have been made to adapt EBV to grow in organ cultures of transformed
epithelial celllines. These cultures can be infected, but the infection is often abortive or
inefficient and very little virs is produced (Li et aL., 1992). Therefore, most of our
knowledge of latent or lytic EBV products is derived from the study of EBV-infected B
lymphocytes.

1.1.5.1 EBV-encoded RNAs

The two EBV-encoded, small, non-polyadenylated RNAs (EBER-1 and -2) are by far
the commonest viral RNAs in latently infected cells, with an estimated abundance of 107
copies per cell (Howe & Steitz, 1986; Howe & Shu, 1989). They are usually transcribed
by RNA polymerase III, although polymerase II may also be involved (Howe & Shu,
1989). Most EBERs are located in the nucleus and are assocIated at the 3' termnus with
the cellular La antigen (Howe & Steitz, 1986) and other cellular proteins, including the
EBER-associated protein, which shows strong resemblance to an endodermal, develop-
mentally regulated sea-urchin protein called 217 (Toczyski & Steitz, 1991). The primar
sequences of EBER-l and -2 show extensive similarty to those of adenovIrs V AI and
V AIl and cell U6 small RNAs (Glickman et aL., 1988). These RNAs form stable secon-
dar strctures that allow extensive intermolecular base-pairing and may have, therefore,

similar functions. On the basis of the known function of the RNAs of V A and U6, two
alternative roles have been proposed for the EBERs. ln adenovIrs infection, V AI RNA
inhbits the activation of an interferon-induced protein kinase which blocks transcription
by phosphorylating the protein-synthesis initiator factor eIF-2 a. EBER-l and -2 can
parally complement the replication of an adenovirs with null mutations in V AI and
V AI, but their effect on eIF-2 a kinase activity is significantly smaler and they are not
found in the cytoplasm (Kieff, 1996). A possible role of the EBERs in the splicing of the
primar EBNA and LMP rnA transcripts is suggested by the paral complementaty
to RNA splice sites. Complexes between U6 and U4 RNAs are required for RNA
splicing in vitro, and the EBER-2 RNA contains a single-stranded loop with six of seven .
nucleotides identical to those required for U6-U4 interaction (Glickman et aL., 1988).
Both of the proposed functions of EBERs are somewhat incompatible with the obser-
vation that their expression is delayed untI after EBNA and LMP gene expression and
intiation of DNA synthesis (Alfieri et al., 1991). Neverteless, the earlier events in
priar B-cell inection are sensitive to interferon (IF) (Thorley-Lawson, 1980, 1981),

and EBERs may play a role in blockig eIF..2 kinase. EBV recombinants in whichthe
EBERs have been deleted can intiate priar B-cell infection and growth transformation

in the same way as wild-type virs, and no differences were seen in the growth of
lymphoblastoid celllines infected with EBER-deleted and control virs or in the perms-
siveness of these cells for lytic infection (Swarnthata et aL., 1991). The EBER
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transcription unit was found to be unmethylated in all types of EBV-caring cells
(Minarovits et aL., 1992).

1.1.5.2 Nuclear proteins

Transcription of nuclear proteins is initiated at polymerase ll-dependent promoters in
the BamHI C (Cp) and BamHI W (Wp) regions (reviewed by Rogers et al., 1992).
Approximately at the time of genome circularzation, the Wp promoter initiates right-
wards transcription that proceeds through almost the entire strand of the genome
(Bodescot et al., 1986). The rnAs contain a 40-base first exon, WO (Rogers et aL.,

1992), which is spliced to alternating W1 and W2 exons derived from successive reite-
ration of the internal BamHI W repeats (Bodescot & Perrcaudet, 1986; Sample et aL.,
1986). The use of an alternative splice acceptor site in WL results in generation of an
ATG codon in about half of the transcript. Ths initiates translation of an ORF encoded
by the repeating WL and W2 exons and by two short exons in the BamHI Y region (YI
and Y2). The resulting protein, called EBNA-LP, is encoded in the leader of the EBNA
rnAs and is therefore also called leader protein (LP) (Kieff, 1996).

The Y2 exon is spliced to a long exon, YH, that spans the right end of BamHI W and
the left end of BamHI H (Kieff, 1996). The ORF of this exon encodes the nuclear protein
EBNA-2. EBNA-LP and EBNA-2 are the first viral proteins expressed in infected B
lymphocytes. They are aIready detected 12 h after infection and reach the levels
maintaned in transformed lymphoblastoid cell lines within 24-32 h after infection
(Aleri et al., 1991). Probably as a consequence of the action of EBNA-2 on response
elements located in the upstream BamHI C fragment, a switch from Wp to Cp usage
occurs in most of the infected cells (Woisetschlaeger et aL., 1990). Two exons down-
stream of Cp, CI and C2, replace the WO exon in those transcripts. As with the WO exon,
alternative splicing of e2 to Wl or WO results in rnAs incapable or capable of trans-
lating EBNA-LP, respectively. A potential splice donor site near the beginning of the YH
exon, but preceding the EBNA-2 initiation codon, is activated in some of the transcripts
and is spliced to a downstream acceptor in BamHI U. The U exon is furter spliced to
any of four alternate acceptor sites that begin the ORFs encoding EBNA-3A, EBNA-3B,
EBNA-3C or EBNA- 1. Thus, as a consequence of alternate 5' splicing of Cp- or Wp-
initiated RNAs, some RNAs wil encode EBNA-LP or EBNA-LP and EBNA-2, while
other RNAs wil exc1usively code for EBNA-3A, -3B, -3C or EBNA-1. The tung on
of EBNA-3A, -3B, -3C and EBNA-l expression is probably explained by the strengt of
the Cp, which leads to signicantly more transcription. Polyadenylation may determine
splicing and thereby regulate the expression of the six EBNA rnAs from the same
promoter. cis- or trans-Acting factors, such as the expression of cert viral products or

the formation of secondar strctues in the primar EBNA transcripts, may also play a
role insplice choice.

Ìn cells that express a latency 1 or il phenotype, the Cp and Wp are silenced and
extensiveJy methylated (Ernberg et aL., 1989; Schaefer et aL., 1997). Transcription of the
EBNA-1 message is initiated at an alternative promoter located in the FQ transition
region and, lIe the Cp- and Wp-intiated messages, splices to the U and K exons.
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Characterization of the transcripts originating from this region has been complicated by
the presence of several transcription-initiation star sites and by the overlapping of
promoters that are active during the latent and lytic phases of the cycle. It seems now
clear that the originally described Fp is a lytic promoter (Nonkwelo et al., 1995, 1996),
while transcription of the latency 1 EBNA-1 rnAs begins at the adjacent Qp
(Nonkwelo et aL., 1997).

(a) EBNA-LP

The size of EBNA-LP vares among isolates, owing to varing numbers of internaI
repeats (IR1) that contain the WL and W2 exons of LP (Dilner et aL., 1986; Finke et al.,
1987; Wang et al., 1987a). The W2 exon encodes for a 44-amino acid repeat containing
basic Arg-Arg-His-Arg and Arg-Arg-Val-Arg-Arg-Arg domains that could be nuclear
localization signaIs. EBNA-LP is phosphorylated, probably on serine residues located in
the W2 exon near a casein kinase Il phosphorylation site (Petti et aL., 1990; Kieff, 1996).
The protein is strongly associated with the nuclear matrix and has an unusual location, as
seen by immunofluorescence microscopy (Petti et al., 1990; Jiang et aL., 1991). Some
EBNA-LP is diffusely spread through the nucleus, while the rest is concentrated in a few
granules, frequently distributed in curved linear arays.

Molecular analysis of EBNA-LP has focused on the last two exons that are deleted in
the nontransformng P3HR-l EBV strain. Deletion of the exons resulted in EBV recom-
binants with significantly reduced growth transformng ability under standard in-vitro
culture conditions (Allan et al., 1992); however, only a modest reduction of transfor-
mation efficiency was observed by plating infected B lymphocytes in soft agarose over
fibroblast feeder layers (Hammerschrdt & Sugden, 1989; Mannick et al., 1991). The
mutant virus-infected lymphoblastoid cell lines also tended to be more differentiated
towards immunoglobulin secretion. The unusual fibroblast dependency and enhanced
differentiation suggest that EBNA-LP may indirectly or directly up-regulate the
expression of autocrine factors required for B-cell growth. Transient transfection of
EBNA-LP and EBNA-2 into primary B lymphocytes co-stimulated with gp350 indicated
that the two proteins cooperate in the induction of GO to G 1 transition, as marked by
induction of cyclin D2 (Sinclair et al., 1994), but the mechanism of this effect remains
unkown.

(b) EBNA-2

EBNA-2 differs extensively between the EBV type-l and type-2 isolates (Aitken
et aL., 1994) and is the primar deterrnant of the biological differences that enable the
type-l strains to transform B lymphocytes with greater efficiency (Rickinson et al.,
1987). The two proteins consist of 484 and 443 arno acids, respectively; theyare over-
all acidic, phosphorylated on threonine and serine residues and contan at least seven
discrete domains including a polyproline repeat that vares by 10-0 amno acids in
different EBV isolates. The carboxy-termnal domain contains two Arg-Gly and Lys-
Arg-Pro-Arg repeat sequences that are required for nuclear 10calzation (Cohen et al.,
1991). EBNA-210calizes in large nuclear granules and is associated with nucleoplasmic,
chromatin and nuclear matrix fractions (Petti et aL., 1990).
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EBNA-2 is a specific trans-activator of cellular genes, such as the B-cell activation
markers CD23 (Wang et al., 1987b, 1990a, 1991) and CD21 (Wang et al., 1990a) and the
c-fge oncogene (Knutson, 1990), and viral genes inc1uding LMP-I (Abbot et al., 1990;
Ghosh & Kieff, 1990; Wang et al., 1990b; Tsang et al., 1991; Fåhaeus et aL., 1993) and
LMP-2 (Tsang et al., 1991) and the cis-acting element upstream of the Cp (Sung et aL.,
1991; Walls & Perrcaudet, 1991; Sjöblom et aL., 1995a). The EBNA-2-responsive

elements have been parially defined by deletion analysis of EBV promoter constructs or
by positioning near a heterologous promo ter (Laux et al., 1994a). Molecular analysis of
EBNA-2 by rescue of transformng virus from P3HRI-infected cells or the trans-
activation of LMP-l in transiently transfected Burkitt' s lymphoma cells as phenotypic
markers reveals a correlation between the sequences of EBNA-2 that are essential for
transformation and those important for promoter trans-activating activity (Cohen et aL.,
1991). Two large deletions, between amino acids 112-230 and 463-483, were shown to
reduce transformation and trans-activating activity but still result in virs capable of

transformng cells, albeit with low efficiency. Deletion of the Arg-Gly oligomer domain
in residues 337-357 resulted in a 90% reduction of transformng efficiency but increased
trans-activation of the LMP-l promoter by at least 10-fold (Tong et aL., 1994; Kieff,
1996). This domain can interact with histones, potentially faciltating the interaction of
EBNA-2 with DNA. Only three regions, located between residues 95-110, 280-337 and
425-462, appear to be stringently required for transformation and trans-activating
activity. The 425-462 region is essential for its acidic trans-activating characteristics,
while the 280-337 region mediates the interactions with DNA sequence-specific binding
proteins that bring EBNA - 2 to its responsive elements. The function of the 95-110
region is unclear (Kieff, 1996). Detailed analysis of the 425-462 region indicates that
this domain is similar in many respects to the prototype VP16 acidic domain (Cohen &
Kieff, 1991; Cohen, 1992), par of which can substitute for par of the EBNA-2 domain
in the context of reconstituted EBV recombinants (Cohen, 1992). The two domains share
affinity for the transcription factors TFIIB, TAF40, TFIH and RPA70, suggesting a
critical role of the 425-462 region in recruiting these factors to EBNA-2-responsive
promoters (Tong et aL., 1995).

EBNA-2 does not interact directly with its responsive elements. The response
elements in the LMP-1, LMP-2 and Cp promoters have been intensively investigated by
electrophoretic mobilty shift assays with nuc1ear extracts from EBNA-2-positive cells.
Each responsive element contains at least two gel shift activities: the major activity
corresponds to an oligonuc1eotide that inc1udes the GTGGGAA motif (Zimber-Strobl
et aL., 1991; Jin & Speck, 1992; Ling et al., 1993a). A 28-amno acid polypeptide corres-
ponding to residues 310-336 of EBNA-2 was used to affinity purify a 63-kDa nuc1ear
protein that reproduced the gel shift pattern (Yalamanchili et aL., 1994). Sequencing of
p63 showed it to be the previously characterized recombination signal sequence binding
protein JK, a widely expressed and highly conserved protein that probably acts as a key
adapter for transcription regulatory factors of cellular genes (Grossman et aL., 1994;
Henkel et al., 1994). Additional protein binding sites are present in the EBNA-2-
responsive elements. Mutation of the PU.1 binding site has a profound effect on the

EBNA-2 responsiveness of the LMP-1 promoter (Johansen et al., 1995; Sjöblom et al.,
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1995a,b). PU.L is also liely to be an important factor for many of the cellular genes that
are activated by EBNA-2, as it is frequently involved in B lymphocyte-specific gene
transcription.

(c) EBNA-3A, -3B, -3e

EBNA-3A, -3B and -3C are encoded by thee genes placed tanderny in the EBV
genome. Each protein is encoded by a short and a long exon 3' to the respective rnA
(Hennessy et aL., 1985, 1986; Kalln et aL., 1986; Joab et aL., 1987; Pett & Kieff, 1988;
Petti et al., 1988; Ricksten et al., 1988). The rnAs that encode these proteins are the
least abundant EBNA rnAs, few molecules occurrng in each latently infected cell.
The proteins encoded by type-l and type-2 EBV strains are only 84, 80 and 72% iden-
tical in the predicted primar amno acid sequence (Sample et al., 1990). Each protein
contans different repeating polypeptide domains near their carboxy termni that are
responsible for size varation in different viral isolates. These EBNAs are remarkably
hydrophobic and contain repeats of hydrophobic leucines, isoleucines or valnes that
could facilitate homo- and heterodimerization. They are located in large nuc1ear c1umps
in the nuclear matrix, chromatin and nuc1eoplasmic fractions but not in the nuc1eolus

(Petti et aL., 1990).
Because of their strcture and sequence similarty, these proteins are liely to have

simlar functions in latent EBV infection and transformation. EBNA-3C was shown to
up-regulate the expression of CD21 rnA in transfected Burkitt's lymphoma cells
(Wang et aL., 1990a) and the expression of LMP-l in Raji cells (Allday et al., 1993;
Allday & Farell, 1994), while expression of EBNA-3B was shown to correlate with up-
regulation of vimentin and CD40 and down-regulation of CD77 (Silns & Sculley, 1994).
EBNA-3A, -3B and -3C can inhbit EBNA-2-activated transcription, probably by their
capacity to bind to J1C (Robertson et aL., 1995a; Krauer et aL., 1996; Robertson et al.,
1996). The complexes do not bind to DNA in vivo, suggesting a possible mechansm by
which these proteins could modulate B-cell activation.

(d) EBNA-1

EBNA -1 is the only EBNA that is associated with chromosomes during mitosis
(Reedman et aL., 1974; Ohno et al., 1977; Grogan et al., 1983). The predicted sequence
of the prototype EBV type 1 strain consists of 641 amno acids that form four obvious
domais: an arno termnus of 89 arno acids rich in basic residues, a 239-amno acid
Gly-Ala copolymer that could form ß sheets and may paricipate in intermolecular inter-
actions, a short basic domain and a long hydrophobic domain from residues 459-607
which have sequence-specific DNA binding and dimerization activities (Ambinder et aL.,
1991; Shah et aL., 1992; Kieff, 1996). EBNA-l is phosphorylated on serie residues in the
carboxy termus of the molecule (Hearg & Levine, 1985; Polvino-Bodnar et al.,
1988).

EBNA-1 binds to DNA by recognzing the parial paldrome TAGGATAGCATA-
TGCTACCCAGATCCAG that is found at three sites in the EBV genome (Rawlis
et aL., 1985; Ambinder et al., 1990; Kieff, 1996). The site with the greatest afinty
consists of 20 tandem direct repeats of the cognate sequence about 7 kb from the left end
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of the genome. The second highest affinity site is 1 kb to the right and consists of two
cognate sequences in dyad symmetr and two in tandem. The third site is in the BamHI
Q fragment about 10 kb downstream of the EBNA-2 coding exon (Rawlins et al., 1985).
This site is composed of two divergent tandem repeats and appears to be importt for

negative regulation of the alternative promoter for latent EBNA-1 transcription in BamHI
FQ (Lear et al., 1992; Sample et al., 1992). Binding of EBNA-1 to the tadem repeat and
dyad symmetry sites enables covalently c1osed, circular DNA molecules to replicate and
persist as episomes (Reisman et al., 1985; Yates et al., 1985; Yates & Guan, 1991). The
EBV DNA segment containing both sites is therefore designated oriP, for origin of
plasmid DNA replication. The tandem repeat component acts as an EBNA-1-dependent
enhancer on heterologous or neighbouring EBV promoters in transient transfection
assays (Reisman & Sugden, 1986). The dyad symmetr component is strngently
required for episome replication. The strcture is parially denatured as a consequence of
EBNA-1 binding, formng bubble and cruciform strctures that are characteristic of other
efficient origins (Wiliams & Kowalski, 1993). The interaction of EBNA-1 with the
tadem repeat and dyad symmetr sites is cooperative and results in higher-order
strctures that lead to bending of the DNA, distortion of the duplex and looping out of
the intervening sequences (Frappier & 0' Donnell, 1991; Orlowski & Miller, 1991;
Frappier & 0' Donnell, 1992). The amno termnal of the dimerization domain is
importt for the formation of macromolecular complexes of EBNA -1 homopolymers

afer association with the DNA templates (Goldsmith et al., 1993). The carboxy termus
of EBNA-1 determnes its nuc1ear location by interacting with a specific protein that is
homogeneously distributed on chromosomes (Ohno et aL., 1977; Hars et aL., 1985; Petti
et al., 1990). Ths property is liely to be importnt for segregation of episomes into

progeny nuclei during mitosis. Par of EBNA -1 is also associated with the nuc1ear matrx.
EBNA-l is the only EBNA that continues to be made durng lytic infection. The lytic
rnA begins at a BamHI F promoter near 62.2 kb (Lear et al., 1992; Kieff, 1996). The
two EBNA-1 binding sites that are not par of ori-P are downstream of the adjacent
latency 1 promoter in BamHI Q (kb 62.3). Thus, EBNA-1 is likely to play a role in regu-
lation of these promoters (Sample et al., 1992; Kieff, 1996).

1.1.5.3 Latent membrane proteins

(a) LMP-1

LMP-1 rnA is the second most abundant viral transcript in latently infected cells
(Fennewald et al., 1984; Sample & Kieff, 1990). The product, encoded by three exons, is
an integral membrane protein with at least thee domains: a 20-arno acid hydrophilic
arno termnus; six hydrophobic, 20-aro acid, alpha helical transmembrane segments

separated by five reverse tus, each five to 10 arno acids in length and a 200-arno
acid carboxy termnus, rich in acidic residues. The results of studies of protein cleavage
in live cells are consistent with a model of plasma membrane inserton in which both the
N and C term are positioned on the cytoplasmic side and there are only thee short
reverse tus on the extracellular side of the membrane (Liebowitz et aL., 1986). At least
hal of LMP-1 is associated with the cytoskeleton, as defined by resistance to extraction
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with nonionic detergents and co-Iocalization with the intermediate filament protein
vimentin (Man et al., 1985; Liebowitz et al., 1986; Moorthy & Thorley-Lawson, 1990,
1993a). Nascent, nonionic detergent-soluble LMP-1 has a half-life of less than 2 h and is
converted to an insoluble, c10sely cytoskeleton-associated form that is phosphorylated on
serine and threonine residues in the carboxy-terrnal domain (Moorthy & Thorley-
Lawson, 1990, 1993a). The cytoskeleta form has a half-life in the order of 3-15 h. After
phosphorylation, LMP-l is c1eaved near the beginning of the carboxy-termnal domain,
resulting in a soluble product of about 25 kDa (Moorthy & Thorley-Lawson, 1990,
1993b). LMP-l forms patches in the cell membrane that are often organized Into a single
cap-like structure (Hennessy et al., 1984; LiebowItz et aL., 1986). Although vimentin co-
localizes to the patches, patch formation does not require vimentin or other EBV proteins
(Wang et al., 1988a; Liebowitz et al., 1992) and is likely to be due to the capacity of
LMP-l to interact with itself through the transmembrane domains. Like EBNA-l, LMP-l
is transcribed during lytic infection and can be induced by treatment with activators of
protein kinase C (Rowe et al., 1987a; Laux et al., 1988a). ln late lytic infection, a
promoter in the thIrd LMP-l exon transcribes the par of the ORF that encodes for the
last two transmembrane domains and the cytoplasmic domain (Hudson et aL., 1985). This
trncated LMP-l does not associate with vimentin or other cytoskeletal elements and
does not have transformng or cell-activating properties (Mann et al., 1985; Wang et al.,
1985, 1988a,b; Liebowitz et al., 1992). The full-size LMP-1 is incorporated into virons
(Mann et al., 1985), indicating that the virion-associated products may affect the growth
of newly infected cells.

Transfection of LMP-l with heterologous promoters has transformng effects in
rodent fibroblast celllines (Wang et al., 1985; Baichwal & Sugden, 1988; Wang et al.,
1988a; Moorthy & Thorley-Lawson, 1993a). LMP-l expression in Rat-1 or NIH 3T3
correlates with altered cell morphology and growth in low concentrations of serum. The
cells lose anchorage dependence, acquire growth capacity in soft agar and become tumo-
rigenic in nude mice. Expression at levels above those detected in ordinar lympho-
blastoid celllines results in toxicity (Wang et al., 1988a). LMP-1 also dramatically alters
the growth of EBV-negative B lymphoblasts and induces many of the changes that are
usually associated with EBV infection of primar B cells, induding cell dumping,
increased numbers of villous projections and vimentin expression, increased surace
expression of CD23, CD39, CD40, CD44, c1ass fi MHC and the cell adhesion molecules
LFA-l, ICAM-1 and LFA-3 and decreased expression of CD10 (Wang et al., 1988b;
Birkenbach et al., 1989; Wang et al., 1990a; Liebowitz et al., 1992; Peng & Lundgren,
1992; Zhang et al., 1994a; Kieff, 1996). LMP-1 has been shown to protect B
lymphocytes from apoptosis by inducing bcl-2 (Rowe et aL., 1994) and probably also A20
(Henderson et aL., 1991; Marin et al., 1993; Fries et aL., 1996). ln addition, LMP-1 was
shown to up-regulate certain cytokies with B-cell proffoting activity, such as IL-10
(Nakagomi et aL., 1994). LMP-l expression also alters the growth of multipotent haema-
topoietic stem cells and epithelial cells (Dawson et aL., 1990; Fåhaeus et al., 1990a; Hu
et al., 1993). ln monolayer cultues of imortzed human keratinocytes, LMP-l

induces morphological changes, alters cytokeratin expression and inhbits cell diferen-
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tiation (Dawson et aL., 1990; Fåhaeus et al., 1990a). Similar effects were observed in the
hyperplastic skin of LMP-l transgenic mice.

Studies with LMP-l-deletion mutants in rodent and human cells and the isolation of
EBV recombinants specifically mutated in LMP-l have yielded information on the role
of different protein domains in cell growth and transformation. Transfection studies with
LMP-l-deletion mutants indicate that the cytoplasmic amino termnus is not responsible
for the activating effects, the transmembrane domains are critical, probably due to their
importance for LMP-l aggregation in the plasma membrane, and the carboxy-terrnal
domain is essential (Wang et al., 1988a,b; Baichwal & Sugden, 1989; Marin & Sugden,
1991; Liebowitz et al., 1992; Moorty & Thorley-Lawson, 1993a,b). As expected, EBV
recombinants lacking LMP-l were unable to induce growth transformation of primar B
cells (Kaye et al., 1993). Growth transformation was also abolished by deletion of
progressively large pars of the amno termnal and transmembrane domains, and the
same was tre for deletion of all of the carboxy-terrnal cytoplasmic domain. Pnmar B
lymphocytes infected with EBV recombinants that express the entire amno termnus and
transmembrane domain and the first 44 amno acids of the carboxy-termnal domain
grow well on diploid fibroblast feeder layers, suggesting that at least two functional
domains exist in the carboxy termnus (Kaye et aL., 1995). A cellular protein interaction
with the first 44 amino acids of the C-termnal domain was identified in a two-hybrid
screen. The LMP-l-associated protein has a ring finger and extended coiled-coil
strcture and is homologous to factors associated with the murine tumour necrosis factor
receptor. A second LMP-l-associated protein, EBI6, is the human homologue of the
murine factors. The LMP-l-associated protein binds directly not only to the LMP-1 C-
termnal domain but also to the p80 tumour necrosis factor receptor, CD40 and lym-
photoxin-ß receptor cytoplasmic domains (Mosialos et al., 1995) and to lesser extent to
the cytoplasmic domains of Fas/apo-l protein and p60 tumour necrosis factor receptor.
Thus, LMP-l seems to interact with cellular proteins that are mediators of cytoplasmic
signallng from the famly of tumour necrosis factor receptors and thereby induce consti-
tutive activation of the growth, death and necrosis factor-KB signallng pathways of those
receptors (Hamarskjöld & Simurda, 1992). An additional domain in the distal C-
termnal end of LMP-l seems to be involved in necrosis factor-KB activation (Huen
et aL., 1995).

Although the standard type-l and type-2 EBV strains are c10sely sirlar (Sample
et al., 1994), numerous sequence varations were identified in LMP-l genes from
different EBV isolates. A major (Xho)I restrction enzyme polymorphism was detected in
type-1 strains from southeast China (Hu et aL., 1991a,b) and in type-2 strains from
Alaska. ln addition, consistent nuc1eotide varations in the arno termnus of IMP-l
were identified in strains marked by the XhoI polymorphism. Arno acids 343-352 are
deleted in the Chine se strains but not in those from Alaska, and numerous other changes
were detected in the amno termnus that did not co-segregate with either disease
phenotye, EB V type or specific geographic region (Miler et aL., 1994a; see also section
1.3.2).
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(b) LMP-2A and -2B

LMP-2A and -2B are encoded by spliced rnAs transcribed from the circularzed
EBV genome across the termnal repeats (Laux et al., 1988a). The lMP-2A transcription
stars 3 kb downstream of the LMP-l polyadenylation site, whereas that of LMP-2B
stas 0.2 kb upstream of the lMP-i transcription sta site (Laux et al., 1988a; Sample
et aL., 1989). The LMP-2B and LMP-l promoters form a bi-directional transcription unit
containing a common EBNA-2 response element, while a separate EBNA-2 response
element regulates LMP-2A transcription (Zimber-Strobl et al., 1993). The two proteins
have unique first exons but share the remaining ex ons derived from the termnal repeats.
These encode for 12 hydrophobic transmembrane sequences separated by short reverse
turns and a 27-arno acid hydrophilic C-termnal domain. LMP-2 co-localizes with
LMP-l in the plasma membrane of latently EBV -infected B lymphocytes (Longnecker &
Kieff, 1990; Longnecker et aL., 1991).

1.1.5.4 Other latent viral genes

BRRFl (Austin et aL., 1988) and BamHI A (Brooks et al., 1993a) mRAs have been
identified in strctly latently infected cells. BRRF 1 RNA and protein are abundantly
expressed early in lytic infection, but the protein is not found in latently infected cells or
newly infected primar B lymphocytes (Alferi et aL., 1991). An ORF, BARFO, is
contaned in a highly spliced RNA originally identified from cDNA cloning of naso-
pharngeal carcinoma RNA (Sadler & Raab-Traub, 1995a). Antibodies specific for the
in-vitro translated polypeptide can be detected in sera from healthy people and from
nasopharngeal carcinoma patients (Gillgan et aL., 1991). The antisera produced to a
synthetic peptide were used to identify a doublet of 30-35 kDa in Imunoblots of EBV-
caring but not EBV -negative lines and in biopsy samples of nasopharngeal carci-

noma. Cellular fractionation indicates that the protein is associated with the membrane.
Although its function in EBV infection is unkown, a recombinant virs caring a
deletion encompassing the BARFO coding region can transform lymphocytes in vitro
(Robertson et aL., 1994).

1.1.5.5 Genes of the productive viral cycle

Only a small fraction of latently infected B lymphocytes spontaeously enters the
productive cycle; thus, lytic infection is usually induced by chemicals (Luka et aL., 1979;
Saemundsen et al., 1980; Laux et aL., 1988b). Of the latently infected cell lines,
maroset cells tend to be more inducible than adult human lymphoblasts, and neonata
human lymphoblasts are the least inducible (Miller & Coope, 1974). A few lympho-
blastoid celllines can be induced to permt viral replication in approximately 10% of the
cells. The Akata cellline, which cares an LMP-2A-deleted virus, can be induced by

cross-linkng of surface imunoglobuli (Ig) to theextent that more than 50% of the
cells enter the lytic cycle (Takada, 1984; Takda & Ono, 1989). A second approach to
studying viral replication is to induce the lytic cycle by superinfection of Raji cells with
defective EBV from the P3HR-l cellline (Mueller-Lantzsch et al., 1980). Raji is an
EBV-positive Burkitt's lymphoma line with an unusually high EBV episome copy
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number. The Raji EBV genome has at least two deletions that make it defective for DNA
replication and late gene expression; the cell line is, therefore, tightly latent (Polack
et aL., 1984a). Defective virons from P3HR-l contain rearanged DNA molecules in
which the immediate early trans-activators of the lytic cycle are expressed afer super-
infection (Cho et aL., 1984; Miller et aL., 1984).

Cells that have become permssive for viral replication undergo cytoplasmic changes
that are typical of herpesvirses, including margination of nuclear chromatin, synthesis
of viral DNA, assembly of nucleocapsids, envelopment of the virus by budding though
the inner nuclear membrane and inhbition of host macromolecular synthesis (Gergely
et al., 1971). Expression of the CD21 EBV receptor is down-regulated in 12-0-tetra-
decanoyl phorbol-13-acetate (TPA)-treated EBV-positive but not EBV-negative cells,
probably as a consequence of binding of viral paricles (Yamamoto et aL., 1982).

(a) Immediate early genes

Thee leftward rnAs are transcribed after P3HR-l superinfection of Raji or surface
Ig cross-linkng of Akata cells in the presence of protein synthe sis inhbitors. The
BZLF1, BRLFl and BI'LF4-encoded proteins are potent trans-activators of early EBV
gene expression (Takada & Ono, 1989; Marschall et al., 1991; Kieff, 1996). Two key
early promoter regulatory elements with left and right duplications that include the
origins of lytic viral DNA replication are co-ordinately up-regulated by BZLF 1 and
BRLFl (Hudewentz et al., 1982; Hummel & Kieff, 1982a; Freese et al., 1983; Nuebling
& Mueller-Lantzsch, 1991). The two proteins acted synergistically on the bi-directional
BHRI and BHLFI promoter of left duplication in assays for transient transfection (Cox
et al., 1990). The BSMLF 1 and BMRF 1 promoters are also coordinately regulated, pro-
bably by binding to specific response elements (Holley-Guthe et al., 1990).

The R protein is a DNA sequence-specific acidic trans-activator that has distat
homology to c-myb (Gruffat & Sergeant, 1994; Kieff, 1996). The Z protein vares
slightly in size among EBV strains, but the sequence differences have not been inves-
tigated (Packham et aL., 1993). The BZLFl mRA is spliced and consists of thee exons
(Lieberman & Berk, 1990): the first exon encodes arno acids 1-167 which include the
trans-activating domain (Taylor et aL., 1991; Chi & Carey, 1993); the second encodes
arno acids 168-202 which include a strong basic domain that has homology to a con-
served region of the c-jun/c-fos famly of transcription modulators (Chang et al., 1990;
Lieberman & Berk, 1990) and confers the abilty to interact with AP1-related sites in
DNA and also targets Z to the nucleus (Miaélian et aL., 1993); the thd exon encodes
amno acids 203-245 which include a perfect leucine or isoleucine heptad repeat capable
of coiled-coil dimer formation (Chang et al., 1990; Kouzardes et al., 1991). Ths domai
is required for interaction of Z with p53 (Zhang et al., 1994b). Over-expression of wild-
type p53 inhbits the abilty of Z to disrupt virallatency. Thus, diect interaction between
Z and p53 may play a role in regulatig the switch from latency to lytc infection.
Dimerization may faciltate the interaction with templates that have multiple Z respon-
sive elements. The simlarty between TP A response elements, APl sites and Z reco-
gntion sites may paraly explain the capacity of TP A to activate the lytc cycle (BoITas
et al., 1996).
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(b) Early genes

The early genes are expressed when the lytic cycle is induced in the presence of inh-
bitors of DNA synthesis. By this criterion, at least 30 EBV rnAs are early gene
products (Hummel & Kieff, 1982a,b; Baer et aL., 1984). Because of the diffculty in
studying EBV replicative functions, proteins encoded by early genes have been identified
or assigned functions by analysis of their predicted sequences or by conducting func-
tional assays of proteins translated in vitro or expressed in vivo (W ong & Levine, 1986;
Nuebling & Mueller-Lantzsch, 1991). ln many cases, functions have been suggested
froID comparson with the primar arno-acid sequence of the herpesvirus proteins of
known function. Two very abundant early proteins have been mapped to specific DNA
sequences. The BALF2 protein is homologous to the HSV DNA binding protein ICP8
and is important in DNA replication (Hummel & Kieff, 1982a; Kieff, 1996). The BHRI
protein, which is expressed in moderate abundance, has extensive collinear homology
with bcl-2 (Pearson et aL., 1983a; Austin et al., 1988). BHR1 can protect EBV-negative
Burkitt' s lymphoma cells from apoptosis (McCarhy et al., 1996); however, EBV recom-
binants lacking the BHRF 1 ORF are fully able to initiate and maintain cell growth trans-
formation and they can also enter the lytic cycle and produce virs (Lee & Yates, 1992;
Marchini et al., 1991).

Several of the early genes are linked to DNA replication. These include the genes for
DNA polymerase (BALF5), the major DNA binding protein (BALF2), ribonucleotide
reductase (BORF2 and BARFl), thymidine kinase (BXLFl) and alalne exonuc1ease

(BGLF5), which are distributed through the unique long domain of EBV DNA (Kieff,
1996). The ribonucleotide reductase is confined to multiple discrete regions in the cyto-
plasm of productively infected cells (Pearson et al., 1983b, 1987). Acetone fixation
destroys its immunological reactivity, suggesting that it may be a major component of
the restricted early antigen complex originally identified in EBV -immune sera from
Afrcan Burkitt' s lymphoma patients. Transfection experiments demonstrate that some of
these genes are activated in the process of cell differentiation in the absence of other viral
gene products, suggesting a possible role of cellular factors in regulating the productive
cycle, at least in certain cell types (Marschall et al., 1991).

(c) Late genes

The late genes with parially known products or which can be identified by homology
with other herpesvirses code for strctural glycoproteins or proteins that modif the
infected cells in order to permt viral envelopment or egress. Among the non-glyco-
proteins, the major nucleocapsid protein is probably encoded by cLF l, NRF 1 encodes the
major extemal non-glycoprotein of the viron, and BXRF 1 is liely to encode a basic core
protein (Kieff, 1996). The BFRF3 ORF encodes a highly basic viral strctual capsid
protein or tegument protein, VCA p18, which is strongly imunogenic in humans (van
Grunsven et al., 1994). The known EBV glycoprotein genes are BLLFI (gp350/220),
BALF4 (gp 11 0), BXLF2 (gp85), BILF2 (gp55/80), ÉDLF3 (gp100150) and BZLF2
(gp2) (see Table 1) (Hummel et al., 1984; Beisel et aL., 1985; Gong et al., 1987;
Heineman et aL., 1988; Oba & Hutt-Fletcher, 1988; Li et aL., 1995a; Nolan & Morgan,
1995; Kieff, 1996). Gp110 is one of the most abundant late EBV proteins (Emini et aL.,
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1987; Gong et al., 1987; Gong & Kieff, 1990). Immune light microscopy and electron
microscopy have been used to localize gp 11 0 to the inner and outer nuc1ear membrane
and to the cytoplasmic membranes frequently surrounding enveloped virs but not to the
Golgi or plasma membrane, suggesting that the protein is not processed in the Golgi
apparatus. ln contrast, gp85 and gp350/220 are processed efficiently through the Golgi
apparatus and are found on the virus and in the plasma membrane of lytically infected
cells (Gong & Kieff, 1990; Kieff, 1996). Gp85 is a relatively minor viral component that
appears to be important in fusion between the virus and cell membranes (Miler & Hutt-
Fletcher, 1988). Viral penetration involves two other EBV glycoproteins, gp25 and gp42,
whIch form a trparite complex with gp85. Gp42 also binds to HLA DR; thus, MHC
c1ass II molecules may serve as cofactors in human B-cell infection (Li et al., 1997).
Gp350/220 is the dominant external viral protein involved in mediating viral binding to
the B-lymphocyte receptor CD21 and is the major target of the human EBV neutralizing
antibody response (Thorley-Lawson & Geilnger, 1980; Thorley-Lawson & Poodr,
1982; Tanner et aL., 1988; Zhang et aL., 1991). Injection of purified gp350/220 or infec-
tion with vaccinia recombinants that express thIs protein protects cotton-topped tamarns
against a lethal, lymphomagenic EBV challenge (Morgan et al., 1988a,b).

The late BCRF 1 gene, which is located in the middle of the EBNA regulatory domain
between ori-P and the Cp, is a close homologue of the human IL-10 gene, with nearly
90% collnear identity in amino-acid sequence (Moore et al., 1990; Vieira et aL., 1991;
Touitou et al., 1996). BCRF1 has most of the activities of human IL-10, including
negative regulation of macrophage and NK cell functions and inhbition of IF y
production. Thus, virally expressed IL-10 may have a local effect on these responses to
reactivated infection. Nonsense or deletion mutations involving BCRF 1 have no effect on
the ability of EBV recombinants to initiate growth transformation or to maintai latent
infection or on the abilty of B lymphocytes to enter the lytic cycle in vitro (Swamnathan
et aL., 1993).

1.2 Methods of detection

1.2.1 Assays to detect antibodies to EBV

The measurement of antibodies to EBV in biological fluids remains the major means
of diagnosis of EBV infection. As discussed in section 1.2.3, distinct patterns of antibody
response have been identified during priar infection, latent infection of imuno-
competent carers and viral reactivation and in varous EBV -associated diseases (Evans,
1972).

1.2.1.1 Immunofluorescence

Imunofluorescence assays are, in general, labour-intensive and time-consumg,
and experience is required to interpret the resulting patterns. Preparation of the antigen
slides is also subject to batch varation. Although sorne commercial kits are available,
their use has not been accepted universally.
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Antibodies to viral capsid antigen, early antigen and membrane antigen: Detection of
anti-viral capsid antigen (VCA) and anti-early antigen (EA) in seru by Imuno-
fluorescence was one of the earliest tests developed and is currently the 'gold stadard'
with which other EBV antibody assays are compared (Henle & Henle, 1967, 1985).
Burkitt' s lymphoma cell lines (e.g. Raji) superiected with P3HRI virs or induced with
TP A and/or sodium n-butyrate are used as the source of VCA and EA antigens. Afer
reaction with the test seru and its dilutions, the antibody is revealed by fluorescein iso-
thiocyanate-conjugated, c1ass-specifc anti-human Ig. Detection of specific antibodies of
different isotypes is used for the diagnosis and investigation of varous EBV -associated
diseases such as infectious mononuc1eosis (IgM), nasopharngeal carcinoma (IgA) and
Burkitt' s lymphoma and Hodgkin' s disease (IgG). EAs can be divided into restricted (R)
and diffse (D) forms on the basis of their pattern of distrbution and sensitivity to
methanol (Henle et aL., 1971a,b). As discussed in section 1.3.3.1, antibodies against
EA(D) and EA(R) may show different prevalence patterns in different EBV-associated
diseases.

ln order to detect anti-membrane antigen by immunofluorescence, live cells must be
used.

EBNA antibodies: Anti-EBNA antibodies are detected by the anti-human complement
immunofluorescence assay first developed by Reedman and Klein (1973; Reedman et al.,
1974). Whle this test is generally used for the detection of EBNA complex antibodies,
more detailed analysis is now possible using celllines transfected with individual EBNA
genes.

1.2.1.2 Enzyme-linked immunosorbent assay

Some of the techncal diffculties associated with immunofluorescence tests have

been overcome by the development of specific enzyme-linked immunosorbent assays
(ELISAs). The specificity of most ELISAs used in EBV serology suffers, however, in
comparson with that of immunofluorescence assays. A varety of antibodies to EBV
antigens can be detected in ELISA with afnity-purified native or recombinant proteins.
Serological reactions to antibody-specific epitopes have been mapped with the use of
synthetic peptides. ELIS As have been developed for EBNAs, EA(D), EA(R), VCA,
membrane antigen and ribonuc1eotide reductase (Luka et aL., 1984; Halprin et aL., 1986;
Uen et aL., 1988; Weber et al., 1996). Recombinant gp350 is used for the detection of
antibodies to membrane antigen in ELISAs.

1.2.1.3 Immunoblotting

Lysates of EBV -positive cell lines fractionated by sodium dodecyl sulfate-poly-
acrylamde gel electrophoresis are used to detect anti-EBV antibodies in western blot
methods. Individual antibody polypeptides can be distigushed by their characteristic
size and migration patterns.
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1.2.1.4 Complement fixation

Soluble complement-fixing antibodies were characterized when tested against
soluble, non-sedimentable, nonstrctural antigens extracted from non-virs-producing
cens such as Raji, and were shown to appear only months after primar EBV infection.
The results of this test parallel the presence of EBNA in cases of asymptomatic infec-
tious mononuc1eosis, Burkitt' s lymphoma and nasopharngeal carcinoma (Gerber &
Birch, 1967; Sohier & de Thé, 1972; Vonka et al., 1972).

1.2.1.5 Functional assays

Antibodies to EBV-encoded proteins have been detected by their capacity to
neutralze viral function or to mediate lysis of virs-infected target cens. For the

detection of EBV DNase neutralzing antibodies, the EBV-encoded enzyme is purified
from productively infected cens or expressed as a recombinant protein (Cheng et aL.,
1980; Stolzenberg et al., 1996). The last serum dilution capable of neutralzing a given
amount of the enzyme (e.g. six units) gives the anti-DNase titre. ln the antibody-
dependent cellular cytotoxicity assay, antibodies to EBV membrane antigen are detected
by their capacity to mediate killng of 51Cr-Iabelled, productively EBV -infected cells by

Fc-receptor-positive kiner cells (Chan et aL., 1979a; Mathew et al., 1981). The signi-
ficance of the functional activity of these antibodies for the control of EBV infection
in vivo is uncertn.

1.2.2 Detection of EBV in tissues

While serological studies can provide indirect evidence of an association of EBV with
human tumours, definite identification of EBV -associated tumours rests ultimately on the
detection of viral genomes and/or viral gene products in tumour tissues. Over the years, a
number of methods have become available, which can be divided broadly into those
based on the extraction of nuc1eic acids from tissues (Southem blot hybridization and the
polymerase chain reaction (PCR)) and those which detect viral genomes or gene products
in situ in single cells (in-situ hybridization and immunohistology). Some methods are
used to detect and characterize viral genomes (Southem blot hybridization, PCR, DNA
in-situ hybridization), and others to detect viral gene products (reverse transcriptase
(RT)-PCR, RNA in-situ hybridization, imunohistology). The latter require that the viral
genome be actively expressed; it is importt to realize that ths is also the case for

EBER in-situ hybridization (see below), which has largely replaced EBV DNA in-situ
hybridization for the identification of EBV. Thus, ultimate proof that the virs is absent
from a given tissue can come only though the demonstration that the viral genome is
absent. The suitability of these methods for the detection of EBV in tissues will be
discussed using Hodgkin's disease as an example. Hodgkin's disease is parcularly

suited to illustrate the advantages and disadvantages of the varous technques because of
its unique pathological features (see section 2.3.1), inc1uding the scarcity of neoplastic
cells, the Hodgki and Reed-Stemberg (HRS) cells, which raely amount to more than
2% of the total cell population in an afected lymph node and which are embedded in a
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background of abundant reactive cells (Herbst & Niedobitek, 1993). This scarcity made
the association between EBV and Hodgkin's disease paricularly difficult to establish.

1.2.2.1 Southem blot hybridization and the polymerase chain reaction

Prompted by seroepidemiological studies, several groups have attempted to detect
viral genomes in extracts of DNA from Hodgkin's disease tissues. Studies with nucleic
acid reassociation kinetics failed to do so, probably because of the limited sensitivity of
this method (zur Hausen, 1976). With the development of Southern blot hybridization, a
more sensitive and specific technique became available and, when probes directed, e.g.
against the BamHI W internaI repetitive fragment of the viral genome, were used, EBV
DNA was indeed detected in approximately 20% of cases of Hodgkin's disease (Weiss
et aL., 1987; Herbst et aL., 1989). Southern blot hybridization involving probes for
characterization of the termnal repeat region of the viral genome was used to demons-
trate that in most cases the viral genomes are present as monoclonal episomes (Raab-
Traub & Flynn, 1986; Weiss et al., 1987; Anagnostopoulos et al., 1989; Masih et al.,
1991). Ths suggested that the virs-caring cell population is monoclonal and impli-

cated the HRS cells as the likeIy cellular source. Several groups have subsequently used
PCR to detect viral genomes in Hodgkin's disease tissues. These experiments were often
designed to amplify sequences from the BamHI W internaI repetitive fragment of the
viral genome, since thIs promised maximal sensitivity. Using this approach, viral
genomes were detected in 50-80% of biopsy samples from cases of Hodgkin' s disease in
western countries (Herbst et al., 1990; Knecht et al., 1991; Shibata et aL., 1991a).

Interpretation of the results obtaned with Southern blot hybridization and PCR has,
however, been difficult. The sensitivity of Southern blot hybridization is limited, and
target DNA must be present in at least 1% of the total cell population. Furthermore,
because DNA extracts from heterogeneous cell populations are analysed, the cellular
source of any viral DNA detected cannot be determned unequivocally. Examnation of
the configuration of the termal repeat region of the EBV genome by Southern blot
hybridization can provide evidence for the clonaI composition of the viral genomes.
Detection of monoclonal viral genomes in DNA from clonal neoplasms indicates that the
tumour cells are the cellular source of the viral DNA and that EBV infection took place
before clonaI expansion of the neoplastic cell population. The nature and clonal origin of
HRS cells are, however, uncertain; the results of a few recent studies suggest the possi-
bility that HRS cells may be polyclonal at least in some cases (Hummel et aL., 1995a;
Delabie et al., 1996).

Analysis of DNA extracts by PCR faces the same difficulties, whIch are compounded
by the high sensitivity of ths method. It is now clear that circulating, EBV -caring, non-
neoplastic lymphocytes are found in a varety of tissues, including Hodgki' s disease

lymph nodes (Herbst et al., 1992; Khan et al., 1992; Niedobitek et al., 1992a). Thus, the
demonstration ofEBV DNA in any tumour by PCR canot be taken as evidence of viral
infection in the tumour-cell population. A number of RT-PCR strategies have been
devised for the analysis of EBV gene expression in peripheral. blood or tissues (Raab-
Traub et al,. 1991; Brooks et al., 1992; Busson et aL., 1992a; Qu & Rowe, 1992; Tiemey
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et aL., 1994). With the possible exception of the demonstration of EBER expression,
these methods are not suitable for diagnostic purposes but rather represent a tool for the
characterization of EBV infection under conditions in which the association with EBV is
known.

1.2.2.2 ln-situ hybridization and immunohistochemistry

The study of the relationship between EBV infection and Hodgkin's disease illus-
trates the necessity of identifying the cellular location of the virs. The first unequivocal
demonstration of EBV within the HRS cells of Hodgkin's disease came from two inde-
pendent studies in which DNA in-situ hybridization was used with 35S-labelled probes.
Again in these studies, the BamHI W internaI repetitive fragment of the viral genome
was used as a target, because it promises greater sensitivity than other unique genome
fragments. ln both studies, EBV DNA was detected exclusively in the HRS cells of a few
selected cases (Anagnostopoulos et aL., 1989; Weiss et al., 1989a). These results were
subsequently confirmed, with the use of both radioactive and non-radioactive DNA
probes (Herbst et aL., 1990; Uccini et aL., 1990; Coates et aL., 1991a,b; Delsol et aL.,
1992). The detection rate of DNA in-situ hybridization was always lower than that of
PCR, indicating comparatively low sensitivity. Moreover, when biotin-Iabelled probes
are used, the presence of endogenous biotin may give cise to arefactual cytoplasmic
labellng (Niedobitek et al., 1989a; Hawkins et aL., 1990; Santucci et aL., 1993).

A major breakhrough in the analysis of EBV infection by in-situ hybridization came
with the introduction of probes specific for the small nuc1ear EBV-encoded RNAs,
EBER-l and -2 (Wu et aL., 1990). The EBERs are abundantly expressed in all forms of
EBV latency and are therefore uniquely suitable as targets for in-situ hybridization.
Moreover, because of their high copy number, EBERs can be detected with non-radio-
active RNA and oligonucleotide probes, makng this method suitable for many labora-
tories (Wu et aL., 1991). Because of its high sensitivity, this method allows precise deter-
miation of the incidence of EBV infection in HRS cells. Thus, EBER in-situ hybri-
dization has revealed that EBV infection in Hodgkin's disease is not restrcted to HRS
cells but may occur in non-neoplastic, so-called 'bystader' lymphocytes (Herbst et al.,
1992; Khan et aL., 1992; Jiwa et al., 1993a). Ths method has been applied in many labo-
ratories to the study of not only Hodgkin' s disease but also other malgnancies, leading to
the identification of a varety of new EBV -associated tumours.

ln parallel with these developments, several monoclonal antibodies have become
available which are suitable for the detection of EBV -encoded latent and replicative
proteins in sections of routinely formaln-fixed, paraffin-embedded tissues (Rowe et al.,
1987b; Young et aL., 1989b, 1991; Grasser et aL., 1994). Ths technque has been vastly
improved by the development of antigen retreval technques with microwave iradiation
or pressure cookig (Shi et al., 1997), alowing the detection of epitopes in paraffin
sections masked by formal fixation and which have been undetectable hitherto. Thus,
monoclonal antibodies specific for EBNA-1, EBNA-2, LMP-1 and LMP-2A can now be
used for the imunohistochemical analysis of latent EBV gene expression (Grasser
et aL., 1994; Delec1use et aL., 1995a; Muray et al., 1996; Niedobitek et al., 1997a).
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Similarly, monoclonal antibodies and probes that recognize several lytic cycIe gene 
products, e-g, BZLEl and EA(D), are available (Young et al., 1991; Brousset et al., 
1992, 1993; Rowlands et al., 1993; Ryon et al., 1993; Niedobitek et aal., 1997a). Unlike 
transcriptional studies involving PCR or western blot analysis, imunohistochemistry 
allows the analysis of EBV gene expression in single cells. This is particularly relevant 
for the study of Hodgkin's disease because of the frequent presence of EBV-carrying, 
non-neoplastic Lymphocytes in such tissues. With the exception of EBNA-1, however, 
these viral proteins are not invariably expressed in virus-associated turnours. EBllA-I is 
expressed only weakly in many cases of Hadgkin" disease and is therefore often not 
detectable by immunohistochemistry (Grasser at al., 19941, rjbr these reasons, immune- 
histology cannot substitute for in-situ hybridization for the detection of latent EBV 
infection. Tmmunohistology for the detection of LMP- 1 in Hodgkin's disease qresents a 
possible exception to this rule, since this protein has been shown to be expressed in 
virtually all cases (Herbst ef al., 1991a; Pallesen et al., 1991a). 

1.3 Biology of EBV infection 

1.3.1 Target tissues 

A characteristic feature of EBV is its ability to infect human B cells in vitro and to 
convert them into permanently growing lymphoblastoid cell lines. Several studies have 
shown that the virus not only imortalizes mature 8 cells but can also infect precursor B 
cells, including tbose with immunoglobulin heavy and light chain genes in germ-line 
configuration (hnsson ef al., 1983; Ernberg et al,, 1987; Gregory et ak., 1987a). Mare- 
over, EBV infection of immature B cells induces the expression of 'late' lymphocyte 
activation antigens (CD30, CD70), as also seen in Ig-expressing iymphoblastoid cell 
lines (Gregory et al., 1987a). This finding is consistent with the detection of EBV in 
CD30' HRS cells with pro-B- and pre-B-cell phenotypes and genotypes (Herbst et al., 
1993). 

The efforts to generate in-vim models for EBV-associated non-B-cell neoplasia have 
been particularly successful for T lymphocytes, in which EBV infection through CD2 1 or 
a related molecule lras been achieved. Several groups have recently reported the infection 
of immature thymocytes with EBV. Interestingly, the viral genome in these cells appears 
to be maintained in linear form, without episome formation. Qpderived EBNA-1 d W A  
expression has been demonstrated in such cells, and there is a high degree of Iytic cycle 
antigen expression (Watq et aL, 1991; Kaufman Paterson et al,. 1995; KeUeher et al., 
1995). This suggests that the vhxs-cell interaction in these cdls is fundamentally 
different from that in B-cell lines. A more conventional result was reported by 
Yoshiyama et al. (1995), who infected a human T-cell lymphotropic virus (HTLV)-I- 
carrying T-cell h e  with EBV. This resulted in a stable latent infection with viral epi- 
somes and expression of EBNA-1 and LMP-1, reminiscent of the type-II latency seen in 
many EBV-associated T-cell lymphomas. In contrast to EBV-infected B cells, uprep- 
lation of CD23, LFA-1, LFA-3 and XCAM-1 was not observed in these cells; and in 
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contrast to the results obtaned with immature thymocytes, lytic cycle antigens were not
inducible.

ln view of the frequent association of EBV with carcinomas, efforts have been made
to infect epithelial cells with the virus in vitro; however, this has proved difficult. Some
reports suggest that direct infection of nasopharngeal and cervical epithelial cells with
EBV may be possible (Sixbey et aL., 1986; Furukawa et aL., 1990; Yoshizak et al.,
1994); however, in most recent studies mechansms to facilitate this process had to be
devised. One such mechansm is transfection of CR2-negative keratinocytes with the
gene that encodes the B-cell EBV receptor: thus, Li et al. (1992) achieved transient
infection of CR2-transfected human keratinocytes. Subsequently, Knox et aL. (1996)
generated stable EBV-infected subclones from such cells. ln these cells, EBNA-1 and
low levels of LMP-l were expressed, reminiscent of the situation in nasopharngeal
carcinomas. Moreover, the abilty of these cens to undergo termnal squamous differen-
tiation was impaied, suggesting that stable EBV infection of epithelial cells requires an
undifferentiated cellular environment.

A different approach was chosen by Sixbey and co-workers, who demonstrated that
coating EBV with gp350-specific polymeric IgA could facilitate binding to and infection
of a human colon carcinoma cellline which was otherwise refractory to EBV infection.
The EBNA complex, EBNA-2, and lytic cycle antigens were expressed in a fraction of
these cells (Sixbey & Yao, 1992). The relevance of this model for EBV infection in vivo
is as yet uncertain.

Infection of a hepatoma cellline with EBV has been reported (Lisi et al., 1995), but
this model has yet to be fully characterized. Of uncertain significance also is the reported
generation of precursor monocyte cell lines (Revoltella et aL., 1989) which are EBV
DNA-positive, as demonstrated by Southern blot hybridization and expressed EBNA
complex.

Lindhout et aL. (1994) achieved infection of follcular dendrtic cells with EBV,
presumably mediated though CR2, generating permanently growing cell lines that
express LMP-1 and EBNA-2. A report of EBV infection of mouse fibroblasts afer CR2
transfection demonstrates that, at least in certn cell types, the absence of CR2 is the
main obstacle for EBV infection (Ahear et al., 1988).

Yet another mechansm that may be importt for EBV infection of CR2-negative
cens of varous lineages was suggested by the results of Bayliss and Wolf (1980, 1981),
who demonstrated that EBV induces cell fusion between virs-caring B cells and other

cell types, includig T cells and fibroblasts. The importce of this mechansm is
suggested by the reported EBV infection of endothelial cens by co-cultivation with Ira-
diated EBV-caring B-celllines (Jones et al., 1995). Whle the mechansm of entr of
the virs into endothelial cells was not elucidated in ths study, it suggests that it is due to
cell-cell contact. Ths result, together with the detection of the virs in CD21-negative
tûour cens, raises the possibilty that cell fusion may facilitate the entr of EBV in the
absence of the C3dÆBV receptor (Bayliss & Wolf, 1980; Ahear et aL., 1988).
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1.3.1.2 Infection ofnon-neoplastic cells in vivo

As anticipated, it has been shown in several studies that EBV-caring B cells are
readily identifiable in lymphoid tissues during infectious mononuc1eosis and in persistent
infection. When EBER in-situ hybridization is used, numerous EBV -infected cells are
found in lymphoid tissues from patients with infectious mononuc1eosis, mainly in the
expanded paracortical areas (Niedobitek et al., 1992a; Harlton-Dutoit & Pallesen,
1994; Anagnostopoulos et aL., 1995; Niedobitek et aL., 1997b). These cells are mostly of
B-cell phenotype, and a proportion has been shown to undergo plasma-cell differen-
tiation (Robinson et aL., 1981; Niedobitek et aL., 1992a; Anagnostopoulos et al., 1995;
Niedobitek et aL., 1997b). Significantly, the expression of lytic-cycle gene products has
been reported in plasma cells during infectious mononuc1eosis (Anagnostopoulos et al.,
1995; Niedobitek et al., 1997b). Small numbers of EBV-positive lymphocytes are
detectable in lymphoid and other tissues as well as in peripheral blood from chronic virus
carers, again, usually in the paracortex of lymphoreticular tissues; many display the

phenotype of small, resting B cells (Niedobitek et al., 1992a; Deamant et aL., 1993;
Miyashita et aL., 1995). The number of EBV-positive cells can increase dramatically
under conditions of impaired T-cell immunity, e.g. in individuals infected with the
human immunodeficiency virs (HIV). On rare occasions, expansion of EBV-infected
cells in germnal-centre reactions has been observed, suggesting that at least some EBV-
positive circulating B cells show physiological response to antigenic stimulation

(Niedobitek et aL., 1992a).

The possibility of infection of other cell types by EB V ismore controversiaI. The
abilty of EBV to infect T cells is demonstrated by the frequent detection of the virs in
T-cell non-Hodgki lymphomas (Pallesen et al., 1991b). Moreover, EBV infection has
been demonstrated in certain atypical non-neoplastic T-cell proliferations, often in asso-
ciation with primar infection. Kikuta et al. (1988) demonstrated EBV infection in CD4+
T cells from a boy with chronic active EBV infection and Kawasak disease. Y oneda
et aL. (1990) reported the detection of EBV in a transient polyc1onal T-cell proliferation
in a young man. Moreover, several groups have demonstrated the presence of EBV in
non-neoplastic T cells and natural killer (NK) cells in patients with virs-associated

haemophagocytic syndrome (Kawaguchi et aL., 1993; Su et aL., 1994; Dolezal et al.,
1995). ln agreement with these observations, EBV infection of T cells has been reported
in patients with infectious mononuc1eosis as well as in persistent infection (Deamant
et aL., 1993; Anagnostopoulos et al., 1995, 1996); however, Niedobitek et aL. (1992a,
1997b) could not confir this finding, and EBV infection of T cells in healthy indi-
viduals appears to be a rare event.

Similarly, the question of the infection of normal epithelial cells with EBV is contro-
versial. There is unequivocal evidence that in oral hai leukoplaka, an AIDS-associated
lesion of the tongue, viral replication occurs in the dierentiated upper epithelial . cell
layers (Greenspan et aL., 1985; Niedobitek et aL., 1991a; Thomas et aL., 1991a; Young
et aL., 1991; see also section 1.2.2); however, several authors have indicated that ths is
not accompaned by latent EBV infection in the basal epithelial cells of the lesion,
suggesting that hai leukoplaka represents a focus of isolated EBV replication without
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a detectable latent phase (Niedobitek et al., 1991a; Thomas et aL., 1991a; Sandvej et al.,
1992; Murray et al., 1996). Lemon et aL. (1977) and Sixbey et al. (1984) reported the
detection by in-situ hybridization of EBV DNA in oropharngeal epithelial cells from
patients with infectious mononucleosis and in one chronic virs carer. More recent
studies of tonsIls froID patients with infectious mononuc1eosis, however, have shown no
evidence of EBV infection in the tonsilar epithelium (Niedobitek et al., 1989b; Weiss &
Movahed, 1989; Niedobitek et al., 1997b), and Karajannis et al. (1997) demonstrated the
presence of isolated EBV -positive B cells in throat washings from infectious mono-
nucleosis patients in the absence of detectable virus in desquamated epithelial cells.
Moreover, there is no evidence of EBV infection in epithelial cells of normal naso-
pharnge al mucosa, in tissues from either healthy individuals or from the vicinity of
EBV-positive nasopharngeal carcinomas (Niedobitek et aL., 1991b; Sam et al., 1993;
Tao et aL., 1995). The recent description of EBV infection in nasopharngeal carcinoma
in situ indicates that viral infection of the nasopharngeal mucosa takes place before the
infiltrative growth of the carcinoma commences (Pathmanathan et al., 1995a); however,
when exactly in the pathogenic process of n~sopharngeal carcinoma this occurs is as yet
unclear, and present evidence would suggest that EBV infection of normal oro- and naso-
pharngeal epithelial cells is at best a rare event. Similarly, EBV infection of normal
gastric mucosa has not yet been demonstrated convincingly (Rowlands et al., 1993;
Fukayama et al., 1994; Osato & Imai, 1996).

A few studies have suggested that EBV may persist in the epithelial cells of the
parotid and other salivar glands, first on the basis of reassociation kinetics and DNA in-
situ hybridization studies of parotid glands from healthy individuals (Wolf et al., 1984).
Subsequent studies using EBV DNA in-situ hybridization and immunohistochemistry
showed the presence of EBV in ductal epithelial cells of salivar and lachrmal glands
from patients with Sjögren's syndrome (Pflugfelder et al., 1993; Wen et aL., 1996). Inte-
restingly, a difference between the results of EBV DNA and EBER in-situ hybridization
was noted in one of these studies. Thus, EBV DNA was localized to lymphocytes and
epithelial cells, whereas latent EBV infection was detected by EBER in-situ hybri-
dization only in lymphocytes and not in epithelial cells. This result is difficult to explain,
paricularly in view of the reported absence of antigens associated with lytic EBV
infection (Wen et al., 1996). Other studies of salvar glands from patients with
Sjögren's disease and of normal tissue adjacent to salivar gland carcinomas by EBER
and EBV DNA in-situ hybridization also showed no detectable EBV inection in salivar
gland epithelial cells. Ths issue therefore remains controversial (Hamlton-Dutoit et aL.,
1991a; DiGuiseppe et al., 1994; Hamlton-Dutoit & Pallesen, 1994; Leung et al., 1995a).
Interestingly, EBV -infected hepatocytes and adrenocortical epithelial cens have been
demonstrated occasionally in transplant recipients and in one patient with vIrs-asso-

ciated haemophagocytic syndrome (Randhawa et al., 1992; Kita et aL., 1993). These
reports suggest that the cellular tropism of EBV may be broader in patients with impaied
EBV -specific immunity.

Convincing evidence of infection of normal follicular dentrtic cells, endothelial cens,
smooth muscle cens and other cell types has not yet been reported.
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1.3. f -3 Infection in neopImms 

The detection of EBV in certain B-cell non-Hodgkin's lymphomas is in keeping with 
the known ability of the virus to infect and immortalize human B cells in vitro. The 
association of EBV with endemic Burkitt's lymphoma is well documented (Epstein 
et al., 1964; Zenoir & Bornkamm, 1987; Magrath ef al., 1992). Moreover, the v h s  is 
present in the majority of B -cell lymphoproliferations that develop in immunosuppressed 
transplant patients and in a large proportion of AIDS-related B-cell lymphomas 
(Hamilton-Dutoit et a!., 1991b; Craig et a!., 1993). The presence and role of EBV in 
turnour celIs is discussed in Section 4. EBV has been detected in T-cell non-Hodgkin's 
lymphomas of the CD4; CD8' and NK cell phenotypes (Harabuchi eb a!., 1990; Su et ak., 
1990; Pdlesen et al., 1993). The ability of EBV to infect a broad range of target cells 
within the lymphoid system has aIso been demonstrated by the frequent detection of the 
virus in H R S  (Herbst et al., 1991a, 19931, While the precise nature a d  c lod  origin of 
FIRS cells are uncertain, these cells may express B- or T-cell antigens (Herbst et al,, 
1993; Waluska et al,, 1994). 
The ability of EBV to infect cells of non-lymphoid lineages was h t  illustrated by its 

detection in undifferentiated nasopharyngeal carcinoma (mein, 1979). The presence of 
EBV in sq~a~ous-cel l  nasopharyngeal carcinomas a d  in gastric and other adenocarci- 
nomas further demonstrates the ability of the virus to infect varjous1y differentiated 
epithelial cells (Raab-Traub et al., 1987; Shibata & Weiss, 1992; Pathmanathan et al., 
199%; Osato & Lmai, 1996). 

The virus has also been detected in tumours derived from smooth-muscle e l l s ,  i.e. in 
leiomyomas and leiornyosarcomas, in ~unocomprornised patients (FWvot et al., 1994; 
Lee ef al., 1995b; McClain et al., 1995). Intriguingly, in some of these cases, EBNA-2 
appears to be expressed in the absence of detectable LMP-1 expression (Lee 
et al,, 1995b). Moreover, the presence of clonal EBV genomes has been reported in so- 
called inflammatory pseudo.tumaurs. In some of these cases, the virus-carrying cells were 
of smooth-muscle phenotype, while in other cases the immunophenotype was consistent 
with derivation from follicular dendritic cells (Arber et a!., 1995; Selves et al., 1996a). h 
one case with a follicular dendritic cell phenotype, LMP-1 expression was detected by 
inmunostaining (Selves et al., 1996a). 

The expanding list of virus-associated tunours serves to illushate that the target cell 
tropism of EBV in vivu is much broader than was originally anticipated. Tke conditions 
and mechanisms that allow EBV infection of these diverse cell types are, however, in 
most cases unknown. 

1 3.2 Persistence a d  latency 

Figure 2 illustrates the cellular events thought to be involved in B V  infection and 
persistence. Primary infection, occurring via transmission of cell-free virus maor of 
productively infected cells in. saliva, is associated with entq of the virus into Ehe 
circulating B-cell pool, IThe detection of productively infected epithelial cells in the 
throat washings of patients in the acute phase of infectious mononucleosis has been 
reported (Sixbey ef al., 1984), and EBV can also replicate in the stratified squafnous epi- 
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thelium ling the oral cavity, as c1early demonstrated in hai leukoplaka lesions in
imunosuppressed individuals (Greenspan et aL., 1985; Niedobitek et aL., 1991a; Lau
et aL., 1993). It is not c1ear, however, whether epithelial cells are the primar targets of
oraIy transmitted virs or whether the virs must be amplified in locally infltrating B
lymphocytes, e.g. in the tonsillar crypts. Uncertnty about the role of epithelial cells is
fuer increased by the failure to demonstrate a putative EBV receptor on these cells. ln

a recent study of throat washings from inectious mononucleosis patients, EBV was not
detected in desquamated epithelial cells (Karajans et aL., 1997). A 200-kDa glyco-
protein expressed on differentiating squamous epithelium has only some antigenic simi-
larty to the CD21 molecule on B cells, and its presence does not correlate with EBV-
binding activity (Young et aL., 1986; Birkenbach et al., 1992). Very low levels of CD21
have been detected in some epithelial tumour lies in vitro (Birkenbach et al., 1992) and

in transplantable nasopharngeal carcinomas, suggesting that low levels of the receptor
could be expressed in vivo. Other routes of viral entr, such as fusion with EB V -infected,

iniltrating B lymphocytes (Bayliss & Wolf, 1981) or transport as an imune complex
(Sixbey & Yao, 1992), may be more relevant to epithelial-cell infection.

Figure 2. Model of EBV -host interaction during priIDary infection and persistence

Persistent infection

latent reservolr reactlvationPrimary infection ~ Ag? ..~.-

secondaryl ~ EAVCA /
follcles? Ag.

EBNA-l
LMP-l

--

l t IL-10

..ma'" eTL :l r;response 'W .

l t IL-10

memory CTL ~ ~
response ..

Ag, antigen; BA, early antigen; VCA, viral capsid antigen; BBNA, EBV nuc1ear antigen; El, EBV
nuc1ear antigen 1; LM, latent membrane protein; IL, interleuk; CTL, cytotoxic T lymphocyte

The intial events of B-cell infection in vivo appear to be sirar to those seen on
experimental inection of resting B cells in vitro, i.e. transcription frOID Wp, Cp and LMP
promoters and expression of the fu spectrm of latent proteins (Fal et al., 1990;

Tiemey et al., 1994). Ths pattern of latent viral gene expression has two importt
effects, both serving to increase the chances that viral persistence wil be established in
the lymphoid system. First, it can drve rapid polyc1onal expansion of the Inected B-cell
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pool in the very early phases of the infection, before an effective cellular immune
response has developed. Second, LMP-l can up-regulate at least two cellular proteins,
bc1-2 and A20, that are capable of extending cell survival in vivo. Virus-induced entry of
infected cells into the long-lived B-cell pool could be important for viral persistence,
since the majority of B lymphocytes are short-lived, and only a very small fraction of the
newly generated cells is selected in the long-lived comparment by physiological means.

The early phase of virs-induced B-cell proliferation is curtailed by the developing T-
cell response, and large numbers of infected cells appear to be eliminated by virs-

specific cytotoxic T lymphocytes (CTLs) at this stage (Klein et aL., 1981; Svedmyr et al.,
1984; Callan et aL., 1996; Steven et aL., 1996), which correlates with the decrease in virs
shedding in the oropharnx. Despite the strength of this primar immune response, viral
latency within the B-cell pool and viral replication in the oropharnx are never comple-
tely eliminated. The B-cell comparment appears to be the true reservoir of latent virs,
since pharacological elimination of the autologous lymphoid system in patients
receiving allogeneic bone-marow transplants may result in eradication of the virus
(Gratama et al., 1988). Furthermore, treatment with the nucleoside analogue, acyclovir,
abolished virs production in the oropharnx but had no effect on the number of latently
infected cells in the blood (Yao et aL., 1989a). B Lymphocytes cultured from peripheral
blood or lymphoid tissues show spontaneous outgrowth of lymphoblastoid cell lines, due
predominantly to reactivation of viral replication and infection of co-resident B cells
(Rickinson & Epstein, 1978; Rickinson et al., 1978). ln a very few cases, direct out-
growth of B lymphocytes latently infected in vivo has been suggested by the esta-
blishment of spontaneous lymphoblastoid cell lines in cultures supplemented with

inhbitors of viral replication and virus-neutralizing antibodies (Lewin et al., 1987,

1988).When assays for spontaneous outgrowth are performed in the presence of cyclo-
sporin A, to prevent T-cell activation, the minimum number of cells required to be
seeded for spontaneous outgrowth varies between 104 and 106 B cells per culture (von
Knebel Doeberitz et al., 1983; Rickinson et al., 1984). Similar figures were recently
obtained by semi-quantitative PCR analysis of purified B lymphocytes (Chen et aL.,
1995a; Miyashita et al., 1995). ln healthy virus carers, the same EBV strain appears to
predominate in the blood and in throat washings (Gratama et aL., 1990, 1992). ln the few
cases in which detailed studies have been conducted, it was noted that individuals with
large numbers of EBV -infected cells in the blood also tended to shed relatively high
levels of virus in the throat (Yao et aL., 1985a,b). Altogether, these findings are consistent
with the idea that latently infected B cells are necessar and sufficient for persistence and
that epithelial infection may depend upon seeding from the lymphoid reservoir .

The persistence of EBV-infected B cells in healthy, immunocompetent virs carers
appears to involve a form of latency that is different from that seen in B cells during
primar inection. PCR analysis of viral transcripts in circulating B cells from healthy
donors showed expression of EBNA-l and LMP-2A rnAs only (Qu & Rowe, 1992;
Tiemeyet al., 1994; Chen et aL., 1995a). Such a restricted pattern of latent viral gene
expression is consistent with the conclusion that virs-caring cells have a resting

phenotype (Miyashita et aL., 1995) and could explain how these cells can persist in the
face of efficient CTL surveillance (reviewed by Masucci & Emberg, 1994). A switch
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from the activated to the resting cell pattern of viral gene expression has never been seen
to occur spontaneously in lymphoblastoid cell lines in vitro but can be induced experi-
mentally by enforcing a change in cellular phenotype in cell hybrids (Contreras-Salazar
et al., 1989; Contreras-Brodin et aL., 1991; Kerr et al., 1992). A similar switch might
occur naturally in vivo if some of the infected cells could progress down a normal B-cell
differentiation pathway.

Cells that express the full repertoire of growth transformation-associated antigens are
likely be generated continually in asymptomatic virs carers, since memory CTLs that
are reactive against most EBNAs are maintained at high levels for life. Furthermore,
some B cells must be continually triggered into the lytic cycle in order to maintain oro-
pharngeal shedding of infectious virs. Both events are likely to occur by reactivation
from a latently infected memory B-cell pool. An interesting possibilty is that both events
may be governed by physiological signaIs that control normal B-cell behaviour. The
switching of EBV-infected B cells to a blast-like phenotype and pattern of viral gene
expression may therefore be triggered by conventional antigen-drven activation of the
latently infected cells; similarly, physiological stimuli may be delivered to circulating B
cells at mucosal surfaces which can trigger initiation of the lytic cycle.

1.3.3 Immune responses

1.3.3.1 Antibody responses

As outlined in Section 1.2, the seroepidemiology of EBV infection still relies on a set
of immunofluorescence assays developed within the first decade of EBV research. These
are used to measure antibody responses to the nuclear antigens (EBNA; Reedman &
Klein, 1973); EA(D) and EA(R); the VCA, expressed in the cells late during the pro-
ductive virus cycle (de Schrver et aL., 1972) and the membrane antigen, expressed on
the surface of lytically infected cells (Klein et aL., 1969). Each of these antigens is a com-
posite of several viral products, and detection of individual reactivity requires complex
assays. Several parialy successful attempts have been made to replace the fluorescence
tests with ELISA-based and other assays in which recombinant proteins or synthetic
peptides are used as substrates (Sternås et al., 1986; Zhang et aL., 1991).

Studies of infectious mononucleosis patients have provided the bulk of the infor-
mation available on primar antibody responses. By the time of onset of clical

symptoms, most such patients have substatial titres of IgM antibodies to VCA and
rising IgG titres to both EA and VCA (Henle & Henle, 1973a; Horwitz et al., 1975;
Svedmyr et aL., 1984; Horwitz et al., 1985; Marklund et aL., 1986; van Grunsven et al.,
1994). IgA antibodies to these antigens may also appear at this stage. Anti- VCA IgM
disappears over the next few months, whereas anti- VCA IgG titres rise to a peak that
may fal slightly and anti-EA IgG becomes either undetectable or stabilzes at a very low
level. Neutralizing antibodies are detectable during the acute phase of infectious mono-
nucleosis but only at very low titres; these increase to stable levels thereafter (Horwitz
et aL., 1975; Lennette et aL., 1982). An interesting featue of the serology of infectious
mononucleosis is the pattern of anti'"EBNA responses. Patients in the acute phase of the
disease show an IgG response to EBNA-2 (and probably also to EBNA-3A, -3B and
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-3C), whereas an XgG response to EBNA-1 is not usually detectable until convalescence 
(Henle et al., 1987). IgM antibodies to EBNA- 1 are usually detected during the acute 
phase, but these are thought to be part of an autoantibody response with cross-reactivity 
to the Gly-Ala repeat domain, which EBNA-I probably shares with several cellular 
proteins modes et al., 1987). Anti-EBNA persists for life, whereas the persistence of 
other EBV antibodies, including anti-EBNA-2, varies (Henle er al., 1987). The delayed 
antibody response to EBNA-1 is difficult to understand. The original hypothesis that it is 
due to delayed destruction of latenay infected cells in vivo is diEcult to reconcile with 
the detection of g o d  responses to EBNA-2. One possible explanation is that EBNA-1 is 
somewhat protected from certain pathways of antigen processing. Alternatively, the 
changes in antibody reactivi~ between primary and persistent infection could reflect the 
predominance of different types of latently infected cells. In addition to EBV-specific 
antibodies, the early phase of infectious mononucleosis is characterized by a general 
increase in total IgM, IgG and IgA, which is consistent with virus-driven polyclonal acti- 
vation of the B-cell system. Heterophile antibodies with the capacity to agglutinate sheep 
and horse erythrocytes are the basis of the Paul-Bunnel-Davidson test for the diagnosis of 
classic El3 V-associated infectious mononucleosis (Heisher et al., 1979; Halbert et al., 
1982). 

Healthy virus carriers consistently have antibodies to VCA, neutralizing anti-gp350 
antibodies and antibodies to EBNA-1 (Henle & Henle, 1976a; Henle et al., 1987). The 
titres can differ markedly among individuals and are usually stable over time. Only a 
proportion of healthy carriers have antibodies to EA or to one or more of the other 
EBNA proteins. Usually, there is no direct correlation between the titres of anti-VCA or 
anti-EA antibodies and the levels of virus replication, at least as measured by the titres of 
transforming virus in thoat washings (Yao at a!., E985a,b,c), although some individuals 
with extremely high titres of anti-VCA or anti-EA and low anti-EBNA-l antibodies 
show signs of chronically active EBV infection (Johansson et al., 1971; DuBois ef al., 
1984; Stmus st al., 1985; Henle et al., 1987; Miller et al., 1987). The sole of antibodies 
in maintaining persistent infection is not clear. Anti-gp350 antibodies m y  sensitize 
lytically infected cells to Iysis by CDl6' effectors (Pearson et al., 1978a, 19791, but 
cannot recognize latently infected cells. Gp350 antibodies can neul.ralize a broad spec- 
W of EBV strains (Thmley-Lawson & Geiljnger, 1980), howewer, and t h i s  may be one 
of the mechanisms that helps to prevent superinfection of the immune host with orally 
transmitted virus. 

1.3.3.2 Cell-mediated responses 

Clinically manifested primary EBV infection i s  associated with an unusually strong 
cell-mediated immune response. 'Atypical'mmonenuclear cells, the large numbers of 
which are a key feature of infectious mononucleosis, are predominantly T lymphocytes 
of the CD8' subset, with a small contribution of CD4" cells (Sheldon et al., 1973; 
Svedmyr et al., 1984). These activated T cells express the CD45RO marker and, when 
expanded in vitru, are programmed to die by apoptosis unless rescued by exegenousEy 
added cytokines (Moss et al., 1985). The main stimulus for this response appears to be 
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latently infected B lymphocytes. ln this context, it is possible that viral 1L-10 produced at
foci of lytic replication in the oropharnx serves to dampen local cellular immune
responses. IL-10 also acts as a B-cell growth factor (Rousset et al., 1992). Both these
effects could promote spread of the virs from the initial focus of infection into the circu-
lating B-cell pool which later elicits the generalized T -cell response.

Functional characterization of infectious mononucleosis T cells has been the subject
of numerous investigations. Early observations demonstrated that freshly isolated
infectious mononucleosis cells can kill a wide range of EBV-positive cells of different
HLA type while not recognzing EBV-negative targets (Svedmyr & Jondal, 1975; Seeley
et aL., 1981). Ths apparent lack of MHC restrction has now been resolved by the
demonstration that, although CD8+ CTLs with a classical pattern of MHC class 1-
restrcted virus-specific reactivity are activated during primar infection (Strang &
Rickinson, 1987a,b), these cells often exhbit cross-reactive recognition of certn allo-

antigens (Schendel et aL., 1992; Burrows et aL., 1994). This appears unlely to be a

complete explanation, however, and other CD8+ T-cell clones coincidentally expanded
in vivo alongside the EBV-specific response may well contrbute to the alloreactivity
(Klein et aL., 1981). The activated CD4+ population may also contain an EBV-specific
component (Misko et al., 1991). The magntude of the response in acute infectious
mononucleosis has led to the speculation that EBV may encode, or induce the expression
of, a superantigen with the capacity to activate certn T -cell subsets in a polyc1onal

maner. Ths possibilty has recently received some experimenta support (Sutkowski
et aL., 1996a,b). It has become clear that an importnt component of the primar EBV-
specific response in infectious mononuc1eosis is indeed the expansion of specific CTL
clones that show the same pattern of EB V antigen recognition and epitope choice as the
memory response (Steven et al., 1996).

A range of cell-mediated immune mechansms is probably involved in the control of
persistent EBV infection. Early work on experimentaly infected cultures allowed identi-
fication of a number of activities that can delay the initial B-cell proliferation. Many of
these are independent of immune status and have been ascribed to CDI6+ NK cells
(Masucci et al., 1983), to IF a release (Thorley-Lawson, 1981) or to IF yrelease by CD4+
T cells (Farell et aL., 1997); however, these reactivities can only rarely prevent the trans-
formation process. Complete regression of lymphoblastoid cell growth occurs specifi-
cally in cultures from virs-immune donors and is mediated in vitro by CTL reactivated
from the pool of circulating memory T cells (Moss et aL., 1978, 1979; RIckinson et al.,
1979). The frequency of CTL precursors, estImated from regression assays, is between
1 in 103 and 1 in 104 circulating T cells (Rickinson et aL., 1981a). A prospective study of
infectious mononucleosis patients showed that CTL memory increases durng conva-
lescence and soon reaches a stable steady state (Rickinson et al., 1980a).

Technques for expansion of reactivated CTLs, as either bulk T -celllines or clones in
IL-2-conditioned medium, have greatly faciltated analysis of their fuction (Wallace
et aL., 1981, 1982a,b,c). Most of the CTL precursors are CD8+ cells and recognze auto-
logous and MHC class I-matched lymphoblastoid cells but not autologous mitogen-
activated B blasts, while a much smaller fraction of the EBV-specific CTLs are CD4+-
and MHC class ll-restrcted (Rickinson et aL., 1980b, 1981b; Misko et aL., 1984). The
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importance of this T-cell subpopulation in the control of latent EBV infection is
supported by the finding that CD4 + CTLs are associated with protective immunity in the
cotton-topped taarn model (Wilson et aL., 1996a). CD4+ cells could also express their
function by triggering Fas/apo-l proteinlas-ligand interaction and inducing apoptosis

(Durandy et al., 1997). The CD8+ effectors recognize small peptide fragments of endo-
genously synthesized viral proteins presented on the cell surface in the peptide binding
groove of HLA class 1 molecules. This implies that all EBV antigens constitutively
expressed on lymphoblastoid cells are potential sources of immunogenic peptides.

Further, since antigen presentation selects for peptides with high affinity for a paricular
binding groove, the identity of the dominant peptide epitopes, and hence the proteins
from which they are derived, differs between individuals, depending on their HLA class 1
type.

Studies on a large panel of virus-immune donors, encompassing a wide range of HLA
types, have shown that reactivity against epitopes from EBNA-3A, -3B and -3C forms a
substantial par of the EBV-specific CTL response in a high proportion of individuals
(Gavioli et al., 1992; Khanna et al., 1992; Murray et al., 1992a; Gavioli et aL., 1993). To
some extent, this reflects the fact that class 1 alle1es that are common in Caucasian popu-
lations, such as A3, B7, B8 and B44, all tend to select epitopes from these proteins. ln
addition, certain alleles such as AlI and B44, when present, tend to be the dominant
restrcting determnant for EBV -specific responses and focus the reactivity to epitopes in
EBNA-3B and EBNA-3C, respectively. CTL responses to EBNA-2, EBNA-LP, LMP-l
and LMP-2 have also been identified in some individuals, while class I-restrcted CTLs
that recognize EBNA-l-expressing cells have not been demonstrated to date. The failure
to trgger EBNA-l-specific class I-restricted CTLs seems to be due to acis-acting inh-
bitory effect of the internal Gly-Ala repeat on MHC c1ass I-restricted presentation
(Levitskaya et aL., 1995). While this may not necessarly prevent the trggering of CTL
responses, EBNA-1-specific MHC class II-restricted CTLs were in fact demonstrated
(Khanna et aL., 1995). The inabilty of the immune system to recognize EBNA-l
expressed in latently infected targets would be a major advantage to the virus in its
strategy for persistence in immunocompetent hosts.

An interesting feature of the EBV system is the extent to which. an individual HLA
allele focuses the CTL response, not only against a single viral protein but against a
single immunodominant peptide epitope within that protein. Well-documented examples
of immunodomiant EBV peptides and their restricting c1ass 1 alleles are listed in
Table 4. Rare components of the memory response can be selectively activated in vitro
by stimulation with autologous cells that express individual EBV antigens cared by
recombinant adenovirs vectors (Morgan et aL., 1996). The precise constraint on both
peptide-HLA interaction and recognition of the complex by the T -cell receptor imply
that quite small changes in peptide sequence may abrogate CTL recognition. Sorne CTL
responses are type-specific, in that they recognize proteins encoded by type-1 but not
type- 2 EB V strains, while other responses recognize epitopes that are shared between
EBV types (Burrows et aL., 1990a,b; Brooks et al., 1993b; Lee et al., 1993a; Hill et aL.,
1995; Lee et aL., 1995a). Sequence polymorphism afecting CTL epitope regions can also
occur between strains of the same type. For example, the major A11-restrcted epitope in
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EBNA-3B residues 416-424 is conserved in most EBV type-1 strains worldwide but is
specifically mutated in all the type-l strains from Southeast Asian populations, in whom
the AlI allele itself is unusually prevalent (de Campos-Lima et al., 1993a; Burrows et
al., 1996b). The mutated peptide sequences either do not bind to HLA AlI or, in some
cases, do bind but are no longer immunogenic for T -cell responses (de Campos-Lima et
al., 1994). This raises the possibility that viral strains with mutations in an otherwise
immunodominant epitope may have enjoyed selective advantage in a population in which
the presenting allele is expressed in a high proportion of the individuals.

Table 4. Cytotoxic T lymphocyte target epitopes in latent EBV
antigens

Antigen EBV
type

Amno acid Cognate peptide
residues

HLA c1ass 1
restrction

EBNA-2 1 67-76 DTPLIPL TIF B51/ A2
EBNA-3A 1 158-166 QAKWRQTL B8

1 325-333 FLRGRA YGL B8
1 and 2 596-04 SVRDRLAR A2
1 609-t 17 RLRAAQVK A3
1 379-387 RPPIFRR B7
1 458-466 YPLHEQHGM B35

EBNA-3B 1 101-115 NPQAPVIQL VHA Vya AlI
1 399-408 A VFDRKSDAK AlI
1 416-24 IVTDFSVIK AlI
1 481-495 LPGPQVT A VLLHEESa AlI
1 551-564 DEP ASTEPVHDQLLa AlI
1 243-253 RRSLSAERY B27

EBNA-3C 1 and 2 881-889 QPRAIRPI B7
1 258-266 RRYDLIEL B27
1 and 2 290-299 EENLLDFVRF "B44
1 335-343 KEHVIQNAF B44

LMP- 1 and 2 426-34 CLGGLLTMV A0201
2A/2B

1 and 2 329-337 LLWT VVLL A020l
1 and 2 453-461 LT AGFLIF A0206
1 and 2 340-349 SSCSSCPLSK AllOl
1 and 2 419-427 TYGPVFMCL A2404
1 and 2 200-208 IEDPPFNSL B40011
1 and 2 236-244 RRWRTV B27

Adapted from de Campos-Lima et aL. (1996)
EBNA, EBV nuc1ear antigen; LMP, latent membrane protein
aThe minimal epitopes have not been identified.

Given the unique features of the in-vitro model available for the EBV system, it is not
surprising that much more is known about cell-mediated immune responses to latent than
to lytic infection; however, recent evidence suggests that several of the immediate and
early antigens of the EBV lytic cycle can serve as targets for specifie CD8+ CTLs
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(Bogedain et al., 1995; Steven et al., 1997). Cells moving through the lytic cycle may
therefore be subject to a number of lytic antigen-specific responses operating either
through direct cytotoxicity and/or lymphokine release. Studies with in-vitro models also
show that lytically infected cells become more susceptible to lysis by NK cells (Blazar
et al., 1980; Pataoyo et aL., 1980) and, in the presence of IgG antibodies to gp350, are
sensitized to antibody-dependent cellular cytotoxicity effectors (Pearson et al., 1978a,
1979).

1.4 Epidemiology of EBV infection

Extensive seroepidemiology studies have shown that EBV is ubiquitous throughout
the world (Evans & Niederman, 1989), inc1uding the most remote populations, such as
the Aleutian Islanders in Alaska (Tischendod et aL., 1970) and Amazonian trbes, in
whom other viral infections, such as measles, are absent (Black et aL., 1970).

By the thid decade of life, 80-100% of individuals have become carers of the
infection. The age-specific seroprevalence of younger persons generally vares inversely
with level of socioeconomic development, farly size and hygienic stadards. The oral

route is the primar route of transmission of the virs; however, transmission by trans-

fusion has been documented. ln developing countries, infection is acquired in the first
few years of life (Figure 3). Crowding and/or the practice of pre-chewing food for infants
may be contrbuting factors. ln the developed world, infection is often delayed to adoles-
cence, when transmission is more liely because of intimate oral exposure (Evans &
Niederman, 1989) (Figure 4). About 50% of priar infections durng young adulthood

result in clinical infectious mononucleosis (see section 1.4.1; Evans et aL., 1968; Uni-
versity Health Physicians & PHLS Laboratories, 1971; Hallee et aL., 1974; Grataa &
Emberg, 1995). Psychological and behavioural factors may inuence the severity of

clinical manifestations of EBV infections occurrng afer childhood (Kasl et aL., 1979).
The antibody response in healthy carers is to a symptomless priar infection, as

described in section 1.3.3 and reviewed recently by Evans and Kaslow (1997).

Use of molecular methods to characterize EBV genomes in human tumours led to the
identification of several non-random polymorphisms, which are varably distrbuted
between the two major EBV types and anong several strains. As a result, there has been
some controversy about the relationships between these polymorphisms. The major poly-
morphic markers identified to date and their geographic distrbution are lIsted in Table 5.
Little information is available about the incidence of these polymorphisms in the general
population. On the basis of the results of a comparative study, Khan et al. (1996)
suggested that detection of EBV gene polymorphisms in human tuours simply reflects
their overall prevalence in the respective normal population. Thus, although there is evi-
dence from studies in vitro to suggest that some of these polymorphisms may be of
functional relevance (see sections 4.3.1.2 and 4.5.1.6), their implication in the patho-
genesis of EBV -associated tumours is not firmy established.
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Figure 3. EBV antibody prevalence at age 4-6 years in
various populations
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Figure 4. Acquisition of EBV antibody by age in three areas
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Table 5. EBV strain polyiorphisms and their geographical distribution

Gene Polymorphic marker Goegraphical distribution Reference

EBNA-2 Type 1 and type 2 Type 2 prevalent in de Campos-Lima et aL.
central Africa and Alaska (1993a); Gratama &

Emberg (1995)
EBNA-3A, Type 1 and type 2 Type 2 prevalent in Gratama & Emberg
-3B, -3e central Africa and Alaska (1995)
EBNA-3B Amino acid 424 K to R, T, N South-east Asia, Papua- de Campos-Lima

New Guinea et aL. (1993b, 1994)
EBNA-I Amino acid 487: A, T, P, L, V W orldwide (generated in Bhatia et al. (1996);

individual virus carers) Gutiérrez et al. (1997)
LMP-I C variant (loss of BamHI site Southem China, Japan Lung et al. (1990); Hu

between WI and Il regions) et aL. (1991a); Chen
f varant (additional BamHI Southem China et aL. (1992a); Miler
site in BamHI F) et aL. (1994a); Gratama

XhoI polymorphism Southem China, Alaska & Emberg (1995)

30-bp deletion (site loss) China, Brazil, Africa,
Europe (20-100% of the
isolates)

33-bp repeat varation W orldwide (generated in
individual virus carers)

ZEBRA Akata type (102 416 T to C Far East Packham et aL. (1993)
mutation)

B95-8 type (102 743 G to A United States, Europe,
mutation) North Africa

Jijoye type (102 591 C to T Central Africa
mutation)

EBNA, EBV nuclear antigen; LMP, latent membrane protein; ZEBRA, Z EBV replication activator;
bp, base pair

1.5 Clinical conditions other than malignancy

1.5.1 Infectious mononucleosis

Infectious mononuc1eosis (glandular fever) is characterized clinically by fever, sore
throat, tonsilitis, lymphadenopathy and splenomegaly. Tonsillitis may give rise to ulcers,
leading to an erroneous diagnosis of bacterial infection. The diagnosis of infectious
mononuc1eosis relies on the detection of atypicallymphoid cells in the peripheral blood,
the occurrence of so-called heterophile antibodies and EBV seroconversion. ln most
cases, the disease runs its course within a few weeks, but more protracted cases are occa-
sionally observed (Evans, 1972).
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As primar EB V infection is usually asymptomatic, most of what is known about it
has come from the study of patients with infectious mononucleosis and is based on the
implicit assumption that asymptomatic primar EBV infection is milder than but not
fundamentally different from infectious mononuc1eosis. This disease represents a benign
lymphoproliferative disorder with prominent expansion of the paracortex of lymphoid
tissues by numerous activated B blasts. Morphological, molecular and tissue culture
studies have demonstrated the proliferation of EBV -infected polyclonal B blasts, accom-
panied by the growth of activated T cells (Svedmyr & Jondal, 1975; Tosato et al., 1979;
Svedmyr et al., 1984; Brown et al., 1986; Niedobitek et aL., 1992a; Anagnostopoulos
et aL., 1995; Callan et al., 1996; Niedobitek et al., 1997b).

ln-situ hybridization for the detection of EBERs has shown numerous latently EBV-
infected cells in the paracortical areas of the tonsils of patients with infectious mono-
nuc1eosis (Niedobitek et al., 1992a; Anagnostopoulos et aL., 1995; Reynolds et al., 1995;
Niedobitek et al., 1997b). Morphologically, these cells are a mixture, ranging from large
immunoblasts, including HRS-like cells, to small lymphoid cells. Phenotypic studies in
conjunction with in-situ hybridization have shown that the cells are largely B cells which
often undergo plasma-cell differentiation (Anagnostopoulos et al., 1995; Niedobitek
et al., 1997b), in keeping with the results of Robinson et aL. (1981), who showed that
during acute infectious mononucleosis up to 80% of EBNA-positive cells in peripheral
blood may express cytoplasmic immunoglobulins. The detection of EBV infection in
cells with evidence of plasmacytic differentiation could be due to infection of cells
already commtted to plasma-cell differentiation; alternatively, and more probably, this
process may be secondar to EBV infection, as indicated by the demonstration that EBV
infection can induce polyclonal immunoglobulin synthe sis in B cens in vitro (Rosén

et al., 1977; Kirchner et al., 1979). It has been suggested that plasma-cell differentiation
of EBV -infected cells may in par explain the occurrence of heterophile antibodies in

infectious mononucleosis patients (Robinson et aL., 1981).

ln addition to latently EBV -infected cells, a small number of cens expressing lytic
cycle antigens, such as BZLFI and EA, are detectable in tissues from patients with infec-
tious mononucleosis. These tend to be small lymphoid cells that are often found adjacent
to crypt epithelium. Phenotypic characterization by double-Iabellng immunohisto-
chemistr has shown that BZLF1-positive cens with features of plasmacellular differen-
tiation are frequent (Niedobitek et aL., 1997b), confirng the results of a study showing
expression of VCA in B cells with plasmacytoid differentiation in vitro (Crawford &
Ando, 1986). Although the expression of structural viral antigens has not been analysed,
it would appear that plasma cells may sustain full replication of EBV and may represent
a cellular source of infectious virus in the saliva of patients with infectious mono-
nuc1eosis.

Transcriptional analysis suggests that a type-III EBV latency prevails in infectious
mononucleosis, with expression of the full set of EBV latent genes, including Cp/Wp-
driven EBNA-l (Falk et aL., 1990; Tierney et al., 1994). A more detaled analysis ofEBV
gene expression at the level of the single cell, reveals, however, a more heterogeneous
pictue. Only a subset of cells co-expresses EBNA-2 and LMP-l, characteristic of type-III
latency. Most cells appear to be EBER-positive but negative for EBNA-2 and LMP-l,
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suggesting a type-I latency, and some large immunoblasts are seen which appear to
express LMP-l in the absence of EBNA-2 (type-II latency). Moreover, there are many
smalllymphocytes that express EBNA-2 but no detectable LMP-l (Niedobitek et aL.,
1997b). It is uncertain if this represents a new type of EBV latency or merely a transitory
phenomenon. The latter possibilty is supported by the observation that EBNA-2
expression precedes that of LMP-l in EBV-induced B-cell immortalization in vitro
(Alfieri et al., 1991).

While infectious mononucleosis is usually a benign, self-limiting disease, compli-
cations may ensue, including rupture of the spleen when there is pronounced spleno-
megaly. Neurological complications, interstitial nephrtis with renal failure, hepatitis,
inters titi al pneumonia and anaemia have also been reported (Lloyd-Still et al., 1986;
Imoto et al., 1995; Mayer et aL., 1996; López-Navidad et al., 1996; Morgenlander, 1996;
Schuster et aL., 1996; Sriskandan et aL., 1996). The underlying mechanisms of these
diseases remain uncertain. It has been suggested that such complications of acute
infectious mononucleosis are due mainly to tissue infiltration by EBV -caring B cells
and reactive activated T cells or are mediated by autoantibodies (Purtilo & Sakamoto,
1981). Indeed, Sriskandan et aL. (1996) reported recently the detection of EBV-positive
lymphoid cells in the interstitium of the lungs of a patient with interstitial pneumonia
after acute infectious mononucleosis. Similarly, EBV-caring lymphocytes have been
demonstrated in the portal tracts and sinusoids of the liver in patients with EBV -asso-
ciated hepatitis (Markin et aL., 1990; Randhawa et aL., 1990; Hubscher et aL., 1994; Imoto
et al., 1995); however, EBV infection of occasional hepatocytes has also been reported in
acute cases (Imoto et aL., 1995). ln a renal biopsy sample from a patient with renal failure
in conjunction with acute infectious mononucleosis, no EBER-positive cells were found.
It has been suggested that at least some of the cases with renal impairment can be
explained by a concurrent streptococcal infection causing glomerulonephrtis (Mayer
et aL., 1996).

Control of primar EBV infection and transition into a state of asymptomatic viral
persistence is mediated by T-cell immunity (Rickinson & Kieff, 1996)..A clonaI antigen-
driven expansion of CD8+ T cells was recently demonstrated in acute infectious mono-
nucleosis (Callan et al., 1996). The clonal response has been shown to inc1ude virus-
specific components against both latent and lytic-cycle viral antigens and to disappear
during convalescence (Callan et al., 1996; Whte et aL., 1996). Cases in which T-cell
control of primar EBV infection fails and fatal infectious IDononucleosis ensues may be
due to defined genetic defects such as in X-linked lymphoproliferative syndrome.

Patients with this disorder suffer froID an immune defect which makes them sensitive to
EBV-induced diseases; most affected men die by the age of 40 (Purtlo, 1991). Sporadic
cases of fatal infectious mononucleosis without defined defects in T -cell immunity also
occur. ln the majority of suchcases, the host appears to be overrn by excessive,

uninhbited proliferation of polyc1onal B cells(Fal et al., 1990; Puilo, 1991), consi-

dered to be EBV-drven on the basis of the observation of a type-ID latency. ln some
cases, however, the prolierating B cells appear to be monoclonal, and development of
morphologically malgnant lymphoma has also been reported (Fal et al., 1990; Purtilo,
1991; Schuster et al., 1996). Thus, patients with X-linked lymphoproliferative syndrome
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may develop Burkitt's lymphoma caring c-myc translocations (Purtilo, 1991). More-
over, cases with transition of an infectious mononucleosis-like ilness into malignant
lymphoma have been reported. These include high-grade B-cell non-Hodgkin's
lymphomas, acute lymphoblastic leukaemia and even cases of Hodgkin' s disease (Abo
et aL., 1982; Veltri et al., 1983; Finlay et aL., 1986). ln some of these cases, detection of
EB V in the tumour cell populations was not attempted or was unsuccessful; thus, the
relationship with the virus remains tenuous.

These findings suggest a scenaro in which patients with impaired T -cell immunity
develop massive polyclonal EBV -drven B-cell lymphoproliferation, which may show
transition into classical malignant lymphoma. The observation that Burkitt' s lymphomas
in patients with X-linked lymphoproliferative syndrome harbour c-myc translocations
(Purtilo, 1991) indicates that the transition from polyclonallymphoproliferative disorder
to franky malignant lymphoma requires additional genetic changes.

1.5.2 Oral hairy leukoplakia

Oral hairy leukoplaka is an epithelial les ion of the tongue which was originally
described in HIV -infected individuals but was subsequently also found in immuno-
suppressed transplant recipients. Oral hai leukoplaka manfests itself as a raised white
lesion, typically located at the lateral border of the tongue, but which may extend to other
pars of the oral mucosa. Histologically, this les ion is characterized by intracellular
oedema of the more superfcial squamous cells, some nuclear alterations and pronounced
hyperparakeratosis. While some of these changes suggested that oral hai leukoplaka
represents a human papilomavirs-induced lesion, this has not been substantiated. ln
1985, EBV DNA was detected in this lesion, and the virs has been localIzed to the
superfcial epithelial cells. Linear virion DNA and the expression of viral lytic cycle
antigens, e.g., BZLFI and VCA, have been show n, indicating that epithelial cells may
support EBV replication (Greenspan et aL., 1985; Giligan et aL., 1990a; Young et al.,
1991). Wallng et aL. (1992) reported the presence of multiple viral strains in patients
with oral hairy leukoplaka and suggested that the intense viral reproduction in this lesion
contrbutes to the generation of EBV varants.

Morphological studies have demonstrated that the expression of lytic cycle antigens
such as BZLFI and VCA is restrcted to the more differentiated upper epithelial cell
layers (Greenspan et aL., 1985; Young et al., 1991). Similarly, the expression of some
latent proteins, such as EBNA-1 and LMP-l, has been reported in these cells in the
context of lytic EBV infection (Thomas et aL., 1991a; Niedobitek et aL., 1991a; Sandvej
et aL., 1992; Murray et aL., 1996). Curent evidence suggests that EBERs are expressed at
low levels, if at all (Giligan et aL., 1990a; Niedobitek et al., 1991a; Lau et aL., 1993).

ln contrast to the abundance of the virus in upper epithelial cells, viral genomes and
EBV gene products associated with latent infection are consistently absent from the basal
or parabasal epithelial cells of oral hai leukoplaka (Niedobitek et aL., 1991a; Thomas
et al., 1991a; Sandvej et aL., 1992). Together with the absence of a detectable episomal
population of EBV genomes (Gillgan et al., 1990a), this indicates that oral hai leuko-
plaka is an isolated focus of lytic EBV inection, with no detectable latent phase.
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Furthermore, oral hairy leukoplaka can be induced to regress by treatment with acy-
clovir, indicating that this les ion is indeed caused by EBV infection (Resnick et aL.,
1988).

1.5.3 The X-linked lymphoproliferative syndrome

The X-linked lymphoproliferative syndrome is a hereditar immunodeficiency

disorder characterized by a self-destructive immune response to primar EBV infection
(Provisor et aL., 1975; Purtilo, 1976; Turner et aL., 1992). Patients are usually asympto-
matic until they encounter EBV, but may present symptoms of immunodeficiency prior
to EBV infection. After primar EBV infection, the majority of patients develop a ful-
minant infectious mononucleosis with a virus-associated haemophagocytic syndrome,
which results in liver and bone-marow destruction, with a fatal outcome. Patients who
survive the primar infection are at high risk for developing malignant lymphoma, hypo-
gammaglobulinaemia or aplastic anaemia. Because the immune response to EBV is
ineffective, a serological response to the EBV infection may be weak or missing
(Seemayer et aL., 1995). The XLP gene has been localized to Xq25 (Skare et aL., 1987;
Sylla et aL., 1989), and the region spannng the smallest deletion in patients has been
completely c10ned (Lamarine et aL., 1996; Lanyi et aL., 1997) and sequenced; neverte-
less, a good candidate gene has stil to be identified. Identification of the function of the
XLP gene is of prime importance for better understanding the complex interaction
between EBV and its host.

Antiviral agents such as IF 'Y and a and acyc10vir are ineffective, and the only curative
treatment for X-linked proliferative disorder is allogeneic bone-marow transplantation
(Wiliams et aL., 1993).

1.6 Control and prevention

1.6.1 Drugs

Few drgs prevent replication of EBV, and even fewer are clinically useful; in fact,
there are no clinically effective anti-EBV drgs with acceptable side-effects. Most of the
drgs that prevent EBV replication were originally tested in studies with herpes simplex
virus (HSV). The principal reagent effective against EBV is 9-(2-hydroxyethoxymethyl)-
guanne, known as acyc10vir when phosphorylated (Colby et al., 1980; King, 1988),
which is a substrate for EBV deoxynucleoside kinase and inhbits EBV DNA polymerase
(King, 1988). Related compounds that are being evaluated include gancyclovir (9-(1,3-
dihydroxy-2-propoxymethyl)guanine) (Cheng et aL., 1983), famcyclovir, phosphono-

formc acid (Foscamet) and valacyc10vir (L-valyl ester of acyclovir); these are being
used paricularly in .the management of viral infections inpatients who have received
bone-marow transplants, with varing degrees of success (Dix & Wingard, 1996). Other
drgs with activity agaist EBV include acyclic nucleoside phosphonate analogues (Lin

et aL., 1991), a thymidie L-nuc1eoside (Yao et al., 1996), (E)-5-(2-bromovinyl)- and 5-
vinyl-1-ß-D-arabinofuanosyluracil (Lin et al., 1992), phosphorothioate oligodeoxy-

nucleotides without sequence specification (Yao et al., 1993), cucurbitane triterpenoids
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(Konoshima et aL., 1994, 1995) and triterpenoids from ferns (Konoshima et al., 1996)
and quinones (Konoshima et al., 1989).

A distinction should be made between those compounds that directly inhbit viral
functions and those that indirectly inhibit EBV replication by interfering with inter-
actions between host-cell components and viral components. For example, retinoic acid
down-regulates BZLF 1 expression, thus indirectly reducing lytic cycle induction (Sista
et al., 1995), and ciclosporin A (see IARC, 1990) affects lytic cycle EBV gene
expression induced by anti-immunoglobulin (Goldfeld et aL., 1995; Liu et al., 1997).
Retinoids irreversibly inhibit the growth of EBV lymphoblastoid cell lines in vitro by
unkown mechanisms (Pomponi et al., 1996). Other forms of second-messenger
regulation of BZLFl expression undoubtedly exist (Daibata et aL., 1994). Induction of the
EBV lytic cycle by n-butyrate and phorbol esters (Ito et al., 1981) may also be blocked
by a number of compounds; however, the effect may occur not by direct interference
with EBV DNA replication but by blocking of the induction pathway activated by
phorbol esters and n-butyrate (Daniel et al., 1984; Lin & Smith, 1984). Cucurbitane and
fern trterpenoids and quinones fall into thIs category (Konoshima et al., 1989, 1994,
1995, 1996). The anti-HIV agent zidovudine (AZT) also appears to reduce EBV lytic
cycle replication, but again probably by an indirect action on the intracellular envi-
ronment and not directly on EBV replicative functions (Lin & Machida, 1988; Mar et aL.,
1995).

Antiviral drugs are ineffective in the treatment of infectious mononucleosis. The
clinical symptoms were not reduced by acyclovir in a number of double-blind trials.
Viral excretion in throat washings was reduced in acyclovir-treated patients but resumed
on cessation of treatment (Anders son & Ernberg, 1988; van der Horst et al., 1991).
Because EBV infection is primarily latent and only very few infected cells actually enter
the lytic replicative cycle, drugs that interfere with the replication cycle are clearly of
limited use in clearng EBV infection. Thus, administration of acyclovir to EBV -sero-
positive patients, while reducing the shedding of infectious virs in the saliva, has no

effect on the level of EBV-infected circulating B lymphocytes (Yao et aL., 1989a,b).
Treatments with acyclovir in combination with prednisolone had beneficial effects in
patients with fulmnant mononucleosis (Anders son & Ernberg, 1988) but had no effect
on the course of less severe disease in a multicentre, placebo-controlled, double-blind

tral, although oropharngeal shedding of EBV was reduced (Tynell et aL., 1996). Oral
hairy leukoplaka regresses on treatment with acyclovir (Resnick et aL., 1988), but
treatment of X-linked proliferative syndrome with acyclovir has been unsuccessful
(Sullvan & Woda, 1989).

The search continues for drgs that block EBV replication efficiently but have low
toxicity. Their toxicity appears to be due to their incorporation into chromosomal or
mitochondrial DNA. Nucleoside analogues continue to be a rich source of potentially
useful compounds, the most recent being a thymidine L-nucleoside, 2' -fluoro-5-methyl-
ß-L-arabinofuranosyluracil, which appears to act by a diferent mechanism, as it is not
incorporated into DNA and is of comparatively low toxicity in vitro (Yao et aL., 1996).
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The EBV latency C promoter is the origin of transcripts for six EBV latent viral
proteins; it is active in lymphoblastoid cell lines but silent in many EBV -associated
tumours and tumour cell lines. As the C promoter is hypermethylated in these tumour
lines, only EBNA-I is expressed. 5-Azacytidine inhbits DNA methyltransferase,
resulting in demethylation of EBV genomes, activates Cp transcription and induces the
expression of EBNA-2 (Masucci et al., 1989; Robertson et aL., 1995b). 5-Azacytidine and
similar reagents may therefore render EBV tumour cells susceptible to T -cell control by
inducing expression of EBV genes other than EBNA-I (Robertson et aL., 1995c). Nume-
rous other pharaceutical agents have been investigated that are cytotoxic to EBV
tumour cells. These reagents and the effects of interferons, interleukins and RNA anti-
sense oligomers are not considered here. Clearly, much progress wil be required before
drgs that are effective against EBV replication and/or transcription and are of low toxi-
city become available in the clinical setting.

1.6.2 Prospects for vaccines

The rational design of an EB V vaccine depends on an understanding of the EB V life
cycle and the natural immune responses generated by the virus in humans in vivo. How
the virs sustains a persistent latent infection in the face of a healthy immune response is
not fully understood. Consequently, the development of EBV vaccines has so far been
speculative. Since immunosuppressed patients are predisposed to EBV B-cell lym-
phomas and increased shedding of virus in the saliva (Yao et aL., 1985a; Thomas et aL.,
1991b), immune control must normally exist in vivo. Immune responses to EBV include
the generation of virs-neutralizing antibodies against envelope glycoproteins (Pearson
et aL., 1970; de Schrver et al., 1974), recognition of latent antigens by MHC class 1-
restrcted CTLs (Rickinson et aL., 1980b), antibody-dependent cellular cytotoxicity
against cells caring surface gp350 (Khyatti et al., 1991) and MHC class II-restricted T-
cell responses (Ulaeto et aL., 1988; Wallace et aL., 1991; Lee et al., 1993b; White et aL.,
1996). Primar MHC class II-restricted CTLs have been found in seronegative people
(Misko et al., 1991). More recently, an EBV superantigen activity was discovered that
stimulates Vß 13 CD4+ T cells from cord blood (Sutkowski et aL., 1996a). The varous
strategies adopted for EBV vaccination have changed as the understanding of the biology
of the virus has evolved.

The development of a vaccine to control diseases associated with EBV must be based
on the premise that most primar infections occur during the first few years of life and
that sooner or later almost the entire population is exposed. The simplest view is that
prevention of EBV infection, if attnable, wil prevent the diseases associated with EBV,
but prophylactic, post-infection and therapeutic EBV vaccination strategies should be
distinguished:

The aim of prophylactic vaccination is to prevent or modify primar infection.
- The ai of post-infection vaccination is to modif the existing immune status of

an infected individual.
Therapeutic vaccination is selectively tageted against viral antigens expressed in
tumour cells.
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One rationale for developing post-infection vaccines is that the rapid rise in serum
IgA antibodies against lytic cycle antigens could serve as a diagnostic indicator of the
onset of nasopharngeal carcinoma and could be used to identify high-risk populations
(Zeng, 1985). This marker presumably represents an increase in viral replication at sorne
site that is linked to the emergence of the tumour. Intervention with a gp350 vaccine
before this event takes place might well alter the immune balance at a crucial time and
prevent development of nasopharngeal carcinoma. Similarly, high anti- VCA titres have
been used as indicators of the development of endemic Burkitt's lymphoma in Ugandan
children (de Thé et aL., 1978a).

Therapeutic vaccination is intended to enhance the immune response against EBV-
associated tumours that have already developed. ln this approach, strategies involving the
few EBV latent genes that are expressed in the tumours thernselves, such as ERNA-l,
LMP-l and LMP-2, would be most appropriate (Rickinson, 1995; Ambinder et al., 1996;
Moss et al., 1996). The use of EBV latent antigen peptides representing MHC class 1-
restrcted CTL epitopes in EBNA-3A to induce CTL memory by vaccination has recently
been reviewed (Moss et aL., 1996). No studies on therapeutic or post-infection vaccines
have yet been reported.

Current approaches to the development of prophylactic vaccines may also have
applications for post-infection and therapeutic vaccines. The latter strategies have
obvious taget populations; the main purpose of prophylactic EBV vaccination in western
countres would be to prevent infectious mononucleosis, which occurs in 50% of persons
in whom EBV infection is delayed until adolescence. The incidence of infectious mono-
nucleosis in the United States is approximately 65/100 000 (Evans, 1993), which is
greater than the incidence of all other reportable diseases except gonorrhoea. Prophy-
lactic vaccination to prevent or modify EB V infection and disease in the less developed
world would require vaccination of children during the first year of life.

1.6.2.1 Selection of an EBV vaccine antigen molecule

Immunization can prevent tumour induction in non-human primates infected with
Herpesvirus saimiri (Laufs & Steinke, 1975). Attenuated and killed EBV varants cannot
be used as vaccines because of their oncogenic potential. The first prototype EBV
vaccine was based on a purified viral envelope glycoprotein, since a correlation had been
observed in serum samples between their viral neutralization activity and the reactivity of
antibodies against viral membrane antigens on productively infected lymphocytes
in vitro (Pearson et aL., 1970; de Schrver et aL., 1974). When these virus-neutralizing
antibodies were used to immunoprecipitate viral glycoproteins from lysates of infected
and radiolabelled cells, the viral membrane antigens were found to consist of three
pricipal glycoprotein components (Nort et al., 1980; Qualtière & Pearson, 1980;

Thorley-Lawson & Geiliger, 1980). The.larger and rnost abundat of the three are
gp350 (gp340) and gp220, the latter being a spliced varant of the former which is
encoded by the same ORF, BLLFI (Beisel et al., 1985). Gp350 contains up to 50%
carbohydrate, much of which is O-linked (Morgan et al., 1984; Serafni-Cessi et aL.,
1989). At least 20 ORFs in the EBV genome couldpotentially code for glycoproteins as
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they have potential sites for N-linked sugars (Baer et al., 1984). With the exceptions of
the 1l0-kDa EBV counterpar of HSV gB coded for by BALF4 (Gong & Kieff, 1990;
Gong et al., 1987), the product of BILF2 (Mackett et al., 1990), gp85, which is the HSV
gH analogue (Heineman et aL., 1988; Miler & Hutt-Fletcher, 1988), and the product of
BDLF3 (Nolan & Morgan, 1995), none have been identified or characterized and
certainly not evaluated for incorporation into a vaccine. Several EBV glycoprotein
products wil perhaps have to be incorporated into any vaccine formulation.

A number of interesting properties of gp350 have emerged since the first studies
showed it to be a protective immunogen in an animal model of EBV-induced lymphoma
(Epstein et al., 1985). Gp350 is the virus ligand which binds to the complement receptor
CD21 (Tanner et aL., 1987, 1988; Moore et al., 1989; Birkenbach et al., 1992). Cross-
linkng of CD21 by gp350 induces synthesis of IL-6 (Tanner et al., 1996) and can
modulate the synthesis of IL-l and tumour necrosis factor (Gosselin et al., 1992). CD21
is par of a membrane-signallng complex involved in the activation of B-cell immune
responses, and cross-linkng by gp350 may be an important early event in driving
infected B cells into the cell cycle before immortalization (Sinclair & Farell, 1995).
Indeed, it might be expected that gp350 could affect other cells that express CD21,
inc1uding follcular dendrtic cells, T cells, monocytes and epithelial cens. These possible
effects of gp350 could be both advantageous and disadvantageous in vaccination;

however, the potential effects of gp350 vaccines in these respects have not been
evaluated.

As serious problems have arsen in designing vaccines against HIV and influenza
virus because of their capacity to generate antigenic varants, the question has arsen as to
whether wild-type varation in the gp350 antigen is significant and wou Id render a
conventional vaccine based on a single laboratory strain ineffective. The sequences of
gp350 genes from several type-1 and type-2 virus isolates have been compared and no
significant differences found. Furthermore, a panel of monoclonal antibodies recognizes
the gp350s from an sources equally well (Lees et al., 1993).

As mentioned above, the selection of a viral molecule for use as a subunit vaccine
was based originally on the assumption that protective immunity would be provided by
virus-neutralizing antibodies directed at glycoproteins on the surface of the virus. This is
clearly not the case either in the tamarn model or the common maroset model (see
below) and is unlikely to be the only immunological criterion for protection against
EBV -associated diseases in humans.

1.6.2.2 Animal models of EBV infection, disease and vaccination

Two primate model systems have been used in the development of a vaccine against
EBV: the cotton-topped taarn (Saguinus oedipus oedipus) (Miller et aL., 1977) and the
common maroset (Callthrixjacchus) (Wedderbum et aL., 1984; Emini et aL., 1986).
Both have shortcomings which must be taken into account in interpreting results. Early
studiesshowed that inoculation of EBV into the common maroset gives rise to apoorly
defined, mononucleosis-lIe syndrome. These observations have been extended to show
that infection of the common maroset with the M81 strain of EBV gives rise to the
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10ng-term maintenance of antibodies to viral antigens. Furthermore, the presence of EBV
DNA has now been reliably demonstrated in tissues and oral fluids of infected animaIs
by PCR analysis (Farell et al., 1997). A crucial finding was that when infected common
marosets were paired in the same cages with uninfected animaIs, the uninfected
animaIs seroconverted within four to six weeks, indicating that this animal model of
EBV infection wil be much more useful than previously thought (Cox et aL., 1996).

Injection of large doses of EBV into cotton-topped tamarns gives rise to multicentric
oligoclonal B-cell lymphomas, which closely resemble those found in immuno-
suppressed human patients, aH of which express a type-III EBV latency pattern (Clear
et al., 1985; Young et al., 1989b). There appears to be a threshold dose below which
lymphomas do not develop. Cotton-topped tamarns have never been shown to be
infected by the oral route and do not support persistent latent infection at the same level
as humans, although smaH numbers of EBV-positive B cells have been detected in
animaIs that have been immunized and protected from a lymphomagenic dose of EBV
(Niedobitek et al., 1994). This finding indicates that sterilizing immunity is not induced.
The model is useful for testing the efficacy of an EBV vaccine, since protection can be
achieved against a massive tumorigenic dose of virus injected intraperitoneally. This
severe challenge contrasts with the normal mode of infection of humans, who receive a
very small quantity of virus orally.

Other animal models have been developed for EBV -related herpesviruses. Malignant
lymphomas can be induced in rabbits by an EBV -related herpesvirus from Macaca
arctoides (Wutzler et al., 1995); and a murine herpesvirus, MHV -68, although a gamma-
2 herpesvirus (see Section 5 and Table 2 in the introduction) may be useful in vaccine
development since it can cause lymphomas in mice and maintains a persistent infection
in B cells, appearng to be a reservoir for infection in vivo (Nash et al., 1996). Inocu-
lation of mice with severe combined immunodeficiency with human EBV -infected lym-
phocytes gives rise to human B-cell lymphomas (Mosier, 1996), but this model has not
yet been exploited in the development of a vaccine. (ln the absence of a satisfactory
anmal system, it seems reasonable to progress directly to human tnals, after immuno-
genicity and toxicity have been evaluated in animaIs, because of the difficulty of relating
data obtained in the available anmal models to human EBV infection and disease.J

1.6.2.3 Natural gp350 subunit vaccines

The first demonstration that gp350 is an effective subunit vaccine in the tamarn
lymphoma mode! was obtained using material isolated from large bulk cultures of cells
infected with the B95-8 laboratory isolate of EBV and induced to productive infection
with sodium butyrate and phorbol esters (Morgan et aL., 1983). Only very small quan-
tities of protein were isolated, which were purified by sodium dodecyl sulfate-polyacry-
lamde gel electrophoresis, eluted from the gel and renatured after removal of sodium
dodecyl sulfate. These small quantities of protein were incorporated into arificial lipo-
somes made from phosphatidy1choline. Despite the small quantities of protein and the
cnide adjuvant system, complete protective immunity was induced in tamars against a
tumorigenic dose of EBV (Epstein et al., 1985).

kajo
Pencil



94 IARC MONOGRAPHS VOLUME 70

Gp350 prepared by mono-Q anion exchange (David & Morgan, 1988) and incor-
porated into immunostimulating complexes (iscoms) (Morein et al., 1984; Morgan et al.,
1988a; Morein et aL., 1995) or into Syntex adjuvant formulation (Allson & Byars, 1986;
Morgan et aL., 1989) induces protective immunity in tamarns against the standard
lymphomagenic dose of virus and results in high titres of virus-neutralizing antibodies.
Protective immune responses were obtained with a dose of 5 iig or less of antigen when
Syntex adjuvant formulation or iscoms were used.

1.6.2.4 Recombinant gp350 subunit vaccines

ln order to overcome the problems of yield, purity and the presence of EBV DNA,
efforts have been made to express the gp350 gene in bacteria, yeast and eukarotic cells.
Pars of the gene have been expressed in bacteria (Beisel et aL., 1985; Zhang et al., 1991;
Pither et al., 1992a,b), and the complete gene has been expressed in yeast (Schultz et aL.,
1987); however, glycosylation does not occur in bacteria, and carbohydrates different
from those found on mamalian cells are added when the gene is expressed in yeast
(Emini et al., 1988). Emphasis was also placed on producing gp350 that could induce
virus-neutralizing antibodies, since this was believed to be the key immune response
required to obtain protective immunity against the virus. Although the bacterial product
was recognized by antibodies from normal seropositive individuals, none of the anti-
bodies neutralized the virus (Pither et aL., 1992a,b). The yeast gp350 product was not
sufficiently antigenically similar, presumably because of glycosylation, and this approach
was discontinued (Emini et aL., 1988). Cell-mediated immune responses to gp350 are
known to be protective against EBV-induced lymphoma in the tamarn, however, and are
likely to be important in protective immunity in humans. Since tertiar structure and
glycosylation are unlikely to impede generation of the appropriate T -cell responses, both
the bacterial and yeast products should be re-examined as candidate vaccines. A
trncated version of gp350 has been expressed in a baculovirus system, but the product
has not been characterized in terms of its abilty to induce virus-neutralizing antibodies

or to induce protective immunity in the tamarn lymphoma model (Nuebling et al.,
1992).

The gp350 gene has now been expressed in a number of mammalian cell systems in
which glycosylation and post-translational modifications occur, which are c10sely similar
to those found on the natural product (Motz et aL., 1986; Whang et al., 1987; Conway
et al., 1989; Hessing et aL., 1992; Madej et aL., 1992). No difference has been found
between these products and the natural product gp350 in terms of their ability to induce
virs-neutralzing antibodies, bind a range of monoclonal antibodies and, in some
studies, to stimulate the proliferation of gp350-specific T cells (Ulaeto et aL., 1988;
Wallace et aL., 1991). ln some studies, the membrane anchor sequence has been removed
from the gene, alowing secretion of the . expressed eukarotic product into the culture
medium (Wang et al.; 1987; Hessing et aL., 1992; Madej et al., 1992). This approaeh
offers major advantages in the large-scale preparation of a defined product that is rela-
tively easy to purfy. A bovine papilomavirs expression system and a Chine se hamster
ovar cell system have been adapted to secrete a gp350 product in large quantities
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(Hessing et aL., 1992; Madej et al., 1992). This product is also indistinguishable from
authentic gp350 in immunological terms. Another major benefit of use of this system is
the guaranteed absence of potentially oncogenic EBV DNA.

1.6.2.5 T- and B-cell epitopes on the gp350 molecule

The generation of a panel of monoclonal antibodies (Qualtière et aL., 1987) allowed
categorization of gp350 B-cell epitopes into at least seven groups on the basis of anti-
body competition. The mapping of paricular immune functions to specific regions of the
molecule could ultimately allow the design of a synthetic peptide or a recombinant-

derived vaccine of predetermned immunological specificity. The immunological profile
of gp350 is certainly complex. Most, if not all, of those epitopes associated with virus-
neutralizing antibodies are discontinuous and are dependent on the conformation of the
molecule, including the contribution of the large mass of carbohydrate. A possible
exception is a linear epitope in the arno-termnal region between residues 317 and 327,
which is recognized by antibodies from rabbits immunized either with gp350 bacterial
fusion proteins containing the sequence, with intact virus or with gp350 iscoms. One
approach for the identification of B- and T -cell epitopes is to express overlapping

fragments of the gene in bacteria as ß-galactosidase fusion proteins (Pither et aL.,
1992a,b). The abilty of antibodies made against gp350 in vaccinated animaIs and present
in normal human sera to bind to the varous fragments of gp350 expressed as bacterial
fusion proteins was determned by western blotting. Ths procedure allows the detection
only of linear epitopes, and a number of immunodominant epitopes were recognized with
antisera from normal seropositive individuals. None of these epitopes was able to bind
virus-neutralizing antibodies. Clear differences in the recognition patterns of sera from
normal seropositive people and from immunized animaIs were seen, which may simply
reflect species differences in immune responses but which may also reflect different
'immune responses after natural infection and after vaccination with a purified molecule.
Ths difference might explain why ne~tra1zing antibodies against linear epitopes were
found in sera from vaccinated rabbits but not in sera from naturally infected humans. No
method is yet available for identifying or reconstructing discontinuous B-cell epitopes,
although the use of random-sequence synthetic peptides or random peptide sequences in
phage librares should be pursued (Geysen et aL., 1986; Cwirla et aL., 1990; Scott &
Smith, 1990).

Gp350 bacterial fusion proteins have also been used to detect T -cell epitopes and, in
some cases, to map them. It would be expected that, although the bacterial products do
not retain the native conformation of gp350 and do not car their carbohydrate

complement, they should still have the capacity to be recognized by T cells afer MHC
c1ass 1 or c1ass II presentation. Bacterial fusion proteins were screened for their ability to
induce proliferation in previously isolated gp350-specific T -cell clones from normal
seropositive individuals. A large number of potential T -cell epitopes have been
tentatively identified using an algorithm for ths purpose, but only a few epitopes have
been located in the amno-termnal region (Wallace et aL., 1991; Pither et al., 1992a,b).
Given the difficulty of identiing appropriate epitopes and the inevitable varation in
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epitopes among individuals, the development of synthetic gp350 peptide vaccines seems
to be remote.

1.6.2.6 Choice of adjuvant

Most proteins and glycoproteins are weaky immunogenic when inoculated alone into
animaIs, and gp350 is no different in this respect. An adjuvant is invarably required to
stimulate the immune response to the antigen, except when it is presented as par of a live
virus or other vehicle, in which case a range of natural immune responses is triggered. A
varety of effective immunological adjuvants is now available, and new ones appear from
time to time (Gupta & Siber, 1995). They probably do not all work in the same way and
are certainly not equally effective. Antigen presentation, targeting and deIayed decompo-
sition may all be important functions of the delivery vehic1e. The mode of action of the
small immuno-activator molecule may include lymphokine production, antigen pro-
cessing, mitogenicity and upregulation of HLA expression. A key element in the action
of adjuvants is probably their effect on the differentiation of CD4+ T cells into T-helper 1
or 2 subsets after vaccination, which can influence the ratio of the two types (Dotsika
et al., 1997). T-helper 1 cells produce IL-2 and IF 'Y and enhance cell-mediated immune
responses, while T-helper 2 cells produce IL-4, -5 and -10 and augment humoral immune
responses (Mosmann & Coffman, 1989). It has been shown that IL-12 can substitute for
certain bacterial adjuvants in enhancing cell-mediated immune responses, at least against
the protozoan parasite Leishmania major (Afonso et al., 1994). Studies of protection in
the tamarn lymphoma model with natural product gp350 subunit vaccines have so far
been confined to the use of arificialliposomes (North et aL., 1982), a threonyl derivative
of muramyl dipeptide in pluronic triblock copolymers (Syntex adjuvant formulation)
(Allson & Byars, 1986, 1987), iscoms (Morgan et aL., 1988a; Dotsika et aL., 1997) and
aluminium salts (Finerty et aL., 1994).

Because some of the more powerful adjuvants have not yet been licensed for human
use, studies have focused on evaluating aluminium salts, the only adjuvants licensed for
use in humans, in the tamarn lymphoma model. ln experiments with recombinant gp350
(Finerty et al., 1994), the formulations raised protective immunity against EBV-induced
lymphoma. It is wort remembering that challenge with a lymphomagenic dose of virus
represents an extreme, completely unphysiological event and, in some respects, a very
stringent test of the efficacy of any vaccine. Given that three out of five animals immu-
nized with gp350 in alum were protected against lymphoma, this formulation might be
sufficiently effective in humans. It also induced protective immunity in the Callthrix
jacchus model of an EBV-induced mononuc1eosis-like syndrome (Emini et aL., 1986,
1989).

1.6.2.7 Live virus-vector recombinants

The disadvantage of subunit vaccines most often cited is that they generate poor and
sometIes inappropriate responses, although the new generation of adjuvants mentioned
above should overcome ths objection. Any failure to induce a broad, powerfl immune
response should be set against the advantages of using biologically dead material of
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absolutely defined composition (Murphy, 1989; Moss, 1996). The choice wil depend on
a varety of factors, including the immune responses that are required, assuming that the
induction of both T - and B-cell responses is necessar together with the establishment of
immunological memory. Both iscoms (Takahashi et al., 1990) and Syntex adjuvant
formulation induce proliferative, cytotoxic T -cell responses and memory (Byars et aL.,
1991). Aluminium salts also allow the induction of limited cell-mediated immune
responses (Dilon et al., 1992).

Many recombinant viruses have been made that express one or more important
vaccine molecules; so far, these have been used only rarely in humans. Gp350 has been
expressed in vaccinia virs (Mackett & Arrand, 1985), adenovirus (Ragot et el., 1993)
and varicella virus (Lowe et al., 1987). Recombinant vaccinia vIrses expressing gp350
have been derived from both the relatively virulent WR laboratory strain and the atte-
nuated Wyeth vaccine strain and both have been tested in the tamarn lymphoma model
(Morgan et al., 1988b). Protective immunity was induced in three of four animaIs by the
recombinant WR strain but in none of the animaIs immunized with the Wyeth strain
derivative. Both groups of animaIs responded to vaccination, with high levels of antibody
against vaccinia proteins, but no antibodies against gp350 could be detected in any
animaL. The levels of antibodies to vaccinia proteins were substantially lower when the
Wyeth derivative was used, and this is presumably a refIection of the degree to which the
strain has been attenuated. The key observation in these experiments is that the WR
strain derivative gives protective immunity in the absence of antibodies to gp350, so that
the immunity in this case is provided by some form of cell-mediated immune response.
When protective immunity was induced in the tamarn lymphoma model by injection of a
replication-defective adenovirus expressing gp350, antibodies against gp350 were
induced but had no capacity to neutralize EBV in vitro (Ragot et al., 1993).

More work is needed to develop effective vaccinia recombinants which strike the
correct balance between attenuation and immunogenicity. The gp350 gene may be
expressed in a canarpox vector (Taylor et aL., 1992) or in a vaccinia recombinant
derived from the Copenhagen strain which has been specifically attenuated by the
removal or inactivation of individual genes (Taraglia et al., 1992). The vaccinia gp350
recombinant previously tested in the tamarn model (Morgan et al., 1988b) was also
tested in the common maroset model but with the M81 EBV strain, which resembles
more c10sely the wild-type strains of EBV in the general population than the standard
B95-8 strain. Replication of the challenge virs in the vaccinated group was reduced in
comparson with control groups (Mackett et aL., 1996). The Oka varcella-zoster viral
strain has been used to make recombinants expressing gp350 (Lowe et aL., 1987), but
protection was not induced in animaIs.

A number of recombinant adenoviruses that express foreign antigens have been
constrcted, and recombinant adenovirs-expressing gp350 has been tested in the
tamarn model (Ragot et al., 1993). Replication-defective recombinants were made in
which the El region isdeleted and the virs can be propagated only in a helper cell line
which provides the deleted El function (Graham et aL., 1977). Adenovirses have the
capacity to down-regulate HLA expression in the cells they infect, but the E3 region
responsible for this function has also been deleted in these replication-defective recom-
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binants. Several features of adenoviruses have made them attractive for vaccine delivery.
Firstly, adenoviruses type-4 and type-7 vaccines have already been used on a large scale
in the United States Armed Forces to prevent respiratory disease, with a good safety
record (Top et al., 1971a,b). Secondly, the adenovirus can be encapsulated and given
orally; although primar immune contact is in the gut lymphoid tissue, mucosal immu-
nity is induced in the respiratory tract. Mucosal immune responses may be advantageous,
but they could allow IgA-enhanced entry into epithelial cells (Sixbey & Yao, 1992).

The most significant results obtained with a recombinant virus expressing gp350 are
those of a study in which the Chinese vaccinia strain (Tien Tan) was used to vaccinate a
small group of seronegative and seropositive children in southern China (Gu et al.,
1995). Antibody levels to gp350 were reported to have been raised in subjects who were
aIeady seropositive and to have been induced in those who were seronegative at the
beginning of the triaL. Six of nine vaccinated children who were seronegative for EBV at
the time of vaccination showed no evidence of natural EBV infection 16 months after
vaccination.

1.6.2.8 Cell-mediated immune responses to gp350

Tamarns mount cell-mediated immune responses after inoculation with a lympho-
magenic dose of EBV, as measured in a regression assay in which the outgrowth of
autologous EBV -infected B cells was inhibited in the presence of blood lymphocytes
from tamarns with spontaneously regressed EBV-induced tumours. This capacity to
inhibit growth could be boosted by reinoculation of the tamarns with a sub-Iympho-
magenic dose of virus 18 months after the first challenge (Pinerty et aL., 1988). More
recently, EBV-specific CTLs which are CD4+ MHC class II-restricted have been iden-
tified in the re-stimulated animaIs (Wilson et al., 1996a).

Demonstration of the presence of gp350-specific T cells in vaccinated animaIs which
can proliferate in response to gp350 in vitro is an immediate goaL. Efforts are also being
made to detect gp350-specific CTLs, but the creation of an effective target cell is a
problem. Recombinant vaccinia virus expressing gp350 could be used to infect auto-
logous fibroblasts or lymphocytes, as was done for the latent antigens (Khanna et al.,
1992; Muray et aL., 1992a). T-Cell clones specific for gp350 have been detected in
normal seropositive individuals (Ulaeto et aL., 1988; Wallace et al., 1991; Lee et al.,
1993b), and gp350 can stimulate the production of T cells that prevent EBV-induced
transformation in vitro (Bejarano et aL., 1990). ln certn circumstaces, cells that

express gp350 can be good targets for antibody-dependent cellular cytotoxicity (Khyatti
et al., 1991). Ths activity is readily detected in sera from rabbits immunized with whole
EBV, but its detection in sera from tamarns or rabbits vaccinated with purified gp350
has not been reported. The mechansm of cell-mediated immune protection in the taarn

lymphoma model is diffcult to explain if a protective function for antibody is excluded,
since protection is gp350-specifc. The tumour cells themselves seem unlely tagets for

gp350-specific responses as they do not express gp350 in readily detectable amounts.
Cell-mediated responses induced by vaccinia-gp350 vaccination may in some way
reduce the effective viral challenge dose to below the threshold required for tumour
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induction. Immune responses in tamarns that had spontaneously recovered from a
lymphomagenic viral challenge were possibly directed through MHC c1ass I1-restricted T
cells positive for both CD4 and CD8 (Wilson et aL., 1996a). These cells may inhibit
proliferation of lymphoblastoid cell lines by other mechansms than perforin-mediated
lysis.

1.6.2.9 Vaccines against EBV latent antigens

A completely different approach to EBV vaccination has emerged during the past few
years, based on the knowledge that CD8+ T cells are responsible, at least in par, for
limiting the number of EBV -infected B lymphocytes that express most or all of the viral
latency genes in the circulation of normal seropositive individuals. Could induction of
these immune cells before primar infection be effective in preventing or modifying
primar infection? The central problem with this approach is the same as that with
gp350. How do es the virs persist despite the presence of presumably effective cellular

and humoral immune responses? Normal seropositive individuals have CTLs that are
specific for EBNA-3A and EBNA-3C and some with activity against LMP-2 and EBNA-
2. An important observation is that a large proportion of the total CTL activity in normal
seropositive individuals canot be accounted for by the EBV latent genes (Khanna et aL.,
1992; Murray et aL., 1992a). The target antigens for this proportion of the CTL popu-
lation have yet to be identified.

A number of epitopes that are recognized by CTLs have been located in EBNA-3A.
Moss et aL. (1996) consider that these epitopes could be used in a vaccine to elicit T -cell
memory, which could then be activated to produce EBNA-3A-specific CTLs. Since the
target epitope vares between HLA types, several synthetic peptides corresponding to
different epitopes would have to be incorporated in such a vaccine. A relatively small
number of CTL epitopes would be able to elicit an immune response in the vast majority
of the population. Phase 1 trals are in progress of an EBNA-3A peptide, FLRGRA YGL,
which is restrcted though the HLA-B8 allele. Some circulating, latently infected B cells
in bone marow and/or the circulation, however, express only EBNA-1, which is refrac-
tory to MHC class I-restrcted antigen processing (Levitskaya et al., 1995; Frisan et al.,
1996); these B cells thus canot be targets for MHC c1ass I-restrcted CTLs induced by
either vaccination or natural inection.

1.6.2.10 Conclusions

The potential usefulness of gp350-based EBV vaccines depends on the roles of gp350
and lytic replication in infection and disease. Primar infection in the oropharnx, an
essential stage in the infectious cycle, is mediated by gp350 in the viral envelope.
Vaccine-induced mucosal IgA against gp350 could well act at this level, controllng to
someextent but probably not preventing inection (Yao et aL., 1989a), but there is also
the theoretical possibilitythatmucosal IgA could enhance EBV infection (Sixbey & Yao,
1992). It is impossibleto know at ths stage what effects gp350 vaccine-induced immune
responses. will have on priar EBV inection. Will it be possible to induce sterilizing
imunity,or is latent infection inevitable, and, once latency has been established, will



100 IARC MONOGRAPHS VOLUME 70

the immune responses of the vaccinee be more effective in preventing EBV disease than
those of a normal, unvaccinated, seropositive person?

Patients with infectious mononucleosis have some circulating B cells that express
lytic cycle antigens (Anagnostopoulos et al., 1995; Niedobitek et aL., 1997b), but acy-
clovir treatment has no effect on the course or symptoms of the disease, although virus
shedding is reduced (Tynell et al., 1996). It is possible that CD4+ T cells primed by
gp350 vaccination would be reactivated on viral challenge. Such cells could influence the
course of infectious mononucleosis by inducing apoptosis of EBV-infected B cells and
by down-regulating the large monoclonal or oligoclonal populations of CD8+ T cells
which account for much of the lymphocytosis symptomatic of infectious mononucleosis
(Callan et al., 1996).

The observations that the onset of nasopharngeal carcinoma is accompanied by a rise
in the titre of serum IgA antibodies against lytic cycle antigens (Zeng, 1985) and that
high anti- VCA titres in Ugandan children are prognostic for the development of endemic
Burkitt's lymphoma (de Thé et al., 1978a) also indicate a potential role for intervention
with a gp350 vaccine. Answers to the above questions wil not be obtained until candi-
date vaccines have been evaluated in human trials. The major EBV envelope glyco-
protein gp350, when expressed as a genetically engineered product in mammalian cells,
could now be evaluated in trials in which the target population is first-year university
students - a population at high risk of contracting infectious mononucleosis. The end-
points of a trial in this population would be EBV seroconversion, possible development
of infectious mononucleosis and changes in a range of immunological parameters, such
as virus-neutralizing antibodies. Any further progress in EBV vaccine development will
depend heavily on the outcome of such trials.

1.6.3 Passive immunotherapy

As discussed in section 1.3.3, although CTLs cannot eliminate EBV from the body,
they appear to be essential for maintaining control of latently infected cells. Thus,
infusion of such cells should be a safe, effective form of treatment for immunodeficient
patients with EBV -related lymphoproliferation. This therapeutic approach has been
explored in a number of studies and clinical trials of bone-marow transplant recipients.
Papadopoulos et al. (1994) and Heslop et aL. (1994) used unseparated leukocytes from
EBV-seropositive donors to treat patients with EBV-associated immunoblastic lym-
phomas that arose after transplantation of T cell-depleted bone-marow allografts. All of
the patients responded, as judged by clinical and laboratory criteria, but some developed
fatal pulmonar complications. Severe graft-versus-host disease was observed in the sur-
vivors. Thus, although adoptive transfer of unseparated leukocytes seems to be effective,
this therapeutic strategy may not be generally applicable owing to the high risk of
secondar complications. The problem of graft-versus-host disease has been overcome in
more recent studies in which EBV-specific CTLs of donor origin reactivated in vitro
were infused into allograft recipients (Rooney et aL., 1995; Heslop et al., 1996). The
patients did not develop complications that could be attributed to the infusion, and in
three patients with signs of EBV reactivation (:: 100-fold increase in EBV DNA concen-
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tration measured by semiquantitative PCR), infusion of CTLs reduced the EBV load to
controllevels within three to four weeks. ln one case, clinical resolution of the immuno-
blastic lymphoma was observed. Genetic marking of the infused CTLs was used to
demonstrate that specific T cells that responded to challenge with virus-infected cells
in vivo or ex vivo persisted for as long as 18 months. These findings support more wide-
spread use of CTLs in the treatment of infections and cancer. Their applications may
extend to other EBV-associated malignancies, such as Hodgkin's disease and naso-

pharnge al carcinoma, which express a relatively restricted range of EBV-encoded anti-
gens that could serve as target cells for CTL therapy (see Tables 3 and 6).

2. Studies of Cancer in Hurnans

2.1 Burkitt's lymphoIDa

2.1.1 Clinical features and pathology

2.1.1.1 Clinical features

The jaw is the most frequently involved site and the commonest presenting feature in
patients with Burkitt's lymphoma in equatorial Africa (Burkitt, 1958, 1970a) and Papua-
New Guinea (ten Seldam et al., 1966; Burkitt, 1967; Magrath et aL., 1992). The tumour
frequently affects multiple jaw quadrants (Figure 5). Jaw involvement is age-dependent,
occurrng much more frequently in young children, since it arses in close proximity to
the developing molar tooth buds. ln series of cases of Burkitt's lymphoma in Uganda,
70% of children under five years of age and 25% of patients over 14 had jaw involve-
ment (Burkitt, 1970a). Very young children who do not have overt jaw tumours often
have orbital involvement (Olurin & Williams, 1972; Figure 6); some of these orbital
tumours may arse in the maxila. ln general, jaw involvement appears to be more

frequent in regions of higher incidence, even within equatorial Africa; however, patients
from, for example, highland regions in Africa, in which the annual incidence rate of

Burkitt's lymphoma is much lower, are also of higher median age, and this probably
accounts for the lower frequency of jaw tumours (Burkitt & Wright, 1966; Kitinya &
Lauren, 1982). It has been suggested that the frequency of jaw tumours is decreasing in
some regions of equatorial Africa, with a corresponding increase in the fraction of
abdominal tumours but with no clear change in the age-related incidence (Nkmah,
1984).

Abdominal involvement is found in a little more than half of equatorial African
patients at presentation (Burkitt & Wright, 1963; Burkitt, 1970b; Wiliams, 1975) and as
many as 80% of patients in other countries (Magrath, 1991, 1997). There appear to be
differences in the intra-abdominal sites of involvement in endemic countries (e.g. equa-
torial Afrca and Papua-New Guinea) and in those where the disease is sporadic (Europe,
Australia and North America). Presentation with a resectable mass in the right ilac fossa
or with intussusception (arsing from intraluminal tumours), for example, both of which
are common in sporadic tumours, is uncommon in African patients. Thus, Wright (1970)
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Table 6. Cellular origin and patterns of viral gene expression in EBV -associated malignancies

Cell type Tumour EBV asso- EBV gene expression Latency Reference
cIation (%) type

EBNA -1 EBNA-2, LMP-1/2
-3A, -3B,
-3e, -LP

B Lymphocyte Immunoblastic B lymphoma 100 + + + III Thomas et al. (1990) ~B Lymphocyte Endemic Burkitt' s lymphoma ~95 I Rowe et al. (1987a) n+ - -
~T Lymphocyte Immunoblastic T lymphoma 50-90 + - + II Jones et al. (1988); 0

Kikuta et al. (1988) Z0T lymphocyte Midline granuloma 100 + - + II Minarovits et al. (1994a) 0

~
HRS cells Hodgkin' s disease 40-50 + - + II Herbst et al. (1991a);

Pallesen et al. (1991c); ::v.Deacon et al. (1993); ~
Grasser et al. (1994) 0

t"Nasal epithelium Nasopharngeal carcInoma 100 + - + (60%) II Fåhaeus et al. (1988);
~Brooks et al. (1992); trBusson et al. (1992a); ..

Smith & Griffn (1992)
0

Thymic epithelium Thymic carcInoma Case report + - + II Leyvraz et al. (1985)
Gastrc epithelium Gastrc carcInoma 90 + - - 1 Imai et al. (1994a)
Smooth muscle Leiomyosarcoma 100 + + ñ iv Lee et aL. (1995b)

Viral añtigen expression was demonstrated by immunohistochemistr and/or reverse transcriptase-polymerase chain reaction.
HRS, Hodgkin and Reed-Sternberg

kajo
Pencil
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Figure 5. Ugandan patients with Burkitt's lymphoma involving the jaw

From WHO (1969); left, mandibular tumour; right, maxilar tumour

Figure 6. Orbital Burkitt's lyiphoma in a
Ugandan child

From WHO (1969)

reported no case of intussusception in U ganda among over 500 cases. ln contrast,
Ìnvolvement of the mesentery and omentum (Le. extraluminal) is common in Afrcan
cases ofBurkitt's lymphoma, hence the rarty of Burkitt's lymphoma-associated intus-

susception in Afrca. Ascites may be a manfestation of abdominal disease regardless of
geographic location. Precise figures for the involvement of varous intra-abdominal and
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retroperitoneal structures at presentation are not available from Africa, as relatively few
centres have adequate radiological facilities. The available data are based largely on the
results of clinical exarnations, sometimes supplemented by laparotomy, or by autopsy
studies dating from the 1960s (O'Conor, 1961; Wright, 1964, 1970; Wiliams, 1975; see
below).

Bone-marow involvement is seen in some 7-8% of Ugandan patients at presentation
and relapse but in about 20% of patients in Europe and the United States. An additional
fraction of patients in Europe and the United States presents with a leukaemic syndrome,
referred to as the French-American-British subtype 'L3' or acute B-cell Burkitt' s lym-
phoma (Magrath & Ziegler, 1980).

Central nervous system invol vement - including cerebral spinal fluid pleocytosis,
cranial nerve paIsy and paraplegia due to paraspinal disease - is relatively common in
Africa, being found in about one-third of patients at presentation (Ziegler et al., 1970),
but is much less common in regions of sporadic incidence (Magrath, 1997). Interestingly,
cranial nerve involvement (usually due to direct infiltration by tumour cells) is frequently
not associated with cerebral spinal fluid pleocytosis at presentation, but malignant cells
are nearly always detectable in cerebral spinal fluid of patients with cranial nerve palsy at
relapse (Magrath, 1991). The optic nerve is frequently compressed and the surrounding
subarachnoid space involved, however, when an intraorbital tumour is present
(Ifekwunigwe et aL., 1966). Cranial nerves and meninges have been described as the only
sites of disease at presentation (Osuntokun et al., 1973). Paraplegia is the presenting
feature in 15% of Ugandan patients but in less than 1 % of patients in the United States
(Magrath, 1991, 1997). ln Ugandan patients, the spine is quite frequently the only
evident site of disease, such that lamininectomy is required to make a diagnosis (and to
relieve spinal cord pressure). Intracerebral disease is very uncommon and usually occurs
in patients who have had persistent or multiple relapsed cranial nerve paIsy or cerebral
spinal fluid pleocytosis (Wright, 1970; Magrath et aL., 1974); however, presentation with
raised intracranial pressure from parenchymal brain infiltration is observed, albeit very
uncommonly (Odeku et aL., 1973; Osuntokun et aL., 1973). Other sites of disease that are
occasionally observed include the salivar glands, thyroid, breast (in pubertal girls or
lactating women), testis, bone, pleura and hear, with involvement of the pericardium or,
infrequently, cardiac muscle (Burkitt, 1970a; Aderele et al., 1975; Durodola, 1976;
Magrath, 1991, 1997). Interestingly, pharyngeal involvement, peripheral lymphadeno-
pathy and splenic involvement are rare in the African patient (although there is
frequently splenomegaly from malara) and rather more common in patients in regions of
sporadic disease, although both splenic and lymph-node involvement are significantly
more frequently observed in cases of Burkitt-like lymphoma.

2.1.1.2 Gross pathology

Burkitt' s lymphoma, unlike follcular lymphomas and diffuse large B-cell
lymphomas, arses predominantly at extranodal sites. The kidneys are a frequent site of
disease in sub-Saharan Afrca, being the organ involved in 80% of cases at autopsy; the
ovares are frequently bilaterally involved in young females, representing the site seen in
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81 % of autopsies in females. The adrenals are the third most commonly involved intra-
abdominal organ, are more often involved at autopsy than the liver or spleen and are
about as frequently involved in children as the jaw (58%). Bowel involvement is
common, but other organs are involved less frequently. The lung parenchyma is very
rarely involved, but serosal infiltration of the pleura and peritoneum, resulting in
effusion, is frequent. Wright (1964, 1970) never observed involvement of the thymus.
Fatal Burkitt' s lymphoma is usually accompanied by widespread dissemination.

Grossly, the tumour is fleshy, creamy and soft. Areas of necrosis and haemorrhage are
seen only in very large tumours. The tumours can locally infiltrate surrounding tissues
and may spread via the lymphatics or blood vessels. ln the central nervous system,
choroid plexus involvement is not uncommon and is usually associated with cerebro-
spinal fluid pleocytosis. Haematogenous dissemination may result in parenchymal
involvement of the brain and spinal cord, in which case cerebrospinal fluid pleocytosis
may be difficult to detect.

2.1.1.3 Histological characteristics

Burkitt's lymphoma (small non-cleaved-cell lymphoma, Burkitt's type) is c1assified
as a non-Hodgkin' s lymphoma and is characterized by a monomorphic cytoarchitecture
composed of medium-sized cells (between those of large B-celllymphoma and small-cell
lymphocytic lymphoma). These cells do not have the characteristics of plasmacytoid
cells or mature lymphocytes; they have a high nucleus to cytoplasm ratio, a round or oval
nucleus with a coarse or 'open' chromatin pattern and usually two to five readily
discernible nucleoli. A few cells may have a single large nucleolus, but when more than a
few such cells are present the tumour is probably a Burkitt-like lymphoma. The cyto-
plasm is intensely basophilc, staining strongly with methyl-green pyronine (pyronino-
philic) because of the abundant free ribosomes, which are readily visible on transmission
electron microscopy. Intracytoplasmic lipid vacuoles which stain with oil-red Ü and
Sudan black are usually apparent on imprint or smear cytology (Berard et al., 1969). His-
tological sections often reveal the presence of tingible body macrophages scattered
among the tumour cells, giving rise to a 'star sky appearance' in which nuclear debris
from apoptotic tumour cells is discernible. This appearance is not, however, patho-
gnomonic of Burkitt's lymphoma and may be seen in other lymphomas (ü'Conor, 1961).

Burkitt-like (small non-cleaved, non-Burkitt's) lymphomas are similar in appearance
to Burkitt' s lymphoma, but are distinguishable by a greater degree of pleomorphism, a
fraction of the cells being similar in size to those of large-cell or centroblastic lympho-
mas, and a higher frequency of cells with a single large nucleolus in the neoplastic popu-
lation. This entity may simply represent the borderline between Burkitt' s lymphoma and
large-celllymphoma.

Burkitt' s lymphoma is invarably of B-cell origin, the presence of surface immuno-
globulin being first shown in 1967 (Klein et al., 1967), and has the immunophenotypic
characteristics of a subset of germnal-centre cells; hence, the cells do not or very
uncommonly express termnal deoxyribonuc1eotide transferase. B-Cell lineage markers
such as CDI9, CD20, CD22 and CD79a and surface immunoglobulin are always
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demonstrable. The surface immunoglobulin is usually IgM, but IgG and IgA are occa-
sionaUy present and kappa or lambda immunoglobulin light chains are nearly always
detected. Other surface antigens that are expressed in most Burkitt' s lymphomas inc1ude
CDI0 and CD77, but CD23 and CD5 are absent (Hars et al., 1994). Burkitt's lym-
phoma cells express low levels of HLA class 1 adhesion and activation molecules such as
CD54, CDlla/18 and CD58 (Masucci et aL., 1987; Bilaud et aL., 1989; Andersson et al.,
1991). Some EBV-negative Burkitt's lymphomas of American origin synthesize and
secrete immunoglobulin (Benjamin et al., 1982).

2.1.2 Descriptive epidemiology

2.1.2.1 Historical aspects

Burkitt' s lymphoma was first identified in Afrca, where there is every reason to
believe that it has existed for millennia. Its presence prior to its description by Europeans
is attested to by wooden masks depicting jaw and orbital tumours (Pulvertaft, 1965). It
seems probable that the environmental factors relevant to its pathogenesis, with the
possible exception of HIV, were relatively constant prior to the lifestyle changes brought
about by the technological revolution of this century. The first known medical des-
cription is that of Sir Albert Cook who, with his brother, established the first mission
hospital in Uganda in 1897. Cook's meticulous records were analysed many years later
by Davies et aL. (1964a,b), who reproduced in their report a drawing made by Cook in
1910 of a malignant jaw tumour in a child. Subsequently, a number of expatriate patho-
logists working in Africa noted that facial 'sarcomas' and lymphomas occurred at high
frequency in African children. Most of these tumours were probably Burkitt's lym-
phomas.

Smith and Elmes (1934) described a series of 500 malignant tumours coUected in
Lagos, Nigeria, which inc1uded 16 jaw tumours recorded as sarcomas, thee of which

were in children, and 10 'round-ceU sarcomas of the orbit', aU in children under 10 years
of age. More than a decade later, Davies (1948) observed that neoplasms of the reticulo-
endothelial system occurred at high frequency in U ganda, and Edington (1956; Edington
& Giles, 1968) working in Ghana, then known as the Gold Coast, commented on the
relatively high frequency of maxilar lymphosarcoma in children. Thijs (1957) reported
from the Belgian Congo that 74 of 145 children with malignant tumours had lympho-
sarcoma. Interestingly, jaw tumours accounted for only 11 of the latter cases. De Smet
(1956), also working in the Belgian Congo, mentioned in his report on children with
lymphosarcoma that multiple organ sites, including the maxilla, orbit, abdomen and
thyroid, were frequently involved.

Denis Burkitt and his pathologist colleagues, Davies and O'Conor noted, lIe De
Smet, that children with jaw tumours often had histologically similar tumours at multiple
organ sites, parcularly in the abdomen (Burkitt, 1958; O'Conor & Davies, 1960). They
subsequently demonstrated that the tumour occurred at high frequency in a broad belt

across Africa, extending approximately 15° N and S of the equator, with a southern pro-
longation on the eastern side of the continent (Burkitt, 1962a,b,c; Figure 7). Whle
Burkitt was initially under the impression that the tumour he was studying was a
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sarcoma, O'Conor and Davies, in a review of the malignant tumours of children in the
Kampala Cancer Registr in Uganda, recognized, as had Thijs, that malignant lymphoma
accounted for some 50% of all childhood malignant tumours in the registr (O'Conor &
Davies, 1960; O'Conor, 1961).

Figure 7. Distribution of Burkitt's lymphoma in Africa

10° N

0°

10° S

From Haddow (1963)
The shaded area represents the area in which, on c1imato1ogical grounds,
Burkitt' s lymphoma might be expected to occur. The black points show the
distribution of the series of cases compiled by D. Burkitt. The method used
was to fill in any degree-square in which the condition had been recorded,
irrespective of the number of cases.

Soon after these observations in Africa, O'Conor, Wright (who had also worked in
Uganda) and others reported histologically indistinguishable tumours in children in
Europe and the United States (Dodman, 1965; O'Conor et al., 1965; Wright, 1966). At
about the same time, strong similarties between the distrbution of Burkitt' s lymphoma
and that of yellow fever were seen (Burkitt & Davies, 1961; Haddow, 1963), and it was
therefore suggested that Burkitt' s lymphoma might be caused by a vectored virs.

2.1.2.2 Incidence

Estimates made some 30 years ago suggested a relatively high incidence rate of
Burkitt' s lymphoma in Afrca, with about 5-10 cases per 100 000 children below the age
of 16 years and a peak incidence between five and 10 years of age. ln Nigeria, the
incidence in 1960-3 was reported to be 22 per 100000 in 5-9-year-old boys and 10 per
100 000 in girls (Edington & MacLean, 1964). Williams (1975) found that Burkitt's lym-
phoma accounted for 682 of 1325 tumours in a hospita-based tumour registr in Ibadan,
Nigeria, in 1960-72.

Burkitt' s lymphoma now accounts for 30-70% of childhood cancers in equatorial
Afca. ln the United States, the incidence of Burkitt' s lymphoma is 2-3 per million
children per year. Recent estImates of incidence rates worldwide range from zero, which
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may be due to differences in nomenclature or diagnostic practices, to 3.6 per 100000 per
year.

2.1.2.3 Climatic determinants

The very high frequency of Burkitts lymphoma in equatorial Africa and its c1ima-
tically determned distribution, first described in the early 1960s, focused attention on the
possibility of a causal association with an environmental agent. The evidence that
malaria is such an agent is based largely on the similarity of the distrbution of holo-
endemic malara and African Burkitt's lyrnphoma and on associations between rates of
parasitaemia and the likelihood of developing Burkitt's lymphoma (see section 2.1.4.1).

The peri-equatorial distribution of patients in Africa with a clinical syndrome
consistent with Burkitt' s lymphoma was established by the initial investigations of
Burkitt and several colleagues throughout Africa and on responses on questionnaires

administered in a large number of hospitals on the continent (Burkitt, 1962a,b,c;
Haddow, 1963; Burkitt, 1985). These investigators observed that the tumour occurred in
a belt across equatorial Africa, with a prolongation to the south-east (Mozambique and
Natal) (see Figure 7). Within this region, however, the tumour was rare or absent in a
number of densely populated areas (Burkitt, 1963, 1969, 1970a). These inc1uded south-
west Uganda, Rwanda and Burundi, the highlands of Kenya and the United Republic of
Tanzania, the islands of Pemba and Zanzibar and some parts of Zaire. Several sharly
delineated transitions from high to low incidence were observed, the majority between
river valleys or lake shores and highland regions. ln Nigeria, the relative rarty of the
tumour in the ard (30 in (76 cm) of rainfall per year between the months of June and
September) but densely populated northern region, Kano, contrasted with its much
greater prevalence in wetter (up to 400 in (10 m) of rainfall per year), more sparsely
populated regions less than 400 miles (640 km) to the south. Interestingly, this pattern
applied to West Africa in general, the turnour being common throughout the southern
pars of these countries (Accra in Ghana being an exception) but rare in the north. With
some exceptions (e.g. the islands of Pemba and Zanzibar, Kinshasa, Brazzavile and
Lambarene), the distribution was c1early determned by altitude in East Afrca and by
rainfall in West Africa. Thus, in East Africa, the tumour did not occur at any notable
frequencyabove 1500 feet (450 m), or in regions where the mean temperature fell below
15.5 °C in any month (Haddow, 1963), and in West Africa the tumour did not in occur in
regions in which the annual rainfall was less than 50 cm.

Burkitt and Wright (1966) showed in their series of histologically proven cases that
the incidence of the tumour was much higher in the northern, eastern and central regions
of Uganda. ln Kigezi, in the south-west, for example, the incidence of 0.6 per 100 000
was estimated to be one-twentieth of that in the north-west. The low-incidence areas are
higWands over 5000 feet (1500 m) above sea level, e.g. Kigezi, which cøntinues west-
wards into the high central plateau that forms much of Rwanda and Burundi andextends
into north-western Tanzania. Less than 4% of the cases in the Kampala registr occurred
in children living in the south-western districts, which accounted for 25% of the popu-
lation of Uganda; however, sorne 20% of the population of the central region of Uganda,
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Buganda, is comprised of peoples from the low-incidence south-western region

(Rwanda, Burundi and Kigezi), and about 19% of the cases of Burkitt's lymphoma
recorded at Mulago Hospital up to the time of the report occurred in these immgrant
peoples. Moreover, the average age of patients in the immgrant groups was 16.5 years,
while that of patients from high-incidence areas was 8.1 years. Some of the immgrants
with Burkitt's lymphoma had been living in the area for fewer than three years. The
average age of patients from low-incidence areas was also higher than that of patients
from high-incidence areas. These data strongly suggested that differences in the geo-
graphical distribution of the tumour were not a consequence of genetic differences
among the tribes of U ganda but were related to environmental differences, being entirely
consistent with the previously described barers of temperature (altitude) and rainfall.

Haddow (1963) subsequently refined the map of the distribution of Burkitt's lym-
phoma in relation to c1imatic parameters and pointed out that the high-frequency regions
were those in which the rainfall was more than 20 in (50 cm) per year (Figure 7). This
finding is consistent with the hypothesis that Burkitt' s lymphoma is caused by a vectored
virus, since investigators at the East African Virus Research Institute in Entebbe, which
Haddow directed, had shown that the yellow fever virus cannot replicate in mosquito
vectors when temperatures fall below 60 OF (15 °C), accounting for the virtual absence of
yellow fever in people living above 5000 feet (1500 m). ln addition, adult mosquitoes do
not survive in dry weather, but rely upon drought-resistant eggs in regions prone to dry
spells. ln West Africa, such regions were defined as those in which the annual rainfall
was less than 20 in (50 cm). By using maps in which the distribution of Burkitt's
lymphoma was superimposed on isotherms and isohets, it was possible to determne that
only 5% of cases of Burkitt's lymphoma fell outside these limits of temperature and
rainfall.

The distribution of Burkitt's lymphoma was also shown (Burkitt, 1963) to be very
similar to that of a mosquito-vectored arbovirus disease, o'nyong nyong fever, in Uganda
(Shore, 1961). Thus, it seemed highly probable that insect vectors were in some way
involved in transmission of the disease. Tumour-free areas were readily explained on the
basis of the absence of the vector, the vectored microorganism or both.

Wright and Roberts (1966), who studied 324 histologically proven cases of Burkitt's
lymphoma seen in Uganda between 1959 and 1964 and 425 cases of other types of
lymphoma seen during the same period, showed that the remarkably precise climatic
determnants of the distribution of Burkitt' s lymphoma did not apply to the distribution
of other types of lymphoma in U ganda, which vared, instead, solely with the density of
the population. Similar data were reported from northern Nigeria by Edington (1978) in
respect of other malignant lymphomas.

Dalldorf et al. (1964) reported on the distrbution of Burkitt's lymphoma in Kenya.
The lowest incidence was found in the Kalenjin tribe, living in the highland belt (above
500 feet (1500 ml), and the highest incidence in coastal or lake-shore dwellng trbes
(below 5000 feet). There was no significant difference in the incidence of squamous-cell
carcinoma among these trbal groups. These authors also reported on exposure to natural
radiation, to arbovirses (by serology) and to malara. Children of the Kalenjin tribe had
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a varable rate of splenomegaly, this region being considered to be free of malara in the
recent past, in contrast to coastal trbes and the Luo, in regions where malara was consi-
dered to be holoendemic. The prevalence of malara in these trbes was confirmed by the
rates of sickle-cell trait (negatively correlated) and glucose-6-phosphate dehydrogenase
deficiency (positively correlated) (Bienzle et aL., 1981).

Eshleman (1966) reported on 31 cases of Burkitts tumour seen at the Shirati Hospital
in the United Republic of Tanzania. All of the patients came from lowland areas, less
than 4500 feet (1350 m) above sea level, although the other patients seen at the hospital
came from the Mara region with a height above sea level varing from 3700 to 5500 feet
(1110-1650 m).

Goma (1965) cared out a survey of the environment in Uganda within a two-mile
zone of 21 huts in which cases of Burkitt's lymphoma had occurred. He found permanent
or semi-permanent water nearby and usually dense vegetation - ideal breeding condi-

tions for mosquitoes. Goma easily trapped mosquitoes from the vicinity of the huts and
was able to identify 42 different species. Wiliams (1967) pointed out that, among the
large varety of arhropods known to transmit human diseases, only Mansonia and Ano-
pheles species had similar distributions in U ganda to Burkitt' s lymphoma.

More recent data (Kitinya & Lauren, 1982) confir the relationship between the inci-
dence of Burkitt' s lymphoma and altitude. On Mount Kilimanjaro in northem Tanania,
the relative frequency of Burkitt's lymphoma (2.2% of all malignancies) was less than
that in the coastal and low-Iying regions of Uganda and Tanzania. Moreover, on the
slopes of Mount Kilimanjaro, cases of Burkitt' s lymphoma occurred predominantly in
the sparsely populated areas below 1000 m, although some cases were found in densely
populated areas up to 1500 m. As in earlier studies in East Africa, the average age of
patients from this low-incidence area was higher (16.4% were over 20 years of age) than
that of patients from high-incidence areas (in Uganda, for example, only 5% of patients
were over 20), while the frequency of jaw tumours was lower (22%, compared with 55%
or more in U ganda).

2.1.2.4 Time-space clustering

Pike et al. (1967) first reported on time-space clustering of Burkitt's lymphoma in the
West Nile Distrct of U ganda between 1961 and 1965. They concluded that patients
whose dates of onset were close tended to live close together. Ths finding was highly
statistically significant and suggested an 'epidemic' character.

Willams et aL. (1969) provided furter evidence of time-space clustering in the West
Nile Distrct, refining previously collected information and extending the study period to
1967. Whle the new data confired the results of the earlier analysis, the authors
reported that an unpublished analysis conducted in the East and West Mengo distrcts in
central U ganda did not show a similar phenomenon.

Baie et al. (1972) subsequently reviewed the evidence for clustering of Burkitt's

lymphoma. Of paricular interest is a cluster observed in Bwamba County, in a low-
incidence area in the south-west of Uganda, close to the border with the Congo. The only
seven cases known to have occurred in the county were diagnosed between October 1966
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and December 1968. Two of these cases were in a brother and sister, and five occurred
during a six-month period from July to December 1968. No other clusters, apar from
those in the West Nile, were observed in either U ganda or Tanzana (Brubaker et al.,
1973).

2.1.2.5 Familal cases

X-Linked lymphoproliferative syndrome, characterized by an abnormal response to
EBV, predisposes males to the development of lymphomas, some of which may
resemble Burkitt' s lymphoma. Famlial Burkitt' s lymphomas, apparently unrelated to
this syndrome and in sorne cases associated with a famlial predisposition to other
tumours, such as chronic myeloid leukaemia and nasopharngeal carcinoma, have also
been described.

Brubaker et al. (1980) reported the occurrence of Burkitt' s lymphoma in Nort Mara
District, Tanzania, in five famlies in which several members were afflicted, sometimes
with another malignancy. The famlies in which multiple cases of Burkitt's lymphoma
had occurred inc1uded two brothers and a half-brother and two brothers. ln two other
families, there were cases of chronic myeloid leukaemia and of Burkitt' s lymphoma, in
young siblings in one family and in a father and a son in the other; in another famly, one
woman who had nasopharngeal carcinoma had a son with Burkitts lymphoma. Naso-
pharnge al carcinoma and chronic myeloid leukaemia are both rare tumours in the North
Mara region.

Stevens et aL. (1972) described two siblings with Burkitt's lymphoma, one of whom
had Burkitts leukaemia, in the United States. Joncas et aL. (1976) described Burkitt's
lymphoma in first-degree cousins, a young woman aged 16 and a young man of 17, in a
large French-Canadian farly. Two of the siblings of one of the patients with Burkitt's
lymphoma had nasopharngeal carcinomas, and an additional first-degree cousin had a
plasmacytoma. Several siblings and cousins had low IgA values. Poulsen et al. (1991)
described a case of EBV-negative Burkitt's lymphoma of the breast in two sisters aged
18 and 21 years in Denmark.

Familial Burkitt's lymphoma has also been described in three famlies in Papua-New
Guinea (Winnett et al., 1997). The first family had three cases of Burkitt' s lymphoma
between 1964 and 1965 in full brothers. ln the second, two cases of Burkitt' s lymphoma
occurred between 1983 and 1984 in a full brother and sister; and in the third famly, thee
cases arose between 1980 and 1983 in two sons and one daughter of one man and his two
wives.

2.1.3 Epidemiology of Burkitt' s lymphoma in association with EBV

The EBV was identified in an attempt to confir the hypothesis that African Burkitt's
lymphoma is caused by a vectored virs. Epstein (1985) examned tumour samples sent
by Burkitt by electron microscopy, as the viral culture systems available at thetime gave
negative results. No virus was found, however, despite the most exhaustive searches,
until he and his colleagues, Achong and Bar, succeeded in growing celllines from the
tumours. They believed that the virs could grow in cells that did not have host defences,
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as is the case for avian tumour virus. Viral particles with a morphology consistent with
that of the herpes family were identified in the first grid square (Epstein et al., 1964).
Subsequently, antigenic relationships with other herpesviruses, inc1uding the Lucké
virus, Marek' s disease virus and infectious bovine rhinotracheitis, were demonstrated by
immunological methods (Ono et al., 1970; Stevens et al., 1971; Evans et aL., 1972).
Evidence that this virus - EBV, as it came to be known - is frequently associated with
Burkitt's lymphoma was based initially on serological evidence, made possible by the
development of immunofluorescence tests for viral antibodies by Wemer Henle and
Gertrude Henle (1966). This test was later shown to reflect the level of VCA in the cells;
cells that gave positive results in immunofluorescence assays were shown to contain viral
paricles by electron microscopy (Henle & Henle, 1967; Epstein & Achong, 1968). It
was found, however, that control sera also generally showed anti-EBV antibodies, and
the late viral antigens detected by the fluorescence antibody tests were rarely, if ever,
detected in fresh tumour cells, although they were detected in a small percentage of cells
in cell lines derived from tumours. Confirmation that viral genomes are present in every
tumour cell therefore had to await the development of fluorescence tests for latent
antigens and in-situ hybridization techniques.

zur Hausen and Schulte-Holthausen (1970) were the first to detect EBV DNA, using a
nuc1eic acid hybridization technique, in a cell line in which viral paricles could not be
demonstrated. This result was then confirmed by Nonoyama and Pagano (1971). These
results strongly suggested that viral DNA is present in cells in which late viral antigens
or viral paricles cannot be detected, indicating that the virus must be able to latently
infect cells, I.e. remain within the cell without replicating viral paricles.

2.1.3.1 Case series

Differences in the frequency of the association of Burkitt's lymphoma with EBV, as
determned by the presence of EBV DNA (or RNA) or EBV antigens, are found in
different regions of the world, as reflected in differences in serology. Table 7 gives the
results found in case series in endemic and non-endemic areas of the world with respect
to the association between Burkitt' s lymphoma and markers of infection with EBV.

(a) African patients

Some 95% of African Burkitt's lymphomas are associated with EBV, as demonstrated
by the presence of either EBNA or EBV DNA in the tumour cells, and such patients have
higher geometric mean titres of antibodies against EBV-associated antigens. For some
time, investigators had recognized the presence of complement-fixing antibodies in the
sera of patients with Burkitt's lymphoma (Armstrong et al., 1966). Pope et al. (1969)
subsequently identified an EBV -associated complement-fixing antigen in soluble extracts
of EBV -transformed lymphoblastoid celllines and the Raji cellline, then thought to be
'virus free'. Reedman and Klein (1973) identified these antigens at the cellular level with
an anticomplement immunofluorescence test in the nuc1ei of over 90% of the cells of
EBV -transformed lymphoblastoid celllines, regardless of whether they produced virus or
not, and in a similar fraction of cells from two Burkitt's lymphoma biopsy samples.
Comparson with other antibodies against EBV in 52 sera used to demonstrate the
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antigen showed that the 32 with anti- VCA and complement-fixing antibodies also
showed anticomplement immunofluorescence. Five of six sera which had no anti- VCA
but had complement-fixing antibodies gave positive or equivocal results for anticomple-
ment immunofluorescence, and 14 sera that had no anti- VCA and no complement-fixing
antibodies gave negative results. A varety of control cells also gave negative results.
This complement-fixing antigen became known as the EBV nuc1ear antigen (EBNA).

Table 7. Association between Burkitt's lymphoma and EBV in endemic
and non-endemic regions

Country No. of Association with EBV Reference
cases

Endemie areas of Afriea

23 EBV DNA in 22 (low level in Nonoyama et aL. (1973)
1 case)

13 II EBNA-positive Reedman et aL. (1974)
27 EBV DNA in 26; 25 EBNA- Lindahl et al. (1974)

positive
Cameroon and 10 EBV DNA in 10 Prévot et aL. (1992)
Gabon
Ghana 4 EBV RNA identified Dambaugh et aL. (1979)

23 EBV DNA in 23 Shiramizu et al. (1991)
U ganda 27 EBNA-positive; satisfactory Olweny et al. (1977)

biopsies
15 EBV DNA in 14; all EBNA-

positive
5 AlI EBNA-positive; IF on Luka et al. (1978)

extracted DNA
Malawi 44 42 EBER-l- or BamHI W- Labrecque et al. (1994)

positive by ISH

Non-endemie areas

Americas

Argentina 16 EBER- 1 in 4 Drut et aL. (1994)
Argentina, Chile 27 EBV DNA in 13 (48%) Gutiérrez et aL. (1992)
Brazil 12 EBV DNA in 7 (58%)
Brazil 24 EBER-l in 17 (71%) Bacchi et aL. (1996a)
Brazil 54 47 EBER-l positive (87%) Araujo et aL. (1996)
Cuba 7 6 VCA and EA(R)-positive Riverend et aL. (1984)
USA 4 No EBV DNA Pagano et aL. (1973)
USA 1 EBV DNA present Gravell et aL. (1976)
USA 12 EBV DNA in 5 Andersson et aL. (1976);

20 EBV DNA in same 5 Ziegler et aL. (1976) 

USA 3 EBV DNA in 3 Judson et aL. (1977)
USA 32 EBV DNA in 12 (38%) ShiramIzu et aL. (1991)

Asia
China 18 EBER-l in 5 (28%) Chan et aL. (1995a)
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Table 7 (contd)

Country No. of Association with EBV Reference
cases

Non-endemic areas (contd)

Egypt 41 30 EBER-1-positive (73%) Anwar et aL. (1995)
India 2 EBNA-positive Venktaraman et al.

(1983)
Japan 14 2 EBNA-positive Miyoshi (1983)
Japan 7 EBV DNA in 4 Okano et al. (1992)

Europe

France 67 EBV DNA in 24% Philp (1985)

Germany 1 EBV DNA present Bornam et al. (1976)
Germany 1 EBNA-positive Kachel et aL. (1980)
Ital y 15 EBV DNA in 1/12 Tirell et aL. (1984)

Sweden 1 EBV DNA present Bibeifeld et aL. (1981)
Turkey 15 EBV DNA in 14 Çavdar et aL. (1994)

Oceania
Australia 1 EBNA-negative Roeser et aL. (1977)

EBNA, EBV nuclear antigen; EBER, EBV-encoded RNA; IF, immunofluorescence; ISH,
in-situ hybridization

Nonoyama et aL. (1973) reported that 22 of 23 biopsy samples from Afrcan patients
with Burkitt's lymphoma contained EBV DNA as ascertained by nuc1eic acid hybri-
dization, most containing 15-113 genome copies per cell (average, 38). Reedman et aL.
(1974) subsequently examined biopsies from 19 African Burkitt' s lymphomas by com-
plement-fixation tests and anticomplement immunofluorescence for EBV-associated
antigens. Extracts from 12 of these tumours reacted in complement fixation tests with
EBV-seropositive sera but not with EBV-seronegative sera. Eleven of 13 biopsy samples
showed anticomplement fluorescence, and the reactive antibodies could be absorbed out
with lymphoblastoid cell lines. ln all cases, the fluorescence was coarsely granular and
present in almost all the tumour cells. The remaining biopsy samples were considered not
to contain EBV. None of 13 samples from tumours other than Burkitt's lymphoma
showed anticomplement immunofluorescence.

Lindahl et aL. (1974) reported on the correlation between the presence of EBNA and
the detection of EBV DNA by nucleic acid hybridization with complementar RNA
probes. Twenty-six of 27 histologically confired cases of Afrcan Burkitt' s lymphoma
were shown to contan 10-101 viral genomes per cell (average, 39) by hybridization, and
25 of these 26 cases also contained EBNA.

Magrath et aL. (1975) reported on a patient who presented with Hodgki's disease and
then Burkitt's lymphoma. The patienthad a high titre of anti-VCA (~ 1:320) but not anti-
EA at the time of presentation with Hodgki' s disease. The anti- VCA titres continued to
rise, albeit at a slow pace, over the ensuing months, to ~ 1:1250, and those of anti-EA
and anti-EBNA increased rapidly to 1:1250 shortly before presentation of widespread
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Burkitt' s lymphoma nine months later. Anti-membrane antigen antibodies, although
continuously present, did not change in titre in association with the onset of Burkitt' s
lymphoma. This case demonstrates that antibody titres to EBV are raised many months
before the onset of Burkitt' s lymphoma, consistent with the results of the prospective
study in the West Nile District, and also that rapid changes in EA titres may occur at the
time of tumour growth.

Olweny et aL. (1977) examined the expression of EBNA in 34 patients with Burkitt's
lymphoma in U ganda and 25 patients with other malignancies (predominantly other lym-
phomas). All 27 biopsy samples from cases of Burkitt's lymphoma considered to be in
satisfactory condition contained EBNA. Fourteen of 15 of these samples examned by
nucleic acid hybridization were shown to contain EBV DNA, with a mean genome copy
number of 39. The one case in which fewer than two genome copies (the level of detec-
tion of the test) were found was serologically negative for EBV antibodies and was in a
patient who had lived in a malara-free highland area before migrating two months before
the diagnosis of Burkitt' s lymphoma to a malara-endemic region. None of the 25 non-
Burkitt' s lymphoma biopsy specimens contained EBNA, and all 15 subjected to nuc1eic
acid hybridization showed no EBV DNA. The results of EBV serology were consistent
with those reported previously, the anti- VCA titre being foudold higher and anti-EA
being detectable in 59% of the group with Burkitt' s lymphoma.

Luka et aL. (1978) exarned five biopsy samples from Burkitt's lymphoma patients in
Africa previously shown to contain EBNA by standard anticomplementa immunofluo-
rescence, DNA extraction, separation on DNA-cellulose columns and fixation to chicken
erythrocytes before immunofluorescence testing. All five samples contained EBV DNA.

Dambaugh et aL. (1979) studied four Burkitt's lymphoma biopsy samples from Accra,
Ghana, and demonstrated RNA homologous to at least 3-6% of the DNA of EBV; they
also identified the general regions of the EBV genome from which the RNA was trans-
cribed.

Prévot et al. (1992) studied tissues from 12 cases of Burkitt's lymphoma and 12 cases
of non-Burkitt's lymphoma from Cameroon and Gabon by in-situ hybridization with a
DNA probe derived from the BamHI W repeat region of EBV. All 10 samples from
Burkitt's lymphoma considered technically satisfactory were shown to contain EBV
DNA, and all12 of the non-Burkitt's lymphoma samples gave negative results.

Shiarzu et aL. (1991) studied tissues from 23 cases of Burkitts lymphoma from
Ghana by hybridization with a probe derived from the BamHI K fragment of the EBV
genome. All 23 samples showed the presence of EBV DNA, which was confined with
probes from the termnal repeat region of EBV.

Labrecque et aL. (1994) in Malawi used in-situ hybridization on material obtaned
from Burkitt's lymphomas by aspiration biopsy, with two probes: EBER-l and the
BamHI W fragment of EBV. Of 66 cases of suspected Burkitt's lymphonia, 44 were
coiifired cytopathologically, and 42 showed the presence of EBV DNA with EBER-1
and/or BamHI W. Of the 22 cases considered not be Burkitt's lymphoma, only one
contained EBV.
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(b) Non-African patients

Some 10-30% of European and American tumours appear to be associated with EBV,
while 50-90% of tumours in developing countries are EBV -associated. The fact that only
a proportion of cases are associated with EBV should be borne in mind when interpreting
the results of serological studies, as the available data indicate that only patients with
EBV present in the tumour cens have raised antibody titres to EBV. Thus, serological
results reflect the fact that these series inc1ude both EBV-associated and EBV-negative
cases. Furthermore, age may be an important factor in the frequency of association with
EBV.

Goldberg and Drut (1986) reviewed their 16-year experience of Burkitt's lymphoma
in Argentina; 73% of patients had e1evated antibody titres to EBV. Drut et aL. (1994) exa-
mined 16 Argentine patients with Burkitt's lymphoma aged 2-8 years for EBV by PCR
and in-situ hybridization (using a NotI/stI fragment). Four cases gave positive results in
both tests, 70-90% of the cells giving a signal in in-situ hybridization. Interestingly, all
of these cases were seen in the same year, 1984. Gutiérrez et aL. (1992) reported 39 cases
of Burkitt's lymphoma from Argentina, Chile and Brazil, mostly in children, the age
range being 1-28, with only two patients over 15 years of age. Overall, 51% of these
cases (48% from Argentina and Chile and 58% from Brazil) were EBV-associated, as
determned by Southern blotting. The EBV in these tumours was shown with the EBV
terminal-repeat region probe to be monoclonaL.

Bacchi et aL. (1996a) reported the results of in-situ hybridization for EBER-l in 24
cases (mostly in children, but some ages unkown) of Burkitts lymphoma from
Campinas and São Paulo in Brazil. Seventeen (71 %) gave positive results, the signal
being present in virtally all of the neoplastic cens of each case. Only one of these
patients had jaw involvement. Araujo et al. (1996) described 54 children (median age,
six years) with Burkitts lymphoma, four of whom had mandibular tumours, in Bahia, in
tropical Brazil and reported the results of in-situ hybridization with an EBER-l probe.
Fort Y seven (87%) of the cases showed the presence of EBV DNA. Interestingly, the
fraction of positive cases appeared to be related to age: 39 of 41 patients under nine years
of age and six of 11 aged nine years or more had EBER-l-positive tumours. Essentially
100% of the cens showed positive results. LMP-1 was not expressed in the tumours,
except in a few cells in proximity to ova of Schistosoma mansoni in two cases. Of 27
EBV-positive tumours tested for EBV subtype, 20 (74%) were type 1 and the remaining
seven (26%) were type 2. Ths result is intermediate between that of African Burkitt' s
lymphoma (50% type 1) and North American Burkitts lymphoma (10% type 2)
(Goldschmidts et aL., 1992).

Riverend et al. (1984) described seven children with Burkitt's lymphoma in Cuba.
Five of the patients had high antibody titres to VCA (1:640-1:5120) and to EA(R) (1:10-
1:2560), one had low titres to these antigens (1:20 and 1:5, respectively) and one had
negative titres. Interestingly, thee of the patients with high antibody titres had jaw
tumours.

ln spite of the serological evidence that Burkitt' s lymphoma in the United States is
also EBV-associated, Pagano et al. (1973) failed to detect hybridizable EBV DNA in
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tumour-infiltrated tissue from four cases of Burkitt' s lymphoma; however, Gravell et aL.
(1976) detected EBV DNA in an American patient with Burkitt's lymphoma.

Andersson et aL. (1976) and Ziegler et aL. (1976) studied an additional 12 American
patients with Burkitt' s lymphoma. Nine of the patients had low anti- VCA titres, but two
had titres of 1:320 and 1:160 and one gave a negative result. Five of the tumours had
EBV DNA that was readily detectable by liquid hybridization studies; the remainder had
less than one genome copy per cell. These data suggested that the majority of American
Burkitts lymphomas lack EBV DNA. This suggestion was confirmed by Shiramizu
et aL. (1991), who studied tissues from 32 cases of Burkitt's lymphoma in the United
States by hybridization with a probe derived from the BamHI K fragment of the EBV
genome. Twelve samples (38%) showed the presence of EBV DNA, which was con-
firmed with probes from the termnal repeat region of EBV. Judson et al. (1977),
however, described four patients with Burkitts lymphoma living within 50 km of each
other in the United States. AU showed anti-EBV antibodies similar to those observed in
African patients (e.g. anti-VCA titre ~ 1:640 in aU cases). Similarly, viral DNA and
EBNA were found in tumour samples from three of the patients; the fourth was not
tested.

Chan et al. (1995a) reported on the association between EBV and Burkitt's lym-
phoma in a Chinese population in Hong Kong. Among 18 patients who ranged in age
from 4 to 85 years (median, 35.5), five aged 4, 6, 18, 57 and 58 years showed EBER-1
by in-situ hybridization in essentially all tumour cells. There were no cases of jaw
fumour. Two cases (a T cell-rich large B-cell lymphoma and an anaplastic large-cell lym-
phoma) out of 54 of non-Hodgkin's lymphoma also showed positive resuIts, the Reed-
Sternberg-like ceUs found in one case being positive.

Anwar et al. (1995) found positive results by in-situ hybridization in 30 of 41 patients
with Burkitts lymphoma in Egypt.

Venktaraman et aL. (1983) reported on two Indian cases of Burkitt's lymphoma in
children aged 5 and 11 years. Their anti-VCA titres were 1: 640 and 1:80; those of anti-
EBNA were 1:1280 and 1:320, and those of anti-EA(R) were 1:80 and -: 1:5, respec-
tively. The presence of EBV in the tumour cells was not assessed.

Miyoshi et aL. (1978) reported a case of EBNA-positive Burkitt's lymphoma in a
pers on aged 29 years in Okayama, Japan, and referred to an earlier EBV-negative case
(Tanaka et aL., 1976; Miyoshi et aL., 1977). Miyoshi (1983) subsequently described 14
patients (age range, 4-52 years), inc1uding these two cases, with Burkitt's lymphoma,
five of which were jaw tumours. Two were EBV-seronegative, nine had anti-VCA titres
of 1:40-1:1280, and three were not tested. The anti-EBNA titres in the six tested ranged
from 1 :20 to 1 :80. Four of these patients had bone-marow involvement at the time of
presentation. Two of 14 tumours tested forEBNA by anticomplement imunofluo-
rescence showed positive results. Okano et al. (1992) reported on seven patients in
Hokkaido, Japan, aged 4-39 years. Five had anti-VCA titres of ~ 1:320, inc1uding thee
cases with anti-VCA titres of 1:2560 and one with a titre of 1:320, with correspondingly
high titres of antibodies to EA; two had titres of 1:40 and 1:80 and noanti-EA antibodies.
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Four of these seven cases were EBNA-positive and three of the six tested showed EBV
DNA by nuc1eic acid hybridization.

Philp (1985) mentioned the unpublished results of G. Lenoir showing that 16 of 67
Burkitt's lymphomas in Caucasian patients were EBNA-positive; 42 of the patients were
from Lyon, France, of whom 6% had EBNA. Bornam et aL. (1976) studied a single
patient among a series of lymphoma patients in Germany and detected EBV DNA by
reassociation kinetics. A single case of EBV-associated Burkitt's lymphoma that was
EBNA-positive, with high titres to anti-VCA and anti-EA (1:2056), was reported in a 34-
year-old woman in Germany (Kachel et aL., 1980). Among 15 patients, five of whom
were 15 years of age or less, with Burkitt's lymphoma reported in nort-east Italy, only
one was serologically positive for EBV among 12 patients tested (Tirelli et al., 1984).
Biberfeld et aL. (1981) reported an EBV-associated case in a 25-year-old man in Sweden.
Çavdar et al. (1994) found EBV DNA by Southem blotting in 14 of 15 tumours exa-
mined in Turkey.

Roeser et aL. (1977) studied a single Australian case of Burkitt's lymphoma and found
the patient to be EBV-seronegative; no EBNA was found in the tumour cells.

ln summar, the frequency of EBV association in Burkitt's lymphoma vares with
geographical location. ln most developed countries, some 20% or less of tumours are
positive in most series, while in equatorial Africa about 95% are positive. ln temperate
regions in South America, such as Argentina and Chile, the rate of EBV association is
lower than in tropical regions in the north of the continent; however, differences in the
c1imate and in socioeconomic circumstaces may account for the apparent differences in
EBV association. If age at EBV infection is a primar deterrnant of association, socio-
economic or lifestyle factors are likely to be of paramount importance. Too few data are
available to assess the importance of age as a determnant of EBV status in countres in
which the frequency of EBV-negative cases is sufficiently high to make such an
investigation worthwhile.

2.1.3.2 Case-control studies

Because the prevalence of antibodies to EBV changes with age (see section 1.4),
cases and controls should be c10sely matched for age; however, in most of the studies
described below, the closeness of age-matching is not stated.

(a) African patients

Henle et al. (1969) compared antibody titres to EBV (using an indirect immuno-
fluorescent test for IgG antibodies to Burkitt's lymphoma tumour cells) in sera from
Burkitt' s lymphoma patients and varous comparson groups, inc1uding 94 'recent onset'
cases from East Afca (58 fromNaiobi, Kenya and 36 from Kampala, Uganda). The
comparson groups (selection criteria unspecified) comprised 62 children who were
matched to cases for age, . sex and tribe, 72 siblings and neighbours aged 1-15 years, 62
children from 'regions of high Burkitt's lymphoma incidence', 50 children from 'regions
of low Burkitt' s lymphoma incidence', 113 children aged six months to five years from
'well-baby' clinics in Nairobi and 130 patients without cancer from the paediatrc wards
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of Kenya Hospital, Nairobi. All of the Burkitts lymphoma patients had EBV antibody
titres ~ 1:10, 87.2% having titres of ~ 1/160. The geometric mean titre (GMT) was 1:326
(1:382 in Kenya, 1:243 in Uganda). ln the 'control' groups, 18% had no antibody (13%
in age-, sex- and trbe-matched controls), and only 14% had titres ~ 1: 160 (11 % in age-,
sex- and trbe-matched control (odds ratio, 54)). The GMT in the control children was
1:37 (1:36 in age-, sex- and trbe-matched controls).

Klein et aL. (1970) investigated the presence of anti-EBV antibody in sera from 19
confired cases of Burkitt' s lymphoma and 27 controls (selection critena unspecified,
but probably not matched in any way to the cases), using intracellular immuno-
fluorescence in fixed smears of EBV-caring lymphoblastoid (P3J) cell lines (anti-
EBV), blocking of membrane fluorescence or immunoprecipitation against a soluble
antigen from an EBV-caring cell line. Of the 19 patients with confirmed Burkitt's
lymphoma, 15 were highly reactive in all three tests, while only three of the 27 controls
were; 19 of the controls had low titres in all three tests.

Henle et aL. (1971b) compared the anti-EA antibody titres in sera from 156 Burkitt's
lymphoma patients recruited from hospitals in Kampala, Uganda, and Nairobi, Kenya,
with those in sera from 200 control children from the West Nile District of U ganda. The
controls were selected to inc1ude children with low or absent titres of anti- VCA titre (but
presumably were not matched to the cases). At each level of anti- VCA titre, more of the
Burkitt's lymphoma cases were anti-EA-positive. (The Mantel-Haenszel odds ratio
(stratified for anti-VCA titre) associated with positive anti-EA is 19 (95% confdence
interval (Ci), 9.6-39)).

Hirshaut et al. (1973) studied cases of Burkitt's lymphoma from Africa (as well as
from the United States, see below) with respect to anti-EBV antibody (measured by
immunofluorescence and immunodiffusion) and compared them with age- and sex-

matched controls from the same distrct and parents and siblings. When tested by
immunofluorescence, EB V antibody was present in all 21 cases tested and in 21/27 of the
age- and sex-matched controls, 76% of cases and 12% of controls having titres:; 1:640
(odds ratio, 26; (95% Ci, 5.3-120)). When tested by immunodiffusion, 67 of 73 cases
and 19130 controls gave positive results (odds ratio, 65; (95% Ci, 2.1-20)).

Nkmah et aL. (1976) exarned sera from 141 patients with Burkitt's lymphoma in
Ghana. For a subset of 75 patients, they compared the anti-VCA antibody titres with
those of 54 siblings and 50 age- and sex-matched neighbourhood controls. The GMT of
antibody in the cases was significantly higher (1:424; p ~ 0.001) than that in either

siblings (1 :56) or neighbours (1 :62).

(b) Non-African patients

Levine et aL. (1972)exarned patients with histologically identIed Burkitt's lym-
phoma in the United States for anti-VCA antibodies against EBV. Twenty-four of 29
cases gave positive results, ID comparson with 31/57 age- and sex -matched controls, and
the antibody GMTs were higher (1 :94) than in controls (1: Il) or in 26 patients with
lymphoblastic leukaemIa (1:16), but were not as high as in Afcan Burkitt's lymphoma
patients (1:3338). A subset of patients under eight years of age all had anti- VCA anti-
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bodies, however with a GMT of 1 :425 (in comparson with 1 :2848 in 11 African
children), which was markedly higher than that in the 34 controls (1:4), 62% of whom
had no anti- VCA.

Hirshaut et aL. ( 1973) compared the EBV antibody titres of 15 patients with Burkitt's
lymphoma in the United States with those in 15 age- and sex-matched controls and 25
parents and siblings of the cases. As ascertained by immunofluorescence, 10 cases and
seven controls had antibodies. Although two patients and one control had antibody levels
~ 1:640, the GMT was not significantly different between the two groups (5.2 versus
4.4). When 16 cases and 16 controls were ascertained by immunodiffusion, seven cases
and six controls were found to have anti-EBV antibodies.

The data of Levine et al. (1972) were extended by Ablashi et al. (1974), who studied
a wider range of antibodies in 21 patients in the United States with Burkitt's lymphoma,
and compared them with 10 control subjects. (lt is not c1ear how the controls were
selected; one was a relative of a case.) All 15 sera tested for anti- VCA, anti-EA, anti-
EBNA and complement-fixing antibodies had titres of at least one of the antibodies,
whereas only one of seven control sera did. Five of the case sera did not show anti- VCA
antibodies, but three of these sera had antibodies against EBNA. The GMTs for the
patients were 1: 111 for VCA, 1: 17 for EA, 1 :4.2 for complement fixation and 1 :59 for
EBNA; those of controls were 1:24, 1:2.7, 1:2.6 and 1:1.5, respectively.

Gotlieb-Stematsky et aL. (1976) reported on 16 children with Burkitt's lymphoma in
IsraeL. Although some of the 10 Arab children did not have elevated antibody titres
against EBV (only one had negative serology), elevated titres against VCA were
observed in the Burkitt's lymphoma patients, four having titres ~ 1:160 (GMT, 1:26),
whereas controls matched for age, sex and ethnicity showed no such increase, except for
one subject with a titre of 1: 160 (GMT, 1: 5.6).

Çavdar et al. (1994) reported on 81 children, of a median age of five years, with
Burkitt's lymphoma in Turkey. ln 32 of these patients in whom antibody titres against
EBV were examined, they were found to be high, with 100% positive for anti-EBNA and
a GMT of 1:320 for VCA. ln 311 healthy children (unmatched for age or sex), the GMT
for VCA was 1 :93. (The proportion that was anti-EBNA positive was not reported.)

2.1.3.3 Cohort study

Between Februar 1972 and September 1974, serum samples were collected from
about 42000 children aged four to eight years in four counties in the West Nile District
of Uganda. As of November 1977, 13 incident cases of histologically confrmed
Burkitt's lymphoma and one case of 'unc1assified lymphoma' had developed among the
cohort members. The interval between initial serum collection and diagnosis of Burkitt' s
lymphoma ranged from seven to 54 months. EBV was found in seven of nine tumours
tested by nuc1eic acid hybridization and in eight of these tumours by testing for EBNA.
For each case of Burkitt' s lymphoma, five control subjects from the cohort matched for
age, sex and locality to the index case were chosen for a nested case-control analysis (de
Thé et al., 1978a). The 14 Burkitt's lymphoma patients had significantly higher pre-
diagnostic anti- VCA titres than control subjects (GMT, 425.5 versus 125.8), but no
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difference was observed between cases and controls in the titres of anti-EA and anti-
EBNA. No difference in anti-VCA antibody titres was seen before and after diagnosis in
the Burkitt' s lymphoma patients, but seven of them developed anti-EA(R) antibodies;
only one patient had anti-EA(D) antibodies before developing Burkitt's lymphoma.
Similar temporal changes were not observed in the controls. Antibody titres to herpes
simplex virus, cytomegalovirus and measles were unchanged, and the malara parasi-
taemia rates before development of the tumour did not differ in patients and controls.
This study clearly demonstrated that antibodies to EBV are present months to years
before the development of Burkitt's lymphoma.

ln 1982, Geser et al. reported the final results of this study. Two additional EBV-
associated, histologically confirmed cases were detected up to 1979, both of which had
high anti-VCA titres before the onset of Burkitt's lymphoma. One had anti-EA anti-
bodies and the other did not, both before and after onset of tumour; anti-EBNA anti-
bodies were also found before and after development of the tumour in both patients. This
study showed that anti- VCA titres can be elevated as long as six years before the onset of
Burkitt' s lymphoma and as early as three months after birth. The relative risk for deve-
loping Burkitt' s lymphoma increased multiplicatively by a factor of 5.1 for each two-fold
dilution in anti- VCA titre for all cases of Burkitt' s lymphoma and by a factor of 9.2 when
the analysis was confined to cases in which EBV DNA was present in the tumour.

2.1.4 Cofactors

2.1.4.1 Malaria

Morrow (1985) summarzed the data that suggest that malara is a cofactor in the
development of Burkitt' s lymphoma:

The incidence of Burkitt's lymphoma correlates within countries and intema-
tionally with the incidence of malara and with parasitaemia rates.
The age at which peak levels of antimalaral antibodies are acquired (5-8 years)
corresponds to the peak age incidence of Burkitt' s lymphoma.

- Individuals who lIve in urban areas where malaral transmission rates are lower

also have a lower incidence of Burkitt's lymphoma.
ln regions in which death rates due to malara have dec1ined, there is a corres-
ponding decline in the incidence of Burkitt' s lymphoma.
The ageat onset of Burkitt's lymphoma in immgrants from malara-free areas to
malarous areas is higher than that of the original inhabitants.

There is an inverse relationship between the age at onset of Burkitt' s lymphoma
and the intensity of infection with Plasmodium falciparum.
There is an apparently reduced ìncidence (though not statistically significant) of
Burkitt' s IYlIphoma in individuals with the sickle~cell trait, which also protects
againstmalara.
There is some evidence for a seasonal varation in the onset of Burkitt' s lymphoma
and for time~space c1ustering (see section 2.1.2.4).
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(a) Ecological studies

Dalldorf (1962) first suggested that malara is relevant to the development of Burkitt's
lymphoma. Subsequently, he examined the distribution of Burkitt's lymphoma in Kenya
(Dalldorf et aL., 1964). Because of marked varability in the endemicity of malara in
Kenya, primarly related to the suitability of varous environments for breeding of the
mosquito vector, he was able to show that the highest incidence of Burkitt' s lymphoma
occurred in areas where malara was holoendemic, namely in the coastal and lakeside
regions (see Figure 7). The major vectors in these areas are Anopheles gambiae and A.
funestus. Dalldorf pointed out that malara affects the reticuloendothelial system and as
su ch could well influence the development of Burkitt' s lymphoma. Infestation rates by
malaral parasites rise rapidly during the first year of life and often persist up to the age
of three. Similarly high rates of infestation occurred in Papua-New Guinea (ten Seldam
et al., 1966), the only other region in the world where malara was known to be holo-
endemic and where the incidence of Burkitt' s lymphoma was similarly high.

Burkitt (1969) also noted that high incidences of Burkitt's lymphoma occurred only in
regions where malara was holo- or hyperendemic (equatorial Africa, Papua-New

Guinea and pars of Malaysia) and that the disease was rare in regions in which malara
eradication campaigns had been successful (the islands of Zanzibar and Pemba,
Singapore, Sri Lana, the West Indies and India) or showed a marked decrease in inci-
dence in regions where malara eradication had been undertaken only recently.

Not all areas believed in the 1960s to belymphoma-free, however, were known to be
malara-free. Kinshasa, for example, and Lambarene appeared to have a markedly lower
incidence of Burkitt's lymphoma than surrounding areas (Kafuko & Burkitt, 1970); how-
ever, similar anomalies of distribution apply to known vectored viral diseases, such as
yellow fever, and could be related to the paucity of suitable mosquito breeding grounds
(e.g. in many urban regions) or even differences in exposure to mosquitoes related to
differences in life style.

Interestingly, ten Seldam et aL. (1966) were not convinced that similar c1imatic deter-
minants of the distribution of Burkitt' s lymphoma pertained in the terrtories of Papua-
New Guinea, largely because of their observation that four of their 35 cases occurred in
highlands above 5000 feet (1500 m). Booth et aL. (1967) found, however, that the distri-
bution of the 37 cases they reported (many of which had been reported by ten Seldam
et al.) was consistent with that observed in Africa. Thus, 34 of their cases came from the
coastal regions or plains immediately adjacent to the coast, and only thee came from the
highlands. They also remarked that the capita (Port Moresby) appeared to be tumour-
free. They equated this with the six dry months of the year in Port Moresby and drew a
paralel with the situation in Accra, Ghana. They estimated that the incidence of Burkitt' s
lymphoma in the highlands of New Guinea, where 40% of the people live, was 1 per
44200 children, as compared with 1 in 29 OOOin children living in the coastal region-
a difference of some 14- or 15-fold. These figures, are, however, based on rather small
numbers of observed cases. Tefuaran et al. (1988) later estimated the incidence of
Burkitt' s lymphoma in Papua-New Guinea on the basis of 109 cases. The incidence of
aI childhood tuours was 36.5 per 100 000 (based on a total of 680 cases) per annum,
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and that of Burkitt's lymphoma, representing 16% of all tumours, was about 6 per
100 000 - closely similar to that in Africa.

Kafuko and Burkitt (1970) summarzed the available information on the infuence of
malara on the risk for developing Burkitt's lymphoma. They stated that the disease is not
common in any area where malara transmission occurs for less than six months in the
year. They quoted an unpublished report by P.J. Cook and D.P. Burkitt on the frequency
of Burkitt's lymphoma in relationship to gastric cancer, liver cancer, Kaposi's sarcoma
and epithelioma at the site of a chronic tropical u1cer in a large number of hospitals in
Uganda, Kenya and Tanzania, who found that the hospitals with the highest relative
fraction of Burkitt' s lymphoma were all in highly malarous areas. A survey of spleen
size and malaral parasite rates was cared out in U ganda between 1963 and 1966 by
testing children in over 100 schools and conducting 86 mass surveys; the degree of
malaral endemicity was ca1culated according to accepted criteria based on parasitaemia
rates in children of varous ages. A close correlation was found between malaral
endemicity and the incidence of Burkitt' s lymphoma, although no statistical analysis was
pedormed. ln addition, it was shown that the parasite density index was highest in the 0-
4-year-old age group and higher in the 0-10-year-old age group than in older individuals.
Thus, the peak incidence of Burkitt' s lymphoma corresponds to the age range in which
malaral infestation rates are highest. It was also noted that adults who emigrate to mala-
rious regions from malara-free regions develop an intense parasitaemia not seen in the
resident adults, who have acquired immunity. This is consistent with the greater inci-
dence of Burkitt' s lymphoma in immgrants than in the regions from which they come.

Morrow et al. (1976) and Morrow (1985) studied the incidence of Burkitt's lym-
phoma in varous counties in the Mengo districts of central U ganda. On the basis of 130
cases from East and West Mengo, 100 with a confirmed histological diagnosis and 11
with a typical c1inical syndrome of Burkitt' s lymphoma, seen at Mulago Hospital
between 1959 and 1968, they recorded a marked varation in the incidence of Burkitt' s
lymphoma which, they stated, corresponded to the recorded incidence rates of malara in
those regions. They observed a graduaI decline in the incidence rate of Burkitt' s lym-
phoma thoughout this period, in spite of improved case ascertainment, as evidenced by a
trpling of the number of other cancers reported from the Mengo districts to the Kampala
Cancer Registr durng the same period. The dec1ine was parcularly notice able among
the Ganda tribe, native to this region, which they suggested was due to the greater
availabilty and use of chloroquine from Governent and private dispensares, with a
consequent dec1ine in the incidence of severe malaral infection. They showed that imm-
grants into Mengo from highland regions with low malaral prevalence who developed
Burkitt's lymphoma were significantly older (median, 12 years) at the onset of Burkitt's
lymphoma than patients from meso-endemic Mengo (median, 8 years; p -: 0.008), while
patients frOID Mengo were significantly older than patients from hyper- or holoendemic
regioiisatlower altitude (median,6 years; p -c 0.04). These observations were considered
tobeconsistentwiththehypothesis that Burkitt's lymphoma is most liely to occur
withn.a few years of afirst intense infection with malara. The authors also showed a
seasonal varation in the onset of Burkitt' s lymphoma, more cases occurng in the first
hal of the year~ No time-space clustering.was observed.
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ln Ghana, Biggar et al. (1981) showed a significant difference in malara parasitaemia
(P. falciparum) rates in urban (1.4%) and rural populations (22%), accompanied by
similar differences in antimalarial antibody titres. Persons who had taken chloroquine for
treatment of suspected malara had a lower antibody frequency and lower titres than
those who did not use chloroquine. This difference correlated with the distribution of
Burkitt's lymphoma in Ghana (Biggår & Nkrmah, 1979).

Morrow (1985) reported a significant correlation (p -c 0.001 by Spearan rank coeffi-
cient) between malara parasitaemia (P. falciparum) rates and the incidence of Burkitt's
lymphoma in varous districts in Uganda. The parasitaemia rates ranged from 7.9% (in
Ankole) to 75.2% (in Madi), and the incidence of Burkitt's lymphoma in children aged
0-14 from 0 (0.09 in Ankole) to 6.0 (in Lango) per 100 000. He also suggested that
differences in vectorial capacity, i.e. the rate of potentially infective contacts per pers 

onby a vector, and the consequent levels of parasitaemia may account for differences in the
likelihood that Burkitt' s lymphoma wil occur. ln holoendemic areas, the peak age of
prevalence and of the density of falciparm parasitaemia is two to three years, whereas
the maximal level of antimalaral and non-antimalaral immunoglobulin occurs two to
five years later, coinciding with the peak age of incidence of Burkitt' s lymphoma in these
regions (Molineaux & Gramiccia, 1980). No differences have been reported in the levels
of malaral antibodies between patients and controls.

(b) Relationship between Burkitt's lymphoma and sickle-cell trait

Since sickle-cell trait (AS haemoglobin) was shown to protect substantially against
severe P. falciparum malara (Allson, 1963), several attempts have been made to
determne whether children with AS haemoglobin are less likely to develop Burkitt' s
lymphoma than others.

Wiliams (1966) compared the haemoglobin electrophoretic patterns of 100 children
of the Yoruba tribe in Nigeria who had Burkitt's lymphoma (78% AA, 17% AS and 5%
SC, SS, C or AC haemoglobin) with those of 331 similarly aged control patients from the
same hospital (68% AA). Children with AA haemoglobin were more susceptible to
Burkitt's lymphoma (p = 0.03). ln another study of children over five years of age from a
single Yoruba village near Ibadan, Nigeria, 66% had AA haemoglobin, 26% AS and 8%
SC, SS, CC or AC, and there was no significant difference between patients and village
controls (Giles, 1963). Pike et al. (1970) conducted a case-control study in Uganda in
which the controls were matched for age, sex, tribe and place of residence. Although the
AS haemoglobin type appeared to be protective, the results were not statistically
significant.

Studies in U ganda are diffcult to conduct owing to the marked varation in the
frequency of AS haemoglobin disease in different districts. Nkmah and Perkins (1976)
studied 112 patients with Burkitt' s lymphoma, using the patients' nearest neighbours of
the same age, sex and trbe as controls. Once again, no statistically significant difference
in the frequency of patients with AS and other varations from AA haemoglobin was
observed.The issue of whether individuals with varant haemoglobins are protected
against the development of Burkitt' s lymphoma therefore remains unanswered, largely
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because of the lack of large enough studies. If there is a protective effect, it is presu-
mably a modest one.

(c) Intervention study

Geser et al. (1989) undertook a study to deterrne whether suppression of malara in
the North Mara District of Tanzania by distributing chloroquine regularly to a cohort of
children below the age of 10 years would result in a decrease in the incidence of
Burkitt' s lymphoma. This trial provided confirmation of the relationship between malara

, prevalence rates and the incidence of Burkitt's lymphoma. Thus, before the trial (1964-
76), all 85 cases of Burkitt' s lymphoma in North Mara occurred in the lowlands (near
Lake Victoria), with a high malaral parasitaemia rate (28-48%), and none occurred in
the high plateau (over 1500 m) bordering Kenya, with a low malarial parasitaemia rate
(5-24%). The prevalence of both malara (parasitaemia rates of 11 and 13% in 1977 and
1978, with corresponding reductions in antimalaral fluorescence antibody titres) and
Burkitt's lymphoma fell transiently during and after the period of chloroquine admi-
nistration (1977-82), the latter to the lowest level ever recorded in the region: 0.5 per
100 000 in 1979 and 1981 in comparson with 2.6-6.9 per 100000 before the triaL. After
1979, the prevalence of malara rapidly rose again to pre-triallevels, apparently because
of problems in chloroquine distribution, although the incidence of Burkitt' s lymphoma
remained low until approximately two years after the distribution of chloroquine was
stopped, when it reached a high of 7.1 in 1984. Interestingly, the prevalence of para-
sitaemia in South Mara, where chloroquine distribution was not conducted, rose
throughout the trial from the pre-trial level of 23-28% to a high of 57% in 1985.
Chloroquine resistance was not reported in the area until1982 (Draper et al., 1985). As
anticipated, 90% of malara detected was due to P. falciparum, the remainder being due
to P. malariae. The authors reported some evidence of a trend towards a lower incidence
of Burkitt's lymphoma in North Mara before the trial, although this did not reach
statistical significance, whereas the reduction in the incidence of Burkitt's lymphoma
between 1964 and 1982 was highly significant (p.: 0.001).

2.1.4.2 Euphorbia tirucall and other medicinal plants

Another possible cofactor in the pathogenesis of Burkitt's lymphoma in Africa is the
plant Euphorbia tirucall, which is used quite widely in equatorial Africa for medicinal
puroses. Phorbol esters present in this plant have been reported to increase the abilty of
EBV to transform B lymphocytes and to increase the likelihood that a chromos omal
translocation wil develop in transformed cells (see section 4.2.4). Epidemiological infor-
mation relevant to this issue is limited, although the distrbution of Euphorbia in Africa
has been examned.

Osato et al. (1987, 1990) found Euphorbia tirucall around almost all houses, fields
and reservoirs iuvilages surrounding Lake Victoria and in other high-incidence regions
in Kenya and Tanzania. The plant was reported to be uncommon in areas in these
countres in which Burkitt' s lymphoma is uncommon.
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van den Bosch et al. (1993) reported this plant to be frequent within the 'lymphoma
belt' in equatorial Africa and to be used significantly more commonly in the homes of
patients from Malawi with Burkitt's lymphoma than in control patients. A number of
other plants of this family (Euphorbiaceae) and a varety of medicinal plants were also
common. The tobacco plant was also significantly more commonly used in the homes of
patients with Burkitt' s lymphoma than those of controls, but use of other plants was
equally distrbuted (Ito et aL., 1983).

van den Bosch et aL. (1993) mentioned three patients who developed Burkitt's lym-
phoma after being treated for an ilness with an extract of TenninaUa sericea.

2.1.5 Molecular epidemiology

The identification of specific chromosomal abnormalities in patients with Burkitt' s
lymphoma (see section 4.2.1.1) permtted the exarnation of differences in the trans-
location-dependent structural alterations in c-myc in different regions of the world
(Pelicci et al., 1986; Shirarzu et al., 1991; Gutiérrez et al., 1992). ln some tumours, the
chromos omal breakpoint is quite distant from c-myc - often as much as several hundred
kilobases upstream (in t(8;14)) or downstream (in varant translocations). This is the
most frequent location of the breakpoint in Mrican Burkitt' s lymphoma, occurrng in
75% of tumours, and is observed in about 50% of Brazilan tumours. Sometimes the
breakpoint is close to the gene, i.e. within its 5' flankng region, arbitrarily defined as
extending from the upstream HindIII restrction enzyme site to exon 1. This is found in
approximately half of the tumours occurrng in Chile and Argentina (Gutiérrez et al.,
1992). Of tumours in North America, 60% have the breakpoints within the gene, I.e.
withn exon 1 or intron 1, and only 9% outside the HindIII fragment (Shirarzu et al.,
1991). Intron and exon breakpoints separate the coding region of c-myc from its major
promoters, and transcripts are initiated from regions within the first intron. This is a
marked difference from African Burkitt' s lymphomas in which the c-myc gene is grossly
intact, although point mutations in regulatory and coding regions are nearly always
observed, implying different mechanisms leading to c-myc deregulation. Factors that are
relevant to the induction of specific chromosomal breakpoint locations have not been
identified but are likely to be environmental:

Interestingly, there is an apparent geographical association between the frequency of
breakpoints outside the c-myc gene and the fraction of tumours associated with EB V
(Magrath, 1997). ln the United States, for example, only 15-20% of tumours are EBV-
associated and only 9% have a breakoint outside c-myc. ln Afrca, 95% of tumours are
EBV-associated and 75% have breakpoints outside c-myc. Tumours from South
American countres are intermediate in both respects. The nature of ths relationship is
uncertn, since, for example, non-African tumours with breakpoints outside c-myc,

which occur at highest frequency (in countres for which data are available) in Brazil are
not necessarly EBV -associated.
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2.2 Non-Hodgkin's lymphomas other than Burkitts Iymphoma

2.2.1 Pathology

Non-Hodgkin's lymphomas are a numerous, heterogeneous group of malignancies
that originate from lymphocytes. They can develop either from within organized lym-
phoid tissues, such as lymph nodes, or from other sites. Many lymphoid neoplasms pass
through both solid tumour and circulating (leukaemic) phases.

Classification of non-Hodgkin's lymphomas is a complex and evolving process, and a
thorough description of these diseases and their diagnostic criteria is beyond the scope of
this volume. Several schemes of nomenclature have been proposed and used in different
pars of the world, and many lymphoma entities that are recognized clinically and patho-
logically have been described by different names in these classifications. Lymphomas are
divided into B-cell and T -cell neoplasms, according to their immunophenotypic charac-
teristics. Within each group, there are numerous specific disease entities, many of which
are associated with specific karotypic abnormalities. Neoplasms of putative NK cell
origin are provisionally grouped with the T -cell malignancies.

The International Lymphoma Study Group proposed in 1994 (Hars et aL., 1994) a
'Revised European-American Lymphoma (REAL) Classification' that attempted to link
the major classification systems then in use in Europe and the United States. These
included the Kiel classification, widely used in Europe (Stansfeld et aL., 1988), and the
Working Formulation used in clinical trials in the United States (Anon., 1982). Table 8,
adapted from Hars et aL. (1994), is a list of non-Hodgkin's lymphoid neoplasms reco-
gnized by the International Lymphoma Study Group. The disease entities mentioned in
section 2.2.2 are named in most cases according to the REAL classification; the patho-
logy of Burkitt's lymphoma, a B-cell neoplasm, is presented in section 2.1.1. Hodgkin's
disease, which is also considered within the REAL classification, is discussed separately
in section 2.3.1.

2.2.2 Epidemiology

2.2.2.1 Descriptive epidemiology

Non-Hodgkin's lymphoma is estimated to account for 2.5% of all cancer cases world-
wide (Pisani et al., 1997). The incidence vares approximately sixfold, the highest
reported rates being seen in whites in the United States and the lowest in Southeast Asia,
India and sub-Saharan Afrca (Parkin et al., 1997). The incidence rises steeply with age.
ln the United States, the age-adjusted rates for 1990-94 were 9.2 cases per 100 000
anually among people under 65 years of age and 73.5 per 100 000 for those aged 65 and
over (Ries et al., 1997). Males areat higher risk, having incidence rates approximately
50-100% higher than females in most countres (Parkin et aL., 1997). The rates have been
increasing steadily throughout the world, for reasons that are largely unexplained (Harge
et al., 1994). Imunodeficiency of varous etiologies, inc1uding HI infection (see
section 2.2.3), iatrogenic imunosuppression (see section 2.2.3) and congenital immuno-
deficiency (see section 2.2.4), is associated with a greatly increased risk, but the etiology
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Table 8. The Revised European-American Lymphoma classification of
non-Hodgkin's lymphomas

B-Cell neoplasms

1. Precursor B-cell neoplasm: Precursor B-lymphoblastic leukaemialymphoma
Il. Penpheral B-cell neoplasms

1. B-Cell chronic lymphocytic leukaemia/prolymphocytic leukaemia/small

lymphocytic lymphoma
2. Lymphoplasmacytoid lymphoma/immunocytoma

3. Mantle-cell lymphoma
4. Follc1e-centre lymphoma, follcular

5. Marginal zone B-cell lymphoma
Extranodal (MALT-type +/- monocytoid B cells)

6. Provisional entity: Splenic marginal zone lymphoma
(+/- vilous lymphocytes)

7. Hairy-cell leukaemia

8. Plasmacytoma/plasma-cell myeloma

9. Diffuse large B-cell lymphomaa (centroblastic)
Subtype: Pnmar mediastinal (thymic) B-cell lymphoma

10. Burkitts lymphoma (small nonc1eaved cell)
Il. Provisional entity: High-grade B-cell lymphoma, Burkitt-likea

T-Cell and putative NK-cell neoplasms

1. Precursor T-cell neoplasm: Precursor T-lymphoblastic lymphomaleukaemia
Il. Penpheral T -cell and NK-cell neoplasms

1. T-Cell chronic lymphocytic leukaemia/prolymphocytic leukaemia

2. Large granular lymphocyte leukaemia

T -cell type
NK -cell type

3. Mycosis fungoides/Sezar syndrome

4. Penpheral T-cell lymphomas, unspecifieda

Provisional cytological categones: Medium-sized cell, mixed medium and
large cell, large cell, lymphoepithelioid cell

5. Angioimmunoblastic T-cell lymphoma
6. Angiocentrc lymphoma
7. Intestinal T -cell lymphoma ( +/- enteropathy associated)
8. Adult T-cell lymphomaleukaemia
9. Anaplastic large-cell lymphoma, CD30+, T- and null-cell types

la. Provisional entity: Anaplastic large-cell lymphoma, Hodgkin's-like

From Hars et aL. (1994)
aThese categones are thought likely to inc1ude more than one disease entity.
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of most cases of non-Hodgkin's lymphoma remains unkown. As immunodeficiency-
associated lymphomas differ in a number of respects, the remainder of this section
addresses only lymphomas in individuals with no evidence of prior immunocompromise.

2.2.2.2 Case reports and case series

Non-Hodgkin's lymphomas are pathologically diverse, as noted above, and their asso-
ciation with EBV differs accordingly.

(a) B-Cell non-Hodgkin's lymphoma

Although the B cell is the usual target in latent infection, the rate of detection of EBV
was relatively low in three large series of B-cell lymphomas. Harlton-Dutoit and
Pallesen (1992) found that four of 105 B-cell lymphomas expressed LMP-l and only one
expressed EBNA-2. Hummel et al. (1995b) found EBER transcription in 54 (26%) of
208 tumours; in half of the positive cases, this was localized to non-neoplastic bystander
cells. Of 27 cases with EBER in the tumour cells, more than 80% of tumour cells in
17 cases expressed EBER. d Amore et aL. (1996) found EBER transcnption in 25 (6.5%)
of 386 tumours, but only 6 (2%) had more than 10 EBER-positive tumour cells per
medium-power (x 200) field on light microscopic examination. The three studies showed
no consistent association between histological subtype and the presence of EBV (Table
9).

Primar central nervous system lymphoma, which is nearly always of B-cell origin,
has been of particular interest since the first description by Hochberg et al. (1983) of an
EBV -containing tumour detected by Southern blot, as EBV is almost universally present
in brain lymphomas secondar to immunodeficiency (see section 2.2.3). ln the series of
central nervous system lymphomas reported by Murphy et aL. (1990) and by DeAngelis
et aL. (1992), nearly half of the tumours were shown to contain EBV DNA by in-situ
hybridization or peRo These two initial reports were not, however, confirmed by many
other studies of DNA (Bashir et al., 1990; Nakleh et aL., 1991; Geddes et aL., 1992) and

RNA (MacMahon et aL., 1991; Chang et al., 1993a; Bashir et al., 1994; Bergmann et al.,
1995) by in-situ hybridization, in which EBV was detected in no more than 12% of cases
(Table 10).

B-Celllymphoma of mucosa-associated lymphoid tissue (MALT), which is found in
the stomach and elsewhere, warants attention because of the association between gastric
adenocarcinoma and EBV (see section 2.5). Liu et aL. (1995) found one of 16 Japanese
cases of gastrc MALT lymphoma to contain EBER-l by in-situ hybndization, and 20%
of the tumour cells contained EBV. An additional case showed no EBV in the primar
gastric tumour, but an EBER-positive tumour was found in a regional lymph node.
d Amore et aL. (1996) found rareEBER-l/2-positive tumour cells in three of 28 MALT
tumours in Denmark. Lee et aL. (1997) found no EBER-l-positive cases among eight
gastrc MALT tumours in the Republic of Korea. A similarly low frequency of EBV-
positivity has been found in MALT tumours outside of the stomach: using PCR, Diss
et aL. (1995) found EBV DNA in three of 36 parotid MALT tumours in the United
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Kingdom; in the one case with EBV DNA detected by in-situ hybridization, less than 5%
of tumour cells contained EBER.

Table 9. Presence of EBV in B-cell non-Hodgkin's lymphoma tissue

Reference Study Detection Histology No. No. with Tumour ceIls
area method of EBV with EBV

cases

Hannlton-Dutoit Denmark LMP-1, IHe Diffuse large cell 37 0
& PaIlesen Immunoblastic 54 3 -c50%
(1992)

Small non-cleaved cell 10 0
Anaplastic large cell 4 1

Hummel et aL. Germany EBER-l/2, ISH Low-grade 65 3 Varable
(1995b) Diffuse large cell 39 3

Immunoblastic 28 4
Small non-cleaved cell 36 7
Anaplastic large cell 16 3
Other high grade 24 7

LMP, IHC Low grade 65 1 Low
Diffuse large cell 39 2
Immunoblastic 28 2
Small non-cIeaved cell 36 0
Anaplastic large cell 16 3
Other high grade 24 3

d'Amore et aL. Denmark EBER-l/2, ISH Low grade 154 9 Few
(1996) Diffuse large cell 74 3

Immunoblastic 21 1

Small non-cIeaved cell 24 3
Anaplastic large cell 7 0
Other high grade 106 9

AIl in non-immunocompronnsed individuaIs
EBER, EBV-encoded RNA; IHC, immunohistochennstr; ISH, in-situ hybridization; LMP, latent
membrane protein

(b) Angiocentric T-celllymphoma

Sinonasal T -cell lymphoma, which encompasses entities also referred to as lethal
midline granuloma and midline reticulosis, is the non-Hodgkin's lymphoma most
strongly associated with EBV. Series in Asia (Harabuchi et al., 1990; Ho et al., 1990;
Chan et al., 1994a; Ko & Lee, 1994; Lee et al., 1994a; Peh et aL., 1995; Harabuchi et aL.,
1996), South Amenca (Arber et aL., 1993), Europe (O'Lear & Kennedy, 1995; Dictor
et aL., 1996; Kanavaros et aL., 1996) and the United States (Weiss et aL., 1992a; Davison
et aL., 1996) consistently showed the presence of EBV in the great majonty of cases,
EBV being present in most tumour cells (Table 11). CD56-positive tumours, which are
suggested to be of NK-cell derivation, were uniformy EBV -positive, whereas CD56-
negative tumours were more frequently EBV-negative (Chan et aL., 1994a; Harabuchi
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et al., 1996; Kanavaros et aL., 1996). EBV-positive tumours consistently expressed the
transformng EBV protein LMP-l (Harabuchi et al., 1996; Kanavaros et aL., 1996), and
EBV termnal repeat sequences have been shown to have monoclonal or biclonal
infection (Ho et aL., 1990; Harabuchi et al., 1996).

Table 10. Presence of EBV in primary central nervous system
non-Hodgkin's lymphoma tissue in HI-negative cases

Reference Study Detection method No. of No. with

area cases EBV

Hochberg et al. (1983) USA EBV DNA, SB 1 1

Bashi et al. (1990) USA BamHI V, ISH 10 0
Murphy et al. (1990) UK BamHI W, ISH 24 11
Rouah et aL. (1990) USA EBV DNA, ISH 5 2

EBV DNA, PCR 7 2
Bignon et al. (1991) France EBV DNA, PCR 9 1

MacMahon et al. (1991) USA EBER-1,ISH 14 1

Nakleh et al. (1991) USA BamHI W, ISH 17 2
Geddes et al. (1992) UK BamHI W, ISH 43 2
DeAngelis et al. (1992) USA EBV DNA, PCR 13 7
Chang et al. (1993a) USA EBER-1,ISH 27 1

Bashir et al. (1994) USA EBER-1,ISH 9 0
Bergmann et al. Germany EBER, ISH 36 0
(1995/96)

BamHI V and BamHI W, DNA restnction fragments; EBER, EBV-encoded
RNA; ISH, in-situ hybndization; PCR, polymerase chain reaction; SB,
Southem blot

ln contrast, EBV is much less frequently found in sinonasal B-celllymphoma. Chan
et aL. (1994a) and Peh et aL. (1995) found one EBV-positive case among ten and nine
tumours respectively, and Kanavaros et al. (1996) found one among 10 tumours; a some-
what higher frequency was found by Weiss et aL. (1992a) (Table Il).

B-Cell lymphomas of the nasopharnx, tonsil and tongue ('Waldeyer's ring') less
frequently contan EBV, the frequency ranging from 0 to 13% in six series (Chan et al.,
1994a; Ko & Lee, 1994; Lee et al., 1994a; O'Lear & Kennedy, 1995; Peh et al., 1995;
Kanavaros et aL., 1996), with a slightly higher frequency in the report of Weiss et al.
(1992a) (Table 11). T-Cell tumours of Waldeyer's ring have a more varable association
with EBV: 0/8 and 3/6 tumours were found to contain EBV in the two largest senes (Ko
& Lee, 1994; Kanavaros et aL. 1996).

Lymphomatoid granulomatosis, which resembles sinonasallymphoma histologically,
is aiother condition in which EBV is highly prevalent. ln eight series, EBV was detected
in the majority of cases (Katzenstein & Peiper, 1990; Medeiros et aL., 1991; Guinee
et aL., 1994; Tsang et aL., 1994; Myers et aL., 1995; Nicholson et al., 1996; Takeshita
et aL., 1996; Wilson et al., 1996b); in two other series it was detected at lower frequency
(Sabourn et aL., 1993; Kobashi et al., 1996) (Table 12). The diagnostic classification of
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u.Table Il. Presence ofEBV in sinonasal and Waldeyer's ring non-Hodgkin's lymphomas N

Reference Study area Detection method Immuno- Sinonasal Waldeyer' s ring Tumour cells Comments
phenotype with EBV

No. of No. with No. of No. with

cases EBV cases EBV

Harabuchi et al. J apan BamHl W, ISH T Cell 5 5 80-90%
(1990) EBNA, IFA T Cell 5 5
Ho et al. (1990) Hong Kong BamHI W, SB T Cell 7 7 EBV mono- or ,.

B Cell 3 2 biclonal ;p:;
Weiss et al. (1989a; USA BamHI W, ISH T Cell 3 3 Uniform n

~1992a) B Ceii 5 2 10 2 0
Arber et aL. (1993) Pern EBER-1,ISH T Cell 11 11 Many Z0

B Cell 2 1 el
Indeter- 1 1

~mInate :iChan et al. (1994a) Hong Kong EBER-1/2,ISH T Cell 30 25 1 0 Most 21/21 CD56+ and en
-0B Cell 10 1 20 0 4/9 CD56- 0

contained EBV r
c:Ko & Lee (1994) Republic of EBER, ISH T Cell 10 7 8 0 ~trKorea B Cell 12 1 -i0Lee et aL. (1994a) Republic of EBER-l/2,ISH T Cell 12 12 2 2 Many

Korea B Cell 1 0 16 2
O'Lear & Kennedy Ireland EBER-1/2, ISH T Cell 8 6 Many
(1995) B Cell 3 0 10 2
Peh et al. (1995) Malaysia EBER-1,ISH T Cell 10 9 3 2 70-100%

B Cell 9 1 7 0
Davison et al. USA EBER-l,ISH T Cell 30 29 Majority
(1996)
Dictor et al. (1996) Sweden EBER-l,ISH T Cell 12 12 50-100%



Table Il (contd)

Reference Study area Detection method Irnuno- Sinonasal Waldeyer' s ring Tumour cells Cornents
phenotype with EBV

No. of No. with No. of No. with

cases EBV cases EBV ~
C/
""

Harabuchi et al. J apan EBER-1,ISH T Cell 16 16 ;:50% EBV monoclonal; t:
(1996) LMP-1,IHC 9 9 ;:50% 9/9 CD56+; Z

1

includes 6 cases
tt
~from Harabuchi

et aL. (1990) :;
~

Kanavaros et al. France and EBER-1/2,ISH B Cell 17 16 6 3 ;:50% 11/11 CD56+ and
,.:;

(1996) Greece 10 1 22 1 1/3 CD56- c:
C/

contained EBV
LMP-1,IHC T Cell 17 16 6 3 1-50%

B Cell 10 0 22 0

AlI in non-immunocompromised individuals
EBER, EBV-encoded RNA; IHC, irnunohistochemistr; ISH, in-situ hybridization; LMP, latent membrane protein; SB, Southem blot

..
ww



..wTable 12~ Presence of EBV iD Iymphomatoid granulomatosis tissue .¡

Reference Studyarea Detection method Inuunophenotype No. of No. with Tumours with EBV Comments
cases EBV

Katzenstein & Peiper USA EBV DNA, PCR 29 21
(1990)
Medeiros et al. (1991) USA BamHI W, PCR T Cell 5 3

EBV, SB T Cell 7 2
Sabourin et al. (1993) France EBER-l/2,ISH T Cell 6 2 Numerous

~B Cell 1 0
LMP, IHC T Cell 6 2 \.

B Cell 1 0 s=0Guinee et al. (1994) USA EBER-1,ISH T and B cell 10 10 Only in B cells B cells monoclonal, Z0T cells polyclonal

~
Tsang et al. (1994) Hong Kong EBER-l/2, ISH, IHC NK Cell 15 10 Most
Myers et al. (1995) USA EBER-1,ISH T Cell 6 0 ::

T and B cell 11 10 Only in B cells en
oiKobashi et al. (1996) J apan EBER-l/2,ISH NK Cell 9 3 Most EBV mono- or 0

LMP-1,IHC NK Cell 9 2 biclonal
~Nicholson et al. (1996) UK EBER-1,ISH T and B cell 7 4 On1y in B cells trTakeshita et al. (1996) Japan EBER-1,ISH T and B cell 3 2 Sorne to many 1 only in B cells ..0

B Cell 9 4
NK Cell 2 2

LMP, rnc T and B cell 3 2 1 on1y in B cells

B Cell 9 4
NK Cell 2 1

Wilson et al. (1996b) USA EBER-1,ISH T and B cell 4 4 Only in B cells

AlI in non-inuunocompromised individuals
BamHI W, DNA restrction fragment; EBER, EBV-encoded RNA; EBNA, EBV nuclear antigen; IFA, immunofluorescence assay; IHC, inuuno-
histochernstr; ISH, in-situ hybridization; LMP, latent membrane protein; peR, polymerase chain reaction; SB, Southem blot; NK, natural killer
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this disorder has recently undergone revision. Guinee et aL. (1994) found that des pite a

predominance of T cells in these tumours, a minor population of monoclonal B cells is
present within a polyc1onal population of T cells. Furthermore, in all 10 cases, EBV was
present in the B-cell population only. Myers et al. (1995), Nicholson et al. (1996) and
Takeshita et al. (1996) reported a similar restrction of EBV to B cells in tumours of
mixed immunophenotype. Kobashi et aL. (1996) found monoclonal or biclonal EBV by
termnal-repeat fragment analysis in three of three EBV -positive tumours.

(c) Other peripheral T-celllymphomas

These entities have been reviewed by Pallesen et aL. (1993). Other peripheral T-cell
lymphomas commonly contain EBV (Table 13). ln 12 series from North America,
Europe and Asia, the frequency of EBV positivity ranged from 18 to 70% in all but one
study (Herbst et al., 1991b; Lee et aL., 1991; Kanavaros et aL., 1992; Ott et aL., 1992;
Weiss et aL., 1992b; Korbjuhn et aL., 1993; Tsang et al., 1994; Zhou et al., 1994;
Lopategui et aL., 1995; d Amore et aL., 1996; Hirose et al., 1996). Hamlton-Dutoit and
Pallesen (1992) found only 10% positivity, but used an assay with low sensitivity. The
presence of EBV in tumour cells vares, some tumours showing its presence uniformly
and others in only a fraction of cells. Termnal-repeat assays have been used to confir
the mono- or oligoclonality of latent EBV episomes (Ott et aL., 1992; Hirose et al.,
1996).

There is some varation by histological subtype. Most angioimmunoblastic lympho-
mas contan EBV (Ott et al., 1992; Weiss et al., 1992b; Zhou et al., 1994; d' Amore
et aL., 1996; Hirose et aL., 1996), although in one study tumour cells containing EBV
were rare (Tsang et aL., 1994). Most cases of anaplastic large-cell lymphoma do not
contain EBV (Herbst et aL., 1991b; Hamlton-Dutoit & Pallesen, 1992; Kanavaros et al.,
1992; Ott et aL., 1992; Zhou et al., 1994; Lopategui et al., 1995; d'Amore et al., 1996).
Pleomorphic and other tumour types, such as lymphoepithelioid and T -zone tumours,
show an intermediate frequency, about one-thid of the reported cases contaning EBV
(Hamlton-Dutoit & Pallesen, 1992; Ott et al., 1992; Korbjuhn et al., 1993; Tsang et aL.,
1994; Zhou et al., 1994; d Amore et aL., 1996; Hirose et al., 1996; Table 13).

Enteropathy-associated T -cell lymphoma is a distinct entity which has been investi-
gated for the presence of EBV by EBER in-situ hybridization in four studies. Pan et al.
(1993) detected EBV in four of 11 cases in the United Kingdom; in the cases with EBV,
over 80% of tumour cells contained EBER, and the EBV was shown to be monoclonal
by termnal-repeat analysis. These findings were not confired in other studies.
Korbjuhn et aL. (1993) found EBV in two of 10 cases in Germany; in both cases, less
than 20% of the tumour cells contaned EBER. Similarly, Ilyas et aL. (1995) found EBV
in none of seven cases in the United Kingdom, and Walsh et al. (1995) found EBV in
only one of 16 cases in Ireland.

EBV was detected infrequently in low-grade cutaneous lymphomas (mycosis fun-
goides and Sézar syndrome) in thee studies in which EBER-l/2 was analysed by in-situ
hybridization. Anagnostopoulos et aL. (1996) found EBER in four of 42 cases in
Germany, but less than 1 % of the tumour cells contained EBV. Angel et al. (1996) in the



..wTable 13. Presence of EBV in peripheral T -cell lymphoma tissue 0'

Reference Study area Detection method Ristological type No. of No. with Tumour cells Comments
cases EBV with EBV

Herbst et al. (1991b) Germany BamHI W, PCR Anaplastic large cell 18 5
LMP, IRC 18 2 50-90%

Lee et al.(1991) Taiwan EBV DNA, SB 6 4 Paediatric series
Hamilton-Dutoit & Denmark LMP-l,IRC Pleomorphic 50 7 .:50%
Pa11esen (1992) Angioimmunoblastic 4 1 -

~Anaplastic large cell 19 0 ~
Other 9 0 n

Kanavaros et al. N etherlands EBV DNA, PCR, ISR Anaplastic large cell 3 2 50% ~0
(1992) LMP, IRC 11 1 Varable Z0
Ott et aL. (1992) Germany BamHI W, SB Pleomorphic 14 5 Varable EBV mono- or 0

Angioimmunoblastic 14 8 bic10nal
~Anaplastic large cell 8 3 ::Other 10 2 en

Weiss et al. (1992b) USA EBER-l, ISR Angioimmunoblastic 23 19 Varable Mostly B cells ~0
Korbjuhn et al. (1993) Germany EBER, ISH Pleomorphic 81 38 1-100% l"

c:
Tsang et al. (1994) Hong Kong EBER-l/2,ISR Pleomorphic 7 3 ~90% ~

rrAngioimmunoblastic 6 0 Rare EBER-positive ..
cells in 4 cases 0

Other 2 0
Zhou et al. (1994) China EBER ISH Pleomorphic 27 18 ~50%

Angioimmunoblastic 6 4
Anaplastic large cell 2 0
Other 4 2

LMP-l,IRC Pleomorphic 26 13
Angioimmunoblastic 6 4
Anaplastic large cell 2 0
Other 4 2



~
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United Kingdom and d Amore et al. (1996) in Denmark found no EBV in 25 and 13
cases, respectively.

2.2.2.3 Cohort studies

The association between abnormal EBV seroreactivity and the risk for subsequent
non-Hodgkin's lymphoma has been examined in two studies. Mueller et al. (1991) per-
formed a nested case-control study based on sera from four banks established between
1964 and 1974 containing specimens from over 240 000 people in Norway and the
United States, 104 of whom had developed non-Hodgkin's lymphoma an average of 63
months after their serum had been collected. They were compared with 259 controls
matched for age, sex, ethnic group and date of serum collection. Immunofluorescence
assays showed that elevated levels of IgG (titre, ~ 1:320) and IgM (titre, ¿ 1:5) anti-
bodies against EBV VCA were associated with relative risks for non-Hodgkin's lym-
phoma of 2.5 (95% CI, 1.1-5.7) for IgG and 3.2 (95% CI, 1.3-7.5) for IgM. Low titres
(:5 1:5) of antibody to EBNA were associated with a decreased risk for lymphoma,
although the effect was significant only for cases that developed within five years of
serum collection. No differences were reported in subgroup analyses of follcular versus
diffuse, large-cell versus mixed- and small-cell, or low- versus intermediate- versus high-
grade lymphomas. (The W orking Group noted that no T versus B immunophenotyping or
tissue analyses for EBV markers were reported, and that the relative risks may have been
attenuated by the inclusion of all types of non-Hodgkin's lymphoma.)

Lehtinen et al. (1993) performed a nested case-control study of 39000 Finnish adults
from whom serum was collected between 1968 and 1972. Eleven subjects who
developed non-Hodgkin's lymphoma 1-12 years after serum collection were compared
with 22 controls matched for age, sex, municipality and date of phlebotomy. Enzyme
immunoassays showed no significant differences in antibodies to VCA, EA or EBNA.
(The W orking Group noted that immunofluorescence is the standard method for detec-
ting EBV antibodies and the relevance of the authors' enzyme immunoassay is un-
certain.)

2.2.3 Human immunodeficiency virus as a cofactor

HIV and HHV8 also play a role in the pathogenesis of EBV-associated non-
Hodgkin's lymphoma. The monograph on HHV8 in this volume covers its interaction
with EBV; this section deals only with HIV.

Lymphomas in HIV -infected patients are nearly always of B-cell origin. Under the
Working Formulation classification (Rosenberg, 1982), they include tumours of the
small non-cleaved cell (diffuse large B cell in the REAL classification), large cell diffse
and immunoblastic types; anaplastic large cell and unc1assified high-grade types are also
observed. Like other immune-deficient conditions, HIV infection is associated in pari-
cular with primar central nervous system lymphoma. The association ofEBV with HI-
related lymphomas vares.



EPSTEIN-BARR VIRUS 139

2.2.3.1 Primary central nervous system lymphomas

Unlike central nervous system lymphomas in immunocompetent individuals, those
found in association with HIV infection nearly always contain detectable EBV. ln nine
reported series, EBV was detected in all cases in five studies (MacMahon et al., 1991;
Chang et al., 1993a; Cinque et al., 1993; Bashir et al., 1994; Arbas et aL., 1995) and in
the majority of cases in the remaining four studies (Bashir et aL., 1990; DeAngelis et aL.,
1992; Morgello, 1992; Bergmann et aL., 1995; Table 14). ln-situ hybridization has been
used to show that most or all of the tumour cells contained EBV RNA (MacMahon et aL.,
1991; Chang et aL., 1993a; Cinque et al., 1993; Bashir et al., 1994). LMP expression is
more varable; nine of 21 tumours reported by MacMahon et aL. (1991) and 13 of 19
reported by Bergmann et aL. (1995/96) were shown by immunohistochemistr to contain
LMP.

Table 14. Presence of EBV in HI-associated primary central nervous system
non-Hodgkin's Iymphoma tissue

Reference Study area Detection method No. of No. with Tumour cells

cases EBV with EBV

Bashir et aL. (1990) USA BamHI V, ISH 5 4 Varable
MacMahon et al. USA EBER-1, ISH 21 21 Uniform
(1991 ) LMP, IHC 21 9 Many cells
DeAngelis et aL. USA BamHI W, PCR 13 11

(1992)
Morgello (1992) USA EBNA-1, PCR 12 6
Chang et al. (1993a) USA EBER-1, ISH 5 5 Uniform
Cinque et al. (1993) Sweden and Italy EBER, ISH 16 16 40-90%
Bashir et aL. (1994) USA EBER-1, ISH 5 5 Most
Arbas et al. (1995) USA LMP, IHC 6 6 Varable
Bergmann et al. Germany EBER, ISH 19 15

( 1995/96) LMP, IHC 19 13

BamHI V and BamHI W, DNA restrction fragments; EBER, EBV -encoded RNA; EBNA, EBV
nuc1ear antigen; IHC, immunohistochemistr; ISH, in-situ hybridization; LMP, latent membrane
protein; PCR, polyrnerase chain reaction

2.2.3.2 Systemic non-Hodgkin's lymphomas

EBV is found in a large fraction of systemic tumours. ln 13 series of 10 or more
patients, the frequency of EBV positivity ranged from 38 to 79% (Subar et aL., 1988;
Borisch-Chappuis et al., 1990a,b; Boyle et al., 1991; Guarer et aL., 1991; Borisch et al.,
1992a; Ballerini et al., 1993; Carbone et aL., 1993a,b; Harlton-Dutoit et al., 1993a;
Shibata et aL., 1993; Raphael et aL., 1994; Bacchi et al., 1996b; Carbone et aL., 1996;
Table 15). ln many of the tumours, the majority of the cells contaned EBV (Borisch-
Chappuis et al., 1990a,b; Guarer et al., 1991), although in several studies the fraction of
EBV positivity was somewhat varable (Borisch et al., 1992a; Carbone et al., 1993a;
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Table 15. Presence ofEBV in HIV-associated systemic non-Hodgkin's lymphoma tissue

Reference Study area Detection method Histological type No. of No. with Tumour cells Comments

cases EBV with EBV

Subar et al. (1988) USA EBV DNA, SB Diffuse large cell 4 1

Immunoblastic 2 2
Small non-cleaved cell 10 3

EBNA,IFA Diffuse large cell 3 1 80% ..
Immunoblastic 1 1

~Small non-cleaved cell 4 2

Borisch-Chappuis et al. Germany BamHI W, ISH Diffuse large cell 1 1 ::50% s=0
(1990a,b) Immunoblastic 2 1 EBV -positive tumour, Z

Small non-cleaved cell 9 4 T immunophenotype 00
Anaplastic large cell 1 0

~Other high grade 1 1

Boiocchi et al. (1990) Italy BamHI W, SB Immunoblastic 2 1 EBV monoclonal ::
C/

Small non-cleaved cell 3 0 ..
Boyle et al. (1991) 0Australia EBNA-l, PCR Immunoblastic 12 6 l"

Small non-cleaved cell 7 3 c:
s=Other high grade 1 1 tT

Guarer et al. (1991) USA EBV DNA, ISH Diffuse large cell 4 2 ::80%
..0

Immunoblastic 2 1

Small non-cleaved cell 6 6
Other 2 0

MacMahon et aL. (1991) USA EBER-l,ISH NR 7 3

Neri et al. (1991) USA BamHI Diffuse large cell 1 1 EBV monoclonal in
Immunoblastic 1 1 10/10
Small non-cleaved cell 5 5
Other 3 3



Table 15 (contd)

Reference Study area Detection method Ristological type No. of No. with Tumour cells Comments

cases EBV with EBV

Borisch et al. (1992a) Switzerland EBER-l,ISR Diffuse large cell 3 3 Varable
Immunoblastic 8 8

Small non-c1eaved cell 2 0
Anaplastic large cell 1 0

LMP, IRC Diffuse large cell 3 1

Immunoblastic 8 3

Small non-c1eaved cell 2 0 m
"'

Anaplastic large cell 1 0 u:
l-

Ballerini et al. (1993) USA EBV DNA, SB Diffuse large cell 4 1 EBV monoclonal m
Zand EBNA-l, IRC Immunoblastic 4 4 1

Small non-c1eaved cell 16 5
c:
~

Carbone et al. (1993a) Ital y EBV DNA, ISR Immunoblastic 4 1 Varable ~
Small non-cleaved cell 9 4 ~
Anaplastic large cell 7

..
9

êCarbone et al. (1993b) Italy EBER-l/2 or Diffuse large cell 6 1 u:
BamRI W, ISR Immunoblastic 7 3

Small non-cleaved cell 15 6

Anaplastic large cell 12 10
LMP, IHe Diffuse large cell 6 0

Immunoblastic 7 3
Small non-c1eaved cell 15 0
Anaplastic large cell 12 9

Hamilton-Dutoit et al. France and EBER-l, ISH or Immunoblastic 30 22 30-90%
(1993a) Denmark BamHIW, SB Small non-cleaved cell 19 11

LMP-l,IRC Immunoblastic 30 16
Small non-c1eaved cell 19 3 -

.¡1-



-~N

Table 15 (contd)

Reference Study area Detection method Histological type No. of No. with Tumour cells Comments
cases EBV with EBV

Shibata et al. (1993) USA EBNA-1, PCR and Diffuse large cell 11 6 EBV monoclonal
EBER-1,ISH Immunoblastic 20 17

~Small non-cleaved cell 28 16
\.Raphael et aL. (1994) France BamHI W, SB or Diffse large cell 3 0 s:EBER, ISH Immunoblastic 9 8 0
ZSmall non-c1eaved cell 16 8 0

Anaplastic large cell 1 0

~
Other high grade 3 1

Bacchi et al. (1996b) Brazil EBER-1,ISH Diffuse large cell 11 6 40-100% 1 EBV-negative tumour :i
T immunophenotype en

~Immunoblastic 4 3 0
Small non-c1eaved cell 5 2 t'

~Carbone et al. (1996) Italy EBER-1/2, ISH Small non-c1eaved cell 11 4 25-75% EBV monoclonal
Anaplastic large cell 5 4 tr..

LMP, me Small non-c1eaved cell 10 0 0
Anaplastic large cell 5 3

BamHI V and BamHI W, DNA restrction fragments; EBER, EBV-encoded RNA; EBNA, EBV nuclear antigen; IFA, immunofluorescence assay;
mc, immunohistochemistr; ISH, in-situ hybridization; LMP, latent membrane protein; PCR, polymerase chain reaction; SB, Southem blot; NR,
not reported
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Harlton-Dutoit et al., 1993a; Bacchi et al., 1996b; Carbone et aL., 1996). Imuno-
blastic lymphomas (classified as diffuse large-cell lymphomas in the REAL classifi-
cation) tend to be associated with more advanced immunosuppression, and these tumours
more commonly contain EBV than other diffuse large-cell and small non-cleaved-cell
lymphomas (Ballerini et al., 1993; Harlton-Dutoit et aL., 1993a; Raphael et al., 1994);
Carbone et al. (1993a,b; 1996) also noted a higher frequency of EBV positivity in
anaplastic large-cell tumours. EBV monoc1onality has been consistently observed by
termnal-repeat sequence analysis (Boiocchi et al., 1990; Neri et al., 1991; Ballerini
et al., 1993; Shibata et al., 1993; Carbone et al., 1996).

2.2.4 Congenital immunodeficiency syndromes

Patients with X-linked lymphoproliferative syndrome (see section 4.2) are at

increased risk for non-Hodgkin's lymphoma, which occurs in up to 25% of afected indi-
viduals (Purtilo, 1981; Sullvan & Woda, 1989). Wiskott-Aldrch syndrome, ataia telan-
giectasia and other primar immunodeficiency syndromes are also associated with

greatly increased risks for lymphoma (Filpovich et aL., 1992; Schuster et al., 1995).
Patients with X-linked lymphoproliferative syndrome have a specific defect in their

control of infection with EBV. EBV was found in all of 82 lymphomas associated with
this condition (Sullvan & Woda, 1989). Several case reports of lymphomas associated
with Wiskott-Aldrch syndrome (Okano et aL., 1984; Nakleh et al., 1991; Nakanshi
et aL., 1993), ataia telangiectasia (Saemundson et aL., 1981; Mselati et al., 1983) and
severe combined immunodeficiency (Garcia et aL., 1987) have confirmed the near unI-
versaI presence of EBV in lymphomas associated with congenital immunodeficiency,
although one EBV-negative case has been reported (Okano et al., 1984; Table 16).

Table 16. Prevalence of EBV -associated lynphomas arising in children with
primary immunodeficiency

Reference Study area Detection method Prmar No. of No. with
immunodeficiency cases EBV

Sullvan & USA and Immunofluorescence X -linked 82 82
Woda (1989) Europe lymphoproliferative

Okano et aL. Japan Immunofluorescence Wiskott-Aldrch 2 1

(1984) and EBV DNA

Nakanishi et aL. J apan EBV DNA Wiskott -Aldrch 1 1

(1993)
Nakleh et aL. USA EBV DNA, in-situ Wiskott-Aldrch 1 1

(1991) hybridization

Saemundsen Turkey EBV DNA Ataa telangiectasia 1 1

et al. (1981)

Mselati et aL. France Serology Ataia telangiectaia 2 2
(1983)
Garcia et al. USA EBV DNA Severe combined 1 1

(1987)



144 IARC MONOGRAPHS VOLUME 70

2.3 Hodgkin's disease

2.3.1 Pathology and clinical features

Histologically, Hodgkin's disease is characterized by mononuclear Hodgkin cens and
their multinucleated varants, the Reed-Sternberg cens, together abbreviated as HRS
cens. HRS cells are embedded in a background of abundant reactive cells, including
lymphocytes, plasma cells, histiocytes and eosinophils (Lukes & Butler, 1966). Typi-
cally, HRS cells account for only a small proportion of cens in an affected lymph node,
rarely amounting to more than 2% of the total cell population. The Rye classification
distinguishes four major types of Hodgkin's disease: nodular lymphocyte predominant,
nodular sclerosis, mixed cellularty and lymphocyte-depleted (Lukes & Butler, 1966;
Herbst & Niedobitek, 1993; Hars et aL., 1994). It is now accepted that lymphocyte-
depleted Hodgkin's disease represents a separate tumour entity probably derived from
germnal-centre B cells, and this is considered separately from the other thee 'classical'
forms of Hodgkin's disease. Lymphocyte-depleted Hodgkin's disease is encountered
only rarely at primar diagnosis of Hodgkin's disease. It is usually seen as recurrent
Hodgkin's disease in patients in whomnodular sclerosis or mixed cenularty Hodgkin's
disease had been diagnosed previously. Moreover, many cases diagnosed as lymphocyte-
depleted Hodgkin's disease are now reported as CD30-positive anaplastic large-cell
lymphomas. There is thus increasing evidence to suggest that Hodgkin's disease is not a
single entity but rather a heterogeneous group of diseases. This prompted inclusion of
Hodgkin's disease in the Revised European-American Lymphoma (REAL) classification
(Hars et al., 1994).

The nature and clonaI origin of HRS cells are a matter of controversy: most of the
constituent cells of the lymph node have been proposed as HRS precursor cells at sorne
stage (Herbst et aL., 1996a). HRS cens are characterized iinunophenotypically by the
expression of lymphocyte-activation antigens, such as CD25, CD30 and CD70 (Herbst
et al., 1993; Hars et al., 1994). ln a proportion of cases of Hodgkin's disease, HRS cells
express B-cell antigens, and in a number of cases antigens characteristic of T cells can be
demonstrated (Kadin et aL., 1988; Schrd et al., 1991; Herbst et aL., 1996a); however, in
most cases, no lineage-specific antigens are seen (Herbst et aL., 1993). Most recent
studies indicate that HRS cells in many (but not all) cases are derived from B cells
(Schmid et aL., 1991; Küppers et al., 1994), and a germnal-centre origin has been pro-
posed (Kanzler et aL., 1996).

The clinical presentation of Hodgkin's disease vares in different geographicalloca-
tions. ln this section, the clinical features seen in the western world are described briefly.
Hodgkin's disease usually arses as a unifocal lesion in cervicallymph nodes. Conti-
guous spread of the tumour to adjacent lymph nodes gives rise to palpably enlarged
nodes. With spread of the tuour through lymphatic channels, other organs are involved,
the preferential sites of involvement including the spleen and distant lymph nodes. Sub-
sequently, as the disease becomes more aggressive, other organs are involved, including
the liver and the kidneys (Kaplan, 1980).

The presence of Hodgkin' s disease at each of 17 sites of potential nodal involvement
was determned in 719 patients in the United States. The predominant sites of lymph
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node involvement were mediastinal (59%), left neck (58%) and right neck (55%), and at
least one of these sites was involved in 92% of the patients (Mauch et aL., 1993). The
spleen was involved in 27% of patients; the epitrochlear, poplite al and mesenteric lymph
nodes were not commonly involved. Abdominal lymph node involvement without
splenic involvement was rare, and the risk for abdominal lymph node involvement
increased with increasing splenic size.

Bone-marow involvement in Hodgkin' s disease is indicative of extensive tumour
infiltration and is associated with systemic symptoms inc1uding leukopenia, anaemia,
thrombocytopenia and elevated levels of alkaline phosphatases. Other organs occa-
sionally involved in Hodgkin's disease inc1ude the skin, subcutaneous tissue and breast.
Involvement of the central nervous system is relatively rare, except through invasion and
extension of the epidural space for enlarged para-aortic nodes. Hilar and mediastinal

adenopathy may predispose to pleural involvement, with pleural effusions and pericardial
involvement (De Vita et al., 1993).

2.3.2 Epidemiology

2.3.2.1 Descriptive epidemiology

The distinguishing epidemiological feature of Hodgkin' s disease characteristically
seen in most western populations such as the United States is the bimodal age-incidence
curve (Figure 8). ln such populations, very few cases occur among children; a rapid
increase in incidence among teenagers peaks at about age 25; the incidence then
decreases to a plateau through middle age, after which the rates increase with age to a
second peak. There is an excess among males, which is pronounced at older ages.
MacMahon (1957) proposed that the bimodality results from the overlap of two disease
distributions with peaks at different ages. He further suggested that Hodgkin's disease in
young adults is caused by a biological agent of low infectivity, while the cause among
the elderly is probably similar to those of other lymphomas (MacMahon, 1966).

ln 1971, Correa and O'Conor noted a different age pattern among poor populations,
with an initial peak in childhood only among boys, relatively low rates among young
adults, followed by a late peak among those of advanced age. They furter described an
intermediate pattern, contrasting data for rural and urban Norwegians in the 1960s (see
Figure 8). The shift from a 'developing' to an 'intermediate' pattern in parallel with
economic development has been noted by others (Glaser, 1990; Harge et aL., 1994). An
intermediate pattern of the occurrence of Hodgkin's disease was seen in Afrcan
Americans in the late 1970s (Olisa et al., 1976; Cozen et al., 1992), which is less evident
in recent data (Parkin et al., 1997).

Currently, essentially all of the majority populations in Europe and North America
have a well-defined 'developed' pattern of incidence of Hodgkin's disease. The peak of
occurence in young adulthood vares withn ths set of countres, being high in Canada,
France, Switzerland and the United States and lower in southern Europe. The pattern
within eastern European countres is varable. ln contrast, the pattern in Asia and Afca
is generally 'intermediate' or 'developing' (Parkin et aL., 1997).
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Figure 8. Age-specific incidence rates of Hodgkin's disease per 100 000 population
of each sex in (a) Cali, Colombia (1962-66), (b) Connecticut, United States (1960-
62), (c) rural Norway (1964-66) and (d) urban Norway (19646)
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Alexander et aL. (1991a,b) used a large, population-based registr of leukaemia and
lymphoma covering about half of the United Kingdom during a five-year period to
evaluate the characteristics of over 1800 cases of Hodgkin' s disease by area-based
indices of socioeconomic status and population density. They reported that significantly
more of the 486 cases diagnosed in people under the age of 25 occurred in areas of
higher socioeconomic status (relative risk (RR), 1.2), and there was a significant trend to
increased incidence in areas c10ser to 'built-up areas' (mutually adjusted). For cases
among people aged less than 35 years at the time of diagnosis, there was a significantly
positive association with social class, while a negative association was found for cases
grouped by ages 35-49 and 50-79, the trend for the latter being significant.

Descriptive studies have shown that the association between higher social class and
Hodgkin' s disease in young adults is specifc for the nodular sc1erosis subtype.

Henderson et aL. (1979) computed the incidence rates of Hodgkin' s disease of specific
histological tyes in Los AngelesCounty (United States) in 1972-75 by social c1ass.
They reported that the incidence of the nodular sc1erosis type was directly related to
social c1ass; there was no consistent association for the other histological types. These
data were confired and extended though 1985 by Cozen et al. (1992), who also found
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an increase in incidence between 1972 and 1985 only among cases of the nodular
sc1erosis subtype. They further reported that the risk pattern for Hodgkin's disease of
mixed cellularty was quite distinct and negatively associated with social c1ass. This
latter finding fits the general observation that cases of Hodgkin's disease occurrng in
economically developing populations (Mueller, 1987) and among groups of lower social
c1ass in developed populations (Hu et al., 1988) are predominantly of the mixed cellula-
rit Y and lymphocyte depletion subtypes.

These data are consistent with the rates in the United States in 1969-80 (Glaser,
1987): thus, the incidence rates for young adults were positively correlated with commu-
nity-Ievel indicators of social c1ass and the incidence of the nodular sc1erosis subtype
increased in parallel with regional indices of social class.

There is a consistent body of evidence that the risk for Hodgkin's disease occurrng
from early childhood through middle age is associated with factors in the childhood envi-
fOnment that influence the age at infection with a virus such as EBV. The pattern of asso-
ciation with these factors vares with the age at diagnosis. The data have been reviewed
(Jarett et al., 1996; Mueller, 1996).

Because Hodgkin's disease in childhood occurs primarly in developing countries, the
children at risk for the disease would appear to be of lower social c1ass and thus to be
infected earlIer. This has been a consistent finding in the few case-control studies that
have been reported (Sobrinho-Simões & Areias, 1978; Gutensohn & Shapiro, 1982;
Bogger-Goren et aL., 1983). A shift occurs in young adults (generally defined as between
15 and 40 years of age), who have been found quite consistently to be of higher social
class than expected, as measured by occupation or educational attainment (Cohen et al.,
1964; Gutensohn & Cole, 1977; Abramson et aL., 1978; Serraino et al., 1991). ln addi-
tion, there is an inverse association between risk for Hodgkin's disease and number of
siblings and also with birth order (Gutensohn & Cole, 1977, 1981; Bernard et aL., 1987;
Bonell et al., 1990). The young adult patients also lived in less crowded conditions
during childhood. Among the oldest patients, however, no consistent association with
social class was seen (Abramson et aL., 1978; Gutensohn, 1982).

As is generally recognized for most haematopoietic malignancies, Jews are at some-
what higher risk for Hodgkin's disease thannon-Jews (MacMahon, 1960). ln a study of
cases occurrng in the 1950s in Brooklyn, New York, United States, MacMahon (1957)
reported that older, but not younger, Jews were at increased risk. ln a population-based
case-control study conducted in Boston-Worcester (United States) in the 1970s,

however, Jewish people of all ages in the population were at paricularly high risk
(Gutensohn & Cole, 1981). Bernard et al. (1984, 1987) also noted an excess of Jewish
cases in their population-based studies in Yorkshie, United Kingdom. Similarly, an
increased incidence among Jews was documented in Los Angeles County, United States
(Cozen et al., 1992).

ln summar, there is evidence that the risk for Hodgkin's disease in young adulthood
though middle age is associated with highereducation, higher social class, fewer
siblings, less crowded housing and early birh ran. AIl of these factors lead to' suscepti-
bility to late infections with the common. childhood infections. ..As in the model of
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paralytic polio, such late infections tend to be more severe than those in younger
children; however, social class does not appear to predict the occurrence of Hodgkin's
disease in the late decades of life, when primar infection with EBV is unlikely.

2.3.2.2 Association with EBV

(a) Case reports and case series

There have been numerous case reports of Hodgkin's disease developing in close
association with serologically documented primar infection with EBV (Kaplan, 1980)
but with no direct evidence of the presence of the virus in the tumour itself.

(i) Infectious mononucleosis

Poppema et aL. (1985) described a case of mixed cellularty Hodgkin's disease that
developed after heterophil-negative infectious mononuc1eosis. The patient had been
followed c1inically by multiple node biopsies and serology during this period and was
described as having a c1inical and serological picture consistent with chronic EBV
infection. The investigators demonstrated the presence of EBNA in HRS cells from
involved lymph nodes.

(ii) Serology

Few data are available on the relationship between EBV serology and EBV status.
Ohshima et al. (1990) reported a single case of an eight-year-old boy with EBV-positive
Hodgkin's disease, as determned by Southern blot and PCR. His titres were 1:1280 anti-
VCA IgG, 1:10 anti-VCA IgA, 1:10 anti-VCA IgM, 1:160 anti-EA and 1:40 anti-EBNA,
consistent with an active EBV infection. ln an overlapping series of 107 cases, Brousset
et al. (1991) and Delsol et al. (1992) concluded that there was no association between the
presence of EBV and a serological pattern of reactivation, which they defined as ;: 1 :640
anti-VCA, ;: 1:40 anti-EA and;: 1:160 anti-EBNA; however, only one of 35 EBV-
negative and none of 16 EBV-positive cases had this rather extreme pattern. Levine et al.
(1994) assessed the relationship of the EBV status of 39 cases with serological results
published previously. No differences in anti- VCA or anti-EA titres were seen between
EBV -positive and EBV -negative cases. When the sera of 19 of these cases were sub-

sequently tested for anti-EBNA-1 and anti-EBNA-2, none of the 5 EBV-positive cases
showed elevated titres (;: 1:320) of EBNA-1, whereas 5 of 14 EBV-negative cases did
so. Conversely, 2 of the 5 positive cases and 2 of the 14 negative cases had elevated titres
(;: 1:80) of EBNA-2. Neither of these differences was statistically significant (Mueller,
1997) .

ln preliminar reports from two groups, specimens from 54 patients with Hodgkin's
disease who had reported a history of infectious mononucleosis were tested for the
presence of the EBERs.They were found in only one (Mueller, 1997).

(ii) Viral nucleic acid and protein

With the advent of highly sensitive molecular probes, dozens of case series have now
been published on the detection of genomic segments, transcripts and viral products of
EBV in a substantial proporton of biopsy samples from patients with Hodgkin' s disease.
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Many of these reports (restricted to HIV-l-negative cases) are summarzed in Table 17.
Weiss et al. (1987, 1988) and Staal et al. (1989) first reported the detection of
monoclonal EBV genome in Hodgkin's disease tissue, Staal et aL. noting that the number
of viral episomes per cell was low. Weiss et aL. (1989a), Uccini et aL. (1989) and

Anagnostopoulos et al. (1989) aU reported detection of the viral genome within HRS
ceUs (and their varants) themselves. ln 1990, Wu et aL. reported detection of RNA
EBER transcripts in HRS cells. Pallesen et al. (1991a) and Herbst et al. (1991a) reported
that the EBV in Hodgkin's disease has a restricted latent phenotype ofLMP-l expression
without detectable EBNA-2, as in nasopharngeal carcinoma. These findings have been
replicated in dozens of populations by a large number of laboratories.

EBV nucleic acid has also been found in a fraction of small lymphocytes in both EBV
genome-positive and -negative tissue from patients with Hodgkin's disease (Masih et aL.,
1991; Weiss et aL., 1991; Herbst et aL., 1992; Khan et al., 1992; Ambinder et al., 1993;
Bhagat et aL., 1993; Chang et aL., 1993b; Jiwa et al., 1993b), and at a low frequency in
normal lymph nodes (Niedobitek et al., 1992a).

Consistency of viral marker status of individual patients: EBV status is consistent
among anatomically distinct sites involved at diagnosis. Vasef et al. (1995) evaluated 14
cases with two to five involved sites for the concordance of EBV status among patients.
All of the biopsy samples from eight patients were EBV genome-negative and aU those
from six patients were EBV genome-positive. ln five of the latter cases, the investigators
analysed the 3' end of the LMP-l gene at all sites of disease by PCR. ln three patients, all
of the sites had a 30-base pair deletion; in the other two cases, there was discordance in
the presence of this deletion, some sites having the germ-line configuration.

EBV status appears to be stable if not identical over time. Delsol et al. (1992)
reported that EBV status was consistent in subsequent biopsy samples at relapse (range,
14-126 months) in 12 cases, of which seven were initially EBV-positive. Two EBV-
positive cases showed substantial reduction or loss of staining for LMP-l in their later
biopsies. Coates et al. (1991a) found that sequential biopsy samples from three EBV-
positive patients (age range, 2-10 years) contained EBV at about the same level as in the
initial sample. Boiocchi et aL. (1993a) reported the same clonaI EBV genome in each of
two patients from whom two or three biopsy samples had been taken over a period of up
to 11 months. Brousset et al. (1994) evaluated 12 cases of relapsed Hodgkin' s disease for
consistency of EBV status: five showed no EBV at either initial diagnosis or relapse,
while seven that were initially EBV-positive remained positive at relapse. For two of the
latter, additional assays - inc1uding termnal repeat polymorphism by Southern blot and
LMP-1 polymorphism sequencing by PCR - were cared out on tissue taen at both
diagnosis and relapse. ln one case, the EBV genome appeared to be identical in sequen-
tial biopsy samples taen nine years apar. ln the other case, a monoclonal episome was
detected by Southem blot in the initial sample but not in that taen at relapse eight years
later. The authors noted that the latter finding may bedue to a low viralload that cannot
be detected by Southern blot. Both samples from this patient contained an identical
mutation in EBV LMP-l.
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Table 17. Detection of the EBV genome or gene products in tissues from HI-l-negative cases of Hodgkin's
disease

Reference No. of No. with EBV Method of Comments
cases genome or detection

gene products

Weiss et al. (1987, 1988) 21 4 SB, slot-blot More mixed cellularty than nodular sc1erosis types positive;
no cytomegalovirus; overlaps with next study -

~Weiss et al. (1989a) 16 3 SB, slot-blot, ISR ~
Staal et aL. (1989) 28 8 SB More mixed cellularty than nodular sc1erosis types positive ('

s:Uccini et al. (1989) 32 6 SB, ISR 0
Boiocchi et al. (1989) 17 7 SB Z0
Rerbst et al. (1989) 39 5 SB Overlaps with next study 0

~
Anagnostopoulos et aL. 42 7 SB, ISR
(1989) ::

C/Uhara et al. (1990) 31 8 PCR, ISR More mixed cellularty than nodular sc1erosis types positive ~
Bignon et al. (1990) 16 8 PCR Mostly young adults 0

t"Wu et aL. (1990) 8 6 ISR (EBER) EBV-positive cases from Staal et aL. (1989)
~Rerbst et aL. (1990) 198 114 PCR, ISR No varation by age or sex tI

Libetta et al. (1990) 34 15 SB No varation by age ..0
Uccini et al. (1990) 20 3 SB, ISR None contained VCA or EA; all positive cases were of mixed

cellularty type
Ohshima et al. (1990) 7 2 SB, PCR Serology available for one case: high titre of anti- VCA and EA

IgG, positive for anti-VCA IgM and IgA
Pallesen et al. (1991a) 84 40 mAb to LMP-1 Positive only for LMP-1; more mixed cellularty than nodular

and EBNA-2 sc1erosis types positive
Gledhil et al. (1991) 35 11 PCR 8 of 8 analysed were of EBV type 1; no association with

histology and little with age



Table 17 (contd)

Reference No. of No. with EBV Method of Comments
cases genome or detection

gene products

Brousset et aL. (1991) 54 16 ISH ('mRA') More mixed ceIlulanty than nodular sc1erosis types positive; no
correlation with serology (one case seronegative); results later
interpreted as detection ofEBV DNA (Del sol et aL., 1992)

Herbst et al. (1991a) 47 32 with DNA PCR, mAb to AIl LMP-1-positive positive by PCR; no vanation by histology
~18 with LMP LMP-1, EBNA-2 CI

and gp3501250

~Knecht et al. (1991) 48 38 PCR (semi- About two-thirds of cases had numerous HRS; no association
quantitative) with histology or proportion of HRS 1

tx
Masih et al. (1991) 52 30 PCR, slot-blot, More mixed cellulanty than nodular sc1erosis types positive,

~SB 43% of controls with hyperplastic lymph nodes were EBV-
positive; two of six tested were clonaI ~

~Pallesen et al. (1991c) 96 47 mAb to LMP-1, Includes cases from Palles en et aL. (1991a); no c:
ZEBRA, EA, cytomegalovirus; three positive for LMP-1 also positive for CI

VCA, MA ZEBRA; none positive for EA, VCA or MA
Vestlev et al. (1992) 66 27 Follow-up of LMP-l-positive cases more likely to be of mixed cellularty

cases from above type, male, less likely to have mediastinal involvement; LMP-1
status not associated with prognosis

Jarett et al. (1991) 95 43 SB 48 cases selected for age and histological type; inc1udes cases

from Gledhil et al. (1991); positivity highest among children
and older adults; 30 of 30 samples tested were of EBV type 1

Weiss et al. (1991) 36 14 PCR, ISH More mixed cellulanty than nodular sc1erosis types positive;
(EBER-1) sorne background Band T cells positive

-
VI-



-
Table 17 (contd) UiN

Reference No. of No. with EBV Method of Comments
cases genome or detection

gene products

Coates et al. (1991a) 55 9 ISH More cases of nodular sc1erosis (7/24) than of mixed cellularty
(2/16) positive; no difference in mean age of EBV -positive and
EBV -negative cases; varation in amount of virus between
cases; 3 patients ~ 10 years with sequential biopsies positive at
same level in all specimens; in 8 other cases, EBV found only :;
in non-neoplastic cells :;

(1Brocksmith et al. (1991) 57 33 SB, PCR More mixed cellularty than nodular sc1erosis types positive; ~
no varation with age 0

ZDelsol et al. (1992) 107 37 ISH, mAb to Overlaps with Brousset et al. (1991a); more mixed cellularty 0
LMP-l, EBNA-2 types positive; all 12 cases tested at diagnosis and relapse ci

remained concordant for EBV; one LMP-1-positive case
~became LMP-negative and one LMP-l-positive case became ::

intermediate; no correlation with serology or short-term en
~prognosis; all 13 positive cases EBNA-2-negative 0

Khan et al. (1992) 33 12 ISH (EBER) ln six cases, EBER localized to non-neop1astic small t"

~lymphocytes only
Herbst et al. (1992) 46 26 ISH (EBER-1I2); 18 positive for LMP-l (all EBER-positive); EBER-positive m..

mAb to LMP-l small lymphocytes found in 39 cases at low levels, 3 at high 0
levels

FelIbaum et al. (1992) 187 66 PCR More mixed celIu1arty types positive; no association with
survival

Murray et al. (1992b) 46 22 mAb to LMP-l Positivity and proportion of LMP-positive HRS cells increased
with 'histological grade'

Ambinder et al. (1993) 36 20 ISH (EBER-l); AlI cases.. 15 years; Il of Il cases from Honduras and 9 of 25

mAb to LMP1 from USA positive; no cytomegalovirus; EBV -positive small
lymphocytes also seen in 9 positive cases; more mixed
cellularty than nodular sc1erosis types positive in US series



Table 17 (contd)

Reference No. of No. with EBV Method of Comments
cases genome or detection

gene products

Boyle et al. (1993) 12 3 PCR, ISH Positivity associated with younger age
Brousset et al. (1993) 35 3 ISH (ZEBRA, AU patients had relapsed; aU consistent in EBV status at

EBER-1/2), mAb sequentia1 biopsies; in 2 cases analysed, EBV appeared to be
to LMP-1, SB identical in both samples

Chang et al. (1993b) 32 30 ISH (EBER-1), Patients from Peru; positivity by age: 19 of 19 $; 15 years, 5/6
mAb to LMP-1, 15-39,6/7 oIder; sorne smaU lymphocytes positive
MA tr

Carbone et al. (1993c) 39 15 ISH, mAb to More mixed cellularty than nodular sc1erosis types positive; ~
en

LMP-1, vimentin vimentin found in 24 cases localized to HRS cells, inc1uding all i-
tr

Il LMP-1-positive cases Z
1

Deacon et al. (1993) 23 16 ISH (EBER-1/2), Transcription analysis demonstrated EBV Iatency pattern o:
mAb to LMP-1 found in nasopharngeal carcinoma

~Jiwa et al. (1993b) 33 19 PCR, ISH Almost aU cases nodular sc1erosis type; sorne small
~

(EBER-1/2), lymphocytes also positive; 20 of 29 cases expressed bc1-2 and ..
mAb to LMP, 30 of 32 expressed c-myc in HRS ceUs independently of EBV ê
bc1-2, c-myc status en

Niedobitek et al. (1993a) 116 33 ISH (EBER), More mIxed cellularty than nodu1ar sc1erosis types positive;
mAb to p53 37 positive for p53 in HRS cells independently of histology,

less frequent in EBV-positive (21 %) than EBV-negative (36%)

fp = 0.12)
Lin et al. (1993a) 23 16 PCR (EBER) 2 of 10 reactive hyperplasia nodes were EBV -positive

(multiple gene
loci)

Bhagat et al. (1993) 11 4 ISH (EBER-1), Most cases nodular sc1erosis: 3 of 7 with t(14;8) and 5 of 6
mAb to bc1-2 without t(14;18) were bc1-2-positive; bc1-2 antibody reacted

with HRS cells but also in majority of small lymphocytes;
EBV -positivity not correlated with presence of t(14; 18) or -
bc1-2 VIw
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Table 17 (contd)

CommentsReference No. of
cases

No. with EBV
genome or
gene products

Method of
detection

Vasef et al. (1995) 614

Leoncini et al. (1996)
Kenya 92 85
Italy 65 31

Weinreb et al. (1996a) 101 85

Tomita et aL. (1996) 50 32

Weinreb et al. (1996b) 277 196

Huh et al. (1996) 87 60

ISH (EBER-1,

LMP-l)

ISH (EBER)

ISH (EBER-l/2),
mAb to LMP-1
PCR, SB, ISH

(EBER)

ISH (EBER-l/2),
mAb to LMP-1

ISH, ISH (EBER,
BHLF), mAb to
LMP-1

Patients had two to five separate inv01ved sites; aIl biopsy
samples consistent for EBV status; three positive cases had
identical LMP-l genes; 2 patients had discordant LMP-l genes
at different sites
More mixed cellularty types positive in both series; positivity
among cases of nodular sc1erosis in Kenya higher than that in
cases in Italy. ln Kenya, more children $ 15 years (41 of 42)
positive than adults;: 15 years (44 of 50)

Cases from Kenya. Positivity vared by age: 100% in 53
paediatrc cases, 67% in 48 adult cases
Cases from Japan; more mixed cellularty than other types,
more older (;: 40) than younger (.: 40 years) and more males
positive
Children in 10 countries; positivity 50-100%, more mixed
cellularty type and more males positive (HIV status unkown)
Cases from Republic of Korea; positivity increased with stage;
more mixed cellularty than nodular sc1erosis positive; only 1
case positive for BamHI H left-frame transcript

Adapted from Mueller (1996)

HRS, Hodgkin and Reed-Stemberg; ISH, in-situ hybridization (for EBV genome probe, unless otherwise specified); SB, Southem blot;
PCR, polymerase chain reaction; LMP-l, latent membrane protein 1; EBNA, EBV nuc1ear antigen; EBER, EBV-encoded RNA; mAb,
monoclonal antibody; EA, early antigen; ZEBRA, Z EBV replication activator; gp350/250, envelope glycoprotein; VCA, viral capsid
antigen; MA, membrane antigen
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Relationship to clinical features: Few clinical or other molecular features appear to be
related to EBV status. O'Grady et aL. (1994) reported that EBV positivity in stage-I
disease is associated with cervical neck node presentation, irrespective of histological
subtype. This could be related to primar EBV infection in the oropharynx and would
appear to strengthen the association between Hodgkin' s disease and previous infectious
mononucleosis. Similarly, Kapadia et aL. (1995) reported a relatively high rate of EBV
positivity in 8 of 12 cases of Hodgkin's disease occurrng in Waldeyer's tonsilar ring.
Primar Hodgkin's disease of the tonsils is rare, however, and recent studies have
suggested that HRS ceUs in cases of Hodgkin's disease arsing in association with infec-
tious mononucleosis are predominantly EBV-negative (Mue Uer, 1997). EBV genome
status has not been found to be an independent predictor of prognosis (Delsol et aL.,
1992; FeUbaum et al., 1992; Vestlev et aL., 1992).

Relationship to histology, age and ethnicity: Several factors appear to be predictive of
EBV status. Viewing the data on the two most common subtypes overall (Table 17),
cases of the mixed cellularty subtype generally occur at higher rates than those of no-
dular sc1erosis. Given the difference in the age and sex distribution of these two subtypes
of Hodgkin's disease (Medeiros & Greiner, 1995), the presence of EBV should have a
U-shaped relationship with age, with the highest rates at the extremes of age and the
lowest in young adulthood. The general consensus is that EB V infection of HRS cells is
at best rare in cases of the nodular lymphocyte-predominant type, consistent with the
notion that these are an entity distinct from the 'classical' forms of Hodgkin's disease
(Pallesen et aL., 1991c; Shibata et aL., 1991a; Alkan et aL., 1995). Few cases of lym-
phocyte-depletion Hodgkin' s disease have been reported in the literature, and their
association with EBV is highly varable, consistent with the origin of such cases from
Hodgkin's disease of either nodular sc1erosis or mixed cellularity type and with the
proposed overlap with CD30-positive anaplastic large-cell lymphomas (Zhou et aL.,
1993; Bai et aL., 1994; Quintanila-Marínez et aL., 1995; Herbst et aL., 1996a).

ln studies of cases in developing countries, where patients generally present with

more advanced disease, the rate of positivity is notably high, particularly among children.
Gulley et al. (1994) analysed 125 cases from Costa Rica, Mexico and the United States
by multivarate analysis and found that Hispanic ethnicity per se was an independent
predictor of the presence of the EBV genome, with a RR of 4.3. Murray et al. (1992b)
noted that the proportion of HRS cells containing LMP-l in EBV-positive specimens
increased in parallel with a less favourable histological subtype: 41 % in one of 12 cases
of lymphocyte-predominant disease, 49-78% in 12 of 24 cases of the nodular sclerosis
type, 63-81 % in six of seven cases of the mixed cellularty type and 89-97% in aU three
cases of lymphocyte-depletion Hodgkin's disease.

Glaser et aL. (1997) analysed the data from a number of investigators and previously
unpublished data by multivarate analysis, with a total series of 1546 HIV-l-negative
cases of Hodgkin' s disease, in order to identify characteristics that differentiate EB V _
positive and EBV -negative cases. Cases of mixed-cell disease were significantly more
likely to contai EBV than those of nodular sc1erosis in aU age groups: -c 15 years, RR,
7.3; 15-49 years, RR, 13; ~ 50 years, RR, 4.9. Patients under 15 years of age in deve-
loping countres were significantly more liely to have EBV than those from more deve-
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loped countries (RR, 6.0); similar results were not found for older individuals. Men aged
15-49 years, but not those in other age groups, were significantly more likely to have
tumours containing the EBV genome (RR, 2.5). Overall, it appears that the presence of
EBV is related to a less favourable host response.

RN infection: Essentially all HIV-l-infected patients with Hodgkin's disease have a
higher rate of EBV positivity: 8 of 10 (Moran et aL., 1992), 11 of 11 (Hamilton-Dutoit
et aL., 1993b) and 14 of 18 (Tirell et aL., 1995). ln general, these patients present with
advanced Hodgkin's disease and have a poor prognosis. (HIV-l-infected patients may be
at increased risk for Hodgkin's disease (IARC, 1996).)

(b) Case-control studies

(i) lnfectious mononucleosis

The association between history of infectious mononucleosis and Hodgkin's disease
has been evaluated in several case-control studies (Table 18). A weak positive asso-
ciation is usually seen, paricularly in young adults and patients with the nodular sclero-
sis subtype.

(ii) Serology

ln case-control studies of more than 2000 patients with Hodgkin' s disease of all ages,
the proportion who had IgG antibodies to VCA, indicative of prior infection, was similar
to that of controls (Table 19); however, the cases consistently had higher mean antibody
titres than controls, except in two studies involving paediatric patients (Lange et al.,
1978; Shope et al., 1982). Similarly, in most studies, the cases had a higher prevalence of
antibodies (as well as higher titres) against the EA complex of EBV, indicative of active
viral replication (Table 20). Evans and Gutensohn (1984) found that subjects with a his-
tory of infectious mononucleosis had higher GMTs against VCA and against both EA(D)
and EA(R) than did subjects who did not have such a history. This was true among both
cases as a group and among the sibling controls as a group, although only sera in which
antibody was present at the lowest dilution were inc1uded in calculating GMTs.

ln eight studies, antibodies against EBNA were also evaluated (Table 21). Of these,
three showed no higher levels in diagnosed cases than in controls. Lennette et al. (1993)
and Merk et aL. (1995) also tested for antibodies against specific components of the
EBNAs, using recombinant proteins as targets. ln a study of 20 Hodgkin's disease
patients and 74 grouped controls (Lennette et al., 1993), the cases had higher (non-signi-
ficant) GMTs against EBNA-2A and EBNA-3C but not against EBNA-l or EBNA-2B.
ln a later study of 61 untreated cases and 109 healthy EBV antibody-positive controls
(Merk et aL., 1995) tested with the same assays, the cases had elevated titres against
EBNA-1, EBNA-2A and EBNA-3C but not against EBNA-2B.

Chen et al. (1992b) developed an assay to test for immune response to recombinant
full-Iength LMP-l. They found that 16 of 27 patients with Hodgkin's disease but only
two of 26 EBV -seropositive controls and five of 22 patients with nasopharngeal carci-
noma had IgG antibodies against LMP-1. Lennette et aL. (1995) developed a monoclonal,



..
VI
00

Table .18. Results of case-ontrol studies of the association between a history of infectious mononucleosis and the risk
for Hodgkin's disease

Reference Study population No. of No. of Relati ve risk Factors controlled

cases controls -
~

Henderson et al. Population-based: Los Angeles County 212 212 1.3 Age, ethicity, sex,
::n

(1979) (USA), incident cases, 1972-73; neighbour- Nodular sclerosis, 1.5 neighbourhood ~hood controls 0
ZGutensohn & Cole Population-based: Eastern Massachusetts 225 447 1.8 Age, sex, family size, 0

(1981) (USA), incident cases, 15-39 years, 1973- p -:0.05 birt order, housing c:
77; population controls density in childhood ~'i

Gutensohn (1982) As above, cases 40-54 years; population 53 106 1.3 Age, sex, family size, :i
CI

controls religion ~
Evans & Gutensohn As above, cases 15-54 years; sibling 262 250 1.5 Family 0

t'
(1984) controls

~Bernard et al. (1987) Population-based: Yorkshire Health Distrct 248 489 1.0 Sex, age, health district m
(UK), incident cases, 1979-84; hospital Males 15-35 years, 4.9 ..0
controls (subjects appear to be ~ 15 years) p = 0.04

Serraino et al. Hospital-based: Pordenone (Italy), 1985- 152 613 8.2 Sex, education
(1991) 90, cases 15-77 years Nodular sc1erosis, 13.1

p-:0.05
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Table 19 (contd)

Reference Cases Controls RR

No. Prevalence GMT High titre" No. Prevalence GMT High titre"

Merk et al. (1995)"
Lenette et al. (1995)

61
113

o.nh1.00 109 1.00
30

0.14 16
878 199

From Evans and Gutensohn (1984), except for the last three references
RR, relative risk; GMT, geometrc mean titre
";; 1: 160, unless otherwise noted
b;: 1:640
C Sera collected before initiation of treatment; all other studies involve treated patientsd;; 1:640 .
e;; 1:320
f Children only
8 Siblings of cases
h;; 1: 1280

-
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enhanced, indirect immunofluorescence assay for detecting antibodies against LMP
2A12B. N one of 113 Hodgkin' s disease patients but 64% of patients with nasopharngeal
carcinoma had these antibodies.

Table 20. Results of case-control studies of the association between prevalence
of antibodies against the early antigen complex of the EBV and risk for
Hodgkin 's disease

Reference Cases Controls RR

No. Pre- High GMT No. Pre- High GMT
valencea

titre b valence titre

de Schrver et aL. 15 0.27 0.07 0
(1972)
Henle & Henle 458 0.30c 30 1718 0.03c 20 14
(1973b)
Rocchi et aL. (1975) 100 0.50c 0.28 34 100 0.02 0 5 49
Gotlieb-Stematsky 63 0.27 101 0 00

et al. (1975)

Hilgers & Hilgers 43 0.91 52 43 0.81 9 2.4
(1976)
Hesse et al. (1977) 176 0.84 0.26d 63 176 0.82 0.27 55 1.2
Evans et aL. (1978) 42 0.21 11 0.09 2.7
Lange et al. (1978)'1 17 0.53c 43 0.09 11

Evans & Gutensohn 304 0.46 0.30c 13 276h 0.23 0.11 8 2.8
(1984Y
Lennette et al. 23 0.39 20 75 0.04 5 15
(1993)8

Merk et al. (1995)' 61 0.25 O.l1i 109 0.21 0.09 1.3

From Evans and Gutensohn (1984), except the last two references
RR, relative nsk; GMT, geometrc mean titre
a21:5
b21:40
c21:10
d21:160
e Sera collected before initiation of treatment

f Children only
KEA(D) only
h Siblings of cases

;21:40
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Table 21. Results of case-ontrol studies of the association between

proporton of high titres against the nuclear antigen complex of the
EBV and risk for Hodgkin's disease

Reference Cases Controls RR

No. High GMT No. High GMT
titre (%) titre (%)

Rocchi et aL. (1975) 100 34a 18.9 100 0 6.2 00

Hilgers & Hilgers 20b 186.0 20 169.0
(1976) 23c 128.0 23 198.0
Lange et al. (1978/ 28 13.0' 431 42.8
Mochano et al. 37 498 58.2 40 14 36.2 (1.8)
(1979)
Shope et aL. (1982/ 15 138 24 0 00

Wutzler et al. (1983) 57 8.0 57 7.0
Lennette et aL. 20 197.0 73 245.0
(1993)
Merk et al. (1995t 61 26; 109 17 (1.7)

Anticomplement immunofluorescence test (Reedman & Klein, 1973) used in all
studies; numbers in square brackets were calculated by the Working Group.
a~ 1:40

b Mixed cellularty type
cNodular sc1erosis type
d Children only

. Before therapy
1 Children and adults
8~ 1:80

h Untreated cases

;~ 1:1280

(c) Cohort studies

(i) Infectious mononucleosis

The risk for Hodgkin' s disease after a diagnosis of infectious mononucleosis has been
evaluated in six cohort studies (Table 22) involving nearly 42 000 young adults with
serologically confirmed infectious mononucleosis. The expected number of cases of
Hodgkin's disease was based on data for the general population in each study. Overall,
there was about a threefold excess of Hodgkin' s disease.

Miller and Beebe (1973) identified 2437 men in whom infectious mononuc1eosis had
been diagnosed in 1944 while they were in the service of the United States Ary. Ths
cohort was traced for death through 1965. Diagnoses of Hodgkin' s disease were based on
information on death certficates. The two cases identified both died with Hodgkin' s

disease 20 years afer the diagnosis of infectious mononuc1eosis.
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Table 22. Results of cohort studies of persons with a history of infectious mono-
nucleosis (lM) and subsequent Hodgkin's disease (RD)

Reference Study population No. of Follow-up No. of No. of RR
cases of period cases of RD cases of HD
lM observed expecteda

Miler & Beebe US Ary during 2437 1946-5 2 (1) (2.0)
(1973) Second World War

Connelly & Connecticut, USA 4529 1948-68 5 (1) (5.0)
Chrstine (1974)

Rosdahl et al. Denmark 17 073 1940-70 17 6 2.8
(1974)
Carer et al. University students, 2282 1949-74 3b 1.3 (2.3)
(1977) USA

Muñoz et aL. Scotland and 9454 1959-73 7 1.8 3.9
(1978) Sweden

Kvåle et al. Norway 5840 1961-75 3b (1) (3.0)
(1979)

RR, relative risk; numbers in square brackets ca1culated by the Working Group
a Expected number based on data for general population, except when taken from original paper
b Afer 12 months

Connelly and Chrstine (1974) identified 4529 residents of Connecticut (United
States) in whom infectious mononucleosis was diagnosed between 1948 and 1964, from
the records of the State Deparment of Health. This cohort was followed through 1968,
with matching to the Connecticut Tumor Registry. Five cases (four female, one male) of
Hodgkin's disease were diagnosed 3-10 years (median, 8 years) after the diagnosis of
infectious mononuc1eosis.

Rosdahl et aL. (1974) identified 17 073 Danes in whom infectious mononuc1eosis had
been diagnosed at the Statens Seruminstitut in Copenhagen between 1940 and 1969. The
records of the Dansh Cancer Registr were screened for cancers diagnosed after an
interval of 12 months to mid-1970. Seventeen of these people (one woman and 16 men)
subsequently developed Hodgkin's disease between one and seven years (median, three
years) after the diagnosis of infectious mononuc1eosis.

Carer et aL. (1977) identified 2282 former university students in the United States in
whom infectious mononuc1eosis was diagnosed between 1949 and 1969. Of these, three
men had a subsequent diagnosis of Hodgkin's disease three, four and seven years after
their inectious mononuc1eosis.

MuñQZ et al. (1978) identIfed a cohort of 9454 persons in whom infectious mono-
nuc1eosishad been diagnosed from laboratory records in either the city hospita in
Aberdeen, ScotIand, in 1959-1971 or at four public health laboratories in Sweden in
1952-70. The cohort was matched against local cancer registries for cancer occurrng
two years later than the diagnosis of mononuc1eosis. The seven cases (five female, two
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male) of Hodgkin's disease were diagnosed 2-12 years (median, 2 years) after infectious 
mononucleosis. 

Kvile et al. (1979) identified 5840 persons with infectious mononucleosis diagnosed 
in nine laboratories in Nonvay in 1961-72 and matched them against the records of the 
Cancer Registry of Norway. Three male cases were diagnosed at least 12 months (one, 
two and four years) after diagnosis of mononucleosis. 

(ii) Serology 
Two casecontrol studies nested within cohorts included reports on EBV serology 

preceding a diagnosis of Hodgkin's disease. The first, by Mueller et al. (1989), conso- 
lidated the resources of five serum banks containing specimens from over 240 000 
persons and identified 43 patients from whom blood had been drawn and stored for an 
average of 50.5 months before diagnosis of Hodgkin's disease. These were compared 
with 96 matched controls from whom blood had been drawn at the same time. All of the 
blood specimens were assayed for IgG, IgA and IgM antibodies against YCA and IgG 
antibodies against EA(1D) and EA(R) and EBNA. As had been reported in the case- 
control studies, the cases had elevated IgG titres against VCA (RR, 2.6; 90% CI, 1.1- 
6-11, EA(D) (RR, 2.6; 90% CI, 1.14.1) and EA(R) (RR, 1.9; 90% CX, 0.90-4.0), with 
adjustment for IgM antibodies. In addition, a greater proportion of the cases than controls 
had elevated titres of IgA against VCA (RR, 3.7; 90% CI, 1.4-9.3; adjusted for IgM), 
and substantially fewer had IgM antibodies against VCA (m, 0.22; 90% CI, 0.04-1.3). 
When all of the antibodies were controlled far simultaneously, the most significant 
findings were the prevalence of high titres of EBNA (RR, 6.7; 1.8-25) and an inverse 
association for IgM antibodies (RR, 0.07; 90% CI, 0.01-0.53). This finding of altered 
EBV antibody patterns before the diagnosis of Hodgkin's disease was generally stronger 
in blood specimens drawn at least three years before diagnosis than in those tested closer 
to the time of diagnosis and did not vary appreciably between the sexes, by age or by 
histological type. 

Lehtinen et al. (1993) conducted a similar study in a cohort of 39 000 healthy Finnish 
adults who were followed-up for 12 years. Of these, six were subsequently found to have 
Hodgkin's disease. Although the data were not shown, the authors reported that the risk 
for Hodgkin's disease was associated with increased antibody responses to EBNA and to 
EA, consistent with the results of the previous study. 

2.4 Nasopharyngeal carcinoma 

2.4.1 Clinical features and histopathology 

2.4.1.1 Clinical features 

Nasopharyngeal carcinoma commonly arises from the fossa of RosenmiilIer, a region 
of the nasophaqnx rich in lymphoreticular tissue, and eustachian cushions, regardless of 
race or geographical area. Nasopharyngeal carcinoma may dso arise in the roof of the 
nasopharynx and very rarely in the anterior and inferior walls of the nasopharynx 
(Simons 62: Shanmugaratnam, 1982). 
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Clinically, nasopharngeal carcinoma may metastasize, paricularly to cervical lymph
nodes, and as a result is frequently identified only after dissemination. ln several series,
more than 50% of patients presented with cervical lymph no de metastases (Ho, 1971;

Sugano et aL., 1978; Levine & Connelly, 1985; Pathmanathan, 1997). The jugulodigastric
lymph nodes are the most commonly affected cervical nodes (Stanley, 1997) and are
found to be enlarged in 50-70% of patients. The presenting symptoms may thus be bila-
teral cervical node enlargement and also blood-stained nasal dis charge, nasal obstruction,

blood-stained sputum, tinnitus and hearing loss due to tumour involvement of the eus-
tachian tube. Cranial nerves may be involved singly or in different combinations early or
late in the disease; however, cranial nerve palsies, paricularly involving cranial nerves
III, iv, V and Vi, iX and X are often seen. Intracranial extension of the tumour into the
base of the skull may give rise to frequent headaches, which are occasionally unilateral,
central or retro-orbital in distribution. The neurological signs and symptoms reflect the
severity and extent of tumour invasion.

2.4.1.2 Histopathology

The microscopic appearance of nasopharngeal carcinoma or of a metastatic naso-
pharngeal carcinoma in lymph node material may be diagnostic and provide confir-
mation of a clinical diagnosis. When a biopsy sample from an early lesion shows no
carcinoma cells, paricularly in a patient with suggestive serological results (see below),
additional curettings of the nasopharnx should be do ne and the tissue exarned.

The WHO histopathological classification of nasopharngeal carcinoma (Shanmu-
garatnam & Sobin, 1991) has been adopted by several investigators. It comprises
(1) keratinizing squamous-cell carcinoma, (2) differentiated non-keratinizing carcinoma
and (3) undifferentiated carcinoma. Keratinizing squamous-cell carcinomas are further
divided into well, moderately or poorly differentiated squamous-cell carcinomas,

depending on the presence of intercellular bridges and/or evidence of keratinization
(pearl formation). Differentiated non-keratinizing carcinomas have organized cellular
patterns but show no evidence of keratinization. The cells have vesicular nuclei with pro-
minent nuc1eoli, well-defined cell margins, and show a stratified or pavemented pattern.
A plexiform pattern may be seen, but the syncytial pattern of undifferentiated carcinomas
is not apparent. Undifferentiated carcinomas inc1ude lymphoepitheliomas. They are com-
posed of malignant epithelial cells aranged in a syncytial fashion with heavy infitration
of non-malignant lymphocytes. The malignant epithelial cells have vesicular nuc1ei and
prominent nuc1eoli, and the cell margins are indistinct, consistent with the types
described by Schrnke (1921) and Regaud (1921). Occasionally, spindle-shaped tumour
cells with hyperchromatic nuclei may be present.

2.4.2 Epidemiology

Nasopharngeal carcinoma is a disease with a remarkable racial and geographical
distrbution. Ir constitutes 75-95% of all malignant tumours occurrng in the naso-
pharnx in low-risk populations and virually all of those in high-risk populations (Ho,
1971; Sugano et aL., 1978; Levine & Connelly, 1985).
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2.4.2.1 Descriptive epidemiology

(a) International patterns

Nasopharngeal carcinoma is a rare malignancy in most pars of the world, where the
age-stadardized incidence rate for people of either sex is generally less than 1 per
100000 persons per year (Parkin et aL., 1997). Table 23 lists the handful of populations
that are known to deviate from this low-risk pattern, together with the age-standardized
(world population) incidence rates for men and women separately. The overall incidence
of nasopharngeal carcinoma is elevated in China, with substantial varation between
regions. ln general, the incidence increases from the nort to the south. Whereas the rates
in Chinese men in the northernost provinces are about 2-3/100 000 person-years, those

residing in the southernmost province of Guangdong have rates of 25-40/100 000
person-years (National Cancer Control Office, Naning Institute of Geography, 1979; Yu
et aL., 1981; Parkin et aL., 1997). High rates approaching those observed in southern
China are seen among Inuits and other natives of the Arctic region (Albeck et al., 1992;
Nutting et aL., 1993). Intermediate to moderately high rates of nasopharngeal carcinoma
(3-10/1 00 000 person-years) are seen among many indigenous peoples of Southeast
Asia, inc1uding Thais, Vietnamese, Malays and Filipinos (Parkin et aL., 1997). ln Sabah,
Malaysia, rates similar to those observed among the Inuits have been reported for the
native Kadazans (Rothwell, 1979). Intermediate to moderately high rates of naso-

pharngeal carcinoma are also observed among Arabs in Kuwait and Algeria (Parkin
et al., 1997). Reviews of hospital series indicate that the rates of nasopharngeal carci-
noma are increased in the mainly Arab populations of Tunisia, Morocco, the Sudan and
Saudi Arabia (Muir, 1971; Cammoun et aL., 1974; Hidayatalla et aL., 1983; Al-Idris si,
1990). Migrants to Israel from North Africa (Morocco, Algeria and Tunisia) have inter-
mediate rates of nasopharngeal carcinoma which persist in their offspring born in Israel
(Parkin & Iscovich, 1997).

The proportions of the histological types of nasopharngeaI carcinoma appear to var
with geographicallocation and race. ln the low-risk areas of Japan, type-1 nasopharn-
geal carcinoma accounts for 12% of cases, whereas type 3 predominates in high-risk
areas of Taiwan (Sugano et al., 1978). ln sub-Saharan Africa, which is a relatively low-
risk area for nasopharngeal carcinoma, type-3 nasopharngeal carcinoma is also the
predominant histopathological type (Cammoun et al., 1974). Further detals on the patho-
logy of nasopharngeal carcinomas are given in the proceedings edited by Muir and
Shanugaratnam (1967) and de Thé and Ito (1978).

(b) Migration

Most Chine se living outside China originate from the provinces of Guangdong and
Fujian in the south-east (Ho, 1959), a region with a high incidence of nasopharngeaI
carcinoma (National Cancer Control Offce, Naning Institute of Geography, 1979).
Southern Chinese migrants, irespective of the countr to which they migrate, continue to

have high rates of nasopharngeal carcinoma (Worth & Valentine, 1967; Kig &
Haenszel, 1973; Arstrong et aL., 1979; Gallagher & Elwood, 1979; Lee et aL., 1988;
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Table 23. Populations at increased risk for nasopharyngeal
cancer

Population Age-standardized Reference
(world) incidence

a

Male Female

Chinese, Hong Kong 24.3 9.5 Parkin et al. (1997)
Chinese, Taipei 8.1 3.2 Chen et aL. (1988a)
Chine se, Shanghai 4.5 1.8 Parkin et aL. (1997)
Chine se, Tianjin 1.8 0.6 Parkin et al . (1997)
Inuits, Greenland 12.7 9.2 Albeck et aL. (1992)
Inuits, Athabascans, Aleuts, 11.9 5.6 Nutting et al. (1993)

Alaska
Thais, Chiang Mai 2.6 1.5 Parkin et aL. (1997)
Vietnamese, Hanoi 10.3 4.8 Parkin et al. (1997)
Malays, Singapore 6.5 2.0 Parkin et al. (1997)
Filipinos, Manila 7.6 3.7 Parkin et al. (1997)
Kadazans, Sabah 15.9 8.7 Rothwell (1979)

Kuwaitis, Kuwait 2.3 0.6 Parkin et aL. (1997)
Algerians, Sétif 8.0 2.7 Parkin et al. (1997)
Israeli Jews bom in Morocco, 2.8 1.3 Steinitz et al. (1989)

A1geria or Tunisia

aper 100000 person-years

Parkin et aL., 1997), although succeeding generations of such immgrants in countres
such as the United States (King & Haenszel, 1973; Buell, 1974; Yu et aL., 1981) and
Australia (Worth & Valentine, 1967) show continually dec1ining rates. ln contrast,
Singapore-born Chine se do not have lower rates of nasopharngeal carcinoma than

Chine se born in China (Lee et aL., 1988), perhaps because Chinese in Southeast Asia
generally adhere to their traditional culture and customs while those in western countres
gradually adopt the occidental way of life.

There have been reports that low-risk racial groups born and raised in high-risk areas
have an increased risk for nasopharngeal carcinoma. Buell (1973) reviewed deaths due
to nasopharngeal carcinoma in Californa, United States, and observed that white men
born in the Philippine Islands or China had a higher risk than other white men, and Jews
in Israel who were born in North Afrca had higher rates of nasopharngeal carcinoma
than other Jews (Steinitz et aL., 1989), the increase persisting in their children (Parkin &
Iscovich, 1997). Men of French origin who were bom in North Africa had a signficantly
higher rate of nasopharngeal carcinoma than French men bom in France (Jeanel et al.,
1993).

(c) Sexand age

ln virtally all of the populations studied, the rates are higher among males than
females. ln most populations, the male:female ratio is 2-3:1 (Parkin et aL., 1997). The
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age distribution, however, shows interesting differences by population. ln high-risk
southem Chinese, the incidence in people of each sex increases steadily with age,
reaching a peak at 45-54, and shows a definite decline at older ages (Armstrong et aL.,
1979; Yu et al., 1981; Parkin et aL., 1997). The rates in China as a whole show no such
decline after the age of 55 years; and the increase continues to at least 70-74 (National
Cancer Control Office, Nanjing Institute of Geography, 1979). The distribution of age-
specific rates in the low-risk populations studied, at least after age 20 years, is similar to
the distribution of the overall rates in China (Balakrshnan, 1975; Burt et aL., 1992;
Parkin et aL., 1997).

A peak in incidence is observed in adolescents of each sex in a number of populations
at low to moderate risk for nasopharngeal carcinoma. ln the United States, a minor peak
in the age group 10-19 years is seen in blacks (Burt et aL., 1992; Parkin et al., 1997). ln
Sabah, Malaysia, Kadazan men have a secondar peak between the ages of 15 and 24
years (no data were available for Kadazan women; Rothwell, 1979). ln India, the age
distribution of 666 consecutive cases of nasopharngeal carcinoma showed a peak at age
13-22 years, regardless of sex (Balakshnan, 1975). When Balakshnan (1975) pooled
the incidence rates of nasopharngeal cancer in 48 population groups published by Doll
et aL. (1970), he found a definite mode in young people of each sex between the ages of
10 and 19 years, which was not seen when similarly pooled data for cancers of the nose
and nasal sinuses were plotted against age.

(d) Race and ethnicity

The high risk for nasopharngeal carcinoma among Chinese is mainly confined to
those residing in the southem provinces of Guangdong, Guangxi, Hunan and Fujian (see
Figure 9; National Cancer Control Office, Nanjing Institute of Geography, 1979). The
several distinct racial and ethnic groups that reside in this high-risk region have different
rates of nasopharngeal carcinoma. The highest rates are observed among the Tankas, a
sub-ethnic group of Cantonese who inhabit the Pearl River Delta basin in central
Guangdong. One feature that distinguishes the Tankas from other Cantonese is that they
are seafarng people (either fishermen or sea transporters), who live on houseboats
moored along the banks of the many branches of the Pearl River. The rates of naso-
pharnge al carcinoma among the Tankas are twice those among land-dwelling
Cantonese (Ho, 1978; Li et al., 1985). ln turn, the land-dwellng Cantonese (who

comprise 98-99% of Cantonese) have a twofold higher rate of nasopharngeal carcinoma
than the Haka and Chiu-Chau dialect groups, who !ive in nort-east Guangdong (Yu
et aL., 1981; Li et aL., 1985). The people of Fujian Province are culturally similar to the
Chiu-Chau people in Guangdong Province, and so are their rates of nasopharngeal
carcinoma (National Cancer Control Office, 1980). It is interesting to note that the
Hakas (who rarely intermar with other dialect groups) originated from northem China
more than 500 years ago (Ho, 1959), but their rates resemble those of their Chiu-Chau
neighbours and not those of their low-risk ancestors in the north. Even after they migrate
to other pars of Southeast Asia, the Cantonese continue to have a twofold higher risk for
nasopharngeal carcinoma than the Hakas, Chiu-Chaus and Fujianese (Arstrong et al.,
1979; Lee et aL., 1988).
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Figure 9. Map of China, showing provinces where the risk
for nasopharyngeal carcinoma is high

10.£ IO.E 100.E 11 O.E 120.E 130.E 14O.E

SO-" ..

20.M "-

°0/
IO.E IO"E 100"E 110.E 120.E 13O.E

From National Cancer Control Office, Nanjing Institute of Geography (1979)

Two distinct racial groups inhabit the Autonomous Region of Guangxi. While the
Zhuang people in western Guangxi have a rate of nasopharngeal carcinoma that is one-
fifth of that in Cantonese, the Han (the predominant race in China) people of eastern
Guangxi, who are ethnically close to the Cantonese in Guangdong, have similar rates.
The areas of Hunan Province that border both Guangxi and Guangdong to the north, not
surprisingly have high rates of nasopharngeal carcinoma. ln addition, the Tujia and
Miao minonties who inhabit the mountainous region of western Hunan have rates of
nasopharngeal carcinoma that approach those of the Cantonese (National Cancer

Control Office, 1980).

ln summar, the geographical varation in the incidence of nasopharngeal carcinoma
within southern China c10sely parallels the distribution of racial and ethnic groups inha-
biting the region. The relatively high rates observed among the Hakas who originated
from low-risk northern China argues against genetic predisposition as a major cause of
the varing risk patterns among these population groups. As these ethnic groups differ,
however, in their customs and food habits, environmental factors inherent in their
cultures may be responsible for the differences in susceptibility to nasopharngeal
carcinoma.

ln Malaysia and Singapore, large numbers of Chinese and Indians live alongside the
native Malays. As mentioned earlier, the Chine se and Malays have high rates; however,
Indians in Southeast Asia have very low rates of nasopharngeal carcinoma, comparable
to those seen in whites in the United States (Arstrong et aL., 1979; Parkin et al., 1997).
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Different rates of nasopharngeal carcinoma have also been reported among different
ethnic groups inhabiting different pars of sub-Saharan Africa (Clifford, 1965; Schmauz
& Templeton, 1972; Hidayatalla et al., 1983).

(e) Socioeconomic status

Among the high-risk southern Chinese, individuals in the lower social strata have
higher rates of nasopharngeal carcinoma than those in the higher social strata (Geser
et aL., 1978; Arstrong et aL., 1978; Yu et aL., 1981). Similar information for low-risk
populations is scanty. Among white men living in rural or semi-rural counties in the
United States, an inverse association is seen between years of schooling and the rate of
mortality from nasopharngeal carcinoma, while no c1ear trend is apparent among those
living in predominantly urban counties (Hoover et aL., 1975).

if Urbanization

No difference in the risk for nasopharngeal carcinoma has been noted between urban
and rural residents in south China, or among Chinese in the Malaysian state of Selangor
(Arstrong et aL., 1979). ln metropolitan Hong Kong, local-born Cantonese have rates

similar to those of people born and raised in the rural regions of Guangdong Province
(Yu et aL., 1981). Urban residents in some low-risk populations, however, seem to have
higher rates of nasopharngeal carcinoma than their rural counterpars. ln the United
States, the mortality rate from this cancer in counties that are 100% urban is about twice
that in counties that are 100% rural (Hoover et aL., 1975). ln a comparison of the rates in
urban and rural residents in 11 populations in Australia, Europe and Japan, seven popu-
lations had similar rates, while the urban rates were 1.3-2 tImes higher than those in rural
areas in four populations (Muir et aL., 1987).

(g) Time trends

Early records showed that nasopharyngeal carcinoma was common among southern
Chine se well over 50 years ago (Ho, 1978). Exarnations of cancer registres in
Malaysia between 1968 and 1977 and in Singapore between 1968 and 1987 showed little
change in incidence in these southern Chinese populations (Arstrong et al., 1979; Lee

et aL., 1988, 1992). Similar data in Hong Kong, however, indicated a monotoiic dec1ine
in the rates of nasopharngeal carcinoma in people of each sex between 1974 and 1992
(the latest year for which complete incidence data were available). The male and female
rates in 1974-77 were 32.9 and 14.4, respectively, while the corresponding figues in
1988-92 were 24.3 and 9.5, respectively (see Table 24). Ths decrease in the incidence of
nasopharngeal carcinoma in Hong Kong Chinese parallels a reduction in the use of
Chinese-style salted fish (a human carcinogen, see lARC, 1993, and section 2.4.3.1(a))
since the mid- to late 1940s, as Hong Kong developed economically (Geser et aL., 1978;
Yu et aL., 1986).

Data from the Connecticut Tumor Registr (United States) between 1935 and 1974
show relatively stable rates over the 40-year period (Levine et al., 1980b). Similarly, 'an
analysis of data collected from the nationwide Surveilance, Epidemiology and End
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Table 24. Time trends in ave-
rage annual incidence rates of
nasopharyngeal carcinoma (per
100 000) in Hong Kong

Period Average annual incidence

Males Females

1974-77 32.9 14.4
1978-82 30.0 12.9
1983-87 28.5 11.2
1988-92 24.3 9.5

Based on data from Cancer Incidence
in Five Continents (Waterhouse et aL.,
1982; Muir et aL., 1987; Parkin et aL.,
1992, 1997)
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Results programme in the United States during 1973-86 showed no evidence of a change
in incidence rates during the 14-year period (Burt et aL., 1992). A review of data on
Canadian Inuits over a 25-year penod (1949-74) also indicated no appreciable varation
in rates over time (Schaefer et aL., 1975). ln contrast, the rates for Chinese Amencans
have been declining steadily since 1950, such that the mortality rate from this cancer in
men was halved between 1950-54 and 1970-79, from 12 to 6 per 100 000 person-years
(Fraumeni & Mason, 1974; Levine et aL., 1987). This trend is likely to be the result of
increased representation of local-born Chinese in the age groups at high risk for naso-

pharnge al carcinoma as this lower-risk population ages, and increased migration from
Taiwan and other .intermediate- to low-risk regions in China since the 1950s. Prior to that
time, virtually an Chinese Americans originated from Guangdong Province (Chinn et al.,
1969; Lai, 1988).

(h) Correlation with age-specife prevalence of EBV infection

Thoughout China, there is little varation in the prevalence of infection or the age at
primar infection with EBV (Zeng, 1985), although a more than 20-fold difference in
risk exists within the country. Virually all Chinese children are infected by the age of
three to five, and no difference in serological profile has been observed between Chinese
populations with drastically different rates of incidence of nasopharngeal carcinoma
(Gu & Zeng, 1978; Zeng, 1985). de Thé et al. (1975) compared the age-specifie pre-
valence of antibodies to EBV VCA in three populations at low risk for nasopharngeal
carcinoma (Singapore Indian, U gandan and French Caucasian) with that in Singapore
Chinese, who have the highest incidence of nasopharngeal carcinoma in the world
(Parkin et al., 1997). ln comparson with Singapore Chinese, the age at priar infection
with EBV is earlier in Ugandans and Singapore Indians and later in French Caucasians;
yet the high risk for nasopharngeal carcinoma is unique to Singapore Chinese.
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2.4.2.2 Case series

(a) Antibodies in sera and throat washings

The association between nasopharngeal carcinoma of the undifferentiated type and
EBV was first revealed by Old et aL. (1966). As seen in Figure 10, titres of IgG anti-
bodies to VCA, EA and soluble complement-fixing antigens increase with clinical stage
of disease (Henle et al., 1970; de Thé et al., 1975). IgA antibodies to VCA and EA were
later found to be an outstanding feature of nasopharngeal carcinoma (Wara et al., 1975;
Henle & Henle, 1976b; Ho et al., 1976; Desgranges et al., 1977; Pearson et al., 1978b).

Figure 10. Titres of IgG antibodies to EBV in Chinese nasopharyngeal carcInoma
(NPC) patients at different stages of the disease and, for comparison, in normal
Chinese controls and Chinese patients with other tumours
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Figure 11 shows the prevalence of IgG and IgA antibodies to VCA and EA in throat
washings from patients with nasopharngeal carcinoma and with other cancers. The titres
of both complement fixing antibodies to a soluble EBNA (Sohier & de Thé, 1971) and
antibodies to EBNA have been found to be elevated in nasopharngeal carcinoma
patients (de Thé et aL., 1973; Baskies et aL., 1979).
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Figure Il. Titres of IgA and IgG antibodies to EBV in
throat washings from patients with nasopharyngeal carcI-

noma (NPC), Burkitt's Iymphoma (BL), infectious mono nu-
cleosis (lM) or other tumours and from normal individuals
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Several studies have indicated that the EBV serological profile also differs between
patients with different histological types of nasopharngeal carcinoma. ln one of the first
studies of these histological subsets, patients with squamous-cell carcinoma were found
to have lower EBNA titres but similar titres of IgG to VCA and EA (Shanmugaratnam
et aL., 1979). Kreger et aL. (1981) showed elevated titres of IgA to VCA and of IgG to
EA and VCA in patients with type-2 or type-3 nasopharngeal carcinoma, while two
patients with type-l squamous-cell carcinomas had normal titres of IgG to VCA. ln a
study of Malaysian patients of Chinese, Malay and other ethnc origins, patients with any
form of nasopharngeal carcinoma had elevated IgA titres to VCA (Sam et al., 1989).
EBV serology is useful in the identification of patients with occult nasopharngeal carci-
noma (Ho et aL., 1976), as shown by elevated titres of anti-IgA VCA; however, histo-
pathological characterization of the tumour is essential for diagnosis, prognosis and
treatment.

(b) Nucleic acid markers in carcinoma cells

Nearly all cases of types-2 and -3 nasopharngeal carcinoma had detectable EBV
DNA sequences, as ascertained by DNA/NA or c-RNA/NA hybridization and DNA/-
DNA reassociation kinetics in biopsy samples (zur Hausen et al., 1970; Wolf et al.,
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1973; Nonoyama & Pagano, 1973; Desgranges et aL., 1975; Pagano et aL., 1975). EBV
EBNA was detected in touch smears of nasopharngeal carcinomas (de Thé et al., 1973;
Huang et aL., 1974; Klein et al., 1974; Zeng et aL., 1981).

Early studies by hybridization kinetics analysis revealed that the viral DNA found in
Burkitt's lymphoma is homologous to that in nasopharngeal carcinomas and that the
latter have a relatively high copy number of the EBV genome (zur Hausen et aL., 1970;
Nonoyama & Pagano, 1973). ln another study, viral DNA and EBNA were detected in
malignant epithelial cells rather than in the abundant infiltrating lymphoid cells (Wolf
et al., 1973). An samples of type-3 nasopharngeal carcinoma from endemic areas and
from areas of intermediate or low incidence contained EBV DNA (Desgranges et aL.,
1975; Pagano et aL., 1975; Raab-Traub et al., 1987). The detection of EBV DNA and
EBERs has been useful in identifying carcinomas that have metastasized to lymph nodes
when the primar tumour has not been identified (Ohshima et aL., 1991; Chao et aL.,
1996). Type-l nasopharngeal carcinoma has been associated with a low copy number of
EBV (Raab-Traub et al., 1987): in some studies, EBV was not found in more than half of
the cases of type 1 nasopharngeal carcinoma from nonendemic areas, whereas cases
from endemic areas all contained EBV (Pathmanathan et aL., 1995a).

ClonaI EBV infection was demonstrated in biopsy samples from nasopharngeal
carcinomas in China and the United States (Raab-Traub & Flynn, 1986; Raab-Traub
et al., 1987; Pathmanathan et aL., 1995b), and also in dysplastic lesions of the naso-
pharnx in individuals with elevated IgA titres in China, suggesting involvement of EBV
prior to the carcinomatous state (Pathmanathan et aL., 1995b).

Viral replication is minimal in tumour cens, but the virs can be isolated afer grafting
into nude mice (Trumper et aL., 1977).

(c) Viral gene expression in tumour specimens

Transcriptional expression of EBV latent genes in nasopharngeal carcinoma cells
has been studied by nortem hybridization (Raab-Traub et aL., 1983; Giligan et al.,
1990b, 1991; Brooks et aL., 1992; Busson et aL., 1992a; Chen et aL., 1992c; Karan et aL.,
1992), by RT-PCR and, in some cases, by in-situ hybridization (Wu et al., 1991; Cochet
et aL., 1993).

BARFO, LMP-2, EBER and EBNA-l are always expressed in nasopharngeal
carcinoma cells (Fåhaeus et al., 1988; Young et al., 1988; Brooks et aL., 1992; Gilligan
et aL., 1991; Sbih-Lamali et aL., 1996), whereas LMP-1 is expressed in a varable pro-
porton of tumour cells (Fåhaeus et aL., 1988; Young et aL., 1988). The early genes
RALF 5, BZLF, BMFRI, EA(D) and BHRF (EA(R)) are occasionally detected in a few
cens. Early proteins such as ribonuc1eotide reductase, BZLF1, BMRF1 (EA(D))and
BHR-1 (EA(R)) can be detected with monoclonal antibodies (Luka et al., 1988; Lung
et aL., 1989; Cochet et aL., 1993). The presence of EA(D),encoded by BMRF1, was not
confined (Young et al., 1989a), and the site ofEA production, which is at theorigin of
the strong humoral response to that antigen by nasopharngealcarcinoma patients,
remais an open question.
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2.4.2.3 Case-control studies

(a) Based on pre-diagnostic serological tests

Lanier et aL. (1980a) compared the results of serological tests on seven native Alaskan
patients with histologically confirmed nasopharngeal carcinoma and eight controls
matched for sex, age, race and residence for whom frozen sera could be found. Several
sera were collected for each subject. The oldest samples were collected 22-120 months
before diagnosis of nasopharngeal carcinoma in cases and 3-90 months after the date of
diagnosis of the cases in controls. IgA antibodies to VCA were detected in one case 22
months before and three months after diagnosis but in none of the controls. Two patients
who showed no IgA antibodies to VCA on two occasions before diagnosis had raised
titres at the time of diagnosis and in subsequent tests. AlI of the cases and controls had
detectable titres of anti-EBNA: GMT, (60) in cases, (21) in controls; median titre, (80) in
cases, (20) in controls.

(b) Based on serological tests at time of diagnosis

These studies are summarzed in Table 25.

Patients with advanced nasopharngeal carcinoma, whether Cantonese Chinese in
Hong Kong, Maghrebian Tunisians or Caucasians in France, had higher IgG and IgA
titres to VCA and EA than patients with other tumours or than normal subjects (de Thé
et aL., 1978b).

Pearson et aL. (1983b) compared the IgG and IgA anti-VCA antibody patterns of sera
from 124 consecutive cases of nasopharngeal carcinoma in the United States and in 278
sera obtained from relatives of the cases or of patients with benign diseases or cancer of
the head and neck other than nasopharngeal carcinoma. AlI cases and 90% of controls
had detectable levels of IgG to VCA; IgA antibodies to VCA were detected in 69% of
the cases (84% of undifferentiated carcinomas) and 9% of the controls, and IgG anti-
bodies to EA were found in 76% of cases (86% of undifferentiated carcinomas) and 29%
of controls.

Two case-control studies in Chinese populations examned the association between
the prevalence of anti- VCA IgA antibodies in nasopharngeal carcinomas and in popu-
lation controls. Zheng et aL. (1994a) reported an odds ratio associated with infection of
55 (95% CI, 11-280) adjusted for sex and age and foods associated with nasophargeal
carcinoma. Chen et aL. (1987) also found a significant increase in the odds ratio with
increasing anti- VCA IgA titres. The odds ratio for positive versus negative subjects,
adjusted for sex, age, marta status and consumption of foods associated with naso-
pharngeal carcinoma, was 39 (statistically significant).

2.4.2.4 Cohort studies

Chan et al. (1991) identified seven cases of undifferentiated or poorly differentiated
nasopharngeal carcinoma in four Asians and three Caucasians (six male and one
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Table 25. Case-ontrol studies of nasopharyngeal carcinoma and EBV serology at time of diagnosis

Reference and Ethcity No of cases/No. of controls Morphology EBV Measure Results Comments
region marker-
de Thé et al. Chinese, 132/150 selected cases of (92%) undifferen- IgGNCA Geometrc Significantly higher
(1978b) Causasian, advanced nasopharngeal tiated or poorly IgGÆA mean titre in cases

Hong Kong, Nort carcinoma; controls in same differentiated
France, Afcan age range
Tunisia '"

Pearson et al. Mainly 124/278 Undifferentiated, IgGNCA Positive versus Positive: 100% cases, Crude odds ratio
:l
¡o

(1983b) Caucasian Controls: age-matched 85 negative 90% controls (23), 95% CI \.
Nortem relatives, head-and-neck Non-keratinizing, IgANCA Positive versus 69% cases (84% (13-40) ~
USA tumours other than 11 negative undifferentiated), 9% 0

Znasopharngeal carcinoma, Squamous, 26 controls 0
benign disorders of head and IgGÆA Positive versus 76% cases (86% (32) (18-57) ci

¡oneck negative undifferentiated), 29% ;i
controls ~

::
Positive for 62 % of undifferentiated c.
both IgG EA and non-keratinizing, ~
and IgA VCA 7 % of squamous, 1 % of 0~

normal c:
Chen et al. Chinese 205/205 neighbourhood Histologically IgANCA Positive versus Odds ratio, 39, p -: 0.01 ~

tr
(1988b) contro1s matched on sex and veried negative ..

Taiwan age Anti-EBV -:2 1 Adjusted for 0
DNase 2 12 rnatching varables

;?4 62,p -: 0.01 and dietar factors
Zheng et al. Chine se 203/163 (blood available), Histologically IgANCA Positive versus Odds ratio, 55 (95% CI, Adjusted for
(1994a) neighbouhood controls confined but type negative 11-280) matching varables

China rnatched on sex and age not reported and sorne dietar

factors

Numbers in square brackets were calculated by the Working Group.
VCA, viral capsid antigen; EA, early antigen; CI, confidence interval
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female) that developed in a cohort of over 240 000 individuals in Norway and the United
States and for whom sera had been stored in four banks. Two controls per case were
selected from the cohort and matched on bank, storage duration, age, sex and race. The
intervals between serum collection and diagnosis of nasopharngeal carcinoma were 26,
76, 122, 124, 134, 153 and 154 months. The GMTs of IgA antibodies to VCA, anti-
EA(D), anti-EA(R) and anti-EBNA were simIlar in cases and controls. The odds ratio
associated with high titres of IgA to VCA was 1.0 (95% CI, 0.1-11) and that for high
anti-EBNA titres was 0.7 (95% CI, 0.1-5.3).

2.4.2.5 Mass serological surveys

These studies are summarzed in Table 26.

Two screening surveys for EBV positivity in sera were conducted in Guangxi Auto-
nomous Region, China. ln the first, 148 029 subjects living in rural areas of Zangwu
County were screened for IgA antibodies to VCA. Among the first 56 584 exarned, 117
(0.2%) had positive results. These people then underwent thorough clinical investigation,
which led to the diagnosis of 18 cases of nasopharngeal carcinoma; two additional cases
were diagnosed in the 10 months after the intervention (Zeng et al., 1980). The final
number of antibody-positive subjects in the cohort was 3533 (prevalence, 2.4%), and 55
nasopharngeal carcinomas were found in this group (Zeng et aL., 1983a). Thus, the pre-
valence of IgA antibodies to VCA in the 91 445 subjects recruited after the interim report
(Zeng et aL., 1980) was 3.7%. ln the second survey, individuals aged 40 years or more
and resident in Wu zhou City in Zangwu County were exarned. Among 20 726 people
screened, 5.5% had IgA antibodies to VCA; 18 cases of nasopharngeal carcinoma
(1.6%) were detected among the latter (Zeng et aL., 1985; Zeng, 1987). Similar pre-
valences of antibody-positive subjects and nasopharngeal carcinoma cases had been
reported in a preliminar analysis of the first 12 932 individuals screened (Zeng et aL.,

1982). Thirty-five addition al cases of nasopharngeal carcinoma were identified retros-
pectively in the cohort of antibody-positive individuals during the 10 years after the

survey; however, the number of person-years of observation was not available. Four
nasopharngeal carcinomas were seen in subjects who had no IgA antibodies to VCA
(Zeng et al., 1993).

ln a third survey, conducted in Taiwan (Chen et aL., 1989), anti-EBV DNase activity
was found in 1250 of 22596 (5.5%) Government employees and 1176 of 9869 (11.9%)
residents of a high-risk area. When those with antibodies were referred for c1inical inves-
tigation, three and 11 nasopharngeal carcinoma cases were detected among those who
complied with referral in the two groups, corresponding to prevalences of 0.6 and 1.3%,
respectively. EBV -negative individuals were not screened for nasopharngeal carcinoma,
and no long-term follow up of the cohort has been performed.

kajo
Pencil



-..
00

Table 26. Detection of EBV in mass serological surveys and association with nasopharyngeal carcinoma

Reference and region No. screened EBV detection Presence Cases of nasopha- Incidence in EBV-
of antibodies ryngeal carcinoma in positive cases -

EBV-positive cases
~
(1

No. % No. % ~0
Zeng et aL. (1979, 1980, Interim analysis: 56 584 IgA VCA 117 0.2 18 15.4 Two additional Z01983a); rural Zangwu Final cohort: 148 029 3533 2.4 55 1.6 cases in lO-month 0
County, China follow-up

~Zeng et aL. (1982, 1985); Interim analysis: 12932 IgA VCA 680 5.3 13 5.3 35 additional cases ::Zeng (1987); Wuzhou Final cohort: 20 726 1136 5.5 18 1.6 in lO-year follow- CI

~City, Zangwu County up (Zeng et aL., 0
1993 ) ~

Chen et aL. (1989); Taiwan Anti-EBV DNAse ~
Govemment employees 22 596 1250 5.5 3/477" 0.6 477 who complied tr

..
with referral 0

High-risk area 9869 1 176 11.9 11/829a 1.3 829 who complied
with referral

a Number of people attending a specifie clinic at the National Taiwan University Hospital
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2.4.3 ~o.factors

2.4.3.1 Dietary .factors

(a) ~antonese-style saltedfish

The higher rates of nasopharngeal carcinoma among the boat-dwelling Tankas than
among the land-dwellng Cantonese in Hong Kong was first noted by Ho (1967), who
also observed that salted fish is the principal source of supplementar food in the diet of
these people, which consists mainly of rice. He subsequently suggested that Cantonese-
style salted fish be investigated as a 'possible etiological factor' for nasopharngeal
carcinoma (Ho, 1971). He made two additional observations: the salting process is
inefficient and the product, aged for several days to weeks, becomes parially putrefied,
liberating a pungent odour that is offensive to those who were not raised in the southem
Chinese culture (Ho, 1972). Later, he recognized that salted fish mixed with soft rice is a
popular weaning food in southern China (Ho, 1976).

Eleven case-control studies have been conducted in varous Chine se populations with
distinct risks for nasopharngeal carcinoma to investigate the possible association with
the consumption of salted fish. Five were conducted in high-risk Cantonese populations
(Geser et al., 1978; Henderson & Louie, 1978; Yu et aL., 1986, 1989a; Zheng et aL.,
1994a), three were cared out in populations with about half the incidence rate of
Cantonese (Chen et aL., 1988b; Yu et aL., 1988; Zheng et al., 1994b), one study was
conducted in the relatively low-risk population of Tianjin in northern China (Ning et al.,
1990), and two studies were conducted in varous Chinese populations in Southeast Asia
(Armstrong et aL., 1983; Lee et al., 1994b). One epidemiological study addressed the
relationship between consumption of Cantonese-style salted fish and nasopharngeal
carcinoma risk in a non-Chinese population (Sriampom et al., 1992).

Henderson and Louie (1978) in the United States interviewed 74 Chinese patients
with nasopharngeal carcinoma and 110 Chinese control subjects. The patients repre-
sented incident cases identified from the population-based cancer registres of Los
Angeles County and the San Francisco Bay area. The controls were clinic or hospita
patients who were frequency matched to the cases on race, age, sex and socioeconomic
status; the subjects were all asked about how often they ate salted fish. A statistically
significant association with risk for nasopharngeal carcinoma was seen (p for linear
trend = 0.02), and the odds ratio for consumption two or more times per week relative to
no consumption was 3.1.

Geser et al. (1978) conducted a hospital-based case-control study in Hong Kong
involving 150 patients with nasopharngeal carcinoma and 150 age- and sex-matched
hospita controls. Salted fish intae was Dot deterrned for the study subjects, but older
women in the households of the patients and controls were interviewed, when possible,
about weanng practices. Ths inormation was collected from 108 mothers of naso-
pharngeal carcinoma patients and 103 mothers of controls. The only food given to
babies during and afer weaning for which a statistically different prevalence was found
between case and control households was salted fish (odds ratio, 2.6; p -c 0.01).
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ln Hong Kong, Yu et al. (1986) interviewed 250 patients with nasopharyngeal carci-
noma under the age of 35 and an equal number of age- and sex-matched friends about
their dietar habits three years before diagnosis of the index case and at 10 years of age.

Furthermore, 182 mothers of cases and 155 mothers of control subjects were interviewed
about the dietar habits of the subjects during weaning, between the ages of one and two
years and at the age of 10 years. AlI of the cases were histologically confirmed at the

four hospitals in Hong Kong in which over 90% of new nasopharngeal carcinoma cases
are diagnosed. Salted fish consumption at all periods was significantly related to the risk
for this tumour, and increasing frequency of intake was consistently associated with
increasing risk. The association with salted fish was stronger when exposure occurred
during childhood as compared with adulthood (Le. three years before interview). Expo-
sure during weaning was associated with an odds ratio of 7.5 (95% Ci, 3.9-15); the odds
ratio for weekly or more versus less than monthly consumption at age 10 was 38 (95%
CI, 14-100). No other dietar or environmental factor studied was significantly asso-
ciated with nasopharngeal carcinoma after adjustment for salted fish intake, and the
odds ratios for salted fish consumption remained highly significant after all other poten-
tial risk factors had been taken into account. It was estimated that over 90% of the cases
of nasopharngeal carcinoma in young people in Hong Kong could be attributed to child-
hood consumption of Cantonese-style salted fish.

Yu et al. (1989a) interviewed 306 patients with histologically confirmed nasopharn-
geal carcinoma who lived in Guangzhou, China, and were under the age of 50 years and
an equal number of controls matched for age, sex and neighbourhood. Subjects were

asked about their dietar pattern three years before diagnosis of the index case and at the

age of 10. The mothers of 110 cases under the age of 45 years and of 139 of their
matched controls were interviewed about their own consumption of salted fish during the
index pregnancy and during lactation and about the subjects' intake of salted fish during
weaning, between the ages of one and two years, and at the age of 10. Exposure to salted
fish, whether in adulthood or in childhood, was significantly associated with an increased
risk for nasopharngeal carcinoma. The association was strongest for exposure during
weaning (odds ratio, 2.1; 95% Ci, 1.2-3.6); exposures at aIl other times were no longer
significantly related to the risk for nasopharngeal carcinoma after adjustment for
exposure during weaning. Childhood exposure to salted fish remained a highly signi-
ficant risk factor afer adjustment for other dietar and non-dietar risk factors identified
in this study.

Zheng et aL. (1994a) conducted a hospital-based case-control study in Guangzhou,
China, comprising 205 histologically confirmed cases of nasopharngeal carcinoma
under the age of 55 years and an equal number of friends who were individually matched
to the cases by age and sex. Subjects were asked about their dietar habits during the past

seven years and at theage of 10. Furthermore,themothers of 151 cases and 195 controls
were interviewed about the subjects' dietar habits during the first three years of life and
at the age of 10. Salted fish consumption during all of the periods studied was signi-
ficantlyassociated with risk for nasopharngeal carcinoma. The association was stron-
gest for consumption during the first three years of life (p -:0.001): the odds ratio for
weekly or daily intake relative to less than monthly was 13 (95% CI, 5.2-21). The results
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were unchanged after adjustment for the presence of IgA antibodies against EBV VCA.
It was estimated that salted fish intake could explain 73% of the cases of nasopharngeal
carcinoma occurrng in this Cantonese population.

ln a case-control study in Taipei, Taiwan, involving 205 histologically confirmed
cases from a single hospital and 205 neighbourhood controls individually matched to the
cases by age and sex, Chen et al. (l988b) collected information on the frequency of
intake of a number of preserved foods before the age of 20, by interview. Individuals
who ate salted fish 10 or more times per month had an odds ratio of 1.5 relative to less
than monthly intake, which was not statistically significant. Childhood exposure to salted
fish was not examined in this study.

Yu et al. (1988) interviewed 128 mothers of 231 eligible patients with nasopharn-
geaI carcinoma under the age of 45 in Yulin Prefecture, Guangxi Autonomous Region,
China, in order to examine the relationship between exposures during childhood and sub-
sequent development of nasopharngeal carcinoma. They also interviewed 174 mothers
of 231 individually matched population controls. The mothers were asked about their
consumption of salted fish during the index pregnancy and lactation and about the
subjects' intake of salted fish during weaning, between the ages of one and two and at the
age of 10. Salted fish was not a common weaning food in this population: only 6.3% of
controls were exposed. Nonetheless, exposure to salted fish during this early period of
life was associated with a 2.6-fold increase in the risk for nasopharngeal carcinoma
(95% CI, 1.2-5.6). The mother's consumption of salted fish during the pregnancy and
lactation was also significantly related to risk (p for linear trend = 0.003 and 0.01, respec-
tively). Exposure at the age of 10 was less strongly related, the odds ratios for monthly
and weekly intake as compared to less than monthly consumption being 1.5 in both
instances and not statistically significant.

Zheng et aL. (1994b) conducted a case-control study in Zangwu County in eastem
Guangxi, China, which involved 88 incident cases of nasopharngeal carcinoma and
twice as many population controls individually matched to the cases by age, sex and
neighbourhood of residence. Subjects were asked about their dietar habits during

weanng, before the age of two, between the ages of two and 10 and one year before
diagnosis of nasopharngeal carcinoma. Salted fish intake at any of the three times
during childhood was significantly related to the risk for nasopharngeal carcinoma
(during weanng, odds ratio, 2.4; p = 0.01). Consumption one year before diagnosis of
the tumour was relatively rare (2.3% in cases and 0.6% in controls) and was not signi-
ficantly related to risk.

Ning et aL. (1990) studied 100 histologically confirmed cases of nasopharngeal
carcinoma in the Han population in people under the age of 65 identified from a
population-based cancer registry covering the Tianjin Metropolita Area in northem
China, and thee times as many population controls individually matched to the cases by
age, sex and neighbourhood of residence. Questions were asked about the frequency of
intae of selected foods, including saltedfish, at or before the ages of 10, 20, 30,40 and
50 years. ln ths relatively low-risk population, in which salted fish is not a common
dietar item, any exposure to salted fish was a significant risk factor for nasopharngeal
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carcinoma (odds ratio, 2.2; 95% CI, 1.3-3.7). Four characteristics of exposure to salted
fish contributed independently to the increased risk: (1) low age at first exposure; (2)
long duration of consumption; (3) frequent consumption at age 10; and (4) cooking by
steamng as opposed to fring, grillng or boilng. The last factor could be determned in
this population because, unlike the southern Chinse who almost always steam salted fish,
consumers in Tianjin use a varety of methods. It was estimated that 40% of naso-
pharngeal carcinoma cases occurrng in this low-risk region could be attributed to the
consumption of salted fish.

Arstrong et al. (1983) conducted a case-control study among Malaysian Chinese

resident in 27 census districts surrounding (and including) metropolitan Kuala Lumpur,
in central Selangor. The 100 cases were all histologically confirmed and identified at the
only radiotherapy centre in Malaysia. The 100 control subjects were selected from the
neighbourhoods in which the cases lived and were individually matched to the index case
by sex and age. Subjects were asked about their intake of salted fish during childhood,
during adolescence and at the time of interview. Since there was evidence that the diet of
many of the patients had changed since manifestation of clinical cancer, the investigators
discarded the information on intake at the time of interview which, for a number of the
cases, was several years after the diagnosis. Salted fish intake during childhood and ado-
lescence were both significantly related to the risk for nasopharngeal carcinoma, with a
stronger association for exposure during childhood. The odds ratio was 3.0 (p = 0.04) for
any consumption during childhood and 17 (95% CI, 2.7-110) for daily consumption.

ln Singapore, Lee et aL. (1994b) compared 200 Chinese patients in whom naso-
pharngeal carcinoma had been diagnosed consecutively at a major general hospital; the
406 controls were patients at the same hospital who were frequency matched to the cases
by ethnicity, age and sex. Information on dietar habits one year previously was

collected from all cases and controls, and information on diet during infancy and at the
age of 10 was collected from the mothers of cases or controls, if they were available for
interview, or from the subjects themselves. A total of 64 mothers of cases and 103
mothers of controls were interviewed, for a paricipation rate of 28%. The results for diet
during infancy were considered by the authors to be inconc1usive, and the W orking

Group considered that the information on diet at the age of lOis also uninterpretable
because information was obtained from both subjects and mothers and is likely to be of
varable reliability. No significant relationship was found between salted fish intake one
year before diagnosis and the risk for nasopharngeal carcinoma (p for linear trend =
0.6), although the highest frequency category was associated with an excess fourfold risk
(odds ratio, 4.4; 95% CI, 0.7-26).

Two types of salted fish are eaten by the population in northeast Thailand: home-
made salted freshwater fish and Cantonese-style salted marne fish available on markets.
Sriampom et aL. (1992) exarned curent consumption of both kinds of salted fish in a
hospita-basedcase-control study involving 120 histologically confrmed cases of naso-
phargeal carcinoma and an equal number of hospital controls individually matched to
the cases byage and sex. Intae of Thai-style salted fish was not related to the risk for
nasopharngeal carcinoma, but consumption of Chine se-style salted fish showed a c1ear,
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statistically significant dose-response relationship with risk, weekly consumers having
an odds ratio of 2.5 (95% CI, 1.2-5.2) relative to non-consumers.

ln summar, the epidemiological data strongly support the hypothesis that Cantonese-
style salted fish is a nasopharngeal carcinogen in humans. The studies suggest that age
at exposure is an important co-determnant of risk, earlier age at exposure being asso-
ciated with a higher risk for disease. Experimental data to support the carcinogenicity of
Cantonese-style salted fish is summarzed in section 4.5.2.

(b) Other types of saltedfish

There is preliminar evidence that early exposure to other types of salted fish may be
responsible for at least sorne of the increase in risk for nasopharngeal carcinoma in the
native peoples of Southeast Asia and of the Arctic region. Arstrong and Arstrong
(1983) studied 13 Malay cases of nasopharngeal carcinoma and 50 Malay population
controls of comparable age and sex distribution in a small case-control study conducted
in Selangor, Malaysia. Five cases and four controls had eaten salted fish daily during
childhood. The excess was not statistically signficant.

ln the Philippines, West et al. (1993) studied 104 predominantly Filipino cases of
nasopharngeal carcinoma from a single hospital, 104 hospital controls from the same
hospital and 101 community controls, who were matched to the cases by age and sex; the
hospital controls were also matched to the cases on type of hospital ward (private versus
public), and the community controls were furter matched to the cases on neighbourhood
of residence. The two sets of controls were combined in the analysis. Indi viduals with the
highest frequency of current intake of salted fish had a nonsignificantly increased risk for
nasopharngeal carcinoma relative to those with the lowest frequency (crude rate, 60%;
adjusted rate, 30%). Childhood consumption of salted fish was not investigated in this
study.

Lanier et aL. (1980b) interviewed 13 nasopharngeal carcinoma patients and 13
controls in Alaska who were individually matched to the cases by age, sex, race (Inuit,
Indian, Aleut) and vilage of residence. The same questionnaire was administered to 17
patients with other head-and-neck tumours and their similarly matched control subjects.
More nasopharngeal carcinoma patients than controls had eaten salted fish as children,
while no such association was observed for the patients with other head-and-neck

cancers.

(c) Other preserved foods

Early exposure to other preserved foods has also been shown to be related to the risk
for nasopharngeal carcinoma in Chinese populations and was addressed in sorne of the
studies described in section 2.4.3.1(a). ln Yulin, China, where salted fish is a relatively
rare food item, a varety of preserved foods other than salted fish eaten during childhood
have signficant, independent effects on the risk (Yu et al., 1988). These include salted
ducks' eggs(oddsratio, 5.0; p = 0.03), salted mustard greens (odds ratio, 5.4; p = 0.03)
and chung choi (a salted root; odds ratio, 2.0; p = 0.003) eaten during weanng, and dred
fish (p för liear trend = 0.002), fermented black-bean paste (p for linear trend = 0.009)
and fermented soya-bean paste (p for linear trend = 0.007) eaten between the ages of one
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and two. ln the Cantonese population of Guangzhou, China, childhood exposure to

mouldy bean curd (p for linear trend = 0.07), salted shrmp paste (p for linear trend =
0.04), chan pai mui (p for linear trend = 0.01) and gar ink gee (p for linear trend = 0.03)
(the last two are preserved plums) was independently related to the risk for naso-
pharngeal carcinoma after adjustment for intake of salted fish (Yu et aL., 1989a). ln
Taiwan, exposure before the age of 20 to fermented bean products (odds ratio for ~ 10
times/month versus less than once a month, 1.8; p ~ 0.05) and smoked meat (odds ratio
for ~ l/month versus less frequently, 3.3; adjusted for all other risk factors; p ~ 0.05)
were independently associated with the risk for nasopharngeal carcinoma after adjust-
ment for IgA antibody titres against EBV VCA (Chen et aL., 1988b). ln Tianjin, China,
exposure to salted shrmp paste at the age of 10 years was related to risk independently
of salted fish intake (odds ratio for weekly/daily versus monthly frequency, 3.2;

p = 0.007) (Ning et al., 1990). ln Singapore, Lee et al. (1994b) noted that consumption of
five preserved foods one year before cancer diagnosis was significantly associated with
an increased risk. These were belachan (salted shrmp paste; p for linear trend = 0.04),
salted soya beans (fermented soya-bean paste; p for linear trend = 0.002), tinned pickled
vegetables (p for linear trend = 0.004), szechuan chye (a salted tuber; p for linear trend =
0.008) and salted mustard greens (kiam chye; p for linear trend = 0.007). The effects of
salted soya beans, szechuan chye and kiam chye remained statistically significant in a
multivarate model that inc1uded other risk factors for nasopharngeal carcinoma. While
the levels of childhood exposure to most of these foods were low in the series studied,
chung choi was given at weaning in 60% of cases in Yulin (Yu et aL., 1988), salted
shrmp paste was consumed at the age of 10 by 28% of cases in Tianjin (Ning et aL.,
1990), and 63% of the cases in Taiwan consumed fermented bean products before the
age of 20 (Chen et aL., 1988b).

Jeannel et al. (1990) conducted a case-control study among Tunisians, who are at
intermediate risk for nasopharngeal carcinoma. Eighty histologically confirmed incident
cases identified at the only cancer hospital in Tunisia and 160 population controls indi-
vidually matched to the cases by age, sex and neighbourhood of residence were inter-
viewed about dietar habits in the year preceding the cancer diagnosis and during child-
hood. The intake of several preserved food products during childhood and/or adulthood
was found to be significantly associated with the risk for nasopharngeal carcinoma after
adjustment for socioeconomic status. They were toukUa (a stewing mixture of red and
black peppers, papria, caraway seed and/or coriander seed, salt and olive or soya-bean
oil), quaddid (dried mutton preserved in olive oil), pickled vegetables, pickled olives and
harissa (a mixture of red pepper, garlic, caraway seed, salt and olive oH). After adjust-
ment for each other and for other potential confounders, only childhood exposure to
touklia, quaddid and harissa were significant risk factors for nasopharngeal carcinoma
in Tunisia. The odds ratio for childhood consumption of toukZia was 8.6 (95% CI, 1.7-
44), that for consumption of quaddid more than once a month was 1.9 (95% CI, 1.0-3.7)
and that forconsumption of harissa more than once a month was 4.2 (95% CI, 1.1-17).

Studies of the presence of carcinogens, genotoxins, and EBV -activating substances in
samples of foods associated with nasopharngeal carcinoma are described in section
4.5.2.
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(d) Deficits offresh vegetables and fruit
ln an uncontrolled study of 24 patients under the age of 25 with nasopharngeal

carcinoma in Hong Kong, Anderson et aL. (1978) noted that 'all families felt that
vegetables and fruits were bad for babies, and the children had been fed accordingly.'

Similar findings were reported in several case-control studies conducted among Chinese.
ln both Hong Kong (Yu et aL., 1986; Ning et aL., 1990) and Guangzhou (Yu et al.,
1989a), patients with nasopharngeal carcinoma had a lower intake of fresh vegetables
and fruits during weaning, between the ages of one and two and at the age of 10 than
controls, and many of the differences were statistically significant. Whereas in Hong
Kong the protective effects of fresh vegetables and fruit were no longer significant after
adjustment for salted fish intake, in Guangzhou the effects were not due to different
consumption of salted fish and other preserved foods by cases and controls (Yu et aL.,
1989a). ln Tianjin (Ning et aL., 1990), fewer patients had eaten carots at the age of 10
than controls. Increased frequency of consumption of garlic, the only other specific
vegetable on the questionnaire, also resulted in decreased risks for nasopharngeal carci-
noma, although the effect was not statistically significant. ln contrast, Yu et al. (1988)
did not find a negative association between childhood exposure to fresh vegetables and
fruit and the risk for nasopharngeal carcinoma in Yulin, and Jeannel et al. (1990)
reported no association between fruit or vegetable intake and nasopharngeal carcinoma
risk in Tunisia.

Clifford (1972) measured serum carotene levels in 17 male African patients with
nasopharngeal carcinoma and 53 male controls and reported a significantly lower level
in the cases. ln Singapore, Lee et al. (1994b) found that the dietar levels of vitamin C,
vitamin E and ß-carotene one year before diagnosis of nasopharngeal carcinoma were
lower among cases than controls and significantly so for vitamins C and E.

2.4.3.2 Other environmental factors

(a) Fumes, smoke and dust

Dobson (1924) proposed that exposure to smoke froID wood fires inside chirneyless
houses was the cause of nasopharngeal carcinoma in southem Chinese, and Clifford
(1972) also noted the presence of wood fires in chimneyless houses among tribal groups
in Kenya with moderately elevated rates of nasopharngeal carcinoma.

The relationship between domestic exposure to smoke and risk for nasopharngeal
carcinoma among southem Chinese has been investigated in several case-control studies.
Zheng et al. (1994b) reported an odds ratio of 5.4 (95% Ci, 1.5-20) for use of wood fuel
during the year before cancer diagnosis in a case-control study in eastern Guangxi
involving 88 cases of nasopharngeal carcinoma and 176 controls matched for age, sex
and neighbourhood. ln contrast, Yu et aL. (1988) observed no association between use of
wood fuel and risk in a county adjacent to that studied by Zheng et aL. (1994b). When
lifetime histories of cooking fuels used were collected from each study subject in case-
çontrol studies inHongKong (Yu et al., 1986) and Guangzhou (Yu et aL., 1990), China,
no signicant association was found with smoke from bumng wood.
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The role of occupational exposure to smoke, dust and fumes has been exarned. A
case-control study in Los Angeles and San Francisco (United States) involved 156 histo-
logically confirmed cases of nasopharngeal carcinoma and 267 hospital or clinic
controls matched to the cases by race (whites, blacks, Hispanics, Chinese and other
Asians), sex and age (Henderson et aL., 1976). Cases were identified through the popu-
lation-based cancer registres in both metropolitan areas. All interviews were admi-
nistered in person, and a lifetime occupational history was obtained, inc1uding infor-
mation on usual exposure to fumes, dust, smoke, chemicals or heat in each job. Occu-
pational exposures to fumes (odds ratio, 2.0; p = 0.006), dust (odds ratio, 1.5; p = 0.07),
smoke (odds ratio, 3.0; p = 0.008), chemicals (odds ratio, 2.4; p = 0.006) and heat (odds
ratio, 1.6; p = 0.05) were all positively related to the risk for nasopharngeal carcinoma,
but only exposure to smoke showed a c1ear duration-response relationship (odds ratio for
10 years or less, 1.5; odds ratio for more than 10 years, 7.5; p -c 0.05).

ln the study of Arstrong et aL. (1983), described on p. 182, a complete occupational

history was obtaned from each subject by personal interview. Subjects were specifically
asked if they had had regular exposure to a specific dust, smoke or chemical fume. Occu-
pational exposure to smoke (odds ratio, 6.0; p = 0.006) and dust (odds ratio, 4.0;
p -c 0.001), irespective of type, was significantly associated with the risk for naso-
pharngeal carcinoma, and a clear duration-response relationship was seen for men and
women which was independent of salted fish intake.

ln the study of Chen et aL. (1988b), described on p. 181, subjects were asked whether
they had been exposed occupationally to dust or smoke. Exposure to smoke (odds ratio,
1.7; p -c 0.05) was significantly associated with risk for nasopharngeal carcinoma in uni-
varate but not in a multivarate analysis that inc1uded other risk factors. Exposure to dust
was not related to increased risk (odds ratio, 1.1).

ln Guangzhou, China, Yu et al. (1990) interviewed 306 patients under the age of 50
with histologically confired nasopharngeal carcinoma and an equal number of con-
troIs matched for age, sex and neighbourhood to obtain a complete occupational history
from each respondent. For each job held for six months or longer, the subjects were
asked to indicate whether they had been exposed to dust, smoke or chemical fumes and
to name the substances involved. To avoid recall bias, a specialist who was unaware of
the case or control status of the subjects assessed these exposures on the basis of job title,
activity and industry. Occupational exposure to dust was not related to increased risk, on
the basis of the subjects' responses (odds ratio, 1.2) or the expert judgement (odds ratio,
0.9); however, exposure to smoke was signicantly associated with the risk for naso-
pharngeal carcinoma (subjects: odds ratio, 2.1; 95% Ci, 1.3-3.5; expert: odds ratio, 1.6;
95% Ci, 1.1-2.5). A c1ear duration-response relationship was seen in both assessments.
Exposure to chemical fumes was significantly related to risk, depending on the duration
ofexposure (odds ratio, 1.7; 95% Ci, 1.1-2.4) when based on the subjects' recall but not
when based on the expertjudgement (odds ratio, 1.0; 95% Ci, 0.7-1.4).

ln the study of West et al. (1993), described on p. 183, lifetime occupational histories
were recorded afer interview with each subject. An indus tral hygienist who was
unaware of the case-control status of the subjects then c1assified each job as either liely
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or unlikely to involve exposure to dust, sol vents or exhaust fumes. The investigators
found aU three exposures to be significantly associated with risk for nasopharngeal
carcinoma. People first exposed to dust 35 or more years before cancer diagnosis had an
odds ratio of 4.7 (95% CI, 1.8-13) relative to no exposure; the comparable odds ratios
were 2.6 (95% CI, 1.1-6.3) for exposure to solvents and 2.8 (95% CI, 1.1-7.0) for
exposure to exhaust fumes. As the three exposures were highly correlated, a combined
exposure index was used in the final multivarate mode!. The index maintained an inde-
pendent effect on risk after adjustment for other factors.

A number of epidemiological studies have suggested that woodworkers are at
increased risk for nasopharngeal carcinoma. Besides wood dust (see IARC, 1995a),
these workers are exposed to varous chemicals that are applied to the wood, including
pesticides, phenols, chlorophenols and asbestos. Demers et aL. (1995) conducted a pooled
analysis of five cohort studies of mortlity among furniture, plywood and wood-model
workers in the United Kingdom and the United States. A total of 28704 subjects, 7665
of whom died, were studied. A significant excess of nasopharngeal cancer was noted:
nine deaths were observed when 3.8 were expected on the basis of general population
rates (standardized mortality ratio (SMR), 2.4; 95% CI, 1.1-4.5). This excess risk was
seen among both fumiture and plywood workers, and in those with either low or high
probabilty of exposure to wood dust.

Kawachi et aL. (1989)used data from the New Zealand Cancer Registry on male
patients aged 20 years or more in whom nasopharngeal carcinoma was diagnosed
between 1980 and 1984, to identify possible cancers related to wood-working, since the
current or most recent occupation of the patient at the time of cancer diagnosis is

recorded in the Registry. Twenty-four cancer sites were exarned, compared with aU
other cancer patients and for each site. Five cases of nasopharngeal cancer were found
among woodworkers (three carenters and two forestr/logging workers), which repre-
sented a nonsignificant excess relative to controls (odds ratio, 2.5; 95% CI, 0.9-6.6).

(b) Fonnaldehyde

The possible roI, of formaldehyde (see lARC, 1995b) in development of naso-
pharngeal carcinoma has been examned in thee large-scale historical cohort studies of
exposed workers (Blair et al., 1986, 1987; Stayner et al., 1988; Gardner et aL., 1993) and
four case-control studies in diverse populations (Olsen et aL., 1984; Vaughan et al.,
1986a,b; Roush et al., 1987; West et aL., 1993).

Blai et aL. (1986) evaluated the mortality of 26 561 workers employed in 10 facilties
where formaldehyde was produced or used in the United States. About 600 000 pers on-
years of follow-up were available. There were seven deaths from cancer of the naso-
pharnx in the cohort, when 2.2 were expected on the basis of the mortity rates of the
general population (p ~ 0.05). The risk Increased with increasing cumulative exposure to
fortaldehyde among people whowere also exposed to pariculates (Blai et al., 1987).
On thebasis of five cases, the SMRs were 190 for cumulative exposure of ~ 0.5 ppm-
years, 400 for 0.5-: 5.5 ppm-years and 750 for 2: 5.5 ppm-years (ths trend was not
statisticaly signficant). A c1oserexamnationof the data revealed that three of the five
deaths from nasopharngeal carcinoma had occured in people who had worked at the
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plants for less than a year, and that the deaths at one plant out of the 10 studied were
responsible for the observed excess (Collins et al., 1988).

Gardner et al. (1993) studied the mortality experience of workers in the United
Kingdom exposed to formaldehyde in six factories where this chemical was manu-
factured or used. The cohort consisted of 7660 men who were first employed between
1920 and 1964 and 6357 men first employed between 1965 and 1982. The cohort was
followed-up from 1 January 1941 to 31 December 1989. There were no cases of naso-
pharngeal cancer, while 1.3 were expected.

ln Denmark, Olsen et al. (1984) compared the occupational exposures of 266 patients
with nasopharngeal carcinoma with those of 2465 controls with other cancers. Exposure
to 12 specific substances or procedures, inc1uding formaldehyde, was assessed by indus-
trial hygienists who were unaware of the case or control status of the cancer patients. No
significant association was found between exposure to formaldehyde and risk for
nasopharngeal carcinoma, in either men (odds ratio, 0.7; 95% CI, 0.3-1.7) or women
(odds ratio, 2.6; 95% Ci, 0.3-21.9).

Vaughan et al. (1986a,b) conducted a case-control study of 27 cases of nasopharn-
geaI carcinoma and 552 population controls identified through the random digit dialling
method in western Washington State (United States). Occupational exposures and other
information were obtained by telephone interviews; however, one-half of the interviews
were conducted with next-of-kin. A job-exposure matrix was used to determne if study
subjects had had occupational exposure to formaldehyde. A modest, statistically non-
significant association was found between duration of exposure to formaldehyde and risk
for nasopharngeal carcinoma. The odds ratios for 1-9 and:: 10 years of exposure were
1.2 (95% CI, 0.5-3.1) and 1.6 (95% CI, 0.4-5.8), respectively, relative to no exposure. A
history of living in a mobile home (which is believed to be associated with exposure to
formaldehyde from the paric1e-board and plywood commonly used) was positively and
significantly related to increased risk, with odds ratios of 2.1 (95% CI, 0.7-6.6) for 1-9
years of living in a mobile home and 5.5 (95% CI, 1.6-19) for:: 10 years, relative to no
residence in a mobile home. The odds ratio for those with a history of exposure to
formaldehyde on the job and living in a mobile home, relative to those with neither expo-
sure, was 6.7 (95% Ci, 1.2-39).

Roush et al. (1987) compared 173 deaths from nasopharngeal carcinoma with 605
control subjects selected from the Connecticut (United States) death certificate files. City
directories and death certificates were used to reconstrct the occupational status of each
study subject 1, 10, 20,25, 30,40 and 50 years before death. An industrial hygienist who
was unaware of the case or control status then assigned each combination of job, industr
and year to give two exposure scores: four degrees of probability of exposure (un-
exposed, possibly exposed, probably exposed, definitely exposed) and three levels of
exposure (zero, low, high). The odds ratio for probable exposure at some level for most
of a workinglife and probable exposure to high levels :: 20 years before death was 2.3
(95% Ci, 0.9-6.0).

ln the study of West et al. (1993), described on p. 183, early occupational exposure to
formaldehyde was significantly related to the risk for nasopharngeal carcinoma. First
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exposure before the age of 25 was associated with an odds ratio of 2.7 (95% CI, 1.1-6.6)
relative to no exposure, and the excess risk persisted after adjustment for other risk
factors for nasopharngeal carcinoma.

(c) Tobacco

The relationship between cigarette smoking (see IARC, 1986) and nasopharngeal
carcinoma has been examined in a number of case-control studies and one cohort study
in diverse populations. Although the results of earlier studies, many of which were based
on either smaU sample sizes, very young cases or hospital controls, are equivocal, more
recent data from better designed studies are consistent in showing that cigarette smoking
is a risk factor for nasopharngeal carcinoma, regardless of race. Three- to fivefold
increased risks were observed among the heaviest smokers in China, the Philppines and
the United States (Yu et aL., 1990; Nam et al., 1992; Chow et al., 1993; West et aL.,
1993; Zhu et al., 1995).

ln the study of Yu et aL. (1990), described on p. 186, subjects and their spouses were
asked about lifetime use of cigarettes and water pipes. A moderate but statistically signi-
ficant association was found between tobacco use and nasopharngeal carcinoma risk.
Use of a water pipe and cigarettes were both related to increased risk. Most of the water-
pipe users also were cigarette smokers. A lifetime exposure of 30 or more pack-years
(assuming that 2.5 g of tobacco, equivalent to 2.5 cigarettes, were consumed each time a
subject smoked a water pipe) resulted in a 3.7-fold increased risk for nasopharngeal
carcinoma relative to non-users, after adjustment for aU other risk factors (95% Ci, 1.2-
12).

Nam et al. (1992) conducted a case-control study of white cases of nasopharngeal
carcinoma identified from the National Mortality Followback Survey, which provides
information from death certificates on people who died at the age of 25 years or more in
the United States in 1986. White control subjects were selected from the same database
and were matched to the cases by sex and age. Those who had died from causes known
to be related to cigarette or alcohol use were excluded from the pool of potential controls.
Thus, 204 cases of nasopharngeal carcinoma and 408 controls were inc1uded in the
study. Proxy interviews were conducted by using a structured questionnaire, mainly with
spouses. Cigarette use was related to the risk for nasopharngeal carcinoma in both men
and women, and the risk increased with increasing duration of use and with increasing
number of cigarettes smoked per day. For the heaviest smokers (those with ~ 60 pack-
years of cumulative exposure), the odds ratio was 3.1 (95% Ci, 1.6-6.1) in men and 4.9
(95% Ci, 1.2-20.9) in women.

Chow et al. (1993) used information collected in 1954 and 1957 on 248046 United
States veterans and their mortality through 30 September 1980 to examine the relation-
shipbetween tobacco use and the development of nasopharngeal carcinoma. Forty-eight
deaths from this cause were studied.Current smokers had a 3.9-fold increased risk for
nasopharngealcarcinoïna (95% Ci, 1.5-10), and the risk increased with the number of
cigarettes smoked per day. There was no excess risk among people who smoked only. .
cigars or pipes.
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ln the study of West et al. (1993), described on p. 183, no association between ciga-
rette smoking and nasopharngeal carcinoma was found in comparson with hospital
controls, but a significant association between heavy use of cigarettes and risk was
observed when the cases were compared with community controls. After adjustment for
all other risk factors, the odds ratio for smokers of ~ 31 years was 4.9 (95% Ci, 1.6-15).

Zhu et al. (1995) cared out a case-control study in eight areas of the United States
covered by population-based cancer registries. The cases were in men aged 15-39 in
1968 in whom nasopharyngeal cancer had been diagnosed in 1984-88. The controls were
men selected from the general populations of the eight study areas by random-digit
diallng and matched to the cases by age. A total of 113 cases and 1910 controls were
inc1uded; 62% of the cases were white (including Hispanics), 11 % were black and 27%
were Asian. Most of the subjects were interviewed directly by telephone. Cigarette
smoking was found to be related to the risk for nasopharngeal carcinoma, and the risk
increased monotonically with increasing number of cigarettes smoked per day and with
increasing number of pack-years of cumulative exposure. The odds ratio for individuals
with ~ 45 pack-years of exposure was 3.9 (95% CI, 2.0-7.8) relative to nonsmokers.

Vaughan et al. (1996) conducted a case--ontrol study in five locations in the United
States covered by population-based cancer registries. Telephone interviews were
completed with 231 cases and with 246 controls matched to the cases on age, sex and
race. Most of the cases occurred in non-Hispanic whites (77%) or African Americans
(10%). A statistically significant dose-response relationship was observed between ciga-
rette smoking and risk for nasopharngeal carcinoma, which was confined to differen~
tiated squamous-cell carcinomas and those c1assified as epithelial tumours not otherwise
specified; no association was observed between cigarette smoking and the 54 cases of
undifferentiated non-keratinizing carcinoma.

The possible role of passive smoking in the development of nasopharngeal carcI-
noma has been exarned in two case-control studies, with inconclusive results. ln the
study of Yu et aL. (1988), described on p. 181, mothers were asked about the smoking
habits of all household members around the time of birth of the index subject and when
he or she was 10 years old. The fathers of more cases than controls had smoked when the
subjects were bom (odds ratio, 1.5; p = 0.05), and the risk increased with increasing
number of cigarettes smoked by the father (p for linear trend = 0.04). Very few mothers
had smoked (5.5% of case mothers and 5.2% of control mothers), and the odds ratio was
1.0. More cases than controls had been exposed to tobacco smoke from other household
members, but the difference was not statistically significant. Overall, the presence of a
smoker in the household around the tIme of birh was associated with an increased risk
for nasopharngeal carcinoma (odds ratio, 2.0; p = 0.004). Exposure at birh and at the
age of 10 was highly correlated, with a slightly stronger association for exposure at bir;

there was no signicant residual effect for exposure at the age of 10 after adjustment for
exposure at birh. Adjustment for personal cigarette smoking did not affect these
findings.

ln the study of Yu et al. (1990), described on p. 186, in which a significantly positive
association with active smoking was observed, the same set of questions as used in the
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study described above was given to the mothers of cases and controls. No associations
were observed. Having a spou se who smoked was also not related to the risk for naso-
pharngeal carcinoma (odds ratio, 1.2; 95% CI, 0.6-2.4). The odds ratio for any domestic
exposure to passive smoking was 0.9 (95% CI, 0.6-1.4). The results were unchanged
when the analysis was restricted to non-tobacco users.

(d) Alcohol

The possible association between alcohol intake and the development of nasopharyn-
geaI carcinoma has been investigated in a number of case-control studies among Chinese
in and outside of China and among whites in the United States (Lin et al., 1973;
Henderson et al., 1976; Geser et al., 1978; Shanmugaratnam et al., 1978; Arstrong
et al., 1983; Mabuchi et al., 1985; Chen et al., 1988b; Ning et al., 1990; Nam et al.,
1992; Vaughan et al., 1996). Only the studies of Nam et aL. (1992) and Vaughan et aL.
(1996) found an association. Nam et al. (1992) relied on surrogate interviews for infor-
mation on exposure, as all of the cases and controls were identified from death certi-
ficates. The 80% excess risk noted in that study afer control for level of cigarette
smoking could havebeen the result of residual confounding. Vaughan et aL. (1996)
reported a significant association between heavy alcohol use (21 or more drinks per
week) and risk for nasopharngeal carcinoma after adjustment for cigarette use. The
association was confined to differentiated squamous-cell carcinoma and epithelial
tumours not otherwise specified.

(e) Herbal drugs

A number of Chinese herbs have been shown to induce EBV antigens in human
lymphoblastoid cell lInes caring the EBV genome (Hirayama & Ito, 1981; Zeng et al.,
1983b; Zeng, 1987), raising the possibilty that exposure to these products may affect the
risk for nasopharngeal carcinoma. The geographical distribution of Croton tiglium, the
seeds of which are used in Chinese herbs, has been noted to loosely parallel that of naso-
pharngeal carcinoma withn China (Hirayama & Ito, 1981). ln fact, croton seeds are
rarely used in herbal mixtures due to their extreme potency. ln the studies of Yu et aL.
(1986, 1988, 1990), questions on lifetime use of croton seeds were asked, but none of the
subjects reported exposure to this herb. Yu et aL. (1990) also exarned lifetime use of
Phyllanthus emblica and Croton crassifolius, two EBV-inducing herbs that are
commonly prescribed in Guangzhou (according to Govemment sales figures); no rela-
tionship with nasopharngeal carcinoma was observed.

Use of herbal drgs in general was reported to be associated with nasopharngeal
carcinoma in three case-control studies (Lin et al., 1973; Hildesheim et aL., 1992; Zheng
et al., 1994b). Lin et aL. (1973) interviewed 343 patients with nasopharngeal carcinoma
identifiedin four counties in Taiwan and 1017 population controls matched to the cases
byage, sex and neighbourhood of residence. Use of herbal drugs was associated with the
risk for nasopharngeal carcinoma, occasional users having an odds ratio of 1.7 and
frequent users an odds ratio of 3.5 (p ~ 0.001), relative to non-users. The authors

acknowledged that usage may have been related to the clinical symptoms of the tumour
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and/or recall bias. (Use of herbal drugs is a par of the traditionallife style that is an esta-
blished risk factor for nasopharngeal carcinoma. J

ln the Philippines, Hildesheim et al. (1992) studied 104 predominantly Filipino cases
of nasopharyngeal carcinoma (see West et al., 1993, p. 183). Information on the use of
herbal medicines was collected from study subjects at personal interviews. Since the
prevalence of use was similar in the two groups of control subjects, they were combined
for the analysis. Patients with nasopharngeal carcinoma were significantly more likely
than controls to have used herbal medicines (odds ratio, 2.5; 95% CI, 1.4-4.5), and the
result was unchanged after adjustment for potential confounders. (The same metho-
dological concerns outlined at the end of the last paragraph apply to this studY.J

ln the study of Zheng et aL. (1994b), described on p. 181, subjects were asked about
their use of herbal drugs during the year before cancer diagnosis and during childhood.
Recent use was strongly associated with the risk for nasopharngeal carcinoma (odds
ratio, 4.5; p = 0.006), and the risk was reduced when childhood use was considered (odds
ratio, 1.8; p = 0.07).

ln contrast, thee case-control studies conducted in southern China of the frequency
of use of the most popular herbal tea in the region, 'cooling soup', during adulthood
(three years before cancer diagnosis) or childhood (at the age of 10) showed no asso-
ciation between exposure and risk (Yu et al., 1986, 1988, 1989a). Herbal medkines are
almost never given to Chinese infants.

if Incense and anti-mosquito coils

Domestic exposure to burning incense and anti-mosquito coils has been postulated as
a risk factor for nasopharngeal carcinoma and has been investigated in a number of
case-control studies conducted in varous southern Chine se populations. ln Taiwan (Lin
et al., 1973; Chen et al., 1988b), Hong Kong (Yu et aL., 1986), Guangxi, Yulin prefecture
(Yu et al., 1988) and Guangzhou (Yu et aL., 1990), such exposures were not associated
with the risk for nasopharngeal carcinoma. Yu et al. (1986, 1988, 1990) examined the
frequencies of the two exposures at birth, at the age of 10 and three years before cancer
diagnosis, while Lin et al. (1973a) and Chen et al. (1988b) compared any with no
exposure to the two types of smoke. ln Singapore, two case-control studies of incense
burning and risk for nasopharngeal carcinoma showed no association (Shanmugaratnam
et al., 1978; Lee et al., 1994b).

The study of Shanmugaratnam et aL. (1978) was a hospital-based study with two sets
of hospital controls: non-nasopharngeal carcinoma patients from the same c1inics and
wards where the cases were recruited and medical, surgical and orthopaedic patients
from a different Govemment hospital. The two sets of controls were not comparable to
the cases with regard to socioeconomic status; the cases were less educated than the
controls with ear-nose-and-throat conditions and were more educated than the 'other
hospital' controls. Anti-mosquito coil burning was associated with increased odds ratios
of 1.3-'1.4 (p -c 0.05) in collparson with both control groups when users were compared
with non-users and those of unkown status. The frequencies of the groups with no use,
any use and unkown status were not given.
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ln the study of West et al. (1993), described on p. 183, use of mosquito coils in the
year before cancer diagnosis was investigated. Daily users of anti-mosquito coils had a
sixfold increased risk for nasopharyngeal carcinoma relative to non-users (odds ratio,
5.9; 95% Ci, 1.7-20).

(g) Chinese nasal oil

The use of Chine se nasal oil, the main ingredients of which are camphor and menthol,
has been postulated as a risk factor for nasopharngeal carcinoma. Yu et aL. (1986, 1990)
noted greater recent (three years before) use among cases than controls, which was
related to the c1inical symptoms of nasopharyngeal carcinoma. The more relevant
exposure during childhood was examined In three case-control studies (Yu et al., 1986,
1988, 1990). Although in two studies (Yu et al., 1988, 1990) the mothers of more cases
than controls reported use during the subjects' childhood, most of the exposures were
infrequent and/or unsubstantiated by a medical condition that would suggest intense,
sustained use. Several other case-control studies of Chinese have shown greater recent
use in cases than controls, but none could rule out the possibility that the oil was used to
treat symptoms of nasopharngeal carcinoma (Lin et al., 1973; Shanmugaratnam et aL.,
1978; Lee et al., 1994b).

2.4.3.3 Host factors

Case-control studies have established several associations between HLA locus A and
B antigens and risk for nasopharngeal carcinoma in southem Chinese. The presence of
both A2 and BW46 antigens was associated with a twofold increased risk for naso-
pharngeal carcinoma among Chine se in Singapore, Malaysia, Hong Kong and
Guangzhou (Simons et aL., 1976, 1977, 1978, 1980; Chan et aL., 1983a). Interestingly,
the frequency of the A2- B W 46 phenotype is twice as common among Cantonese than in
the Chiu Chau/ujianese dialect group, parallellng the twofold difference in naso-
pharngeal carcinoma incidence between these two ethnic groups (Simons et aL., 1976).
Other HLA antigens that show an association with nasopharyngeal carcinoma in southem
Chine se are B16 (RR, 6.0), B17 (RR, 2.1-2.3), especially in combination with B17 (RR,
2.4-2.5), AlI (RR, 0.5) and B13 (RR, 0.5) (Simons et aL., 1978; Chan et aL., 1981,
1983a; Wu et aL., 1989). Preliminary HLA locus DR typing in this high-risk population
has shown significant differences in antigen frequencies between cases and controls
(Chan et aL., 1981, 1983b; Wu et aL., 1989). A linkage study of affected pairs of siblings
in southern Chinese in China, Hong Kong and Singapore suggests that a gene (or genes)
c10sely linked to the HLA locus is associated with a 20-fold increased risk for naso-
pharngeal carcinoma (Lu et aL., 1990). A recent study in Singapore Chine se showed that
allele DRB10803 is associated with a 2.8-fold increase (95% Ci, 1.0-7.5). ln the same
study, the investigators found a 3.5-fold increased risk (95% Ci, 1.6-7.6) among indivi-
duals with allele 4 of the D6S 1624 micro satellte locus located on chromosome 6 (Ooi
et al., 1997).

An association between HLA profile and nasopharngeal carcinoma risk has also
been reported in non-Chine se populations. B46 has been associated with the occurrence
of this tumour in Thais (Chan et aL., 1986), and antigen B17 has been found to be posi-

ib~.~..,,_._
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tively associated with the risk of Malays (Chan et aL., 1985) and Australian whites
(Simons & Shanmugaratnam, 1982). Other antigens shown to be associated with naso-
pharngeal carcinoma in selected populations are: A29 in Kenyans and Tanzanans, B 18
in Malays, A3 in Australian whites, B5 in Germans and A2 in whites in the United States
(Hall et al., 1982; Simons & Shanmugaratnam, 1982; Chan et aL., 1985; Burt et aL.,
1994). ln contrast to southern Chinese, white Americans, Europeans, Tunisians and
Malays rarely have BW 46, and no association with nasopharngeal carcinoma was seen
in these populations (Betuel et aL., 1975; Chan et al., 1979b, 1985; Beigel et aL., 1983;
Moore et aL., 1983).

2.4.3.4 Familial aggregation

Multiple cases of nasopharngeal carcinoma occurrng in first-degree relatives have
been documented in diverse populations, ranging from high-risk southem Chine se and
Alaskan and Greenland natives, low- to intermediate-risk Africans, to low-risk
Caucasians (Stinson, 1940; Bell & Maguda, 1970; Nevo et al., 1971; Ho, 1972; Williams
& de Thé, 1974; Brown et aL., 1976; Jonas et aL., 1976; Lanier et aL., 1979; Gajwan
et aL., 1980; Fischer et aL., 1984; Yu et aL., 1986; Schimke et aL., 1987; Yu et al., 1990;
Albeck et aL., 1993). Famlial aggregation can be the result of shared genes, shared envi-
ronments or both. Among the high-risk southern Chinese, a potent environmental factor
that is strongly correlated within families - dietar exposures at weaning - has been
identified, and consistent associations with certain HLA antigens imply the presence of
disease susceptibilty genes. Genetic studies in non-Chinese populations also suggest the
involvement of hereditar factors in the development of nasopharngeal carcinoma, and
analytical studies have implicated environmental factors. Famlial c1ustering of naso-
pharngeal carcinoma is therefore likely to be a product of genetic constitution and envi-
ronmental exposures.

2.5 Comparison of characteristics of Burkitt's lymphoma, Hodgkin's disease and
nasopharyngeal carcinoma

Table 27 gives a comparson of the epidemiology, virological markers and sites of
African Burkitt's lymphoma, Hodgkin's disease and nasopharngeal carcinoma in areas
of high risk for those tumours.

2.6 Other malignancies

2.6.1 LymphoepitheUal carcinomas outside the nasopharynx

The detection of EBV in virally all undifferentiated nasopharngeal carcInomas

prompted studies into the possible association of the virs with other lymphoepithelial
carcinomas. These studies concentrated intially on carcinomas morphologicaly similar
to type-3 nasopharngeal carcinoma, which can be distinguished froID gastrc carcInoma
with lymphoid stroma, which may account for up to 50% of gastrc carcinomas

(Matsunou et aL., 1996). Lymphoepithelial carcinomas of the stomach are a relatively
rare subtype of gastrc neoplasm (Rowlands et aL., 1993).



Table 27. Characteristics of Burkitt's Iymphoma, Hodgkin's disease and nasopharyngeal carcInoma in
high~risk regions

Characteristic Nasopharngeal carcinomaAfrican Burkitts lymphoma Hodgkin's disease

Epidemiology
Age

Sex
High-risk regions

Period of exposure to
probable carcinogens

Co- factors

Virological markers
Nuc1eic acids, proteins

EBV DNA
EBER
EBNA

Serology
VCA IgA
IgG
IgM
Anti-EBNA

Reactive stroma
T Cells
B Cells
NK and other cells

oc 15 years (mode, 8-10) Bimodal (1st mode, 15-50 years;
2nd mode, ;: 50 years)
Males;: females

Developed countres

Early or post-adolescence

;: 15 years (mode, 45-54)

Males;: females

Southeast Asia and south China
Early and continuous tr"tcr

g
Z

1t:

~
~
:;
c:
cr

Males;: females

Equatorial Africa
Early

Holoendemic malara None identified Selected preserved foods

EBER, EBV -encoded RNA; EBNA, EBV nuc1ear antigen; VCA, viral capsid antigen; Ig, irnunoglobulin; NK, natural killer
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An association of EBV with lymphoepithelial carcinomas arsing outside the naso-
pharnx was initially proposed on the basis of the detection of EBV genomes in DNA
extracts (Table 28). Saemundsen et al. (1982) found EBV genomes in DNA extracted
from a lymphoepithelial salivar gland carcinoma in a Greenland Inuit. This observation
was subsequently confrmed by Harlton-Dutoit et al. (1991a), who also localized the
viral genomes to the tumour cells by DNA in-situ hybridization in 11/11 of these carci-
nomas. Further studies have shown the consistent association of salivar gland lympho-
epithelial carcinomas with EBV (Chan et al., 1994; Leung et aL., 1995a; Kotsianti et aL.,
1996; Tsai et aL., 1996a). Moreover, the viral episomes in these tumours have been
shown to be of monoclonal origin (Leung et aL., 1995a). An EBV-associated lympho-
epithelial carcinoma in the lachrmal sac was reported in a Chinese patient (Leung et aL.,
1996).

Using DNA in-situ hybridization, Weiss et al. (1989b) detected EBV DNA in all of
six nasopharyngeal lymphoepitheliomas but not in lymphoepithelial carcinomas occur-
ring in the skin, cervix uteri, tonsil, pharynx or larynx. Of 14 lymphoepithelial

carcinomas outside the nasopharynx, the only one that contained EBV was a carcinoma
of the lung in a Chine se woman. This observation was confirmed by subsequent reports
(Table 29; Butler et al., 1989; Gal et aL., 1991; Pittaluga et aL., 1993; Wöckel et aL.,

1995). Pittaluga et al. (1993) were also able to show monoclonal viral episomes in some
of their cases. (The W orking Group noted that the cases in these studies that contained
EBV were generally in Asians.)

On the basis of PCR investigations, Burke et aL. (1990) and Min et al. (1991) first
suggested that lymphoepithelial gastric carcinomas are associated with EBV infection.
Clonal viral episomes were subsequently detected in such cases by Southern blot hybri-
dization (Pittaluga et al., 1992). Studies with in-situ hybridization have confirmed those
reports by localizing the virus to the malignant epithelial cells in such cases (Shibata
et aL., 1991b; Niedobitek et al., 1992b; Oda et aL., 1993; Matsunou et aL., 1996). Several
studies have indicated that about 80% of lymphoepithelial gastric carcinomas are

associated with EBV (Rowlands et aL., 1993; Osato & Imai, 1996; see Table 30).

The association of EB V with lymphoepithelial carcinomas arsing at other anatomical

sites is tenuous. Nicholls et aL. (1994) detected EBV in one of five non-keratinizing
tonsilar carcinomas among Chinese patients, but Niedobitek et aL. (1991 b) found no
evidence for an association with EBV in Chinese or Malays. Mori et aL. (1994) detected
EBV in a single lymphoepithelial carcinoma of the oesophagus by PCR and EBER in-
situ hybridization. Morphologically similar carcinomas of the breast, so-called medullar
carcinomas, have consistently been found to be EBV-negative (Niedobitek et aL., 1991b;
Kumar & Kumar, 1994; Lespagnard et aL., 1995), as were lymphoepithelial carcinomas
of the skin, thyroid gland, larnx, urinar bladder, uterine cervix and vulva (Weiss et al.,

1989b; Car et al., 1992; Weinberg et aL., 1993; Marinez-Leandro et al., 1994; Requena
et aL., 1994; Axelsen & Stamp, 1995; Gulley et al., 1995; MacMilan et aL., 1996; Shek
et aL., 1996).



Table 28. Presence of EBV in Iymphoepithelial and other carcinomas

Caneer site and referenee Ethnieity Morpho1ogy Method of EBV -positive/
deteetion of total tested
EBV

Salivary gland
Saemundsen et al. (1982) Inuit Lymphoepithe1ia1 ISH 1/1

Adenoeareinoma 0/1
Hami1ton-Dutoit et aL. Inuit L ymphoepithelia1-1ike ISH 11/11
(1991a) Non-Inuit 0/2 t'
Chan et al. (1994b) Chinese L ymphoepithelia1 ISH 5/5 'i

CI
Other 0/55

;1Kotsianti et aL. (1996) NR (Greek) L ymphoepithelial-like ISH 1/1 -
ZTsai et al. (1996a) Chine se Lymphoepithe1ia1 ISH 7/7 1t:

Adenoearcinomas 0/49 ;p~
Thymus ~
Dimery et al. (1988) NR (USA) Thymoma Southern blot 1/1 ..-~

(lymphoepithe1ioma) c:
Teoh et al. (1989) Chine se Thymomas NR 2/13 CI

(lymphoepithelia1-1ike)
McGuire et al. (1988) Chine se Thymomas Southern blot 3/3
Leyvraz et aL. (1985) Hispanie Lymphoepithe1ia1-like BamHI W 1/1
Boriseh et aL. (1990) NR (Switzerland) Epithelial tumours Southem b10t 0/32
Niedobitek et aL. (1991 b) NR (Germany) 3 1ymphoepithelia1-1ike + Il other ISH 0/14
Mann et aL. (1992) NR (USA) Careinoma ISH 1/7

Thymoma 0/14

Head and neck (other than nasopharyngeal carcinoma)
Tyan et al. (1993) Chinese Varous PCR 30/44
Weiss et al. (1989b) Caueasian and blaek Lymphoepithelia1 ISH 0/2

Squamous-eell 0/4 ..
\0-.

kajo
Pencil



.-
\0
00

Table 28 (contd)

Cancer site and reference Ethcity Morphology Method of EBV -positive/
detection of total tested
EBV

Tonsil
Brichácek et aL. (1984) NR (Czechoslovaka) Squamous-cell carcinoma ISH 6/7
Niedobitek et aL. (1991 b) NR (Germany) Squamous-cell carcinoma ISH 0/26 -

L ymphoepithelial-like 0/2 ~Nicholls et al. (1994) Chine se U ndifferentiated carcinoma ISH 1/5 ('
Squamous-cell carcinoma 0/5 ~Weiss et al. (1989b) Caucasian L ymphoepithelial ISH 0/3 0

ZSquamous-cell carcinoma 0/1 0
Cervi ci

~Marínez-Leandro et aL. Caucasian L ymphoepithelial-like ISH 0/1
(1994) ::u:Niedobitek et aL. (1991 b) NR (Germany) Carcinoma ISH 0/14 ~Leung et aL. (1995a) Chinese L ymphoepithelial - like ISH 0/1 0

l'Payne et aL. (1995) NR (United Kingdom) Pre-invasive squamous lesions ISH 0/3 c:
Weinberg et al. (1993) Black L ymphoepithelial PCR and ISH 0/1 ~trHilton et al. (1993) Caucasian Squamous-cell and adenocarcinomas ISH 0/24 -.

Intraepithelial 0/10 0
Landers et al. (1993) Caucasian Squamous-cell carcinoma PCR 8/18

CIN-III ISH 2/25
CIN-II 2/25
CIN-I + normal PCR and ISH 0/50

Se Thoe et al. (1993) NR (Malaysia) Carcinoma ISH 5/8
Weisset al. (1989b) Caucasian L ymphoepithelial ISH 0/1
Vagia
Dietl et al. (1994) NR (Germany) Lymphoepithelial ISH 0/1



Table 28 (contd)

Cancer site and reference Ethnicity Morphology Method of EBV -positivel
detection of total tested
EBV

Vulva
Axelsen & Stamp (1995) NR (Denmark) L ymphoepithelial ISH 0/1
Testis
Rajpert-de Meyts et al. NR (Denmark) Germ-cell PCR 0/19
(1994) EBER ISH t'
Breast "'

CI
Niedobitek et aL. (1991b) NR (Germany) Medullar carcinoma ISH 0/9 --t'-Kumar & Kumar (1994) NR (USA) Lymphoepithelial-like ISH 0/1 Z

1Labrecque et aL. (1995) NR (United Kingdom) Varous PCR 19/91 t:
~EBER ISH 6/19
~DNA ISH 12/19

Lespagnard et al. (1995) NR (Belgium) Medullar carcinoma PCR and ISH 0/10 ~-~
Thyroid gland c:

CIShek et al. (1996) Chine se Lymphoepithelial ISH 0/1
Parotid gland
Huang et al. (1988) Chinese U ndifferentiated ISH 0/1
Gallo et al. (1995) Caucasian U ndifferentiated ISH 3/7
Urinary bladder
Gulley et al. (1995) NR (USA) L ymphoepithelial ISH 0/11

Skin
Weiss et al. (1989b) Caucasian L ymphoepithelial ISH 0/4
Car et al. (1992) White Lymphoepithelial ISH 0/1
Requena et al. (1994) NR (Spain) Lymphoepithelial ISH 0/1

-
\0
\0
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Table 28 (contd)

Cancer site and reference Ethnicity Morphology Method of EBV -positive/
detection of total tested
EBV

Oesophagus
Mori et aL. (1994) NR (Japan) Lymphoepithelial-like ISH and PCR 1/1

Other 0/29 -
Colon and rectum ~
Yuen et aL. (1994) Chine se Adenocarcinoma ISH 0/36

::n
Larynx s:0
Brichácek et aL. (1983) NR (Czechoslovaka) Poorly differentiated carcinoma ISH 3/5 Z
MacMilan et aL. (1996) NR (USA) L ymphoepithelial - like ISH 0/8 0

ci
Paranasal sinus ::

;i
Leung et aL. (1995b) Chinese 29 carcinomas ISH 7/29 ""

:i
8 keratinizing squamous-cell 4/8 CI

carcinomas 1/11 ~0
1 1 transitional-cell carcinomas 1/4 t'
4 adenocarcinomas 0/2 c:

s:
2 mucoepithelial carcinomas 0/2 tr
2 adenoid cystic carcinomas 1/2 -.0
2 undifferentiated carcinomas

Lopategui et aL. (1994) Asian NR ISH 7/11
NR (western) NR 0/11

Lachryal sac

Leung et aL. (1996) Chinese Undifferentiated lymphoepithelial ISH 1/1
carcinoma

NR, not reported; ISR, in-situ hybridization; PCR, polymerase chain reaction; CIN, cervical intraepithelial neoplasia; EBER,
EBV-encoded RNA
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Table 29. Presence of EBV in lung carcinomas

201

Reference MorphologyEthnicity EB V detection

method
EBV-positive/
total tested

Weiss et aL. Asian L ymphoepithelial-like
(1989b) Caucasian carcinoma

Pittaluga et aL. Chinese Lymphoepithelial-like
(1993) carcinoma

Other carcinomas

Conway et aL. Caucasian, Adenocarcinoma
( 1996) Hispanie Pleural mesothelioma

Ferrara & Nappi Caucasian L ymphoepithelial- like

(1995) carcinoma

Wöckel et aL. Caucasian L ymphoepithelial- like

(1995) carcinoma

Butler et aL. Chinese L ymphoepithelial- like

(1989) Caucasian carcinoma

Gal et al. (1991) Chinese L ymnphoepithelial-like
carcinoma

W ong et aL. Chinese 167 carcinomas

(1995)

ISH 1/1
0/3ISH 5/5
0/132

ISH 0/80
0/50ISH 0/2

ISH and PCR 0/1

ISH 1/1
1/3

ISH and PCR 1/1

ISH 9/167
(an 9 lympho-
epithelial-like)

ISH, in-situ hybridization

2.6.2 Other carcinomas

2.6.2.1 Stomach

EBV was first detected in gastric adenocarcinomas by Shibata and Weiss (1992), in
22 of 138 cases (16%) in the United States by PCR and DNA and EBER in-situ hybri-
dization. This observation prompted several groups to study gastric adenocarcinomas in
other areas. Studies in Europe showed a generally lower proportion of EBV -associated
gastric adenocarcinomas, ranging between about 2 and 8% (Rowlands et aL., 1993; Ott
et aL., 1994; Selves et al., 1996b). Interestingly, in one study, no difference in the pre-
valence of EBV was found between tumours from the United Kingdom and from Japan
(Rowlands et al., 1993). A number of studies were cared out in Japan where the inci-
dence of gastric carcinoma is very high. ln several large studies comprising weIl over
2000 cases, EBV was detected in about 7% of cases (Tokunaga et aL., 1993; Fukayama
et aL., 1994; Imai et al., 1994a; Osato & Imai, 1996). Shin et aL. (1996) found that 12 of
89 consecutive gastric tumours in Korean patients were EBV -positive; nine of these
EBV -infected carcinomas were of the lymphoepithelial lymphoma type. These studies
are summarzed in Table 30.
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Table 30. Presence in EBV in gastric carcinomas

Reference Ethnicity Morphology EBV detection EBV -positive/
method total tested

Burke et aL. (1990) Filpino Lymphoepithelial -like PCR 1/1
NR (USA) Adenocarcinoma 0/1

Min et aL. (1991) White Lymphoepithelial-like ISH and PCR 3/3
Shibata et al. (1991 b) J apanese L ymphoepithelial-like PCR 6/7

Caucasian 1/1

(USA)
Pittaluga et aL. (1992) Chinese Lymphoepithelial- like ISH 1/1

Shibata & Weiss NR (USA) Adenocarcinoma ISH and PCR 22/138
(1992)
Oda et aL. (1993) J apanese Lymphoepithelial-like ISH and PCR 13/14

Other ISH 2/8
Rowlands et aL. NR (UK) and Intestinal ISH 1/81
(1993) Japanese Diffuse 0/44

Mixed 2/28
Unclassified 0/21
Selected lympho- 6/6
epithelial-like

Fukayama et aL. J apanese Lymphoepithelial-like ISH and PCR 6/6
(1994) Other 2/66
Mori et aL. (1994) J apanese L ymphoepithelial-like ISH and PCR 2/2

Other 0/29
Ott et aL. (1994) NR (Germany) L ymphoepithelial-like ISH 4/4

Other 3/35
Tokunaga et aL. J apanese Carcinoma ISH 69/999
(1993) Lymphoepithelial-like 8/9
Yuen et aL. (1994) Chinese Intestinal ISH 6/52

L ymphoepithelial-like 1/3
Diffse 0/14
Mixed 0/5

Ham et aL. (1995) Chinese Lymphoepithelial-like ISH and PCR 111

Other ISH 5/54
Blasco et aL. (1996) NR (Argentina) Lymphoepithelial-like ISH 1/1

Gulley et aL. (1996) NR (USA) Carcinoma ISH 11/95
Other 3/4

Matsunou et aL. J apanese Lymphoepithelial-like ISH 22/26
(1996) Other (synchronous) 4/4
Selves et aL. (1996b) NR (France) Intestinal ISH 1122

Lymphoepithelial- like 4/6
Diffse 0/21
Mixed 0/10

Shin et al. (1996) Korean AdenocarcInoma . ISH 12/89
Lymphoepithelial-like 9/10
Normal gastrc 0/37
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Table 30 (contd)

Reference Ethicity Morphology EBV detection EBV -positive/
method total tested

Vasef et aL. (l 996) NR (USA)
(1 patient with
2 tumours)

L ymphoepithelial-like
N-Cell lymphoma in
MALT

ISR and PCR 1/1

1/1

NR, not reported; ISR, in-situ hybridization; PCR, polymerase chain reaction; MALT, mucosa-asso-
ciated lymphoid tissue

EBV has been detected in both intestinal and diffuse gastric adenocarcinomas. No
difference in EBV positivity was found in carcinomas in different locations in the
stomach (Rowlands et al., 1993; Tokunaga et aL., 1993; Fukayama et al., 1994). The
frequency of EBV positivity in gastric adenocarcinomas was 9.2% in men and 3.1 % in
women in a study of 999 cases in Japan (Tokunaga et aL., 1993) (see also Table 30).

Viral genomes in EBV -associated gastric carcinomas have consistently been found to
be monoclonal (Pittaluga et aL., 1992; Imai et aL., 1994a; Gulley et aL., 1996). Whle
Fukayama et al. (1994) reported the detection of EBV in shed gastrc epithelial cells by
in-situ hybridization, evidence of viral infection of normal gastrc mucosa was not found
in other studies with similar methods (Rowlands et aL., 1993; Tokunaga et aL., 1993;
Gulley et aL., 1996). Gulley et al. (1996) reported the detection of EBV in dysplastic
gastrc mucosa adjacent to areas of EBV -positive adenocarcinomas.

2.6.2.2 Other sites

Examnation of adenocarcinomas and squamous-cell carcinomas ansing at other
anatomical sites for the presence ofEBV has produced mostly negative results (see Table
28).

Squamous-cell carcinomas of the oesophagus and colorectal adenocarcinomas were
shown not to contain EBER in two studies (Mori et aL., 1994; Yuen et aL., 1994). The
number of cases investigated, however, was small and an association of the virs with a

small proportion of such carcinomas cannot be excluded. ln addition, since EBER trans-
cription may be suppressed in well-differentiated squamous-cell tumours, this technique
is inappropriate for detecting EBV in these tumours.

Bnchácek et al. (1984) found that six of seven squamous-cell carcinomas of the
tonsils contained EBV, but ths finding was not confired in subsequent studies with
EBV DNA and EBER in-situ hybridization (Niedobitek et al., 1991b; Nicholls et aL.,
1994). Bnchácek et aL. (1983) also reported the detection of EBV in a small group of
poorly differentiated larngeal carcinomas by DNA in-situ hybridization, in contrast to
the absence of the virs in lymphoepithelial carcinomas at ths site (MacMillan et al.,
1996).

ln studies of carcinomas of the salivar glands (Chan et al., 1994b) and lungs (Wong
et al., 1995; Conway et aL., 1996), no association with EBV was demonstrated.



204 IARC MONOGRAHS VOLUME 70

Carcinomas of the paranasal sinus constitute a wide morphological spectrum of
tumours including undifferentiated carcinomas, adenocarcinomas and squamous-cell
carcinomas (Leung et aL., 1995b). The group of undifferentiated sinonasal carcinomas
inc1udes some cases with morphological features similar to those of nasopharyngeal
carcinoma. ln two studies, EBV was detected in at least sorne sinonasal carcinomas
arsing in Asian patients (Lopategui et aL., 1994; Leung et aL., 1995b). The EBV-positive
cases included undifferentiated carcinomas, squamous-cell carcinomas and adenocarci-
nomas. None of the undifferentiated sinonasal carcinomas arsing in western patients was
EBV-positive (Lopategui et aL., 1994).

EBV was detected by DNA PCR in 19 of 91 cases of breast carcinoma. Of the 18
cases found to contain EBV by PCR, six were also shown to be EBV-positive by EBER
in-situ hybridization, and 12 of 18 tested were EBV-positive by Bam HI Win-situ hybri-
dization (Labrecque et aL., 1995). (The Working Group noted that it was not c1ear
whether some cases were positive by both methods.)

Fuelled by a report suggesting that the cervix may be a site of EBV shedding (Sixbey
et aL., 1986), several groups examined the possible association of EBV infection with
cervical carcinoma. Using in-situ hybridization with biotinylated probes, Landers et al.
(1993) found EBV DNA in 8% of grade-II cervical intraepithelial neoplasia (CIN), in 8%
of CIN III and in 43% of cervical carcinomas. A similar finding was reported by Se Thoe
et al. (1993). Other studies in which EBV DNA or EBER in-situ hybridization was used
consistently failed to detect the virus in CIN lesions or in invasive cervical carcinomas
(Niedobitek et aL., 1991b; Hilton et aL., 1993; Payne et aL., 1995).

EBV DNA was detected by Southern blot hybridization in some thymomas, I.e.
benign epithelial tumours of the thymus, and in thymic carcinomas, both often showing a
prominent reactive lymphoid cell infiltrate (Leyvraz et aL., 1985; Dimery et al., 1988;
Katzin et aL., 1988; McGuire et aL., 1988; Teoh et aL., 1989). These tumours were mainly
obtained from Asian patients. Subsequent studies by PCR and in-situ hybridization of
thymic epithelial tumours in western patients provided no convincing evidence of an
association with EBV (Borisch et aL., 1990; Niedobitek et aL., 1991b; Mann et aL., 1992).

2.6.3 Smooth-muscle tumours

Immunosuppressed transplant recipients and HIV -infected patients are at increased
risk for smooth-musc1e tumours, both benign leiomyomas and malignant leiomyo-

sarcomas (Mueller et aL., 1992; Lee et aL., 1995b). The increase is observed primarly in
immunosuppressed children; cases in adults are observed rarely. The tumours that occur
in this situation have frequently been found to contain EBV.

McClain et aL. (1995) tested five leiomyosarcomas and two leiomyomas from five
HIV -infected children aged less than nine years and one HIV -infected adult, aged 24, by
EBER-1 in-situ hybridization. Essentially all cells in all seven tumours showed positive
signaIs. ln contras t, none of seven smooth-musc1e tumours (three leiomyosarcomas and
four leiomyomas) from seven HIV-negative children (under 15) were EBV-positive.
EBV c10nality was assessed in two of the HIV -associatedcases of leiomyosarcoma: one
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showed biclonality; the other consisted of two tumours at different sites, each of which
contained a different clone of EBV.

Lee et aL. (1995b) tested six smooth-muscle tumours from three children under six
years of age who had undergone immunosuppression for liver allotransplantation. Most
cells in all six tumours were shown to contain EBV by EBER-l in-situ hybridization; all
three tumours contained monoclonal EBV. Southem blot analysis of one tumour
suggested that the EBV DNA was associated with host sequences, indicating viral inte-
gration. When tested by immunohistochemistry, all six tumours were LMP-negative but
three of three tumours tested were EBNA-2-positive.

These results were corroborated by additional case reports of EBV -positive smooth
muscle tumours in AIDS patients (van Hoeven et aL., 1993; Prévot et al., 1994) and
transplant recipients (Timmons et aL., 1995; Kingma et aL., 1996; Morel et al., 1996),
although an EBV-negative case was described in one transplant recipient (van Gelder
et aL., 1996).

2.6.4 Other tumours

Conway et al. (1996) reported the absence of the virus in a series of mesotheliomas.
When PCR and EBER in-situ hybridization were used, no evidence of EBV was found in
testicular germ-cell tumours (Rajpert-de Meyts et al., 1994).

3. Studies of Cancer in Animais

3.1 EBV iD Don-human species

Considerable efforts have been made to develop suitable animal models to study EBV
infection and pathogenesis; however, such attempts have had little success, because Old
World primates car their own EBV-like virus and cross-reacting antibody (Kieff,
1996). New World primates do not car EBV homologues, however, and at least five
species appear to be infectable by EBV, i.e. the cotton':topped tamarn (Saguinus oedipus
oedipus), white-lipped maroset (Saguinus fuscicolls) and common maroset (Call-
thrix jacchus), owl monkey (Aotus trivirgatus) and squirel monkey (Saimiri sciureus).
The most susceptible non-human primate for the carcinogenicity of EBV is the cotton-
topped tamarn. This is, however, an endangered species and not widely available for use
in laboratories. When common marosets are infected with EBV, only some animals
develop an infectious mononucleosis-like syndrome (Wedderbum et aL., 1984).

3.1.1 Infection ofnon-human primates with EBV

3.1.1.1 New World primates

The special susceptibility of cotton-topped taarns to EB V is not well understood.
The response to EBV infection vares from occult infection to benign lymphoprolifera-
tion to malignant lymphoma (Shope et aL., 1973; Deinhardt et aL., 1975; Werner et al.,
1975; Miler et aL., 1977; Rabin et aL., 1977; Johnson et al., 1983;Clear et al., 1985;
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Niedobitek et aL., 1994). The lymphomas induced in cotton-topped taarns are morpho-
logically similar to EBV-associated lymphomas in humans (Rabin et aL., 1977; Clear
et al., 1985) and are frequently observed in the mesenteric nodes and small intestine.
Each tumour nodule in an anmal has a dominant clonotype, but many different clones
are found in different locations.

Shope et aL. (1973) induced malignant lymphomas in four of eight cotton-topped
tamarns inoculated with cell-free EBV extracted from a lymphoblastoid cellline (B95-8)
originally transformed in vitro. The first tumour developed afer 222 days.

Epstein et aL. (1973) reported that one of three owl monkeys inoculated with EB3
cells from a Burkitt' s lymphoma (frozen and thawed) developed lymphoproliferative
disease without evidence of tre lymphoma. Antibodies to VCA were detected in the
serum obtained from this animaL.

Leibold et aL. (1976) inoculated EBV-transformed squirel monkey lymphocytes
(6-12 x 108 cells) by intraperitoneal or subcutaneous injection into thee squirel
monkeys. All thee animaIs developed multiple undifferentiated malignant lymphomas
and died 8-10 days after inoculation. Necropsy specimens showed the presence of EBV
DNA and contaned 7-21 genomes per cell. Lymphoblastoid celllines were established
from the tumour tissue and were found to express EBNA and EA.

Werner et al. (1975) showed that inoculation of concentrated EBV from a trans-
formng (Kaplan) mononucleosis cell line resulted in malignant lymphoproliferation in
one of three cotton-topped tamarns six weeks after inoculation, whereas inoculation of
non-transformng EBV (P3HR-1) did not result in lymphoproliferation. The tumour
induced by the Kaplan cell line was a lymphosarcoma and contained EBV DNA. The
tumour-bearng anmaIs produced anti- VCA antibodies.

Sundar et aL. (1981) reported that one of six white-lipped marosets inoculated with a
transformng EBV (B95-8) developed diffse malignant lymphoma withn 18 weeks.
EBV -DNA was detected in the pathologically enlarged mandibular lymph nodes, and the
anmal had an anti- VCA antibody titre of 1:320.

ln a study in which eight cotton-topped tamarns were inoculated with sufficient
quantities of transformng EBV (B95-8), multiple tumours were induced in each anmal
within 14-21 days whIch were identified histologically as large-cell lymphomas. The
tumour cells contaied multiple copies of the EBV genome. Celllies derived from the
tumours showed no chromosomal abnormalties. Hybridization of tumour DNA with
immunoglobulin gene probes revealed that the tumours were oligo- or monoclonal in
origin; in each anal, individual tumours arose from diferent B-cell clones (Clear

et aL., 1985).

Horizontal transmission of EBV in common marosets was demonstrated when two
anaIs experimentally infected with EBV (from M81-transformed cells) were paied

with two anals seronegative to EBV. The seronegative anmals seroconverted afer

four to six weeks, and the presence of EBV DNA was demonstrated in their peripheral
blood lymphocytes (Cox et aL., 1996).
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3.1.1.2 Old World primates

Levine et aL. (1980a) inoculated 42 rhesus monkeys (Macaca mulatta), four chim-
panzees (Pan troglodytes) and one cynomolgus monkey (Macaca fascicularis) with non-
transformng EBV (P3HR-l). None of the animals developed any clinical manifestation
or tumour within three to eight years. (The W orking Group noted that the lack of
response in this study could be due either to the use of a non-transformng EBV strain or
the presence in these primates of their own EBV -like herpesvirs (see section 3.2).)

3.1.2 Transformation ofmonkey cells by ERVin vitro

Desgranges et aL. (1976) transformed peripheral blood mononuclear cells of common
marosets with concentrated EBV (HKL Y-28 virus) obtained from a nasopharngeal
carcinoma lymphoblastoid cell line. The monkey cells produced more EBV than the
original human cellline, and the transformng activity of the EBV obtained from monkey
cells was similar to that of EBV from B95-8 cell lines.

Ablashi et aL. (1977) showed that squirrel monkey peripheral blood mononuclear cells
infected with transformng EBV (B95-8) were immortalized and that these cells con-
tained EBV DNA.

Griffin and Karan (1984) showed that specific EBV DNA fragments could immor-
talize a subpopulation of epithelial cells of the Afrcan green monkey (Cercopithecus
aethiops). EBV -related sequences were observed in all the established celllines.

3.1.3 Rodent modelsfor EBV infection and pathogenesis

3.1.3.1 Severe combined immunodeficiency (SCID) mouse model

The SCID mouse model has been widely used to study lymphomas induced by EBV
in vivo, EBV protein expression and specific therapies against EBV -induced lympho-
proliferation (e.g. anti-CD40 and anti-CD23 monoclonal antibodies) (Garer et aL.,
1993; Funakoshi et aL., 1995; Katano et aL., 1996). SCID mice lack mature Band T cells
but can be immunologically reconstituted to a certain extent by xenografs of human
leukocytes. If the lymphocytes are derived from human EBV -seropositive donors, the
animaIs frequently develop multiple foci of proliferating EBV-positive human B cells
within 10-16 weeks. The SCID mouse lesions are composed of immunoblasts and
plasmacytoid cells.

ln SCID mice grafted with EBV -positive human peripheral blood mononuclear cells,
Okano et aL. (1990) detected EBV-positive lymphoproliferative lesions that expressed
LMP and B-Iymphocyte activation antigen (CD23) and adhesion molecules (ICAM-1
and CDI8). The authors suggested that these lymphoid lesions in SCID mice were
comparable to EBV-Imortalized lymphoblastoid cells and not to malgnant lymphomas
lie Burkitt's lymphoma.

SCID mice were grafted with peripheral blood lymphocytes from immunodeficient
patients with X-linked lymphoproliferative syndrome. MIce receiving lymphocytes from
EBV-seronegative patients were then Inected with B95-8 EBV. The mice developed
EBV -induced oligoc1onal or polyc1onal disease comparable to that occurg in both
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immunodeficient patients and normal immunocompetent donors. The lesions were
diffuse, monomorphic and human B-cell-related, and activated associated antigens were
present. Analysis of the sera revealed that the B-cell populations were oligoc1onal or
polyclonal; however, phenotypic and cytogenetic analysis did not reveal the mono-
c10nality generally observed in Burkitt's lymphoma (Nakarne et aL., 1991; PurtIlo
et al., 1991).

Walter et al. (1992) compared the local growth of a Burkitt's lymphoma with the
disseminated, invasive growth of EBV-immortalized lymphoblastoid cells in SCID mice.
The lymphoma grew progressively but was locally restricted, whereas the lympho-
blastoid cells were both locally invasive and disseminated into lymphoid tissue.

Katano et al. (1996) studied the lymphoid tumours induced in SCID mice after
grafting of human EBV -infected B cells. Molecular analysis of the tumours revealed
expression of EBV LMP-l molecules at quantitatively different levels in the individual
tumours.

(The W orking Group noted that the SCID mouse model is limited to the study of
lymphoproliferative disorders.)

3.1.3.2 Nude mouse model

Ablashi et aL. (1978) inoculated EBV-positive P3HRI cells (1.0 X 106 cells in 0.2 mL
medium) into 30 athymic nude mice. All animaIs developed lymphoid tumours afer an
average latent period of 36 days. The tumours were poorly differentiated lymphomas of
vared cell size and shape. The nuc1ei were varably hyperchromatic and were remi-
niscent of those of Burkitt' s lymphoma. EBNA was detected in 80% of these cells and in
90% of the cells used for the inoculum, but VCA was detected in only 2% of the cell
lines obtained from the tumour and in 13 % of cells in the inoculum.

Yang et aL. (1982) inoculated cells from 36 biopsy samples of nasopharngeal carcI-
noma into BALB/c nude mice. ln three mice, the inoculum grew to detectable tumours
with metastases within 20-43 days. The tumours were then passaged 6-15 times over a
period of 12-22 months into other groups ofnude mice, with an average take of 67-73%.
Touch smears from the tumours showed the presence of EBNA. Only two of four of the
cell cultures derived from tumours expressed VCA after induction with 5-iodo-2'-deoxy-
uridine. Co-cultivation of epithelial cells with human cord blood mononuc1ear cells pro-
voked transformation of the latter, and the transformed cells produced IgM.

3.2 EBV -like viruses isolated from non-human primates

The Gammaherpesvirinae subfamly of Herpesvirdae is subdivided into two genera:
Lymphocryptovirus (e.g. HH4 or EBV) and Rhadinovirus (e.g. ateline herpesvirs-2)
(Roizman et al., 1992). For furter detals of the classification of herpesvirses that
infect animals, see the Introduction.

Lymphocryptovirses (so-called gama-l) inc1ude EBV-like viroses isolated from
Old World primates such as chimpanees (Pan troglodytes), baboons (Papio hamadryas)
and orangutas (Pongo pygmaeus). The gama-1 lymphocryptovirses are B lympho-
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tropic, transformng, generally restricted in their host range and similar to each other in
genomic organization (Kalter, 1994). Their genomes are collinearly homologous to that
of EBVand are more clos el y related to that of the saimiri herpesvirus-l, a member of the
Rhadinovirus genus, than to genomes of the beta- or alphaherpesviruses.

Non-human primate rhadinoviruses (gara-2 herpesviruses) are discussed in the
monograph on KSHV /HHV8.

Lymphocryptoviruses cross-react antigenically with EBV and can transform or
immortalize cells. These viruses are transmitted horizontally and infect their host at the
juvenile stage, inducing the production of specific antibodies (Deinhardt & Deinhardt,
1979). The first isolation of a lymphocryptovirus in non-human primates was reported by
Landon et aL. (1968), who established a permanent lymphoblastoid cell line from a
healthy chimpanzee in which they detected a herpesvirus. A similar virs was reported in

chimpanzees (Gerber et aL., 1976b), which was B-Iymphotropic and transformed human
and other primate cells. Since the first isolation of Herpesvirus pan (pongine herpes-
virus 1) from chimpanzees (Gerber et aL., 1977), the following primate lymphocrypto-
viruses have been reported: Herpesvirus gorila (pongine herpesvirus 3; Neubauer et aL.,
1979a), Herpesvirus pongo (pongine herpesvirus 2) from orangutans (Rasheed et aL.,
1997), Herpesvirus papio (cercopithecine herpesvirus 12) from baboons (Falk et aL.,
1976), Herpesvirus cercopithecus (cercopithecine herpesvirus 14) from African green
monkeys (Böcker et aL., 1980) and herpesviruses from rhesus monkeys (Macaca mulata;
Rangan et al., 1986), cynomolgus monkeys (M. fascicularis; Feichtinger et aL., 1992; Li
et al., 1994) and M. arctoides (Lapin et aL., 1985).

The double-stranded DNA of these viruses has a molecular mass of about 110 x 106,
and the genome of cercopithecine herpesvirus 12 (baboons) and pongine herpesvirus 1

(chimpanzees) is about 170 kb. The virion has a diameter of 118-220 nm. The viral
morphogenesis is similar to that of EBV. The natural host range is limited to the famly
or order of its host. DNA sequence homology among primate gama-l herpesviruses is
approximately 40%. The DNAs of cercopithecine herpesvirs 12 and pongine herpes-
virus 1 show extensive collnear homology (Lee et aL., 1980, 1981; Kieff, 1996).

3.2.1 Herpesvirus papio (cercopithecine herpesvirus 12)

Agrba et al. (1975) reported the establishment of two lymphoblastoid cell lines
(SPG-1, KMPG-1) from bone marow and spleen of hamadras baboons withmalignant
lymphomas in the Sukhumi colony. Herpesvirs paric1es were detected inthese cell
lines by electron microscopy. Upon further investigation, other herpesvirs types (HSV-
1, HSV-2, cytomegalovirus) were ruled out. The virus was later named Herpesvirus
papio (HVP). Increased antibody titres to this virus were demonstrated in baboons which
developed lymphoma (Voevodin et al., 1983).

A similar virus was isolated in the United States from several babooncolonies (Papio
hamadryas, P. ambis, P.cynocephalus) by Falk et aL. (1976). Antibodies that reacted
with viral antigens in both HVP and EBV celllines (P3HR1, B95-8) were demonstrated.
AlI of the established celllines were B cell-derived, and 5-15% contained antigens (see
also Falk, 1979).
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HVP is indigenous to Africa and is restrcted to that continent; however, anmals
bearng the virs have been transported throughout the world. Although no specific

seasonal varation in infection is known in the wild, peak infection in the Sukhumi
colony occurred in the autumn and spring (Kalter, 1994).

3.2.1.1 Celllines, persistence and transfonnation

To date, the cell lines established from peripheral blood mononuclear cells or other
tissues of HVP-infected tumour-bearng animals have been B lymphocytes (Falk, 1979),
and infected monkey and human cord blood mononuc1ear cells exhibit B-cell markers;
however, the markers are not uniform (Deinhardt & Deinhardt, 1979). HVP transforms
lymphocytes of several species of non-human primates (Macaca mulatta, M. arctoides,
Hylobates lar, Saguinus sp., Callthrix jacchus, Saimiri sciureus) as well as human cord
blood mononuc1ear cells in vitro. The presence of the virus can be demonstrated by the
presence of antigens (0000 et aL., 1978; Falk, 1979). The nuc1ear antigen of HVP is
similar to EBNA. ln a comparative study, all EBNA-positive sera reacted with HVP
nuc1ear antigen, but none of the sera containing this antigen reacted with EBNA.

3.2.1.2 Prevalence of infection with Herpesvirus papio

Voevodin et aL. (1985), using an assay to detect anti- VCA to HVP, showed that the
prevalence of antibody in two groups of baboons, one with a high prevalence of
lymphoma and the other lymphoma-free, was 80-90% in both groups, in contrast to the
results of previous studies in which complement fixation was used (V oevodin et al.,
1979). Newly imported baboons had a significantly lower prevalence (35%). Moreover,
the prevalence of infection was age-dependent, increasing dunng the first years of life,
reaching the highest rate (100%) at five years of age, staying stable up to 18 years of age
and decreasing subsequently. Infection in newly imported animals increased with age up
to 71 %. Nevertheless, when antibodies to early, capsid and nuc1ear antigens were com-
pared in baboons in the Sukhumi colony, anmaIs with lymphoid disease had higher
frequencies and higher titres than did control anals (Neubauer et aL., 1979b).

3.2.1.3 Molecular biology

The organization of the genome of HVP shows similar unique features to that of EB V
DNA (see section 1.1) and shows 40% homology with EBV DNA (Lee et al., 1980).
Replication of HV involves both cis- and trans-acting functions, analogous to those
found in EBV (Pesano & Pagano, 1986). For more information, see Lee et aL. (1980,
1981) and Kieff (1996).

It has been shown that non-producer HVP cell lines have two or three viral genome
equivalents per cell in an apparently integrated form, whereas in HVP producer celllines
theHVP-free DNA fraction is composed of bothlinear and cIrcular DNA molecules that
are sirrlår in lengt to the circular DNA of EBV in human celllines, as shown by
electron mîcroscopy (Falk et al., 1979).

Howe and Shu (1988) showed that two small RNAs ofHVP hybndize to EBERs, and
two genes of HV RNAs, HVP-l and HVP-2, are located together in a small unque
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region at the left end of the viral genome and are transcribed by RNA polymerase III in a
rightward direction, like the EBERs. There is considerable similarty between EBER-1
and HVP-1 RNA, except for an insert of 22 nuc1eotides which increases the length of
HPV-1 RNA to 190 nucleotides. HVP-2 RNA and EBER-2 are less similar, but both are
about 170 nuc1eotides long. Like EBERs, HVP RNAs are abundant in HVP-transformed
cells and are efficiently bound to cellular proteins. EBNA-l and EBNA-2 of EBV do not
cross-react well with HPV nuclear antigen, and c10ning of EBNA-2 of the HVP homo-
logue showed significant nuc1eotide and arno acid divergence, as predicted by sero-
logical studies. The HVP EBNA-2 homologue does not retain the acidic transactivating
domain of EBV EBNA-2. This gene, as in EBV, is important in B-cell immortalization
and the resultant alterations in B-cell growth pattern which regulate expression from
specific viral and cellular promoters. Ling et al. (1993b) showed that, in comparison with
the EBNA-2 ofEBV, all ofwhich are either type 1 or type 2, the HVP EBNA-2 gene falls
into neither type 1 or type 2. The divergence of EBNA-2 of HVP from that of EBV is
thus ideally suited for comparative studies. Similarties between the EBV and the HVP
LMP-2 gene indicate that the latter is important in infection in vivo (Franken et aL.,
1995).

These molecular biological studies with HVP provide not only an understanding of
the action and function of varous viral and cellular genes but also a unique opportunity
to study their role in pathogenesis, because they can infect, replicate and cause B-cell
lymphoproliferation in varous non-human primates.

3.2.1.4 Pathogenesis and immune response to Herpesvirs papio

HVP is a potent transforming agent, since it can efficiently transform human and non-
human primate peripheral blood mononuclear cells. Falk et aL. (1976) established three
lymphoblastoid cell lines from the splenic lymphocytes of a lymphomatous baboon
(Papio hamadryas) in which they could identify the presence of HVP. Adult or newbom
marosets of three species (Saguinus oedipus oedipus, S. fascicolls, CaUithrix jacchus)
were inoculated with lymphoblastoid cells derived from ths baboon (Deinhardt et al.,
1978). All six adult anmaIs developed moderate leukocytosis, relative lymphocytosis
beginning 7-16 days after inoculation. Thee of the animaIs, two of which also had deve-
loped large tumours at the site of inoculation, developed marked generalzed lymph-
adenopathy and died 13-22 days after inoculation. None of the eight newborn marosets
died after inoculation; they developed only minimallymph-node swellng durig the first
two to thee weeks after inoculation, without haematological abnormalities.

Gerber et al. (1977) inoculated two HVP-seronegative baboons (Papio cynocepha-
lus), two rhesus monkeys (Macaca mulatta) and two cotton-topped taarns (Saguinus
oedipus oedipus) either intraperitoneally, intravenously or subcutaeously, with a tota of
3.0 ml of HVP with a transforrng titre of 103-5 units derived from a spontaeously trans-
formed baboon lymphoid cellline. The anmals were kept for six months. Both baboons
seroconverted, and HVP was excreted by the oropharngeal route. Seroconversion was
seen in the rhesus monkeys but not the tamarns, and neither species excreted detectable
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levels of HVP from the oropharnx. None of the inoculated animaIs had detectable
disease or palpable tumours.

3.2.2 Gamma-l herpesvirusfrom cynomolgus monkey (Macaca fasciculars)

Fujimoto et aL. (1990) established a B-Iymphoblastoid cell line from lymph nodes of
an apparently healthy cynomolgus monkey (Macaca fascicularis) in which EBV-like
herpesvirus was demonstrated. The cell-free supematant from the cellline transformed
the lymphocytes of another cynomolgus monkey.

Feichtinger et aL. (1992) inoculated cynomolgus monkeys with simian immuno-
deficiency virus type 1, and about 40% of the animals developed B-celllymphoma. A
herpesvirs termed HVMF1 was detected in all tumours tested, and lymphoma tissue and
two established celllines reacted with EBV-specific DNA probes (Li et aL., 1993, 1994).
Homology to EBV was found in EBNA-2, EBNA-S, EBERs and oriP, and proteins that
cross-reacted with EBNA-l and EBNA-2 were identified by western blotting. On the
basis of the close homology with EBV, the investigators proposed that malignant B-cell
lymphoma in cynomolgus monkeys experimentally infected with simian immuno-
deficiency virus could be used as a model for EBV-associated lymphomagenes is in
immunodepressed persons.

3.2.3 Rabbit mode! ofmalignant lymphoma induced by EBV-like virusfrom Macaca

arctoïdes

An EBV -like herpesvirus isolated from Macaca arctoïdes was successfully used to
induce malignant lymphoma in rabbits (Oryctolagus cuniculus). Sixteen out of 32
infected rabbits became il between days 21 and 143 after inoculation, and in 15/16
animaIs with clinical signs, lymphoproliferative disease was shown by histological
exarnation. The disease consisted either of malignant lymphoma or lymphoid hyper-
plasia of the spleen and parenchymal organs (Wutzler et al., 1995).

3.3 Other models of relevance to EBV

3.3.1 Murid herpesvirus 4

Murid herpesvirus 4, or MHV -68, is a B-Iymphotropic gammaherpesvirus which on
phylogenetic grounds was c1assified as a gama-2 herpesvirus. It induces B-Iympho-
proliferative disease in mice and has therefore been proposed as a model for EBV
infection. As it is a gama-2 herpesvirus, it is discussed in the monograph on KSHV/-
HH8.

3.3.2 Marek's disease

Marek' s disease virs (MDV), first described by Josef Marek in 1907, has clearly
played a major role in comparative herpesvirology and oncology (Calnek, 1986). MDV
is a lymphotropic herpesvirus which, afer an early cytolytic infection, induces T -cell
lymphomas in chickens, its natural hosto The lymphoma cells are latently infected with
MDV, but the viral contrbution to the transformed phenotype is not fully understood.
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The integration pattern of MDV DNA suggests the clonaI nature of tumour formation,
and MDV -transformed cell lines established in vitro maintain the integration pattern of
primar lymphomas (Delecluse et aL., 1993b).

Malignant lymphomas occur in a varety of organs and tissues, including the spleen,
gonads, liver, lungs, hear, mesentery, bursa of Fabricius, thymus, adrenal gland,

pancreas, proventriculus, intestine, skeletal muscle and skin. The varous strains of MDV
have different organ distributions. Marek' s disease is also characterized by the formation
of lesions in peripheral nerves, the spinal roots and/or the root ganglia. The affected peri-
pheral nerves show loss of cross-striations, enlargement, discolouration and sometimes
oedema. Affected spinal root ganglia become enlarged and appear translucent and some-
what discoloured (Calnek & Witter, 1991).

MDV is transmitted through direct or indirect contact between chickens. The fully
infectious virus becomes airborne when it is shed from the feather follcle epithelium
during skin keratinization (Calnek et aL., 1970). Both diseased and apparently unaffected
chickens can continually shed MDV continuously for many weeks (Kenzy & Cho, 1969).

Propagation of the causative agent in cell culture (Churchil & Biggs, 1967) was
followed by transmission of the disease with the cell culture-propagated virus (Churchill
& Biggs, 1968). Eventual transmission of the disease with cell-free infectious herpes-
virus paricles isolated from the feather follcles of infected chickens was the definitive
study that dispelled doubt that MDV is the causative agent of Marek's disease (Calnek
et al., 1970).

Marek' s disease is the first, most important system in which a herpetic affliction
and/or a neoplastic condition has been successfully controlled by vaccination. Vacci-

nation against Marek's disease was first demonstrated in 1969 with a serotype-l strain
attenuated by passage in cell culture (Churchill et aL., 1969). Herpesvirus of turkeys,
isolated in 1969 (Kawamura et aL., 1969), provides good protection against Marek's
disease (Okazak et aL., 1970).

Thee avian herpesviruses share common antigen deterrnants: Marek' s disease
herpesvirus 1 (galld herpesvirus 2), Marek' s disease herpesvirus 2 (gallid herpesvirus 3)
and turkey herpesvirs 1 (maleagrid herpesvirs 1) (Witter et al., 1970).

A major step in MDV virology was made by Buckmaster et al. (1988), who showed
that MDV and turkey herpesvirus sequences bear greater similarty to varcella-zoster
virs (human herpesvirs 3), an alphaherpesvirs, than to EBV sequences, and that the
MDV and turkey herpesvirus genomes are collnear with that of varcella-zoster virs.
Therefore, even if some biological aspects of Marek' s disease resemble EBV infection in
humans, it cannot be considered virologically to be a tre model for human EBV
infection because MDV is clearly an alphaherpesvirus.
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4. Other Data Relevant to an Evaluation of Carcinogenicity

and Its Mechanisms

4.1 Growth transformation

4.1.1 Role of EBV

ln view of the role of viral gene products in the development of non-Hodgkin's

lymphoma, it is clear that an important factor is the viral gene functions that have been
shown to be involved in growth transformation of normal resting human B lymphocytes
(Henle et aL., 1967; Pope et aL., 1968). Growth transformation by EBV is regarded as an
in-vitro equivalent of the lymphoproliferation occurrng in EBV -infected individuals in
the absence of a functional immune system. Growth transformation by EBV in vitro is
defined as the induction of immortalization. EBV-infected, proliferating B lymphocytes
are similar to lymphocytes activated in response to antigens, mitogens or treatment with
IL-4 and anti-CD40 (Banchereau & Rousset, 1991), resulting in expression of a similar
repertoire of activation markers and adhesion molecules (Åman et aL., 1986; Hurley &
Thorley-Lawson, 1988; Alfieri et aL., 1991). EBV-infected tumour cells in non-

Hodgkin's lymphomas in vivo, however, probably also have genetic and epigenetic
changes, in addition to the phenotype of the immortalized B lymphocyte studied in vitro.

ln EBV -transformed B cells, only a small number of viral genes is expressed (see
section 1.1.5 for nomenclature), including those for six nuclear antigens, EBNA-1, -2,
-3A, -3B, -3C and EBNA-LP, the genes for three membrane proteins, LMP-l, LMP-2A
and LMP-2B (two splice varants of LMP-2), BHRF l, BARFO and two small nuclear
non-polyadenylated RNAs (EBERs). BHRFl encodes a viral homologue of Bcl-2
(Clear et al., 1986) which is highly expressed during the lytic cycle. BHRF 1 has also

been reported to be transcribed during latency in EBV-immortalized cells (Austin et aL.,
1988; Oudejans et aL., 1995a), while the BHRFI protein has not been detected in latently
infected cells. BARFO, a reading frame contained in a set of transcripts first descnbed in
nasopharngeal carcinomas passaged in nude mice (Hitt et aL., 1989; Giligan et al.,
1990b, 1991), has recently been shown to encode a 30-kDa protein in lymphoblastoid
ceUlines and nasopharngeal carcinoma samples (Fries et aL., 1997).

4.1.2 Minimal set of transforming genes

The transformng potential of EBV is maintained within about one-third of the viral
genome (Mark & Sugden, 1982; Kempkes et aL., 1995a; Robertson & Kieff, 1995).
Genetic analyses of recombinant virses have also shown that not aU of the genes ex-
pressed in growth-transformed ceUs are required for initiation and maintenance of trans-
formation. Neither the EBERs (Swamnathan et aL., 1991) nor EBNA-3B (Tomknson &
Kieff, 1992a), BARFO (Robertson et aL., 1994), EBNA-LP (Hamerschmdt & Sugden,
1989) or LMP-2 is required for transformation (Longnecker et aL., 1992; Kim & Yates,
1993). Viral IL-lO, a gene of the lytic cycle with suspected B-cell growth factor activity,
is also not required (Swamnathan et al., 1993); however, EBNA-LP and LMP-2 were
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shown to significantly improve the outgrowth of transformed cells (Mannick et aL., 1991;
Allan et aL., 1992; Brielmeier et aL., 1996). ERNA-l, EBNA-2, EBNA-3A, -3e and LMP-l
are essential for initiation of transformation (Cohen et aL., 1989; Kaye et aL., 1993;
Tomknson et aL., 1993). EBNA-l (Yates et aL., 1984, 1985), EBNA-2 (Kempkes et aL.,
1995b) and LMP-l (Sandberg et aL., 1997) are also definitely required for maintenance of
transformation, whereas EBNA-3A is not (Kempkes et aL., 1995a). Information on the
role of EBNA-3C in the maintenance of transformation is not available. The minimal set
of viral genes required for the initiation and maintenance of growth transformation is still
unkown, however, and the question of whether the combination of EBNA-l, ERNA-2,
EBNA-3A, EBNA-3C and LMP-l is also sufficient for transformation has not yet been
addressed experimentally. Functional redundancy among the non-essential genes might
permt the deletion of one but not several simultaneously.

4.1.3 Growth transformation in vitro and induction of lymphoproliferation in vivo

It is not known whether induction of B-cell proliferation by EBV in an immunocom-
promised host in vivo requires the same set of viral genes as EBV-induced B-cell trans-
formation in vitro, or a larger or smaller set of viral genes. The genes required for growth
transformation in vitro are obviously most likely to be involved in the induction of
lymphoproliferation in vivo and therefore represent the main focus here. It should be kept
in mind, however, that the genes required in vitro are not necessarly those required
in vivo. Prolierating cells may receive signaIs from their surroundings that may bypass
the requirement for an active viral oncogene. Alternatively, genes that are unnecessar
for growth transformation in vitro may be absolutely essential for the induction of
lymphoproliferation in vivo. Given the complexity of the vIrs-host interaction, which
has evolved over millons of years, this is the more likely possibilty. The complete life
cycle of the virs is influenced by its interaction with the imune system of the host
in vivo and therefore plays an important role in the development of EBV -associated mali-
gnancies. Control of latency in vivo, reactivation, re-entr into the lytic cycle, reinfection

of new target cells and interference by the immune system at any of these levels are
therefore of key importce for EBV -induced lymphoproliferation in vivo. These events

not only implicate the viral genes involved in growth transformation and their cellular
tagets but also reflect the complexity of the virs-host interaction in vivo, which can be
studied only in a model system of a related primate virs and its natural hosto

4.1.4 Viral transcription pattern after infection of human primary B lymphocytes by
EBV

Inection of B cells with EBV is mediated though CD21, the receptor for comple-
ment component C3d (Fingeroth et al., 1984). Binding of the virs trggers a signalling
cascade initiated from the CÐ21 molecule, which activates the celland gives it the
competence to respond to the growth-promoting action of EBNA-2 and EBNA-LP (Hutt-
Fletcher, 1987; Sinclai et al., 1994). The viral genome is circularzed within about 16-
20 h afer infection (Hurley & Thorley-Lawson, 1988) and gives rise to large transcripts
initiated in the W promoter of the large internaI repeats (Woisetschlaeger et al., 1990).
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After expression of EBNA-l and EBNA-2, transcription switches to the C promo 

ter andgives rise to multiply spliced transcripts that code for EBNA-LP, EBNA-2, EBNA-3A,
-3B, -3C and EBNA-l (Schlager et aL., 1996; Woisetschlaeger et aL., 1990). OriP, to
whIch EBNA-l binds, acts not only as an origin of replication (Yates et aL., 1984) but
also as an EBNA-l-dependent enhancer of the C promoter (Sugden & Waren, 1989) and
the LMP-l promo ter (Gahn & Sugden, 1995). C promo ter transcription occ1udes the W
promoter and brings the viral genome under its own transcriptional control (Pugliell
et aL., 1996). Expression of the LMPs is under transcriptional control of EBNA-2. LMP-l
and LMP-2B are transcribed from a bi-directional promoter that responds to EBNA-2
(Laux et al., 1994a; Johannsen et aL., 1995), whereas LMP-2A is transcribed from a sepa-
rate promo ter controlled by EBNA-2 (Zimber-Strobl et aL. , 1993).

4.1.5 Viral proteins involved in growth transformtion

4.1.5.1 EBNA-l

EBNA-l is the only viral protein expressed in growth-transformed cells that binds
directly to DNA in a sequence-specific manner through its DNA binding and dime-
rization domain in the C termnus (Ambinder et al., 1991; Bochkarev et aL., 1995).
EBNA-l binds to the plasmid origin of replication (oriP) which consists of multiple
tandem repeats of EBNA-1 binding sites followed by two symmetrical binding sites
(Rawlins et aL., 1985; Reisman et aL., 1985). Cooperative binding of EBNA-1 to the
multiple binding sites on oriP is required, and sufficient, for episomal replication of the
viral genome. Furthermore, oriP acts as an EBNA-l-dependent enhancer and plays a
crucial role in the regulation of viral transcription from both the C and the LMP-l
promo ter in growth-transformed cells (Sugden & Waren, 1989; Gahn & Sugden, 1995).
Because of their role in episomal replication and transcription regulation, EBNA-l and
oriP are of prime importance for EBV-induced proliferation of lymphocytes in vitro and
ln ViVO.

Apar from its role in regulation of viral replication and transcription, EBNA-l might
also affect cellular replication and transcription if binding sites for this protein exist in

the cellular genome. Comparson of EBV-negative Burkitt's lymphoma celllines with
EBV-positive group 1 Burkitt's lymphoma celllines expressing EBNA-1, however, indi-
cates that the growth pattern and cellular phenotypes are identical (Rowe et al., 1987 a;
Falk et al., 1993).

EBNA-l can bind RNA in vitro through arginine/glycine (RGG) motifs (Snudden
et al., 1994). EBNA-1 also activates expression of the lymphoid recombinase genes
(RAGs) through an as yet unidentified mechansm (Srinivas & Sixbey, 1995). Activation
of the RAGs could promote chromos omal rearangement and translocations and possibly
also faciltate viral integration. Ths may indicate that EBNA-1 can activate expression of
critical cellular genes and affect cellular growth control. EBNA-1 is also expressed in the
permssive EBV inection, hai leukoplaka, indicating that it contributes to replicative
EBV inection (Murray et aL., 1996).

Evidence that EBNA-1 may itself have oncogenic potential is provided by the finding
that lymphomas developed in two transgenic mouse lines expressing EBNA-l under the
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control of the immunoglobulin heavy-chain intron enhancer (Wilson et aL., 1996a).
Moreover, EBV -positive EBNA-l-expressing Akata cell clones were reported to be able
to clone in soft agar and to induce tumours in nude mice (Shimizu et aL., 1994).

Another hallmark of EBNA-l is an aray of glycine-alanine repeats located in the N-
termnal part of the protein. These repeats were shown to prevent presentation of MHC
c1ass I-restricted CTL epitopes (Levitskaya et aL., 1995), which represents a novel,
unique mechanism for bypassing recognition by cytotoxic T cells and maintaining viral
latency.

4.1.5.2 EBNA-LP

EBNA-2 and EBNA-LP are the first viral genes expressed after infection of primar
human B cells with EBV (Rooney et aL., 1989; Allday et aL., 1989). EBNA-LP appears to
be important at least for initiation of B-cell transformation, since mutant virus lacking the
C-termnal exons has a severely reduced transformation potential, and cells infected with
mutant virus require a feeder layer for outgrowth (Mannick et al., 1991). Ectopic
expression of EBNA-LP in these cells restored the growth behaviour (Allan et al., 1992).

EBNA-LP was reported to bind to p53 and Rb (Szekely et aL., 1993), but there is no
evidence that the function of p53 and Rb is modified by such binding (Allday et aL.,
1995; Inman & Farell, 1995). EBNA-LP was recently described as localizing to the
nuc1ear comparment defined by accumulation of the promyelocytic leukaemia gene
product in normal cells (Dyck et aL., 1994; Weis et aL., 1994; Szekely et aL., 1996), the
main function of which is again unkown. A role for EBNA -LP in cell cycle regulation is
suggested by the finding that, with EBNA-2, it can induce cyc1in D2 and cell cycle
activation in primar human B cells pretreated with gp340 (Sinclair et aL., 1994) and that
EBNA-LP phosphorylation is dependent on the cell-cyc1e stage (Kitay & Rowe, 1996a).
Recent studies suggest that EBNA-LP greatly enhances EBNA-2-induced trans-activation
of LMP-l expression through interaction with the EBNA-2 acidic trans-activation
domain (Harada & Kieff, 1997). Expression of EBNA -LP in transgenic mice has no
effect on deve10pment or tumour incidence; the animaIs die of hear failure, probably due
to a toxic effect ofEBNA-LP itself (Huen et aL., 1993).

4.1.5.3 EBNA-2

EBNA-2 has long been suspected to play a crucial role in growth transformation,
because a 6.6-kb deletion in the P3HR1 viral strain, encompassing the boundar of the
large internaI repeats to the long unique region (Ragona et aL., 1980; Bornamm et aL.,
1980, 1982; Jeang & Hayward, 1983), is associated with loss of transforrng capacity,
while infectivity is maintained (Miller et al., 1974). A recombinant transformng virs
lackingthe deletion was observed after either superinfection of Raji cells with P3HR1
virs (Fresen et al., 1980; Skare et aL., 1985) or by reconstituting the deletion in the

P3HR1 virs with c10ned fragments spanning the deletion and harbouring the EBNA-2
gene (Cohen et al., 1989; Hamerschrdt & Sugden, 1989). Analysis of the virus
harboured by the parenta Jijoye line from which P3HR1 had been obtaied by single cell
c10ning (Hinuma et al., 1967) revealed the surprising finding that the EBNA-2 genes of
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Jijoye and B95-8 share only about 50% sequence homology (Dambaugh et aL., 1984;
Adldinger et aL., 1985). Although strain differences between EBV types 1 (B95-8 proto-
type) and 2 (Jijoye and AG876 prototypes; Dambaugh et al., 1984) were later also found
in other genes (Sample et aL., 1990), the difference in the transformng ability of the two
strains (Rickinson et aL., 1987) could be pinpointed to the differences in the EBNA-2
genes (Cohen et aL., 1992).

EBNA-2 expressed from the SV40 promoter in transgenic mice induced tubular
kidney hyperplasia which advanced to adenocarcinoma (Tömell et al., 1996).

EBNA-2 is a trans-activator of many cellular (CD23, CD21, c1gr) and viral genes
(LMP-l, LMP-2, Cp) but cannot bind to DNA directly. A cellular protein that mediates
binding of EBNA-2 to its response element was first described in the LMP-2A promoter
(Zimber-Strobl et al., 1993) and later shown also to have binding sites in the C and LMP-
1 promoters (Ling et al., 1993a; Grossman et al., 1994; Laux et al., 1994b; Yalamanchili
et aL., 1994). Ths protein tumed out to be recombination signal binding protein JK (RBP-
JK) (Grossman et aL., 1994; Henkel et aL., 1994; Waltzer et aL., 1994; Zimber-Strobl
et al., 1994), a ubiquitously expressed protein which is highly conserved in evolution,
with homologues in species as distant as Drosophila (suppressor of hairless, Su(H))
(Furukawa et aL., 1992; Schweisguth & Posakony, 1992) and Caenorhabditis elegans
(Chrstensen et aL., 1996). Its name is misleading since it proved not to bind to the immu-
noglobulin JK sequence (Tun et aL., 1994). The genetics of Drosophila provided a clue to
its physiological function. RBP-JK!Su(H) is a DNA-binding protein and a downstream
target of a cellular receptor called Notch (Fortini & Aravanis-Tsakonas, 1994), which in
mamals is par of a farly of related proteins. Ligand binding activates Notch, and

subsequent processing and transport of Notch to the nucleus converts the repressor RBP-
JK (Hsieh & Hayward, 1995; Waltzer et aL., 1995) into an activator and tums on target
genes (Jarault et aL., 1995; Hsieh et aL., 1996). EBNA-2 and activated Notch interact
with similar regions in the RBP-JK molecule and fulfil similar functions (Hsieh et aL.,
1996; Sakai & Honjo, 1997). EBNA-2 may therefore be regarded as a functional
homologue of a constitutively active Notch receptor. By analogy with other viral onco-
proteins, it seems likely that EBNA-2 has functions additional to activation of RBP-JK.
Binding of EBNA-2 to RBP-JK, although necessar, is not sufficient for trans-activation
ofEBNA-2-regulatedpromoters. ln the LMP-l promoter, binding ofPU.1 is additionally
involved in trans-activation by EBNA-2 (Laux et aL., 1994b; Johannsen et aL., 1995), and
other proteins involved are still to be identifed. The region in EBNA-2 that interacts
with RBP-JK has been mapped to amino acids 318-327 (Yalamanchili et aL., 1994; Ling
& Hayward, 1995), a region highly conserved among the EBNA-2 genes of EBV types 1
and 2 and HVP (Ling et aL., 1993b). It is one of the thee regions of EBNA-2, including
the C-termnal trans-activation domain and an N-termal domain with unkown
function, that are critically required for transformation (Cohen et al., 1991). Additionai
detas on the biochemistr and interaction with basal transcriptional machinery are given
in Section 1.

In view of the functional equivalence between EBNA-2 and an activated Notch
receptor, Notch signallng may parally substitute for EBNA-2 function in activation of
viral and cellular genes in the EBNA-2-negative forms of latency.
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4.1.5.4 EBNA-3A, -3R and -3C

EBNA-3A, -3B and -3C differ in type 1 and type 2 strains, but these differences do not
afect the transformng abilty of the viruses (Sample et al., 1990; Tomknson & Kieff,
1992b). ERNA-3A and -C are required for transformation, whereas EBNA-3R is not
(Tomknson & Kieff, 1992a; Tomknson et aL., 1993). This is quite surprising, since
EBNA-3B is a major target for recognition of latently infected cens by cytotoxic T cens
(Moss et al., 1996) and might be counterselected if it were not an essential gene for the
virallife cycle in vivo. The EBNA-3C and -3B proteins have been reported to paricipate
in transcriptional regulation of the LMP-l, CD21 and CD23, and CD40, CD77 and
vimentin genes, respectively (Wang et aL., 1990a; Allday et al., 1993; Silins & Sculley,
1994). EBNA-3A, -3B and -3C proteins were recently shown to inhibit transcriptional
activation of EBNA-2-responsive promoters (Le Roux et aL., 1994) by preventing RBP-
J1C and EBNA-2/RP-J1C complexes from binding to their cognate RBP-J1C binding sites
(Waltzer et aL., 1996; Robertson et aL., 1996; Zhao et al., 1996). EBNA-3 proteins are
thus believed to counterbalance and finely tune the action of EBNA-2, and it is likely
that they have other functions. EBNA-3C has been described as countering the action of
the cyc1in-dependent kinase inhbitor p16 INKLA and inactivating the retinoblastoma
protein (Rb) functionany, like the viral proteins HPV E7 and adenovirs ElA (Parker
et al., 1996).

4.1.5.5 LMP-l

LMP-l is the only known EBV gene which, acting alone, can transform rodent fibro-
blasts (Wang et aL., 1985). LMP-l-expressing rodent fibroblasts grow in low concen-
trations of serum, acquire anchorage-independent growth in soft agar and become tumo-
rigenic. ln primar B cens, LMP-l induces DNA synthesis and up-regulation of CD23,
CD21 and CD54 (Peng & Lundgren, 1992).

LMP-1 is highly toxic if expressed at high levels (Hamerschmidt et aL., 1989;
Floettman et aL., 1996). When expressed at lower levels, it induces a number of pheno-
typic and functional changes such as up-regulation of adhesion molecules and activation
markers (e.g. CD23, CD39, CD40, CD54 and CD58; Wang et al., 1988b, 1990b), res-
toration of immunological function, i.e. coordinated up-regulation of peptide transporters
and HLA c1ass-I and c1ass-II molecules (Cuomo et al., 1990; de Campos-Lima
et aL., 1993b; Zhang et aL., 1994a; Rowe et aL., 1995) and induction of cyclin D2
(Arantas et aL., 1995) and stress-response genes that prevent apoptosis, such as bcl-2
and A20 (Henderson et al., 1991; Laherty et aL., 1992; Rowe et aL., 1994). Most of these
functions are usually attbuted to the ability of LMP-l to induce NFKB (Hamarskjold
& Simurda, 1992), but this is not the only signalling pathway to which LMP-l contr-
butes (Miller et al., 1997). The molecular lin between LMP-l and induction of the
expression of genes such as bcl-2 is in fact still missing (Marin et al., 1993; Rowe et al.,
1994). When expressed in epithelial cells, LMP-1 inhbits cell differentiation in kera-
tiocyte raf cultures in vitro (Dawson et al., 1990) and induces morphological trans-

formation and aberrant keratin expression (Fåhaeus et aL., 1990b) and severe epidermal
hyperplasia in transgenic mice (Wilson et al., 1990).

~"-.._""

kajo
Pencil



220 IARC MONOGRAPHS VOLUME 70

LMP-l is absolutely required for both the initiation and maintenance of B-cell trans-
formation by EBV (Kaye et al., 1993). Genetic experiments have shown that the first
transmembrane domain and the neighbouring amino acids of the cytoplasmic N-termnal
do main are required for B-cell transformation (Kaye et al., 1993), while the function of
the 155 C-termnal amino acids can be complemented by co-cultivation of the cells on a
fibroblast feeder layer (Kaye et al., 1995). Constitutive LMP-l expression in EBV-
transformed cells caring a conditional EBNA-2 gene has provided evidence that LMP-l
in the absence of functional EBNA-2 promotes survival of the cells without maintaining
proliferation, similar to the stimulation of the endogenous CD40 receptor by CD40
ligand, which is even more effective in promoting cell survival than LMP-l (Zimber-
Strobl et al., 1996). The functional similarty between LMP-l and CD40 is corroborated
by the fact that the two proteins recruit the same types of signallng molecules on the
cytoplasmic side of the membrane. These molecules, which are known as tumour
necrosis factor (TRAF) receptor-associated factors mediate activation of NFKB
(Mosialos et al., 1995). Deletion of the TRAF interaction domain within the LMP-l
molecule abolishes B-cell transformation by EBV (Izumi et al., 1997).

4.1.5.6 LMP-2A and -2B

A clue to the function of LMP-2A has been provided by the observations that (i) it has
eight tyrosine motifs that can be phosphorylated and interact with other kinases and
adapter proteins; (ii) it is a substrate for members of the src family of kinases expressed
in B cells (fyn, lyn) and is stably phosphorylated on tyrosine (Longnecker et al., 1991;
Burkhardt et aL., 1992); (iii) it is associated with another stably phosphorylated tyrosine
kinase (syk) (Miler et al., 1995a); (iv) it shares the sequence motif (YXXL/I)2 with
signal transducing subunits of antigen receptors in B and T cells (Reth, 1989; Beaufils
et al., 1993); and (v) it inhibits anti-immunoglobulin-mediated Ca2+ mobilization, PLCy2
activation and anti-immunoglobulin-induced reactivation of the lytic cycle, which can be
bypassed by TPA with Ca2+ ionophore (Miler et al., 1994b, 1995a). These data are
consistent with a model in which LMP-2A sequesters the receptor-associated tyrosine
kinase, blocking its autophosphorylation and downstream signallng events (Miler et al.,
1995a).

Consistent with this model, LMP-2A and -2B proved not to be required for B-cell
transformation by EBV in vitro (Longnecker et al., 1992, 1993a,b), even though they
contribute to the efficiency of transformation (Brielmeier et aL., 1996). Maintenance of
latency and prevention of entry into the lytic cycle due to inhibition of the B-cell receptor
may, however, be a more important issue for the virus in vivo than in vitro.

4.1.6 Cellular genes induced du ring growth transformation by EBV

Normal cells are induced to proliferate bysignallng molecules (soluble molecules
such as hormones and growth factors or matrix or cell-borne molecules) that interact with
specifc receptors, deliver a signal to the cell, transmit it into the nucleus and convert the
cell to a new transcriptional programe and a proliferative response. As seen with onco-
genes, malgnant growth is a consequence of genetic changes which, on the one hand,
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abrogate negative control mechanisms and, on the other, render the signalling process
constitutive. This is achieved by shortcuts introduced into the signal transduction path-
way at some level between the membrane and the nucleus.

Since different proliferative signaIs have to converge into a common programme
leading to entry into S phase, the proteins that control these checkpoints, such as Rb and
p53, are frequent targets for transformng viroses like papilomaviruses, SV 40 and ade-
noviruses, which abrogate the cellular control mechanisms. ln contrast, there is no evi-
dence for a direct functional interaction between EB V latency proteins and either Rb or
p53; however, it is likely that EBV indirectly affects these pathways. Recent data suggest
that EBNA-3C overcomes the action of cyclin-dependent kinase inhibitor p16 and in this
way affects cellular cycle control mechanisms (Parker et al., 1996). ln addition, LMP-l
expression inhibits p53-mediated apoptosis (Okan et al., 1995; Fries et aL., 1996).

ln comparson with resting B cells, EBV -transformed lymphoblastoid celllines show
dramatic changes in their gene expression programme. ln fact, EBV appears to mimic
physiological B-cell activation brought about by antigen and helper T cells, and up-
regulates many kinds of cell-surface molecules that might be important in signallng and
growth regulation. Among the cellular genes induced by EBV are those that code for
growth factors such as IL-5 (Paul et aL., 1990), IL-6 (Tanner & Tosato, 1992; Tanner
et aL., 1996), IL-I0 (Burdin et al., 1993; Nakagomi et al., 1994), TNFa and lymphotoxin
(Estrov et al., 1993; Gibbons et al., 1994), thioredoxin (Wakasugi et al., 1990), receptors
such as the transferrn receptor, CD21, CD23, the TNFa receptor (Gibbons et aL., 1994;
Wei et aL., 1994), TRAF-1 (Mosialos et al., 1995), a protein related to the p40 subunit of
the IL-12 receptor (Devergne et al., 1996), G-protein-coupled receptors (Dobner et aL.,
1992; Birkenbach et al., 1993), activation markers (CD39), adhesion molecules (CD44,
CD48, CD54, CD58) and molecules involved in cytoskeleton formation such as vimentin
and actin-bundling protein (Birkenbach et al., 1989; Mosialos et al., 1994; Wang et aL.,
1990b; Yokoyama et aL., 1991). It seems likely that these molecules paricipate in the
induction and maintenance of growth transformation by EBV by establishing autocrine
loops (only convincingly shown for lymphotoxin) or cell-cell-mediated cross-stimu-
latory pathways.

It should be borne in mind, however, that there is currently no way of testing such
hypotheses. A conditional knock-out system for cellular genes (e.g. condition al induction
of antisense RNA or ribozymes) is urgently required to elucidate the role of indi vidual
cellular genes for the maintenance of growth transformation.

4.2 Burkitts Iymphoma

4.2.1 Molecular abnormlities in relation to the tumour-cell precursor

4.2.1.1 Translocation of the c-myc oncogene

The discovery of non-random chromosomal translocations associated with Burkitt' s
lymphoma (Manolov & Manolova, 1972; Zech et aL., 1976; Berneim et al., 1981) paved
the way toan understading of the genetic derangements that are a central component of
its pathogenesis.
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From the observations that a chromosomal breakpoint on chromosome 8, band q24 is
common to all three of the observed translocations in Burkitt' s lymphoma and that the
breakpoints are located on chromosomes 14, 2 and 22, at the heavy- and light-chain
immunoglobulin loci (Croce et al., 1979; Lenoir et aL., 1982; Malcolm et al., 1982;
McBride et al., 1982), a strategy for identifying a potential oncogene on chromosome
8q24 was devised. Probes from the immunoglobulin regions were used to clone adjacent
DNA fragments, which were soon shown to contain c-myc (Dalla-Favera et al., 1982;
Taub et al., 1982; Adams et aL., 1983). Each of the chromosomal translocations results in
the juxtaposition of c-myc to immunoglobulin sequences - either c-myc is translocated
distal to heavy-chain sequences on chromosome 14q32, or light chain sequences from
chromosomes 2pll (kappa) or 22q12 (lambda) are translocated distal to c-myc on
chromosome 8 (reviewed by Magrath, 1990; Lüscher & Eisenman, 1990). The c-myc
gene is known to be important in the control of cell proliferation and cell death (Askew
et al., 1991; Evan et aL., 1992).

The juxtaposition of c-myc to immunoglobulin genes in a B-celllymphoma suggests
that the latter genes themselves have an important role to play in pathogenesis. Firstly,
they are probably relevant to the genesis of the translocations, because recombinational
events occur in immunoglobulin genes during B-cell ontogeny. The physiological
breakage and relegation of the DNA strand to the regions in which the chromos omal
breakpoints occur is unlikely to be due to chance; either the chromosomes are more
readily broken in areas of the DNA strand that are exposed to recombinases, or trans-
locations are actually created by the same recombinases that are responsible for VDJ
rearangements. Secondly, the transcriptional deregulation of the c-myc gene, which
results from the translocation, is due to its juxtaposition to transcriptional control

elements within the immunoglobulin locus (Madisen & Groudine, 1994; Polack et al.,
1993; Hörtagel et aL., 1995). The net consequence of the translocation appears to be that
c-myc is regulated as if it were an immunoglobulin gene, i.e. it is constitutively expressed
in these immunoglobulin-synthesizing tumour cells. Thidly, structural changes withn
the regulatory and coding regions of c-myc, reminiscent of somatic mutations in the
hypervarable regions of the immunoglobulin genes, invarably accompany the trans-
location (Rabbitts et aL., 1984; Pelicci et aL., 1986; Magrath, 1990; Zajac-Kaye et aL.,
1990; Bhatia et aL., 1995; Raffeld et aL., 1995).

Because the c-myc-immunoglobulin translocation is the central element in the patho-
genesis of Burkitt' s lymphoma, one possible role for cofactors is to increase the likeli-
hood that a translocation will occur. On the basis of evidence derived by Southern blot
that the J region of the immunoglobulin heavy chain locus involved in the translocation
is not rearanged in a large fraction of Burkitt' s lymphomas, it has been surmsed that the
translocation occurs early in B-cell differentiation (Bhatia et aL., 1995). This assumption
is consistent with the notion that precursor B cells in the process of, or just about to,
rearange their immunoglobulin genes are paricularly susceptible to translocation. By
extrapolating from mouse models, it can be calculated that 1010 new B cells are generated
daily in humans (Opstelten & Osmond, 1983). An environmenta agent that increases the
rate of B-cell ontogeny could simultaeously increase the frequency of occurrence of
translocations, even if the latter is a purely stochastic event. Both EBV and malara cause
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B-cell hyperplasia and thus could infuence the development of Burkitt' s lymphoma in
ths way (Lenoir & Bornam, 1987). When both agents are present, as in Afrcan
infants, the risk of developing a translocation is likely to be increased. Other agents, such
as phorbol esters present in medicinal plants, have been proposed to increase the risk for
chromosomal translocations additionally (Osato et aL., 1990; van den Bosch et aL., 1993).

EBV cannot only induce cell proliferation and thus increase on a statistical basis the
likelihood that a c-myc-immunoglobulin translocation wil arise, but it may also directly
promote immunoglobulin gene recombination. Such gene recombination in lymphoid
cells is dependent upon expression of the recombination activating genes RAG-l and
RAG-2. To minimize the risk of aberrant recombination, the expression of these genes is
limited to a narow window in the development of B cells. EBV infection of sporadic
Burkitt's lymphoma-negative cells and transfection of EBNA-l have been shown to up-
regulate RAG expression (Kuhn-Hallek et aL., 1995; Srinivas & Sixbey, 1995). Expres-
sion of LMP-l and of RAG-l were, however, found to be mutually exclusive. The possi-
bility that inappropriate RAG expression increases the likelihood of aberrant immuno-
globulin gene recombination is supported by the observation that EBV-transformed, fetal
liver-derived precursor B cells frequently develop translocations involving the immuno-
globulin heavy-chain locus (Altiok et aL., 1989). B Lymphocytes that have undergone
aberrant recombination are normally eliminated by apoptosis. Precursors to Burkitt's
lymphoma cells with aberrant recombinations may be ilegitimately rescued from apop-
tosis by EBV-encoded LMP-l if the malignant stage involves type II or type III latency
phenotypes.

If the role of EBV in the pathogenesis of Burkitt's lymphoma were confned to the
likelihood that a mye translocation occurs, it would follow that once such a translocation
has developed the viral genoíne is no longer necessar.

4.2.1.2 The Burkitt' s lymphoma-cell phenotype resembles that of a germinal-centre

cell

Whle there is evidence that the chromosomal translocations occur in precursor B
cells, the immunophenotype of Burkitt' s lymphoma is that of a germnal-centre cell, indi-
cating that differentiation must have occurred after the translocation. Ths may be an
explanation for the essentially invarable expression of sudace immunoglobulin, since
differentiating B cells that fail to express a functional immunoglobulin molecule are
destined to undergo apoptosis. The need for genetic changes, or possibly the expression
of EBV genes that permt a translocation-bearng cell to avoid apoptosis, is likely to be
an essential component of lymphomagenesis.

Consistent with the hypothesis that Burkitt' s lymphoma cells have a germnal-centre
phenotype is the presence of mutations in the hypervarable region of the heavy immuno-
globulin chain in these cells (Chapman et aL., 1995; Klein et aL., 1995; Tamar et aL.,
1995), raising the possibilty that exposure to antigens may be relevant to the patho-
genesis of Burkitt' s lymphoma. Burkitt' s lymphoma cells do not, however, express acti-
vation antigens (Gregory et al., 1987b) and in this respect, differ IDarkedly from EBV-
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transformed lymphoblastoid ceH lines. This phenotype seems to be a consequence of the
c-myc translocation (Polack et aL., 1996).

4.2.1.3 Mutations in p53 in Burkitt' s lymphoma

Mutations in p53 have been detected in up to 37% of biopsy samples from primar
Burkitt's lymphomas (Gaidano et aL., 1991; Bhatia et aL., 1992). The incidence of p53
mutation is independent of the geographic origin of the tumour, the chromosomal trans-
location or the association with EBV. The specific mutations in p53 in Burkitt's
lymphoma are distinct from those found in non-lymphoid tumours, as most are clustered
in codons 213-248. The frequency of p53 mutation is higher in celllines, most of which
are derived from recurrent tumours, more than 70% of which harbour mutations
(Gaidano et aL., 1991; Farell et aL., 1991; Bhatia et aL., 1992). This finding may indicate
that p53 mutation contributes to tumour progression. One consequence of the absence of
LMP-l expression in Burkitt's lymphoma (Rowe et aL., 1987a) is the lack of its protec-
tive effects on p53-mediated apoptosis (Okan et aL., 1995; Fries et aL., 1996). Mutations
in p53 are rare in EBV-associated malignancies in which LMP-l is expressed (Spruck
et aL., 1992; Sun et aL., 1992; Fåhaeus et al., 1988).

4.2.2 EBV infection in Burkitt' s lymphoma

Although chromosomal translocations affecting c-myc and the immunoglobulin loci
are always present in Burkitt' s lymphoma, EBV is not invarably found. About 95% of
the cases in endemic areas of Africa and Papua-New Guinea contain EBV, but the pre-
valence in Burkitt' s lymphoma outside the endemic areas vares with underlying disease
and geographic region from 15 to more than 90% (see section 2.1). Both EBV type 1 and
type 2 may be associated with Burkitt's lymphoma (Zimber et aL., 1986). A definitive
conclusion about the pathogenetic role of EBV in Burkitts lymphoma cannot be reached
solely on the basis of epidemiological observations; molecular studies provide a number
of additional insights and are the most likely source of unequivocal evidence for a patho-
genetic role of the virus.

4.2.2.1 EBV is monoclonal in Burkitt' s lymphoma

One requirement that must be fulfilled if EBV is to subserve a pathogenetic role in
Burkitt' s lymphoma is that the virus must not only be present in the tumour cells but
must also have entered the cell before its final conversion to a malignant lymphoma.
Since malignant tumours originate from a single cell which contains aH of the necessar
genetic abnormalities, EBV should be present in all tumour cells and should also be
monoclonal, i.e. all tumour cells should be derived from the same EBV-infected celL The
detection of a homogeneous number of termnal repeats in EBV episomes in Burkitt' s
lymphoma tumour cells showed that the virus is indeed clonaI and indicated that the
tumour developed from a single EBV progenitor cell (Raab-Traub & Flynn, 1986; Neri
et al., 1991).
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4.2.2.2 Integration of viral DNA in Burkitt' s lymphoma cells

Many oncogenic viroses contribute to tumorigenesis by insertional mutagenesis, e.g.
by activation of proto-oncogenes and/or inactivation of tumour suppressor genes. Inte-
gration of the EBV genome has been observed in several Burkitt's lymphoma-derived
cell lines (Henderson et al., 1983; Delecluse et aL., 1993a); however, no preferential
integration site has, so far, been identified. Moreover, integration is not a sine qua non,
since EBV -positive Burkitt' s lymphoma cells may (rarely) lose the viral genomes when
grown in vitro (Takada et al., 1995), and EBV-positive and EBV-negative cells co-exist
in a Burkitt lymphoma line (Trivedi et aL., 1995).

4.2.2.3 Expression of EBV genes in EBV-associated Burkitt' s lymphoma

If EBV exerts a direct oncogenic effect, one or more viral genes should be expressed
in tumour cells. This criterion is also fulfilled, although the pattern of expression of EBV
proteins is markedly different in Burkitt' s lymphoma and in lymphoblastoid cell lines.
This suggests that there are basic differences in the mechanisms whereby EBV trans-
forms B cells on the one hand and contributes to the development, or maintenance, of
Burkitt' s lymphoma on the other. Although the full range of latency genes is expressed in
EBV-transformed cell lines, only EBNA-I and the EBERs are invarably expressed in
Burkitt's lymphoma cells (Rowe et aL., 1986, 1987a; Niedobitek et aL., 1995). Rare cells
within a tumour may express other EBV genes, such as EBNA-2, LMP and BZLF1
(Niedobitek et aL., 1995), and may even enter the lytic cycle (Gutiérrez et aL., 1993).

The differences in latent gene expression in lymphoblastoid cell lines and Burkitt' s
lymphoma are regulated at the level of promoters in these cell types. ln lymphoblastoid
celllines, all of the EBNA proteins are encoded from spliced transcripts derived from a
common long precursor initiated from promoters in the W and/or C BamHI fragments of
the EBV genome, whereas in Burkitt's lymphoma EBNA-I is transcribed from the Q
promoter (Schaefer et al., 1995). Q Promoter-initiated transcripts that encode EBNA-1
are negatively regulated by EBNA-1 (Sample et aL., 1992).

A recent study revealed that transgenic mice that express EBNA -1 under the control of
immunoglobulin enhancer develop B-cell lymphomas (Wilson et aL., 1996c). This
suggests that EBNA-1 may have additional properties beyond maintenance and regulation
of the viral genome and that it contributes to the development of malignancy.

4.2.2.4 Expression only of EBNA-1 is associated with reduced immunogenicity

The limited expression of EBV gene products in Burkitt's lymphoma cells provides
significant protection from immune recognition, as most of the CTL response is directed
against EBNA-3 proteins. ln addition, EBNA-l is not processed or presented in class 1
MHC molecules (Levitskaya et aL., 1995). The EBNA-l protein contains a simple repeat
of glycine and alanine. Transfer of ths repeat element to a heterologous protein seques-
ters that protein from processing and expression withn MHC c1ass 1. Ths unique
propert enables an EBV-infected cell that expresses only EBNA-1 to escape immune
recognition.
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Burkitt's lymphoma cells not only lack EBV-derived immunogenic proteins, they also
express low levels of HLA class-I molecules (Masucci et aL., 1987; Andersson et aL.,
1991; Gavioli et al., 1992; Irneh et aL., 1995), adhesion molecules, including LFA-1
(CDIla), ICAM-l (CD54) and LFA-3 (CD58), and co-stimulatory molecules, B7-1 and
B7-2 (CD80 and CD86), that paricipate in antigen presentation, while CD10, CD38 and
CD77 are un-regulated (Gregory et aL., 1988, 1990; Bilaud et aL., 1990; Ling et al.,
1989; Magrath, 1990; Marel-Renoir et aL., 1995). As a consequence, Burkitt's lym-
phoma cells are virtually invisible to the immune system, as evidenced by the fact that
the cells are unable to elicit an allostimulatory T-cell response (Cuomo et aL., 1990). The
phenotype of Burkitt's lymphoma cells is a consequence of high c-myc expression and
non-expression of the viral proteins involved in growth promotion, except for EBNA-1
(Polack et aL., 1996).

4.2.2.5 The proliferation programme driven by c-myc-immunoglobulin is incom-
patible with expression of EBNA-2 and LMP-l in the type-III latency
programme

Afer the discovery of the chromosomal translocations in Burkitt's lymphoma cells, it
was suspected that, in analogy to the well-documented cooperation of oncogenes

(Hunter, 1991), EBV viral gene products would cooperate with an activated c-myc gene
to promote a fully malignant phenotype. It was therefore not anticipated that EBNA-2 and
LMP-l would have adverse effects on the proliferation of Burkitt's lymphoma cells and
even abrogate their tumorigenic potential (Torsteinsdottir et aL., 1989; Cuomo et al.,
1992; Floettmann et aL., 1996). Ths can be explained, at least in par, by the fact that
EBNA-2 inhibits the transcriptional regulatory elements of the immunoglobulin heavy
chain locus. EBNA-2 down-regulates IgM expression, and, in cells in which c-myc trans-
cription is driven by translocation into the immunoglobulin heavy-chain locus, it down-
regulates c-myc expression concomitantly (Jochner et aL., 1996).

Thus, while EBNA-2 is absolutely required for proliferation of EBV-infected normal
cells, switching on the function of EBNA-2 inhbits proliferation of Burkitt's lymphoma
cells with the t(8;14) translocation (Kempkes et aL., 1996). ln cells with the varant t(2;8)
translocation, EBNA-2 does not affect c..myc expression directly but slows prolieration
in an indirect maner (Polack et aL., 1996). EBNA-2 expression and proliferation
mediated by constitutive activation of c-myc are thus mutually exclusive.

EBV-positive Burkitt's lymphoma cells tend to change their phenotype and switch to
the type III latency programe, expressing EBNA-2 and IMP-l, when explanted into
tissue cultures, which at first sight seems contradictory to what is statedabove. Burkitt' s
lymphoma cells in type 1 latency are highly susceptible to apoptosis and evolve varants
resistat to apoptosis in vitro which have switched to the type ID latency programe
(Gregory et al., 1991). Under these conditions, however, the cells proliferate sign-
cantly more slowly (Falk et aL., 1993) and express lower levels of c-myc RNA and
protein than Burkitt's lymphoma cells in type-I latency (Jochner et aL., 1996), due to the
effects of EBNA-2 on heavy-chain-regulated c-myc (Bomkam et al., 1988; Spencer &
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Groudine, 1991), while the expression of EBNA-2 and IMP-1 seems sufficiently high to
protect the cells from apoptosis.

4.2.2.6 Contribution of the viral strategy for latent persistence to lymphomagenesis

The different type 1 latency programmes together represent a strategy necessar for
the virus to maintain a permanent reservoir of viral genomes in B cells in normal EBV-
infected individuals. Ths strategy also contributes to lymphomagenesis (see section 4.2.1
above; Rowe et al, 1992; Chen et al., 1995a; Miyashita et aL., 1995). Under physiological
conditions, the type-I latency programe allows maintenance of EBV DNA without risk
of elimination by CTL, as discussed elsewhere. Ths programme, which under physio-
logical conditions appears to operate only in non-proliferating B cells, is maintained in
Burkitt' s lymphoma cells.

4.2.2.7 EBNA-1 subtypes

Recently, subtypes of EBNA-l that differ in their amIno-acid sequence have been
identified (Bhatia et al., 1996). These differences do not seem to reflect geographical
regions. Interestingly, a subtype marked by alanine at position 487 is the commonest
form in normal individuals but is rarely found in tumours. ln contrast, the subtype
marked by leucine at 487 but containing several additional arno-acid substitutions is
frequently found in Burkitt's lymphomas and not in normal individuals (Gutiérrez et al.,
1997). Ths subtype, V-leu, differs only at position 487 from another subtype, V-pro,
which is present in normal lymphocytes but only in association with other varants.
These data suggest that the subtypes arse in vivo and that mutations in EBNA -1 may be
relevant to the pathogenesis of Burkitt' s lymphoma.

4.2.3 Effects of malaria on B-cell activation and EBV infection

Whle epidemiological evidence for a role of malara as a predisposing factor (see
section 2.1.4.1) is strong, it wil be important to identify the specific mechanism whereby
malara infuences the pathogenesis of Burkitt' s lymphoma. To date, the mechansm has
not been identified, although experimental evidence derived from studies in mice pro vide
paradigms that may be applicable to Burkitt' s lymphoma.

ln a study conducted by Jerusalem (1968), 64% of mIce infected with Plasmodium
berghei eventually developed malignant lymphoma, white Osmond et aL. (1990) showed
that infection of mice with P. bergei yeollii increased the proportion of immature B cells
(pro-B cells) in the bone marow and decreased the pool of mature B cells. It is ths
expansion of precursor B cells that is likely to be responsible for the increased suscepti-
bilty of Plasmodium-infected mice to the development of lymphoma.

ln a study of concurent infection, 10 of 12 adult mice infected with P. berghei yeolli
and Moloney leukaemia virs developed lymphoma, in comparson with one of Il

Inected only with Moloney virus and none of 10 infected with malara alone
(Wedderbum, 1970). Similar findings were reported by Salaman et aL. (1969). Moloney
virs does Dot contan an oncogene and activates oncogene expression by a process of
promoter inserton. The combination of precursor B-cell hyperplasia and genetic lesions
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induced by Moloney virus is likely to account for the increased frequency of lymphomas
in the doubly infected mice.

A similar situation may apply to African children. If malaral infection in humans also
expands pro-B- and pre-B-cell populations, the risk for developing Burkitt's lymphoma
may be increased, as the pool of cells that could develop a c-myc-immunoglobulin trans-
location is larger. EBV infection may well add an additional potentially tumorigenic
lesion, although the molecular pathways involved are unlikely to inc1ude promo ter
insertion.

While expansion of precursor B-cell populations in children in regions where malara
is hyperendemic has not been examined, there is evidence that the B-cell system is
hyperactive during the course of infection. Children with malaria have very high serum
levels of IgG and IgM, most of which are not due to anti-plasmodial antibodies and
plateau after the age of five to six years (McGregor, 1970). Turnover of IgG is as much
as seven times greater in adults from holoendemic malarous regions than among those
from control regions (Cohen et aL., 1961; Cohen & McGregor, 1963).

Chronic malara, like HIV infection, leads to a shift in the helper T -cell response
towards Th2 cells (von der Weid & Langhorne, 1993). Th2 cytokines, such as IL-10,
suppress the humoral ar of the immune response, support the early steps of B-cell
immortalization by EBV (Burdin et aL., 1993) and suppress CTL function. As a conse-
quence, the number of B lymphocytes latently infected with EBV increases, while the
abilty of T cells to suppress the outgrowth of EBV-infected lymphoblastoid cells is

impaired (Gunapala et aL., 1990; Moss et aL., 1983a; Whittle et aL., 1984; Lam et aL.,
1991).

ln addition, EBV seroconversion is known to occur much earlier in populations of
low socioeconomic status or those who live in crowded conditions than in populations in
which famlies are smaller and have more spacious accommodation (Niederman et al.,
1968; Hinuma et al., 1969; Henle & Henle, 1970, 1979). ln developing countries,
seroconversion occurs in the majority of children by the age of three years (Diehl et aL.,
1969; Kafuko et aL., 1972), occurrng earlier in rural areas than in urban zones (Biggar
et aL., 1981), and is usually not associated with a c1inical syndrome (Diehl et aL., 1969). It
is possible, as originally suggested by de Thé (1977), that early infection with EBV
predisposes to the development of EBV-associated Burkitt's lymphoma because of diffe-
rences in the immune system of infants and older individuals and, in the context of
African children, because of the presence of coincident B-cell hyperplasia and immuno-
suppression caused by malara.

4.2.4 Plant products

Phorbol esters interact with protein kinase C and are potent inducers of cell differen-
tiation. They can induce the differentiation of Burkitt's lymphoma-derived celllines
(Benjamn et aL., 1984; Ho et aL., 1987; Osato et aL., 1990). Several authors have
demonstrated that extracts of Euphorbia tirucall and related plants, or even extracts of
soil or reservoir water near places where Euphorbia plants are growing, can induce the
expression of EA and VCA in Raji cells (lto et al., 1981). Lin et aL. (1982) showed that
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TP A, a phorbol ester, increases viral replication, as measured by an increase in genome
copies. This potential activation of EBV replication could result in an increased number
of lymphocytes that become infected with EBV.

Similar extracts have been reported to increase the outgrowth of EBV-transformed B
cell lines and to decrease EBV-specific T-cell killng (Osato et aL., 1990; Imai et aL.,
1994b). ln addition, of potentially considerable interest, Osato et aL. (1990) observed that
dual exposure of B lymphocytes to EBV and deoxyphorbol ester, the active princip le of
Euphorbia, increased the numbers of chromosomal translocations and deletions invol-
ving chromosome 8. Thus, the presence of these tumour-promoting compounds in the
environ ment could influence both EBV infection and the genesis of chromosomal

abnormality.

4.2.5 Genetic disposition

Although familial Burkitt's lymphoma has been reported (see section 2.1.2), genes
that could account for an increased risk for the development of Burkitt' s lymphoma have
not been identified, although it is probable that genetic deterrnants of the response to
relevant cofactors such as malara, e.g. the presence of sickle-cell trait (Wiliams, 1966;
Pike et aL., 1970; Nkmah & Perkins, 1976), may influence the risk for development of
this tumour in Africa. Similarly, inherited immunodeficiency syndromes, such as X-
linked lymphoproliferative disorder (Provisor et al., 1975; Purtilo, 1976), are associated
with a markedly increased risk for the development of non-Hodgkin's lymphomas
(Harngton et aL., 1987), which sometimes contain c-myc-immunoglobulin gene trans-
locations and have the histological appearance of Burkitt' s lymphoma (Egeler et aL.,
1992).

4.2.6 Burkitt' s lymphoma in AIDS patients

Burkitt's lymphoma arsing in the context of AIDS is associated with EBV infection
in only 30-0% of cases, which is greater than that observed in sporadic Burkitt' s
lymphoma (Ernberg & Altiok, 1989; Gaidano & Dalla-Favera, 1995). This percentage is,
however, much lower than that in other non-Hodgkin's lymphomas (see section 4.3.1.3).

ln comparson with other non-Hodgkin's lymphomas, AIDS-associated Burkitt's
lymphoma develops earlier in the progress of the disease and in less severely immuno-
compromised individuals. Whle the characteristics of endemic Burkitt's lymphoma may
also apply to AIDS-related disease, there are some important differences: (i) EBV is
found in only a proportion of AIDS-related Burkitt's lymphomas, (ii) the patients are
much older than those with endemic Burkitt's lymphoma, and (ii) the pattern of c-myc
translocation is different, involving the switch region rather than the VDJ region.

The c1inical, molecular and viral features of AIDS-related Burkitt' s lymphoma
indicate that its pathogenesis is similar to that of sporadic Burkitt' s lymphoma in immu-
nocompetent individuals; however, in the context of AIDS, these lymphomas occur at
increased incidence. Ths suggests the contribution of an AIDS-related factor. That this
factor is unliely to be simply immunosuppression is indicated by the fact that Burkitt' s
lymphomas occur only rarely in transplant patients and then only in association with rela-
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tively low immunosuppression (Niedobitek et aL., 1997b). Chronic immune stimulation
by malara has been suggested to play a role in the pathogenesis of endemic Burkitt' s
lymphoma, and stimulation by e.g. schistosomiasis may be involved in the development
of cases in other regions (Araujo et aL., 1996). Indeed, it has been proposed that HIV-
induced polyclonal B-cell proliferation may contribute to the development of AIDS-
related Burkitt's lymphoma (Kalter et aL., 1985; Seigneurin et aL., 1987; Gaidano &
Dalla-Favera, 1995).

For a discussion oflymphomas in AIDS patients, see section 4.3.1.3.

4.3 Other Non-Hodgkin's lyiphoIDas and lyiphoproliferative conditions

4.3.1 Immunosuppressed patients

The most conspicuous features of human infections with EBV are their ubiquitous
distribution in the adult population and that they are mostly asymptomatic. Equally
impressive is the high frequency of EBV-positive lymphomas occurrng in patients with
severe immunosuppression caused by e.g. inherited immune defects and iatrogenic or
HIV -associated immunosuppression. These facts together serve as the strongest evidence
for a direct oncogenic effect of EBV infection in B cells, when physiological immune
regulation and natural defence barers have broken down.

4.3.1.1 Primary immune defects due to genetic abnormlities with EBV-positive
lymphoproliferation as one consequence

Patients with X-linked lymphoproliferative syndrome suffer from a number of serious
complications after primary infection with EBV. The genetic basis of this syndrome is
described in Section 1 (Skare et aL., 1993). Other relevant primar immune defects that
may involve EBV-related complications are Wiskott-Aldrich syndrome, common
varable immunodeficiency and ataxa telangectasia. These genetic disorders result in
different types of defects affecting the immune system, in paricular T-cell or NK-cell
maturation, but also B-cell maturation in common varable immunodeficiency (Purtilo,
1991; Sander et aL., 1992; Nakanishi et aL., 1993). Lymphoproliferative disorders in these
patients encompass a disease spectrm ranging from polyclonaIlymphoid hyperplasia at
one end to overtly malignant monoclonal high-grade non-Hodgki's lymphoma at the
other (for a review, see Niedobitek et al., 1997c). ln paricular, in the Wiskott-Aldrch
and X-linked lymphoproliferative syndromes, many of the lymphoproliferations are
polyclonal (Fal et al., 1990; Nakanishi et aL., 1993). Most cases of non-Hodgkin's

lymphoma arsing in association with primar immune defects are of the B-cell
phenotype and are EBV-positive (Falk et aL., 1990; Purtlo, 1991; Sander et al., 1992;
Nakanshiet aL., 1993). Whereas the pattern of EBV gene expression in most polyclonal
lymphoprolierations is sirlar to that in lymphoblastoid cell lines (type-Ill latency),
monoclonallesions often display a type-I latency. ln some cases, EBNAs have been
exptessed in the absence of detectable LMP- 1. Whether ths represents a new form of
EBV latency or merely reflects techncalproblems is curently uncertain. The recent
detection of a sirlar phenotype in EBV -associated smooth-muscle tumours (Lee et al.,
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1995b) suggests that the EBNA-positive/LMP-l phenotype indeed represents a novel
form of stable EBV latency.

Efforts are being made to clone the XLP gene and to characterize its function (see
Section 1). This wil eventually afford a better understanding of the role of EBV in the
development of lymphoproliferation in these patients. ln general terms, the frequent
occurrence of virus-associated lymphoproliferation in patients with genetic immune
defects ilustrates the significance of intact immune regulation in maintaining the EBV-
host balance. Notably, however, immunosuppression does not appear to be associated
with nasopharngeal carcinoma, an epithelial tumour. The range of lymphoproliferations
observed may reflect progression from polyclonallymphoblastoid cell line-lie lesions to
monoclonal lymphomas as one of the pathogenetic mechanisms of EBV-positive non-
Hodgkin's lymphomas (see discussion on post-transplant lymphoproliferative disorders
below). ln situations with type II or type III latency in the lymphoproliferative tissue, it is
conceivable that EBV contributes to driving cell proliferation or, at least, contrbutes to
extended cell survivaL.

4.3.1.2 Post-transplant lymphoproliferative disorders

Post-transplantation lymphoproliferative disorders are a major complication in allo-
graft recipients, occurrng in 1-20% of patients (Nalesnik & Starzl, 1994). The incidence
tends to be lowest for renal transplant recipients and highest for lung transplant patients
(Nalesnik & Starzl, 1994; Montone et aL., 1996a; Swinnen, 1996), which may reflect
more intensive use of immunosuppressive therapy in the latter. The incidence of post-
transplant lymphoproliferative disorders in bone-marow transplant patients is generally
low, although it may be up to 24% in recipients of mismatched T cell-depleted marow
(Shapiro et aL., 1988). More recently, similar lesions have been reported in patients being
treated for rheumatoid disease with methotrexate (Kamel et al., 1993, 1994). The
lymphoproliferations in these patients appear to be morphologically and biologically
similar to post-transplant lymphoproliferative disorders and are thus not discussed sepa-
rately in this context. The vast majority of such cases have been shown to be of B-cell
origin and to be associated with EBV infection (Locker & Nalesnik, 1989; Swerdlow,
1992; Craig et aL., 1993); however, EBV-negative non-Hodgkin's lymphomas of B- and
T-cell phenotypes occur occasionally in transplant recipients (Nalesni & Starzl, 1994).
These may represent sporadic lymphomas developing independently of iatrogenic immu-
nosuppression, and are not discussed here.

The general consensus is that post-transplant lymphoproliferative disorders deve-
loping in recipients of solid-organ transplants are of host origin, while those occurrng in
bone-marow transplant patients are of donor origin (Zutter et aL., 1988; Chadbur et al.,
1995a; Weissmann et aL., 1995); however, exceptions in both directions have been
reported. Thus, Zutter et aL. (1988) demonstrated that two of 12 cases of post-transplant
lymphoproliferative disorder arsing in bone-marow recipients were of host origin, in
keeping with the reported persistence of EBV-positive B cells of host origin in bone-
marow transplant patients (Gerharz et aL., 1988). More surprisingly perhaps, Larson
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et al. (1996) and Mentzer et al. (1996) showed recently that post-transplant lymphoproli-
ferative disorders of donor origin may develop in recipients of solid organs.

For reasons as yet unkown, post-transplant lymphoproliferative disorder frequently
develops in the gastrointestinal tract and in the transplanted organ (Guettier et al., 1992;
Opelz & Henderson, 1993; Palazzo et al., 1993; Mentzer et al., 1996; Randhawa et al.,
1996). Histologically, these conditions represent a spectrum ranging from benign poly-
clonaI, polymorphic lymphoproliferations at one end to frany malignant monoclonal,
monomorphic lymphomas at the other (Swerdlow, 1992; Craig et al., 1993). Typically, B
cells in these lymphoproliferations express a broad spectrum of virus-encoded latent
proteins, including EBNA-l, EBNA-2 and LMP-l (Young et aL., 1989a; Thomas et al.,
1990). This form of EBV latency (type III) is similar to that seen in lymphoblastoid cell
lines in vitro and, accordingly, these cells usually display a lymphoblastoid-like pattern
of cellular gene expression, including lymphocyte activation and adhesion molecules
(Thomas et al., 1990). A large proportion of cases of post-transplant lymphoproliferative
disorder also show lytic infection, usually in a small subset of cells (Patton et al., 1990;
Rea et al., 1994; Montone et al., 1996b). Whether this is sufficient justification for the
inclusion of acyclovir in the treatment of these conditions, as often advocated, is un-

certain (Zutter et al., 1988; Patton et al., 1990; Davis et al., 1995). It seems likely that
entry into the lytic cycle is simply a reflection of the underlying immune defect.

It is generally held that the above-mentioned morphological spectrum of post-trans-
plant lymphoproliferative disorder represents an evolutionar process (Craig et al.,
1993). Thus, it is believed that the pathogenesis of the condition stars with EBV-driven
polyclonal B-cell proliferation; the acquisition of additional genetic changes then leads to
the emergence of dominant B-cell clones and eventually to fully developed malignant
lymphomas which are morphologically indistinguishable from lymphomas arsing in
immunocompetent individuals. This scheme is based on the demonstration in studies of
immunoglobulin gene rearangement and analysis of the structure of the viral termnal
repeat sequences that some polymorphic cases are polyclonaL. Histologically mono-
morphic large-cell lymphomas, however, have been shown to be monoclonal using both
approaches. ln addition, in one group of polymorphic lesions minor clonaI components
are detectable on the background of polyclonal B-cell proliferations (Locker & Nalesnik,
1989). Furthermore, only monomorphic, monoclonal cases of post-transplant lympho-
proliferative disorder contain alterations involving oncogenes or tumour suppressor
genes, e.g. c-myc translocations or mutations of the N-ras and p53 genes (Delecluse
et al.,1995b; Knowles et aL., 1995). ln a recent study, 24 separate lesions in one patient
were all clonally distinct (Chadburn et al., 1995b). ln a series of 11 patients with recur-
rent post-transplant lymphoproliferative disorders, the recurrent lesions were either
relapses of the original disease or clonally distinct. ln some cases, progression from poly-
morphic disease to frany malignant lymphoma, including Hodgkin's disease and T-cell
lymphomas, was observed. Significantly, noprimarly monomorphic case recurred as
polymorphic disease, further supportng the notion that the disease progresses from early
polymorphic polyclonal lesions to monomorphic monoclonal disease (Wu et aL., 1996).

This concept of the pathogenesis of post-transplant lymphoproliferative disorder is
also supported by the frequent regression of les ions in response to a reduction in immu-
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nosuppressive therapy (Starzl et al., 1984). The evidence described above would imply
that early polyclonal lesions are more susceptible to this approach than late monoclonal
lesions. Indeed, it has been observed that cases that develop less than one year after
transplantation have a much higher response rate than those occurrng more than one
year later (Armtage et aL., 1991). Similarly, polyc1onal cases appear to respond better
than monoclonallesions; however, this distinction is not absolute, and a trial of reduced
immunosuppression has been recommended even in patients with monoclonal disease
(Nalesnik et al., 1992). Lucas et al. (1996) demonstrated recently that the frequency of
EBV-specific CTL precursors in the peripheral blood of bone-marow recipients returned
to normal in ni ne of 13 patients within six months after transplantation. ln this series, one
patient with low precursor CTL levels four months after transplantation developed post-
transplant lymphoproliferative disorder, further underlining the significance of sup-

pressed T -cell immunity in its pathogenesis. Regression of lymphoproliferative lesions
has also been reported in patients with rheumatoid disease after withdrawal of metho-
trexate therapy, further reflecting the similarty of some of these lesions to post-trans-
plant lymphoproliferative disorder (Kamel et al., 1993; Salloum et al., 1996; Thomason
et aL., 1996).

Studies to identify transplant patients who are at risk of developing post-transplant
lymphoproliferative disorder have defined certain risk factors. Individuals who are EBV-
negative before transplantation and undergo seroconversion after transplantation appear
to be paricularly prone to development of the condition (Ho et al., 1985; Walker et al.,
1995). Further risk factors are the duration and severity of immunosuppression, inc1uding
use of OKT3, CDw52 and anti-LFAI antibodies (Opelz & Henderson, 1993; Nalesnik &
Starzl, 1994; Gerrtsen et al., 1996; Walker et aL., 1995). More direct approaches to

monitoring therisks of individual patients include quantitative PCR assays to measure
the viral DNA load in peripheral blood and techniques for counting the number of virus-
caring B cells in blood or allograft biopsy samples (Randhawa et al., 1992; Crompton

et aL., 1994; Riddler et aL., 1994; Savoie et al., 1994; Kenagy et al., 1995).

Several recent studies have indicated a certain heterogeneity of post-transplant lym-
phoproliferative disorders. Y oshizawa et aL. (1993) isolated a cell line from a case which
resolved in response to reduced immunosuppression. This cell line, SUBL, displayed a
pre-B-cell phenotype and genotype and cared a t(2;3)(pll;q27) translocation, indicating
that factors other than proliferation of mature B cells can also give rise to the condition.
Furthermore, some EBV-positive T-celllymphomas have been reported (Borisch et al.,
1992b; Kumar et al., 1993; Waller et al., 1993) in which the virus was found by in-situ
hybridization to be present in only rare neoplastic cells; thus, the role of EBV in the
pathogenesis of these tumours remains uncertain (Borisch et al., 1992b). The virus is
consistently detected in the rare cases of Hodgkin's disease that occur in the context of
transplantation (Garier et aL., 1996), reflecting the detection of EBV in most cases of
HI-associated Hodgkin's disease (Uccini et al., 1990; Boiocchi et al., 1993b; Herndier
et al., 1993).oc,. ,

The analysis of EBV gene expression patterns in post-transplant lymphoproliferative
disorders shows considerable varabilty both between and within lesions. Thus, not all
cases display type-III latency (Rea et aL., 1994; Delecluse et al., 1995a; Oudejans et aL.,
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1995a). Paricularly in monomorphic lymphomas, EBV latent protein expression may be
restrcted to type-I or type-II latency (Rea et aL., 1994; Delec1use et al., 1995a). More-
over, even in those cases in which both EBNA-2 and LMP-l (indicative of type-III
latency) can be identified, expression of these proteins is often seen in varable subsets of
cells (Thomas et aL., 1990; Rea et al., 1994; Delec1use et aL., 1995a; Oudejans et al.,
1995b). Thus, a relatively small proportion of cells may display type-III latency and
others show type-I or type-II latency. ln addition, cells in which EBNA-2 is expressed in
the absence of LMP-l have been observed, as also seen in infectious mononuc1eosis
(Oudejans et al., 1995b; Niedobitek et aL., 1997b).

4.3.1.3 AIDS

ln the general population, the incidence of non-Hodgkin's lymphomas is increasing
rapidly, but they still account for only about 4% of all cancers (Parkin et aL., 1992). ln
contrast, non-Hodgkin's lymphomas are very common in HIV-infected individuals,
primarly at extranodal sites. Paricularly common are primar central nervous system
lymphomas, which account for 1.6% of non-Hodgkin's lymphomas in the HIV-negative
population (Krogh-Jensen et al., 1994). ln a recent Norwegian study, the results of 153
autopsies of AIDS patients were evaluated, representing 73% of all AIDS patients who
died. The overall accumulated cancer incidence was 35%. ln this series, more cases of
primar central nervous system lymphoma (19 cases) than systemic non-Hodgkin's lym-

phoma (12 cases) were identified (Goplen et al., 1997). ln a study in the United States,
central nervous system lymphomas constituted only some 20% of all AIDS-related non-
Hodgkin's lymphomas (Beral et al., 1991). ln larger surveys, 1-4% of AIDS patients had
lymphomas (for review, see IARC, 1996). These figures are likely to be underestimates
because of the usually low autopsy rates for AIDS patients. Morphologically, AIDS-
related non-Hodgkin's lymphomas fall into two broad groups: diffuse large B-cell non-
Hodgkin's lymphomas, which often show a prominent immunoblastic component, and
Burkitt' s lymphoma and Burkitt' s-like lymphoma. As lymphomas in AIDS patients have
been reviewed recently (IARC, 1996), we focus here only on the EBV-related lym-
phomas and mechanstic aspects.

(a) Viral factors
The two histopathological types of AIS-related non-Hodgkin' s lymphoma show

strng differences in their relationship to EBV, suggesting different pathogenetic

mechanisms. Most diffuse large B-cell non-Hodgkin's lymphomas, paricularly those
with immunoblastic differentiation, and all AIS-related central nervous system lym-
phomas are EBV-positive (MacMahon et aL., 1991; for review, see lARC, 1996). Diffuse
large B-cell lymphomas have been reported to occur relatively late in AIDS patients
(Gaidano & Dalla-Favera, 1995), and more advanced depression of the immune system
is a risk factor for their development (Pedersen et aL., 1991). The exceedingly rare
primar effusion lymphomas fall into the group of diffse large B-cell non-Hodgkin' s
lymphomas on Ìùörphological grounds; however, they appear to be a special case
because of the unusual site of presentation and because the tumour cells often harbour
KSHV/H8 in addition to EBV (Cesaran et al., 1995). Ths suggests that the two
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viruses cooperate in the pathogenesis of this disease, but the nature of the co-infection is
at present uncertain. More recently, primar effusion lymphomas harbouring KSHV/-
HHV8 only have also been described (Chang et al., 1994), and thus the role of EBV in
the development of this special type of non-Hodgkin' s lymphoma remains uncertain.

Regardless of hi stologic al type, most AIS-related non-Hodgkin' s lymphomas
appear to be monoclonal, both with respect to their antigen receptor genes and to the
EBV episomes (Ballerini et aL., 1993; Delec1use et al., 1993c; Shibata et al., 1993). This
situation differs from that in lymphoproliferative processes occurrng in transplant
patients (see section 4.3.1.2), which are frequently polyc1onal; however, Delecluse et al.
(1993c) demonstrated that rare cases may be polyc1onal and thus resemble post-trans-
plant lymphoproliferative disorder.

(b) Disturbances ofimmunity as cofactors

As EBV-positive, AIDS-related B-celllymphomas consistently lack the HIV genome,
a direct contribution of HIV to tumorigenesis beyond suppression of the immune system
is unlikely (Knowles, 1993; IARC, 1996). Shirarzu et aL. (1994) reported rare cases of
HIV -containing tumours, but this work requires confirmation.

As discussed below, HIV may contribute by inducing severe immunosuppression,
leading to a loss of EBV -specific T -cell immunity, or by chronic stimulation of the B-cell
system. The relative risk for AIDS-related non-Hodgkin's lymphoma increases with
duration of HIV infection (Rabkin et aL., 1992) and to a certin extent with immune sup-
pression (Muñoz et al., 1993). T Cell-mediated immunosurveillance is known to play an
importnt par in controllng the proliferation of EBV-infected B lymphocytes in humans
(for review, see Rickinson et aL., 1992; Masucci & Ernberg, 1994). The spontaneous out-
growth of EBV -positive cells in peripheral blood from AIDS patients is greater than that
in immunocompetent individuals (Bir et aL., 1986; Ragona et al., 1986; Rinaldo et al.,
1986). Similarly, the number of EBV-caring lymphocytes detected in peripheral lym-
phoid tissues is greater in HIV -infected individuals than in non-immunocompromised
controls (Niedobitek et aL., 1992a). This evidence indicates that disturbances in EBV-
specific immunity are a pathogenetic factor in the development of some EBV -associated,
AIDS-related non-Hodgkin's lymphomas. The location to the central nervous system of
one predominant group of AIDS-associated lymphomas may reflect the fact that this site
is less accessible for immunosurveilance (MacMahon et aL., 1991).

The absence of those viral latent genes that are commonly recognized by cytotoxic T
cells from AIDS-associated Burkitt' s lymphomas is in keeping with the generally better
immune system of these patients in comparson with those with EBV -associated diffuse
large-cell non-Hodgkin' s lymphomas. It also suggests that the pathogenetic mechansms
leading to the development of these two lymphoma types are different (Knowles, 1996);
however, a few AIDS-related cases of non-Hodgkin's lymphoma fall between the two
morphological categories, diffse large B-cell non-Hodgkin's lymphoma and BurkItt's
lymphoma, and ,these cases car c-myc translocations and may thus represent evolution
of Burkitt's lymphoma in vivo (Delec1use et aL., 1993c). This process may be simlar to
the shift of Burkitt' s lymphoma cells to the lymphoblastoid cell line-like phenotype
observed in vitro. That this may also occur in vivo is suggested by the detection of iso-
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lated cells expressing LMP-1 and/or EBNA-2 in cases of endemic and AIDS-related
Burkitt's lymphoma (Hamilton-Dutoit et aL., 1993a; Niedobitek et al., 1995). Such a shift
could be expected to coincide with progressive deterioration of the immune system.

(c) Oncogenes and genetic abnormaUties as possible cofactors

There is some evidence that disruption of the cytokine network contributes to the
pathogenesis of AIDS-related non-Hodgkin's lymphoma. Thus, it has been shown that B
cells from HIV -infected patients, unlike those of normal controls, constitutively express
IL-6 and TNFu (for review see Gaidano & Dalla-Favera, 1995). This is of relevance, as
IL-6 is known to promote the growth of EBV-positive B cells (Tanner & Tosato, 1992).
IL-6 expression has been shown in endothelial cells and macrophages admixed with the
neoplastic cells in biopsy samples of AIDS-related non-Hodgkin' s lymphomas (Emilie
et al., 1992a). Moreover, EBV-positive AIDS-related Burkitt's lymphomas have been
shown to express IL-I0 (Emilie et al., 1992b; Masood et al., 1995), another cytokine
which may directly or indirectly promote the growth of EBV-positive B cells (Vieira
et aL., 1991; Herbst et al., 1996b). It appears therefore, that IL-6 and IL-I0 (and possibly
other cytokines) can contribute to the development of AIDS-related non-Hodgkin's
lymphoma through paracrine or autocrine regulatory loops.

As discussed previously, AIDS-related Burkitt' s lymphomas, both EBV -positive and
EBV -negative, have been consistently shown to harbour the characteristic c-myc trans-
location. These translocations have been detected in a minority of diffuse large B-cell
lymphomas and cases with morphological features between large B-cell lymphoma and
Burkitts lymphoma (Ballerini et al., 1993; Delecluse et al., 1993c; Bhatia et al., 1994).
Although p53 point mutations have been detected in 60% of Burkitt's lymphomas in
AIDS patients, they were not seen in any other type of non-Hodgkin's lymphoma (for
review, see IARC, 1996). Chromosomal translocations in AIDS-related non-Hodgkin's
lymphomas frequently involve bcl-6, a proto-oncogene that affects B-cell maturation,
which maps to 3q27 (Ye et al., 1993). This is the region mainly affected in large-cell
lymphomas, rearangements being seen in 20% of cases. Although the rearangements of
bcl-6 and c-myc occur in approximately 20% of cases of diffuse large B-cell non-
Hodgkin's lymphoma, they have been reported to be mutually exclusive (Gaidano et aL.,
1994) .

Point mutations were detected in N-ras and K-ras in four of 27 AIDS-related non-

Hodgkin's lymphomas investigated, but not in non-Hodgkin's lymphomas in immuno-
competent hosts (Ballerini et al., 1993).

Deletion of the long ar of chromosome 6 at band q27 was described in five of 13
large-cell lymphomas, some of which were EBV-positive (Pastore et al., 1996). This
rearangement is seen in a wide range of non-Hodgkin's lymphomas in immuno-

competent hosts (Gaidano et aL., 1992). Genetic abnormalities in chromosome lq have
been reported in AiDS-related cases of Burkitts lymphoma by several groups, similar to
those seen in endemic cases (Berneim & Berger, 1988; Polito et aL., 1995), site 1q 21-
25 being frequently involved.
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Thus, AIDS-related non-Hodgkin' s lymphomas, whether EBV -associated or not,
frequently show genetic changes implicated in the pathogenesis of malignant lym-
phomas, including c-myc translocations, p53, N-ras and K-ras point mutations and
deletions in the long arm of chromosome 6 (Gaidano & Dalla-Favera, 1995).

(d) Pathogenesis of EBV-associated, AIDS-related non-Hodgkin' s lymphoma:

A scenario

AIDS-related non-Hodgkin' s lymphomas thus appear to fall into two broad categories
with distinct pathogenetic pathways. Diffuse large B-cell lymphomas occur in severely
immunocompromised individuals, are mostly EBV-positive and express type-II or -III
latency patterns. While most of these cases are monoclonal and morphologically mali-
gnant, rare EBV-positive polyclonal lymphoproliferations have been described. It
appears, therefore, that the pathogenesis of these lesions is similar to that of post-trans-
plant lymphoproliferative disorder (Gaidano & Dalla-Favera, 1995), with an initial EBV-
driven proliferation of B cells leading eventually to the outgrowth of fully malignant
lymphomas. This process would depend on the acquisition of additional genetic change,
e.g. c-myc or bcl-6 rearangements (Gaidano & Dalla-Favera, 1995).

The clinicaL, molecular and viral features of AIDS-related Burkitt' s lymphoma sug-
gest a pathogenesis similar to that of sporadic Burkitt' s lymphoma. The comparative1y
high incidence of these lymphomas in AIDS patients points to the contribution of an
AIDS-related factor independent of HIV-mediated immunosuppression. As these lym-
phomas have been shown to be HIV-negative (Knowles, 1993), a direct role of HIV is
unlikely. The primar event in AIDS-related Burkitt's lymphoma appears to be chronic
stimulation of the immune system, leading to polyclonal B-cell hyperplasia; this process
may well be driven initially by HIV infection. The relatively low rate of EBV infection
in these lymphomas suggests that the function of the virus can be substituted by other, as
yet unidentified, factors.

4.3.2 T-Celllymphomas

The relatively frequent detection of EBV in T-cell lymphomas does not fit easily into
the well-established B-cell lymphotropism of the virus in vitro. As noted earlier (see
Section 1), a subset of T cells has been shown to express CD21 or a related molecule that
could act as the receptor for EBV. Interpretation of the detection of EBV in T-cell non-
Hodgkin's lymphomas and an assessment of the role of the virus in the pathogenesis of
T-celllymphomas are complicated by two factors. Firstly, if EBV infection of certain T
cells in vitro leads to a predominantly lytic infection, EBV infection of T cells may be
accidental rather than par of the viral strategy to establish persistent infection. Such

accidental infection of a cell type not adapted to latent EBV infection may contribute to
the development of EBV-associated T-cell lymphomas. Secondly, in many cases, the
virs is detected in only a small proporton of tumour cells (Anagnostopoulos et aL.,
1996). Paricularly in T-cell lymphomas, this problem is compounded by the poly-
morphism of the tumour cells. Thus, it may be difficult to decide if an individual cell is a
tuour cell or a reactive lymphoid cel!. Furthermore, the identification of EBV in neo-
plastic cells usually rests on the detection of the EBERs, which may not be expressed
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even in the presence of EBV. Nevertheless, there seems to be good evidence to suggest
that the reported detection of EBV in a fraction of cells in T-cell lymphomas reflects the
actual situation (Asada et aL., 1994; Imai et aL., 1996).

The question of the significance of the virus in the pathogenesis of these lymphomas
thus arses. Although the virs is present at the ons et of the neoplastic process, it may
subsequently be lost from the tumour cells. While there is now some evidence to suggest
that this may happen in vitro (Takada et aL., 1995), it has not yet been shown to occur
in vivo. The alternative scenario would be secondar infection of established neoplastic T
cells with the virs. Whle this would exclude a contrbution of the virs to the initial
neoplastic process, it would be compatible with a contribution to the disease process,
similar to the role of late p53 gene mutations in the progression of follcular lymphomas.
The frequent expression of the LMP-l protein of EBV in T-celllymphomas (d'Amore
et aL., 1996) would seem to argue in favour of such a role.

EBV is often monoclonal in T-cell lymphomas containing a subset of virs-caring

tumour cells, which argues against simple superinfection of an established tumour (Ott
et al., 1992). Studies of EBV -associated T -celllymphomas at primar presentation and at
relapse could be informative.

ln addition to the peripheral T-celllymphomas occurrng in western populations, in
which subpopulations of the tumour cells often cary the virus, there are clearly sorne T-
cell non-Hodgkin's lymphomas in which the presence of monoclonal EBV genomes is a
defining characteristic of the neoplastic population. Ths group is exemplified by angio-
centric sinonasal T-cell lymphomas, which occur predominantly in Asian populations.
The role of the virus in the pathogenesis of these tumours is uncertain; however, the

clonaI natue of the EBV genome and its detection in virtally all tumour cells suggests a
role of EBV early in tumorigenesis. While mechanisms have not been identified in
lymphomatous granulomatosis, It has been shown that the EBV -infected B cells expr~ss
LMP-l (Takeshita et al., 1996).

4.4 Hodgkin' s disease

Over the last decade, evidence has accumulated implicating EBV in the pathogenesis
of Hodgkin's disease. Up to 50% of cases in western countries (Weiss et al., 1989a;
Herbst et al., 1991a; Armstrong et aL., 1992) and up to 100% in sorne other populations
(Weinreb et al., 1996b) car the virus in the presumably neoplastic HRS cells. Sero-

epidemiological studies have shown elevated antibody titres to EBV antigens in
Hodgkin' s disease patients both at the time of presentation and sorne years before the

onset of the disease (Mueller et al., 1989; Mueller, 1997). Furthermore, patients with
infectious mononucleosis have a fourfold increase in risk for developing Hodgkin' s

disease (Muñoz et aL., 1978). More direct evidence linkng EBV with Hodgkin's disease
has accumulated (see also section 1.2.2). Thus, EBV DNA has been detected in tumour
biopsies and ha~been localized to malignant HRS cells by in-situ hybridization (Weiss
et aL., 1987; Anagnostopoulos et aL., 1989; Weiss et aL., 1989a). Significantly, it has been
shown by EBER in-situ hybridization that the virus is present in virtually all tumour cells
in EBV-associated Hodgkin's disease (Wu et al., 1990; Herbst et al., 1992). Ths finding
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is consistent with the detection of monoclonal EBV episomes in cases of Hodgkin's
disease by Southern blot hybridization and indicates that the EBV infection took place
before initiation of clonaI cellular proliferation (Weiss et aL., 1987; Anagnostopoulos
et aL., 1989). ln agreement with this idea, it has been shown that patients with multifocal
Hodgkin' s disease have the virus in an affected tissues and that the virus persists in

recurrent disease (Coates et aL., 1991a; Boiocchi et al., 1993a; Brousset et al., 1994;
Vasef et al., 1995).

Further evidence suggesting a role for EBV in the pathogenesis of Hodgkin's disease
comes from the analysis of EBV gene expression in HRS cens. Transcriptional studies
by RT-PCR have shown that EBNA-l expression in Hodgkin's disease tissues is driven
exclusively by the F promoter; LMP-l and usually LMP-2A and LMP-2B are also
expressed, in addition to EBERs (Deacon et aL., 1993). Immunohistochemical studies
have now confirmed that EBNA-l, LMP-l and LMP-2A are indeed expressed by the
HRS cells in EBV-associated Hodgkin's disease, while EBNA-2 is consistently not
detectable (Herbst et al., 1991a; Pallesen et al., 1991a; Delsol et al., 1992; Grässer et aL.,
1994; Niedobitek et aL., 1997a). This pattern of EBV latent gene expression is consistent
with type-II latency. These studies indicate that the viral genome is actively expressed in
HRS cells and thus reveal that EBV is not merely a silent passenger in these cells.

The main function of EBNA-l is maintenance of the viral episome (Yates et aL.,
1984); however, a recent study of EBNA-l-transgenic mice suggests that this gene may
also contrbute to the development of lymphoid tumours (Wilson et aL., 1996a). Whether
EBNA-l expression in HRS cens contributes to the pathogenesis of Hodgkin's disease
remains uncertn.

LMP-2A expression is thought to block the induction of the lytic viral cycle after
cross-linkng of the B-cell receptor complex, by acting as a dominant negative inhibitor
of Src and Syk kinases (Longnecker & Miler, 1996). ln line with this scheme and with
the frequent detection of LMP-2A in HRS cells (Niedobitek et al., 1997c), it has been
shown that EBV lytic cycle proteins are expressed only infrequently in HRS cells
(Pallesen et aL., 1991c; Brousset et aL., 1993). Several studies suggest that LMP-2A and
LMP-2B are not required for EBV-induced B-cell transformation (Longnecker et aL.,
1992, 1993a,b); however, recent work by Brielmeier et al. (1996) indicates that LMP-2A
enhances the effciency of transformation and that this effect is not dependent on
prevention of entry into the lytic cycle. Thus, LMP-2A expression may contribute to the
malignant phenotype of HRS cells in EB V -associated Hodgkin' s disease.

Of paricular relevance is the detection of LMP-1 in HRS cens in virtually aH cases of
virus-associated Hodgkin's disease (Herbst et aL., 1991a; Panesen et aL., 1991a; Delsol
et al., 1992) and the abilty of LMP-l to induce expression of activation markers such as
CD23, CD30 and CD70 (Wang et aL., 1988b, 1990a; Isaacson et aL., 1992; Hamilton-
Dutoitet al., 1993a); however, these antigens are strongly expressed in HRS cells of both
EBV-positive aIp EBV-negative cases.

There is growing evidence to suggest that EBV infection modulates the phenotype of
Hodgkin's disease. Thus, EBV is preferentially associated with the development of
mixed cellularty Hodgkin's disease. Moreover, the presence of EBV in HRS cells has
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been shown to correlate with increased expression of lymphocyte activation antigens and
decreased expression of the CD20 B-cell antigen (Bai et al., 1994). Of paricular

relevance is the association of EBV infection with the expression of Th2 cytokines such
as IL-I0 and IL-6 in HRS cells (Herbst et aL., 1996b; Klein et aL., 1996). Thus, although
definite proof of an etiological role of EBV in the pathogenesis of Hodgkin's disease has
yet to be attained, the available evidence strongly implicates the virus as a cofactor in the
pathogenesis and morphogenesis of a significant proportion of cases.

It has been observed that cases of Hodgkin' s disease arsing in the setting of iatro-
genic or HIV -induced immunosuppression are almost invarably EBV -associated. More-
over, regression of EBV-positive cases of Hodgkin's disease has been reported after
restoration of the immune system (Berger & Delec1use, 1993), providing further
evidence for an etiological role of EBV in the pathogenesis of Hodgkin' s disease.

4.5 Nasopharyngeal carcInoma

4.5.1 EBV infection

4.5.1.1 Molecular and biochemical studies

EBV -positive nasopharngeal carcinoma cells cannot yet be cultivated in vitro, and
only a small proportion of tumour samples can be propagated in nude mice. Therefore,
EBV infection in nasopharngeal carcinoma has been characterized primarly by analysis
of viral nucleic acids and proteins in samples obtained at biopsy and tumours passaged in
nude mice (Raab-Traub et aL., 1983; Busson et aL., 1988). EBV episomes have been
detected in nasopharngeal carcinoma samples by electron microscopy (Kaschka-Dierich
et al., 1976) and by restriction enzyme analyses based on identification of the ends of the
EBV genome (Raab-Traub & Flynn, 1986). ClonaI EBV episomes are detected in such
samples (Raab- Traub & Flynn, 1986), indicating that every copy of the viral genome
within each cell is identical and the EBV episomes in every cell within the tumour are
identical. The detection of homogeneous EBV molecules indicates that the tumour cells
are a clonaI expansion of a single cell that was infected with EBV.

ln addition, in some tumour samples, paricularly from endemic areas, faint ladder
arays of fragments representing linear genomes are also detected. This suggests that in
occasional cells within the tumour the virus may be reactivated from latent infection. It is
likely that this sporadic replication is the source of the antigenic stimulus that provokes
the elevated antibody response to viral replicative antigens.

As episomal EBV DNA is present in multiple copies in nasopharngeal carcinoma, it
is difficult to determne whether EBV is also integrated; however, evidence of EBV
integration was detected by pulse field analysis in four of 17 samples of nasopharngeal
carcinoma (Krpalani-Joshi & Law, 1994). Although integration may promote changes in
cellular or viral expression that could contribute to tumour development, it is probably
not a necessar event for development of this tumour.
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4.5.1.2 EBVexpression

EBV expression in nasopharyngeal carcinoma is different in several striking respects
from that detected in transformed lymphocytes. The first studies of viral expression in
samples of nasopharngeal carcinomas revealed that sequences from the EcoRI-Dhet and
the BamHI K fragments were consistently transcribed (Raab-Traub et aL., 1983). These
sequences were subsequently shown to encode the LMPs and EBNA-l, respectively,
Surprisingly, the sequences that encode EBNA-2, a viral protein essential for trans-
formation of lymphocytes, are not transcribed in nasopharngeal carcinoma.

The pattern of gene expression suggested by transcriptional studies has for the most
par been confirmed by the identification of specific viral proteins with monoclonal anti-
bodies. LMP-l and EBNA-l have been detected, while EBNA-2, -3A, -3B, -3C and -LP
are usuaUy not found (Fåhraeus et al., 1988; Young et al., 1988). LMP-l is not always
detected in aU ceUs or in all tumours on immunoblots, and EBNA-2 has not been iden-
tified in tumour samples, possibly due to a lack of suitable reagents (Stewar & Arrand,
1993). The BZLFI protein has been detected in a few ceUs in some nasopharngeal
carcinomas, and spliced BZLF 1 mRNA and other mRNAs encoding lytic cytoproteins
can also be detected by RT-PCR (Cochet et aL., 1993; Martel-Renoir et aL., 1995).

As the rnAs that encode EBNAs all initiate at the W or C promoter in lympho-
cytes, it was of interest to determine the structure of the EBNA-l mRNA in naso-
pharnge al carcinomas. Intriguingly, it was shown to initiate from sequences within
BamHI Q at a previously unidentified promoter, Q (Smith et al., 1993; Tsai et aL., 1995).
The Q promoter is complex and is apparently both autoregulated and governed by inter-
feron regulatory factors (Sample et aL., 1992; Sung et aL., 1994).

ln nasopharngeal carcinoma, two different mRNAs encode LMP-l: the weU-charac-
terized, 2.8-kb LMP-l rnNA and a second, 3.7-kb mRNA (Gillgan et aL., 1990a). The
3.7-kb mRNA initiates from a promoter within the terminal repeat unit, which is
transactivated in vitro by the SPI transcription factor (Sadler & Raab- Traub, 1995b).

Consistent transcription of LMP-2 has been detected in nasopharngeal carcinomas by
northern blot analysis and RT-PCR (Busson et al., 1992a). One study suggested that the
LMP-2B or TP2 transcript is preferentially expressed in nasopharngeal carcinoma in
comparson with matched B-ceU lines (Smith & Griffin, 1991). Antibodies to LMP-2
were found highly specifically in patients with nasopharngeal carcinoma (Frech et aL.,
1993; Lennette et aL., 1995), suggesting that this protein is expressed in the tumour
in vivo. ln nasopharngeal carcinoma, EBNA-2, -3A, -3B, -3e and -LP are not expressed,
yet the promoters for LMP-l and LMP-2 are apparently active, as the genes are trans-
cribed. It is presently unc1ear how expression of these genes is regulated in the absence
of the EBNA-2 and EBNA-3 proteins. Several studies have shown that methylation of
the viral genome is an important regulatory element. The viral genome in nasopharngeal
carcinoma cells is extensively methylated, with the exception of oriP and regulatory
elements for the LMP-l and LMP-2 promoter (Emberg et aL., 1989; Minarovits, 1991,
1994b; Hu et aL., 1991b). It is paricularly string that although the coding sequences for
LMP-l are methylated, the promoter region is methylated only in those tumours in which
the LMP-l protein is not detected.
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ln addition to these RNAs, which are known to encode protein, a family of intricately
spliced rnAs was originally identified in samples of nasopharngeal carcinomas (Hitt
et aL., 1989; Gillgan et aL., 1990b, 1991). Sequence analysis of cDNA revealed that the
RNAs are 3' co-termnal but differentially spliced (Smith et aL., 1993; Sadler & Raab-
Traub, 1995a). The varous RNAs contain different exons, forrng novel ORFs at least
one of which has been shown to encode a protein (Gillgan et al., 1991; Fries et al.,
1997) that has been detected in most nasopharngeal carcinoma samples. Although these
RNAs are most abundant in nasopharngeal carcinoma, they have also been identified in
transformed lymphocytes and in Burkitt's lymphoma (Brooks et aL., 1993a).

The most abundant RNAs in EBV-infected cells are small nuc1ear RNAs transcribed
by RNA polymerase II (Lemer et aL., 1981; Arand & Rymo, 1982). These EBERs are
present at approximately 106 copies per cell but are not necessar for lymphocyte trans-
formation (Swaminathan et aL., 1991). They are, however, expressed in all of the mali-
gnancies associated with EBV and presumably contribute in some way to the mainte-
nance of latency in vivo (Wu et aL., 1991). Interestingly, expression of the EBERs seems
to be down-regulated during differentiation. Thus, samples of nasopharngeal carcInoma
that show differing degrees of differentiation lack EBER expression in differentiated
areas (Pathmanathan et al., 1995a). Extensive screening showed the presence of EBERs
in 4 of 5 (80%) subtype 1, 71 of 73 (97%) subtype 2 and 71 of 73 (97%) subtype 3
tumours. ln the subtype 1, EBER expression was largely confined to the basal area and
was not detected in regions of differentiation (Tsai et aL., 1996b). The EBERs are also
not detected in the permssive EBV infection, hairy leukoplaka (Giligan et aL., 1990b).

These findings indicate that nasopharngeal carcinoma represents a latent infection
with EBV involving consistent expression of specific viral genes in a pattern distinct
from that found in transformed B lymphocytes. The properties of the viral proteins
expressed in nasopharngeal carcinoma are reviewed in sections 1 and 4.1 This unique
state of latency is also found in several other malignancies linked to EBV, inc1uding
Hodgkin's disease and T-cell lymphoma, and has been called type II latency (Rickinson
& Kieff, 1996; see Section 1).

4.5.1.3 Phenotype and cellular gene expression

The presence of an intense lymphoid stroma is a characteristic feature of undifferen-
tiated carcinomas of the nasopharngeal type; the functional role of this stroma has been
a matter of debate. Recent studies have suggested that in undifferentiated carcinomas the
stroma is required to support tumour cell growth (Busson et aL., 1987; Agathanggelou
et aL., 1995). The difficulty in establishing nasopharngeal carcInoma xenografts in nude
mice may reflect loss of the infiltrating stroma (Busson et al., 1987).

Expression of many markers, inc1uding potential factor receptors, usually expressed
in B cells has been described in primar nasopharngeal carcinoma samples. These
inc1ude CD23, CD24, la antigen and Cdw70 (Ebbers et aL., 1985; Bilaud et al., 1989;
Rousselet & Tursz, 1992; Niedobitek et aL., 1992c; Karan et al., 1995). The expression
of adhesion molecules is also altered, with elevated expression of ICAM-1 (CD54) and
reduced expression of LFA3 (CD58) in comparson with EBV-immortalized B cells
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(Busson et aL., 1992b). These effects are probably due to expression of LMP-l in naso-
pharngeal carcinoma cells.

Interestingly, clinical analysis of nasopharngeal carcinomas with and without LMP-l
expression suggested that the LMP-positive tumours grew more rapidly but that the
LMP-l-negative tumours were more likely to recur and had an increased tendency to
metastasize (Hu et aL., 1995). This difference may be due to the fact that B7
(CD80/CD87) is expressed in LMP-l-positive but not in LMP-l-negative tumours
(Agathanggelou et al., 1995).

4.5.1.4 EBV infection and transformation of epithelial cells in vitro

Although EBV readily infects and transforms B lymphocytes, human epithelial cells
cannot easily be infected or transformed; however, monkey epithelial cells were trans-
formed by transfer of specific EBV DNA fragments cloned into cosmid vectors (Griffn
& Karan, 1984). The fragments that had transformng ability inc1uded the BamHI A
region of the genome which has since been shown to be expressed in nasopharngeal
carcinomas (Hitt et al., 1989; Giligan et al., 1990b). Some attempts to infect human epi-
thelial cells directly have resulted in morphological transformation but not permanent
transformation or EBNA expression (Desgranges & de Thé, 1977; Huang et aL., 1978a).
ln another study of epithelial cells infected in vitro, evidence of EBV replication was
detected only in wild-type strains obtained directly from throat washings, suggesting

distinct biological properties of some strains (Sixbey et aL., 1983).

The difficulty of infecting epithelial cells may be due to differences in expression of
the EBV receptor, CD21 or CR2. Evidence for expression of the receptor is conflicting,
depending on the monoclonal antibody used and the source of epithelium (Young et aL.,
1989c; Sixbey et aL., 1987). Transfer of CD21 into an epithelial cell line facilitated
infection, and a high level of infected cells was detected early after infection with the
Akata strain of EBV (Li et al., 1992). The genome was rapidly lost from these cells, and
some cells spontaneously entered the replicative cycle; however, cell clones could be
established that retained the EBV genome in episomal form and expressed EBNA-l and
LMP-l (Knox et aL., 1996). The stably infected clones seemed to be impaired in their
abilty to differentiate or to allow viral replication. Clones that lacked EBV were also
impaired in differentiation, suggesting that impaient in differentiation influences the
abilty of EBV to establish a latent, transformng infection.

The mode of viral entry may also influence the outcome of infection. It has been
shown that secretory IgA facilitates the entry of EBV into epithelial cells (Sixbey & Yao,
1992). The cellular organization also modulates EBV infection, such that EBV is trans-
cytosed by EBV -specific IgA directly through the epithelium in polarzed cultues, but
EBV replicative gene products are detected in unpolarzed cultures (Gan et al;, 1997).

ln some epithelial cell lines, LMP-1 has been reported to inhbit differentiation and
cause morphological transformation, with decreased cytokeratin expression (Dawson
et aL., 1990; Fåhaeus et aL., 1990a; Niedobitek et al., 1992d). Decreased expression of E-
cadherin and increased invasive abilty has also been described in epithelial lines
expressing LMP-l (Fåhaeus et al., 1992). ln transgenic mice in which LMP-1 was
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expressed in skin, epithelial hyperplasia and altered expression of keratin 6 were
observed (Wilson et aL., 1990).

LMP-l expression induces expression of the epidermal growth factor receptor, speci-
fically in epithelial cells, and elevated levels of epidermal growth factor receptor are also
detected in nasopharngeal carcinoma (Zheng et al., 1994c; Miler et al., 1995b). As
discussed in section 4.1, two domains have been identified in the carboxy termnus of
LMP-l that can activate NF1d (Huen et al., 1995). A recent study indicated that the
TRAF interacting domain is responsible for induction of expression of the epidermal
growth factor receptor (Miler et al., 1997). This suggests that LMP-l activates two
distinct signalling pathways: one that activates NF1d and a second pathway mediated by
TRAF activation that induces expression of genes like EGFR and also activates NFKB.

Several EBV replicative proteins have been shown to have different effects in
epithelial cells and lymphoid cells or to have transforming properties in rodent celllines.
Although only BZLF 1 can disrupt latency in lymphoid cell lines, in infected epithelial
cell lines such as NPC-KT and D98/HR1, the immediate early gene BRFLl can also
disrupt latency (Zalani et aL., 1996). ln addition, BZLF 1 has been shown to interact with
p53 (Zhang et aL., 1994b), the p65 component of NF1d (Gutsch et al., 1994), and induce
expression of TGFß. The EBV early gene, BHRF l, is homologous to the bcl2 gene and
can block apoptosis induced by varous agents (Henderson et aL., 1993). BHRFl can also
complement transformation by the adenovirus ElA gene (Theodoraks et aL., 1996).
Another early gene encoded by the BARF 1 ORF can transform rodent fibroblasts and
induce tumorigenicity in the EBV-negative Louckes Burkitt's lymphoma cellline (Wei
et aL., 1994). As expression of EBV replicative gene products occurs in only a few
percent of nasopharngeal carcinoma cells in vivo, it is unlikely, however, that they
contribute to malignant growth.

4.5.1.5 Detection of EBV infection in normal, premalignant and malignant naso-

pharyngeal tissues

The site and state of infection in normal nasopharnx and in populations at high risk
for developing nasopharngeal carcinoma have been investigated in several studies. ln
patients with infectious mononucleosis, EBV DNA and rnA encoding EA were
detected in sloughed epithelial cells (Lemon et aL., 1978; Sixbey et al., 1984). This
suggested that the nasopharngeal epithelial cells were the source of the infectious virus
that is detected in saliva during infectious mononucleosis. Evidence of EBV replication
has also been detected in epithelial cells in parotid tissue, where high copy numbers of
EBV genomes were detected by in-situ hybridization (Wolf et al., 1984). A recent study
also showed evidence of EBV replication in epithelial cells adjacent to an EBV -positive
T-celllymphoma (Wen et al., 1997). The epithelial cells had high copy numbers of EBV
DNA and were BZLF1-positive but EBER-negative, while the malignant lymphocytes
were positive for EBER and LMP-l expression. ln contrast, studies of normal naso-
pharngeal mucosa have shown evidence of EBV only in lymphocytes in which EBER-
positive and BZLF1-positive cells were occasionally detected (Tao et al., 1995). EBV-
infected lymphocytes were detected in nasal polyps, and some were positive for BZLFI
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expression (Tao et aL., 1996). Similarly, Karajannis et al. (1997) detected isolated EBV-
positive B cells but no EBV -positive epithelial cells in throat washings from patients
with infectious mononucleosis, suggesting that lymphocytes are the source of virus

secreted into the oropharnx in reactivated infection.

Comprehensive screening of a large Chinese population resulted in the identification
of 1267 individuals with IgA to VCA. Of the 203 from whom a biopsy sample was
taken, 46 had early nasopharngeal carcinoma and an additional12 had detectable naso-
pharnge al carcinoma within 12 months. EBV was detected by Southem blot hybri-
dization in 14 samples from individuals without detectable nasopharyngeal carcinoma
(Desgranges et al., 1982), but it was not determned whether the tissues were normal or
whether the patients had occult nasopharngeal carcinoma.

Attempts to culture transformed or EBV-infected cells taken at biopsy resulted in the
establishment of EBV -positive lymphoid lines from nasopharngeal tissues from patients
with and without nasopharngeal carcinoma and from adenoidal tissue from other
patients; however, epithelial cell lines were not established (de Thé et al., 1970;
Takmoto et aL., 1989). Further, attempts led to the development of celllines in which
EBV genomes were initially detected but were lost over time (Gu et aL., 1983; Lin et aL.,
1993b). It is unclear whether these celllines represent the tumour cells.

EBV markers for EBNA or latent or replicative genes were not detected in samples of
normal tissue from patients without histological evidence of nasopharngeal carcinoma,
and were found only in samples with nests of tumour cells (Huang et aL., 1978b; Sam
et aL., 1993). Subsequent screening showed EB V in all biopsy samples of nasopharngeal
carcinoma, but only the genome was detected in a subset of cells from carcinoma in situ
(Yeung et aL., 1993). Samples from carcinomas in situ with microinvasion had a higher
proportion of EBV -positive cells. An extensive screening of 5326 biopsy samples from
the ear-nose-and-throat c1inic at the University of Malaya resulted in the detection of
nasopharngeal carcinoma in 1744 samples; 56 samples had carcinoma in situ and
invasive carcinoma, and only 11 samples showed dysplasia or carcinoma in situ without
adjacent invasive carcinoma. ln these samples, EBER and LMP-l were detected in all
cells, and analysis of the EBV termni revealed clonal EBV (Pathmanathan et aL.,
1995a,b ).

Some studies have suggested that EBV is detected only in discrete areas within a
nasopharngeal carcinoma, while in other studies homogeneous infection is detected
throughout the samples (Wu et al., 1991; Lin et aL., 1994; Pathmanathan et aL., 1995a,b).
This varation may reflect differences in the method of detection or the state of infection.
EBV DNA or EBER expression has been looked for as an indicator of the presence of
EBV in many studies, but EBV DNA may not be detected in cells with a very low copy
number and EBER expression may var, as EBERs are not expressed in the permssive
infection, hairy leukoplaka, or within areas of differentiation in tumours of mixed histo-
logical type (Giligan et al., 1990a; Pathmanathan et aL., 1995a,b). (The Working Group
noted that the role of EBV in primar infection of epithelial cells is controversiaL)

Taken together, these studies indicate that EBV infection of epithelial cells is rare. It
may occur during primar infection but, in normal asymptomatic infection, EBV is
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harboured in lymphoid cells. The rare event that leads to the development of nasopha-
ryngeal carcinoma may enable establishment of a latent EBV infection in epithelium.
The changes that predispose the cells to this event may have already induced changes in
growth properties, which were originally suggested by Lenoir and de Thé (1978). The
impaired differentiation observed by Knox et aL. (1996) may have a correlate in vivo in
the dysplasia described by Yeung et aL. (1993). Furthermore, the study of Pathmanathan
et aL. (1995b) suggests that the combination of EBV oncogene expression and pre-
existing cellular changes results in the rapid proliferation of an infected epithelial cell,
which rapidly develops into malignant, invasive carcinoma (Raab- Traub, 1992a,b).

4.5.1.6 Strain variation

Many of the cancers associated with EBV, and paricularly nasopharngeal carci-
noma, occur in distinct populations with endemic patterns of incidence. As a possible
contrbuting factor is the prevalence of specific varants of EBV in distinct geographical
locations with unique biological or pathological properties, strain varation has been
studied continuously (Bornkamm et aL., 1980; Raab-Traub et aL., 1980). Most biological
studies of EBV have involved virus obtained from Burkitt's lymphomas (HR1, W91,
Akata, AG876) or from a patient with infectious mononuc1eosis (B95-8); one viral strain
was obtained from a nasopharngeal carcinoma biopsy sample that was co-cultured with
lymphocytes (Crawford et aL., 1979). Viral replication could be induced in some of the
lymphoid cell lines, and these studies revealed that virus from nasopharngeal carci-
nomas is both replication and transformation competent. This isolate, the MABA strain,
was further compared by restriction enzyme analysis and shown to be largely identical to
other EBV strains from cases of infectious mononucleosis and Burkitt's lymphoma
(Bornkam et al., 1980; Polack et al., 1984b). EBV DNA in nasopharngeal carcinoma
biopsy samples was also shown to be sirnlar to that in laboratory strains (Raab- Traub
et aL., 1987). A second nasopharngeal carcinoma strain was obtained by direct fusion of
nasopharngeal carcinoma tumour cells with a human adenoidal epithelial cell line
(Takmoto et al., 1985). This cell line, NPC-KT, produces virus that can transform
lymphocytes and can spread during cell-to-cell fusion (Sato et al., 1989; Y oshizak et aL.,
1994).

Specific genetic varations in the viral genome have been looked for by restrction
enzyme polymorphism, and specific strains were found to be prevalent in different popu-
lations. Lung et aL. (1990) and Lung and Chang (1992) first described a common Chine 

se
varant marked by loss of the BamHI site between the Wl' and Il' fragments (designated
C varant), frequently with an additional BamHI site in the F fragment ((varant). Ths Cf
variant was detected in 86% of nasopharngeal carcinoma biopsy samples from southern
China, while healthy subjects usually had the C varation without the f polymorphism.
The f varant was more frequently detected in the nasopharngeal carcinoma biopsy
samples than in peripheral blood lymphocytes or throat washings (Lung et aL., 1992).
The C varation was also prevalent in Japanese populations; however, this varant lacked
the f polymorphism (Tamura et aL., 1993). A polymorphism at an XhoI site was also
detected in most Chinese samples (Hu et aL., 1991a; Miller et aL., 1994b).
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Abdel-Hamid et al. (1992) performed similar analyses on epithelial and lymphoid
malignancies from endemic and non-endemic regions, including Chinese, Mediterranean
and American populations, determning the restriction enzyme polymorphisms and EBV
type. The prevalent strain in Southeast Asia was a varant of EBV-1, which had the
BamHI and XhoI polymorphisms described above. ln nasopharngeal carcinomas from
areas of middle or low incidence, a distinctive EBV -1 subtype, originally identified in the
nasopharngeal carcinoma-derived MABA strain, was found in approximately 50% of
the tumours, and an additional 25% had the Chinese polymorphisms. ln the Alaskan Inuit
population, a new varant of EBV-2, with the polymorphisms from the right end of the
genome that distinguish the Chinese EBV -1 strain, was identified in nasopharngeal
carcinomas and carcinomas of the parotid gland. ln contrast, the standard EBV-l
genome, lacking the above-mentioned polymorphisms, was detected in lymphomas from
central Africa (Burkitt' s lymphoma), Egypt and the United States.

The presence of specific restriction enzyme polymorphisms suggested that EBV
strains might have consistent sequence varation. As EBV LMP-l is essential for trans-
formation and is considered to be the EBV oncogene, many studies have focused on
strain varation in the LMP-l gene. The sequence of a Chinese isolate, Cao, revealed
several amno-acid changes and deletion of 10 amino acids within LMP-l (Hu et aL.,
1991a). The sequence of 50 Taiwanese isolates revealed that a paricular strain was pre-
valent in Taiwan and had greater transformng abilty in BALB/c 3T3 cells than LMP-l
from B95-8 (Chen et aL., 1992a). A similar comparson of the transformng ability of
B95-8 and Cao in the RHEK epithelial cell line showed that both increased proliferation,
with higher colony-formng efficiency and decreased differentiation, marked by
decreased involucrin expression. The B95-8 and Cao transformants differed morphologi-
cally, and only the Cao transformants induced tumours in nude mice (Hu et aL., 1993;
Zheng et aL., 1994c).

Sample et aL. (1994) found that the LMP-l sequence in the prototype EBV-l and
EBV -2 strains were nearly identicaL. A comprehensive analysis of LMP-l sequence
varation in nasopharngeal carcinoma isolates from several geographical regions
revealed that consistent base-pair changes, inc1uding the 10-amino acid deletion, marked
a Chinese EBV-l strain. ln contrast, the Alaskan strain had many of the same base-pair
changes but was undeleted and represented EBV-2. This study also showed that the
number of small-repeat elements within LMP-l can var, such that viral replication could
produce progeny with differing numbers of the small IMP-l repeat (Miler et al., 1994a).
ln a comparson of the EBV strain in nasopharngeal carcinoma, T-cell lymphoma,
normal nasopharnx and thoat washings in Taiwan, the Chinese prototype strain was
detected in 48/48 nasopharngeal carcinoma samples, 23/25 samples of normal naso-
pharnx and 37144 throat washings, indicating the widespread prevalence of this strain in
Taiwan (Chang et aL., 1995).

Many studies have focused on the small deletion in IMP-l. The effect of the deletion
on BALB/c 3T3 cell transformation was analysed by producing chimaeric proteins (Li
etal., 1996). It was foundthat the enhanced transformng ability of the Chinese strain in
BALB/c 3T3 cells was transferred with the carboxy termnus that inc1uded the 10-amino
acid deletion. Deletion of the 10 amino acids in B95-8 LMP-1 resulted in the ability to
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induce transformation in BALB/c 3T3 cells and tumorigenicity, while insertion of the 10
amino acids into the Chinese strain eliminated transformation and tumorigenicity. As
B95-8 LMP-l itself transforms in rodent fibroblasts, the significance of these differences
in the transformng abilty of LMP-l in cell lines remains unclear.

The presence or absence of the deleted form of LMP-l and multiple sequence changes
in varous disease states have also been evaluated (Knecht et aL., 1996). Some studies
suggest that strains with deleted LMP-l are found in more aggressive tumours, and
others indicate that these changes reflect the prevalence of a given strain within a popu-
lation (Knecht et aL., 1993; Cheung et aL., 1996: Khanim et aL., 1996). ln epithelial
tumours, specific amino-acid changes have been detected in EBNA-l which are
suggested to infuence Its biological properties (Snudden et aL., 1995).

Trivedi et aL. (1994) studied the effect of LMP-l on the immunogenicity of mouse
mammar carcinoma cells. Immunization with B95-8 LMP-l-transfected tumour cells
protected against challenge with B95-8 LMP-l-positive tumour cells, whereas immu-
nization with Cao LMP-l did not. This difference could be due to an inabilty of this
paricular mouse strain to present the MHC class-I or class-II epitopes of the Cao strain.
It is possible that similar differences in immune response occur in distinct human popu-
lations.

These studies suggest that different EBV strains predominate in different geogra-
phical areas and that some variants may be detected preferentially in nasopharngeal
carcinoma. The prevalence of these distinct strains in epithelial malignancies could
refIect an epithelial cell tropism in which paricular varants of EBV preferentially esta-
blish latent infection in epithelial cells, or it may reflect differences in immunogenicity. It
is also possible that strains that encode LMP-l with increased transformng properties
have increased pathogenicity in vivo.

4.5.2 Contribution of environmental and genetic factors

4.5.2.1 Dietary cofactors

(a) Experiments in rodents

Groups of 10 male and 10 female Wistar W A rats were fed salted fish for six months
and observed for one to two years. Four female rats developed carcinomas in the nasal or
paranasal regions, while none was observed in the six control rats (Huang et aL., 1978c).

Salted fish purchased weekly in streetside markets in Hong Kong was fed to 111 male
and 110 female Wistar-Kyoto rats aged 21 days, immediately after weaning in order to
recreate the human experience. The animaIs were randomized by sex into one of three
experimental groups: groups of 37 males and 37 females were fed a powdered diet
consisting of one par steamed salted fish and three or five pars certified rat chow for the
first 18 months; 37 males and 36 females were given rat chow only throughout the
experiment. After 18 months, all rats were given rat chow pellets for the remainder of
their lifespan. Four malignant nasal cavity tumours developed among the treated rats: the
first three tumours (one undifferentiated carcinoma, one moderately differentiated
squamous-cell carcinoma and one spindle-cell carcinoma) all occurred in the group at the
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high dose; the fourth tumour was a spindle-cell tumour (not otherwise specified) in a rat
at the low dose. No tumours of the upper respiratory tract were observed among control
rats, consistent with the rarty of reports of su ch spontaneous tumours in rats. The rate of
tumour occurrence among treated rats was statistically different from the base rate of
zero (p = 0.02). The levels of salted fish fed to the rats were close to the range of human
consumption, i.e. the amounts fed to Cantonese babies during weaning, as determned in
a survey of mothers in Guangzhou, China (Yu et aL., 1989b).

ln a two-year experiment, 16 pregnant Sprague-Dawley rats were randomized into

four groups. Four rats were fed a diet consisting of 10% by weight steamed salted fish
(purchased in Guangzhou, China) throughout pregnancy and lactation, and the 41 off-
spring continued to be fed the diet after weaning. Four pregnant rats were fed standard
rat chow during pregnancy and lactation, but their 41 offspring were fed the 10% fish
diet after weaning. Rats in the third group received a diet consisting of 5% salted fish by
weight, as for the first group. Rats in the last group served as controls, both the mothers
and the 40 offspring being fed a standard rat chow diet throughout the experiment. Seven
nasal tumours were observed among the rats fed salted fish, with four in group 1 (one
squamous-cell carcinoma, one poorly differentiated carcinoma, one fibrosarcoma and
one adenocarcinoma), two in group 2 (one squamous-cell carcinoma and one rhabdo-
myosarcoma) and one soft-tissue sarcoma in group 3; no respiratory-tract tumours were
seen in the controls. The difference in the occurrence of nasal tumours in the four experi-
mental groups was statistically significant (p for linear trend = 0.04) (Zheng et aL.,
1994d).

(b) High-risk populations

Low levels (subpars per millon) of several volatile nitrosamines, including N-nitro-
sodimethylamine, N-nitrosodiethylamine, N-nitrosodi -n-propylamine, N-nitrosodi -n-
butylamine and N-nitrosomorpholine, have been detected in samples of Chinese salted
fish (Huang et al., 1981; Tannenbaum et al., 1985). Most of these volatile nitrosamines
can induce nasal tumours in animaIs (Haas et al., 1973; Pour et al., 1973; Althoff et al.,
1974; Lijinsky & Taylor, 1978). Bacterial mutagens were detected in Chinese salted fish
that had been exposed to a nitrosating agent under simulated gastric conditions
(Tannenbaum et al., 1985; Weng et al., 1992). Directly acting genotoxic substances have
also been found in extracts of this food (Poirer et al., 1989). ln addition, samples of
Chinese salted fish were found to contain substance(s) capable of activating EBV in
latently infected Raji cells (Shao et aL., 1988; Poirier et al., 1989).

Low levels (pars per bilion) of several volatile nitrosamines have been detected in
samples of Chinese mustard green, chung choi and fermented soya-bean paste and in
Tunisian quaddid and touklia (Poirier et al., 1987). N-Nitrosodimethylamine was

detected in quaddid, touklia, salted mustard greens and chung choi; N-nitrosopiperidine
in touklia and salted mustard greens; and N-nitrosopyrrolidine in quaddid, touklia, salted
mustad greens, chung choi and fermented soya-bean paste. Directly acting genotoxic
substances have been found in samples of Chine se salted shrmp and fermented soya-
bean paste and in Tunisian quaddid, touklia and harissa (Poirier et aL., 1989). ln addition,
samples of harissa and quaddid were shown to contain substances capable of activating



250 IARC MONOGRAHS VOLUME 70

EBV in latently infected Raji cells (Shao et aL., 1988; Poirier et aL., 1989). These subs-
tances have been characterized as inc1uding macromolecular lignin which can activate
the ZEBRA EBV latent gene (Bouvier et aL., 1995).

Zheng et al. (1993) compared the levels of urinar nitrate and four nitrosamino acids
in 77 healthy subjects in two vilages in southern China in which there is a 10-fold range
in the incidence of nasopharngeal carcinoma. The five urinar metabolites were

measured in 12-h samples of urine collected in the absence of treatment, after ingestion
of L-proline in the urine of subjects from the high-risk vilage or after ingestion of L-
proline in combination with vitamin C. The total urinar nitrosarno acids in the urine of

subjects from the high-risk vilage was significantly increased above the base line level
after pro line treatment, while no difference from background levels was noted after treat-
ment with both proline and vitamn C. No such varation in nitrosamno acid levels was
found in subjects in the low-risk vilage. The mean urinar nitrate levels were signi-
ficantly higher among subjects in the high-risk than the low-risk vilage in both treated
and untreated urine samples. These results demonstrate a higher potential for endogenous
nitrosation in subjects living in areas of high risk for nasopharngeal carcinoma and
suggest the presence of nitrosation inhibitors in the diet of southem Chinese living in
areas at relatively low risk for nasopharngeal carcinoma. These results also support the
hypothesis that dietar precursors of nitroso compounds are involved in the pathogenesis
of nasopharngeal carcinoma.

4.5.2.2 Genetic factors

The role of HLA-related genes in nasopharngeal carcinoma is discussed in section
2.4.3. Several HLA types have been associated with development of the disease, and
famlial aggregation has been linked to the HLA region (Chan et al., 1983b; Lu et al.,
1990). A recent study revealed that the CTL presentation of LMP-2 was restricted to
HLA A2.1 (Murray et al., 1992b), and an inverse association between risk for naso-
pharyngeal carcinoma and the HLA A2 type has been described (Burt et aL., 1994). It has
also been suggested that patients with nasopharngeal carcinoma have impaied T -cell
immunity to EBV in general (Tamura et aL., 1992); however, if impaired T-cell imiunity
and HLA-restricted presentation contrbute to the development of nasopharngeal carci-
noma, an elevated incidence of this tumour would be expected in patients with HIV,
which has not been observed to date (Melbye et aL., 1996).

High-risk families in which multiple cases of nasopharngeal carcinoma have occur-
red have been described in both high- and low-risk populations (for details, see section
2.4.3.3). Famlial c1ustering of nasopharngeal carcinoma is likely to be the result of
genetic constitution and environmental exposures.

Genetic changes characteristic of other malignancies, such as c-myc rearangement,
p53 mutation, Rb alterations or ras mutations, would not necessarly contrbute to altered

growth, and such mutations have not been detected in nasopharngeal carcinomas in
Chinese, American or Arab populations (Effert et aL., 1992; Spruck et al., 1992; Sun
et al., 1993; Nasrin et aL., 1994; Sun et aL., 1995). Unmutated p53 protein is, however,
detected at high levels in nasopharngeal carcinomas and p53 expression has been shown
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to be induced by NFKB, a transcription factor that is activated by LMP-i (Niedobitek
et aL., 1993b; Chen & Cooper, 1996). ln studies to investigate whether an EBV protein
interferes with some aspect of p53 function and eliminates a selection for inactivating
mutations, it was found that the EBV BZLFI protein binds p53 and inhibits p53-
dependent transcriptional trans-activation, however, BZLF i is expressed in rare cells in
nasopharngeal carcinomas and would be unlikely to influence the selection of inacti-
vating mutations in p53 in the majority of nasopharngeal carcinoma cells (Zhang et aL.,
1994b). ln latent infections, EBV does not interfere with the ability of p53 to arest cells
in G 1 after DNA damage by inducing expression of the p2i cyc1in kinase inhibitor. Two
studies have shown, however, that LMP-l inhbits p53-mediated apoptosis induced by
serum withdrawal (Okan et al., 1995; Fries et al., 1996). This propert could be due to
induction of bcl2, which has been described in lymphoid cell lines (Henderson et aL.,
1991); but elevated bcl2 expression is not linked to EBV infection in epithelial tumours
(Lu et aL., 1993) and bcl2 was not induced in epithelial cell lines expressing LMP-l that
were protected from apoptosis (Fries et al., 1996). Specific protection from p53-mediated
apoptosis was conferred by the A20 protein, which is induced by LMP-l expression and
protects against apoptosis induced by tumour necrosis factor or serum withdrawal.
Protection against p53-mediated apoptosis is likely to be responsible for the lack of p53
mutations in EBV-associated cancers.

Recent studies have identified areas of loss of heterozygosity on several chromo-
somes, including the regions 3p24 and 9p21 (Huang et al., 1991, 1994). Deletions at
3p24 have also been detected in nasopharngeal carcinomas in Indian populations
(Kumar et aL., 1995). The pi6 gene at 9p21 is completely deleted in some samples of
nasopharngeal carcinoma (Lo et aL., 1995). Although p16 is not deleted in the C15
tumour passaged in nude mice, it is not expressed (Sun et al., 1995). The pi6 gene is a
critical regulator of cell-cycle progression through G 1, and mutations in the Rb gene,
amplification of cyc1ins or inactivation of cyclin-dependent kinases can all inactivate this
component of cellular control. Deletion of pi6 and repression of pi6 expression in naso-
pharngeal carcinomas suggests that this pathway is affected in this tumour, as in many
others. The identification of other specific genes in the regions that show chromos omal
loss may help in finding the critical cellular genes that contribute to the development of
nasopharngeal carcinoma in high-risk populations or a gene that is affected by muta-
genic environmental factors.

4.6 Other malignancies, including lymphoepithelial carcinomas

Latent EBV infection has been detected in gastric lymphoepithelial carcinoma, and
EBV is also found in a subset of gastric adenocarcinomas in all geographic areas in
which it has been studied (Shibata & Weiss, 1992; Rowlands et al., 1993; Selves et al.,
1996a). Clonal EBV is detected in the tumours, while immunohistochemical studies

suggest that EBNA-l is expressed in the absence of detectable EBNA-2 or LMP-1 in
both adenocarcinomas and lymphoepithelial carcinomas (Rowlands et aL., 1993;
Fukayama et aL., 1994; Imai et aL., 1994a; Ott et aL., 1994; Murray et aL., 1996; Selves
et aL., 1996b). Ths suggests a type-I EBV latency rather than the type-II latency found in
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nasopharyngeal carcinomas. These results were confirmed recently at the transcriptional
level by RT-PCR, which showed that EBNA-l is expressed from the Q promoter, as in
types-I and -II latency (Sugiura et al., 1996). Consistent with the results of previous

immunohistochemical studies, EBNA-2 and LMP-l mRNA were not detectable; how-
ever, transcnpts denved from the BamHI A fragment of the viral genome were detected
in all cases, and a proportion of cases had detectable levels of LMP-2A mRNA (Sugiura
et aL., 1996). ln a preliminary immunohistochemical study with new LMP-2A-specific
monoclonal antibodies, no staining was detected in EBV-positive gastric carcinomas
(Niedobitek et aL., 1997c). This suggests that carcinomas may represent a form of type-I
latency, with possible additional expression of LMP-2A in a proportion of cases.

Expression of the BZLFI protein and of BZLF 1 transcnpts has also been reported in a
few scattered cells in a proportion of gastric carcinomas (Niedobitek et aL., 1992b;

Rowlands et aL., 1993), while Sugiura et aL. (1996) did not detect lytic cycle RNA trans-
cripts by RT-PCR. This suggests that viral replicative genes are expressed in a very small
fraction of tumour cells; however, it is presently unclear whether this leads to the pro-
duction of infectious vinons. ln a single case, Niedobitek et aL. (1992b) reported the

absence of detectable gp350 expression in a lymphoepithelial carcinoma of the stomach.
Multiple other types of epithelial cancer have also been linked to EBV. Most are rare

undifferentiated carcinomas with a prominent lymphoid stroma (lymphoepithelial carci-
nomas), reminiscent of nasopharngeal carcinoma. EBV has been associated with lym-
phoepithelial carcinoma of the parotid gland (Saemundsen et al., 1982; Saw et al., 1986;
Huang et aL., 1988; Raab- Traub et aL., 1991), which develops at relatively high incidence
among Inuit populations and in Chinese (Sawet aL., 1986; Huang et aL., 1988). Other
epithelial salivar-gland tumours have been shown to be EBV-negative (Wen et aL.,
1997). ln a Japanese study, EBV was detected in lymphoepithelial carcinoma samples
but not in benign lymphoepithelial lesions (Nagao et al., 1996), suggesting that EBV
infection is the pivotaI step to malignancy. Like nasopharngeal carcinoma, undifferen-
tiated parotid tumours contain clonaI EBV and express EBERs, LMP-l and BamHI A
transcripts (Raab- Traub et al., 1991).

Other rare cancers are linked to EBV infection. These inc1ude a subset of undifferen-
tiated sinonasal carcinomas in Italian and Chine se populations (Gallo et aL., 1995; Leung
et al., 1995b), lymphoepithelial cholangiocarcinoma (Hsu et aL., 1996) and smooth-
muscle tumours in HIV-infected children and transplant recipients (Morel et al., 1996).
The smooth-muscle tumours express EBER-l RNA and EBNA-2 but not LMP-l (Lee
et al., 1995a). ln all samples, identification of the EBV termni showed that the infection
was non-permssive and c10nal with regard to EBV. Genes expressed in latency type II
are found in most tumours, although the detection is varable and sorne tumours, such as
gastric carcinoma, may express only EBNA-l. The detection of EBV in tumours of
diverse cell types indicates that EBV may gain entry into different cell types under speci-
fic circumstances and can potently affect cell growth. The clonality of EBV suggests that
establishment of a latent transformng infection is the rare event that triggers cancer
development.
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4.7 Immune responses and EBV-associated malignancies

A common denominator of virus-associated tumours is the persistence in the mali-
gnant cells of all or pars of the viral genetic material and the continued expression of
viral proteins that are the potential targets of tumour-specific rejection. The varous
patterns of viral gene expression identified in EBV -associated malignancies (see Table 3)
and the diverse cellular origin of the malignant cells themselves could pro vide different
types of challenge to the host immune system. Thus, failures or specific changes in the
host immune response are likely to play different roles in the pathogenesis of these
tumours. Characteristic changes in the pattern of antibodies to the latent antigens and to
antigens associated with the productive cycle occur in patients with EBV -associated

tumours. These antibody patterns reflect the load of infectious virus and/or viral antigen-
expressing cells, and their role in limiting the growth of virus-infected cells is uncertain.
With the exception of immunosuppressed patients who develop EB V -associated

lymphomas, little is known about the status of cell-mediated virus-specific immune res-
ponses in patients with EBV-carying tumours.

4.7.1 B-Ceillymphoma and other tumours associated with severe immunosuppression

The nine viral antigens that are typically detected in lymphoblastoid cell lines are also
expressed in B-cell lymphomas arsing in immunosuppressed patients (see Table 3). The
phenotypic similarty of these lymphomas to lymphoblastoid celllines suggests that the
lymphomas represent virus-derived lesions growing out opportunistically in the absence
of immune control. Indeed, regression has been reported after cessation of immunosup-
pressive therapy in renal transplant recipients (Starzl et aL., 1984), and passive transfer of
blood lymphocytes or activated EBV -specific CTL cultures in vitro has been successfully
used in the treatment of lymphomas arsing in bone-marow recipients (see section 1.5.3;
Papadopoulos et aL., 1994; Rooney et al., 1995). Immunosuppression could also play a
role in the pathogenesis of EBV-positive leiomyosarcomas, since these tumours appear
to express at least one highly immunogenic viral antigen (see Table 3).

4.7.2 Burkitts lymphoma

Although transient impairment of EB V -specific responses has been demonstrated
during acute malara (Whittle et aL., 1984), normal levels of EBV-specific CTL pre-
cursors were demonstrated in a single study of the inhibition of autologous B-cell trans-
formation in Burkitt's lymphoma patients (Rooney et al., 1997). Even so, disturbance of
the antiviral response is likely to play an important role in the pathogenesis of endemic
Burkitt's lymphoma. EBV infection early in life and recurrent episodes of severe malara
were shown to increase the risk for the lymphoma in Afrcan children (reviewed by
Magrath, 1990). Malaral infection is associated with chronic B-cell stimulation and
follcular hyperplasia, which is likely to favour the establishment of a large pool of
latently infected B lymphocytes from which cytogenetically altered cells may arse
during the rapid proliferative phase of follcular reactions. A similar mechanism could
also explain the high incidence of Burkitt' s lymphoma in HIV -positive patients, in whom
chronic stimulation of the B-cell comparment is a common feature in the pre-AIDS
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stage. EBV-positve Burkitt's lymphoma lines that have maintained in vitro the pheno-
typic characteristics of the tumour in vivo are insensitive to lysis by EBV -specific MHC
class I-restricted CTLs (Rooney et al., 1995). This observation is consistent with the
finding that the viral antigens that are recognized by these effectors are down-regulated
and only EBNA-l is expressed in the tumour. EBNA-l may be protected from MHC
class I-restricted rejection responses by an inhibitory effect of the glycine-alanine repeat
on antigen processing (Levitskaya et aL., 1995). MHC c1ass II-restricted EBNA-1-
specific CTLs have been demonstrated in vitro (Khanna et al., 1996), but the capacity of
these cells to recognize the tumour is not firry established. ln addition to down-regu-
lation of viral antigens, Burkitt' s lymphoma cells consistently show low expression of
adhesion molecules and MHC c1ass I-restricted antigens and a selective loss of certain
c1ass-I alleles, with HLA AlI as the most consistent example (Masucci et al., 1987;
Andersson et al., 1991). These features are characteristic ofboth EBV-positive and EBV-
negative tumours and may therefore represent a phenotypic feature of the Burkitt' s lym-
phoma precursor (Torsteinsdottir et al., 1989). At least sorne may be specifically induced
by the constitutive activation and overexpression of c-myc that characterizes this tumour
(Polack et al., 1996). More recently, down-regulation of the transporters associated with
antigen presentation (Khanna et al., 1995; Rowe et aL., 1995) and defects of antigen pro-
cessing (Frisan et aL., 1996) were reported to be consistently associated with the Burkitt's
lymphoma-cell phenotype.

4.7.3 Hodgkin's disease

The role of specific immunosuppression in the pathogenesis of Hodgkin's disease has
been discussed extensively(Slivnick et aL., 1990). A decrease in EBV-specific responses,
as assessed by the regression assay, was suggested in earlier studies; however, recent
reports clearly demonstrate the presence of EBV-specific CTL precursors in the blood of
Hodgkin's disease patients, independently of the EBV status of the tumour (Do1cetti
et al., 1995; Frisan et aL., 1995). A comparative study of EBV-specific responses in
patients with EBV-positive and EBV-negative Hodgkin's disease failed to demonstrate
virus-specific cytotoxicity within the tumour-infitrating lymphocytes of six EBV -posi-
tive cases, while EBV-specific effectors were readily detected (Frisan et aL., 1995). The
detection of CTLs in the blood of patients with EBV-positive Hodgkin's disease suggests
that virus-specific reactivity is selectively suppressed in the tumour. The finding of
multiple sequence varations in the LMP-l gene in EBV isolates from cases of Hodgkin's
disease and nasopharngeal carcinoma supports the possibilty that the tumour cells
present altered peptides that act as antagonists of EBV -specific responses. Alternatively,
production of IL-I0 in the LMP-l-positive tumours (Herbst et aL., 1996b) may mediate
local inhibition of CTL responses.

4.7.4 Nasopharyngeal carcinoma

Nasopharngeal carcinoma arses in apparently immunocompetent individuals, but
the frequency is not increased in patients with recognized forms of immunosuppression.
Lymphocytes from nasopharngeal carcinoma patients maintan the capacity to inhbit
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the proliferation of autologous virus-infected cens in regression assays, although a signi-
ficant impairment in virus-specific T -cell immunity is shown in newly diagnosed patients
when compared with either long-term survivors or controls (Moss et al., 1983b). It is
therefore quite surprising that the continuous expression of at least two highly immuno-
genic viral antigens, LMP-l and LMP-2, does not lead to rejection. A characteristic
feature of tumours expressing LMP-l is the presence of abundant lymphoid infltrate,
which may be indicative of an on-going reaction to viral and/or tumour antigens. Indeed,
LMP-l was shown to increase the stimulatory capacity of EBV -negative Burkitt' s lym-
phoma lines in anogeneic mixed-lymphocyte cultures (Cuomo et aL., 1990), to up-
regulate the expression of adhesion molecules (Wang et aL., 1990) and to enhance the
presentation of endogenous and exogenous antigens (de Campos-Lima et aL., 1993b;
Rowe et aL., 1995). It is not known whether LMP-l has sirnlar effects on the immuno-
genic phenotype of epithelial cens, and the sensitivity of these cens to EBV -specific
CTLs has not been investigated. Several surface molecules expressed in undifferentiated
nasopharngeal carcinoma cens, such as CD70, CD80 and CD86, may be involved in the
induction of T-cell activation, and T cells with an activated phenotype have been
detected in the tumour; however, their role in the pathogenesis of the disease remains
unclear (Agathenanggelou et al., 1995). A study of the expression of the T-cell receptor
repertoire of tumour-infiltrating lymphocytes from nasopharngeal carcinomas showed a
significantly lower representation of certain V families (Val0, Va11, Va13, Va14,
Vß14 and Vß20) than in control biopsies. Some of these differences were also observed
in peripheral blood (Chen et aL., 1995b). Of paricular interest is the observation that the
frequencies of Va17 (p = 0.01) and Va18 were significantly lower (p = 0.04) in HLA
B46-positive nasopharngeal carcinoma patients than in B46-positive controls. It is
presently unkown whether specific EBV peptides are present through HLA B46. Taken
together, these results suggest that the expression of certain HLA alleles (see
section 1.1.5) and the absence of certain T -cell receptor VaJß famlies is important in the
pathogenesis of nasopharngeal carcinoma.

An additional clue is provided by comparsons of the immunogenicity of a naso-
pharngeal carcinoma-derived LMP-1 with LMP-l from the standard EBV laboratory
strain B95.8 in a transfectant mammar carcinoma model in mice. While transfectants
expressing the B95.8-derived LMP-l became immunogenic and were rejected by
syngeneic anaIs, the nasopharngeal carcinoma-derived polypeptide failed to induce
rejection (Trivedi et al., 1994). Conceivably, the tumour-derived protein lacks antigenic
epitopes that are relevant for rejection or fails to induce a phenotypic shift that would
increase immunogenicity.

5. Summary of Data Reported and Evaluation

5.1 Virus-host interactions

Epstein-Bar virs (EBV) is a gama-l herpesvirus found throughout all hUilan

populations, with a prevalence of over 90% in adults. Primar infection usually occurs in
early childhood and is asymptomatic, whereas delayed primar infection may cause a
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self-limiting lymphoproliferative disease, infectious mononucleosis. Infection results in
the establishment of a life-long carer state characterized by the persistence of antibodies

to several viral gene products and the secretion of infectious virus in saliva. Saliva is the
usual vehicle of transmission. EBV can induce growth transformation of human and
primate B-Iymphocytes in vitro, and it causes malignant lymphomas in certain New
W orld primates. B-cell growth transformation is initiated by binding of the virus to the
complement receptor CD21 and is associated with the expression of a restricted set of
viral genes which encode two non-translated smaU RNAs (EBER-l and -2), six nuclear
antigens (EBNA-l, EBNA-2, EBNA-3A, -3B, -3C and EBNA-LP) and three latent
membrane proteins (LMP-l, - 2A and - 2B). Three forms of latent infection, referred to as
latency types 1-111, have been demonstrated in EBV-caring B-ceU lInes and EBV-
caring tumour biopsy samples. ln type-I latency, only EBNA-1 is expressed, while in
type-II latency EBNA-l is expressed together with LMP-1, -2A and -2B; in type III
latency, the latent membrane proteins are expressed with aU six EBNAs. Only a small
fraction of latently infected B lymphocytes spontaneously enters the productive cycle,
which is characterized by the co-ordinate expression of immediate early genes that
encode viral transactivators, early genes that encode enzymes involved in viral repli-
cation and late genes that encode structural proteins.

Cellular and perhaps humoral immune responses contribute to the control of primar
EBV infection and mediate the transition to asymptomatic persistence of the virus in
healthy carers. The humoral responses include the production of neutralizing antibodies
directed to the CD21-binding protein gp350/320 and antibodies directed against lytic and
latent gene products. Cells expressing type-III latency, which are detected during primar
infection, are promptly eliminated by CD8+ major histocompatibility class (MHC) I-res-
tricted cytotoxic T lymphocytes which recognize epitopes from all the latent viral
proteins except EBNA-l. Accordingly, only EBNA-l appears to be expressed in the
latently infected B cells that persist in healthy virus carers. The failure of this protein to
elicit cytotoxic T-Iymphocyte responses could be instrumental in allowing persistence of
virus-infected cells in immunocompetent hosts. CD4+ MHC class II-restricted effectors
could also play a role by producing growth inhibitory cytokines.

Few drugs are available that prevent viral replication without significant toxicity.
Acyclovir and a number of related compounds have been used successfuUy to reduce
viral replication but with no significant effect on persistent infection. Prophylactic, post-
infection and therapeutic EBV vaccination strategies are currently being developed with
recombinant subunit viral proteins and live recombinant virs vectors. The success of
this endeavour wil depend on a better understanding of the EBV life cycle and the
immune responses generated by natural infection in humans.

5.2 Human carcinogenicity

Since the large majority of the world's population is latently infected with EBV, the
mere presence of the virs in tumour tissue is insufficient evidence for its etiological
role. ln paricular, sInce B lymphocytes are a normal reservoir for latent infection, the
presence of EBV-infected lymphocytes in tumour tissue may be either incidental or an
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effect of the tumour rather than its cause. Therefore in addition to the usual criteria
(stated in the Preamble) by which epidemiologists judge the causality of association, for
EBV, other factors should be considered: (1) the proportion of EBV-positive cases in a
given tumour entity, (2) the proportion of tumour cens that car the virs in any given

case, (3) the monoclonality of EBV in the tumour (suggesting the presence of latent
infection prior to expansion of the malignant clone); and (4) the expression of EBV
proteins.

5.2.1 Burkitt' s lymphoma

Early case-control studies indicated that African patients with Burkitt' s lymphoma
had much higher titres of antibodies to EB viral capsid antigen and early antigen than
normal subjects. Moreover, a large cohort study in the West Nile district of Uganda
showed that patients who developed Burkitt's lymphoma had significantly higher titres
of antibodies to viral capsid antigen than control children between seven months and six
years before diagnosis.

The viral DNA is present in Burkitts lymphoma cens in monoclonal form. The

expression of viral proteins is almost entirely restricted to EBNA-l. The frequency of
this association between EBV and Burkitts lymphoma vares geographically. c-myc
immunoglobulin gene translocations are invariably seen in Burkitt' s lymphoma.

The importance of malara as a cofactor in the development of Burkitt' s lymphoma in
Africa was demonstrated by the coincidence of the distribution of hyperendemic and
holoendemic malara and Burkitt' s lymphoma in different geographic areas, in different
population subgroups and over time and by the reduction in the frequency of both
diseases after chloroquine prophylaxis.

The importance of EBV in the causation of Burkitts lymphoma vares in different
regions and population groups, but appears to be greatest when infection occurs in the
early years of life. The evidence suggests that EBV is an important pathogenic factor for
the development of Burkitt' s lymphoma.

5.2.2 Non-Hodgkin's lymphomas

EBV has particular importance in non-Hodgkin's lymphomas occurrng in immuno-
suppressed individuals, who are at increased risk for these malignancies. Non-Hodgkin's
lymphomas in transplant recipients and in patients with congenital immunodeficiency are
nearly always EBV -positive. ln HIV -positive subjects, EBV is uniformy associated with
primar central nervous system lymphoma and is frequently associated with systemic
lymphoma (although cases of an histological subtypes can be EBV-positive or EBV-
negative ).

EBV is strongly associated with some uncommon types of non-Hodgkin's lymphoma,
on the basis of frequent EBV positivity, a high prevalence of EBV in tumour cells, EBV
monoclonality in tumours and expression of EBV proteins. Sinonasal angiocentrc T-cell
lymphoma appears to be a malignant proliferation of EBV -infected T cells. A fraction of
other peripheral T-cell lymphomas may be EBV-related, although EBV-positive and



258 IARC MONOGRAHS VOLUME 70

EBV -negative cases are not distinguishable on the basis of histology or site of involve-
ment.

The associations with lymphomas occurrng in immunosuppressed individuals and
sinonasal angiocentric T-cell lymphoma indicate a causal role of EBV in these forms of
non-Hodgkin's lymphoma. The evidence for other types of non-Hodgkin's lymphoma is
as yet inadequate.

5.2.3 Hodgkin's disease

ln multiple specimens of Hodgkin's disease from case series, molecular evidence of
clonaI EBV genome with specifically restricted expression of latent viral proteins in the
Reed-Stemberg cells is found in 30-50% of cases. EBV genome status appears to be
uniform in involved nodes within patients and over time in those patients studied longi-
tudinall y.

The consistency of the finding of clonaI EBV and the expression of LMP-l in about
half of Hodgkin's disease cases in many patient populations throughout the world argues
strongly against a passenger role for the virus in these cases. Seroepidemiological

findings in multiple case-control studies and two cohort studies show that patients with
Hodgkin's disease can be distinguished by an altered antibody profile to EBV. The evi-
dence indicates that EBV is a causal factor in the etiology of Hodgkin's disease.

5.2.4 Nasopharyngeal carcinoma

N asopharngeal carcinoma is a rare malignancy in most populations, although very
high rates are seen in populations in southem China and more moderate rates in Inuit
populations, in other pars of Southeast Asia and in North Africa. The incidence of naso-
pharnge al carcinoma bears no relationship to age at infection (on the basis of the
prevalence of antibodies to EBV in children and adolescents) either between or withn
countres.

One cause of nasopharngeal carcinoma in high-risk populations identified previously
is Chinese-style salted fish, a carcinogen in Group 1 (lARC, 1993). Other preserved
foods and cigarette smoking have also been implicated.

Elevated immunoglobulin A antibodies to Epstein-Bar viral capsid and early antigens
are a well-established feature of undifferentiated nasopharngeal carcinoma. EBV DNA
and viral products are regularly detected in malignant cells but not in normal naso-
pharngeal epithelium.

The consistency of the molecular evidence strongly implicates EBV as a causative
factor in the etiology of nasopharngeal carcinoma: all undifferentiated nasopharngeal
carcinomas are EBV-positive, they are monoclonal with regard to EBV, and virually all
cells in each tumour also contan EBV DNA and/or EBV proteins.

5.2.5 Other tumours

EBV has been detected in the vast majority of gastrc .lymphoepithelial carcinomas
and in a high proportion of lymphoepithelial carcinomas of the lung and salvar gland.
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A smaller proportion of gastric adenocarcinomas is also EBV-associated. EBV DNA has
been detected occasionally in epithelial tumours at a wide varety of other anatomical
sites. An etiological role for EBV in lymphoepithelial and adenocarcinomas has not been
conclusively established.

Smooth-musc1e tumours in immunosuppressed individuals uniformly contain EBV,
indicating a possible causal role for the virs in this setting.

5.3 Studies of cancer in animais

The available studies in non-human primates and rodents on the pathogenesis of EBV
showed that New W orld primates (cotton-topped tamarns, owl monkeys and squirrel
monkeys), which are naturally free of EBV-like viruses, can be infected by EBV. The
pathogenesis of transformng EBV in such non-human primates vared from latent
infection, to benign lymphoproliferation, to malignancy in lymphoid tissues; non-trans-
formng EBV failed to induce tumours. Old World primates, which car their own EBV-
like virses, did not develop c1inical manifestations or tumours when inoculated with
EBV. SCID mice engrafted with EBV-positive B cells developed tumours that expressed
EBV proteins. The experimentally induced tumours were either oligoc1onal or mono-
clonaL.

Non-human primate lymphocryptovirses from a varety of Old World primates have
close homology to EBV. Each species of Old World primate may car its own EBV-lIe
herpesvirus. These herpesviruses are B-Iymphotropic and transform human and monkey
B cells. Herpesvirus papio is the only one that has been widely studied'. It is commonly
distrbuted in species of baboons and is horizontally transmitted; animaIs become

infected early in life, and the virus becomes latent. Herpesvirus papio does not appa-
rently induce tumours in the natural host or in experimentally infected non-human

primates. Herpesvirus papio and EBV -like herpesvirses from apes (gorillas, chim-
panzees and orangutans) and monkeys (rhesus, African green and cynomolgus) share
antigenic cross-reactivity among themselves and with EBV. Experimental infection of
such animaIs with EBV is therefore diffcult.

A lymphoblastoid cell line derived from a lymph node of a cynomolgus monkey
contained an EBV-like transformng herpesvirs. ln another study, a herpesvirs
(HVMF-l) isolated from cynomolgus monkeys was found to share antigenic and mole-
cular properties with EBV. HVMF-l remained latent in cynomolgus monkeys after
infection. When such latently infected monkeys were inoculated with siman immuno-
deficiency virus 1, some anmaIs developed malgnant B-celllymphomas that contained
EBV-like virus. This experimental lymphoma may offer a good model for the study of
EBV tumorigenesis in patients with AIS.

5.4 Other relevant data

EBV infection of primar B lymphocytes in vitro efficiently induces cell immorta-
lization into permanent celllines. Ths is the only system available for the identification,
characterization and functional analysis of virally encoded proteins associated with
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immortalization. Altogether, 13 viral genes have been found to be expressed in the
immortalized lymphocytes. The phenotype of the EBV-transformed B lymphocyte
suggests that the effect of viral protein expression mimics that of antigen-driven lym-
phocyte activation. The immortalization-associated viral proteins regulate maintenance
of episomal viral DNA and viral gene expression, drive cellular proliferation and block
apoptosis.

5.4.1 Burkitts lymphoma

The experimental evidence strongly suggests that malara and early EBV infection are
both important factors in increasing the risk for Burkitt' s lymphoma in young African
children.

Cell proliferation in Burkitt's lymphoma is dnven by constitutive c-myc activation
due to translocations involving the proto-oncogene and one of the immunoglobulin loci.
The translocation is the consequence of an aberrant recombination process, which can
occur in conjunction with VDJ rearangement or immunoglobulin switching. EBV-
driven cell proliferation, immune dysregulation caused by malara, including chronic T-
helper-2 stimulation of B cells, and chronic antigen exposure all contrbute to the B-cell
hyperplasia seen in people at risk for endemic Burkitt' s lymphoma. Chronic B-Iym-
phocyte hyperplasia increases the target cell population for aberrant recombination. The
results of studies in experimental animals support a role for malara as a cofactor in
tumorigenesis.

Similar considerations apply to the pathogenesis in patients with AIDS, although the
cofactor malara is replaced by HIV infection leading to immune dysregulation. The
resulting B-cell hyperplasia increases the risk for translocations at the premalignant
stage. As in other Burkitt' s lymphomas, c-myc-immunoglobulin translocations are inva-
nably present in AIDS-associated Burkitt's lymphoma, whereas the prevalence of EBV
infection vares. The EBV -positive cases express a type 1 latency programme.

The Burkitt's lymphoma cell has the phenotype of a germnal-centre cell. The consti-
tutive c-myc expression prevents its potential entry into a resting state. The EBV type 1
latency programe and down-regulation of MHC class 1 ensure immune evasion.

5.4.2 Non-Hodgkin's lymphomas and lymphoproliferation

The risk of acquinng EBV-positive B-cell lymphomas increases dramatically in
patients who are immunosuppressed due to primar genetic disorders, immunosup-
pressive therapy in transplant recipients and patients with AIDS. These lymphomas
include non-Hodgkin's lymphomas of the diffuse, large B-cell type and, less frequently,
of the Burkitt's lymphoma type. ln these disorders, a range of conditions has been
described, from polyclonal lymphoproliferation to oligoclonal and monoclonal mali-
gnancies. This may reflect a progressive situation, with an initial EBV -driven proli-
feration leading eventually to the outgrowth of fully malgnant lymphoma. ln the predo-
minant large B-celllymphoma types, types-II and -III latency are the most commonly
detected patterns of EBV gene expression. It is therefore conceivable that the viral trans-
formng genes drive cell proliferation and contrbute to subversion of apoptosis in proli-
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feration or malignancies. ln the development of monoclonal conditions, additional
cellular genetic changes have been observed at variable frequencies, which contribute to
tumour progression. These include activation of autocrine and paracrine loops with the
cytokines interleukin-6 and interleukin-l0. The complex immunosuppression seen in
these conditions is instrumental in pathogenesis and progression.

The T-cell lymphomas present a heterogeneous situation. EBV is detected at high
frequency in many types of T -celllymphomas. Monoclonality has been demonstrated in
paricular in sinonasal angiocentric T -cell lymphoma, providing one piece of evidence
for a role of EBV in their pathogenesis. ln other types, EBV gene expression is seen in
only a minority of the cells in the tumour. There are few experimental data on the role of
EBV in T-cell malignancies, including how and when EBV enters such cells and the
effects of EBV transformation-associated proteins on T-cell proliferation and survivaL.

5.4.3 Hodgkin's disease

ln-situ hybridization has disclosed the presence of the virus in virually aH tumour
cells in EBV -positive cases, consistent with the detection of monoclonal EBV genomes
in DNA extracted from most Hodgkin's disease tissues. These findings indicate that EBV
infection of Hodgkin-Reed-Sternberg cells takes place before clonaI expansion. The
presence of EBV and the expression of type II-Iatency genes in these cells has been
correlated with increased expression of lymphocyte activation antigens and with
decreased expression of CD20 B-cell antigen. Of paricular relevance is the association
of EBV infection with the expression of cytokines such as interleukins 6 and 10 and in
Hodgkin-Reed-Sternberg cells. Although Hodgkin's disease patients with EBV-positive
tumours show a good, EBV-specific cytotoxic T-lymphocyte response in blood lym-
phocytes, the tumour-infiltrating lymphocytes lack EBV-specific activity and may thus
be suppressed by the tumour cells. The available evidence strongly implicates the virus
as a factor in the pathogenesis ofEBV-positive Hodgkin's disease.

5.4.4 NasopharyngeaZ carcinoma

EBV is detected in aH undifferentiated nasopharngeal carcinomas, and viral DNA is
present in a monoclonal form in every malignant cel!. The tumour cells show a type-II
pattern of latency of gene expression; however, LMP-l is not detected in all tumours.
Some evidence has been provided for infection of nasopharngeal carcinoma in situ. The
viral genes expressed affect cell growth and differentiation, but tumour progression must
involve one or several additional changes in cellular genes. The establishment of pre do-
minantly non-permssive infection in epithelium could be an important event that leads to
the development of nasopharngeal carcinoma.

Studies in experimental anmaIs strongly support the epidemiological finding that a
diet containing salted fish is an important cofactor, but the mechansm is unkown.
Several additional somatic genetic alterations have been described in nasopharngeal
carcinoma, which may contrbute to the predominance of a specific clone or to tumour
progression. Cases of familial aggregation have been well documented, but susceptibility
genes for this cancer have not been investigated.
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5.4.5 Other malignancies, including lymphoepithelial carcinomas

EBV is strongly associated with some other tumours. These include lymphoepithelial
carcinomas of the stomach, the salivar glands and the lungs. EBV has also been
identified in a sma11 but consistent proportion of gastrc adenocarcinomas. ln all cases
analysed, monoclonal viral genomes have been found, indicating the presence of EBV
before the onset of proliferation of the malignant cell clone. ln contras t, the patterns of
EBV latent gene expression are varable, type-I latency being prevalent in the gastrc
carcinomas and type-II latency in lymphoepithelial carcinomas at other sites. This
implies different contributions of EBV to these neoplastic processes.

5.5 Evaluation

There is suffcient evidence for the carcinogenicity of EBV in the causation of
Burkitt's lymphoma, sinonasal angiocentrc T-cell lymphoma, immunosuppression-

related lymphoma, Hodgkin's disease and nasopharngeal carcinoma.

EBV is carcinogenic to humans (Group 1).
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1. Virus-Host Interactions

1.1 Taxonomy, structure and biology

1.1.1 Taxonomy

A new human herpesvirs was detected by Chang et al. (1994) in Kaposi's sarcomas
associated with the acquired imune deficiency syndrome (AIDS; see IARC, 1996) by
representational difference analysis. As it is detectable in virtally aU cases of all the

epidemiological forms of Kaposi's sarcoma, it is known as Kaposi's sarcoma-associated
herpesvirs (KSHV). Recent seroepidemiological findings (see below) support a strong
association between Kaposi's sarcoma and infection with this virs. ln keeping with the
nomenclature adopted for the two other recently discovered human herpesvirses (HHV),
HHV6 and 7, however, and to allow for the fact that this virus is also associated with
primar effusion lymphoma (body cavity-based lymphoma) and some cases of multi-
centrc Castleman's disease, the formaI designation human herpesvirus 8 (RHV8) was
proposed by the herpesvirs subcommttee of the International Comrttee on the
Taxonomy of Viruses. ln this monograph, the term KSHV /RHV8 is used throughout to
accommodate the two nomenclatures.

On the basis of phylogenetic analyses (Moore et aL., 1996a; Russo et al., 1996),
KSHV/RHV8 is a gama-2 herpesvirus (rhadinovirs; see Table 2 in the Introduction)
and represents the first 'human' member of this group. Of the rhadinovirses of other
species, KSHV /H8 appears so far to be most closely related to Herpesvirus saimiri
and Herpesvirus ateles, two rhadinovirses of New World monkeys, two herpesvirses
of two macaque species, Macaca nemestrina and Macaca mulatta, murid herpesvirs 4
and bovine herpesvirs 4 (see Section 3).

1.1.2 Structure

1.1.2.1 Morphology

KSHV /RV8 has been shown to have some of the typical morphological charac-
teristics of a herpesvirs in electron micrographs of KSHV 1H8-infected primar
effsion lymphoma ceU lines (Arantaks et aL., 1996; Renne et aL., 1996a; Said et aL.,
1996a), a transiently infectedkidney-celllie (Foreman et aL., 1997) and biopsy samples
of Kaposi's sarcomas (Walter et aL., 1984; Ioachim, 1995; Orenstein et aL., 1997)
(Figure 1), with 100150-nm paricles surounded by a lipid envelope and an electron-
dense central core (Renne et aL., 1996a). Capsid substrctures, such as ring-shaped

capsomers of approximately 9 nm in diameter aranged in linear arays, have also been
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observed in viral preparations (Arvanitakis et al., 1996; Said et aL., 1996a). Herpesviral
paric1es have been observed in two Kaposi's sarcoma biopsy specimens (Walter et al.,
1984; Orenstein et al., 1997). Hexagonal intranuclear capsids of 110 nID in diameter,
with or without an internaI core, and mature envelope virions of 140 nm in diameter
located mainly within cytoplasmic cistemae and vacuoles were seen in these samples
(Orenstein et al., 1997) and are likely to represent KSHVIHHV8 paric1es. Before the
discovery of KSHVIHHV8 (Chang et aL., 1994), herpesvirs paric1es were described in
short-term cultures from Kaposi's sarcoma lesions (Giraldo et aL., 1972); however, these
were later identified as cytomegalovirus (CMV) (Giraldo et aL., 1980).

Figure 1. Electron microscopic view of KSHV /HHV8 capsid
structure surrounded by a lipid envelope with an electron-
dense central core representing viral DNA

1.1.2.2 Genomic structure and properties of gene products

The genomic structure of the virs (Russo et aL., 1996; Neipel et aL., 1997a) is similar
to that of Herpesvirus saimiri (HVS) (Albrecht et aL., 1992), with a single, contiguous
140.5-kb long unique region containing all identified coding regions(Russo et aL., 1996;
Neipel et aL., 1997a; Figure 2). This region is flaned on either side by a varable length
termnal-repeat region composed of repeat units with a high G:C (84.5%) content, of
approximately 800 base pairs.
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Figure 2. Annotated long unique region and termnal repeats of the KSHV genome
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The size of the KSHV IHHV8 genome is calculated to be approximately 165 kb on the
basis of studies of the genome banded from productive primar effusion lymphoma cells
(Aranitaks et al., 1996; Renne et aL., 1996b) and confrmed by Gardella gel electro-

phoresis (Decker et aL., 1996) and mapping of the whole genome (Russo et al., 1996).
Larger estimates made earlier (- 270 kb) (Mesri et al., 1996; Moore et aL., 1996a) were
based on analyses of the primar effusion lymphoma-derived BC-l cell line, which
contains a large (~ 30 kb) genomic duplication. This genomic duplication was also found
in another cell line, independently derived from the same tumour, and may therefore
have been present in the parental lymphoma (Russo et aL., 1996).

(a) Terminal-repeat region

The termnal-repeat region is a conserved feature of herpesvirses and is involved in
packaging of the viral DNA into new virions during the lytic cycle of replication.
KSHV/H8 has approximately 30 termnal-repeat units. ln the BC-l strain, insertions
of long unique region fragments have been observed in the termnal repeats. None of the

open reading frames (ORFs) present in the Epstein-Bar virus (EBV; see monograph on
Epstein-Bar virs) have so far been identified within the termnal-repeat region of
KSHV IHHV8. Hybridization with the termnal-repeat region used as a probe is a sen-
sitive method for detecting viral DNA (Russo et al., 1996). ln EBV, circularzed viral
genomes in latently infected cells maintan the length of their termnal repeats, and the
presence of a clonaI cell population arsing from a single latently infected cell can there-
fore be demonstrated by Southern blot analysis with restrction enzymes that do not cut
into the termnal repeat (Raab-Traub & Flynn, 1986). The restrction enzyme Taq 1 fre-
quently cuts within the long unique region of the KSHV IHHV8 genome but not within
the termnal repeat (Russo et al., 1996). The potential application of this approach to
determne the clonality of Kaposi's sarcoma lesions is discussed in section 4.1.1.

The mechansm of replication of KSHV IHHV8 is probably similar to that of other
herpesviruses (Roizman, 1993), in which the genome is replicated as a rollng circ1e,
monomeric genomes being cleaved withn the termnal-repeat region to form linear
genomes. Sequences homologous (similar) to HVS packaging and cleaving sites are
present in the termnal-repeat unit sequence (Russo et aL., 1996). Linear genomes are
packaged into virons, as demonstrated by pulse-field and Gardella gel electrophoresis
studies of viral paricles (Renne et al., 1996b), and most likely recircularze at the
termnal repeat afer entr into the recipient cell.

(b) Long unique region

The 140.5-kb KSHV/H8 long unique region is larger than the corresponding
regions of HVS and EBV, encoding at least 81 predicted O:Rs (Russo et al., 1996;
Neipel et aL., 1997a). The ORFs were named according to the eorresponding HVS genes
with which they share a significant level of homology. Unique genes that are not
homologous with HVS have a K prefix. It is likely that additional genes and altematively
transcribed ORFs wil be identified experlentally. The long unique region has blocks of
genes conserved among all. subfamlies of herpesvirses (Chee et aL., 1990), which
include genes that encode herpesvirs strctural proteins and replication enzymes.
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Homologues to several major herpesvirus glycoproteins (gB (encoded by ORF 8), gH
(ORF 22), gM (ORF 39) and gL (ORF 47)) are encoded by KSHV/HHV8; and conserved
capsid proteins (major capsid protein (ORF 25), VP23 (ORF 26)), other capsid proteins
encoded by ORFs 17, 43 and 65, tegument proteins encoded by ORFs 19, 63, 64, 67 and
75, replication enzymes (DNA polymerase (ORF 9), helicases (ORFs 40, 41 and 44),
DNA replication proteins (ORFs 56 and 59)) and enzymes involved in nucleic acid meta-
bolism (thymidylate synthetase (ORF 70), thymidine kinase (ORF 21), uracil glucosidase
(ORF 46), dUTPase (ORF 54), ribonucleotide reductases (ORFs 60 and 61)) are found in
the long unique region (Russo et al., 1996; see Table 1). These conserved proteins are
likely to play an important role during the lytic replication cycle of KSHV IHHV8.

Between the conserved herpesvirus gene blocks lie blocks of genes that are either
found only in rhadinoviruses or are unique to KSHVIHHV8 (Russo et al., 1996). The
majority of genes in thIs category share significant sequence similarty with cellular
genes and were presumably pirated at some point during the evolution of these viruses.
Thus, KSHVIHHV8 encodes a complement binding protein (encoded by ORF 4) that is
related to a family of mamalian complement regulatory proteins and a similar protein
in HVS, an interleukin (IL)-6 homologue (ORF K2) which is unique to KSHVIHHV8,
two chemokine homologues related to macrophage inflaratory protein (MIP)-la (viral

(v)-MIP-I and v-MIP-II; encoded by ORFs K6 and K4), a possible third chemokine
homologue (encoded by a putative ORF K4.i), a bcl-2 homologue (ORF 16), a

homologue of intederon regulatory factor (v-IRF; ORF K9), a homologue of aD-type
cyclin (v-cyclin; ORF 72), an adhesion molecule homologue (OX-2; ORF K14) and a
chemokine receptor homologue (ORF 74) (Russo et aL., 1996; Cesaran et al., 1996a;
Neipel et aL., 1997a,b; Nicholas et aL., 1997a,b). Also in this category are several proteins
of unkown function: Unique to KSHVIHHV8 are the putative type-I transmembrane
protein encoded by ORF Ki and a putative small hydrophobic protein ('kaposin')
encoded by ORF K12. Also found in some (e.g. HVS, bovine herpesvirus 4 (BHV-4),
murine herpesvirus 68 (MHV -68)), but not other (e.g. equine herpesvirus 2) rhadino-
viruses, is the latency-associated nuclear antigen (LANA) protein encoded by ORF 73
(Russo et aL., 1996; Neipel et al., 1997a; Rainbow et al., 1997). The probable function of
these genes in the virus life cycle and tumour formation is discussed in section 4.1.

1.1.3 Strain variation

As expected for a DNA virus, different KSHV IHHV8 isolates have highly conserved
genomes. Several paral and complete genomic KSHV IHHV8 sequences have recently
been reported for viruses found in both Kaposi' s sarcoma lesions and primar effusion
lymphoma cell lines, which are highly conserved (Russo et aL., 1996; Moore et al.,
1996a; Nicholas et aL., 1997a; Neipel et aL., 1997a). A comparson of a 20-kb region
sequenced from both a Kaposi' s sarcoma lesion and a primar effusion lymphoma cell
line showedless than 0.1 % nucleotide varation (Russo et al., 1996). Several groups håve
reported a limited degree of sequence varation in ORF 26 (Boshoff et aL., 1995a;
Collandre et aL., 1995; Huang et aL., 1995; Moore & Chang, 1995; Marchioli et al., 1996;
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Table 1. KSHVIHHV8 open reading frames (ORFs) with homology to genes in other herpesviruses

Name Pol. Star Stop Size KSHV IHHV8 YS. HVS KSHVIHHV8 YS. EBV Putative function
(aa)

% Sim. % Id. EBV name % Sim. % Id. 

KI + 105 974 289
ORF4 + 1142 2794 550 Complement binding protein
(to 4a) 45.3 31.2
(to 4b) 46.4 34.0 -

~ORF6 + 3210 6611 1133 74.1 55.2 BALF2 65.6 42.1 Single-strand DNA binding
~protein
s:ORF7 + 6628 8715 695 65.0 44.7 BALF3 59.9 41.3 Transport protein 0ORF8 + 8699 Il 236 845 72.5 54.9 BALF4 62.1 42.6 Glycoprotein B Z

ORF9 + Il 363 14401 1012 77.6 62.1 BALF5 70.9 55.6 DNA polymerase 00
ORF 10 + 14519 15775 418 50.4 26.2

~ORF Il + 15 790 17013 407 49.4 28.9 Raji LF2 44.4 27.9 ."
K2 - 17875 17261 204 IL-6 homologue :i

íZ
ORF 02 - 18553 17 921 210 65.8 48.4 Dihydrofolate reductase -:
K3 - 19609 18 608 333 BHV-4-IE1 homologue 0

t"ORF 70 - 21 104 20091 337 79.5 66.4 Thymidylate synthase c:
K4 - 21 832 21 548 94 v-MIP-II s:
K5 26 483 25713 257 BHV-4-IE1 homologue

m- ..
K6 - 27 424 27 137 95 v-MIP-I 0
K7 + 28 622 29 002 126
ORF 16 + 30 145 30 672 175 50.0 26.7 BHRFI 46.3 22.8 Bc1-2 homologue
ORF 17 - 32 482 30 821 553 60.3 42.9 BVRF2 58.8 34.3 Capsid protein
ORF 18 + 32 424 33 197 257 70.6 48.4
ORF 19 - 34 843 33 194 549 62.8 43.8 BVRFI 62.5 42.0 Tegument protein
ORF 20 - 35 573 34 611 320 59.6 42.7 BXRF 1 54.7 34.6
ORF 21 + 35 383 37 125 580 50.9 32.5 BXLF 1 50.7 28.2 Thymidine kinase
ORF 22 + 37 113 39 305 730 53.9 35.1 BXLF2 48.3 26.5 Glycoprotein H
ORF 23 - 40516 39302 404 57.4 33.7 BTRF 1 51.0 31.0
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Table' 1 (contd) 

Name Pol. Start stop Size KSHVtHHV8 vs. HVS KSHVEUW8 vs. EBV Putative function 
(aa) 

% Sim. % Id. EBV name % Sim. %Id. 

K8 + 74 850 75 569 239 
ORF52 - 77 197 76 802 131 50.0 33.3 BLRM 54.6 36.9 
ORF53 - 77 665 77 333 110 59.6 36.0 BLRFl 58.1 40.9 
ORF54 . + 77 667 78 623 318 55.0 35.5 BLLF3 53.7 32.4 dUTPase $ 
ORFSS - 79448 78 765 227 64.4 46.4 BSRFl 61.6 44.0 

BSLFl 56.6 35.4 DNA replication protein 
% 

ORF56 + 79436 81 967 843 62.5 44.3 
45.1 22.0 Immediate-early protein 

K 
ORF57 + 82 717 83 544 275 56.9 31.5 BMLFl 0 

- v-IRF1 
z 

K9 85 209 83 860 449 0 
KlO - 88 164 86074 696 
K l I  - 93 367 91 964 467 
ORF58 - 95 544 94 471 357 55.9 28.7 BMRFZ 50.6 25.3 

28.3 DNA replication protein 

! z 
ORF59 - 96739 95 549 396 54.1 32.3 BMRFl 50.7 V, 

ORF60 - 97 787 96 870 305 79.3 64.6 BaRFl 74.8 
C 57.3 Ribonucleotide reductase, small 

ORF61 - 100 194 97816 792 69.4 52.4 BORF2 64.1 43.6 Ribonucleotide reductase, large 
ORF62 - 101 194 100 199 331 64.6 40.2 BORFl 57.7 34.7 AssemblylDNA maturation 
ORF63 + 101 208 103 994 927 53.1 32.1 BOLFl 47 .O 24.5 Tegument protein 2 trI 

ORF64 + 104 000 111 907 2 635 50.1 29.7 BPLFl 46.6 26.1 Tegument protein .I o 

ORF65 - 112443 111931 170 60.4 40.3 BFRF3 49.4 27.8 Capsid protein 
ORF66 - 113 759 112470 429 58.7 34.7 BFRF2 50.0 28.0 
ORF67 - 114 508 113 693 271 71.8 53.0 BFRFl 62.8 39.5 Tegument protein 
ORF68 + 114 768 116 405 545 64.7 45.4 BFLFI 58.3 36.2 Glycoprotein 
ORF69 + 116 669 117 346 225 71.1 53.6 BFLF2 60.7 41.7 
K12 - 118 101 117919 60 Kaposin 
K13 - 122 710 122 291 139 
ORF72 - 123 566 122793 257 53.0 32.5 Cyclin D homologue 
ORF73 - 127 296 123 808 1 162 51.2 31.8 Immediate-early protein 
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PoL., polarty; aa, amino acid; % Sim., percentage similar; % Id., percentage identica1; ss, single-stranded; IL, interleukin; v, viral; MIP, macro- ==
phage inflamatory protein; lE, immediate-early; IRF, interferon regulatory factor; FGARAT, N-formylglycinamide ribotide amidotransferase tI

~tI
CI
~
ê
CI
00

Table 1 (contd)

Name PoL. Star Stop Size KSHV /H8 vs. HVS KSHV /HHV8 vs. EBV Putative function
(aa)

% Sim. % Id. EBV name % Sim. % Id. 

K14 + 127 883 128 929 348 OX-2 membrane glycoprotein
homologue

ORF 74 + 129 371 130 399 342 57.8 34.1 G-Protein coupled receptor
ORF 75 - 134 440 130 550 1296 54.8 36.3 BNRFl Tegument protein/GARA T
K15 - 136 279 135977 100

v.
00v.
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Zong et aL., 1997). ln companson with the corresponding genes in EBV and HVS,
ORF 26 is among the more highly conserved genes and is therefore probably not a very
informative locus (Moore et al., 1996a). Limited sequence varation has also been found
within two regions of ORF 75. ln a combined analysis of several genomic regions, Zong
et aL. (1997) found up to 1.5% overall nucleotide variation between isolates, which can
be grouped into three different main varants, provisionally termed A, Band C. The high
concentration of sequences in the genome in homosexual men in the United States
suggests the recent introduction of predominant strains of KSHV IHHV8; however,
further sequence and phylogenetic analyses are required to confirm this conclusion.

ln HVS, the greatest degree of sequence variation between different isolates is found
towards the left end of the genome, in a region that encodes the STP and Tip genes,
which are essential for the transformation of T cells by this virus (Albrecht et al., 1992).
A comparative analysis of the KSHVIHHV8 sequence shows that ORF KI of KSHV/-
HHV8, located at the left end of the genome, may var more than the structural genes
studied so far (Russo et al., 1996; Lagunoff & Ganem, 1997; Neipel et aL., 1997a).

1.1.4 Host range

Humans appear to be the natural host for KSHV IHHV8. Recent seroepidemiological
data (see below) indicate that KSHVIHHV8 is more prevalent in some regions (e.g.
Africa, southern Europe) than in northem Europe and the United States (Gao et al.,
1996a; Kedes et aL., 1996; Lennette et aL., 1996; Simpson et aL., 1996). Whether KSHV/-
HHV8 was recently introduced into the human population or is an ancient human herpes-
virus remains to be determned.

No published evidence for natural infection of animal species by KSHV IHHV8 is
currently available. The tropism of KSHV IHHV8 for individual cell lineages is discussed
in section 1.1.6.

1.1.5 Related non-human viruses

The phylogenetic relationship of KSHV IHHV 8 to other rhadinoviruses is shown in
Figure 3. As discussed in Section 3, KSHVIHHV8 is closely related to Herpesvirus
saimiri of squirrel monkeys and to other rhadinoviruses of cattle and mice. Captive
macaques belonging to two species, M. nemestrina and M. mulatta, have been shown to
harbour two distinct viruses which are closely related to KSHVIHHV8 (Rose et al.,
1997) (see Section 3).

1.1.6 Tropism and persistence in infected cells in vivo

KSHVIHHV8 has been detected by the polymerase chain reaction (PCR), PCR-in-
situ hybridization or conventional in-situ hybridization and immunohistochemistry, in
endothelial and spindle cells of Kaposi' s sarcoma lesions, in circulating endothelial cells,
primar effusion lymphoma cells, B cells, macrophages, dendrtic cells and prostatic
glandular epithelium (Ambroziak et al., 1995; Boshoff et aL., 1995b; Cesaran et aL.,
1995a; Moore & Chang, 1995; Corbellno, 1996a; Li et aL., 1996; Moore et aL., 1996b;
Rainbow et aL., 1997; Sirian et aL., 1997; Staskus et aL., 1997; Stürzl et aL., 1997).
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Figure 3. Phylogenetic trees of KSHV based on comparison of aligned amino-acid
sequences in herpesviruses for the MCP gene and for a concatenated nine-gene set
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From Moore et aL. (l996a)
PRV, pseudorabies virs; VZV, varcella-zoster virs; HCMV, human cytomegalovirus; HHV6 and
HHV7, human herpesviruses 6 and 7.
(A) MCP sequences were compared by the neighbour-joining method. The sequence is shown in un-
rooted form, with branch lengths proportion al to divergence (mean number of substitution events per
site) between the nodes bounding each branch. Comparable results (not shown) were obtained by
maximum-parsimony analysis. The number of times (of 100 bootstrap samplings) that the division indi-
cated by each internaI branch was obtained is shown next to each branch; bootstrap values below 75 are
not shown.

(B) Phylogenetic tree of gammaherpesvirs sequences based on a nine-gene set demonstrates that
KSHV is most c10sely related to the gama-2 herpesvirs sublineage, genus Rhadinovirus. The amno-
acid sequence was used to infer a tree by the Protm maximum-lielihood method; comparable results
(not shown) were obtained with the neighbour-joining and maximum-parsimony methods. The bootstrap
value for the central branch is marked. On the basis of the MCP analysis, the root must lie between EBV
and the other three species.
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1.1.6.1 Persistence and gene expression in infected endotheUal cells

Experiments with PCR-in-situ hybridization indicate that KSHV /RHV8 can infect
the atypical endothelial cells lining the ectatic vascular spaces in Kaposi' s sarcoma
lesions and endothelial tumour (spindle) cells of fully developed, nodular Kaposi's

sarcoma lesions, but is not generally present in normal endothelial cells (Boshoff et aL.,
1995b; Li et aL., 1996). This has been confired by microdissection (Boshoff et aL.,
1995b). More recently, in-situ hybridization (Staskus et al., 1997) and immunohisto-
chemistry with LANA (Rainbow et aL., 1997) have been used to confirm KSHV/RHV8
gene expression in Kaposi's sarcoma spindle cells within tumours. KSHVIHHV8 esta-
blishes a persistent infection in most of these spindle cells, as demonstrated by the
expression of genes ORF K12, ORF 72 and ORF 73 (Rainbow et aL., 1997; Staskus et aL.,
1997; Stürzl et aL., 1997). These genes are expressed in latently infected primar effusion
lymphoma cell lines, and their expression is not increased by agents known to induce
lytic viral replication (Cesaran et aL., 1996a; Renne et aL., 1996a). ORF 72 encodes a
homologue of mamalian D-type cyclins shown to be functionally active in phospho-
rylating the retinoblastoma tumour suppressor protein (Rb) in association with cyclin-
dependent kinases (Chang et aL., 1996a; Li et al., 1997). ORF 73 encodes LANA, the
function of which is stil unkown (Rainbow et aL., 1997), and ORF K12 may encode a
small 60-arno acid, hydrophobic protein (Zhong et al., 1996), also of unkown
function. The KSHVIHHV8 homologue to IL-6 (encoded by ORF K2) is expressed
during latency in primar effusion lymphoma, but is not generally expressed in Kaposi' s
sarcoma lesions (Moore et aL., 1996b).

The atypical flat endothelial cells that are found in nodular Kaposi' s sarcoma and in
the early stages (patch) of the disease have so far been found to express only the latent
ORF K12/T0.7 transcript (Rainbow et al., 1997; Staskus et al., 1997; Stürzl et al., 1997);
however, as ORF K12/TO.7 transcripts are paricularly abundant in both primar effusion
lymphoma cell lines and Kaposi's sarcoma lesions (Renne et aL., 1996a; Zhong et aL.,
1996), it is at present unclear whether ORFs 72 and 73 are not expressed in endothelial
cells or only more weaky expressed. A subpopulation (approximately 10%) of Kaposi' s
sarcoma spindle cells also expresses a polyadenylated nuclear RNA, Tl.l, which may not
encode a protein and is abundantly expressed in primar effusion lymphoma cell lines
induced into lytic replication (Renne et aL., 1996a; Sun et aL., 1996; Zhong et aL., 1996;
Staskus et al., 1997). The distrbution pattern of T1.1-expressing cells in Kaposi's

sarcoma tissue is similar to that of a few lytically infected spindle cells, which can be
defined by their expression of rnA for the major capsid protein (encoded by ORF 25)
(Staskus et al., 1997). Expression of Tl.l may therefore be indicative of lytic replication
withn Kaposi' s sarcoma lesions. Ths suggests that a subpopulation of the spindle cells
can produce KSHV /H8 virons, as suggested by three reports describing the presence
of intranuclear herpesvirs-like paricles of 120 nm in diameter or intranuclear inclusions

cllaiacteristic ofherpesvirses in Kaposi's sarcoma tissues (Walter et al., 1984; Ioachim,
1995; Orenstein et al., 1997). ln addition to these viral genes, ORF 74, which encodes a
homologue of a mamalian chemokine receptor, has been found to be expressed in

kajo
Pencil

kajo
Pencil
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Kaposi's sarcoma lesions by reverse transcriptase (RT)-PCR (Cesaran et aL., 1996a),
but the cell type that expresses thIs gene has not yet been identified.

Several independent lines of evidence therefore suggest that KSHV IHHV8 infects and
persists in spindle cells in vivo. ln contrast, all primar cell cultures established from
Kaposi's sarcoma lesions lose detectable KSHVIHHV8 (Ambroziak et al., 1995; Lebbé
et aL., 1995; Aluigi et al., 1996; Flamand et aL., 1996), and few cultures have been
reported to maintain detectable KSHV IHHV8 for several passages (Lebbé et aL., 1995;
Aluigi et al., 1996). Two permanent Kaposi's sarcoma cell lines that are tumorigenic in
severe combined immunodeficiency (SCID) and nude mice and contain chromos omal
abnormalities (Siegal et aL., 1990; Lunardi-Iskandar et al., 1995) also lack detectable
KSHVIHHV8 (Flamand et aL., 1996).

1.1.6.2 Persistence in haematopoietic ceUs

The most highly expressed KSHV IHHV8 transcripts in primar effusion lymphoma
cell lines are polyadenylated transcripts that encode ORF K12 (T 0.7) and a nuclear
untranslated RNA (T1.1) (Renne et aL., 1996a; Sun et aL., 1996). The ORFs 16 (bcl-2), 72
(CV-cyc), 73 (LANA), 74 (v-GCR), K2 (v-IL-6), K4 (v-MIP-II), K6 (v-MIP-l) and K9 (v-
IRF) are also expressed in primar effusion lymphoma cell lines but at lower levels
(Cesaran et al., 1996a; Moore et aL., 1996b; Rainbow et al., 1997; Sarid et aL., 1997). A
polyclonal antibody mono-specific for v-IL-6 has been used to demonstrate expression of
thIs viral cytokine in KSHV IHHV8-infected haematopoetic cells in lymph nodes and in
uninduced primar effusion lymphoma celllines. Expression of v-IL-6, v-MIP-I, v-MIP-
II and v-IRF can be induced by treatment with phorbol esters (Moore et al., 1996b).
Limited data are available on the persistence of KSHV IHHV8 in peripheral blood mono-
nuc1ear cells (PBMC); B cells and macrophages may harbour KSHV /RHV8 genomes
(Ambroziak et aL., 1995; Sirian et aL., 1997). The presence of circular and linear
KSHV/RHV8 genomes in PBMC was reported in one study, reflecting the presence of
both latently and productively infected cells (Decker et al., 1996).

1.1.6.3 Presence in other tissues

Several studies suggest the presence of KSHV /RHV8 in prostatic tissues of some
infected men (Monini et aL., 1996a; Corbellno et al., 1996b; Staskus et aL., 1997; see
section 2.1.3), and KSHV/RHV8 is preferentially detected in semen rather than sperma-
tocytes, suggesting secretion into seminal fluids (Monini et al., 1996a; Howard et al.,
1997), although it cannot be exc1uded that KSHVIHHV8-infected mononuclear cells
occasionally represent the source of KSHV /H8 in semen. ln a survey of tissues from
AIS patients with Kaposi' s sarcoma, Corbellno et al. (1996b) found that prostate
tissues harboured the viral genome, suggesting that the prostate is a major site of infec-
tion in these patients. ln-situ hybridization of prostatic glandular epithelium for a latent
KSHV/H8 gene showed that viral gene expression is common in prostate biopsy
samples from men without Kaposi's sarcoma (Staskus et al., 1997), lending support to
the supposition that the virs is widely dissemIated in the healthy male population.
Studies by PCR have not shown that prostatic tissue from men without Kaposi' s sarcoma



388 IARC MONOGRAHS VOLUME 70

is infected with KSHVIHHV8 (Corbellno et aL., 1996c; Tasaka et aL., 1996; Blackbourn
& Levy, 1997; Rubin et aL., 1997).

It was suggested in one report that dorsal root ganglia in patients with AIDS and
Kaposi's sarcoma harbour viral DNA (Corbellno et al., 1996a).

KSHV IHHV8 has been detected in sputum, saliva, throat washing and broncho-
alveolar lavage fluid, predominantly in patients with Kaposi's sarcoma (Howard et aL.,
1995; Boldogh et aL., 1996; Koelle et aL., 1997).

1.2 Methods of detection

1.2.1 Nucleic acids

PCR is widely used to detect KSHV IHHV8 in clinical samples. The virus is detected
consistently by PCR in biopsy samples from all epidemiological forms of Kaposi' s
sarcoma, including that in AIDS patients (Chang et al., 1994), in persons who are not
infected with human immunodeficiency virus (HIV) ('classic' Kaposi's sarcoma), in both
Mediterranean countries and other geographical regions (Boshoff et aL., 1995a; Dupin
et al., 1995a; Moore & Chang, 1995; Schallng et aL., 1995; Chang et aL., 1996b;
Buonaguro et al., 1996; Luppi et aL., 1996a; Noel et al., 1996), in iatrogenically immuno-
suppressed transplant recipients (Boshoff et al., 1995a; Buonaguro et aL., 1996; Noel
et aL., 1996) and in HIV-negative homosexual men (Boshoff et al., 1995a; Moore &
Chang, 1995). Unaffected tissues proximal to Kaposi's sarcoma lesions are more likely
to have detectable viral genome than more distant tissues (Chang et aL., 1994; Boshoff
et aL., 1995a; Dupin et aL., 1995a; Moore & Chang, 1995), suggesting that the virs is
localized primarly to Kaposi' s sarcoma lesions; however, it is also found in undiseased
tissues, as discussed above.

The detection rate of KSHVIHHV8 DNA in all forms of Kaposi's sarcoma was about
95% in over 500 cases tested by PCR by numerous groups (for review, see Ols en &
Moore, 1997; see Table 3 in section 2.1.3). A specific signal is almost always detected by
PCR in DNA extracted from fresh or frozen Kaposi's sarcoma tissue samples after 30-35
amplification cycles. Detection can be enhanced by Southem blotting for the PCR
product, but this does not reduce the likelihood of a false-positive result due to contami-
nation. Formaldehyde-fixed, paraffin-embedded Kaposi's sarcoma tissue must often be
tested by nested PCR in order to obtain a positive signal; this also dramatically increases
the likelihood for intraexperimental contamnation. It has been suggested that the PCR
detection rate also depends on the histological stage of a Kaposi' s sarcoma lesion and is
higher in plaque and fully developed nodular lesions than in early patch lesions (Noel
et al., 1996). It has also been suggested that a decrease in viral DNA may precede the
regression of Kaposi's sarcoma lesions in iatrogenically immunosuppressed patients, but
these findings must be confired in larger case series (Aluigi et al., 1996). As discussed
in more detail in section 1.3, KSHVIHHV8 is also detected consistently in primar
effusion lymphoma and some cases of multicentric Cast1eman' s disease, as well as in
lymphatic tissue, peripheral blood and semen from a proportion of KSHV IHHV8-
infected individuals. The detection rates, even by nested PCR, of KSHV IHHV8 in
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PBMC from patients with Kaposi's sarcoma are 50-60% (Whitby et al., 1995; Moore
et al., 1996c; Blauvelt et al., 1997; Lebbé et aL., 1997a; see section 2.1.3).

1.2.2 Serology

Immunofluorescence, western blot and enzyme-linked immunosorbent assays to

detect antibodies against latent and lytic antigens of KSHV /RHV8 have been described.
Most of the serological assays for KSHV IHHV8 used currently are based on B-celllines
derived from primary effusion lymphomas (Cesaran et al., 1995b; Arvanitaks et al.,
1996; Gaidano et aL., 1996a; Gao et aL., 1996a; Renne et aL., 1996a; Said et al., 1996a).
These cell lines are latently infected with KSHV /RHV8. ln the first report on immuno-
fluorescence-based assays, the cell lines used (HBL-6, BC-l) were dually infected with
KSHVIHHV8 and EBV (Moore et aL., 1996a), requiring absorption of EBV-specific
antibodies to avoid cross-reactivity; however, lytic replication of KSHV /RHV8, but not
EBV, could be induced in these celllines with sodium butyrate, allowing the detection of
antibodies to a prominent, 40-kDa, lytic (structural) antigen (Miler et al., 1996).
Although of limited use for determning the seroprevalence of KSHV IHHV8 in the
general population, the results obtained with these early assays indicated that most indi-
viduals with AIDS-associated Kaposi' s sarcoma and a much smaller proportion of HIV-
infected individuals without Kaposi' s sarcoma had antibodies to KSHV IHHV8 (Miller
et al., 1996; Moore et aL., 1996c).

When the nuc1ei of one of these dually infected celllines (BC-l) were examined by
western blot for the presence of KSHV /RHV8-specific nuc1ear antigens, a nuc1ear

protein of high molecular mass (226/234 kDa) was found to react specifically with sera
from Kaposi' s sarcoma patients or those at increased risk for Kaposi' s sarcoma (Gao
et al., 1996b): 80% of AIDS-associated Kaposi's sarcoma patients had antibodies to this
'latent nuclear antigen', whereas no sera from United States blood donors or HIV-
infected patients with haemophilia were reactive. This antigen is not cross-reactive with
EBV-specific antibodies. Thus, dually infected cell lines can be used that are readily
amenable to large-scale culture.

Widespread screening of groups at risk for Kaposi's sarcoma and of the general

population became possible when the first primar effusion lymphoma cell lines infected
with KSHV IHHV8 alone were established. These celllines express a latency-associated
nuc1ear antigen (LANA), which is characterized by a typical speckled nuclear pattern
(Gao et al., 1996a; Kedes et al., 1996). Detection of LANA by immunofluorescence
assay correlates c10sely with reactivity to the 226/234-kDa nuc1ear antigen on western
blots (Gao et al., 1996b). The 226/234-kDa nuc1ear protein is encoded by KSHV/RHV8
ORF 73. Studies by immunoadsorption and recombinant antigens indicate that LANA is
in par, and perhaps entirely, composed of the ORF 73 protein (Rainbow et al., 1997).
There isno homologue to the ORF 73-encoded nuc1ear protein in EBV, the most c10sely
related known humangamaherpesvirus (Russo et aL., 1996).

Examnation of panels of sera from populations at high and low risk for Kaposi' s
sarcoma suggests that antibodies to LANA predict the likelihood of Kaposi's sarcoma
developing in AIS patients. Only 0-3% ofblood donors in the United States and United
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Kingdom have antibodies to this latent nuclear protein (Gao et al., 1996a,b; Kedes et aL.,
1996; Lennette et aL., 1996; Simpson et al., 1996), but 80-90% of sera from AIDS
patients with Kaposi's sarcoma and about 95% of sera from (non-immunosuppressed)
'classic' cases of Kaposi's sarcoma react with it under optimal circumstances (Gao et al.,
1996a; Kedes et al., 1996; Simpson et aL., 1996). The assay is less sensitive when serum
samples that have been repeatedly frozen and thawed are exarned (Gao et aL., 1996b).
Non-specific cross-reactive antibodies to cytoplasmic antigens interfere with the

immunofluorescence at low serum dilutions, requiring either the isolation of whole
nuclei (Kedes et al., 1996) or use of diluted sera, usually 1/100-1/160 (Gao et aL., 1996b;
Simpson et aL., 1996).

Lytic cycle (strctural) KSHV/HHV8 antigens have also been found to react with sera
from Kaposi's sarcoma patients. ln addition to the 40-kDa structural protein discussed
above, recognized by 67% of the sera from patients with Kaposi's sarcoma, some

patients have antibodies to other lytic (strctural) KSHVIHHV8 proteins of approxi-
mately 27 and 60 kDa (Miler et al., 1996, 1997). While there is so far no indication that
these proteins cross-react with the corresponding EBV proteins, their specificity requires
further investigation. A 19-kDa capsid-related protein encoded by ORF 65 has been used
as a recombinant protein in enzyme-linked immunosorbent and western blot assays and
is recognized by about 80% of sera from AIDS patients with Kaposi's sarcoma and 85-
90% of those from patients with 'classic' Kaposi's sarcoma (Simpson et aL., 1996; Lin
et al., 1997). About 3-5% of blood donors in the United Kingdom and United States
show reactivity to this protein. Its immunogenic determnants are located within the 80
amno acids in the carboxy termnal, and this region is 21 % identical to the corres-
ponding region in the EBV homologue BFRF3. Although vp19/0RF 65 is thus not
recognized by most sera from EBV -positive individuals and did not react with a set of
high-titre EBV-positive sera, the question of whether there may be occasional cross-
reactivity with EBV is not completely resolved. Concordance between the recombinant
vp19/0RF 65 antigen and latent immunofluorescence antigen is high (around 80-85%)
in sera from patients with, or at risk for, Kaposi's sarcoma but lower in sera from blood
donors in non-endemic regions (see below) and Africa. A combination of two or more
antigen assays is likely to be required for optimal sensitivity (Simpson et aL., 1996).

Other recombinant lytic-phase proteins are being investigated as potential serological
antigens. The minor capsid protein vp23, encoded by ORF 26, which was par of one of
the original representational difference analysis fragments that characterize the virus, has
been expressed as a recombinant protein and used as a serological antigen (André et aL.,
1997; Davis et al., 1997). Significantly more sera from AIDS patients with Kaposi's
sarcoma than from HIV -negative controls react with this antigen, and no clear-cut
evidence for EBV cross-reactivity was seen, despite the relatively high homology (49%
amno acid identity) with its EBV homologue BDLFl. As ths protein is recombinant, the
antigen reacts with only about one-thid of sera from AIS patients with Kaposi' s
sarcoma (André et al., 1997); however, a synthetic peptide from ths region was reported
to be recognzed by 60% of sera from ths group of patients (Davis et aL., 1997). The
recombinant ORF 26 antigen was reported to react with the sera of only a few German
blood donors (André et aL., 1997), whereas the ORF 26-derived synthetic peptide was
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reactive with 20% of sera from United States blood donors (Davis et al., 1997). A recom-
binant carboxy-termnal fragment of the major capsid protein encoded by ORF 25 has
also been investigated and shown to cross-react with high-titre EBV antibodies (André
et al., 1997). This observation is in line with the high homology (56% amino acid
identity) of the ORF 25 protein with its EBV homologue, BclFI (Moore et al., 1996a).

Other assays involve the detection of antibodies to unkown lytic antigens. These
include an immunofluorescence assay on a primary effusion lymphoma cell line treated
with phorbol esters to induce the lytic replication cycle (Lennette et al., 1996; Smith
et aL., 1997; Ablashi et aL., 1997). With these assays, antibodies can be detected in nearly
100% of Kaposi's sarcoma patients and in 0-20% of United States blood donors. The
specificity of this lytic antigen assay should be clarfied. While Lennette et al. (1996),
using a serum dilution of 1:10, found antibodies to lytic KSHV/H8 antigens in 20%
of United States blood donors, Smith et aL. (1997), using a 1:40 serum dilution and
Evan's blue to reduce nonspecific background staining, found no antibodies in 52 blood
donors. Smith et aL. (1997) noted that sera that are reactive by immunofluorescence at a
dilution of .. 1 :40 cannot be confirmed as reactive by radioimmunoprecipitation. The
demonstration that cytoplasmic seroreactivity to primar effusion lymphoma cells
infected with KSHV/HHV8 can be cross-adsorbed by EBV-containing cell Unes not
infected with KSHV/HHV8 (Gao et aL., 1996a) suggests that nonspecific reactivity in
lytic antigen assays could be a major problem. Whole virion antigens may be of use in
the design of competitive assays that are less sensitive to cross-reactive antibodies.

Experience with these assays suggests that LAN A is a very specific antigen and can
be used to detect most but not all cases of KSHV/HHV8 infection. Of the lytic KSHV/-
HHV8 antigens, the recombinant vp19/0RF 65 protein gives comparable detection rates.
The specificity of immunofluorescence in induced primar effusion lymphoma cells
vares with the assay protocol used, and the optimal conditions for these assays should be
established. While the correlation among these different assays is good for sera from
Kaposi' s sarcoma patients, there is considerable varation with regard to sera from blood
donors in non-endemic areas.

1.2.3 Culture in vitro

No efficient culture system that results in a high titre of KSHV /HHV8 transmission is
presently available. Some latently infected primar effusion lymphoma cell Unes can be
induced into lytic repUcation of KSHV /H8 by treatment with phorbol esters or
sodium butyrate (Renne et aL., 1996a; Miler et aL., 1997). Some transmission of viral
DNA from the BC-1 cellUne to Raji, BJAB, Molt-3 and OMK cell Unes and to cord
blood lymphocytes (Mesri et aL., 1996; Moore et al., 1996a) has been described; how-
ever, the replication competence of KSHV /RV8 from BC-1 is unclear, given its large
genomic duplication. KSHV/H8 has been directly cultured from Kaposi's sarcoma
lésions inembryonal kidney 293 recipient cells (Foreman et al., 1997). Whle 293 cells
allow serialpropagation of KSHV /H8, viral amplification is limited, requiring peR
anplification for virs detection.

&..,-
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1.3 Epidemiology of infection

Limited prevalence estimates in various risk and geographic groups are available
from case-control studies and surveys. PCR-based estimates of prevalence in PBMC or
semen are of limited value because of the low copy number of KSHV /RHV8 in these
samples, which results in underestimates of the true prevalence. Measurement of
KSHV /RHV8 infection in varous tissues by PCR is discussed more fully in the context
of case-control studies (section 2.1.3). The advantage of examining PBMC by PCR is
that samples are readily acquired from various populations; serological studies to exa-
mine prevalence have the advantage that any antibodies detected may reflect both past
and current viral infection. As indicated in section 1.2.2, test methods may differ in
sensitivity and specificity, resulting in widely different estimates.

1.3.1 Prevalence in peripheral blood mononuclear cells

Several groups have attempted to detect KSHV /RHV8 in PBMC from healthy indi vi-
duals, usually studied as control groups for patients with conditions linked to infection
with KSHVIHHV8. When PBMC from healthy individuals in countries with a low
prevalence of Kaposi's sarcoma (e.g. France, the United Kingdom, the United States; see
below) were studied, no KSHVIHHV8 genomes were detected by nested PCR
(Ambroziak et aL., 1995; Whitby et aL., 1995; Lefrère et aL., 1996; Marchioli et aL.,
1996). ln Italy, a country where 'classic' Kaposi's sarcoma is present, KSHV/HV8 was
detected in 9% of PBMC and lymphoid tissues from HIV -uninfected individuals (Bigoni
et aL., 1996). ln Uganda, where endemic Kaposi's sarcoma is common, KSHVIHHV8
was detected in 14% of patients with tumours other than Kaposi's sarcoma (Chang et aL.,
1996b). These studies were consistent in finding a higher prevalence of KSHVIHHV8 in
PBMC in populations at higher risk of developing Kaposi's sarcoma. The correlation
between the detection of KSHV IHHV8 in peripheral blood of individuals and the
presence of or risk for Kaposi' s sarcoma is discussed in Section 2.

1.3.2 Prevalence in semen

On the assumption that, if KSHV IHHV8 can be sexually transmitted, the virus may
be present at high copy number in semen, prevalence studies based on semen samples
might result in higher rates of detection than those based on PBMC.

The presence of KSHV /RHV8 in the semen of healthy men is controversial. It is
detected in some semen samples from HIV-infected patients with or without Kaposi's
sarcoma, but the reported detection rates in the United Kingdom and the United States
var from 0 (only four samples tested) to 33% (Ambroziak et aL., 1995; Gupta et aL.,
1996; Marchioli et al., 1996; Monini et aL., 1996b; Howard et al., 1997). The results
obtaned in semen samples from healthy, HIV-seronegative donors are even more contro-
versial in view of the implications of the prevalence of KSHV /RHV8 in the general
population~ Samples from Italian semen donors were initially reported to be 91 % positive
(Monini et al., 1996a) but later to be 23% positive (Monini et aL., 1996b), whereas not a
single positive sample was found among 115 semen donors in the United Kingdom
(Howard et al., 1997) or in 20 in Milan, Italy (Corbellno et aL., 1996c). Some of these
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discrepant results probably reflect regional differences in KSHVIHHV8 prevalence (as
shown by serological studies) and/or selection of semen donors. A high detection rate
was reported in HIV-negative semen donors in the United States (Lin et al., 1995). (The
Working Group noted that this rate may be flawed and requires confirmation.)

1.3.3 Seroprevalence and geographical distribution

The use of different serological assays for KSHV IHHV8-specific antibodies has
resulted in uncertainty about the exact seroprevalence of this virus in different popu-
lations and geographical areas. Most groups agree, however, that antibodies to KSHV/-
HHV8 are found in most, if not all, patients with Kaposi' s sarcoma and are more
common in individuals at risk for this disease than in the general population; it is also
generally agreed that the virus is not as widespread in the west as, for example, EBV.
Antibodies to the latent nuclear antigen are found in about 85% of AIDS patients with
Kaposi's sarcoma and in more than 90% of individuals with 'c1assic' Kaposi's sarcoma
(Gao et al., 1996b; Kedes et al., 1996; Simpson et aL., 1996). Among individuals studied
in Denmark, the United Kingdom and the United States, about one-third of HIV -infected
homosexual men without Kaposi's sarcoma (Simpson et al., 1996; Melbye et al., 1998),
8% of HIV-uninfected persons attending sexually transmitted disease clinics (10 out of
130),0-3% of HIV-uninfected blood donors, 0-3 % of patients with haemophila and no
intravenous drug users had antibodies to this antigen (Gao et aL., 1996a,b; Kedes et aL.,
1996; Simpson et aL., 1996). Women in the United States, who are at low risk for AIDS-
associated Kaposi's sarcoma, have correspondingly low LANA antibody titres, regard-
less of HIV status (Kedes et aL., 1997). Antibody positivity to vp19/0RF 65 shows a very
similar distribution: 81% of patients with AIDS-associated Kaposi's sarcoma, 94% of
those with 'classic' Kaposi's sarcoma, 31% of HIV-infected homosexual men without
Kaposi's sarcoma, 2-5% of HIV-negative blood donors, 1 % of patients with haemophilia
and 3% of intravenous drug users (Simpson et al., 1996). Therefore, the distribution of
antibodies to both these antigens would suggest that KSHV IHHV8 is an uncommon
infection in the general populations of those countries where it is likely to be sexually
transmitted.

The phorbol ester-induced lytic immunofluorescence antigen assay may be even more
sensitive (;: 95%) than either vp19/0RF 65 or LANA assays. Lennette et aL. (1996)
found that the prevalence of antibodies to this antigen in the adult North American popu-
lation ranged from 16 to 28%; that for patients with AIDS-associated Kaposi's sarcoma
was 96-100%, that for HIV-infected homosexual men, 90%, and that for intravenous
drug users, 23%. It is unc1ear whether the higher values represent increased sensitivity,
cross-reactivity with EBV or other human herpesviruses or both. Nonetheless, results
from all of these assays broadly concur in suggesting that in Europe and North America
KSHV/H8 is markedly more common among homosexual men than in other risk
groups for HIV transmission. Thus, the distribution of KSHV IHHV8 miors that of
Kaposi' s sarcoma, which has long been known to occur more frequently among HIV-
infected homosexual men than among patients with haemophilia, transfusion recipients
or intravenous drg users (Beral et aL., 1990).

~""-
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Although lower seroprevalences for antibodies to vp 19/0RF 65 and LANA/ORF 73
are found in the general populations of northern Europe and North America than for lytic
immunofluorescence antibodies, much higher rates are found in several Mediterranean
countries. ln Milan, Italy, a region with a relatively low incidence of Kaposi's sarcoma,
the seroprevalence among blood donors was found to be 4% by latent immunofluo-
rescence antigen and western blot assays (Gao et aL., 1996a). ln Greece, 12% of HIV-
negative surgical patients without Kaposi's sarcoma were seropositive for ORF 65/vp19
and/or ORF 73/LANA (Simpson et aL., 1996), suggesting that the seroprevalence in
endemic countres may be much higher than in northern Europe or the United States.

The KSHV IHHV8 seroprevalence to these two antigens is much higher (~ 50%) in
countries of East, Central and West Africa (Gao et aL., 1996a; Lennette et aL., 1996;
Simpson et aL., 1996). This suggests that infection with KSHV /RHV8 may approach near
universallevels in some African populations (50-70% seroprevalence). Within Europe,
KSHV /HV8 appears to be more common in regions known for their higher incidence
of endemic Kaposi' s sarcoma, although a careful comparson of the incidence of

Kaposi's sarcoma with KSHVIHHV8 seroprevalence in southern Europe is required
before definitive conclusions can be reached. These marked differences in seropre-
valence within Europe may also help to explain some of the discrepant reports on
KSHV /RHV8 genome prevalence detected by PCR in varous populations.

Reports from other pars of the world are limited. The prevalence rates in the
Carbbean and Central America have been found to be between 0% as determned by
latent antigen assays and up to 29% by lytic antigen assays (Lennette et aL., 1996).

1.3.4 Routes of transmission

Serological testing is currently being used to evaluate risk factors for KSHV IHHV8
transmission. Several serological studies have indicated that, irrespective of the type of
antigen used, KSHV IHHV8 infection may be more common among people attending
sexually transmitted disease clinics than among blood donors (Kedes et al., 1996;
Lennette et al., 1996; Simpson et al., 1996).

A recent detailed analysis of the behavioural risk factors among Danish homosexual
men revealed that varables such as promiscuity and receptive anal intercourse, but not
oral-anal contact, increased the risk for KSHVIHHV8 infection (Melbye et aL., 1998).
Furthermore, in the United States in the early 1980s, contact with homosexual men
markedly enhanced the likelihood of having or acquiring antibodies to KSHV /HHV8,
suggesting that KSHVIHHV8 was introduced into that community in the late 1970s or
early 1980s (Melbye et al., 1998). The rate of new infections decreased during the 1980s.
Detaled studies will be needed to delineate the precise mechanisms by which KSHV/-
HH8 is transmitted among homosexual men and other populations at increased risk for
sexually transmitted diseases. These findings suggest thatKSHV/H8 is sexually
transmitted in countres of low prevalence, consistent with the finding by PCR that
infectious virs issecreted into the semen of infected men. These studies demonstrate

that the behavioural risk factors that were previously shown to increase the risk for
Kaposi's sarcoma (Beral et aL., 1990) also increase the likelihood of being infected with
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KSHV /RHV8, providing fuher evidence that KSHV /RHV8 is indeed the postulated
'Kaposi's sarcoma agent'. To what extent sexual transmission is an important route of
infection with KSHV /RV8 in countres of high prevalence is not yet resolved. Early
indications that a significant proportion of pre-adolescent children in Central Afrca may
have antibodies to ORF 65/vp 19 and/or ORF 73/LANA suggest that the occurrence of
Kaposi's sarcoma among young children in highly endemic African countries (a con-
dition which is exceedingly rare in developed countres) occurs by vertical viral trans-
mission in childhood in some settings (Ziegler & Katongole-Mbidde, 1996).

The route of KSHV /RV8 transmission in Italian organ transplant recipients was
investigated in one study. Paravicini et aL. (1997) found that 10 of 11 patients who deve-
loped Kaposi's sarcoma were seropositive before receiving the allograft, in comparson
with two of 17 transplant recipients who did not develop the disease. Ths suggests that,
in KSHV/RHV8 endemic areas, most cases of transplant-associated Kaposi's sarcoma
are due to reactivation of a pre-existing KSHV/RHV8 infection; however, the authors
also documented one case in which transmission of KSHV /RHV8 occurred from the
allograf.

ln the 1960s and 1970s, a new epidemiological type of Kaposi' s sarcoma associated

with immunosuppression was identified among organ transplant patients, constituting up
to 5% of tumours (Penn, 1979, 1983, 1988a,b; Qunibi et aL., 1988). It has been reported
that patients who develop Kaposi's sarcoma after a renal transplant in North Amenca are
often of Jewish or Mediterranean ancestr (Harood et al., 1979). A recent study from
Scandinavia found only two cases among 5000 transplant patients (Birkeland et aL.,
1995).

1.4 Control and prevention

The role of antiviral agents in the prevention of Kaposi' s sarcoma is discussed in

section 4.6.

2. Studies of Cancer in Humans

Because KSHV/RHV8 was discovered only recently, few analytical data are available
on its possible association with cancer in humans. Most of the available information
derives from case series and case-control and cohort studies. This field of research is
rapidly evolving, and the information reported below wil be up-to-date for only a limited
time.

2.1 Kaposi's sarcoma

A recent monograph on the evaluation of carcinogenic risks to humans deaIt with
Kaposi's sarcoma and human imunodeficiency virses in detail (IAC, 1996). For

completeness, the sections on the descriptive epidemiology on Kaposi's sarcoma from



396 IARC MONOGRAPHS VOLUME 70

that monograph have been incorporated in modified and shortened versions in the present
monograph.

2.1.1 Pathology and clinical disease

2.1.1.1 Epidemiological and clinical presentation

Epidemiologically, Kaposi's sarcoma has been classified into sporadic (c1assic),
endemic (African), epidemic (AIDS-related) and immunosuppression-associated (usually
in transplant recipients) types; however, the histopathology of aH of these types of
Kaposi's sarcoma is identical (Templeton, 1981; Cockerell, 1991). ln 1872, Dr Moriz
Kaposi, a Hungaran dermatologist, first described an idiopathic, multiple pigmented
sarcoma, now caHed 'classic' or sporadic Kaposi's sarcoma (Kaposi, 1872; Breimer,
1994). For many years, Kaposi's sarcoma was thought to be a les ion that affected predo-
minantly elderly men of Mediterranean and eastern European ongin (Dödfel, 1932;
Landman et al., 1984; Franceschi & Geddes, 1995). The presence of Kaposi's sarcoma
was first noted in Africa in the 1920s (Wiliams, 1992). ln the 1960s, it was reported to
comprise up to 8% of malignancies, with endemic foci in pars of Africa (Oettlé, 1962;
MacLean, 1963; Hutt & Burkitt, 1965; Wiliams, 1975). 'Endemic' Kaposi's sarcoma,
like the 'classic' type, predominates in men but also occasionally affects children (Hutt
& Birkitt, 1965; Wiliams, 1975; Ziegler & Katongole-Mbidde, 1996). The geographic
distribution of endemic Kaposi' s sarcoma in Africa prior to the AIDS epidemic was
reported to be similar but not identical to that of Burkitt' s lymphoma. ln the early 1980s,
a fourth varant of Kaposi's sarcoma, the 'epidemic' type, heralded the onset of the AIDS
epidemic (Hymes et al., 1981). Today, Kaposi's sarcoma is an AIDS-defining condition
in HIV -infected individuals.

'Classic' or endemic Kaposi's sarcoma affects predominantly the skin of the lower
limbs; internaI organs are rarely involved. The disease typically follows an indolent
course, patients surviving for an average of 10-15 years (Tappero et aL., 1993). Young
children tend to have more severe disease than adults, the lesions often affecting the
lymphatic system and internaI organs rather than the skin, and shorter survival (Oettlé,
1962; Ziegler & Katongole-Mbidde, 1996). Kaposi's sarcoma in immunocompromised
individuals - mainly transplant recipients and long-term users of steroids and cytotoxic

drugs - often involves internaI organs, lymph nodes and the face, mimicking the 'epi-

demic' type (Tappero et aL., 1993). ln transplant recipients, Kaposi's sarcoma appears
before most other tumours and may regress completely when immunosuppressive

therapy is termnated (Penn, 1988a,b). ln the epidemic form, the les ions are usually

multiple, progress rapidly and may affect any area of the skin as weH as internaI organs.
The tumours frequently begin as dusky-red or violet macules, progressing over weeks or
months to plaques and raised, usually painless, firm nodules and plaques. Although the
tumour may affect the legs, as seen with 'classic' Kaposi' s sarcoma, lesions of the trnk,
ars, genitalia and face are also common (Smith & Spittle, 1987). Lymph nodes and the
oral cavity, most notably the palate, may be extensively involved. Oral Kaposi's sarcoma
is often associated with involvement elsewhere in the gastrointestinal tract (Levine,
1993; Regezi et aL., 1993). Pulmonar Kaposi's sarcoma generally presents with short-
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ness of breath and cough and is clinically difficult to distinguish from other pulmonar
complications of AIDS (Levine, 1993). Median survival following a diagnosis of epi-
demic Kaposi's sarcoma is 14-18 months (Jacobson et al., 1993; Lundgren et al., 1994,
1995; Luo et aL., 1995).

2.1.1.2 Histology

The early patch-stage macular lesions contain abnormally shaped, dilated vessels
surrounded by a mononuc1ear-cell infiltrate containing plasma cells; nuc1ear atypia and
mitoses are rarely seen. ln the plaque-stage lesions, there is proliferation of spindle-
shaped cells in the superfcial-to-deep derms, with rare proliferation of spindle-shaped
cells, nuclear atypia and mitoses. Spindle cells, which often surround slit-like vascular
spaces, are characteristic of more advanced nodular lesions. The presence of KSHV/-
HHV8 in spindle and endothelial cells and the expression of individual viral genes is
discussed in section 1.1.6.1.

2.1.2 Epidemiology

2.1.2.1 Incidence and geographical distribution

The epidemiology of Kaposi's sarcoma was drastically influenced by the onset of the
AIDS epidemic in the late 1970s and early 1980s. From being an exceedingly rare condi-
tion outside sub-Saharan Africa, its incidence suddenly increased dramatically among
certain populations, such as homo- and bisexual men. Throughout the world, the inci-
dence of Kaposi' s sarcoma today reflects the burden of the AIDS epidemic, and as such
vares considerably. Whereas the incidence appears to have reached a plateau or even a
dec1ine in pars of Europe and the United States (DaI Maso et aL., 1995), it is apparently
rising in some African countries, such as Uganda (Wabinga et al., 1993; Basset et al.,
1995; see Table 2).

As mentioned above, Kaposi's sarcoma represented up to 8% of all tumours in some
pars of sub-Saharan Africa before the appearance of HIV infection in the 1980s. Rela-
tively high incidence rates were reported from Israel (1970-79, 1.5/100 000 in people of
each sex combined; Landman et al., 1984), from Italy (1976-84, 1.05/100000 in men,
0.27/100000 in women; Geddes et al., 1994), paricularly in the south, and from Sardinia
(1977-82, 1.6/100000 in people of each sex combined; Cottoni et aL., 1996). Recently,
high rates have also been described in two other island societies, those of Iceland and the
Faeroe Islands in the North Atlantic (Hjalgrim et al., 1998). Much lower age-adjusted
rates are reported in Australia (1972-82, 0.065/100000 in men, 0.029/100000 in
women; Kaldor et al., 1994), England and Wales (0.014/100000 in both men and
women) and the United States (1973-79, 0.297/100000 in men, 0.07/100000 in women;
Biggar et aL., 1984). On the basis of data in the Nordic cancer registries, the incidence
rose among men from 0.05/100000 in 1953-57 to 0.18/100000 in 1978-79; in Nordic
women, the corresponding rates were 0.02/100000 and 0.08/100000, respectively
(Hjalgrim et aL., 1996a). Thus, in some countries, modest increases in the incidence of
Kaposi' s sarcoma were aIready occurrng before the onset of the AIDS epidemic (Dictor
& Attewell, 1988; Hjalgrim et al., 1996a).
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Table 2. Frequency of Kaposi's sarCOIDa in relation to ail cancers in various
areas of Africa

Reference Location Year(s) of Percentage of aIl cancers
study or report

Men Women Both

Oettlé (1962) Former French Equatorial 1953 5
Africa

Former French West Africa 1954 1

Ghana 1956 1

Kenya 1948-61 2-4
Mozambique 1958 2
Nigeria 1934- 2
South Afrca 1951 and 1960 1-3
South Afrca (Natal) 1957 1

United Republic of Tanzana 1960 3
Tunisia 1960 -: 1

Zaire 1956-57 9-13
Zambia and Zimbabwe 1949 1

Hutt & Burkitt U ganda 1964 4
(1965)
Bayley (1984) Zaire 1983 9
Otu (1986) Nigeria 1986 15-20
Melbye et aL. (1987) Zaie 1984 16

Ngendahayo et aL. Rwanda 1979-86 6
(1989)
Wabinga et aL. Uganda (registr) 1989-91 49 18
(1993)

Zambia
Patil et aL. (1992) Children 1980-89 8.8
Patil et aL. (1995) Adults 1980-89 7.0
Bassett et aL. (1995) Zimbabwe (registr) 1990-92 23 10

Newton et aL. (1996) Rwanda (registr) 1991-93 10 3

Sitas et aL. (1996) South Afrca (registr)

Black 1990-91 0.54 0.14 0.3
Whte 1990-91 0.12 0.03 0.1

-, not reported

Studies in Australia, Denmark, the United KIngdom and the United States have
shown an increased risk for Kaposi' s sarcoma among persons of certn ethncities frOID
Central and East Afrca, eastem Europe and MedIterranean countres and people of
Jewish descent (Laor & Schwarz, 1979; DiGiovana & Safai, 1981; Friedman-

Birbaum et al., 1990; Grulich et al., 1992; Kaldor et al., 1994; Hjalgri et al., 199(jb;
Figure 4).



Figure 4. Reported incidence rates of 'classic' Kaposi's sarcoma
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2.1.2.2 Demographie variations

Formerly a tumour affecting predominantly the elderly (Oettlé, 1962; Templeton,
1981; Hutt, 1984, Geddes et al., 1994; Hjalgrim et al., 1996a), Kaposi's sarcoma has
shown a substantial alteration in age distribution in recent years, in both developed and
developing countries. Whereas the median age in developed countries before the AIDS
epidemic was over 70 years, it is now in the late thirties.

ln Europe and the United States, childhood Kaposi's sarcoma is very rare, even since
the ad vent of the AIDS epidemic. ln the early 1990s, the age-specific incidence rates in
African countries such as U ganda and Zimbabwe showed a modest peak for children
aged zero to four years, a dec1ine until age 15 years and then the main peak at age 35-39
years in men and 25-29 years in women (Wabinga et al., 1993; Basset et al., 1995).

Studies based on registry data have found a male:female ratio of 'classic' Kaposi's
sarcoma of 2-3:1 (Biggar et al., 1984; Franceschi & Geddes, 1995; Hjalgrim et al.,
1996a). ln a study based on data from the Nordic cancer registries, the male excess was
primarly restricted to men over 60 years of age (Hjalgrim et al., 1996a). ln Afrca,
male:female ratios greater than 10 reported in early studies (Wahman et al., 1991) have
since dec1ined to about 3:1 (Wabinga et al., 1993; Basset et aL., 1995; Newton et al.,
1996).

2.1.2.3 Behavioural factors

Case reports suggest that Kaposi's sarcoma may occur more frequently than expected
in HIV-uninfected homo- and bisexual men (Friedman-Kien et aL., 1990; Peterman et aL.,
1991) and at a rate equivalent to the total number of cases diagnosed among all men
under 50 years of age per year before the AIDS epidemic (Biggar et aL., 1984). (The
Working Group noted that surveilance bias could entirely explain this observation.)
Furthermore, in an analysis of 'classic' Kaposi's sarcoma in Denmark, men who had
never mared (used as a rough surrogate for homosexuality) were 19 times more at risk
for the disease than men who had mared (Hjalgrim et al., 1996b); a similar analysis of
data in the United States, however, showed no such difference (Biggar & Melbye, 1996).

The risk for Kaposi's sarcoma vares greatly among the different groups at risk for
HIV transmission, being paricularly high in homo- and bisexual men (IARC, 1996).
This elevated risk is seen even among men aged 13-24 and suggests a rapid increase in
risk after homosexual contact. Beral et aL. (1990) found that 13 616 of 88739 (15%)
AIDS patients in the United States developed Kaposi's sarcoma, the proportion varing
from 21 % of homo- or bisexual men to 3% of heterosexuals, 2% of intravenous drg
users, 3% of transfusion recipients, 1 % of haemophiliacs and 1 % of children infected by
perinatal transmission. Furthermore, women with AIDS who were sexual parners of
bisexual men were more likely to have Kaposi's sarcoma than women who were parners
of intravenous drg users (Peterman et aL., 1993; Serraino et al., 1995). Even among
homo- and bisexual men, the risk for Kaposi' s sarcoma is not uniform: Schechter et aL.
(1991)conducted an analysis of aH AIDS-associated cases of Kaposi's sarcoma among
homo- and bisexual men in Canada between 1980 and 1989 and found that the pro-
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portion of cases among AIDS patients had a strong geographical association with the
original centres of the AIDS epidemic in Canada. Furthermore, homosexual men bom
between 1945 and 1954 were more likely to present with Kaposi's sarcoma, consistent
with the hypothesis of an environmental cofactor with higher levels of exposure. ln
another study from the same group, Archibald et al. (1990) found that 56% of Canadian
homosexual men with AIDS who developed Kaposi's sarcoma and only 21 % of those
who developed AIDS but not Kaposi's sarcoma reported that they had had more than 20
sexual parners from large cities in the United States (odds ratio, 4.6; 95% confidence
interval (CI), 1.6-13). Similarly, homosexual men with AIDS in the United Kingdom
were more likely to have Kaposi' s sarcoma if they had had sexual contact with an
American (31 %) or African (26%) man than if they had not (19%) (p -c 0.05) (Beral
et aL., 1991). Furthermore, Peterman et aL. (1993) found that Kaposi's sarcoma was more
frequently par of the AIDS definition in homosexual men from Califomia and New
York than in homosexual men from the rest of the United States.

Most analyses of the number of sexual parners of homo- and bisexual men with
Kaposi's sarcoma and of those with other manifestations of AIDS (Haverkos et aL., 1985;
Goedert et al., 1987; Archibald et al., 1990; Arenian et al., 1993), but not all (Lifson
et al., 1990a,b), found that patients with Kaposi's sarcoma had had a larger number of
sexual partners. Patients with this cancer have also been reported to be more likely to
have a history of sexually transmitted disease (Goedert et aL., 1987; Arenian et al.,

1993). ln a case-control study in New York City, United States, Kaposi's sarcoma was
found to be significantly associated with receptive anal intercourse (Maror et al., 1982;

Jaffe et aL., 1983). Several authors have subsequently reported an increased risk for
Kaposi's sarcoma among HIV-positive men whose sexual practices involve faecal
contact (Beral et al., 1992; Darow et al., 1992). The possible association between

insertive oral-anal contact and the risk for Kaposi's sarcoma remains controversial, some
studies showing a possible association (Archibald et al., 1990; Beral et al., 1992; Darow
et al., 1992) and others not (Lifson et aL., 1990b; Elford et al., 1992; Page-Bodkn et aL.,
1992; Armenian et al., 1993; Kaldor et aL., 1993). Casabona et al. (1991) noted that the
fraction of AIDS cases with Kaposi's sarcoma was similar in southern Europe, with a
relatively high incidence of 'classic' Kaposi's sarcoma, and in northern Europe, with a
relatively low incidence. ln Uganda, increased risk for Kaposi's sarcoma was seen in
HIV -seropositive adults of each sex who had one rather than several spouses or a history
of sexually transmitted diseases, and especially those who were relatively affluent, well-
educated, had travelled and had spent increasing time in contact with water (Ziegler

et aL., 1997).

ln conclusion, men who develop Kaposi's sarcoma tend to be more sexually active
and to have more sexual parners from epicentres of the AIDS epidemic. ln conjunction
with the much higher risk for Kaposi' s sarcoma among homosexual men than among
other HIV transmission groups, these data indicate that an infectious sexually transmitted
agent (independent of HIV) is associated with Kaposi' s sarcoma. Transmission of such
an agent via the blood is apparently less common, since Kaposi's sarcoma occurs in only
3% of people who acquire HIV through a blood transfusion.
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2.1.2.4 Second prima? malignancies afer Kaposi's sarcoma 

An association between Kaposi's sarcoma and lymphomas has been suspected for 
many years. Both turnours occur in association with imunosuppression and can occur 
in the same individual. In a hospital-based cohort of 72 patients with "classic' Kaposi's 
sarcoma in New York, United States, Safai et al. (1980) counted a total of nine lymphoid 
malignancies, including four non-Hodgkin' s lymphomas, during 58 1 person-years of 
follow-up. This corresponds to a significantly (20-fold) increased risk for these mali- 
gnancies over that of the background population. Few studies have addressed 'classic' 
Kaposi's sarcoma because of its infrequency. Three deaths from non-Hodgkink lym- 
phoma were reported among 68 patients with Kaposi's sarcoma in the United Kingdom 
(Grulich et al., 1992). In contrast, two larger population-based studies of 492 American 
and 204 Italian subjects with 'classic' Kaposi" sarcoma did not c o ~ m  the suspected 
association (Biggar et a!., 1994; Franceschi et al., 1996)* 

2.1.3 Case series and case-control studies 

2.1.3.1 Detection of K S W H W 8  DNA in turnour tissue 

Published case series and case-control studies on the detection of KSHVEEW8 DNA 
in mposi's sarcoma tissue are summarized in Table 3, Many of these studies are small 
andor included heterogeneous controls. 

KSWMHV8 DNA is found in nearly all Kaposi's sarcoma tissues, despite diffe- 
rences in detection methods and in the quality or preservation of turnour material. In 28 
studies in which the detection of KW:SVDiIHV8 DNA was described in Kaposi's sarcoma 
tissues (Table 31, KS W M H V 8  was identified in 735 of 794 (9 1%) Kaposi's sarcoma 
analysed. The rates reported in one of the studies (Noel et al., 1996) were very different 
from these in the other studies; when these results were excluded, the percentage posi- 
tivity rose to 96% (6861716). The detection rate was similar whether the patients were 
HIV-infected (39 114 17; 94%) or uninfected (335/368; 9 1 96). Furthermore, KSHVMH'VX 
was found in all four epidemiological forms of Kaposi's sarcoma, with no indication of 
significant differences in the detection rate in the four types, With the exception of a few 
studies (Rady et aL, 1995; Gyulai et al., 1996a,b), little or no evidence of KSWJWHV8 
DNA has been found in turnours other than Kaposib sarcoma. The exceptions include 
primary effusion lymphoms and Castleman's disease. The recent identification of 
KSHVlHJ3V8 in bone-marrow dendritic cells of myeloma patients awaits conknation 
(Rettig er al., 1997; see section 2.2.3). These and other conditions potentially associated 
with KSHVMHV8 are discussed in subsequent sections (see also Table 3). 

A major difficulty in assessing associations with disease on the basis of detection of 
DNA is in selecting appropriate control tissues in order to identify differences in infec- 
tion rate. h the initid description of the virus, Chang et a!. (1994) found that 25 of 27 
AIDS-associated Kaposi's sarcomas contained KSIZVLHHV8 DNA in comparison with 
three of 27 lymphomas from AIDS patients [odds ratio, 100, p < 10"] (some of whom 
may have had Kaposi's sarcoma as a secondarry malignancy), none of 29 lymphomas 
from non-ADS patients and none of 49 consecutive surgical biopsy smp1es @ c I@). 





Table 3 (contd) 

Reference KS tissue KSHVI Other tissue KSHVI Tissue from subjects KSHVI Comments 
HHV8 from KS patients HHV8 without KS HHV8 
(positive/ (positive/ (positive/ 
total) total) total) 

Ambroziak AIDS-KS, 12/12 None None 
et al. (1995) homosexual men 

HIV-negative 111 
homosexual man 

Total 13/13 

Moore & Chang AIDS-KS 10111 Skin, AIDS in Skin from healthy subjects 111 1 Fresh-frozen 
(1995) Classic KS 616 Skin, classic 115 PBMC from healthy subjects 0110 

HIV-negative 414 Skin, HIV-negative 112 Total 1/21 
homosexual men 

Total 20121 

LebW et aL Immunosuppressed 11 1 Skin, HIV-negative 319 None 
(1995) KS 

Classic KS 10110 
African KS 313 
ADS-KS 22 
Total 16/16 

Schalling et aL AIDS-KS 25/25 Pyothorax-related B-cell 013 HIV-positive 
(1995) African KS 18/18 lymphoma-KS, HIV- Pyothorax-related B-cell 0113 

Classic KS 313 positive lymphoma (PBMC) 
Total 46/46 Lymph node 018 

Total 0121 

Skin, HIV-negative OL? HIV-negative 
Pyothorax-related Be11 0112 

lymphoma (PBMC) 
Skin, non-KS patient 011 
Haemangioma 01 1 
Pyogenic granuloma 011 
Total 0115 



Table 3 (contd)

Reference KS tissue KSHV 1 Other tissue KSHVI Tissue from subjects KSHVI Comments ~HHV8 from KS patients HHY8 without KS HHV8 "t
(positivel (positivel (positivel 0

C/
total) total) total) ""

C/
C/

Chang et aL. AIDS-KS 22/24 None HIV -positive in Paraffin-embedded ~
(1996b) African KS 17/20 HIV -negative 2/15 Negatives retested ~nTotal 39/44 Total 3122 by nested PCR 0
Chuck et aL. Afrcan KS 4/4 None None Fresh-frozen ~

~
( 1996) HIV -negative (endeuuc) or

~
homosexual men 1/2 paraffin -embedded

Total 5/6
(HIV -negatIve

homosexual men) tI
C/

O'Neil et aL. AIDS-KS 7/7 HIV -negati ve 0/1 Nested PCR ~0-
(1996) Fresh-frozen or ~

c:
paraffin-embedded C/

Buonaguro Afrcan KS 12/12 Skin, HIV -negative 9/13 Reduction mamoplasty 0/3 Snap-frozen s:
c:et al. (1996) ClassIc KS 28/28 PenHe carcinoma biopsies 0/4 ~Immunosuppressed 2/2 Xeroderma pigmentosum skin OLS ~

KS cancer Z
AIS-KS 19/19 Xeroderma pigmentosum OLS ::tITotal 61/61 autologous normal skin

~PBMC of HIV -positive 0/15
patients C/

~
Total 0/32 0-~

Cathomas et al. AIS-KS 9/9 None Other skin lesIons, HIV- 0/4 Paraffn-embedded c:
C/

(1996) Classic KS 12/12 positive Nested PCR 00
Transplant KS 1/1 Other skin lesIons, HIV- 0/10
Total 22/22 negative

Total 0/14

.t0
VI
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Table 3 (contd)

Reference KS tissue KSHV / Other tissue KSHV / Tissue from subjects KSHV/ Comments
HHV8 from KS patients HHV8 without KS RHV8
(positive/ (positive/ (positive/
tota) total) total)

Gaidano et al. AIS-KS 35/35 AIS, skin (PCR; only 6/6 Hodgkin' s disease 0/3 Fresh-frozen (a few
(1996b) 3/6 by Southem blot) Primar effusion lymphoma 3/3 paraffn-embedded)

Other non-Hodgkin's 0/28 ~
lymphoma ~

Persistent generalized lymph- 0/15 (j
adenopathy s:0Anogenital neoplasia 0/14 Z

Total 3/63 0
Jin et al. AIS-KS 5/5 None Haemangiosarcoma 0/15 Paraffin-embedded

0
~(1996a) Classic KS 12/12 Haemangioma 0/75

Tota 17/17 Lymphangioma 0/15 ::
Lymphangiomatosis 0/2 en

~Pyogenic granuloma 0/25 0
Haemangiopericytoma 0/3 ~
Kimura's disease 0/2 ~Lymphangiomyomatosis 0/1 tr
Total 0/138 ..0

Dictor et al. Classic KS 35/40 None Endotheliallesions 0/86 Paraffin-embedded
(1996) AIS-KS 14/14

Total 49/54

Marchioli et al. AIS-KS 28/28 HI -positive Normal PBMC 0/163 Fresh-frozen and
(1996) Classic KS 7/8 Serum 3/28 Normal skin 0/10 paraffn embedded

Afcan KS 7/10 Plasma 0/13 Paediatrc lymphomas 0/8
HIV -negative 2/2 Adult lymphomas 0/37

homosexual men Carcinomas 0/12
Tota 44/48 Total 0/230



Table 3 (contd)

Reference KS tissue KSHV/ Other tissue KSHV / Tissue from subjects KSHV / Comments
HHV8 from KS patients HHV8 without KS HHV8
(positive/ (positive/ (positive/

~total) total) total)
0

Luppi et al. Classic KS 15122 None Normal PBMC 0/13 Parafn-embedded en~
(1996a) AIDS-KS 3/4 Normal salivar glands 0/9 en

Total 18/26 Normal saliva samples 0/6 en
)-

Hyperplastic tonsils 2/11 :;
Total 2/39 n0

McDonagh KS 9/9 None Angiosarcoma 7/24 Fresh- frozen and ~
et al. (1996) Haemangioma 1/20 paraffin-embedded )-

Haemangiopericytoma 0/6 æ
Total 8/50

zg
Corbellno et al. AIS-KS 7/7 HIV -positive AIDS patients 0/6 Snap-frozen tr

en
(1996a,b) Lymphoid tissue 7/7 HIV -positive ~-

Prostate glands 5/5 Paravertebral sensory 0/4 êUninvolved skin 3/5 lumbar ganglion en
Bone marow 2/3 HI -negative fr
Paravertebral sensory 7/7 Paravertebral sensory 0/3

~lumbar ganglion lumbar ganglion
Lebbé et aL. ClassIc KS 16/16 Skin, c1assic 10/13 HIV-negative Fresh-frozena

~
(1997a) Afcan KS 3/3 Skin, Afrcan 2/3 Dermatology biopsies 0/10 Nested PCR

æCastleman' s disease 1/1 Skin, HI -negative 1/3 Reduction mamaplasties 0/5
HI -negative 3/3 homosexual men Total 0/15 ~

homosexual men Skin, induced 1/1 tr
en

ImunosuppressedJ 2/2 Total 14/20 ~
transplant KS ~

Total 25/25 c:
en

Huang et al. AIS-KS 12/12 HIV -positive HIV -positive Fresh frozen 00

(1997) HIV -negative 2/2 Normal skin 5/12 Intravenous drg users 0/5
HI -negative (PBMC)

Normal skin 1/2 HIV -negative 0/5
Healthy (PBMC) .¡0-.
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Table 3 (contd)

Reference KS tissue KSHVI Other tissue KSHVI Tissue from subjects KSHVI Comments
HHY8 from KS patients HHY8 without KS HHV8
(positivel (positivel (positivel
total) total) total)

-Albini et al. AIDS-KS 59/59 Skin, HIV -positive 0/3 HIV -positive Fresh or paraffn ~:i(1996a) Afrcan KS 21/21 Skin, HIV-negative 3/9 Skin 0/4 embedded (J
ClassIc KS 32/33 Other tissue 0/2 s=Transplant KS 6/7 Lymphoma 2/10 0

HIV -negative Z0Lymphoma 1/34 0
Uthman et al. AIDS-KS 23/23 None HIV-positive Nested PCR ~(1996) Classic KS 515 Skin lesions 0/28 'i

::HIV -negative CI
Leiomyoma 0/3 ~
Melanoma 0/8 0~Basal-cell carcinoma 0/11 c:
Pityriasis rosea 0/4 ~Molluscum contagiosum 0/6 -i
Psoriasis vulgars 0/6 0
Viral wars 0/8
Pseudolymphoma 0/7
Total 0/53

Decker et al. AIDS-KS 5/5 None HIV -negative Fresh tissue
(1996) Allograft (PBMCt 4/5

Healthy (PBMC)b 3/5



Table 3 (contd)

KS tissueReference KSHV 1

HHV8
(positivel
total)

Other tissue
from KS patients

KSHV/
HHV8
(positivel
total)

Tissue from subjects
without KS

KSHV 1 Comments
HHV8
(positivel
total)

Li et al. (1996) 6/6
3/3

Fresh tissueAIDS-KS
ClassIc KS

Noel et al.

(1996)
AIS-KS
HN-negative

41/61
8/17

None

Cutaneous and others
HIV -negative

1/19

HIV -negative
Skin
Verrcea vulgars
Total

HIV -negative
Cutaneous and others

0/3
0/2
0/5

Paraffin-embedded
1/26

Modified from Olsen and Moore (1997)
PBMC, peripheral blood mononuclear cells; HIV, human immunodeficiency virus; PCR, polymerase chain reaction
apositivity rate dependent on amount of added template DNA
bTesting of multiple samples from same individual
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Similarly, Boshoff et al. (1995a) found KSHVlKHVS in 39 of 40 Kaposi's sarcoma 
lesions of dl types but in none of 11 pathologically similar tissues (angiomdangio- 
sarcoma, skin naevi and granulomatous tissues). In a case-control analysis of Kaposi's 
sarcoma tissues from W-positive and HIV-negative persons and skin and PBMC from 
HXV-negative persons, Moore and Chang (1995), who were unaware of the case or 
control status of the subjects, found viral DNA in 20 of 21 Kaposi's sarcoma lesions and 
in only one of 21 control tissues (odds ratio, 400; 95% CI, 19-17 000). Jin ef al, (1996a) 
and Dictor et al. (1996) compared Kaposi's sarcomas from WV-positive and W- 
negative persons with a wide variety af tissues resembling Kaposi's sarcoma, including 
those of endothelial origin and angiogenic and skin turnours. They found viral DNA in 
88-100% of 71 Kaposi's sarcoma lesions and none of 224 control tissues. Table 3 also 
gives a partial list of studies in which control tissues from nearly all organ systems were 
examined by PCR. Overall, 34 of 1128 (3%) tissues not from Kaposi's sarcomas 
contained KSWkIHV8 DNA. Several of these samples were primary effusion lym- 
phomas (described in section 2,2.1), which are also associated with KSHVEEIYX 
(Chang et al., 1994; Gaidano et al., 1996b), and the results in two studies (Decker et al., 
1996; McDonagh et a!. , 1996) accounted for nearly half of al l  the positive findings. 

The amount of viral DNA detected by Southern blot in Kaposi's smoma lesions 
averages fsom undetectable to an estimated 10-20 viral genome copies per ceIl qui-  
valent, Similarly, KSW/HHV8 DNA is readily detectable by PCR in DNA extracted 
fsom fresh tissue, whereas nested PCR is often required to obtain positive results from 
fixed, p6n-embedded tissue. These conditions probably play a role with respect to 
the differences in positivity rate observed by different investigators. 

Several. groups reported a higher detection rate of KSHV/HI.TVS; by PCR in late 
plaque or nodular stages than in early or patch-stage Kaposi's sarcoma (Luppi et al., 
1996a; Noel et al., 1996). 

2.1.3.2 Detection of KSWHHV8 DNA in peripheral blood rno~u7nuciear cells 

The rate of detection of HEW8 in PBMC from Kaposi's sarcoma patients varies 
widely (Table 4); however, most of the larger studies suggest that about 50% of PBMC 
samples from Kaposi's sarcorna patients give positive results when tested by nested PCR 
under standard conditions, e.g. using 100-500 ng of PBMC DNA (Whitby ei aL, 1995; 
Bigoni eta!., 1996; Lefr8re et al., 1996; Moore et al., 1996~; LebM et al,, 1997a). When 
assaying for the presence of KSHVLHHV8 DNA in PBMC, it is important to use suffi- 
cient DNA to detect a low copy number of viral DNA (Decker et al., 1996; Blackbourn 
eb a!., 1997). 

As shown in Table 4, 42% (1611386) of HIV-positive patients and 53% (47189) of 
EW-negative patients with Kaposi's sarcoma had detectable KSWLKHV8 DNA in their 
PBMC. Albini et al, (1996a) reported an exceptionally low positivity rate (3154) for 
KSHVECWB in PBMC from HN-infected Kaposi's sarcoma patients. If these exeep- 
tional results are excluded, the positivity rate among W-infected patients in the remi- 
ning studies was 48% (1581332). In a study of Meditmanean Kaposi's sarcoma patients, 
Brarnbilla et aL (19%) reported a particularly high concordance for patients with 



Table 4. Detection of KSHV!HHV8 DNA in peripheral blood mononuc1ear cells (PBMC)

Reference KS type KSHV IHHV8 Control PBMCs KSHVIHHV8 Odds 95% CI Comments
(positive/ (positive/ ratio

~total) total) 0
CI-Collandre et aL. AIS- KS 2/10 ILV -positive, no KS 0/9 PCR Southern blot CI

(1995) CI
Ambroziak et aL. AIS- KS 7/7 IlV-positive, no KS 0/6 ~
(1995) HIV -negative KS 3/3 ILV -negative, no KS 0/14 n0Total 10/10 Total 0/20 ~
Whitby et aL. (1995) AIDS-KS 24/46 HIV -positive, no KS 11/143 Nested PCR ~

Oncology patients 0/26

lBlood donors 0/134
Total 11/303 m

CI
Moore et aL. (1996c) AIS-KS 11/21 Homo- or bisexual 3/23 7.3 1.4- Nested PCR ..-
and correction by AIDS patients, no KS 47.9 ::

c:Par & Moore Haemophiliac AIDS 0/19 21.8 CI

(1997) patients, no KS 2.4-978 fi
Total 3/42

~
Marchioli et aL. AIDS-KS 46/99 HIV-positive 0/64 PCR Southern blot
(1996) HIV -negative 0/2 HI -negative 0/163

æhomosexual men Total 0/227
Total 46/101 ~

mHumphrey et aL. AIDS-KS 34/98 HIV -positive, no KS 12/64 2.3 1.0-5.3 PCR Southern blot CI..( 1996) HIV -negative, no KS 0/11 ~Total 12/75 c:
Decker et aL. (1996) AIS- KS 8/9 Allograft patients 4/5 Multiple samples

CI
00

Healthy donors 3/5 tested to obtain
Total 7/10 positive results in

controls
.¡--



Table 4 (contd) P - 
h) 

Reference . KS type KSHVMHV8 Control PBMCs KSHVtHHV8 Odds 95% CI Comments 
(positive/ (positive1 ratio 
total) total) 

LebbC et al. (1997a) Classic KS 
African KS 
Castleman's disease 
HIV-negative 

homosexual men 
Immunosuppressed 

or transplant KS 
Total 

Albini et al. (1996a) AIDS-KS 
Classic KS 
Transplant 
Total 

Brambilla et al. Classic KS 
(1996) Stage I 

Stage I1 
Stage 111 
Stage IV 
Total 

Heredia et al. (1996) AIDS-KS 
HIV-negative KS 
Total 

Howard et al. (1995) AIDS-KS 
Huang et al. (1997) AIDS-KS 
LeMre et al. (1996) AIDS-KS 

Blood donors 0120 PCR Southern blot 
Nested PCR (32% 
of KS subjects 
positive with 

Healthy donors 

None 

HIV-positive 012 
HIV-negative 018 
Total 0110 
AIDS, no KS 016 
None 
AIDS, no KS 1/14 
HIV-positive (asymptomatic) 1145 
HIV-negative 0120 

unnested PCR) 7 
T: 

Nested PCR 

HIV, human immunodeficiency vims; PCR, polymefase chain reaction 
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disseminated Kaposi's sarcoma, 100% of whom had detectable KSHVIHHV8 DNA in
their PBMC.

Under the same conditions, KSHV IHHV8 is only rarely detected in PBMC from
blood donors or other subjects without Kaposi's sarcoma (Table 4; Ambroziak et aL.,
1995; Whitby et al., 1995; Bigoni et aL., 1996; Lefrère et al., 1996; Moore et al., 1996c;
Blackbourn et aL., 1997).

2.1.3.3 Detection of KSHVIHHV8 DNA in other tissues

Similarly high rates of KSHV IHHV8 positivity have been observed in uninvolved
skin of Kaposi's sarcoma patients (Moore & Chang, 1995; Albini et al., 1996a;
Buonaguro et al., 1996; Corbellno et al., 1996b; Huang et aL., 1997), with no significant
difference between those who are HIV -infected and uninfected (Table 3). ln contrast,
skin biopsy samples from non-Kaposi's sarcoma patients very rarely have detectable
KSHVIHHV8.

KSHVIHHV8 is also detected to varing degrees in other tissues (e.g. semen, serum,
prostate glands, bone marow) from Kaposi's sarcoma patients (Table 5; see also section
1.1.6). Corbellno et al. (1996a) detected KSHVIHHV8 DNA by nested PCR in all of
seven paravertebral sensory lumbar ganglia from Kaposi' s sarcoma patients and in none
of simIlar materials from patients without this tumour. Howard et al. (1995) detected
KSHV IHHV8 by nested PCR in bronchoalveolar lavage fluid from 11 of 14 HIV-
positive men with both cutaneous and pulmonar Kaposi' s sarcoma, but in none of six
men with only cutaneous manifestations and in one of 19 HIV-positive men with no evi-
dence of either cutaneous or pulmonar Kaposi' s sarcoma; the last case presented three
months later with pulmonar manifestations of Kaposi' s sarcoma.

2.1.3.4 Serology

Serological assays have been developed to detect antibodies to either a LANA (Gao
et al., 1996a,b; Kedes et aL., 1996) and/or a defined (Miler et al., 1996; Simpson et al.,
1996) or undefined (Lennette et al., 1996; Ablashi et al., 1997) structural ('lytic') antigen
of KSHVIHHV8 (Rickinson, 1996). The exact prevalence of KSHVIHHV8 infection in
northern Europe and the United States, as measured by these assays, is still controversial
and ranges from 0-20%. The available evidence indicates considerable geographical
varation. Infection with KSHV IHHV8 seems to be widespread in several Afrcan
countres (50-70%) and more common in some Mediterranean countries than in nortem
Europe or the United States (for a more detaled discussion of currently avaIlable sero-
logical assays and KSHVIHHV8 prevalence, see section 1.2.2).

Studies in which the association between Kaposi's sarcoma and KSHVIHHV8 anti-
bodies was analysed are summarzed in Table 6. Irespective of differences in the assays
used, most of the rates reported were more than 80% seropositivity in all epidemiological
types of Kaposi' s sarcoma.

Most studies in which antibodies to LANA were measured by immunofluorescence or
western blotting (Gao et aL., 1996a,b; Kedes et aL., 1996; Simpson et al., 1996) are
consistent in detecting antibodies in 80-90% of Kaposi's sarcoma patients but in only
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Table 5. Detection of KSHV IHHV8 in semen and prostate tissue

Reference KS type Positive/ Control/other populations Positive/ Method
(countr or region) total tota

Semen

Ambroziak AIDS-KS 0/4 - - PCR hybridization
et aL. (1995) detection of amplicons
(USA)

~Monini et aL. - - Semen donors 5/100 Nested PCR ('
(1996a) (Itay) 30/33b s:
Corbellno et aL. Semen donors 0/20 Nested PCR 0- - Z
(1996c) (Italy) 0

Cì
Monini et aL. AIS-KS 1/5 AIDS without KS 0/10 Nested PCR

~(1996b) (Italy) Semen donors 3/13 PCR
::Marchioli et aL. AIS-KS 4/31 - - PCRo CI

(1996) (USA) Classic KS 0/2 ~0
Gupta et aL. (1996) AIDS-KS 2/14 AIDS without KS 0/10 Nested PCR; sampling at

~(USA) two times
Howard et al. AIDS-KS 3/15 AIS without KS 3/9 Nested PCR

tr..
(1997) Semen donors 0/115 0
(United Kingdom)
Huang et aL. AIS-KS 3/12 AIS without KS 0/4 PCR hybridization and
(1997) (USA) Classic KS 0/2 HIV -positive intravenous 0/5 in-situ PCR detection of

drug users ampli cons 

HIV -negative 0/7

Viviano et aL. AIDS-KS 1/1 AIDS without KS 1/10 Nested PCR
(1997) (Sicily) HIV -negative 6/45



Table 5 (contd)

Reference KS type Positive/ Controllother populations Positive/ Method
~(countr or region) total total 0
CI~Prostate tissue CI
CI

Monini et aL. - - Benign hyperplasia and 7/16 Nested PCR
~(1996a) (Italy) carcInoma (Î

Corbellno et aL. AIDS- KS 5/5 0- -
~

(1996c) (Italy) ~
Corbellno et aL. - - AIDS without KS 0/20 Nested PCR

~(1996c) (Italy) HIV -negative 0/8

Tasaka et al. Prostate biopsy 0/52 Nested PCR m- -
CI

(1996, 1997) ~1-
(Italy and USA) ::

c:
. Monini et aL. Hyperplastic prostate 2/7 Nested PCR CI- -

::(1996b) (Italy) biopsy c:
Lebbé et aL. - - Benign hyperplasia and 0/19 Nested PCR ~

~(1997b) (France) carcinoma

Staskus et al. - - Prostate biopsy 12/16 ln-situ hybridization ~
(1997) (USA) cg
Rubin et aL. (1997) Prostate biopsy 0/45 PCRa m- - CI

(USA) ~1-::
c:

Modified from Blackbourn & Levy (1997) CI
aBlinded analysis 00
bUnblinded analysis

.¡"'
Vl
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Table 6. Serological studies of KSHV IHHV8 infection

Reference Assay KS type No. positive/ Control population Antibodies to LANA Antibodies to lytic
total (No. positive/total) antigen

(No. positive/total)

Gao et al. BC-l LANA Western USA AIDS without KS, US homosexual men 7/40 ND
(1996a,b) blot AIDS (homosexuals) 32/40 HIV-positive US haemophilacs 0/20 ND

Italy U gandan cancer patients
AIDS 11/14 HIV-positive 25/35 ND

~
Classic 11111 HIV -negative 29/47 ND

U ganda Blood donors n
AIDS 16/18 USA 0/122 ND s:Endemie 111 Italy 4/107 ND 0BCP-l LANA IFA USA US EBV-positive 0/69 ND Z
AIDS 35/40 AIDS without KS, US homosexual men 12/40 ND 0

c.Italy HIV-positive US haemophiliacs 0/20 ND
~AIDS 10/14 U gandan cancer patients
""Classic 1 111 1 HIV -positive 18/35 ND :iU ganda HIV -negative 24/47 ND C/

AIDS 14/18 Blood donors ~
Endemie 111 USA 0/122 ND 0~Italy 4/107 ND CUS EBV-positive 0/69 ND

~Kedes et al. BCBL-l LANA IFA AIDS 37/45 HIV -positive US haemophiliacs 9/300 ND ..(1996) Classic 111 HIV -positive US transfusion recipients 2/44 ND 0
Sexually transmitted disease clinic attendees

HIV -positive (bilomosexual) 13/37 ND
HIV -positive (heterosexual) 0/9 ND
HIV -negative 10/130 ND

US blood donors
HIV -positive 41/138 ND
HIV-negative 2/141 ND

Kedes et aL. BCBL-l LANA IFA AIDS (women) 2/2 HIV-positive women i 2/302 ND
(1997) HIV -negative women 1184 ND



Table 6 (contd)

Reference Assay KS type No. positive/
total

Control population Antibodies to LANA
(No. positive/total)

Antibodies to Iytic
antigen

(No. positive/total)

Lennette
et al.
(1996)

BCBL-l LANA IFA

BCBL-l TPA
induced lytic IFA

US (AIDS and a few
c1assic)
Mrican endemic

US (AIDS and a few
classic )

African endemic

47/91

28/28
87/91

28/28

HIV -positive, US homosexua1 men
HIV -positive male intravenous drug users

HIV -positive women
Children .: 16 years
Adults ;: 16 years
US blood donors
US women
Haemophiliacs
Varous tumours (Dominican Republic,
Sweden, Malaysia and Netherlands)
EBV -positive patients
Rheumatoid artis

Zimbabwe
Nigeria
Zaïre

U ganda

The Gambia
Ivory Coast
Haïti
Dominican Republic
Guatemala

19/94
0/13
0/33
0/263
0/174
0/44
0/54
0/83
0/147

0/40
0/20
4/37
3/52
4/16
9/82
11/45
4/7
0/52
0/40
0/20

87/94
3/13
7/33
10/263
33/174
9/44
15/54
10/83
19/147

8/40
5/20
12/37
29/52
13/16
63/82
38/45
7/7
15/52
5/40
2/20

~
"to
C/..
C/
C/

~
(Jo
a;
~
S
~tr
C/....~
c:
C/

~
c:
a;

~
S
~tr
C/....~
c:
C/
00

~..--
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Table 6 (contd)

Reference Assay KS type No. positive/ Control population Antibodies to LANA Antibodies to lytic
total (No. positive/total) antigen

(No. positive/total)

Simpson ORF 65 ELISA AIS (USA, UK) 46/57 HIV -positive homosexual men 10/33
et al. AIS (Uganda) 14/17 HIV -positive women with sexually 3/15
(1996) C1assic (Greece) 17/8 transmitted diseases -Haemophilacs

~RIV -positive 0/26 nHIV -negative ND
~BCP- 1 LANA AIDS (US, UK) 84/103 Intravenous drug users
0!FA Classic (Greece) 17/18 HIV -positive 0/38 2/38 ZHIV -negative 0/25 0/25 0

HIV-negative homosexual men with sexually 8/65 ND

~
transmitted diseases

Heterosexual men 4/75 ND
Heterosexual women 2/26 ND :i

CfChildren with rash or fever 0/24 ND ..Blood donors 0UK 4/150 3/174 ~
USA 0/1 17 6/117 C

Greek age-/sex-matched controls 3/26 3/26 ~U gandan controls ..
RIV -positive 18/34 16/34 0
HIV - negati ve 9/17 7/54

Miler et aL. Sodium butyrate- AIDS 32/48 HIV -positive US homosexual men ND 7/54
(1996) induced Be- 1

western blot
Sodium butyrate- AIDS 31/48 HIV-positive US homosexual men ND 7/54
induced BC-1 IFA

Davis et al. ORF 26 peptide AIDS 21/35 HIV-negative blood donors ND 6/30
(1997) ELISA HIV -positive homosexual men ND 2/8

HIV -positive haemophilacs ND 6/24



Table 6 (contd)

Reference Assay KS type No. positive/ Control population Antibodies to LANA Antiboies to lytie
total (No. positive/total) antigen

(No. positive/total)

Lin et al. Recombinant whole AIDS 42/47 HIV -positive US adults ND 11/54
(1997) ORF 65 western blot HIV -positive children ND 0/12

HIV -negative children ND 0/10
Haemophiliacs ND 0/25
Autoimmune patients ND 0/25

Children with acute ilness ND 0/25

Healthy adults ND 3/28

Nasophargeal cancer patients (China) ND 0/25

Smith et al. BCBL-1 TPA- AIDS 7n HIV-positive ND 6/18
(1997) induced lytic IF A US bloo donors ND 0/52

with Evans blue
counterstan

Modfied from Olsen & Moore (1997)
ND, not determned; LANA, Iatency-associated nuclear antigen; IFA, immunofluorescent assay; ELISA, enzyme-linked immunosorbent assay; TPA, 12-0-tetradecanoylphorbol
13-acetate

~o
CI~
CI
CI
~~
(ìo
s:
~
æ
~
CI
-i

ê

~
~
æ
~t:
CI
-i
~
c:
CI
00

.t..
\0
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30% of HIV-positive homosexual or bisexual men and less than 2% of HIV-positive
patients with haemophila or blood donors in the United Kingdom or the United States.
Simpson et al. (1996) also found no LANA-reactive sera among 38 HIV-positive intra-
venous drg users. Gao et al. (1996a,b), in a nested case-control study within the cohort
of a multicentre study on AIDS, compared 40 AIDS patients with Kaposi's sarcoma and
40 randomly selected AIDS patients without Kaposi' s sarcoma, matched for CD4 + count.
The odds ratio for an association between LANA positivity and Kaposi's sarcoma was
16. A similar comparson of 45 AIDS patients with Kaposi's sarcoma and 37 HIV-posi-
tive homosexual and bisexual men showed an odds ratio for LANA positivity of 8.5
(Kedes et al., 1996). Lennette et al. (1996), who found a lower LANA antibody detection
rate among Kaposi's sarcoma patients (52%) than in other studies, obtained an odds ratio
of 4.2 for a similar comparson.

ln view of the rarty of Kaposi's sarcoma among HIV-infected haemophila patients,
the virtual absence of LANA antibodies in this group (Gao et al., 1996a,b; Kedes et aL.,
1996; Simpson et aL., 1996) is an important finding. ln these studies, a total of 346 HIV-
positive pers ons with haemophilia from three defined cohorts were investigated.

The association between antibodies to KSHV IHHV8 structural proteins and Kaposi' s
sarcoma has also been examined. Miler et al. (1996) compared antibodies to a 40-kDa
structural antigen by western blot in AIDS patients with Kaposi's sarcoma (67%) and in
HIV-positive homosexual men (13%), giving an odds ratio of 13. For a recombinant
capsid-related protein, vp19/0RF 65, Simpson et al. (1996) found 81 % antibody reacti-
vit Y among AIDS patients with Kaposi's sarcoma and 31 % in HIV-positive homosexual
men (odds ratio, 9.2). ln contrast, Lennette et al. (1996), using an immunofluorescence
assay for low, titres of antibodies to undefined structural proteins, found positive results
in 96% of AIDS patients with Kaposi's sarcoma and in 93% of HIV-positive homosexual
men in the United States (odds ratio, 1.8). A comparison of antibody positivity for both
LANA and structural antigens in cases of AIDS plus Kaposi's sarcoma and in blood
donors and other groups at risk for HIV infection (haemophilia patients and intravenous
drug users) yielded much higher odds ratios.

2.1.4 Temporal associations

The long-term consequences of infection with KSHV IHHV8 have been examned in a
limited number of studies of few exposed individuals. These studies have addressed only
the association between Kaposi's sarcoma and prior exposure to KSHVIHHV8, deter-
mined by either PCR or serology.

ln a cohort study, Whitby et al. (1995) followed (for a median of 30 months) 143
HIV-positive patients who did not have Kaposi's sarcoma at the time their first or only
blood sample was taken. Of the 11 men who initially had detectable KSHV /HV8 in
their PBMC by nested PCR, six (54%) developed Kaposi's sarcoma, whereas only 12 of
132 (9%) men who were KSHV IHHV8-negative developed the disease (odds ratio, 7.0;
95% Ci, 2.8-13).

ln a nested case-control study, Moore et aL. (1996c) and Par and Moore (1997)
compared the detection of KSHVIHHV8 by PCR in paired samples of PBMC drawn
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from 21 HIV-infected patients before and after a diagnosis of Kaposi's sarcoma with that
in paired samples from 23 high-risk, HIV -infected homosexual men who later developed
AIDS. Nine of the 21 Kaposi's sarcoma patients and one of the 23 homosexual controls
were KSHV/HHV8-positive at the time the initial sample was taken (odds ratio, 17; 95%
CI, 1.8-755). Overall, 11/21 patients and 3/23 controls (at any sample) had evidence of
KSHVIHHV8 before the onset of Kaposi's sarcoma (odds ratio, 7.3; 95% CI, 1.4-48).

Lenette et al. (1996) analysed 13 pairs of sera collected before and after diagnosis of
Kaposi's sarcoma. No c1ear association between seroconversion to KSHVIHHV8 (latent
or lytic antibodies) and the development of Kaposi's sarcoma was found after a median
interval of about 12 months.

ln a longitudinal study of 40 patients who developed AIDS-associated Kaposi's

sarcoma over a period of 13-103 months, 11 patients (28%) showed positive results at aU
visits, and 21 seroconverted to KSHVIHHV8 6-75 months before a diag.nosis of
Kaposi' s sarcoma (Gao et aL., 1996b). The median duration of positivity for antibodies to
LANA before the diagnosis was 33 months (Figure 5). The LANA antibody titres
remained constant between seroconversion and Kaposi' s sarcoma development, which
the authors suggested was inconsistent with seroconversion to LANA reflecting reac-
tivation of a pre-existing KSHVIHHV8 infection (Gao et al., 1996a; Figure 6). ln a sub-
sequent study based on an indirect immunofluorescence assay for LANA on the EBV-
negative KSHVIHHV8-infected cell line BCP-l, similar results were obtained (Gao
et al., 1996a).

2.2 Lymphoproliferative disorders

2.2.1 Primary effsion lymphomas

2.2.1.1 Pathology and clinical presentation

Another neoplastic condition associated with KSHV IHHV8 is primar effusion lym-
phoma. AIDS-related lymphomas presenting as primary malignant lymphomatous effu-
sions in body cavities were first recognized in the late 1980s (Knowles et al., 1989;
Walts et al., 1990; Karcher et aL., 1992). This lymphoma is a rare, distinct subtype of
non-Hodgkin's lymphoma that has morphological features shared by large-cell immuno-
blastic lymphomas and anaplastic large-cell lymphoma (Ansar et aL., 1996; Carbone
et aL., 1996a; Cesaran et al., 1996b). Primar effusion lymphoma is defined by distinc-
tive c1inical, immunophenotypic and molecular genetic features (Cesaran et al., 1995a).
It presents predominantly as malignant effusions in the pleural, pericardial or peritoneal
cavities, usually without significant tumour mass or lymphadenopathy; however,
lymphomatous infiltration of serosal surfaces adjacent to the site of the primar malI-
gnant effusion is sometimes seen (Komanduri et aL., 1996).

Morphologically, the cells bridge the features of large-cell immunoblastic and ana-
plastic large-celllymphomas. They are usually large and irregularly shaped, with abun-
dant cytoplasm and varably chromatic and pleomorphic nuc1ei. One or more prominent
nuc1eoli are usually present, and mitotic features are abundant (Ansar et aL., 1996).
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Figure 5. Prevalence of seropositivity for BCP-l immunofluo-
rescence and for latent nuclear antigen in 39 homosexual

AIDS patients before onset of Kaposi's sarcoma

100 .-~0
l

-
90 CI-

c:
Q)

80 ~a.
70 ce

E0
60 e

ce
CI

50 _CI

'eñ

40 0a.
ce

30
:x
Q):;,. 20 :¡

'eñ0
10

a.,. e
Q)

0 (f

-90 -80 -70 -60 -50 -40 -30 -20 -10 0

Time before Kaposi's sarcoma onset (months)

From Gao et aL. (1996a,b)
Date of seroconversion was estimated to be the mid-point between last
negative and first positive serological test. For comparison, seropositivity
for KSHVIHHV8 by immunoassay for latent nuclear antigen (dashed line) is
plotted against seropositivity by BCP-l immunofluorescence (solid line).
Fift percent of the Kaposi's sarcoma patients were seropositive 46 months

before onset of the disease by BCP-l immunofluorescence assay. Error bars
are standard errors of the mean calculated from a binomial distribution.

Under the electron microscope, the cells are large, with lobulated nuclei contaning
marginated heterochromatin and pro minent rope-like nucleolonemas. The cytoplasm is
moderate in amount and exhibits short, blunt, surface projections. KSHV IHV8 paricles
are not identified in the cytoplasm, but nuclear paricles measuring 110 nm have been
observed (Renne et aL., 1996a; Said et aL., 1996a,b).

Prmar effusion lymphoma cells have indetermnate (null) immunophenotypes,
lacking expression of any lineage-associated B- or T -lymphocyte antigens (Table 7), but
usually express the common leukocyte antigen CD45. A B-celllineage is indicated by
the presence of clonaI immunoglobulin gene rearangement (Knowles et al., 1989;
Cesaran et aL., 1995b; Komanduri et aL., 1996). The B-cell derivation is also supported
by the monoclonal nature of primar effusion lymphoma, as demonstrated by a consis-
tent rearangement of the immunoglobulin genes and by expression of monotypic 1C or À

rnA in the cell cytoplasm (Nador et aL., 1996). Prmar effusion lymphoma cells
usually express activation markers such as CD30, CD38, CD71 and epitheliaI membrane
antigen.
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Figure 6. Immunoglobulin-y end-point titres for six AIDS
patients with Kaposi's sarcoma from whom three or more
samples were draWD after seroconversion (immunofluo-
rescence titre ~ 1:160 and a fourfold or greater rise in end-
point titre)
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From Gao et aL. (1996a)

Titres remained elevated for 36-93 months after seroconversion, until onset
of Kaposi' s sarcoma (X), consistent with a prolonged antibody response
after primar infection

These cells consistently lack the molecular defects commonly associated with neo-
plasia of mature B cells, inc1uding activation of the proto-oncogenes c-myc, bel-2, bcl-6,
N-ras and K-ras or mutations of p53 (Cesarman et aL., 1995a; Carbone et aL., 1996a;
Nador et aL., 1996). Cytogenetic studies have shown complex, hyperdiploid karotypes.
Alterations of the chromosomal region lq21-q23 have been reported, which are also
present in other EBV-positive AIDS-related lymphomas (Ansar et aL., 1996).

The levels of IL-6 and IL-I0, which are involved in B-cell proliferation and differen-
tiation, are both markedly elevated (340-16 Ooo-fold higher than in normal human
plasma) in primar effusion lymphoma. Expression of both IL-6 and IL-6 receptor trans-
cripts in some cells suggests a paracrine mechansm for continued B-cell proliferation
(Komandur et al., 1996).

ln patients with AIDS, primar effusion lymphoma is a fulminant lymphoprolife-
ration, and the median survival time is less than six months (Komanduri et al., 1996;
Nador et aL., 1996); however, a more indolent course has been documented in immuno-
competent patients (Strauchen et al., 1996).
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Table 7. Immunophenotypic types of
primary effusion Iymphoma cells

CD45 (leukocyte common antigen) +

TdT

Activation markersCD30 +CD38 +CD71 +HLA-DR +
Epithelial membrane antigen +

T -Cell markers
CD2
CD3
CD4
CD5
CD7
CD8

B-Cell markers
CD19
CD20
CD22
CD23

Other markers
CD 10
CD14
CD 15 (Reed-Sternberg antigen)

From Cesaran et aL. (1995a,b), Ansar et aL.
(1996) and Nador et aL. (1996)

2.2.1.2 Descriptive epidemiology

Very little is known about the distribution and epidemiological characteristics of

primar effusion lymphoma. Because it is rare, its incidence remains to be established.
Although primar effusion lymphoma was first described among AIS patients
(Knowles et aL., 1988), in whom it occurs mainly at an advanced stage of the disease
(Komanduri et aL., 1996), it has also been reported in HIV -negative individuals (Nador
et aL., 1995). ln addition, like Kaposi's sarcoma, with which it is c10sely linked, it is seen
primarly in homosexual men and seldom in other groups at risk for HIV infection (Jafe,
1996; Nador et aL., 1996).

Primar effusion lymphoma is distinct from another body cavity-based lymphoma,
pyothorax-related B-cell lymphoma. These large B-cell lymphomas occur in patients
with long -standing pyothorax resulting from arificial pneumothorax for the treatment of
pulmonar tuberculosis or tuberculous pleuritis (Iuchi et al., 1987, 1989). Ths tumour
has been identified most often in J apan, with more than 50 cases in the literature, in com-
parson with a single series of three cases reported from a western country, France
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(Marin et aL., 1994). The geographical distribution of pyothorax-related B-cell 1ym-
phoma may be due to the fact that arificial pneumothorax is used more frequently as a
treatment modality in Japan. ln common with primary effusion lymphoma, the tumour
cells in pyothorax-related B-cell lymphoma nearly always contain EBV (14 of 14 in a
study by Cesaran et aL., 1996b); however, in pyothorax-related B-cell lymphoma,
pleural mass lesions are seen, c-myc rearrangements are present and KSHV IHHV8 is
absent (Cesarman et al., 1996b).

2.2.1.3 Case reports and case series

Table 8 summarzes 30 case reports of primar effusion lymphoma reported in the
literature. Four other cases were associated with c-myc gene rearangements and thus
molecularly resembled Burkitt-type lymphomas (Nador et al., 1996). Since these cases
also had cytomorphological features similar to those of Burkitt's or Burkitt-like lym-
phomas, and two of the four also involved systemic lymphoma, Nador et aL. (1996), who
originally reported these cases as primary effusion lymphomas, argued that they should
be classified as Burkitt-type lymphomas, despite their body cavity involvement. (The
W orking Group concluded that these cases could not be considered primar effusion

lymphomas.) Effusions from the 30 patients all contained KSHVIHHV8 and in 26 of
these the PCR product was confirmed by Southem blot hybridization. Twenty-five of the
described cases occurred in HIV -infected homosexual men and three in uninfected
elderly men who did not belong to any established HIV risk group. Two cases of primar
effusion lymphomas have been described in HIV-negative women (Said et aL., 1996b).

The median CD4+ count in the HIV-infected persons was 65, indicating that they were
severely immunosuppressed at the time of diagnosis of primar effusion lymphoma
(Table 8). Of the patients reported to be infected with HIV, 10/25 had previously or at
the same time received a diagnosis of Kaposi's sarcoma. Similarly, two of five un-
infected primar effusion lymphoma patients had Kaposi's sarcoma (Nador et al., 1995,
1996; Said et al., 1996b; Strauchen et al., 1996).

Co-infection with EBV is common in primar effusion lymphomas; EBV mono-
c10nality has been established in most cases (Komanduri et aL., 1996; Cesaran et aL.,
1995a; Nador et aL., 1996). It is therefore of interest that several celllines derived from
these lymphomas, with genetic and immunological markers sirnlar to those of the
original lymphomas, were latently infected with KSHVIHHV8 but not EBV (Aranitaks
et aL., 1996; Renne et al., 1996a; Said et al., 1996a; Gao et aL., 1996b). KSHVIHHV8 has
not been consistently detected in other lymphomas (see Table 9).

2.2.2 Castleman ' s disease

2.2.2.1 Pathology and clinical presentation

Castleman's disease, also referred to as angiofollicular or giant lymph node hyper-
plasia, is a rare, usually polyclonal, non-neoplastic disorder of unkown etiology
(Castleman et aL., 1956). Two distinct histopathological varants with different c1inical
characteristics have been described: the hyaline vascular type and the plasma-cell type.
The more common hyaline form presents primarly as a solitar mass, most frequently in
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Table 8. Demographic, clInIcal and virological characteristics of patients with primary effusion Iymphoma

Age (years)/ HIV HIV risk KS CD4+ count Location of Other sites of KSHV / EBV Reference
sex status factor (cens/Ill) effusion disease HH8

Type Clonality

46/M + HS - 561 Abdominal None + 2 ClonaI Chadbum et aL.

(1993); Cesaran -
et aL. (1995a)

~31/M + HS - NR Pleural None + 1 ClonaI Knowles et aL. \.
(1989); Cesaran s:
et aL. (1995a) 0

Z40/M + HS + NR Pleural Submandi- + 1 Clonal Knowles et aL. 0
bular gland, (1989); Cesaran 0
lymph nodes et aL. (1995a) ~35/M + HS - NR Abdominal None + 1 Clonal Walts et aL. (1990); ."t

::
Cesaran et aL. en

(1995a) ~038/M + HS - NR Pericardial None + 2 ClonaI Cesaran et al. ~
(1995a) ~58/M + HS - NR Pleural None + 1 Clonal Cesaran et aL. tr
(1995a) -.037/M + HS + 109 Pericardial None + 1 ND Nador et aL. (1996)

42/M + HS - NR Pleural Oesophageal + 2 ND Nador et aL. (1996)
lymph node,
lung

53/M + HS - 84 Abdominal None + 2 ClonaI Ansari et al. (1996)
43/M + HS - 34 Pleural None + 2 ClonaI Ansar et aL. (1996)
44/M + HS + 25 Pleural None + 2 Clonal Ansar et aL. (1996)
44/M + HS + 33 Pleural None + 1 Clonal Ansar et aL. (1996)
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Table 8 (contd)

Age (years)/ HIV HIV risk KS CD4+ count Location of Other sites of KSHV / EBV Reference
sex status factor ( celIs/lll) effusion disease HHV8

Type Clonality

85/M - - - 288 Pleural None + - Nador et aL. (1995,
1996)

78/M - - - NR Abdominal None + 1 ClonaI Nador et aL. (1996)94/M - - + 60 Pleural Peritoneaum + - Strauchen et al.
Pericardium ( 1996)85/F - - + NR Pleural None + - Said et aL. (1996b)46/F - - - NR Silicone None + - Said et aL. (1996b)

breast
implant

M, male; F, female; NR, not reported; ND, not detennned; HS, homosexual man; IVDU, intravenous drug user; EBER, Epstein-Bar virus-encoded
RNA
a Only analysis by polymerase chain reaction
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Table 9. Presence of HHVS in lymphoid neoplasias

Histology Positive/tested

Cases unrelated to AIDS

Acute lymphoblastic leukaemia 0/44
Chronic lymphocytic leukaemia 0/61
Prolymphocytic leukaemia 0/10
Lymphoplasmacytoid lymphoma 0/3
Mantle-cell lymphoma 0/14
Follcular lymphoma 0/60
Monocytoid lymphoma 0/3
MALT lymphoma 0/16
Hairy cell 1eukaemia 0/18
Multiple myeloma and plasmacytomaa 0/28
Diffuse large-cell lymphoma 0/65
Small non-c1eaved (inc1uding Burkitts) 0/57

lymphoma
Cutaneous T-cell lymphoma 0/9
Peripheral T -cell lymphoma 0/20
Anaplastic large-cell lymphoma 0/17
Lymphoblastic lymphoma 0/4
Adult T-cell leukaemia/ymphoma 0/13
Post-transplant lymphoproliferation 0/23
Hodgkin's disease 0/49
Primar effusion lymphoma 8/8

AIDS-related lymphomas

Small non-c1eaved lymphoma 0/42
Diffuse large-cell lymphoma 0/39
Anaplastic large-cell lymphoma 0/5
Peripheral T-cell lymphoma 0/1
Hodgkin's disease 0/14
Primar effusion lymphoma 34/35

From Chang et aL. (1994), Pas tore et aL. (1995), Cesaran et aL.
(1995a), Karcher & Alkan (1995), Nador et aL. (1995), Ansar et aL.
(1996), Aranitaks et aL. (1996), Carbone et aL. (1996a,b), Gaidano

et aL. (1996b, 1997), Luppi et aL. (1996b), Nador et aL. (1996), Otsuki
et aL. (1996), Said et aL. (1996a), Strauchen et aL. (1996), Gessain
et aL. (1997)
MALT, mucosa-associated lymphoid tissue
a See also section 2.2.3 (multiple myeloma)

the mediastinum or retroperitoneum, is asymptomatic and is usually curable surgically.
The rare plasma-cell type is typically characterized by generalized lymphadenopathy,
immunological abnormalities and type B symptoms.
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The systemic varety, also designated multicentrc Castleman's disease, is primarly
of the plasma-cell type, but the hyaline type has occasionally been reported in a multi-
centric c1inical appearance (Herrada & Cabanilas, 1995; Shahidi et aL., 1995). Asso-
ciated c1inical findings are necessar to make the diagnosis of multicentric Castleman' s
disease, since the pathological features in lymph nodes can be nonspecific (Peterson &
Frizzera, 1993; Shahdi et aL., 1995). EBV was reported to be present in 9 of 16 cases of
localized and multicentrc Castleman's disease (Barozzi et aL., 1996). Multicentric
Castleman' s disease has an aggressi ve clinical course with a poor prognosis, and such
patients are at increased risk for Kaposi' s sarcoma and lymphomas (Peterson & Frizzera,
1993). It has been suggested that some of the immunological changes observed in HIV-
negative patients with multicentrc Castleman's disease are similar to those in HIV-
infected individuals (Lane et aL., 1985; Vuilier et al., 1988; Bir et aL., 1990; Boyd &
James, 1992; Ishiyama et aL., 1996).

2.2.2.2 Descriptive epidemiology

About 70% of patients with all forms of Castleman' s disease are under 30 years of
age, and men are affected more often than women. Patients with multicentric
Castleman's disease often tend to be in their fifties or sixties and to have increased risks
for non-Hodgkin's lymphoma and Kaposi's sarcoma (Peterson & Frizzera, 1993).

2.2.2.3 Case reports and case series

Few reports have addressed the presence of KSHV/HHV8 in Castleman's disease
(Table 10). Soulier et aL. (1995) detected KSHVIHV8 in all of 14 HIV-positive lesions
from French patients with multicentrc Castleman' s disease, comprising six plasma-cell
type, seven mixed and one hyaline vascular type. Seven of the patients also had Kaposi' s
sarcoma in the same tissue sample, and an additional two at another site; 64% had
Kaposi's sarcoma both in the same tissue and elsewhere. Of 17 HIV-negative multi-

centrc Castleman's disease lesions, seven (thee plasma cell, two mixed, two hyaline
type) contained KSHV/HHV8. Kaposi's sarcoma was diagnosed in one of these subjects.
Whereas the vast majority of cases among HIV -positive patients were found to contain
the virs by Southem blot, only two of the seven cases in HI -negative patients found to
be positive by PCR were positive by Southern blot. To evaluate the significance of the
positivity rate in the HIV -negative patients, reactive lymph nodes from 34 HIV -sero-
negative control patients were analysed; only one KSHV/HV8-positive case was found.

Dupin et aL. (1995b) reported the finding of KSHV/HHV8 in PMBC from two HIV-
infected men with Castleman's disease, one of whom had Kaposi's sarcoma. (The
authors did not specify whether these cases were multicentrc.) Tirell et aL. (1996) found
KSHV/HHV8 in lesions from an HIV-positive woman with multicentrc Castleman's
disease whose husband was diagnosed with Kaposi's sarcoma.

Gessain et al. (1996) detected KSHVIHV8 by PCR in cryopreserved lymph node
biopsy samples from one of thee HI-negative patients with multicentrc Castleman's
disease but in none of thee with localized disease. Of the HI -positive subjects, three of
four homosexual men with multicentrc Castleman' s disease had KSHV /H8 in their



Table 10. Detection of KSHV/HHV8 in patients with Castleman's disease

Reference (countr) HIV-negative (KSHV/ ilY-positive (KSHV/ Method Comments
HHV8 positive/tota) HHV8 positive/total)

HV PL Mixed HV PL Mixed

Soulier et al. (1995) 2/3 3/9 2/5 1/1 6/6 7/7 PCR, Southem blot AH MCD
(France) HIV-positive: 9/14 with KS

HIV -negative: 1/17 with KS
Corbellno et al. 0/2 4/4 PCR, Southem blot None with KS or lymphoma
(1996d) (Itay)

Barozzi et aL. (1996) 1/11 0/5 PCR Mixed: aIl MCD
(Italy) HV: aIl localized

Paraffin-embedded biopsies
Gessain et aL. (1996) 0/1 1/5 3/4 PCR HIV -positive: 3 HHV8-positive
(France) had KS in other organs

HIV-negative: none had KS

HV, hyaline vascular type; PL, plasma-cell type; mixed, both HV and PL; MCD, multicentrc Castleman's disease
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lymph nodes. Kaposi' s sarcoma was diagnosed in three HIV -positive and KSHV IHHV8-
positive men but not in the KSHV IHHV8-positive but HIV -negative woman. Semi-
quantitative PCR showed a high KSHVIHHV8 viral load in the lesions of patients with
and without HIV infection.

ln a group of Italian HIV -negative patients, Corbellno et al. (1996d) found high
levels of KSHV IHHV8 by PCR and Southern blot hybridization in biopsy samples from
all of four cases of plasma-cell type Castleman's disease but in none of two cases of the
hyaline vascular type. (The authors did not specify whether these cases were multi-
centric.) Neither Kaposi's sarcoma nor lymphoma was diagnosed in any of the patients.
None of 20 lymph node biopsy samples from 15 HIV -infected drug abusers with persis-
tent lymphadenopathy or from five HIV -negative patients with reactive lymphadenitis
contained KSHVIHHV8. Two of the four cases of plasma-cell Castleman's disease were
EBV-positive by PCR.

ln archivaI formalin-fixed, paraffin wax-embedded biopsy material from HIV-nega-
tive Italian patients with Castleman's disease, Barozzi et al. (1996) found KSHVIHHV8
in one of 11 patients with the localized hyaline vascular type and in none of five patients
with multicentric disease. PBMC and saliva were positive for KSHV IHHV8-specific
sequences in the KSHV IHHV8-positive patients, whereas serum, faeces and urine were
negative.

2.2.3 Multiple myeloma

Rettig et aL. (1997) demonstrated the presence of KSHV IHHV8 DNA by PCR and in-
situ hybridization in the cultured bone-marow dendritic cells of 15 patients with mul-
tiple myeloma but not in the myeloma cells (plasma cells). The authors also demons-
trated by RT-PCR the expression of v-IL-6 in three of three cultured myeloma bone-
marow dendrtic cells, suggesting that KSHV/HV8-v-IL-6 contributes to the mecha-
nism whereby bone-marow dendritic cells infected with KSHV IHHV8 promote myelo-
ma growth. KSHV IHHV8 was not detected by PCR in 28 DNA samples from myeloma
specimens (Cesaran et aL., 1995a; Pastore et aL., 1995; Gessain et al., 1997) or bone-
marow samples (Rettig et aL., 1997) in previous studies; this was attributed by the
authors to dilution of the sample with uninfected cells.

2.2.4 Other lymphoproliferative disorders

With the exception of primar effusion lymphoma, most large series of lymphoid
malignancies, including a varety of immunophenotypic categories of B- and T -cell
tumours, have not been shown to contain KSHVIHHV8 (Chang et al., 1994; Cesaran
et aL., 1995a; Pas tore et aL., 1995; Luppi et aL., 1996b; Gessain et aL., 1997; see Table 9).
Bigoni et aL. (1996), however, found that with nested and semiquantitative PCR 7-9% of
PBMC from non-Hodgkin' s lymphoma patients and patients with Hodgkin' s disease
contaned KSHV IHHV8.
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2.3 Other tumours

ln studies of angiosarcoma in HIV-negative individuals, Gyulai et al. (1996a,b)
reported one KSHV IHHV8-positive case. Mc Donagh et al. (1996) found KSHV /RHV8
by PCR in seven cases in the United States; one case was also tested by Southern
blotting. These findings were not confirmed by other investigators (Chang et al., 1994;
Boshoff et aL., 1995a,b; Dictor et al., 1996; Jin et al., 1996a,b).

Rady et al. (1995) reported the widespread presence of KSHV IHHV8 by PCR in
varous skin tumours from four immunosuppressed patients, but in studies in Austria,
Germany, Sweden and the United Kingdom this association could not be confirmed
(Adams et al., 1995; Boshoff et al., 1996; Dictor et aL., 1996; Uthman et al., 1996).

3. Studies of Cancer in Animal Models

No animal model for KSHV IHHV8 has 80 far been reported; however, several c10sely
related rhadinoviruses, e.g. HVS, Herpesvirus ateles (HV A) and murid herpesvirus 4
(MHV68), cause lymphoid malignancies or polyclonal proliferation. ln terms of its
tropism for B-cells, MHV68 is the most closely similar to KSHV /RHV8; however,
angiogenic proliferation is not seen with these animal viruses. Whether any of them wil
pro vide in-vivo models for KSHVIHHV8 is unkown. Bovine herpesvirus 4 (BHV-4),
also a gamma-2 herpesvirus, has not been associated with specific lymphoid disease but
is included in this monograph.

Small DNA fragments of two new primate rhadinoviruses, retroperitoneal fibro-
matosis herpesvirus of Macaca nemestrina (RFVMn) and retroperitoneal fibromatosis
herpesvirus of Macaca mulatta (RFHVMm), have recently been obtained from two
macaque species in one colony (Rose et al., 1997) and these may be c10sely related to
KSHVIHHV8. The animaIs are also infected with D-type simian retro virus type 2 and
develop retroperitoneal and subcutaneous fibrosis with progressive fibrovascular proli-
feration, reminiscent of Kaposi's sarcoma lesions (Stromberg et al., 1984; Bryant et al.,
1986).

3.1 Herpesvirus saimiri (saimiriine herpesvirus 2)

3.1.1 Description

HVS is a non-human primate rhadinovirus; it was first isolated in 1968 from the
kidneys of squirel monkeys (Saimiri sciureus), New World primates common to South
America (Meléndez et aL., 1968). The virs is indigenous to squirel monkeys and is
transmitted horizontally from mother to infant in salva. There is no evidence that HVS
can induce tumours in squirrel monkeys (Jung & Desrosiers, 1994); however, when new-
born squirrel monkeys were removed from their mothers immediately after birand
bred in captivity, sorne also being immunosuppressed with cic1osponn, later inoculation
of HVS provoked viraemia and the development of antibody but no ilness (Feckenstein
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& Desrosiers, 1982). There are no published reports of the development of tumours in
squirrel monkeys in the wild afer exposure to HVS.

Squirel monkeys originating from discrete geographical zones were all found to be
infected with HVS. The virus can be recovered routinely from PBMC and other tissues
and organs of squirrel monkeys either naturally or experimentally infected with HVS.
There is no evidence of seasonal varation in HVS transmission; however, under crowded
conditions more virus is shed from the throat (Deinhardt et aL., 1974; Fleckenstein &
Desrosiers, 1982; Jung & Desrosiers, 1994). Horizontal transmission of HVS by oro-
phargeal secretions from a squirel monkey to an owl monkey housed in the same

isolation unit occured experimentally (Barahona et aL., 1975).
HVS, like other gamaherpesviruses, remains latent in lymphocytes and can cause

lymphomas, leukaemias and lymphoproliferative disorders in other species of New
World primates - tamarns and marosets (Saguinus and Callthrix species), owl
monkeys (Aotus trivirgatus) and spider monkeys (Ateles species) - and in rabbits

(Oryctolagus cuniculus) (Deinhardt et aL., 1974; Fleckenstein & Desrosiers, 1982; Jung
& Desrosiers, 1994).

3.1.2 Host range, virus isolation and virus multiplication

HVS was first isolated by chance when it was observed that cultured kidney cells
derived from a healthy squirrel monkey degenerated spontaneously, with cytopathic

effects reminiscent of herpesvirs-infected cultures (Meléndez et al., 1968). Specifically,
hexagonal enveloped virons were found of approximately 140 nm, with capsids of 101-
108 nm and cores of 50-60 nm (Deinhardt et al., 1974). HVS can replicate in varous
monkey and human cell cultures. Higher infectivity titres were obtaned in kidney cells
from owl monkeys (~ 106.2/mL) than in those from Afrcan green or rhesus monkeys.
This experiment also showed that the infection with HVS is highly productive, contrar
to most other gamaherpesviral infections in vitro (Ablashi et aL., 1972).

The first evidence that HVS could infect human fibroblast cells was provided by
Ablashi et aL. (1971a), who showed that infected cells produce infectious virs; however,
the infectivity titres obtained were lower than those in owl monkey kidney cells. Simmer
et al. (1991) showed that HVS persists in T-Iymphoblastoid cells of varous primate
species, including human T cells. The human B-cell line (Raji) containing episomal EBV
DNA could be persistently infected with HVS. A human pancreatic carcinoma cellline
of epithelial origin could also be infected with HVS, and the cells contaned both
episomal and linear HVS DNA and produced HVS. Oie et al. (1973) reported that the
MEST cellline, which is a spontaeously transformed cellline of rhesus monkey embryo
origin, showed cytopathic effects afer infection with HVS and, afer two subpassages,
provided a continuous source of HVS. HVS has tropism for T lymphocytes and can
immortalize CD8+ and CD4+ cells (Biesinger et al., 1992).

Dahberg etal. (1988) showed that replication of HVS in human cells is semiperms-
sive because of a block in the synthesis of certn late proteins. The studies were con-
ducted with humån fibroblasts (HEp-2), other epithelial cells (KHOS) and human T cells
and the use of polyc1onal and monoclonal antibodies to HVS (Dahlberg et al., 1985).
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3.1.3 Host response: antibody detection

Klein et aL. (1973) identified the early and late antigens in HVS-infected Vero cells
(an African green monkey continuous cell line) using sera obtained from squirel
monkeys (Saimiri sciureus) and HVS-infected white-lipped tamarns (Saguinus fusci-
colls) and owl monkeys (Aotus trivirgatus). Two strikingly different patterns of staining
of early antigen were observed, both limited to the nucleus (one trabecular and the other
punctate), very similar to EBV EA(R) and EA(D). HVS-infected owl monkeys and
white-lipped tamarns behaved quite differently from squirrel monkeys in their early
antigen responses, and took two to thee times longer to develop antibodies. The early
antigen titres lagged behind those of late antigen. Antibodies appeared later in owl
monkeys than in white-lipped tamarns; in squirrel monkeys, the virus could be isolated
at the same time or somewhat later than the appearance of antibody. ln tamarns, HVS
was isolated before or at the time of appearance of antibody, whereas in owl monkeys,
the virus was usually isolated one to two weeks before antibody was detected.

3.1.4 Human exposure

Of 150 animal caretakers who were bitten several times while handling squirel
monkeys or HVS-infected owl monkeys or marosets, 11 (7.3%) were seropositive
(Ablashi et al., 1988). Four of 100 control adult sera (4%) also contained antibody to
HVS as tested by immunofluorescence assay. The antibody titre to late antigen in these
sera was between 1:10 and 1:80, and intense nuclear fluorescence reactivity was
observed in cells in most of the sera. When these sera were analysed by radioimmuno-
precipitation, two from the exposed persons were exceptionally reactive and the others
weaky reactive. The sera precipitated mainly HVS major capsid protein (160 kDa) but
also recognized several other proteins. Unexpectedly, follow-up sera from the caretakers
several months later showed no antibodies. Whether these results were due to antibody
cross-reactivity with KSHV IHHV8 or another primate rhadinovirs to which these indi-
viduals might have been exposed is unclear. Several attempts to isolate HVS from
PBMC of the caretaers were unsuccessful.

3.1.5 Molecular aspects

HVS has a linear double-stranded DNA genome of about 155 kb with a central unique
light region of 112 kb (36% G + C) flanked by varable numbers of 1.4-kb tandem
repeats of heavy DNA (72% G + C) (Baner et al., 1985; Cameron et al., 1989;
Albrecht et aL., 1992; Jung & Desrosiers, 1994). Earlier studies showed that DNA
sequences at the left termnus of light DNA are required for in-vitro immortalization and
for the oncogenic phenotypes (Desrosiers et aL., 1986). Most HVS genes have ORF
sequences that are similar to those of the KSHVIH8 and EBV genomes, and most of
these genes are aranged in collnear order. Neverteless, HVS and EBV differ with
respect to transformation and latent stage replication (Kung & Medveczky, 1996).

HVS strains have been classified into subgroups A, B and C on the basis of molecular
analysis, biological properties and oncogenic and transformng potential. Mutational
analysis demonstrates that most of the left ORF of strain 11 (subgroup A) is required to
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immortalize common marmoset T lymphocytes, but not for replication of the virus. An
ORF designated STP-C488 (subgroup C) was more potent in transformng Rat-l cells
(Jung et aL., 1991). DNA sequencing of the left end of the light strand revealed that HVS
contains a gene coding for dihydrofolate reductase (DHFR) with high sequence homo-
logy to human DHFR. The HVS DHFR gene differs from mammalian and avian genes in
that it lacks introns, suggesting that it may have been acquired through a process invol-
ving reverse transcriptase. The DHFR gene is also not required for viral multiplication or
for in-vitro transformation (Fleckenstein & Desrosiers, 1982).

Murthy et aL. (1986) studied RNA derived from 0.0-6.7 map units (7.4 kb) of HVS
light DNA by northern blot hybridization and nuc1ease protection analysis. Although
several poly(A)-containing RNAs were found in this region in permssively infected
monolayer cells in vitro, these RNAs could not be detected in lymphoblastoid tumour
cell lines. Instead, transformed T cells expressed four small RNAs of approximately 73,
105, 110 and 135 nuc1eotides derived from this region; these RNAs were not detected
during the course of lytic infection of monolayer cells. HVS and EBV also differ with
regard to other genes relevant to transformation and latency. ln HVS, there are no EBNA-
1 or oriP-like sequences in the region of the genome that corresponds to these sites in
EBV (see monograph on Epstein-Bar virus; Fleckenstein & Desrosiers, 1982; Jung &
Desrosiers, 1994; Kung & Medveczky, 1996). Instead, HVS and other rhadinoviruses
appear to have acquired from the host cells a block of genes at the left side of their
genomes that is not found in lymphocryptoviruses. Many other viral genes of HVS have
been identified which code for cytokines (Yao et aL., 1995), as has also been observed in
KSHV /RHV8.

3.1.6 Oncogenicity in non-human primates, rabbits and transgenic mice

As indicated previously, HVS strains can be divided into A, Band C subgroups. HVS
of subgroups A and C are highly oncogenic for a wide spectrum of New W orld primates,
while HVS strains of subgroup B have limited tumour-inducing capacity. ln rabbits, only
subgroup Chas oncogenic potential (Medveczky et aL., 1989).

HVS induces malignant lymphoma of the reticulum-cell type in cotton-topped
tamarns (Saguinus oedipus) and white-lipped tamarns (Saguinus fuscicolls) (Meléndez
et aL., 1969; Deinhardt et al., 1974). Lymphocytic leukaemia was induced in owl
monkeys (Aotus trivirgatus) inoculated with prototype strain of HVS (295C; Meléndez
et aL., 1971). Lymphoproliferative disease was induced in cinnamon ringtail monkeys
(Cebus albifrons) and African green monkeys (Cercopithecus aethiops; Meléndez et al.,
1972a).

Fleckenstein et aL. (1978a) induced malignant lymphomas in 3/14 cotton-topped
tamarns inoculated with isolated HVS DNA.

Five owl monkeys experimentaly inoculated with HVS developed moderately well-
differentiated malignant lymphomas with lymphogenous leukaemia within 57-178 days.
HVS could be isolated from cells of the spleen, kidney, lung, tumourmass (lymph node),
thymus and liver cultured from these organs. HVS could also be isolated from PBMC. ln
general, the leukocyte counts rose significantly above the baseline levels. Bone-marow
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samples showed eosinophilc hyperplasia and progressive infiltration by lymphocytes.
TermnaUy, the bone marow was intensely hypercellular, with 70% cells of the lympho-
genous series (Ablashi et aL., 1971b). The tumour-bearng owl monkeys developed
antibodies to HVS early and late antigens (Klein et aL., 1973) and membrane antigens
(Prevost et aL., 1976).

Heat-inactivated HVS strain 295C induced malignant lymphoma in two owl
monkeys, suggesting that HVS DNA, even though it may have been fragmented, can
induce tumours (Ablashi et al., 1973).

The common maroset (Callthrix jacchus) did not develop tumours after inoculation
with HVS, even though the virus was consistently present in the PBMC.

Daniel et aL. (1974) induced lymphoid tumours in New Zealand white rabbits (Oryc-
tolagus cuniculus) by intravenous inoculation of HVS, although not aU of the inoculated
anmaIs developed tumours. Similar results were reported in an inbred strain IIIIJ
(Ablashi et aL., 1980). The c1inical and pathological findings in these animals were nasal
discharge, respiratory disorders leading to death, lymphocyte infiltrates in the nares,
enlarged lymph nodes and generalized peripherallymphoadenopathy. The animaIs deve-
loped antibody to HVS, and the virus could be isolated from lymph nodes, spleen and
PBMC. AU infected animaIs showed depressed cell-mediated immune response.

Kretschmer et aL. (1996) showed that a previously identified ORF (StpA) which is
necessar for oncogenicity in monkeys induces pleomorphic T -ceU lymphomas in trans-
genic mice expressing StpA in a varety of organs.

3.1.7 Transformation ofmammalian cells in vitro

Subgroup A and C strains of HVS efficiently transform maroset PBMC to perma-
nent autonomous growth in vitro, whereas ceUs transformed by subgroup B viruses are
IL-2-dependent (Desrosiers et al., 1986; Szomolanyi et al., 1987).

Ablashi et aL. (1985) established a T-cellline from the spleen of an HVS-infected
New Zealand male rabbit which developed a well-differentiated lymphoma. This cellline
was IL-2-dependent and was highly oncogenic in rabbits, since it produced well-differen-
tiated lymphomas, and the animals died of lung complications shortly afterwards. The
cells (7710 cellline) contained multiple copies of non-integrated circular HVS genome.
As in other HVS-transformed non-producer celllines, a large segment of light DNA was
missing from the persistent circular viral DNA present in the 7710 cells.

Medveczky et aL. (1993) showed that a collagen-like ORF-1 protein is expressed in
permanent tumour-derived rabbit T cells and in transformed primate T cells infected
in vitro with HVS group C strain 484-77. Antibody to ORF-1 protein was also found in

. rabbits bearng tumours, suggesting that this protein is expressed in vivo.

Pacheco-Castro et aL. (1996) showed that HVS immortalized aß and yõ human T-
lineage cells derived from CD34+ intrathymic precursors in vitro, and the yõ lineage was
IL- 2-dependent.
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3.2 Herpesvirus ateles (ateline herpesvirus 2)

3.2.1 Description

HV A is also a non-human primate rhadinovirus. Strain 810 was first isolated from a
degenerating kidney-cell culture from a spider monkey (Ateles geoffroyÜ; Meléndez
et aL., 1972b). Later, strain 73 of HV A was isolated from circulating lymphocytes of a
spider monkey (A. paniscus) by co-cultivation with owl monkey kidney cells (Falk et aL.,
1974). Immunological, biological and molecular analyses indicate that HV A is c10sely
related to HVS but with homology to EBV. HV A is common in species of spider
monkeys native to South America and does not cause disease in the hosto HV A does not
cross-react with other primate herpesviruses. The virus is latent in spider monkeys and
can be isolated early from tissue and PBMC (Deinhardt et aL., 1974; Fleckenstein &
Desrosiers, 1982; Jung & Desrosiers, 1994).

3.2.2 Host range, cytopathogenicity and viral multiplication

Although HV A is a T -lymphotropic herpesvirus, it replicates efficiently in monolayer
cell cultures of fibroblasts and epithelial cells of animal origin (Deinhardt et al., 1974;
Jung & Desrosiers, 1994). HV A in monolayer cultures induces cytopathic effects, with
discrete, enlarged, round multinuc1eated giant cells. Owl monkey kidney cells are an
excellent source of high-titre infectious virus. The host range of cells that can be infected
with HV A is more distinct than that of HVS: HV A infects primar cultures of African
green monkey, owl monkey, maroset and squirrel monkey kidney cells. The cytopathic
effects are slower (more than five days), and HV A titres are 2-3 logs lower than those of
HVS. Rabbit kidney cells could not be infected by strain 73 but were infected by strain
810, which also infected cells of hamster hear origin. Lymphocytes from owl monkeys,
marosets and humans could be infected and transformed (Deinhardt et aL., 1974; Falk
et aL., 1974; Ablashi et aL., 1976).

Luetzeler et al. (1979), using HV A-73, studied the ultrastructural morphogenesis of
HV A in owl monkey kidney cells. The replicative cycle paralleled, in general, that of
HVS, two morphologically distinct inclusion bodies appearng in the nuclei early in
infection.

3.2.3 Molecular analysis

Little is known about the molecular biology of HV A. The strctural organzation of
its genome is similar to that of HVS. There has been no sub-classification of its strains.
Interestingly, 35% of the light strands of the DNA of HV A and HVS anneal with each
other, but with considerable mismatching of base sequences. There is 10% homology
between the heavy regions of HVS and HV A, with at least 13% divergence of their base
pais (Fleckenstein et aL., 1978b).

3.2.4 Oncogenicity in non-human primates

Thee cotton-topped taarns and two owl monkeys were inoculated intramuscularly
with HV A strain 810. Two of the tamarns died 28 days after inoculation, and one was



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 439

killed when moribund at 40 days; all animaIs had malignant lymphomas, and generalized
enlargement of the lymph nodes and splenomegaly were seen grossly. The two owl
monkeys were killed 42 days after inoculation in moribund condition. No significant
les ions were seen in one, while in the other focal interstitial collections of lymphoblasts,
reticulum cells and eosinophils were present in the kidneys and lung and there was
lymphocytic hyperplasia in most lymph nodes (Meléndez et aL., 1972b).

Hunt et aL. (1972) inoculated HV A strain 810 into 12 cotton-topped tamarns. All

animaIs died within about one month with malignant lymphomas of the lymphoblastic
type. Leukaemia developed in 11 of the animaIs. One of four control tamarns in contact
with the infected animaIs also developed lymphoma and leukaemia, indicating horizontal
transmission.

Laufs and Meléndez (1973) inoculated parially purified HV A DNA or lymphoid
cells derived from tumorous lymph nodes taken from experimentally infected cotton-
topped tamarns immediately after death into owl monkeys (Aotus trivirgatus) and mar-
mosets (Callthrix jacchus), two other New World monkey species, and Afrcan green
monkeys (Cercopithecus aethiops). The two owl monkeys died after 20 and 28 days,
respectively, of unkown causes. The two common marosets died 36 and 104 days
after inoculation with generalized malignant lymphoma, which resembled the disease
observed in cotton-topped tamarns. The two adult African green monkeys inoculated
with tumour cells or with parially purified HV A DNA survived, however, but the virus
could not be isolated from their PBMC, indicating that this species of Old World primate
is not susceptible to HV A infection.

Three viral isolates of HV A induced fatal malignant lymphomas in six cotton-topped
tamarns and two white-lipped tamarns, while one isolate tested in squirrel monkeys did
not cause overt disease (Falk et al., 1974).

Two common marosets infected with HV A strain 73 developed lymphomas of a
variety of cell types within 27 days after inoculation. Some of the lymphoma cells were
giant cells resembling the Sternberg-Reed cells observed in human Hodgkin's disease
(Ablashi et aL., 1978).

3.3 Bovine herpesvirus 4 (Movar herpesvirus)

BHV -4 is one of four known bovine herpesvirses. It was first isolated by Barha
et al. (1966) under the name 'Movar' strain and has a worldwide distribution. It is the
only known bovine gamaherpesvirs and is most probably a rhadinovirus, since it is
similar to HVS (Bublot et aL., 1992). It has been isolated in a varety of clinical condi-
tions as well as from healthy cattle (reviewed by Th et aL., 1989, 1990, 1992a,b). The
group BHV -4 inc1udes a large number of antigenically related isolates that are distinct
from other bovine herpesvirses (Potgieter & Maré, 1974; Staczek, 1990). The role of
BHV -4 as the etiologicalagent of a distinct disease entity is still questionable, although
its role in the etiology of some diseases of the eye and respiratory and genital tracts has
been suggested(Th etal., 1989, 1990).
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3.3.1 Classifcation

BHV -4 was initially known as bovine cytomegalovirus and was classified as a beta-
herpesvirus because only its biological characteristics were taken into account (Storz
et al., 1984). Bublot et al. (1992) used molecular data to show that BHV-4 belongs to the
Gamaherpesvirinae. Careful examnation of the BHV -4 genome showed its close
relationship to other gammaherpesviruses such as HVS, which allowed classification of
BHV -4 into the rhadinovirus group (Lomonte et aL., 1996).

3.3.2 Description

The morphology of BHV -4 is typical of that of a herpesvirus. The nucleocapsid is
icosahedral, with a dense core within the capsid which is made up of a regular arange-
ment of short tubular capsomeres (Todd & Storz, 1983). The diameter of the naked
nucleocapsid is about 90-100 nm, while enveloped virions have a diameter ranging from
115 to 150 nm (Smith et aL., 1972; Munz et al., 1974).

The BHV-4 virion contains double-stranded DNA of approximately 145 kb (Todd &
Storz, 1983; Ehlers et al., 1985), The genomic strcture of BHV-4, typical of group B
herpesviruses (Roizman, 1982), is similar to that of HVS, i.e. it has a unique coding
sequence (light DNA) of approximately 110 kb flanked by a (G + C)-rich tandem repeat
region of 2.65 kb (in BHV-4 VT strain) called polyrepetitive DNA (Ehlers et aL., 1985;
Bublot et al., 1990). RNA derived from the heavy strand of DNA has not been detected
in infected cells (Chang & van Santen, 1992).

The overall genomic organization of BHV -4 VT strain was determned by sequencing
33 segments of the coding region (light strand) of its genome (Bublot et al., 1992).
Twenty-seven sequences showed homology to proteins present in either the three herpes-
virus subfamilies or in only the two gammaherpesviruses, EBV and HVS. ln the former
case, the homology scores were always higher in comparson with EBV and HVS
proteins than with the same proteins in alpha- or betaherpesviruses. Twenty-three of the
sequenced regions of BHV -4 had homologous counterpars in both HVS and EBV genes.
Nineteen of these regions belong to the five blocks of genes that are conserved among
gama- and alphaherpesviruses and/or betaherpesviruses. Five BHV -4 sequences were
homologous to genes present only in the gamaherpesvirus genomes. The BHV-4
amno-acid sequences were more closely related to those of gamaherpesviruses than to
those of alpha- or betaherpesvirses. Furtermore, the homology of most of these
sequences was closer to the homologous products of HVS than to the equivalent proteins
of EBV. Therefore, on the basis of the overall conservation of the sequences, BHV-4 is
more closely related to HVS than to EBV. Six of the 33 BHV-4 sequences were homo-
logous to neither HVS nor EBV genes nor to any other herpesvirs genes. AU of these
six sequences were located outside the conserved gene blocks. Genomic regions that
were found to var in size between BHV-4 isolates or strains (Bublot et aL., 1990, 1991a;
Th et al., 1992b) were also located outside these blocks (Bublot et aL., 1992).

The presence of five blocks of conserved genes was demonstrated in the BHV-4
genome, as in EBV and HVS. The length of the BHV-4 conserved gene blocks was
estimated and found to be more closely related to that of HVS than that of EBV. Only
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HVS block 3 was longer than those of BHV-4 and EBV (Lomonte et aL., 1996). Ths
difference in size was due to the presence of a repeated region in the HVS gene 48 which
causes an expansion of the acidic C-termnal domain of the protein (Albrecht et aL.,
1992). The space between the BHV-4 gene blocks was also more like that of HVS than
EBV, paricularly between blocks 3 and 4 and blocks 4 and 5. Finally, as in the HVS
genome, no large internaI repeats were found between blocks 4 and 5 as is the case in the
EBV genome.

No genes were found in region C, located between the second and the third conserved
blocks. This region was less than 100 nucleotides long in the HVS and BHV-4 genomes
(Lomonte et al., 1996), whereas in the EBV genome this region contains the BKRFl
gene coding for the EBNA-l protein (Baer et aL., 1984) which is expressed in EBV-
immortalized B lymphocytes (Middleton et aL., 1991).

A gene coding for viral fas-associated death domain protein interleukin-l ß converting
enzyme (FLICE)-inhibiting proteins, which prevent apoptosis, has been identified in
BHV -4 DNA (Thome et aL., 1997).

Glycoprotein gB is a heterodimer and is a major component of the BHV -4 viron,
unlike gBs of EBV (gpllO) and murine gammaherpesvirus 68 (Lomonte et aL., 1997).
This glycoprotein corresponds to the gpl0/17 described by Dubuisson et aL. (1989a).
BHV-4 gB arses from a 142-kDa precursor which undergoes cleavage to give cise to two
covalently linked glycopolypeptides of 128 and 56 kDa, corresponding to the previously
identified gp 1 0 and gp 17, respectively. The resulting heterodimer has an apparent
molecular mass of 210 kDa (Lomonte et aL., 1997).

ln summar, both genomic and protein analysis show the close homology of BHV-4
to HVS rather than to EBV (see Figure 7); therefore a possible relationship to KSHV/-
HHV8 exists.

3.3.3 Host range

BHV -4 replicates in a varety of primar and established bovine cell cultures: primar
kidney, testicle, lung, skin, spleen and thyroid, Madin Darby bovine kidney, Georgia
bovine kidney, embryonic bovine kidney, embryonic bovine trachea, bovine bone
marow (BBM and FB4BM) and calf thymic lymphosarcoma cells (Barha et al., 1966;
Luther et al., 1971; Smith et aL., 1972; Parks & Kendrick, 1973; Rweyemamu & Loretu,
1973; Sass et aL., 1974; Theodoridis, 1978; Thiry et aL., 1981; Storz et aL., 1984;
Theodoridis, 1985). BHV-4 has also been shown to replicate in cells of other anmal
species, including sheep, goats, pigs, dogs, rabbits, mink, horses, turkeys, geese, ferrets
and potoroo (Luther et aL., 1971; Rweyemamu & Loretu, 1973; Kit et aL., 1986; Peterson
& Goyal, 1988). Although the host range of BHV -4 in vitro is very broad, the virus does
not replicate in cells of human (HeLa, Hep-2) or mouse (A31B77) origin or in chicken
embryo fibroblasts (Luther et aL., 1971; Rweyemamu & Loretu, 1973). As in many other
herpesvirses, the first receptor of BHV -4 is a heparn-like moiety on the cell surface,
and its replication is cell cycle-dependent (Vanderplasschen et aL., 1993, 1995).

Of the ruminants, American bison (Bison bison) (Todd & Stòrz, 1983), African
buffalo (Syncerus cafer) (Rossiter et aL., 1989), sheep (Van Opdenbosch et al., 1986)
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and goats (Moreno-Lopez et aL., 1989) undergo natural or experimental infection with
BHV -4. European wild ruminants do not have antibodies to BHV -4 (Thry et aL., 1988).
The abilty of BHV -4 to infect non-bovine ruminant species is understandable, consi-
dering the close phylogenetic relationships between these species.

BHV-4 can also infect species phylogenetically distant froID ruminants: it has been
isolated from a cat suffering from urolithiasis (Fabricant et aL., 1971). The latter isolate,
designated 'feline herpesvirus type 2' or 'feline cell-associated herpesvirus', was charac-
terized by restriction analysis (Kit et aL., 1986). Even if its role in feline disease is
uncertain, the virus was undoubtedly isolated froID cats and it has been shown to infect
cats (Krger et aL., 1990). The virus was a typical BHV-4 strain. Attempts to infect cats
with the Movar 33/63 strain by conventional intranasal and intravenous routes were
unsuccessful (Thiry et aL., 1991), perhaps due to a lack of adaptation of the virus to the

cat rather than to strain specificity. The finding that this virus is a BHV-4 strain led to the
disappearance of 'feline herpesvirus type 2' from the International Nomenclature.

The discovery that Herpesvirus aotus type 2, isolated from owl monkeys (Aotus
trivirgatus), is also a strain of BHV-4 extends the range of species that are susceptible to
BHV-4 (Bublot et aL., 1991b). This virus has been fully characterized; however, the
genomic and protein differences from the prototype BHV -4 strains are compatible with
the varations detected among BHV-4 strains (Bublot et aL., 1991b; Dubuisson et aL.,
1991a). The antigenic relationship between Herpesvirus aotus type 2 and BHV-4 was
proven by indirect fluorescence antibody testing with a broad panel of monoclonal anti-
bodies raised against three BHV -4 glycoproteins and three other proteins and rabbit
polyclonal sera specific for the two viruses (Bublot et aL., 1991b). The protein profile
shows some varations between the two: glycoprotein gp6/gpl0/gpI7 of Herpesvirus
aotus type 2 has a molecular mass of 160/131/52 kDa, with an extra band of 60 kDa
which is probably a duplicate of the 52-kDa component; gp 11 has a molecular mass of
109 kDa, while that of gp8 does not var from those of BHV -4 isolates (Dubuisson et al.,
1991a). As a consequence, Herpesvirus aotus type 2 disappeared from the International
Nomenclature of Herpesviruses (see Introduction, Table 2).

3.3.4 Natural transmission

BHV -4 is isolated in bovine species from both the anterior respiratory and genital
tracts. Only respiratory infection has been studied experimentally, while other routes of
inoculation, I.e. intravenous, intradermal and intratesticular, have been tested in cattle
(Osorio & Reed, 1983; Dubuisson et al., 1987, 1989b). Direct and indirect transmission
of BHV -4 by means of infected materials is suggested.

3.3.5 Evidence that bovine herpesvirus 4 causes disease

Afer primar infection of catte, BHV-4 replicates in mucosal cells and infects mono-
nuc1ear cells, provoking generalized infection (Osorio & Reed, 1983). Viraemia is not
always detected,but the virs can be re-isolated from many organs, including brain and

spinal cord (Castrcci et al., 1987; Dubuisson et al., 1989b). BHV-4 inay also infect the
fetus (Kendrck et aL., 1976). Thereafter, BHV-4 establishes a latent infection. The spleen
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is the main site of latency in rabbits (Osorio et aL., 1982, 1985); in cattle, the spleen is
also the site where viral DNA is most frequently detected (Lopez et aL., 1996; Egyed
et aL., 1996). ln rabbits and cattle, non-B non-T cells and, presumably, monocytes and
splenic macrophages are the main cells in which latent infection with BHV -4 is found
(Osorio et aL., 1985; Lopez et aL., 1996); however, this issue is not definitely resolved,
because BHV-4 can also replicate in lymphocytes (Egyed et aL., 1996). Latent virus can
be reactivated by dexamethasone treatment, and re-excretion is shown to occur by the
isolation of BHV -4 from peripheral blood leukocytes and nasal swabs (Krogman &
McAdaragh, 1982; Dubuisson et aL., 1989b).

After viral entry, BHV -4 proteins are expressed in a cascade fashion, as for any
herpesvirus. Trancription of two immediate-early genes (lEi and 1£2) is initiated in
infected cells (van Santen, 1991; Chang & van Santen, 1992; van Santen, 1993). lEI and
IE2 proteins share homology with IEllO of HSV and EBV R trans-activator, respec-
tively (van Santen, 1991, 1993). IE2 was shown to trans-activate early (E) gene
promoters, e.g. thymidine kinase gene (Zhang & van Santen, 1995) and late (L) gene
(Bermudez-Cruz et al., 1997). Expression of the L gene leads to abundant synthesis of a
1.7-kb RNA unique to BHV-4 (Bermudez-Cruz et aL., 1997). The precursor of the gB
complex is expressed during the early phase and does not require DNA replication.
Glycoproteins gpl, gp8 and gpll are late proteins (Dubuisson et aL., 1991b,c, 1992a,b).
BHV -4 DNA replication, and consequently the expression of late proteins, are dependent
on the S phase of the cell cycle (Vanderplasschen et aL., 1995).

The contribution of BHV -4 to disease is speculative. BHV -4 has been designated as a
passenger virus when isolated from ethmoidal tumours in Indian cattle (Moreno-Lopez
et aL., 1989). The virus infects mononuclear blood cells, and this peculiarty allows it to
be distributed to the whole body. Therefore, in primar infection and during reactivation
of the latent state, BHV -4 can be reisolated from virtually all bovine tissues and organs.
It is hard to discriminate between isolation by chance and a direct role of the virus in the
observed lesions. BHV -4 has never been identified as a potential cause of tumours either
in vitro or in cattle or rabbits in vivo.

3.3.6 Is01ates

Two reference strains were isolated from c1inical cases of conjunctivitis and respi-
ratory disease: the Movar 33/63 strain in Europe (Barha et aL., 1966) and the DN 599
strain in the United States (Mohanty et aL., 1971). Other strains were isolated from cases
of respiratory disease (Smith et aL., 1972; Evermann et aL., 1984). ln Africa, several
herpesviral strains were isolated from people with a syndrome characterized by epidi-
dymitis and vaginitis (Maré & van Resenburg, 1961; Theodoridis, 1978, 1985), which
are biologically similar to BHV -4 but have not yet been typed as BHV -4. The two
Belgian reference strains, namely V. Test and L VR140, came from cases of orchitis and
post-parm metritis, respectively (Thiry et aL., 1981; Wellemans et aL., 1984). Other
BHV-4 strains were isolated from cases of genital disease in Italy (Castrcci et aL., 1986)
and the United States (Parks & Kendrck, 1973; Evermann et aL., 1984). Reed et aL.
(1979) and Wellemans and Van Opdenbosch (1989) isolated BHV-4 from aborted
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fetuses, and Reed et al. (1977) isolated BHV -4 from cases of mammar pustular
dermatitis and u1cers of the udder. A few herpesviral strains biologically similar to
BHV-4 were isolated from ruminaI tumours (Kaminjolo et aL., 1972), tongue lesions
(Rweyemamu & Loretu, 1973; Luini et aL., 1985) and diarhoeal faeces (Eugster, 1978/-
1979).

BHV -4 was also isolated or serologically suspected in cases of malignant catarhal
fever (Storz, 1968; Todd & Storz, 1983), lumpy skin disease (Alexander et aL., 1957;
Rweyemamu & Loretu, 1973; House et al., 1990), vesicular stomatitis (Evermann &
Henr, 1989) and a varety of neoplasms such as lymphosarcoma (Potgieter & Maré,

1974), ocular squamous-cell carcinoma (Ans on et aL., 1982) and T-cell lymphoma (Toho
et aL, 1985).

BHV -4 is regularly isolated from healthy cattle. It has been recognized in renal-cell
cultures (Luther et aL., 1971; Belák & Pálfi, 1974), in trigeminal ganglia (Homan &
Easterday, 1981) and in triturated liver, lung and spleen (Krogman & McAdaragh, 1982).

3.4 Murid herpesvirus 4

Murine gammaherpesvirus 68 (MHV -68) is a naturally occurrng rodent pathogen.
Intranasal or intravenous administration of MHV -68 results in acute productive infection
in B lymphocytes (Sarawar et al., 1997) and lymphoproliferation (Sunil-Chandra et al.,
1992a,b, 1994; Sarawar et aL., 1997). The virus remains latent in B cells after primar
infection (Sunil-Chandra et aL., 1992b). Sequence analysis of its genome shows that it is
most probably a rhadinovirus, more closely related to HVS and KSHV /RHV8 than to
EBV (Mackett et al., 1997).

3.5 Retroperitoneal fibroIDatosis herpesviruses

PCR with consensus gammaherpesvirus primers was used to detect small DNA
fragments of two new, c10sely related rhadinovirses in captive Macaca nemestrina and
M. mulatta in one colony (Rose et aL., 1997). These animaIs were also infected with D-
type simian retrovirus type 2 and suffered from retroperitoneal and subcutaneous fibrosis
with progressive fibrovascular proliferation. This condition has some similarties to
Kaposi's sarcoma (Tsai et aL., 1990; Rose et al., 1997).

Earlier experiments had shown that cell cultures could be established from these
lesions, which induced self-limited, transient spindle-cell proliferation, accompanied by
pronounced vascularzation when inoculated into nude mice (Tsai et al., 1990, 1995).

The short sequences of these retroperitoneal fibromatosis herpesviruses presently
available are derived from the polymerase gene and are about 70% identical at the
nuc1eotide level (83-84% at the protein level) to the corresponding KSHV /RHV8 region
(Rose et aL., 1997). If confirmed by a more extensive sequence analysis, these viruses
could represent the closest relatives of KSHV/HV sofar. It may therefore prove to be a
useful model for studying some aspects of Kaposi' s sarcoma; however, nothing is yet
known about the relative contrbutions of these new rhadinoviruses and simian retro virus
type 2 to the pathogenesis of retroperitoneal fibromatosis.
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4. Other Data Relevant to an Evaluation of Carcinogenesis

and its Mechanisms

4.1 Kaposi's sarcoma

4.1.1 Cell biology

4.1.1.1 Origin of spindle cells

Spindle cens surrounding slit-like spaces are characteristic of advanced Kaposi's
sarcoma lesions. Endothelial cens (either vascular or lymphatic endothelium), cells froID
venous lymphatic junctions, fibroblasts, smooth-muscle cens, dermal dendrocytes and
macrophages have all been proposed as possible progenitors of Kaposi' s sarcoma spindle
cells (reviewed by Roth et aL., 1992; Stürzl et aL., 1992a; Browning et al., 1994; Kaaya
et aL., 1995). Like normal lymphatic endothelial cens, spindle cells stain with the mono-
clonal antibody EN-4, which detects both vascular and lymphatic endothelium, but lack
reactivity with the monoclonal antibody Pal-E, which reacts with blood-vessel but not
lymphatic endothelial cens (Rappersberger et al., 1990). Other markers for blood-vessel
endothelium, such as OKM-5 and anti-factor VIII-related antigen (von Wilebrand
factor), stain Kaposi' s sarcoma endothelial or spindle cens, although varing results have
been reported by different laboratories. Studies with Vlex europaeus agglutinin 1,
another marker for endothelial cens, have also produced contradictory results (Nadji
et aL., 1981; Modlin et al., 1983; Little et al., 1986; Rappersberger et al., 1990; further
references in Roth et al., 1992). Ultrastructural examination failed to show the presence
of Weibel-Palade bodies, the storage vesicles for von Wilebrand factor and therefore a
characteristic feature of vascular endothelium, in spindle cells from Kaposi' s sarcoma
lesions (Rappersberger et al., 1990). Staining with the monoclonal antibody BMA 120,
which reacts with an antigen on endothelial cells, lends support to an endothelial origin
of Kaposi's sarcoma cens (Roth et aL., 1988). Spindle cens and endothelia lining vascular
spaces in Kaposi' s sarcoma lesions express leukocyte adhesion molecule 1 and thrombo-
modulin, which are markers of lymphokine-activated endothelial cells (Zhang et al.,
1994). This observation further supports the notion that Kaposi's sarcoma spindle cells
are of endothelial origin and are activated by growth factors (see below).

The staining of spindle cells with antibodies to CD 14, CD68 and factor XIIIa,
observed by some laboratories, has been interpreted as reflecting a link between these
spindle cells and cells of the monocyte/macrophage lineage, possibly dermal dendrocytes
(Nickoloff & Griffiths, 1989; Rappersberger et al., 1990). These cells are distinct from
Langerhans cells (Nickoloff & Griffiths, 1989). The staining of cultured Kaposi' s
sarcoma spindle cells with an antibody to smooth-muscle a actin (Weich et al., 1991)
and similar histochemical findings have been interpreted to suggest a relationship with
smooth-muscle cells or myofibroblasts (reviewed by Roth et aL., 1992). These discrepant
results suggest either that cells of different lineages can adopt a spindle-like morphology
or that these markers are common to different cells of mesenchymal ongin and Kaposi's
sarcoma spindle cells derived from pluripotent mesenchymal progenitor cells. Currently,
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CD34 (as detected by monoclonal antibody QBEND 10) is considered the best marker
for Kaposi's sarcoma spindle cells (Russell Jones et aL., 1995).

Cells expressing markers characteristic for vascular or lymphatic endothelium from
Kaposi's sarcoma lesions have been cultured in a number of laboratories (Delli Bovi
et al., 1986; Nakamura et al., 1988; Roth et al., 1988; Siegal et al., 1990; Corbeil et al.,
1991; Herndier et aL., 1994), but cultures expressing smooth-muscle a actin (Albini
et aL., 1988; Wittek et al., 1991) and mixed populations (Siegal et al., 1990; further
references in Roth et al., 1992) have also been reported. The lineage of these cultured
cells has been defined by staining for similar markers as in studies in situ, notably
vimentin and cytokeratin (to discriminate mesenchymal and epithelial cells, respec-
tively), endothelial markers such as von Wilebrand factor, Pal-E, OKM-5, BMA 120
(specific for blood-vessel endothelium), EN-4 and Ulex europaeus agglutinin 1 lectin
(which reacts with blood-vessel and lymphatic endothelium), CD14 and factor XIIIa (for
the monocyte/macrophage lineage), smooth-muscle ex actin (smooth muscle and myo-
fibroblasts) and others (reviewed by Roth et al., 1992; Stürzl et al., 1992a; Kaaya et al.,
1995). Spindle-shaped cells showing moderate expression of endothelial antigens have
been cultured from peripheral blood of Kaposi's sarcoma patients (Browning et al.,
1994).

4.1.1.2 Vascular lesions induced by Kaposi's sarcoma cell cultures in nude mice

The varous cell cultures established from Kaposi' s sarcoma lesions differ in their
abilty to induce angiogenic lesions in nude mice. (The W orking Group noted that the
similarty of some of these lesions to Kaposi's sarcoma is controversial.) A cell line
expressing endothelial markers, established by Siegal et aL. (1990) and studied by
Herndier et aL. (1994), induced Kaposi's sarcoma-like tumours of human origin in nude
mice. Ths cellline expressed the endothelial markers factor VIII, EN-4 and Ulex euro-
peaus agglutinin 1 lectin. ln addition, it produced high levels of urokinase plasminogen
activator and plasminogen activator inhibitor 1 (Herndier et al., 1994). Interestingly,
plasminogen activator has been shown to be involved in the development of endothelial
tumours in mice transgenic for the polyoma middle-T protein (Montesano et al., 1990).
A second cell line capable of causing tumours of human origin in nude mice has also
been described (Lunardi-Iskandar et aL., 1995). The development of these cell lines
suggests that a subpopulation of cells in Kaposi' s sarcoma les ions may have progressed
to a malignant phenotype; however, they do not contain KSHV IHHV8 DNA, and their
relationship to spindle cells containing this virs (see section 4.5.1) is unclear.

A few other Kaposi's sarcoma cell cultures, also of an endothelial phenotype, are
angiogenic in vivo but induce the growth of 'Kaposi's sarcoma-like' vascular lesions of
murine origin when inoculated into nude mice (Nakamura et al., 1988; Salahuddin et aL.,
1988). Spindle-shaped cells grown from the peripheral blood of Kaposi's sarcoma
patients have also been reported to induce angiogenesis in nude mice (Browning et al.,
1994). Although these cultures were not exarned for KSHV/H8, similar cultures
established more recently did contain viral DNA (Siranni et aL., 1997).
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Most other cell cultures, established by several laboratories (Roth et al., 1988), were
not angiogenic in nude mice (Dell Bovi et al., 1986; Albini et al., 1988; Roth et aL.,
1988; Wittek et al., 1991); furthermore, KSHVIHHV8 is either not present or is rapidly
lost upon seriaI passage from such cultures (Ambroziak et aL., 1995; Lebbé et aL., 1995).

4.1.1.3 Growth factors involved in proliferation of spindle cells

The role of growth factors in the development of Kaposi' s sarcoma has been studied
in several laboratories, with inconsistent findings, probably because of the use of
different cell types. The role of growth factors in the development of Kaposi's sarcoma
in vivo and their interaction with KSHV /RHV8 are stil unkown.

(a) Fibroblast growthfactors

Basic fibroblast growth factor (FGF) is secreted by Kaposi' s sarcoma cultures

expressing endothelial cell markers and may promote the growth of these cells in vitro
(Ensoli et al., 1989). Other groups working with Kaposi's sarcoma cultures of either
endothelial phenotype (Corbeil et al., 1991) or mixed fibroblastoidlendothelial appea-
rance (Werner et al., 1989) also found FGF-like activity in supernatants of these cultures
which stimulated the growth of normal fibroblasts and endothelial cells.

Members of the FGF family, inc1uding basic FGF and endothelial cell growth factor,
are known to stimulate the growth of normal endothelial cells, and cultured Kaposi' s
sarcoma cells with endothelial characteristics have been shown to induce transient neo-
angiogenesis in nude mice (Nakamura et aL., 1988). The FGF family of cytokines may
thus play a crucial role in the development of Kaposi's sarcoma. Expression of basic
FGF and FGF5 has been shown to occur in spindle cells of Kaposi' s sarcoma by in-sItu
hybridization (Xerr et al., 1991). Acidic FGF and FGF6 are also expressed in these
lesions (Li et al., 1993), but the technique employed in this study (RT-PCR) did not
permt identification of the cell type(s) that secretees) these two members of the FGP
family. The importance of basic FGF in the development of experimental Kaposi's

sarcoma-like lesions is further supported by the report that basic FGF-specific antisense
oligonuc1eotide can inhibit the angiogenic effect of cultured Kaposi's sarcoma cells in

nude mice (Ensoli et al., 1994a).

(b) Platelet-derived growthfactor

Both normal endothelial cells (Ensoli et al., 1989; Roth et aL., 1989) and short-term
cultures of Kaposi's sarcoma cells with endothelial characteristics (Ensoli et al., 1989)
produce platelet-derived growth factor (PDGF). Cultures that produce this factor thus do
not require exogenous PDGF to promoteproliferation (En soli et aL., 1989; Corbeil et aL.,
1991). Short-term cultures were also shown to express rnA for the receptors for

PDGF-A and PDGF-B (Roth et aL., 1989; Werner et aL., 1990). Kaposi's sarcoma spindle
cells express rnA for the PDGF-ß receptor in vivo, whereas rnAs for PDGF-A and
PDGF-B were expressed on some tumour cells located in the vicinity of slit-lIe spaces
(Stürzl et aL., 1992b). PDGFs may therefore play a role in the pathogenesis of Kaposi's
sarcoma.
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(c) Interleukin-l

IL-l has also been reported to be secreted by cultured Kaposi's sarcoma cells of the
endothelial phenotype (Ensoli et al., 1989; Corbeil et aL., 1991) and to have a potent
stimulatory effect on these cells (Nakamura et al., 1988).

(d) Interleukin-6

Cultured Kaposi's sarcoma cells of an endothelial phenotype secrete and proliferate in
response to IL-6 (Miles et al., 1990; Corbeil et aL., 1991). The expression of receptors for
IL-6 on cultured cells has also been reported (Miles et al., 1990), and Kaposi's sarcoma
cells expressed IL-6 rnA in vivo (Gilitzer & Berger, 1991). The former observation is
of paricular interest in the context of the IL-6 homologue encoded by KSHVIHHV8 (v-
IL-6; see section 1.1); however, the v-IL-6 homologue is expressed only rarely in
KSHVIHHV8-infected Kaposi's sarcoma spindle cells (Moore et aL., 1996b), suggesting
that it does not play a major role in the pathogenesis of this disease.

(e) Tumour necrosis factor a

Tumour necrosis factor (TNF) a has a potent stimulatory effect on some Kaposi' s
sarcoma cell cultures (Nakamura et al., 1988), but whether it is produced by cultures
with endothelial characteristics is controversial (Ensoli et al., 1989; Corbeil et aL., 1991).

TNFa has been reported to be expressed by Kaposi's sarcoma cells in small amounts
in vivo but was mainly found in epidermal cells adjacent to the tumour (Gilitzer &
Berger, 1991), compatible with a possible paracrine role of this factor.

if MisceUaneous growth factors

Secretion of granulocyte-monocyte colony-stimulating factor and transformng
growth factor ß by Kaposi' s sarcoma cell cultures with endothelial characteristics, but
not by normal endothelial cells, has been reported (Ensoli et al., 1989). The latter also
promotes the growth of cultured Kaposi' s sarcoma cells. ln lesions, mature transformng

growth factor ß 1 is found mainly in macrophage-like cells and not in spindle cells
(Wiliams et aL., 1995). Hepatocyte growth factor (scatter factor) also promotes the
growth of cultured Kaposi's sarcoma cells and may thus play a role in the pathogenesis
of this disease (Naidu et al., 1994).

4.1.1.4 Role of HIV-l Tat in promoting Kaposi's sarcoma lesions

AIDS-associated Kaposi's sarcoma is c1inically more aggressive than c1assic or
endemic Kaposi's sarcoma, suggesting that HIV is a cofactor in the progression of this
tumour. Experimental evidence suggests that the Tat protein of HIV-1 (see IARC, 1996)
can enhance the growth of cultured 'endothelial' Kaposi's sarcoma cells (Ensoli et al.,
1990); the effect of Tat on other cell cultures was inconsistent (Roth et al., 1992).
Severàl cytokines, inc1uding TNP, IL-l and interferon y, can render normal endothelial

and. smooth-musc1e cells susceptible to the growth-promoting effect of Tat (Barllar

et al., 1992), possibly by increasing the expression of integrn receptors which interact
with Tat (Barllar et al., 1993; Ensoli et aL., 1994a). Injection of Tat into nude mice
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(Ensoli et al., 1994b) or immunocompetent C57BI mice (after incorporation into
Matrigel; Albini et aL., 1994) induces angiogenesis, and this effect is potentiated by basic
FGF (Ensoli et aL., 1994a,b) and heparn (Albini et aL., 1994, 1996b). Tat- and hepar-
induced neoangiogenesis can be inhbited by the matrix metalloproteinase inhbitor
TIMP-2 (Albini et al., 1994), and Tat and basic FGF synergize to increase the expression
of collagenase iv in nude mice (Ensoli et aL., 1994b). ln addition, one group reported the
emergence of Kaposi's sarcoma-like lesions in mice transgenic for HIV-1 tat (Vogel
et al., 1988); however, other lines of transgenic mice caring the complete HIV-1
genome failed to develop similar lesions (Leonard et aL., 1988). Transgenic mice
caring the early region of BK virs included in a long termnal repeat-tat construct also
develop 'Kaposi's sarcoma-like' lesions, in addition to other malignancies (Coralini

et aL., 1993), and extracellular Tat released by tumour cell lines derived from these
anmaIs protects them from apoptosis under conditions of serum staration (Campioni
et aL., 1995). Tat can be released from mV-infected cells and can act on mV-uninfected
cells. The growth promoting effect of extracellular Tat on cultured Kaposi' s sarcoma
cells and endothelial cells (Ensoli et aL., 1990; Barllar et al., 1992) suggests that
infection of cells not directly involved in the Kaposi's sarcoma lesion may be sufficient
to trgger the sequence of events leading to the development of this tumour. ln keeping
with this interpretation, in tat-transgenic mice which did develop Kaposi' s sarcoma-like
lesions, expression of tat was not found in spindle cells but in neighbouring keratinocytes
(Vogel et al., 1988).

HIV -1 Tat has been reported to be detectable by histochemical techniques in Kaposi' s
sarcoma lesions in AIDS patients, probably originating from a few mv -1-infected
mononuclear cells (En soli et aL., 1994b). Thus, the angiogenic properties of Tat, alone or
in concert with other growth factors, has been documented in a varety of experimental
systems; however, the molecular basis for its angiogenic properties is stil controversial.
Tat has been reported to bind to usßi and Uvß3 integrns via an RGD sequence element in
a manner simlar to, and replaceable by, their physiological ligands fibronectin and
vitronectin (Barllar et al., 1993; Ensoli et aL., 1994b). Baboons infected with HI-2,
however, also developed Kaposi's sarcoma-like lesions, although mV-2 Tat lacks an
RGD domain (Bamett et aL., 1994). Tat binds with high affinity to the Fl-l/KR
receptor for vascular endothelial cell growth factor (Albini et al., 1996c), and ths inter-

action promotes angiogenesis. A basic heparn binding-like domain in tat, rather than the
RGD domain, is thought to be involved in this interaction (Albini et al., 1996b).

4.1.1.5 Clonality of Kaposi' s sarcoma lesions

Individual Kaposi's sarcoma nodules in female patients have been shown, by studying
X-inactivation markers, to contain monoclonal or oligoclonal cell populations (Rabkin
et aL., 1995), and different nodules from the same patient have the same monoclonal
origin (Rabkin et aL., 1997). Southem blotting of Kaposi's sarcoma DNA with KSHV/-
HH8 termnal-repeat probes showed one or a few bands, which is consistent with a
monoclonal or oligoclonal expansion of virs-infected cells. Whether different lesions
from the same patient have the same KSHV IHHV8 clonality pattern has not yet been
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addressed by termnal-repeat hybridization, and it is not known whether this assay is
sufficient to determne monoc1onality (Russo et al., 1996). Short-term cultures of biopsy
samples from Kaposi's sarcomas have been found to contain chromosomal rearange-
ments, but no consistent pattern has emerged (Dell Bovi et aL., 1986). Two tumorigenic
celllines derived from Kaposi's sarcoma lesions have been reported to have a 3(p14)
translocation in common (Popes cu et aL., 1996); however, as neither is infected with
KSHVffHV8, the relationship of these findings to Kaposi's sarcoma spindle cells
latently infected with the virus (see section 4.1.4) is unclear.

4.1.2 Role of KSHVIHHV8 in development of Kaposi's sarcoma

The consistent detection of KSHVffHV8 in Kaposi's sarcoma biopsy samples and
the epidemiological data discussed in Section 1 strongly support a causative role of

KSHV ffHV8 in the pathogenesis of Kaposi' s sarcoma. Although its precise role is not
yet understood, the presently available data are compatible with the notion that KSHV /-
HHV8 exerts a direct transformng effect on endothelial cells, the likely precursors of
Kaposi' s sarcoma spindle cells.

KSHV ffHV8 establishes a persistent infection in most Kaposi' s sarcoma spindle
cells, which involves the expression of at least three viral genes. All spindle cells, as well
as the atypical endothelial cells of early lesions, express abundant mRA for ORF Kl2,
which encodes a putative small hydrophobic protein of unkown function (Zhong et aL.,
1996; Stürzl et al., 1997; Staskus et aL., 1997). Kaposi's sarcoma spindle cells also
express the high-molecular-mass latent nuc1ear antigen (LNA) encoded by ORF 73, as
shown by immunohistochemistry with affinity-purifed antibodies to this protein
(Rainbow et aL., 1997). Expression of rnA for the ORF 72-encoded D-type cyc1in
homologue has been demonstrated by in-situ hybridization (Stürzl et al., 1997); however,
as the mRA encoding ORF 73 extends through the ORF 72/v-cyclin gene, this result
requires confrmation by immunohistochemical studies with specific antibodies. The
ORF Kl3 gene is also contained within the mRAs encoding ORF 72/v-cyclin and ORF
73/LNA (Rainbow et aL., 1997) and may therefore be expressed in Kaposi's sarcoma
spindle cells, but no immunohistochemical studies on the protein it expresses have yet
been reported (see section 4.4.5). The KSHV/HV8 homologue to /L-6 (ORF K2) is
expressed during latency in KSHVffHV8-infected haematopoietic cells but is not
generally expressed in Kaposi's sarcoma lesions (Moore et al., 1996b).

A subpopulation (approximately 10%) of Kaposi's sarcoma spindle cells also
expresses a polyadenylated nuclear Tl.l RNA (Staskus et aL., 1997), which is abundant
in primar effusion lymphoma cell lines induced into lytic replication (Renne et aL.,
1996a; Zhong et al., 1996). Expression of Tl.l may therefore be indicative of lytic repli-
cation withn Kaposi' s sarcoma lesions, suggesting that a subpopulation of spindle cells
can produce KSHV /H8 virons. Intranuc1ear herpesvirs-like parc1es or intranuclear
inclusions characteristic of herpesvirses can be found in Kaposi's sarcoma tissues, indi-
cating that the tumour is a source of productive infection (Walter et al., 1984). Expres-
sion of ORF 74, encoqmg a functional chemokine receptor (Arantas et aL., 1997), can
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be found by RT-PCR, but it is not clear whether this gene is expressed during the latent
or the lytic viral expression programe (Cesaran et al., 1996a).

As discussed in section 1.1.6, v-cyclin can phosphorylate Rb and histone HI and
therefore dysregulate the cell cycle, but it has not so far been shown to have transformng
properties of its own. The functions of ORF 73/LNA and K12 are unkown; however, the
expression of a limited set of genes in persistently infected cells is a farliar pattern with

other (both oncogenic and non-oncogenic) herpesviruses and suggests that the role of
KSHVIHHV8 in the pathogenesis of Kaposi's sarcoma is likely to be a direct one.

4.2 Primary effusion lymphomas

Primar effusion lymphomas have a unique constellation of features that distinguishes
them from all other known lymphoproliferations: they are predominantly confned to
'body cavities' as an effusion; cells with cytomorphological features bridging those of
large-cell immunoblastic and anaplastic large-celllymphoma suggest that they represent
mature B cells; a nil phenotype, although some primar effusion lymphomas with B-
and/or T -cell markers have been described; clonaI immunoglobulin gene rearangements,
further implying a B-cell phenotype; uniform lack of c-myc rearangements and the
presence of KSHVIHHV8 with or without EBV (see section 2.2.1). ln at least one
primar effusion lymphoma cell line tested, KSHV IHHV8 is clonaI by termnal-repeat
analysis (Russo et al., 1996).

Most cases of primary effusion lymphoma have been described in severely immuno-
comprised individuals with HIV infection, in keeping with the notion that lack of
iinunosurveilance favours primar effusion lymphoma cell proliferation. Why these
lymphomas persist predominantly as effusions, without lymph node or other lymphoid
tissue involvement, is unclear, although a lack of 'homing markers' has been suggested
(Karcher & Alkan, 1995).

Multiple, complex chromosomal abnormalities have been described in cases of
primar effusion lymphoma; however, apar from a consistent absence of c-myc rearan-
gement, none of the described abnormalities is present in aU cases (Ansar et aL., 1996).

ln view of the frequent co-infection with EBV and KSHV in the cells of such
tumours, these two viruses may act together to indu ce neoplastic transformation and/or
the peculiar phenotypic features of these lymphomas. The presence of activation markers
(similar in EBV-positive and EBV-negative KSHVIHHV8-positive cases) suggests that
cell activation is secondary to viral infection (Ansari et aL., 1996; Nador et aL., 1996). Of
note, all KSHVIHHV8-positive primary effusion lymphomas lack c-myc rearangements.
The few cases of 'effusion-based lymphomas' described that have c-myc rearangements
do not have a nil surface antigen phenotype, display different cytomorphological features
and do not contain KSHV IHHV8 (see Table 8).

4.3 Multicentric Castleman' s disease

Multicentrc Castleman's disease is a polyclonal lymphoproliferation characterized by
prominent vascularty in lymphoid tissue and associated systemic symptoms. Tlere is a
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strong association between multicentric Castleman's disease and Kaposi's sarcoma in
patients with AIDS (see section 2.2.2).

Immunoregulatory abnormalities probably contribute to these lymphoproliferations. It
was hypothesized that a virus acts as a cofactor, perhaps as a stimulus for cytokine pro-
duction (Peterson & Frizzera, 1993). The association between multicentric Castleman's
disease and the presence of IL-6 is notable. Thus, IL-6 is present at high levels in biopsy
samples from patients with this disease, and PBMC from patients with multicentric
disease secrete high levels of IL-6 (Yoshizaki et aL., 1989; Burger et aL., 1994). IL-6 has

prominent actions on cells of the immune system, including stimulation of immuno-
globulin synthesis by activated B cells and differentiation of cytotoxic T cells (Kikutani
et aL., 1985). It also comrts myeloid progenitors to differentiate into granulocytes and
macrophages. IL-6 is synthesized in response to a number of stimuli, which include
virses and other cytokines such as IL-l and TNF (Kishimoto, 1989). IL-6 also acts as an
auto- and paracrine growth factor for multiple myeloma cells (Kawano et aL., 1988).
Retroviral-mediated transfer of IL-6 into haematopoietic cells of mice results in a syn-
drome resembling multicentric Castleman's disease (Brandt et aL., 1990a,b). These mice
deve10p anaemia, polyc1onal hypergammaglobulinaemia, splenomegaly and peripheral
lymphadenopathy, further supporting the hypothesis that dysregulated synthesis of IL-6
has a causative role in multicentric Castleman's disease.

KSHV IHHV8 is nearly always present in HIV -positive individuals with multicentric
Castleman's disease; in immunocompetent hosts, the virus is present in about 40% of
cases (see Table 10). The presence of HHV6 in two of five cases of multicentric
Castleman's disease and EBV in two of five cases has also been reported (Barozzi et al.,
1996), but the significance of this finding is unkown.

4.4 Viral genes with cellular growth promoting or oncogenic potential

As discussed in Section 1 (Table 1), the KSHVIHHV8 genome contains multiple non-
conserved viral genes, some of which are strikingly similar to human genes involved in
cellular growth control. The specific viral genes discussed in this section are those with
sequence similarty to known human oncogenes and/or are expressed during viral
latency.

4.4.1 Open reading frame KI

The first gene at the left end of the KSHV IHHV8 genome (Figure 2), ORF Ki,
encodes a putative 289-amino acid, type 1 transmembrane protein, featuring a signal
peptide, an extracellular domain with multiple cysteine residues, a typical trans-
membrane anchor domain and a short intracellular domain containing several potential
tyrosine phosphorylation motifs (Russo et aL., 1996; Neipel et al., 1997a). No experi-
mental data are available to indicate that the KI protein is phosphorylated, and neither its
function nor its expression pattern in Kaposi's sarcoma-associated tumours has been
described. The same genomic region is also highly varable between different strains of
Herpesvirus saimiri (Jung et al., 1991; Jung & Desrosiers, 1991; Biesinger et al., 1995).
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A comparson of deposited genomic sequences indicates that it may also be highly
varable (Russo et aL., 1996; Lagunoff & Ganem, 1997; Neipel et aL., 1997a).

4.4.2 Growthfactor homologues

Three KSHV /RHV8 genes have sequence simlarty to members of the C-C-chemo-
kine family (Russo et al., 1996; Neipel et aL., 1997a; Nicholas et aL., 1997a,b). Two of
these, encoded by ORF 6 and 4 (v-MIP-I and v-MIP-II) are expressed at low levels in
latently infected primar effusion lymphoma cells, and that expression increases during
the lytic cycle of viral replication (Moore et al., 1996b; Nicholas et al., 1997a,b). v-MIP-
1 can interact with the C-CR5 co-receptor to inhbit the entr of some primar mv
strains (Moore et aL., 1996b).

The viral IL-6 homologue (v-IL-6), encoded by ORF K2, is 25% identical at the
amno-acid level to human IL-6. Several groups have identifed this protein (Moore
et al., 1996b; Russo et al., 1996; Neipel et aL., 1997b; Nicholas et aL., 1997a,b) and

shown that it supports the growth of the IL-6-dependent mouse myeloma cellline, B9
(Moore et al., 1996b; Nicholas et al., 1997b). It is expressed in latently infected lym-
phoma celllines and primar effusion lymphoma tissue, but not generally in Kaposi's
sarcoma tissue. Only a few scattered CD20+ B cells expressing v-IL-6 were found in one
of eight Kaposi's sarcoma specimens exarned by immunohistochemistry (Moore et al.,
1996b). v-IL-6 activates the same Janus kinase-signal transducer and activator of trans-
cription (JAK/STAT) pathway in HepG2 hepatoma cells as human IL-6; however,
human IL-6 and v-IL-6 differ in their cellular IL-6 receptor interaction. Whereas human
IL-6 requires both IL-6Ra and gp130 receptor protein for signal activation, v-IL-6
requires only gp130 (Molden et al., 1997). Murine B9 plasmacytoid cell proliferation in
response to v-IL-6 is inhbited by antibody to murine IL-6Ra, suggesting possible diffe-
rences between human and mouse systems (Nicholas et al., 1997b).

4.4.3 bel-2 homologue

ORF 16 of KSHVIHHV8 encodes a homologue of the cellular anti-apoptotic protein
bel-2, with which it shares 16% sequence homology (Russo et aL., 1996; Cheng et aL.,
1997; Neipel et aL., 1997a; Nicholas et aL., 1997a; Sard et aL., 1997). The BHl and BH2
domains, which are conserved in the bel-2 famly of proteins, are also found in the
KSHVIHHV8 homologue. Functional studies indicate that bel-2 prevents Bax-mediated
toxicity or apoptosis in yeast, Sindbis virus-infected cells and transfected fibroblasts

(Cheng et al., 1997; Sard et aL., 1997). There is contradictory evidence for the abilty of
v-bcl-2 to heterodimerize with human Bcl-2 or Bax: Sard et al. (1997) found evidence of
v-bcl-2-human Bcl-2 interactions in a two-hybrid yeast system, but Cheng et al. (1997)
found no specific interaction between the KSHVIH8 protein and other bel-2-like
proteins by co-immunoprecipitation. (Ths contradiction could be due to differences in
the sensitivities or specificities of the assays used or to differences in the recombinant
bcl-2 constrcts.) Both studies demonstrate, however, that the v-bcl-2 has functional anti-
apoptotic activity.
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v-bcl-2 Transcripts can be induced in primar effusion lymphoma cell lines by 12-0-
tetradecanoylphorbol 13-acetate and can be detected at low levels in Kaposi' s sarcoma
lesions and primar effusion lymphoma cell lInes (Cheng et al., 1997; Sard et al., 1997),
similar to the proposed function of the EBV bcl-2 homologue BHRF1 (Roizman, 1993).
(The function of v-bcl-2 of KSHV IHHV8 may be to prolong the survival of lytically
infected cells.) Since lytic virus replication is thought to be incompatible with survival of
the cell (Roizman, 1993), expression of BHRF1 may not play a direct role in EBV-
mediated transformation.

4.4.4 Viral interferon regulatory factor

ORF K9 encodes the homologue of v-IRF (Moore et aL., 1996b; Russo et aL., 1996).
This gene has low but significant homology to the IRF family of proteins responsible for
inteneron signal transduction. Two members of this pathway, IRF-l and IRF-2, are
antagonistic to each other in their effector functions (Taniguchi et aL., 1995a). IRF-l
positively regulates inteneron signaling by binding to specific enhancer elements, called
inteneron-stimulated response elements, in the promoter regions of inteneron-inducible
genes. Activated transcription of inteneron-stimulated genes results in phenotypic

changes characteristic for the inteneron-induced antiviral state, which include (but are
not limited to) induction of CDKI p21, which can lead to shut-down of the cell cycle
through inhibition of Rb (Taniguchi et aL., 1995a), and up-regulation of the major histo-
compatibilty complex antigen (Taniguchi et aL., 1995b). IRF-2 has oncogenic activities
in NIH 3T3 cells which can be reversed by IRF-1 overexpression (Harada et aL., 1993).
Like KSHV/HV8-encoded cytokine homologues, v-IRF is expressed in latently infec-
ted primar effusion lymphoma celllines, and its expression is markedly enhanced after
lytic cycle induction (Moore et aL., 1996b).

4.4.5 Viral proteins that inhibit fas-associated death domain protein interleukin-1 ß

converting enzyme (FLICE)

ORF K13 encodes a small protein similar to the 'death effector' domains found in
ORF 71-encoded proteins of three other rhadinoviruses, HVS, equine herpesvirus 2 and
BHV-4 (Thome et aL., 1997); however, there is no significant, overall sequence similarty
between KSHVIHHV8 K13 and the ORF 71 of other rhadinoviruses (Russo et aL., 1996).
The protein of equine herpesvirus 2 encoded by ORF 71 and a similar protein of mollus-
cipoxvirs have been shown to act as dominant negative inhibitors of apoptotic signaIs
by intenering with the interaction of fas-associated death domain protein (FADD) and
tumour necrosis factor receptor-associated death domain protein (TRDD) and the
assembly of the interleukin-l ß-converting enzyme (ICE)-like protease complex and are
therefore known as v-FLIPs (Bertin et aL., 1997; Thome et aL., 1997). No information on
the function of the v-FLIP of KSHV IHHV8 is available, but conservation of the critical
sequence elements suggests that it may also be able to inhibit this apoptotic pathway.
Although the HVS v-FLIP may be expressed primarly durng the lytic cycle of repli-
cation and not in tightly latent HVS-transformed human T -cells, the KSHV /H8
v-FLIP may be expressed in Kaposi's sarcoma spindle cells and primar effusion lym-
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phoma cells, as its reading frame is included in rnAs that encode the neighbounng
ORF 72 (v-cyclin) and ORF 73 (LNA) proteins which are expressed in both Kaposi's
sarcoma spindle and primar effusion lymphoma cells (Rainbow et al., 1997). No direct
evidence for its expression in endothelial tumour (spindle) or B-lymphoma cells is
available.

4.4.6 Viral cyclin

ORF 72 of KSHVIHHV8, like that of HVS, encodes a protein that has about 30%
amino-acid identity with human cellular cyclin D2 (Cesaran et al., 1996a; Russo et al.,
1996; Li et aL., 1997). Cellular D-typed cyc1ins are implicated in the pathogenesis of
several human malignancies (Sherr, 1995, 1996). v-Cyclin contains a region of high
sequence similarty to the cyc1in box domain of cellular cyclins, responsible for inter-
actions with cyc1in-dependent kinases (Chang et aL., 1996a; Godden-Kent et aL., 1997; Li
et al., 1997). The KSHVIHHV8 v-cyc1in associates predominantly with cyclin-dependent
kinase 6 and more weaky with kinase 4 (Godden-Kent et al., 1997; Li et aL., 1997), and
the cyc1in-dependent kinase 6-v-cyclin complex can phosphorylate the physiological
target of D-type cyc1ins, the retinoblastoma protein Rb (Chang et al., 1996a; Godden-
Kent et al., 1997; Li et al., 1997). Two-dimensional electrophoresis indicates that

KSHV IHHV8 v-cyclin induces phosphorylation of Rb at authentic sites (Chang et al.,
1996a). The activation of cyc1in-dependent kinase 6 activity induced by the v-cyclins of

both HVS and KSHV IHHV8 is much more pronounced than that by human cyclin D2:
the two have a broader specificity and can also phosphorylate histone Hl (Godden-Kent
et al., 1997; Li et al., 1997). The activity of KSHVIHHV8 v-cyclin in vivo was demons-
trated in the osteosarcoma cell line SAOS-2, which has homozygous deletions of both Rb
alleles. When wild-type Rb is transfected into SAOS-2 cells, they stop replicating and
take on a senescent phenotype characterized by an enlarged cytoplasm. Co-transfection

of KSHVIHHV8 v-cyclin with Rb pre vents entry of SAOS-2 into senescence, and the
cells continue to proliferate (Chang et al., 1996b).

KSHV IHHV8 v-cyclin is expressed in latently infected primar effusion lymphoma
cell lines, in uncultured primar effusion lymphomas and in Kaposi's sarcoma tissue
(Cesaran et al., 1996a; Godden-Kent et aL., 1997). It is expressed in persistently infec-
ted cells in concert with KI3/v-FLIP and ORF73 (Rainbow et aL., 1997).

4.4.7 Latency-associated nuclear antigen

ORF 73 of KSHVIHHV8 encodes a large nuc1ear protein which is identical (Rainbow
et al., 1997) to the previously described high-molecular-mass (224-236 kDa) LNA (Gao
et aL., 1996b) and a component of the LANA, defined by immunofluorescence (Gao
et aL., 1996a; Kedes et aL., 1996). Its size vares between different virus isolates, due to
varing lengths of the moi repeat region within. this ORF (Russo et aL., 1996; Rainbow
et aL., 1997). The moi region is translated as a long acidic repeat. ORF 73/LNA also
encodes a leucine zipper region in the carboxy termnus of the protein (Russo et aL.,
1996). Its apparent molecular mass (by sodium dodecyl sulfate polyacrylamde gel
electrophoresis) is much higher than that predicted from its arno-acid sequence, pro-
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bably because of the highly charged nature of the moi repeat region and possibly also as
a result of post-translational modification. Post-translational modification may also
explain the doublet nature of LNA on western blots (Gao et al., 1996b; Rainbow et aL.,
1997).

The function of ORF 73/LNA is not yet known. It is a latent protein, expressed in
latently infected primary effusion lymphoma cell lines and Kaposi' s sarcoma spindle
cells (Gao et aL., 1996a,b; Rainbow et al., 1997) and associated with subnuclear do mains
(Gao et al., 1996a,b; Kedes et al., 1996; Rainbow et al., 1997), the identity of which
remains to be resolved. There is no evidence that ORF 73/LNA has transformng pro-
perties. (It is conceivable that, in analogy with trans-activating proteins of other herpes-
viroses, it is primarly involved in controlling transcription of other viral genes but could
also affect the expression of cellular genes.)

4.4.8 G Protein-coupled receptor homologue

o RF 74 of both KSHV /RHV8 and HVS encodes a homologue of a G protein-coupled
receptor with seven membrane-spanning domains (Cesaran et al., 1996a; Arvanitaks
et al., 1997). This receptor has highest sequence homology to IL-8 chemokine receptors
and is also related to the EBI-l cellular protein induced by EBV infection (Birkenbach
et al., 1993). Studies of transient expression of viral G-protein-coupled receptor suggest
that it is constitutively active and does not require ligand binding or is activated by a
ligand commonly expressed into cell culture medium. The receptor is unusual in that it
can bind chemokines belonging to both the C-X-C and C-C families. Transfection of the
KSHV IHHV8 G protein-coupled receptor enhances proliferation of rat kidney fibroblasts

(NRK-49F), suggesting that it may contribute to tumour-cell proliferation (Aranitaks
et aL., 1997). Its increased expression in primar effusion lymphoma cell lines treated
with 12-0-tetradecanoylphorbolI3-acetate suggests, however, that it is expressed prima-
rily during lytic replication. While its expression in Kaposi' s sarcoma tissue has been
documented by RT-PCR (Cesaran et al., 1996b), it is not clear whether it is expressed
in persistently infected Kaposi' s sarcoma spindle cells or in the few cells in these lesions
that are undergoing lytic viral replication.

4.5 Summary of potential rotes of KSHV ffHV8 in tumorigenesis

4.5.1 Kaposi's sarcoma

KSHVIHHV8 establishes a persistent infection in most Kaposi's sarcoma spindle
cells, characterized by a restricted pattern of gene expression (Zhong et aL., 1996). AlI
spindle celIs and the atypical endothelial cells of early Kaposi's sarcoma lesions express
abundant mRA for ORF K12, which encodes a small hydrophobic protein of unkown
function (Zhong et aL., 1996; Stürtzl et aL., 1997; Staskus et aL., 1997). Kaposi's sarcoma
spindle cells also express the high-molecular-mass LANA encoded by ORF 73, as shown
by immunohistochemistry with affinity-purified antibodies to thisprotein. Expression of
rnA for the ORF 72-encoded D-type-cyc1in homologue has been demonstrated, but as
the rnA encoded ORF 73/lNA extends through the ORF 72/v-cyclin gene, this result
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should be confirmed by immunohistochemical studies with v-cyclin. The K13/v-FLIP
gene is also contained within the mRAs encoding ORF 72/v-cyelin and ORF 73/LANA
(Rainbow et aL., 1997) and may therefore also be expressed in Kaposi' s sarcoma spindle
cells, but no immunohistochemical studies on this protein have been reported. The
KSHVIHHV8 homologue of IL-6 (ORF K2) is expressed during latency in KSHV/-
RHV8-infected haematopoietic cells but is not generally expressed in Kaposi's sarcoma
lesions (Moore et aL., 1996b). Expression of ORF 74, which encodes a functional chemo-
kine receptor (Arvantaks et aL., 1.997), can be found by RT-PCR (Cesaran et aL.,
1996c). KSHV IHHV8 virions have been seen in a subpopulation of Kaposi' s sarcoma
spindle cells and infiltrating haematopoietic cells (Orenstein et al., 1997).

These findings indicate that all or nearly all endothelial tumour (spindle) cells in
Kaposi' s sarcoma lesions are infected with KSHV /H8 (Boshoff et al., 1995b). There
is not yet enough evidence to conclude that the gene expression programe of KSHV /_
RHV8 (i.e. lytic and latent gene expression programes) is similar to that of other
herpesviruses. A set of viral genes that is expressed in primar effusion lymphoma cells
(ORF K12, ORF K13, ORF 72, ORF 73) is not up-regulated by chemical treatment and
could therefore represent latent genes that are also expressed in Kaposi's sarcoma spindle
cells. Since a minority of these cells appears to undergo fulllytic replication, it is too
early to conclude whether KSHV IHHV8 establishes a latent infection in most spindle
cells; however, it is also unc1ear whether a latent expression pattern is required for the
expansion of spindle cells. The presently available evidence is insuffcient to conclude
whether a limited lytic expression programe is compatible with virus-mediated cellular
proliferation.

4.5.2 Primary effsion lymphoma

Ninety percent of the described cases of primar effusion lymphoma contain both
KSHVIHHV8 and EBV (see Section 1), and the cells contain multiple episomal copies of
KSHVIHHV8 (Cesaran et aL., 1995a,b; Nador et al., 1996). KSHVIHHV8 gene expres-
sion in primar effusion lymphoma has been studied mainly in derived celllines, and the
results may not fully reflect the gene expression pattern in vivo. It is, however, largely
similar to that in Kaposi's sarcoma lesions (Zhong et aL., 1996; see section 4.5.1). ln
addition, of the genes investigated, v-bel-2, v-MIP-I, v-MIP-Il, v-IRF, v-IL-6 and v-GeR
are expressed at low levels in primar effusion lymphoma celllines, and their expression
can be up-regulated by treatment with phorbol esters and/or sodium butyrate. The
untranslated Tl.l RNA (see Section 1) is strongly expressed in unstimulated primar
effusion lymphoma cell lines but can be furter up-regulated by chemical treatment.
Unlike Kaposi's sarcoma, primar effusion lymphoma cells strongly express v-IL-6
protein, as shown by immunohistochemistr of fresh primar effusion lymphoma cells
(Moore et al., 1996b).

ln celllines concomitatly infected with EBV and KSHVIHHV8, the EBV is mono-
clonal and its expression is limited to EBNA-1 and (in one case) LMP-2 (Moore et al.,
1996a; Nador et al., 1996).
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Despite attempts by several groups, there is currently no evidence that KSHV IHHV8
can transform or immortalize lymphocytes in vitro.

Given the low level of expression of several KSHV IHHV8 genes shown to dysre-
gulate the cell cycle and/or prevent apoptosis, it is at least conceivable, although

unproven, that these viral genes play an important role in the development of primar
effusion lymphoma.

4.5.3 Multicentric Castleman' s disease

Unlike Kaposi's sarcoma and primar effusion lymphoma, multicentrc Castleman's

disease is not universally associated with KSHV /RV8 infection, although infection
with ths virus is very common in HIV-associated cases (see Section 2). Multicentrc
Castleman's disease is a polyc1onal disorder and, like Kaposi's sarcoma, characterized by
prominent angiogenesis. No published data are available on KSHV IHHV8 gene
expression in these lesions. Given the polyc1onal nature of the disease and the incon-
sistent association with KSHVIHHV8, it is likely that multicentric Castleman's disease
has a multifactorial etiology and that the role of KSHV IHHV8 is indirect, conceivably
mediated by virus-encoded cytokines.

4.6 Antiviral agents

Specific antiviral therapy has been evaluated in only a few studies and a case series
(Modeldt & Torssander, 1994; Jones et aL., 1995; Glesby et aL., 1996; Mocroft et aL.,
1996). All of the currently available antiherpesvirus drgs that have been evaluated
belong to the c1ass of DNA polymerase inhibitors, which are active against lytic but not
latent herpesviral infection. Modeldt and Torssander (1994) described clinical regression
of AIDS-associated Kaposi' s sarcoma lesions in three of five patients after adminis-
tration of high doses of phosphonoformc acid (foscamet), but no untreated control
patients were available for comparson. Jones et aL. (1995) examned follow-up data on
20 228 HIV -positive persons and AIDS patients enrolled in a study of adult diseases, of
whom 1033 (5%) developed Kaposi's sarcoma. Proportional hazards analysis was used
to demonstrate that the risk of patients receiving foscamet for developing Kaposi's
sarcoma after a median of 14 months' follow-up was 30% of that of patients who did not
receive herpesviral therapy, after tang into account CD4 count, age, sex, race, route of
exposure to HIV, other opportunistic ilnesses and antiretroviral therapy (p = 0.001).
Similar analysis for gancyc10vir (odds ratio, 1.0; p = 0.8) and acyc10vir (odds ratio, 1.4;
p -: 0.001) showed either no effect or an increased risk for disease with therapy. A
similar analysis of 935 paricipants in a multicentre study of AIS showed a non-
significant preventive effect against Kaposi's sarcoma for forscamet (RR, 0.40; 95% CI,
0.05-3.10; p = 0.38) and gancyc10vir (RR, 0.56; 95% CI, 0.22-1.44; p = 0.23) but notfor

acyc10vir (Glesby et aL., 1996). Mocroft et aL. (1996) followed 3688 patients with HI
infection or AIS for a median of 4.2 years, of whom 598 (16%) developed Kaposi's
sarcoma. After adjustment for sex, route of exposure to HI, age, antiretroviral
treatment, prophylaxs for Pneumocystis carinii pneumonia, opportnistic inections and
CD4 count, use of foscamet (relative hazard, 0.38; 95% CI, 0.15-0.95; p = 0.038) and
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gancyclovir (relative hazard, 0.39; 95% CI, 0.19-0.84; p = 0.015) but not acyelovir
(relative hazard, 1.1; 95% CI, 0.88-1.4; p = 0.40) were associated with a decreased risk
of developing Kaposi' s sarcoma.

Foscamet has some direct antiretroviral activity (Sandstrom et al., 1985) and may
therefore have activity against Kaposi's sarcoma, but other opportunistic tumours and
infections (aside from susceptibilty to herpesviral infections) are not known to respond
to foscamet therapy.

Kedes and Ganem (1997) demonstrated that gancyclovir, foscamet and cidofovir at
pharacological concentrations inhbit virion induction in vitro in the primar effusion
lymphoma cell line BCBL-l, whereas acyclovir does not. An anti-retroviral protease
inhibitor and ritonavir analog, A 77003, did not act on KSHV /RHV8 replication.

5. Summary of Data Reported and Evaluation

5.1 Virus-host interactions

Kaposi's sarcoma herpesvirus/human herpesvirus 8 (KSHV/RHV8) is a gamma-2
herpesvirus (a rhadinovirus) with a 165-kb genome. Its closest relatives are Herpesvirus
saimiri (HVS), a tumorigenic rhadinovirus of New World primates, and a group of
recently identified rhadinoviruses in Old W orld monkeys. It contains blocks of conserved
herpesvirus genes that encode mainly structural proteins. ln addition, several genes
similar in sequence to other viral and cellular oncogenes and growth controlling factors
are present in the KSHV IHHV8 genome. These inelude homologues of interleukin 6, the
antiapoptotic protein bel-2, aD-type cyc1in and a chemokine receptor, some of whIch are
known to be functionaL.

KSHVIHHV8 has been found in B cells, macrophages and dendrtic cells in vivo. It
establishes a persistent infection in endothelial Kaposi' s sarcoma spindle cells and in
primar effusion lymphoma cells, which involves a disease-specific pattern of expres-
sion, with at least four (in Kaposi's sarcoma) or seven (in primar effusion lymphoma
cells) viral genes. Lytic replication occurs in a subpopulation of infected spindle and
haematopoietic cells.

KSHVIHHV8 DNA is readily detected in Kaposi's sarcoma lesions, primar effusion
lymphoma cells and some lymphoid tissue from patients with multicentric Castleman's
disease by Southem blotting or polymerase chain reaction (PCR). ln contrast, only small
amounts of viral DNA are generally present in non-neoplastic tissue from KSHV /H8-
infected individuals, in paricular in peripheral blood mononuc1ear ceHs and semen,
requiring the use of sensitive PCR techniques for detection. Serological methods have
been developed for the detection of antibodies to a latent nuelear protein and to defined
and undefined structural antigens, ineluding immunofluorescence assays, enzyme-linked
imunosorbent assays and western blotting. Serological and PCR testing . of peripheral
blood mononuc1ear cells and semen shows that infection with KSHV IHHV8 is
uncommon among the general populations of northern Europe and the United States, but
more common in some Mediterranean countries and frequent in pars of Africa; however,



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 461

precise estimates of prevalence rates, especially in non-endemic areas, are still not
available. There is some evidence that KSHV IHHV8 is sexually transmitted, but other
routes of transmission are likely and probably account for a high prevalence in pars of
southern Europe and Africa.

5.2 RUffan carcinogenicity

DNA analysis has consistently demonstrated the presence of KSHV IHHV8 at high
(~ 90%) rates in Kaposi' s sarcoma lesions and at a generally low rate in neoplastic and
non-neoplastic tissues from control patients. The load of viral DNA is higher in tissue
from Kaposi' s sarcomas than in unaffected tissues from the same patients. When
mononuclear cells from Kaposi' s sarcoma patients and controls were examned by PCR,
KSHVIHHV8 was detected in significantly more cases (up to 50%) than controls.
Despite differences in sensitivity, in specificity and in the antigens examined, all of the
available serological studies are consistent in showing high rates of antibody-positivity in
Kaposi's sarcoma patients and lower rates of seropositivity among varous controls.
Studies among HIV-l-positive and -negative populations at different risks for Kaposi's
sarcoma indicate that seroprevalence is generally in accordance with the risk for deve-
loping the disease. The limited number of longitudinal analyses based on either detection
of KSHV IHHV8 DNA by PCR or the presence of antibodies to KSHV /HHV8 suggest
that KSHVIHHV8 infection precedes the development of Kaposi's sarcoma in the majo-
rit Y of cases.

Thus, the strength of association between infection with this virus and Kaposi' s sarco-
ma is high, as measured by PCR, Southern blotting and serology, with odds ratio greater
than 10 being found in most studies involving large numbers of cases and well-defined
controls. This association is found in studies with varous designs and for all epidemio-
logical types of Kaposi' s sarcoma.

Primar effusion lymphoma has been recognized as a new disease entity only since
the identification of KSHV IHHVS. It has a characteristic morphology and cell surface
phenotype, and all of the cases reported in the literature that showed these characteristics
have been found to contain KSHV IHHV8 DNA, sometimes at high copy numbers. The
vast majority of cases also contain clonaI EBV. Owing to the rarty of this malignancy,
no epidemiological studies are yet available.

Multicentric Castelman's disease is a rare and usually polyclonallymphoproliferative
disorder. ln studies based on very few cases, KSHV IHHV8 has been found in a substan-
tial proportion of HIV -positive patients with this disorder, and a high proportion of these
patients also had Kaposi's sarcoma; a much smaller proportion of HIV-negative cases of
multicentric Castleman's disease showed KSHV/HV8 DNA.

KSHVIHHV8 has occasionally been reported to be present in other tumours, but the
results are inconsistent. Whereas some of these discrepant results probably reflect the
marked geographical differences in KSHV /H8 prevalence and the fact that the virs
can be detected at several body sites and in samples from sorne KSHV/HHV8-infected
but healthy individuals, other reports are more diffcult to explain and remain contro-
versial.
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5.3 Anial models

KSHV IHHV8 has not yet been tested for tumorigenicity in experimental animaIs;
however, studies of related viruses have proved informative.

Herpesvirus saimiri (HVS) and Herpesvirus ateles (HV A) do not induce disease in
their natural hosts, the two New W orld monkeys, squirrel monkeys and spider monkeys,
but they induce tumours and/or lymphoproliferation in a varety of heterologous non-

human primates. The natural host populations become infected early in life, perhaps
through horizontal transmission, and maintain the virus in latency throughout their lives.
Both HVS and HV A are T -lymphotropic virses and readily transform and immortalize
human and simian T cells. As they are gama-2 herpesviruses (rhadinovirses), HVS
and HV A are more closely related to KSHV 1H8 than to EBV. Lymphoid cell lines
derived either by transformation in vitro or from tumour tissues contain viral DNA,
express viral proteins and release varable amounts of virus and viral genome copies per
cell. HVS induces lymphoid tumours in New Zealand white rabbbits.

There is evidence of gamma-2 herpesviruses in Old World monkeys, which may play
a role in retroperitoneal fibromatosis, a condition with sorne similarties to Kaposi's
sarcoma.

Bovine herpesvirs type 4 is another gama-2 herpesvirus which includes a large
number of antigenically related isolates distinct from other bovine herpesviruses. Ths
virus has not been established as the etiological agent of a distinct disease entity, but its
role in the etiology of some diseases of the genital tract has been suggested. It has never
been identified as a potential cause of tumours.

Murd herpesvirs 4 is a B-Iymphotropic gama-2 herpesvirs that causes B-cell
proliferation in mice. As it is a gama-2 herpesvirs, it could serve as a model for
KSHV IHHV8 infection.

5.4 Molecular mechanIsms of carcinogenesis

The role of KSHV/HV8 in the pathogenesis of Kaposi's sarcoma, primar effusion
lymphoma and multicentric Castleman's disease is stil poorly understood. The virus is
present in the endothelial tumour (spindle) cells of Kaposi's sarcoma lesions and in
primar effusion lymphoma cells. The latter are of monoclonal origin, and there is
evidence to suggest that Kaposi' s sarcoma lesions are also monoclonal. The viral
homologue of D-type cyclins, which can disrupt cell cycle control, is expressed in both
these tumour types, as are some other proteins of as yet unkown function. ln the case of
primar effusion lymphoma, several growth factors, a growth factor regulatory protein
and a growth factor receptor are also expressed. Some KSHV/H8-infected Kaposi's
sarcoma spindle cells undergo lytic replication. It is therefore at present unclear whether,
as in EBV, a latent programe of gene expression is required for cellular transformation,
with lytic infection of spindle cells representig an abortve pathway. Some viral genes
whose expression can be upregulated durng lytic infection (e.g. several growth factors
and a growth factor regulatory protein) may contrbute to virus-mediated expansion of
Kaposi' s sarcoma spindle cells. There is a strng correspondence between genes
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encoded by KSHV IHHV8 and human genes involved in the control of cell growth, which
are induced after EBV infection. This suggests that the two viruses may use different
strategies to modify the same cellular regulatory and signallng pathways. Similar consi-
derations apply to the role of KSHV IHHV8 in the pathogenesis of primar effusion
lymphoma, the cells of which can also undergo lytic infection in vitro.

KSHV /HV8 is not always found in multicentric Castleman' s disease, especially in
HIV -negative cases. There are no published data on which cell type in these lesions
harbours KSHV IHHV8; however, KSHV IHHV8 probably plays an indirect role in this
disorder, conceivably involving cytokines such as viral interleukin-6, since cellular
interleukin-6 has been implicated in its pathogenesis.

5.5 Evaluation

There is compellng but as yet limited evidence for a role of KSHV IHHV8 in the
causation of Kaposi' s sarcoma.

KSHVIHHV8 is probably carcinogenic to humans (Group 2A).

6. References

Ablashi, D.V., Arstrong, G.R, Heine, U. & Manaker, RA. (1971a) Propagation of Herpes-
virus saimiri in human cells. J. natl Cancer Inst., 47, 241-244

Ablashi, D.V., Loeb, W.F., Valerio, M.G., Adamson, RH., Arstrong, G.R, Bennett, D.G. &
Heine, U. (1971b) Malignant lymphoma with lymphocytic leukemia induced in owl
monkeys by Herpesvirus saimiri. J. natl Cancer Inst., 47, 837-855

Ablashi, D.V., Arstrong, G.R & Blackham, E.A. (1972) Certain characteristics of Herpesvirs
saimiri cultured in sub-human culture cells. Am. J. veto Res., 33,1689-1693

Ablashi, D.V., Loeb, W.F., Pearson, G., Valerio, M.G., Arstrong, G.R, Rabin, H., Kingsbury,
E.W. & Heine, U. (1973) Induction of lymphoma in owl monkeys with heated non-cyto-
pathogenic Herpesvirs saimiri. Nature new BioL., 242, 28-30

Ablashi, D.V., Easton, lM. & Guegan, J.H. (1976) Herpesvirses and cancer in man and sub-
human primates. Biomedicine, 24, 286-305

Ablashi, D.V., Pearson, G., Rabin, H., Arstrong, G., Easton, J., Valerio, M. & Cicmanec, J.
(1978) Experimental infection of Callthrix jacchus marosets with Herpesvirus saimiri,
Herpesvirus ateles and Epstein-Bar virs. Biomedicine, 29, 7-10

Ablashi, D.V., Sundar, S.K., Arstrong, G., Golway, P., Valerio, M., Bengal, Z., Lemp, J. &
Fox, RR (1980) Herpesvirssaimi-induced malgnant lymphoma in inbred strain IIIIJ
rabbits (Oryctolagus cuniculus). J. Cancer Res. clin. Oncol.,98, 165-172

Ablashi, D.V., Shi, S., Fleckenstein, B, Faggioni, A., Dahberg, J, Rabin, H., Loeb, W,

Arstrong, G., Whang-Peng, J., Aulak, G. & Torrsi, M.R. (1985) Herpesvirs saimi-
induced lymphoblastoid rabbit cellline: Growth characteristics, virs persistence and onco-
genic properties. J. ViroL., 55, 623-633



464 IARC MONOGRAPHS VOLUME 70

Ablashi, D.V., Dahlberg, lE., Cannon, G.B., Fischetti, G., Loeb, W., Hinds, W., Schatte, C. &
Levine, P.H. (1988) Detection of antibodies to Herpesvirus saimiri late antigens in human
sera. lntervirology, 29, 217-226

Ablashi, D.V., Chatlynne, L.G., Lapps, W., Hoekzema, D.T., Masood, R., Kramarsky, B.,
Kaplan, M., Gil, P., Friedman-Kien, A.E., Said, J., Koeffer, P. & Whtman, lE. (1997)
Human herpesvirus-8 (HHV -8): Epidemiology and characterization of virus from KS-l cell
line (Abstract No. 29). ln: First National AIDS Malignancy Conference, 28-30 April 1997,
Bethesda, National Cancer Institute

Adams, V., Kempf, W., Schmid, M., Müller, B., Briner, J. & Burg, G. (1995) Absence of
herpesvirus-like DNA sequences in skin cancers of non-immunosuppressed patients. Lancet,
346, 1715-1716

Albini, A., Mitchell, C.D., Thompson, E.W., Seeman, R., Marin, G.R., Wittek, A.E. &
Quinnan, G.V. (1988) Invasive activity and chemotactic response to growth factors by
Kaposi's sarcoma cells. J. ce il. Biochem., 36, 369-376

Albini, A., Fontanini, G., Masiello, L., Tacchetti, c., Bigini, D., Luzzi, P., Noonan, D.M. &
Stetler-Stevenson, W.G. (1994) Angiogenic potential in vivo by Kaposi's sarcoma cell-free
supematants and HIV -1 tat product: Inhibition of KS-like lesions by tissue inhbitor of

metalloproteinase-2. AIDS, 8, 1237-1244
Albini, A., Aluigi, M.G., Benell, R., Berti, E., Biberfeld, P., Blasig, c., Calabro, M.L., Calvo,

F., Chieco-Bianchi, L., Corbellino, M., Del Mistro, A, Ekman, M., Favero, A., Hofschneider,
P.H., Kaaya, E., Lebbé, C., Morel, P., Neipel, F., Noonan, D.M., Paravicini, C., Repetto, L.,
Schallng, M., Stürzl, M. & Tschachler, E. (1996a) Oncogenesis in HIV-infection: KSHV
and Kaposi's sarcoma. lnt. J. Oncol., 9, 5-8

Albini, A, Benell, R., Presta, M., Rusnati, M., Ziche, M., Rubarell, A., Paglialunga, G.,

Bussolino, F. & Noonan, D. (1996b) HIV-tat protein is a heparn-binding angiogenic growth
factor. Oncogene, 12,289-297

Albini, A., Soldi, R., Giunciuglio, D., Giraudo, E., Benell, R., Primo, L., Noonan, D., Salio, M.,
Camussi, G., Rockl, W. & Bussolino, F. (1996c) The angiogenesis induced by HIV-l Tat
protein is mediated by the Flk-l/KR receptor on vascular endothelial cells. Nature Med., 2,
1371-1375.

Albrecht, J.-C., Nicholas, J., Biler, D., Cameron, K.R., Biesinger, B., Newman, C., Wittmann,
S., Craxton, M.A., Coleman, H., Fleckenstein, B. & Honess, R.W. (1992) Primar strcture
of the Herpesvirus saimiri genome. J. Virol., 66, 5047-5058

Alexander, R.A, Plowright, W. & Haig, D.A. (1957) Cytopathic agents associated with lumpy-
skin disease of cattle. Bull. epizoot. Dis. Afr., 5, 489-492

Aluigi, M.G., Albini, A, Carlone, S., Repetto, L., de Marchi, R., Icardi, A, Moro, M., Noonan,
D. & Benelli, R. (1996) KSHV sequences in biopsies and cultured spindle cells of epidemic,
iatrogenic and Mediterranean forms of Kaposi' s sarcoma. Res. Virol., 147, 267-275

Ambroziak, J.A., Blackboum, D.J., Hemdier, B.G., Glogau, R.G., Gullett, J.H., McDonald,
A.R., Lennette, E.T. & Levy, J.A (1995) Herpes-like sequences in HI-infected and un-
infected Kaposi's sarcoma patients. Science, 268, 582-583

André, S., Schatz, O., Bogner, J.R., Zeichhardt, H., Stöffer-Meilicke, M., Jah, H.-U., Ullrch,
R., Sonntag, A.-K., Kehm, R. & Haas, J. (1997) Detection of antibodies against viral capsid
proteins of human herpesvirs 8 În AIDS-associated Kaposi's sarcoma. J. moL. Med., 75,
145-152



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 465

Ansar, M.Q., Dawson, D.B., Nador, R., Rutherford, e., Schneider, N.R, Latimer, M.J., Picker,
L., Knowles, D.M. & McKenna, RW. (1996) Primar body cavity-based AIDS-related
lymphomas. Am. J. clin. Pathol., 105,221-229

Anson, M.A., Benfield, D.A & McAdaragh, J.P. (1982) Bovine herpesvirus-5 (DN 599) anti-
gens in cells derived from bovine ocular squamous cell carcinomas. Cano J. comp. Med., 46,
334-337

Archibald, c.P., Schechter, M.T., Craib, K.J.P., Le, T.N., Douglas, B., Wiloughby, B. &
O'Shaughnessy, M. (1990) Risk factors for Kaposi's sarcoma in the Vancouver lymph-
adenopathy-AIDS study. J. AIDS, 3 (SuppL. 1), S18-S23

Armenian, H.K., Hoover, D.R, Rubb, S., Metz, S., Kaslow, R, Visscher, B., Chmiel, J.,
Kingsley, L. & Saah, A (1993) Composite risk score for Kaposi's sarcoma based on a case-
control and longitudinal study in the Multicenter AIDS Cohort Study (MACS) population.
Am. J. Epidemiol., 138, 256-265

Aranitaks, L., Mesri, E.A, Nador, RG., Said, J.W., Asch, AS., Knowles, D.M. & Cesaran,
E. (1996) Establishment and characterization of a primar effusion (body cavity-based) lym-
phoma cell line (BC-3) harboring Kaposi's sarcoma-associated herpesvirus (KSHV/HHV-8)
in the absence of Epstein-Bar Virus. Blood, 88,2648-2654

Aranitakis, L., Geras, RE., Varma, A., Gershengom, M.C. & Cesaran, E. (1997) Human
herpesvirus KSHV encodes a constitutively active G-protein-coupled receptor linked to cell
proliferation. Nature, 385, 347-350

Baer, R, Banker, A.T., Biggin, M.D., Deiniger, P.L., Farell, P.J., Gibson, T.J., Hatfull, G.,
Hudson, G.S., Satchwell, S.e., Séguin, c., Tuffnell, P.S. & Barell, B.G. (1984) DNA
sequence and expression of the B95-8 Epstein-Bar virs genome. Nature, 310, 207-211

Banker, A.T., Dietrch, W., Baer, R, Barell, B.G., Cobere-Garanpin, F., Fleckenstein, B. &

Bodemer, W. (1985) Termnal repetitive sequences in Herpesvirus saimiri virion DNA. J.
Virol., 55, 133-139

Barahona, H., Meléndez, L.V., Hunt, RD., Forbes, M., Fraser, e.E.0. & Danel, M.D. (1975)
Experimental horizontal transmission of Herpesvirus saimiri from squirel monkeys to an
owl monkey. J. infect. Dis., 132,694-97

Barllar, G., Buonaguro, L., Fiorell,V., Hoffman, J., Michaels, F., Gallo, R.e. & Ensoli, B.

(1992) Effects of cytokines from activated immune cells on vascular cell growth and HI-l
gene expression. J. Immunol., 149, 3727-3734

Barllar, G., Gendelman, R, Gallo, Re. & Ensoli, B. (1993) The Tat protein of human

immunodeficiency virus type 1, a growth factor for AIDS Kaposi sarcoma and cytokine-
activated vascular cells, induces adhesion of the same cell types by using integrn receptors
recognizing the RGD amno acid sequence. Proc. natl Acad. Sci. USA, 90, 7941-7945

Barett, S.W., Murty, K.K., Hemdier, B.G. & Levy, J.A (1994) An AIS-like condition
induced in baboons by HN -2. Science, 266, 642-66

Barozzi, P., Luppi, M., Masini, L., Marasca, R, Savarno, M., Morsell, M., Ferrar, M.G.,
Bevini, M., Bonacorsi, G. & Torell, G. (1996) Lymphotropic herpesvirs (EBV, HH -6,
HHV-8) DNA sequences in HI negative Castleman's disease. J. clin. Pathol. moL. Pathol.,
49, M232-M235

Bara, A., Juhász, M. & Lieberman, H. (1966) Isolation of a bovine herpesvirs from calves
with respiratory disease and keratoconjunctivitis. Acta veto hung., 16, 357-358



466 IAC MONOGRAHS VOLUME 70

Bassett, M.T., Chokunonga, E., Mauchaza, B., Levy, L., Ferlay, J. & Parkin, D.M. (1995)
Cancer in the Mrican population of Harare, Zimbabwe, 1990-1992. lnt. J. Cancer, 63, 29-
36

Bayley, A.C. (1984) Aggressive Kaposi's sarcoma in Zambia. Lancet, i, 1318-1320

Belák, S. & Pálfi, V. (1974) Characterization of a herpesvirs isolated from spontaeously dege-
nerated bovine kidney cell cultue. Acta veto hung., 24, 249-253

Beral, V. (1991) Epidemiology of Kaposi's sarcoma. Cancer Surv., 10,5-22
Beral, V., Peterman, T.A., Berkelman, RL. & Jafe, H.W. (1990) Kaposi's sarcoma among

persons with AIS: A sexually transmitted infection? Lancet, 335, 123-128
Beral, V., Bull, D., Jafe, H., Evans, B., Gil, N., Tilett, H. & Swerdlow, A.J. (1991) Is risk of

Kaposi's sarcoma in AIDS patients in Britain increased if sexual parners come from United
States or Afrca? Br. med. J., 302, 624-25

Beral, V., Bull, D., Darby, S., Weller, 1., Care, C., Beecham, M. & Jaffe, H. (1992) Risk of
Kaposi's sarcoma and sexual practices associated with faecal contact in homosexual or bi-
sexual men with AIS. Lancet, 339, 632-635

Bermudez-Cruz, R, Zhang, L. & van Santen, V.L. (1997) Characterization of an abundant,
unique 1.7-kilobase bovine herpesvirs 4 (BHV-4) late RNA and mapping of a BHV-4 IE2
transactivator-binding site in its promoter-regulatory region. J. Virol., 71, 527-538

Bertin, J., Arstrong, RC., Ottilie, S., Marins, D.A., Wang, Y., Banks, S., Wang, G.-H.,
Senkevich, T.G., Alnemr, E.S., Moss, B., Lenardo, M.J., Tomasell, K.J. & Cohen, J.1.
(1997) Death effector domain-containing herpesvirus and poxvirus proteins inhbit both Fas-

and TNI-induced apoptosis. Proc. natl Acad. Sei. USA, 94, 1172-1176
Biesinger, B., Müller-Fleckenstein, 1., Simmer, B., Lang, G., Wittmann, S., Platzer, E.,

Desrosiers, RC. & Fleckenstein, B. (1992) Stable growth transformation of human T lym-
phocytes by Herpesvirs saimi. Proc. natl Acad. Sei. USA, 89, 3116-3119

Biesinger, B., Tsygankov, A.Y., Fickenscher, H., Emmch, F., Fleckenstein, B., Bolen, J.E. &
Bröker, B.M. (1995) The product of the Herpesvirus saimiri open reading frame 1 (TIP)
interacts with T cell-specific kinase p56lck in transformed cells. J. biol. Chem., 270, 4729-
4734

Biggar, RJ. & Melbye, M. (1996) Martal status in relation to Kaposi's sarcoma, non-Hodgkin's
lymphoma, and anal cancer in the pre-AIS era. J. AlDS hum. Retrovirol., Il, 178-182

Biggar, RJ., Horm, J., Fraumeni, J.F, Jr, Greene, M.H. & Goedert, J.J. (1984) Incidence of
Kaposi's sarcoma and mycosis fungoides in the United States inc1uding Puerto Rico, 1973-
81. J. natl Cancer lnst., 73,89-94

Biggar, RJ., Curtis, RE., Coté, T.R, Rabkin, C.S. & Melbye, M. (1994) Risk of other cancers
following Kaposi's sarcoma: Relation to acquired immunodeficiency syndrome. Am. J.
Epidemiol., 139, 362-368

Bigoni, B., Dolcett, R, de Lells, L., Carbone, A., Boiocchi, M., Cassai, E. & Di Luca, D.
(1996) Human herpesvirs 8 is present in the lymphoid system of healthy pers ons and can
reactivate in the course of AIS. J. infect. Dis., 173, 542-549

Birkeland, S.A., Storm, B.H., Lam, L.U., Barlow, L., Blohmé, 1., Forsberg, B., Eklund, B.,
Fjeldborg, O., Friedberg, M., Fröd, L., Glatte, E., Halvorsen, S., Holm, N.V., Jakobsen,

A., Jørgensen, H.E., Ladefoged, J., Lindholm, T., Lundgren, G. & Puala, E. (1995) Cancer
riskafer renal transplantation in the Nordic countres, 19641986. lnt. J. Cancer, 60, 183-
189



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 467

Birkenbach, M., Josefsen, K., Yalamanchili, R, Lenoir, G. & Kieff, E. (1993) Epstein-Bar
virs-induced genes: First lymphocyte-specific G protein-coupled peptide receptors. J.
Virol., 67, 2209-2220

Birx, D.L., Redfield, RR, Tencer, K., Fowler, A., Burke, D.S. & Tosato, G. (1990) Induction of
interleukin-6 during human immunodeficiency virus infection. Blood, 76, 2303-2310

Blackboum, D.J. & Levy, J.A. (1997) Human herpesvirus 8 in semen and prostate. AIDS, Il,
249-250

Blackboum, D.J., Ambroziak, J., Lennette, E., Adams, M., Ramachandran, B. & Levy, J.A.
(1997) Infectious human herpesvirs 8 in a healthy Nort American blood donor. Lancet,
349, 609-611

Blauvelt, A., Hemdier, B.G. & Orenstein, J.M. (1997) Propagation of a human herpesvirs from
AIDS-associated Kaposi's sarcoma. New Engl. J. Med., 336, 1837-1838

Boldogh, 1., Szaniszlo, P., Bresnahan, W.A., Flaitz, C.M., Nichols, M.C. & Albrecht, T. (1996)
Kaposi's sarcoma herpesvirus-like DNA sequences in the saliva of individuals infected with
human immunodeficiency virs. Clin. infect. Dis., 23, 406-07

Boshoff, C., Whitby, D., Hatzioannou, T., Fisher, c., van der Walt, J., Hatzaks, A., Weiss, RA.
& Schulz, T. (1995a) Kaposi's sarcoma-associated herpesvirus in HI-negative Kaposi sar-
corna. Lancet, 345, 1043-1044

Boshoff, c., Schulz, T.P., Kennedy, M.M., Graham, A.K., Fisher, c., Thomas, A., McGee, J.O.,
Weiss, RA. & O'Lear, J.J. (1995b) Kaposi's sarcoma associated herpesvirus infects endo-
thelial and spindle cells. Nature Med., 1, 1274-1278

Boshoff, c., Talbot, S., Kennedy, M., O'Lear, J., Schulz, T. & Chang, Y. (1996) HH8 and
skin cancers in immunosuppressed patients (Letter to the Editor). Lancet, 347,338-339

Boyd, J.E. & James, K. (1992) B Cell responses to HIV and the development of human mono-
clonal antibodies. Clin. exp. ImmunoL., 88, 189-202

Brambila, L., Boneschi, V., Berti, E., Corbellno, M. & Paravicini, C. (1996) HHV8 cell-asso-
ciated viraemIa and clinical presentation of Mediterranean Kaposi's sarcoma. Lancet, 347,
1338

Brandt, S.L, Bodine, D.M., Dunbar, C.D. & Nienhuis, A.W. (1990a) Dysregulated interleukin 6
expression produces a syndrome resembling Castleman's disease in mIce. J. clin. Invest., 86,
592-599

Brandt, S. l, Bodine, D.M., Dunbar, c.E. & Nienhuis, A.W. (1990b) Retroviral-mediated

transfer of interleukn-6 into hematopoietic cells of mice results in a syndrome resembling
Castleman's disease. Curr. Top. MicrobioL. ImmunoL., 166,37-41

Breimer, L. (1994) Original description of Kaposi's sarcoma (Letter to the Editor). Br. med. J.,
308, 1303-1304

Browning, P.J., Sechler, J.M.G., Kaplan, M., Washington, RH., Gendelman, R, Yarchoan, R.,
Ensoli, B. & Galo, RC. (1994) Identification and culture of Kaposi's sarcoma-lie spindIe
cells from the peripheral blood of human immunodeficiency virs-l-infected individuals and
normal controls. Blood, 84, 2711-2720

Bryant, M.L.,Mar,P.A., Shigi, S.M., Wilson, B.J., McNulty, W.P. & Gardner, M.B. (1986)

Distrbution of type D retrovirs sequences in tissues of macaques with simIan acquired

immune deficiency and retroperitoneal fibromatosis. Virology, 150, 149-160



468 IARC MONOGRAPHS VOLUME 70

Bublot, M., Van Bressem, M.-F., Thiry, E., Dubuisson, J. & Pastoret, P.P. (1990) Bovine
herpesvirs 4 genome: Cloning, mapping and strain varation analysis. J. gen. Virol., 71,
133-142

Bublot, M., Wellemans, G., Van Bressem, M.-F., Dubuisson, J., Pastoret, P.P. & Thiry, E.
(1991a) Genomic diversity among bovine herpesvirus 4 field isolates. Arch. Viral., 116, 1-
18

Bublot, M., Dubuisson, J., Van Bressem, M.-F., Danyi, S., Pastoret, P.-P. & Thiry, E. (1991b)
Antigenic and genomic identity between simian Herpesvirus aotus type 2 and bovine herpes-
virus type 4. J. gen. Virol., 72, 715-719

Bublot, M., Lomonte, P., Lequare, A.-S., Albrecht, J.-c., Nicholas, 1., Fleckenstein, B.,
Pastoret, P.-P. & Thiry, E. (1992) Genetic relationships between bovine herpesvirus 4 and
the gamaherpesviruses Epstein-Bar virus and Herpesvirus saimiri. Virology, 190,654-665

Buonaguro, F.M., Tomesello, M.L. Beth-Giraldo, E., Hatzaks, A., Mueller, N., Downing, R.,
Biramwaho, B., Sempala, S.D. & Giraldo, G. (1996) Herpesvirus-like DNA sequences
detected in endemic, classic, iatrogenic and epidemic Kaposi's sarcoma (KS) biopsies. Int. J.
Cancer, 65, 25-28

Burger, R., Wendler, J., Antoni, K., Helm, G., Kalden, J.R. & Gramatzki, M. (1994) Interleukin-
6 production in B-cell neoplasias and Castleman' s disease: Evidence for an additional para-
crine loop. Ann. Hematol., 69, 25-31

Cameron, K.R., Stammnger, T., Craxton, M., Bodemer, W., Honess, R.W. & Fleckenstein, B.
(1989) The 160,000-Mr-virion protein encoded at the right end of the Herpesvirus saimiri
genome is homologous to the 140,000-Mr membrane antigen encoded at the left end of the
Epstein-Bar virus genome. J. Virol., 61, 2063-2070

Campioni, D., Corallini, A., Zauli, G., Possati, L., Altavila, G. & Barbanti-Brodano, G. (1995)
HN type 1 extracellular Tat protein stimulates growth and protects cells of BK virus/tat
transgenic mice from apoptosis. AIDS Res. hum. Retroviruses, Il, 1039-1048

Carbone, A., Gloghini, A., Vaccher, E., Zagonel, V., Pastore, C., dalla Palma, P., Branz, F.,
Saglio, G., Volpe, R., Tirell, U. & Gaidano, G. (1996a) Kaposi's sarcoma-associated herpes-
virus DNA sequences in AIDS-related and AIDS-unrelated lymphomatous effusions. Br. J.
Haematol., 94, 533-543

Carbone, A., Tirell, U., Gloghini, A., Pastore, c., Vaccher, E. & Gaidano, G. (1996b) Herpes-
virus-like DNA sequences selectively cluster with body-cavity-based lymphomas throughout
the spectrm of AIS-related lymphomatous effusions. Eur. J. Cancer, 32A, 555-556

Casabona, J., Melbye, M. & Biggar, R.J. (1991) Kaposi's sarcoma and non-Hodgkin's lym-
phoma in European AIS cases. No excess risk of Kaposi's sarcoma in Mediterranean
countres. Int. J. Cancer, 47, 49-53

Castleman, B., Iverson, L. & Menendez, V.P. (1956) Localized mediastinal lymph-node hyper-
plasia resembling thymoma. Cancer, 9, 822-830

Castrcci, G., Frigeri, F., Cill, V., Donell, G., Ferrar, M., Chicchini, U. & Bordoni, E. (1986)
A study of herpesvirs isolated from dai caUle with a history of reproductive disorders.
Comp. Immun. Microbiol. infect. Dis., 9, 13-21

Castrcci, G., Frigeri, F., Ferrar, M., Ranucci, S., Aldrovandi, V., Cill, V., Rampichini, L. &
Gatt, R. (1987) Experimental infection of calves with strains of bovid herpesvirus 4. Comp.
Immun. Microbiol. infect. Dis., 10, 41-49



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 469

Cathomas, G., McGandy, C.E., Terracciano, L.M., Itin, P.H., De Rosa, G. & Gudat, F. (1996)
Detection of herpesvirus-like DNA by nested PCR on archivaI skin biopsy specimens of
varous forms of Kaposi sarcoma. J. clin. Pathol., 49,631-633

Cesaran, E., Chang, Y., Moore, P.S., Said, J.W. & Knowles, D.M. (1995a) Kaposi's sarcoma-
associated herpesvirs-like DNA sequences in AIDS-related body-cavity-based lymphomas.
New Engl. J. Med., 332, 1186-1191

Cesaran, E., Moore, P.S., Rao, P.H., Inghirar, G., Knowles, D.M. & Chang, Y. (1995b) ln
vitro establishment and characterization of two acquired immunodeficiency syndrome-
related lymphoma cell lines (BC-l and BC-2) containing Kaposi's sarcoma-associated

herpesvirus-like (KSHV) DNA sequences. Blood, 86,2708-2714

Cesaran, E., Nador, RG., Bai, F., Bohenzky, RA., Russo, J.J., Moore, P.S., Chang, Y. &
Knowles, D.M. (1996a) Kaposi's sarcoma-assocIated herpesvirus contains G protein-coupled
receptor and cyc1in D homologs which are expressed in Kaposi' s sarcoma and malignant
lymphoma. J. Virol., 70,8218-8223

Cesaran, E., Nador, RG., Aozasa, K., Delsol, G., Said, LW. & Knowles, D.M. (1996b)
Kaposi's sarcoma-associated herpesvirus in non-AIDS-related lymphomas occurrng in body
cavities. Am. J. Pathol., 149, 53-57

Chadburn, A., Cesaran, E., Jagidar, J., Subar, M., Mir, RN. & Knowles, D.M. (1993) CD30
(Ki-l) positive anaplastic large cell lymphomas in individuals infected with the human
immunodeficiency virus. Cancer, 72,3078-3090

Chang, L.- Y. & van Santen, V.L. (1992) Immediate-early, early, and late RNAs in bovine
herpesvirus-4-infected cells. Virology, 191,909-920

Chang, Y., Cesaran, E., Pessin, M.S., Lee, F., Culpepper, J., Knowles, D.M. & Moore, P.S.
(1994) Identification of herpesvirus-like DNA sequences in AIDS-associated Kaposi's
sarcoma. Science, 266, 1865-1869

Chang, Y., Moore, P.S., Talbot, S.J., Boshoff, c.H., Zarkowska, T., Godden-Kent, D., Paterson,
H., Weiss, RA. & Mittnacht, S. (1996a) Cyc1in encoded by KS herpesvirus. Nature, 382,
410

Chang, Y., Ziegler, J., Wabinga, H., Katangole-Mbidde, E., Boshoff, c., Schulz, T., Whtby, D.,
Maddalena, D., Jaffe, H.W., Weiss, RA. & Moore, P.S. (1996b) Kaposi's sarcoma-asso-
ciated herpesvirs and Kaposi's sarcoma in Africa. Arch. intern. Med., 156, 202-204

Chee, M.S., Baner, A.T., Beck, S., Bohni, R, Brown, C.M., Cerny, R., HorsnelI, T.,
Hutchison, C.A., Kouzardes, T., Margnetti, J.A., Preddie, E., Satchwell, S.c., Tomlinson,
P., Weston, K.M. & Barell, B.G. (1990) Analysis of the protein-coding content of the
sequence of cytomegalovirus strain AD169. Curr. Top. Microbiol. Immunol., 154, 125-169

Cheng, E.H.-Y., Nicholas, J., Bellows, D.S., Hayward, G.S., Guo, H.-G., Reitz, M.S. &
Hardwick, J.M. (1997) A Bc1-2 homolog encoded by Kaposi sarcoma-assocIated virus,
human herpesvirs 8, inhibits apoptosis but does not heterodimerize with Bax or Bak. Proc.
natl Acad. Sci. USA, 94, 690-94

Chuck, S., Grant, RM., Katongole-Mbidde, E., Conant, M. & Ganem, D. (1996) Frequent
presence. of a novel herpesvirus genome in lesions of human immunodeficiency vIrs-
negative Kaposi's sarcoma. J. infect. Dis., 173,248-251

Cockerell, C.L (1991) Histopathological features of Kaposi's sarcoma in HI infected indi-

viduals. Cancer Surv., 10, 73-89



470 IARC MONOGRAPHS VOLUME 70

Collandre, H., Ferrs, S., Grau, O., Montagnier, L. & Blanchard, A. (1995) Kaposi's sarcoma
and new herpesvirus (Letter to the Editor). Lancet, 345, 1043

Coralini, A., Altavila, G., Pozzi, L., Bignozzi, F., Negrni, M., Rimessi, P., Gualandi, F. &
Barbanti-Brodano, G. (1993) Systemic expression of HIV-l tat gene in transgenic mice

induces endothelial proliferation and tumors of different histotypes. Cancer Res., 53, 5569-
5575

Corbeil, J., Evans, L.A., Vasak, E., Cooper, D.A. & Penny, R (1991) Culture and properties of
cells derived from Kaposi sarcoma. J. ImmunoL., 146, 2972-2976

Corbellino, M., Paravicini, C., Aubin, J.T. & Berti, E. (1996a) Kaposi's sarcoma and herpes-
virus-like DNA sequences in sensory ganglia.,New Engl. J. Med., 334,1341-1342

Corbellno, M., Poirel, L., Bestetti, G., Pizzuto, M., Aubin, J.T., Capra, M., Bifulco, c., Berti,
E., Agut, H., Rizzardini, G., Gall, M. & Paravicini, C. (1996b) Restrcted tissue distribution
of extralesional Kaposi's sarcoma-associated herpesvirus-like DNA sequences in AIDS
patients with Kaposi's sarcoma. AIDS Res. hum. Retroviruses, 12,651-657

Corbellno, M., Bestetti, G., Gall, M. & Paravicini, c., (1996c) Absence of HHV-8 in prostate
and semen. New Engl. J. Med., 335, 1237

Corbellno, M., Poire!, L., Aubin, J.T., Paulli, M., Magrni, U., Bestetti, G., Galli, M. &
Paravicini, C. (1996d) The role of human herpesvirus 8 and Epstein-Bar virus in the patho-
genesis of giant lymph node hyperplasia (Castleman's disease). Clin. infect. Dis., 22, 1120-
1121

Cottoni, F., de Marco, R & Montesu, M.A. (1996) Classical Kaposi's sarcoma in nort-east
Sardinia: An overview from 1977 to 1991. Br. J. Cancer, 72, 1132-1133

Dahberg, J.B., Zintz, E. & Ablashi, D.V. (1985) Analysis of Herpesvirus sainuri structural
proteins with monoclonal antibodies. J. Viral., 53, 279-286

Dahlberg, J.E., Ablashi, D.V., Rhim, J.S., Fladger, A. & Salahuddin, S.Z. (1988) Replication of
Herpesvirs saimi is semipermssive in human cells; because of a block in the synthesis of
certain late proteins. Intervirology, 29, 227-234

DaI Maso, L., Franceschi, S., Negr, E., Serraino, D., La Vecchia, C. & Ancelle-Park, R.A.
(1995) Trends of AIDS incidence in Europe and thé United States. Soz. Präventivmed., 40,
239-265

Danel, M.D., Meléndez, L.V., Hunt, RD., King, N.W., Anver, M., Fraser, C.E.O., Barahona, H.
& Baggs, RB. (1974) Herpesvirus saimiri: VII. Induction of malignant lymphoma in New
Zealand white rabbits. J. natl Cancer Inst., 53, 1803-1807

Darow, W.W., Peterman, T.A., Jafe, H.W., Rogers; M.F., Curan, J.W. & Beral, V. (1992)
Kaposi's sarcoma and exposure to faeces (Letter to the Editor). Lancet,339, 685

Davis, D.A., Humphrey, RW., Newcomb, F.M., O'Bnen, T.R, Goedert, J.J., Straus, S.E. &
Yarchoan, R (1997) Detection of serum antibodies to a Kaposi' s sarcoma-associated herpes-
virs-specific peptide. J. infect. Dis., 175, 1071-1079

Decker, L.L., Shanar, P., Khan, G., Freeman, RB., Dezube, RJ., Lieberman, J. & Thorley-
Lawson, D.A. (1996) The Kaposi's sarcoma-associated herpesvirs (KSHV) is present as an
intact latent genome.in KS tissue but replicates in the peripheral blood mononuclear cells of
KS patients. J. exp. Med., 184, 283-288

Deinardt, F.W., Fal, L.A. & Wolfe, L.G. (1974) Simian herpesviruses and neoplasia. Adv.

Cancer Res., 19, 167-205



KAPOSI'S SARCOMA HERPESVIRUSIHMAN HERPESVIRUS 8 471

Dell Bovi, P., Donti, E., Knowles, D.M., II, Friedman-KIen, A., Luciw, P.A., Dina, D., Da11a-

Favera, R & Basilico, e. (1986) Presence of chromosomal abnormalities and lack of AIS
retrovirus DNA sequences in AIDS-associated Kaposi's sarcoma. Cancer Res., 46, 6333-
6338

Desrosiers, Re., Silva, D.P., Waldron, L.M. & Letvin, N.L. (1986) Nononcogenic deletion
mutants of Herpesvirs saimi are defective for in vitro immortalization. J. Viral., 57, 701-
705

Dictor, M. & Attewell, R (1988) Epidemiology of Kaposi's sarcoma in Sweden prior to the
acquired immunodeficiency syndrome. lnt. J. Cancer, 42, 346-351

Dictor, M., Rambech, E., Way, D., Witte, M. & Bendsöe, N. (1996) Human herpesvirus 8
(Kaposi's sarcoma-associated herpesvirs) DNA in Kaposi's sarcoma lesions, AIDS
Kaposi's sarcoma cell lines, endothelial Kaposi's sarcoma simulators, and the skin of immu-
nosuppressed patients. Am. J. Pathol., 148,2009-2016

DiGiovana, J.J. & Safai, B. (1981) Kaposi's sarcoma. Retrospective study of 90 cases with
paricular emphasis on the famlial occurrence, ethnic background and prevalence of other

diseases. Am. med. J., 71, 779-783 '
Dörffel, J. (1932) Histogenesis of multiple idiopathic hemorrhagic sarcoma of Kaposi. Arch.

DenntoL. Syph., 26, 608-634
Dubuisson, J., Thi, E., Thomas, 1., Coignoul, F., Bublot, M., Van Heule, G., Dekegel, D. &

Pastoret, P.P. (1987) Experimental infection of bulls by intratesticular injection of a bovid
herpesvirs 4 strain isolated from a case of orchitis. Ann. Méd. vét., 131,37-48 (in French)

Dubuisson, J., Boulanger, D., Bublot, M., Thiry, E. & Pastoret, P.-P. (1989a) Proteins specified
by bovine herpesvirus type 4: Strctural proteins of the viron and identification of two
major glycoproteins by using monoclonal antibodies. J. gen. Virol., 70, 1743-1753

Dubuisson, J., Thiry, E., Bublot, M., Thomas, 1., Van Bressem, M.-F., Coignoul F. & Pastoret
P.-P. (1989b) Experimental infection of bulls with a genital isolate of bovine herpesvirs-4
and reactivation oflatent virs with dexamethasone. Veto Microbiol., 21, 97-114

Dubuisson, J., Danyi, S., Bublot, M., Pastoret, P.-P. & Thiry, E. (1991a) Comparson of proteins
of simian Herpesvirs aotus type 2 and bovine herpesvirus type 4. J. gen. Virol., 72, 1145-
1150

Dubuisson, J., Bublot, M., Wellemans, G., Pastoret, P.-P. & Thiry, E. (1991b) Bovine herpes-
virs 4 isolates: A comparson ofthee major glycoproteins. Veto Microbiol., 29, 251-259

Dubuisson, J., Pastoret, P.-P. & Th, E. (1991c) Temporal control of bovine herpesvirs type 4
glycoprotein synthesis. J. gen. Virol., 72, 1429-1434

Dubuisson, J., Koromyslov, 1., Pastoret, P.-P. & Th, E. (1992a) Proteins of bovine herpes-
virs type 4 released into the culture medium of productively infected cells: Identification of
a 135 K glycoprotein involved in viral attachment. J. gen. Virol., 73, 189-194

Dubuisson, J., Pastoret, P.-P. & Thi, E. (1992b) Identification and characterization of the
glycoprotein gpl of bovine herpesvirs type 4. J. gen. Virol., 73, 1293-1296

Dupin, N., Grandadam, M., Calvez, V., Gorin, 1., Aubin, J.T., Havard, S., Lamy, F., Leibowitch,
M., Huraux, J.M., Escande, J.P. & Agut, H. (1995a) Herpesvirs-like DNA sequences in
patients with Mediterranean Kaposi's sarcoma. Lancet, 345, 761-762

Dupin, N., Gorin, 1, Deleuze, J., Agut, H.:, Huraux, J.-M. & Escande, J.-P. (1995b) Herpes-lie
DNA sequences, AIS-related tumors, and Castleman's disease. New Engl. J. Med., 333,
798



472 IARC MONOGRAPHS VOLUME 70

Egyed, L., Ballagi-Pordány, A., Bara, A. & Belák, S. (1996) Studies of in vivo distrbution of
bovine herpesvirs type 4 in the natural host. J. clin. Microbiol., 34, 1091-1095

Ehlers, B., Buhk, H.-J. & Ludwig, H. (1985) Analysis of bovine cytomegalovirs genome
strcture: Cloning and mapping of the monomeric polyrepetitive DNA unit, and comparson
of European and American strains. J. gen. ViroL., 66, 55-68

Elford, J., Tindall, B. & Sharkey, T. (1992) Kaposi's sarcoma and insertive rimmng (Letter to
the Editor). Lancet, 339, 938

Ensoli, B., Nakamura, S., Salahuddin, S.Z., Biberfeld, P., Larsson, L., Beaver, B., Wong-Staa1,
F. & Gallo, Re. (1989) AIDS-Kaposi's sarcoma-derived cells express cytokines with auto-
crine and paracrine growth effects. Science, 243, 223-226

Ensoli, B., Barllar, G., Salahuddin, S.Z., Gallo, Re. & Wong-Staal, P. (1990) Tat protein of
HIV-l stimulates growth of cells derived from Kaposi's sarcoma lesions of AlDS patients.
Nature, 345, 84-86

Ensoli, B., Markham, P., Kao, V., Barllar, G., Fiorell, V., Gendelman, R, Raffeld, M., Zon, G.
& Gallo, RC. (1994a) Block of AIDS-Kaposi's sarcoma (KS) cell growth, angiogenesis, and
lesion formation in nude ince by antisense oligonuc1eotide targeting basic fibroblast growth
factor. J. clin. Invest., 94, 1736-1746

Ensoli, B., Gendelman, R, Markham, P., Fiorell, V., Colombini, S., Raffeld, M., Cafaro, A.,
Chang, H.K, Brady, J.N. & Gallo, RC. (1994b) Synergy between basic fibroblast growth
factor and HIV-l Tat protein in induction of Kaposi's sarcoma. Nature, 371,674-80

Eugster, AK (1978/1979) Isolation of bovine herpesvirs in from diarheic feces. Veto
MicrobioL.,3, 199-204

Evermann, J.F. & Henr, B.E. (1989) Herpetic infections of cattle: A comparson of bovine
cytomegalovirus and infectious bovine rhinotracheitis. Compendium, 11,205-215

Evermann, J.F., Mueller, G.M. & Dilbeck, P.M. (1985) Clinical and diagnostic implications of
bovid herpesvirus type 4 (bovine cytomegalovirus) infections. Am. Assoc. veto Lab. Diag.
Proc.,27, 125-136

Fabricant, e.G., Gilespie, J.H. & Krook, L. (1971) Intracellular and extracellular mIneral crystal
formation induced by viral infection of cell cultures. Infect. Immun., 3,416-419

Falk, L.A, Nigida, S.M., Deinhardt, P., Wolfe, L.G., Cooper, RW. & Hernandez-Camacho, J.1.
(1974) Herpesvirs ateles; properties of an oncogenic herpesvirs from circulating lym-
phocytes of spider monkey (Ateles sp.). Int. J. Cancer, 14,473-482

Flamand, L., Zeman, RA, Bryant, J.L., Lunardi-Iskandar, Y. & Gallo, Re. (1996) Absence of
human herpesvirs 8 DNA sequences in neoplastic Kaposi's sarcoma cell lines. J. AIDS
hum. Retrovirol., 13, 194-197

Fleckenstein, B. & Desrosiers, Re. (1982) Herpesvirs saimI and Herpesvirs ateles. ln:
Roizman, B., ed., The Herpesvirus, VoL 1, New York, Plenum Press, pp. 253-332

Fleckenstein, B., Danel, M.D., Hunt, RD., Werner, J., Fal, L.A. & Mulder, C. (1978a)
Tumour induction with DNA of oncogenic primate herpesvirses. Nature, 274, 57-59

Fleckenstein, B., Bornamm, G.W., Mulder, e., Werner, P.-J., Danel, M.D., Fal, L.A. &
Delius, H. (1978b) Herpesvirus ateles DNA and Its homology with Herpesvirus saimiri
nuc1eic acid. J. Virol., 25,361-373

Foreman, KE., Friborg, J., Kong, W.-P., Woffendin, e., Polverini, P.J., Nickoloff, B.J. &
Nabel, G.J. (1997) Propagation of a human herpesvirs from AIS-associated Kaposi's
sarcoma. New Engl. J. Med., 336,163-171



KAPOSI'S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 473

Franceschi, S. & Geddes, M. (1995) Epidemiology of c1assic Kaposi's sarcoma, with special
reference to Mediterranean population. Tumori, 81, 308-314

Franceschi, S., Amiani, S., Balzi, D. & Geddes, M. (1996) Survival of c1assic Kaposi's sarcoma
and risk of second cancer. Br. J. Cancer, 74, 1812-1814

Friedman-Bimbaum, R., Weltfriend, S. & Katz, 1. (1990) Kaposi's sarcoma: Retrospective study
of 67 cases with the c1assical form. Dermatologica, 180, 13-17

Friedman-Kien, A.E., Saltzman, B.R., Cao, Y., Nestor, M.S., Mirabile, M., Li, J.J. & Peterman,
T.A. (1990) Kaposi's sarcoma in HIV-negative homosexual men. Lancet, 335, 168-169

Gaidano, G., Cechova, K., Chang, Y., Moore, P.S., Knowles, D.M. & Dalla-Favera, R. (1996a)
Establishment of AIDS-related lymphoma cell lines from lymphomatous effusions. Leu-
kemia, 10, 1237-1240

Gaidano, G., Pastore, c., Gloghini, A., Cusini, M., Nomdedéu J., Volpe, G., Capello, D.,
Vaccher, E., Bordes, R., Tirell, U., Sagli, G. & Carbone, A. (1996b) Distrbution of human
herpesvirus-8 sequences throughout the spectrum of AIDS-related neoplasia. AIDS, 10, 941-
949

Gaidano, G., Pastore, c., Gloghini, A., Volpe, G., Capello, D., Polito, P., Vaccher, E., Tirelli,
U., Saglio, G. & Carbone, A. (1997) Human herpesvirus type-8 (HHV-8) in haematopoietic
neoplasia. Leukemia Lymphoma, 24,257-266

Gao, S.-J., Kingsley, L., Li, M., Zheng, W., Paravicini, c., Ziegler, 1., Newton, R., Rinaldo,
c.R., Saah, A., Phair, 1., Detels, R., Chang, Y. & Moore, P.S. (1996a) KSHV antibodies
among Americans, Italians, and Ugandans with and without Kaposi's sarcoma. Nature Med,
2, 925-928

Gao, S.-J., Kingsley, L., Hoover, D.R., Spira, T.J., Rinaldo, c.R., Saah, A., Phair, J., Detels, R.,
Preston, P., Chang, Y. & Moore, P.S. (1996b) Seroconversion to antibodies against Kaposi's
sarcoma-associated herpesvirs-related latent nuc1ear antigens before the development of
Kaposi's sarcoma. New Engl. J. Med., 335,233-241

Geddes, M., Francheschi, S., Barchiell, A., Fa1cini, F., Carli, S., Cocconi, G., Conti, E.,
Crosignani, P., Gafà, L., Giarell, L., Vercell, M. & Zanetti, R. (1994) Kaposi's sarcoma in
Italy before and after the AIDS epidemic. Br. J. Cancer, 69, 333-336

Gessain, A., Sudaka, A., Briere, J., Fouchard, N., Nicola, M.A., Rio, B., Arborio, M., Troussard,
X., Audouin, J., Diebold, J. & de Thé, G. (1996) Kaposi sarcoma-associated herpes-like

virs (human herpesvirus type 8) DNA sequences in multicentric Castleman's disease: Is
there any relevant association in non-human immunodeficiency virus-infected patients?
Blood, 87, 414-16

Gessain, A., Brière, J., Angelin-Duc1os, c., Valensi, F., Béral, H.M., Davi, F., Nicola, M.-A.,
Sudaka, A., Fouchard, N., Gabare, J., Troussard, X., Dulmet, E., Audouin, J., Diebold, J. &
de Thé, G. (1997) Human herpes virs 8 (Kaposi's sarcoma herpes virus) and malignant
lymphoproliferations in France: A molecular study of 250 cases inc1uding two AIDS-asso-
ciated body cavity based lymphomas. Leukemia, Il, 266-272

Gilltzer, R. & Berger, R. (1991) High levels of macrophage chemotactic protein 1 and IL-6 in
lesions of Kaposi's sarcoma in situ. J. cel!. Biochem., Suppl. 15F, 249

Giraldo, G., Beth, E. & Haguenau, F. (1972) Herpes-type parc1es in tissue culture of Kaposi's
sarcoma from different geographic regions. J. nat! Cancer Inst., 49, 1509-1526



474 IARC MONOGRAHS VOLUME 70

Giraldo, G., Beth, E. & Huang, E.-S. (1980) Kaposi's sarcoma and its relationship to cyto-
megalovirus (CMV). III. CMV DNA and CMV early antigens in Kaposi's sarcoma. lnt. J.
Cancer, 26, 23-29

Glesby, M.J., Hoover, D.R, Weng, S., Graham, N.M., Phair, J.P., Detels, R, Ho, M. & Saah,
A.J. (1996) Use of antiherpes drugs and the risk of Kaposi's sarcoma: Data from the Multi-
center AIDS Cohort Study. J. inf Dis., 173, 1477-1480

Godden-Kent, D., Talbot, S.J., Boshoff, c., Chang, Y., Moore, P., Weiss, RA. & Mittnacht, S.
(1997) The cyclin encoded by Kaposi's sarcoma-associated herpesvirs stimulates cdk6 to

phosphorylate the retinoblastoma protein and histone HI. J. Viral., 71,4193-4198
Goedert, J.J., Biggar, RJ., Melbye, M., Mann, D.L., Wilson, S., Gail, M.H., Grossman, R.J.,

DiGioia, RA., Sanchez, W.c., Weiss, S.H. & Blattner, W.A (1987) Effect of T4 count and
cofactors on the incidence of AIDS in homosexual men infected with human immuno-
deficiency virs. J. Am. med. Assac., 257,331-334

Grulich, A., Beral, V. & Swerdlow, Al (1992) Kaposi's sarcoma in England and Wales before
the AIDS epidemic. Br. J. Cancer, 66, 1135-1137

Gupta, P., Singh, M.K., Rinaldo, c., Ding, M., Farzadegan, H., Saah, A., Hoover, D., Moore, P.
& Kingsley, L. (1996) Detection of Kaposi's sarcoma herpesvirs DNA in semen of homo-
sexual men with Kaposi's sarcoma. AlDS, 10, 1596-1598

Gyulai, R, Keminy, L., Adam, E.~ Nagy, F. & Dobozy, A. (1996a) HHV8 DNA in angio-
lymphoid hyperplasia of the skin (Letter to the Editor). Lancet, 347, 1837

Gyulai, R, Kemeny, L., Kiss, M., Adam, E., Nagy, F. & Dobozy, A. (1996b) Herpesvirus-like
DNA sequence in angiosarcoma in a patient without HIV infection. New Engl. J. Med., 334,
540-541

Harada, H., Kitagawa, M., Tanaka, N., Yamamoto, H., Harada, K., Ishiara, M. & Taniguchi, T.
(1993) Anti-oncogenic and oncogenic potentials of interferon regulatory factors-l and -2.
Science, 259, 971-974

Harood, AR, Osoba, D., Hofstader, S.L., Goldstein, M.R, Cardella, c.J., Holecek, M.J.,
Kunynetz, R & Giamarco, RA. (1979) Kaposi's sarcoma in recipients ofrenal transplants.
Am. J. Med., 67, 759-765

Haverkos, H.W., Pinsky, P.F., Drotman, D.P. & Bregman, DJ. (1985) Disease manifestation
among homosexual men with acquired immunodeficiency syndrome: A possible role of
nitrtes in Kaposi's sarcoma. Sex. transm. Dis., 12,203-208

Heredia, A., Vallejo, A., Hewlett, IK., Soriano, V., Bravo, R, Mas, A., Castro, A., Pedreira, J.
& Sanchez-Viera, M. (1996) Detection of herpesvirs type 8 (ll-8) sequences in patients

with Kaposi's sarcoma in Spain. J. AlDS, Il,310-311
Herndier, RG., Werner, A., Arstein, P., Abbey, N.W., Demaris, F., Cohen, R.L., Shuman,

M.A. & Levy, J.A. (1994) Characterization of a human Kaposi's sarcoma cell line that
induces angiogenic tumours in animals. AlDS, 8, 575-581

Herrada, J. & Cabanllas, F.F. (1995) Multicentrc Castleman's disease. Am. J. clin. Oncal., 18,
180-183

Hjalgr, H., Melbye, M., Puala, E., Langmark, F., Frisch, M. Dictor, M. & Ekbom, A.

(1996a) Epidemiology of Kaposi's sarcoma in the Nordic countres before the AIDS epi-

demic. Br. J. Cancer, 74, 1499-1502
Hjalgrm, H., Melbye, M., Lecker, S., Frisch, M., Thomsen, H.K. & Larsen, S.O. (1996b) Epide-

miology of classic Kaposi's sarcoma in Denmark 1970 and 1992. Cancer, 77, 1373-1378



KAPOSI'S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 475

Hjalgrim, H., Tulinius, H., Dalberg, J., Hardarson, 5., Frisch, M. & Melbye, M. (1998) High
incidence of Kaposi's sarcoma in Iceland and the Faroe islands. J. natl Cancer lnst. (in
press)

Homan, EJ. & Easterday, Re. (1981) Further studies of naturally occuring latent bovine
herpesvirus infection. Am. J. veto Res., 42, 1811-1813

House, J.A., Wilson, T.M., El Nakashly, S., Karm, I.A., Ismail, 1., El Danaf, N., Moussa, A.M.
& Ayoub, N.N. (1990) The isolation of lumpy skin disease virus and bovine herpesvirus-4
from cattle in Egypt. J. veto Diagn. lnvest., 2, 111-115

Howard, M., Brink, N., Miler, R. & Tedder, R (1995) Association of human herpes virs with
pulmonar Kaposi's sarcoma (Letter to the Editor). Lancet, 346, 712

Howard, M.R., Whitby, D., Bahadur, G., Suggett, F., Boshoff, C., Tenant, F.M., Schulz, T.F.,
Kik, S., Matthews, S., Weller, 1., Tedder, RS. & Weiss, R.A. (1997) Detection of human
herpesvirus 8 DNA in semen from HIV-infected individuals but not healthy semen donors.
AIDS, 11, F15-F19

Huang, Y.Q., Li, J.J., Kaplan, M.H., Poiesz, B., Katabira, E., Zhang, W.e., Feinder, D. &
Friedman-Kien, A.E. (1995) Human herpesvirus-like nuc1eic acid in varous forms of
Kaposi's sarcoma. Lancet, 345, 759-761

Huang, Y.Q., Li, J.J., Poiesz, B.J., Kaplan, M.R. & Friedman-Kien, A.E. (1997) Detection of the
herpesvirs-like DNA sequences in matched specimens of semen and blood from patients
with AIDS-related Kaposi' s sarcoma by polymerase chain reaction in situ hybridization. Am.
J. PathoL., 150, 147-153

Humphrey, RW., O'Brien, T.R, Newcomb, F.M., Nishihara, H., Wyvil, K.M., Ramos, G.A.,
Savile, M.W., Goedert, J.J., Straus, S.E. & Yarchoan, R (1996) Kaposi's sarcoma (KS)-
associated herpesvirs-like DNA sequences in peripheral blood mononuc1ear cells: Asso-
ciation with KS and persistence in patients receiving anti-herpesvirus drugs. Blood, 88, 297-
301

Hunt, RD., Meléndez, L.V., Garcia, F.G. & Trum, B.F. (1972) Pathologic features of Herpes-
virus ateles lymphoma in cotton-topped marosets. J. natl Cancer lnst., 49, 1631-1639

Hutt, M.S.R (1984) Classical and endemic form of Kaposi's sarcoma. A review. Antibiot.
Chemother., 32, 12-17

Hutt, M.S.R & Burkitt, D. (1965) Geographical distribution of cancer in East Africa: A new
c1inicopathological approach. Br. med. J., ii, 719-722

Hymes, K.R, Cheung, T., Greene, J.B., Prose, N.S., Marcus, A., Ballard, H., Wiliam, D.C. &
Laubenstein, L.J. (1981) Kaposi's sarcoma in homosexual men - A report of eightcases.

Lancet, ii, 598-600
IARC (1996) IARC Monographs on the Evaluation of Carcínogenic Risks to Humans, Vol. 67,

Human lmmunodeficíency Viruses and Human T-cell Lymphotropic Viruses, Lyon, IARC,
pp.31-259

loachim, H.L. (1995) Kaposi's sarcoma and KSHV (Letter to the Editor). Lancet, 346, 1360
Ishiyama, T., Koike, M., Fukuchi, K., Tomoyasu, S., Yoshida, M., Wakabayashi, Y. &

Tsuruoka, N. (1996) Apoptosis of T cells in multicentrc Castleman's disease. Clin. lmmu-
nol. lmmunopathol., 79, 27-277

luchi, K., Ichimiya, A., Akashi, A., Mizuta, T., Lee, Y.E., Tada, H., Mori, T., Sawamura, K.,
Lee, Y.S., Furuse, K., Yamamoto, S. & Aozasa, K. (1987) Non-Hodgkinís lymphoma of the
pleural cavity developing from long-standing pyothorax. Cancer, 60, 1771-1775



476 IARC MONOGRAPHS VOLUME 70

luchi, K., Aozasa, K., Yamamoto, S., Mori, T., Tajima, K., Minato, K., Mukai, K., Komatsu, H.,
Tagak, T., Kobashi, Y, Yamabe, H. & Shimoyama, M. (1989) Non-Hodgkin's lymphoma
of the pleural cavity developing from long-standing pyothorax. Summar of c1inical and
pathological findings in thiry-seven cases. Jpn. J. clin. Oncol., 19, 249-257

Jacobson, L.P., Kirby, Al, Polk, S., Phair, J.P., Besley, D.R., Saah, AJ., Kingsley, L.A &
Schrager, L.K. (1993) Changes in survival after acquired immunodeficiency syndrome
(AIDS): 1984-1991.Am. J. Epidemiol., 138,952-964

Jaffe, E.S. (1996) Primar body cavity-based AIDS-related lymphomas. Evolution of a new
disease entity. Am. J. clin. Pathol., 105, 141-143

Jaffe, H.W., Choi, K., Thomas, P.A., Haverkos, H.W., Auerbach, D.M., Guinan, M.E., Rogers,
M.F., Spira, T.J., Darow, W.W., Kramer, M.A, Friedman, S.M., Monroe, J.M., Friedman-
Kien, A.E., Laubenstein, L.J., Maror, M., Safai, B., Dritz, S.K., Crispi, S.J., Fannini, S.L.,
Orkwis, J.P., Kelter, A, Rushing, W.R, Thacker, S.B. & Curran, J.W. (1983) National case-
control study of Kaposi's sarcoma and Pneumocystis carnII pneumonia in homosexual men:
Par 1. Epidemiologic results. Ann. intern. Med., 99, 145-151

Jin Y.-T., Tsai, S.-T., Yan, J.-J., Hsiao, J.-H., Lee, Y.- Y. & Su, I.-J. (1996a) Detection of
Kaposi's sarcoma-associated herpesvirus-like DNA sequence in vascular lesions. Am. J. clin.
Pathol., 105, 360-363

Jin, Y-T., Tsai, S.-T., Yan, J.-J., Chen, F.-F., Lee, W.-Y., Li, W.-Y., Chiang, H. & Su, I.-J.
(1996b) Presence of human herpesvirus-like DNA sequences in oral Kaposi's sarcoma. Oral
Surg. oral Med. oral Pathol., 81, 442-444

Jones, J.L., Hanson, D.L., Chu, S.Y., Ward, J.W. & Jaffe, H.W. (1995) AIDS-associated
Kaposi's sarcoma. Science, 267, 1078-1079

Jung, J.U. & Desrosiers, Re. (1991) Identification and characterization of the Herpesvirus
saimiri oncoprotein STP-C488. J. Virol., 65, 6953-6960

Jung, J.U. & Desrosiers, Re. (1994) Herpesvirus saimiri and ateles. ln: Webster, R.G. &
Granoff, A, eds, Encyclopedia ofVirology, New York, Academic Press, pp. 614-21

Jung, J.U., Trimble, J.J., King, N.W., Biesinger, B., Fleckenstein, B.W. & Desrosiers, R.C.
(1991) Identification of transformng genes of subgroup A and C strains of Herpesvirus
saimiri. Proc. natl Acad. Sei. USA, 88, 7051-7055

Kaaya, E.E., Paravicini, e., Ordonez, C., Gendelman, R, Berti, E., Gallo, RC. & Biberfeld, P.
(1995) Heterogeneity of spindle cells in Kaposi's sarcoma: Comparson of cells in lesions
and in culture. J. AIDS hum. Retrovirol., 10, 295-305

Kaldor, J.M., Tindall, B., Willamson, P., Elford, J. & Cooper, D.A. (1993) Factors associated
with Kaposi' s sarcoma in a cohort of homosexual and bisexual men. J. AIDS, 6, 1145-1149

Kaldor, J.M., Coates, M., Vettom, L. & Taylor, R (1994) Epidemiological characteristics of
Kaposi's sarcoma prior to the AIDS epidemic. Br. J. Cancer, 70, 674-76

Kaminjolo, J.S., Mugera, G.M. & Rosted, A.F. (1972) Isolation of a herpes-type virus from
sorne tumours of bovine origin. Zbl. veto Med.B., 19,626-32

Kaposi, M. (1872) ldiopathic, multiple, pigmented sarcoma of the skin. Arch. Dermatol. Syph.,
2, 265-273 (in German)

Karcher, D.S. & Alkan, S. (1995) Herpes-like DNA sequences, AIDS-related tumors, and
Castleman's disease. New Engl. J. Med., 333, 797-798



KAPOSI'S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 477

Karcher, D.S., Dawkins, F. & Garett, C.T. (1992) Body cavity-based non-Hodgkin's lymphoma
(NHL) in HIV -infected patients: B-cell lymphoma with unusual clinicaL, immunophenotypic,
and genotypic features (Abstract No. 469). Lab. Invest., 66, 80A

Kawano, M., Hirano, T., Matsuda, T., Taga, T., Horii, Y., Iwato, K., Asaoku, H., Tang, B.,
Tanabe, O., Tanaka, H., Kuramoto, A. & Kishimoto, T. (1988) Autocrine generation and
requirement of BSF-2/IL-6 for human multiple myelomas. Nature, 332, 83-84

Kedes, D.H. & Ganem, D. (1997) Sensitivity of Kaposi's sarcoma-associated herpesvirus repli-
cation to antiviral drugs. Implications for potential therapy. J. clin. Invest., 99, 2082-2086

Kedes, D.H., Operskalski, E., Busch, M., Kohn, R., Flood, 1 & Ganem, D. (1996) The sero-
epidemiology of human herpesvirus 8 (Kaposi's sarcoma-associated herpesvirus): Distri-
bution of infection in KS risk groups and evidence for sexual transmission. Nature Med., 2,
918-924

Kedes, D.H., Ganem, D., Ameli, N., Bachetti, P. & Greenblatt, R. (1997) The prevalence of
serum antibody to human herpesvirus 8 (Kaposi sarcoma-associated herpesvirus) among
HN-seropositive and high-risk HIV-seronegative women. J. Am. med. Assoc., 277,478-481

Kendrick, J.W., Osbum, B.1. & Kronlund, N. (1976) Pathogenicity studies on a bovine herpes-
virus. Theriogenology, 6, 447-462

Kikutani, H., Taga, T., Akira, S., Kishi, H., Miki, Y., Saiki, O., Yamamura, Y. & Kishimoto, T.
(1985) Effect of B cell differentiation factor (BCDF) on biosynthesis and secretion of immu-
noglobulin molecules in human B cell lines. J. ImmunoL., 134, 990-995

Kishimoto, T. (1989) The biology ofinterleukin-6. Blood, 74,1-10
Kit, S., Kit, M., Ichimura, H., Crandell, R. & McConnel1., S. (1986) Induction of thymidine

kinase activity by viruses with group B DNA genomes: Bovine cytomegalovirus (bovine
herpesvirus 4). Virus Res., 4, 197-212

Klein, G., Pearson, G., Rabson, A., Ablashi, D.V., Falk, L., Wolfe, L., Deinhardt, F. & Rabin,
H. (1973) Antibody reactions to Herpesvirus saimiri (HVS)-induced early and late antigens
(EA and LA) in HVS-infected squirrel, maroset and owl monkeys. Int. J. Cancer, 12, 270-
289

Knowles, D.M., Chamulak, G.A., Subar, M., Burke, J.S., Dugan, M., Wemz, J., Slywotzky, c.,
Pelicci, G., Dalla-Favera, R. & Raphael, B. (1988) Lymphoid neoplasia associated with the
acquired immunodeficiency syndrome (AIDS). The New York University Medical Center
experience with 105 patients (1981-1986). Ann. intem. Med., 108, 744753

Knowles, D.M., Inghiram, G., Ubriaco, A. & Dalla-Favera, R. (1989) Molecular genetic
analysis of thee AIDS-associated neoplasms of uncertain lineage demonstrates their B-cell
derivation and the possible pathogenetic role of the Epstein-Bar virus. Blood, 73, 792-799

Koelle, D.M., Huang, M.L., Chandran, B., Vieira, J., Piepkom, M. & Corey, L. (1997) Frequent
detection of Kaposi's sarcoma-associated herpesvirus (human herpesvirus 8) DNA in saliva
of human immunodeficiency virus-infected men: Clinical and immunologic correlates. J.
infect. Dis., 176,94-102

Komandur, K.V., Luce, lA., McGrath, M.S., Hemdier, B.G. & Ng, V.L. (1996) The natural
history and molecular heterogeneity of HIV-associated primar malignant lymphornatous
effsions. J. AIDS hum. RetroviroL., 13,215-226

Kretschmer, C. Murphy, C., Biesinger, B., Beckers, J., Fickenscher, H. Kirchner, T.,
Fleckenstein, B. & Rüther, U. (1996) A Herpes saimiri oncogene causingperipheral T-cell
lymphoma in transgenic mice. Oncogene, 12, 1609-1616



478 IARC MONOGRAPHS VOLUME 70

Krogman, L.A. & McAdaragh, J.P. (1982) Recrudescence of bovine herpesvirus-5 in experi-
menta1y infected calves. Am. J. veto Res., 43, 336-338

Krger, J.M., Osborne, C.A., Goyal, S.M., Pomeroy, K.A. & O'Brien, T.D. (1990) Clinico-
pathologic and pathologic findings of herpesvirus-induced urinar tract infection in conven-
tionally reared cats. Am. J. veto Res., 51, 1649-1655

Kung, S.-H. & Medveczky, P.G. (1996) Identification of Herpesvirus saimiri cis-acting DNA
fragment that permts stable replication of episomes in transformed T cells. J. Virol., 70,
1738-1744

Lagunoff, M. & Ganem, D. (1997) The structure and coding organzation of the genomic termni
of Kaposi's sarcoma-associated herpesvirus. Virology,236, 147-154

Landman, P., Karsenty, E., Katz, L. & Saimot, A.G. (1984) Kaposi's sarcoma in Israel: Epi-
demiological data 1960-1980. Bull. Soc. PathoL. exp., 77,572-576 (in French)

Lane, H.C., Depper, J.M., Greene, W.c., Whalen,G., Waldmann, T.A. & Fauci, A.S. (1985)
Quantitative analysis of immune function in patients with the acquired immunodeficiency
syndrome: Evidence for a selective defect in soluble antigen recognition. New EngL. J. Med.,
313, 79-84

Laor, Y. & Schwarz, RA. (1979) Epidemiologic aspects of American Kaposi's sarcoma. J.
surg. OncoL., 12,299-303

Laufs, R & Meléndez, L.V. (1973) Oncogenicity of Herpesvirus ateles in monkeys. J. natl
Cancer Inst., 51, 599-608

Lebbé, C., de Crémoux, P., Rybojad, M., Costa da Cunha, C., Morel, P. & Calvo, F. (1995)
Kaposi's sarcoma and new herpesvirus (Letter to the Editor). Lancet, 345, i 180

Lebbé, c., Agbalika, F., de Crémoux, P., Deplanche, M., Rybojad, M., Masgrau, E., Morel, P. &
Calvo, F. (1997a) Detection of human herpesvirus 8 and human T-cell lymphotropic virus
type 1 sequences in Kaposi's sarcoma. Arch. DennatoL., 133,25-30

Lebbé, c., Pellet, c., Tatoud, R, Agbalika, F., Dosquet, P., Desgrez, J.P., Morel, P. & Calvo, F.
(1997b) Absence of human herpesvirus 8 sequences in prostate specimens. AIDS, 11, 270

Lefrère, J.J., Meyohas, M.C., Marotti, M., Meynard, J.L., Thauvin, M. & Frottier, 1. (1996)
Detection of human herpesvirus 8 DNA sequences before the appearance of Kaposi's
sarcoma in human immunodeficiency virus (HIV)-positive subjects with a known date of
HN seroconversion. J. infect. Dis., 174,283-287

Lennette, E.T., Blackbourn, D.J. & Levy, J.A. (1996) Antibodies to human herpesvirus type 8 in
the general population and in Kaposi's sarcoma patients. Lancet, 348, 858-861

Leonard, J.M., Abramczuk, J.W., Pezen, D.S., Rutledge, R, Be1cher, J.H., Hakm, F., Shearer,
G., Lampert, L., Travis, W., Fredrckson, T., Notkns, A.L. & Marin, M.A. (1988) Deve-
lopment of disease and virus recovery in transgenicmice contaning HI pro viral DNA.
Science, 242, 1665-1670

Levine, A.M. (1993) AIDS-related malignancies: The emerging epidemic. J. natl Cancer Inst.,
85, 1382-1397

Li, J.J., Huang, Y.Q., Moscatell, D., Nicolaides, A., Zhang, W.C. & Friedman-Kien, A.E.
(1993) Expression of fibroblast growth factors and their receptors in acquired Imuno-
deficiency syndrome-associated Kaposi sarcoma tissue and derived cells. Cancer, 72, 2253-
2259



KAPOSI' S SARCOMA HERPESVIRUS/HUMA HERPESVIRUS 8 479
~

Li, J.J., Huang, Y.Q., Cockerell, c.J. & Friedman-KIen, A.E. (1996) Localization of human
herpes-like virs type 8 in vascular endothelial cells and perivascular spindle-shaped cells of

Kaposi's sarcoma lesions by in situ hybridization. Am. J. Pathol., 148, 1741-1748

Li, M., Lee, H., Yoon, D.-W., Albrecht, J.-c., Fleckenstein, B., Neipel, F. & Jung, iu. (1997)
Kaposi's sarcoma-associated herpesvirus encodes a functional cyc1in. J. Virol., 71, 1984-
1991

Lifson, A.R, Darow, W.W., Hessol, N.A., 0' Malley, P.M., Barar, J.L., Jaffe, H.W. &
Rutherford, G.W. (1990a) Kaposi's sarcoma in a cohort of homosexual and bisexual men.
EpideITology and analysis for cofactors. Am. J. Epidemiol., 131, 221-31

Lifson, A.R, Darow, W.W., Hessol, N.A., 0' Malley, P.M., Barar, L., Jaffe, H.W. &
Rutherford, G.W. (1990b) Kaposi's sarcoma among homosexual and bisexual men enrolled
in the San Francisco City Clinic Cohort Study. J. AIDS, 3 (SuppL. 1), S32-S37

Lin, J.-c., Lin, S.-c., Mar, E.-c., Pellett, P.E., Stamey, F. R, Stewar, lA. & Spira, T.J. (1995)
Is Kaposi's sarcoma associated herpesvirus detectable in semen ofHIV-infected homosexual
men? Lancet, 346, 1601-1602

Lin, S.-F., Sun, R, Heston, L., Gradovile, L., Shedd, D., Haglund, K., Rigsby, M. & Miler, G.
(1997) Identification, expression, and immunogenicity of Kaposi's sarcoma-associated
herpesvirus-encoded small viral capsid antigen. J. Virol., 71,3069-3076

Little, D., Said, J.W., Siegel, RJ., Fealy, M. & Fishbein, M.C. (1986) Endothelial cell markers
in vascular neoplasms: An immunohistochemical study comparng factor VIII-related anti-
gen, blood group specific antigens, 6-keto-PGF1-a, and Ulex europaeus 1 lectin. J. Pathol.,
149, 89-95

Lomonte, P., Bublot, M., van Santen, V., Keil, G., Pastoret, P.-P. & Thiry, E. (1996) Bovine
herpesvirs 4: GenoITc organization and relationship with two other gamaherpesviruses,
Epstein-Bar virus and Herpesvirs saimi. Veto Microbiol., 53, 79-89

Lomonte, P., Filée, P., Lyak, J.R, Bublot, M., Pastoret, P.-P. & Thi, E. (1997) Glycoprotein
B of bovine herpesvirus 4 is a major component of the virion, unlike that of two other
gamaherpesviruses, Epstein-Bar virus and murine gamaherpesvirs 68. J. Virol., 71,
3332-3335

Lopez, O. J., Galeota, J. A. & Osorio, F. A. (1996) Bovine herpesvirs type-4 (BHV-4) persis-
tently infects cells of the marginal zone of spleen in cattle. Microb. Pathogenesis, 21, 47-58

Luetzeler, J., Heine, U.I., Wendel, E., Prasad, U. & Ablashi, D.V. (1979) Ultrastrctural studies
in the replication of Herpes virus ateles-73 in owl monkey kidney cells. Arch. Virol., 60, 59-
73

Luini, M., Fabbi, M. & Cervio, G. (1985) Isolation of a herpesvirus from an erosive tongue
lesion in cattle. Estratto Selezione vet., 26, 1131-1133 (in Italian)

Lunardi-Iskandar, Y., Bryant, J.L., Zeman, RA., Lam, V.H., Samanego, F., Besnier, J.M.,
Hermans, P., Therr, A.R, Gil, P. & Gallo, R.C. (1995) Tumorigenesis and metastasis of

neoplastic Kaposi' s sarcoma cell line in imunodeficient mice blocked by a human pre-
gnancy hormone. Nature, 375,64-68

Lundgren~ J.D., Pedersen, c., Clumeck, N., Gatell, J.M., Johnson, A.M., Ledergerber, B., Vella,
S., Phillps, A., Nielsen, J.O. & the AIDS in Europe Study Group (1994) Survival diffe-
rences in European patients with AIS, 1979-1989. Br. med. J., 308, 1068-1073



480 IARC MONOGRAPHS VOLUME 70

Lundgren, J.D., Melbye, M., Pedersen, c., Rosenberg, P.S. & Gerstoft, J. for the Danish Study
Group for HIV infection (DASHI) (1995) Changing patterns of Kaposi's sarcoma in Dansh
acquired immunodeficiency syndrome patients with complete follow-up. Am. J. Epidemiol.,
141, 652-658

Luo, K., Law, M., Kaldor, J.M., McDonald, A.M. & Cooper, D.A. (1995) The role of initial
AIDS-defining ilness in survival following AIDS. AIDS, 9,57-63

Luppi, M., Barozzi, P., Maiorana, A., Collina, G., Ferrar, G., Marasca, R, Morsell, M., Rossi,
E., Ceccherini-Nell, L. & Torelli, G. (1996a) Prequency and distribution of herpesvirus-like
DNA sequences (KSHV) in different stages of c1assic Kaposi's sarcoma and in normal
tissues from an Italian population. Int. J. Cancer, 66, 427-431

Luppi, M., Barozzi, P., Maiorana, A, Arusi, T., Trovato, R, Marasca, R, Savarno, M.,
Ceccherini-Nelli, L. & Torell, G. (1996b) Human herpesvirus-8 DNA sequences in human
immunodeficiency virs-negative angioimmunoblastic lymphadenopathy and. benign lymph-
adenopathy with giant germnal center hyperplasia and increased vascularty. Blood, 87,
3903-3909

Luther, P.D., Bradley, P.G. & Haig, D.A (1971) The isolation and characterization of a herpes-
virs from calf kidney cell culture. Res. veto Sei, 12, 496-98

Mackett, M., Stewar, J.P., Pepper, S. deV., Chee, M., Efstathiou, S., Nash, A.A. & Arand, J.R.
(1997) Genetic content and preliminar transcriptional analysis of a representative region of
murine gammaherpesvirus 68. J. gen. ViroL., 78, 1425-1433

MacLean, C.M. (1963) Kaposi's sarcoma in Nigeria. Br. J. Cancer, 17, 195-205

Marchioli, c.c., Love, J.L., Abbott, L.Z., Huang, Y.Q., Remick, S.c., Surtento-Reodica, N.,
Hutchison, RE., Mildvan, D., Friedman-Kien, A.E. & Poiesz, B.J. (1996) Prevalence of
human herpesvirus 8 DNA sequences in several patient populations. J. clin. Microbiol., 34,
2635-2638

Maré, J. & van Resenburg, S.J. (1961) The isolation of viruses associated with infertility in
cattle: A preliminar report. J. S. Afr. veto Med. Assoc., 32, 201-210

Maror, M., Friedman-Kien, AE., Laubenstein, L., Byrum, RD., Willam, D.C., D'Onofrio, S.
& Dubin, N. (1982) Risk factors for Kaposi's sarcoma in homosexual men. Lancet, i, 1083-
1087

Marin, A., Capron, F., Liguory-Brunaud, M.-D., De Frejacques, c., Pluot, M. & Diebold, J.
(1994) Epstein-Bar virs-associated priar malignant lymphomas of the pleural cavity
occurrng in longstanding pleural chronic inflammation. Hum. Pathol., 25,1314-1318

McDonagh, D.P., Liu, J., Gaffey, M.J., Layfield, L.J., Azumi, N. & Traweek, T.S. (1996)
Detection of Kaposi's sarcoma-associated herpesvirus-like DNA sequences in angiosarcoma.
Am. J. PathoL., 149, 1363-1368

Medveczky, M.M., Szomolanyi, E., Hesselton, R, DeGrand, D., Geck, P. & Medveczky, P.G.
(1989) Herpesvirs saimiri strains from three DNA subgroups have different oncogenic
potentials in New Zealand white rabbits. J. ViroL., 63, 3601-3611

Medveczky, M.M., Geck, P., Vassallo, R & Medveczky, P.G. (1993) Expression of the
collagen-lie putative oncoprotein of Herpesvirus saimiri in transformed T cells. Virus
Genes, 7, 349-365

Melbye, M., Kestens, L., Biggar, RJ., Schreuder, G.M.T. & Gigase, P.L. (1987) HLA studies of
endemic Mrican Kaposi's sarcoma patients and matched controls: No association with HLA-
DRS. Int. J. Cancer, 39, 182-184



KAOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 481

Melbye, M., Cook, P.M., Hjalgrim, H., Begtrup, K., Simpson, G.R, Biggar, Rl., Ebbesen, P. &
Schulz, T.F. (1998) Transmission of human herpesvirus 8 (HHV 8) among homosexual men
follows the pattern of a Kaposi's sarcoma agent. J. Am. med. Assac. (in press)

Meléndez, L.V., Daniel, M.D., Hunt, RD. & Garcia, F.G. (1968) An apparently new herpesvirus
from primar kidney culture of the squirrel monkey (Saimiri sciureus) Lab. Anim. Care, 18,
374-381

Meléndez, L.V., Hunt, RD., Daniel, M.D., Garcia, F.G. & Fraser, c.E. (1969) Herpesvirs

saimiri II: Experimentally induced malignant lymphoma in primates. Lab. Anim. Care, 19,
378-386

Meléndez, L.V., Hunt, RD., Danel, M.D., Blake, B.l. & Garcia, F.G. (1971) Acute lympho-

cytic leukemia in owl monkeys inoculated with Herpesvirus saimi. Science, 171, 1161-
1163

Meléndez, L.V., Hunt, RD., Daniel, M.D., Fraser, C.E, Barahona, H.H., King, N.W. & Garcia,
F.G. (1972a) Herpesvirus saimiri and Herpesvirs ateles - Their roles in malignant

lymphoma of monkeys. Fed. Proc. Am. Soc. exp. Bio!., 31, 1643-1650

Meléndez, L.V. Hunt, RD., King, N.W., Barahona, H.H., Daniel, M.D., Frasier, C.E.O. &
Garcia, F.G. (1972b) Herpesvirus ateles, a new lymphoma virus of monkeys. Nature new
BioL, 235, 182-184

Mesri, E.A., Cesaran, E., Aranitaks, L., Rafii, S., Moore, M.A.S., Posnett, D.N., Knowles,

D.M. & Asch, A.S. (1996) Human herpesvirus-8/Kaposi's sarcoma-associated herpesvirs is
a new transmissible virus that infects B cells. J. exp. Med., 183, 2385-2390

Middleton, T., Gahn, T., Marin, l.M. & Sugden, B. (1991) Irnortalizing genes of Epstein-Bar
virus. Adv. viral Res., 40, 19-55

Miles, S.A., Rezai, A.R, Salazar-González, l.F., Van der Meyden, M., Stevens, RH., Logan,
D.M., Mistuyasu, RT., Taga, T., Hirano, T., Kishimoto, T. & Marínez-Maza, O. (1990)
AIDS Kaposi sarcoma-derived cells produce and respond to interleuki 6. Proc. natl Acad.
Sei. USA, 87, 4068-4072

Miler, G., Rigsby, M.O., Heston, L., Grogan, E., Sun, R, Metroka, C, Levy, lA., Gao, S.-J.,
Chang, Y. & Moore, P. (1996) Antibodies to butyrate-inducible antigens of Kaposi's
sarcoma-associated herpesvirus in patients with HIV-l infection. New EngL J. Med., 334,
1292-1297

Miler, G., Heston, L., Grogan, E., Gradoville, L., Rigsby, M., Sun, R, Shedd, D., Kushnarov,
V.M., Grossberg, S. & Chang, Y. (1997) Selective switch between latency and lytic repli-
cation of Kaposi's sarcoma herpesvirs and Epstein-Bar virs in dually infected body cavity
lymphoma cells. J. Viral., 71, 314-324

Mocroft, A., Youle, M., Gazzard, B., Morcinek, J., Halai, R, Phillps, A.N. for the Royal Free/-
Chelsea and Westminster Hospitals Collaborative Group (1996) Anti-herpesvirus treatment
and risk of Kaposi's sarcoma in HI infection. AIDS, 10, 1101-1105

Modlin, RL., Hofman, F.M., Kempf, R.A., Taylor, C.R., Conant, M.A. & Rea, T.H. (1983)
Kaposi's sarcoma in homosexual men: An irnunohistochemical study. J. Am. Acad. Der-
mata!., 8, 620-27

Mohanty, S.B., Hamond, RC. & Lille, M.G. (1971) A new bovine herpesvirs and its effect
on experimentally infected calves. Arch. ges. Virusforsch., 34, 394-395



482 IARC MONOGRAHS VOLUME 70

Molden, J., Chang, Y., You, Y., Moore, P.S. & Goldsmith, M.A. (1997) A Kaposi's sarcoma-
associated herpesvirus-encoded cytokine homolog (v-IL-6) activates signaling through the
shared gp130 receptor subunit. J. bioL. Chem., 272, 19625-19631

Monini, P., de Lells, L., Fabris, M., Rigolin, F. & Cassai, E. (l996a) Kaposi's sarcoma-asso-
ciated herpesvirs DNA sequences in prostate tissue and human semen. New EngL. J. Med.,
334, 1168-1172

Monini, P., de Lells, L. & Cassai, E. (1996b) Absence of HHV-8 sequences in prostate and
semen. New EngL. J. Med., 335, 1238-1239

Montesano, R, Pepper, M.S., Möhle-Steinlein, U., Risau, W., Wagner, E.F. & Orci, L. (1990)
Increased proteolytic activity is responsible for the aberrant morphogenetic behavior of endo-
thelial cells expressing the middle T oncogene. Cell, 62, 435-45

Moore, P.S. & Chang, Y. (1995) Detection of herpesvirs-like DNA sequences in Kaposi's
sarcoma in patients with and without HI infection. New Engl. J. M ed., 332, 1181-1185

Moore, P.S., Gao, S.-J., Domínguez, G., Cesaran, E., Lungu, O., Knowles, D.M., Garber, R.,
Pellett, P.E., McGeoch, D.J. & Chang, Y. (1996a) Prmar characterization of a herpesvirs
agent associated with Kaposi's sarcoma. J. ViroL., 70, 549-558

Moore, P.S., Boshoff, e., Weiss, RA. & Chang, Y. (1996b) Molecular mímicry of human
cytokine and cytokine response pathway genes by KSHV. Science, 274, 1739-1744.

Moore, P.S., Kingsley, L.A., Holmberg, S.D., Spira, T., Gupta, P., Hoover, D.R., Par, J.P.,

Conley, L.J., Jafe, H.W. & Chang, Y. (1996c) Kaposi's sarcoma-associated herpesvirs
infection prior to onset of Kaposi's sarcoma. AIDS, 10, 175-180

Moreno-Lopez, J., Goltz, M., Rehbinder, e., Valsala, K.V. & Ludwig, H. (1989) A bovine
herpesvirs (BHV-4) as passenger virs in ethmoidal tumours in Indian cattle. J. veto Med. B,
36, 481-486

Morfeldt, L. & Torssander, J. (1994) Long-term remis sion of Kaposi's sarcoma following
Foscaret treatment in HIV-infected persons: Scand. J. infect. Dis., 26, 749-752

Munz, E., Goedel, E. & Rweyemamu, M.M. (1974) Electron microscopical studies on 'non-
syncytia formng' bovine herpesvirs isolated in Tanzana. J. comp. Pathol., 84, 485-494

Murty, S., Kamne, J. & Desrosiers, Re. (1986) Viral encoded small RNAs in Rerpes virs
saimíri induced tumors. EMBO J., 5, 1625-1632

Nadji, M., Morales, A.R, Ziegles-Weissman, J. & Penneys, N.S. (1981) Kaposi's sarcoma:
Immunohistologic evidence for an endothelial origin. Arch. PathoL. labo Med., 105,274-275

Nador, RG., Cesaran, E., Knowles, D.M. & Said, J.W. (1995) Herpes-like DNA sequences in

a body cavity-based lymphoma in an RN -negative patient. New EngL. J. Med., 333, 943

Nador, RG., Cesaran, E., Chadbum, A., Dawson, B.D., Ansar, M.Q., Said, J. & Knowles,
D.M. (1996) Prmar effsion lymphoma: A distinct c1inicopathologic entity associated with
the Kaposi's sarcoma-associated herpes virs. Blood, 88,645-656

Naidu, Y.M., Rosen, E.M., Zitnick, R, Goldberg, 1., Park, M., Naujokas, M., Polveri, P.J. &

Nickoloff, B.J. (1994) Role of scatter factor in the pathogenesis of AIS-related Kaposi
sarcoma. Proc. natl Acad. Sci. USA, 91, 5281-5285

Nakamura, S., Salahuddin, S.Z., Biberfeld, P., Ensoli, B., Markham, P.D., Wong-Staal, F. &
Galo, R.C. (1988) Kaposi's sarcoma cells: Long-term culture with growth factor from retro-
virs-infected CD4+ T cells. Science, 242, 426-30



KAOSI' S SARCOMA HERPESVIRUSIHUMAN HERPESVIRUS 8 483

Neipel, F., Albrecht, ie. & Fleckenstein, B. (1997a) Cell-homologous genes in the Kaposi's
sarcoma-associated rhadinovirs human herpesvirs 8: Determnants of Its pathogenicity? J.
Virol., 71, 4187-4192

Neipel, F., Albrecht, J.-C., Ensser, A., Huang, Y.-Q., Li, J.J., Friedman-Kien, A.E. &
Fleckenstein, B. (1997b) Human herpesvirus 8 encodes a homolog of interleukin 6. J. ViroL.,
71, 839-842

Newton, R, Ngilmana, P.-J., Grulich, A., Beral, V., Sindikubwabo, B., Nganyira, A. & Parkin,
D.M. (1996) Cancer in Rwanda. lnt. J. Cancer, 66, 75-81

Ngendahayo, P., Mets, T., Bugingo, G. & Parkin, D.M. (1989) Kaposi's sarcoma in Rwanda:
Clinicopathological and epidemiological features. Bull. Cancer, 76, 383-394 (in French)

Nicholas, J., Ruvolo, V., Zong, J., Ciufo, D., Guo, H.-G., Reitz, M.S. & Hayward, G.S. (1997a)
A single 13-kilobase divergent locus in the Kaposi sarcoma-associated herpesvirs (human
herpesvirus 8) genome contains nine open reading frames that are homologous to or related
to cellular proteins. J. ViroL., 71, 1963-1974

Nicholas, J., Ruvolo, V.R, Burns, W.H., Sandford, G., Wan, X.X., Ciufo, D., Hendrckson,
S.B., Guo, H.-G., Hayward, G.S. & Reitz, M.S. (1997b) Kaposi's sarcoma-associated human
herpesvirus-8 encodes homologues of macrophage infIamatory protein-l and interleukn-6.

Nature Med., 3, 287-292

Nickoloff, B.J. & Griffiths, C.E.M. (1989) Factor XIIla-expressing dermal dendrocytes II
AIS-associated cutaneous Kaposi' s sarcoma. Science, 243, 1736-1737

Noel, J.e. (1995) Kaposi's sarcoma and KSHV (Letter to the Editor). Lancet, 346, 1359

Noel, J.e., Hermans, P., Andre, J., Fayt, 1., Simon ar, T., Verhest, A., Haot, J. & Burny, A.
(1996) Herpesvirs-like DNA sequences and Kaposi's sarcoma. Relationship with epidemio-
logy, c1inical spectrum, and histological features. Cancer, 77,2132-2136

Oettlé, A.G. (1962) Geographical and racial differences in the frequency of Kaposi's sarcoma as
evidence of environmental or genetic causes. Acta unio int. contra cancrum, 18,330-363

Oie, H.K., Ablashi, D.V., Arstrong, G.R., Pearson, G.R, OIT, T. & Heine, U. (1973) A conti-
nuous in-vitro source of Herpesvirus saimi. J. natl Cancer Inst., 51, 1077-1079

Olsen, S. J. & Moore, P.S. (1997) Kaposi's sarcoma-associated herpesvirus (KSHVIH8) and
the etiology of KS. ln: Freidman, H., Medveczky, P. & Bendinell, M., eds, Molecular
lmmunology of Herpesviruses, New York, Plenum Publishing (in press)

O'Neil, E., Henson, T.H., Ghorbani, A.J., Land, M.A., Webber, B.L. & Garcia, LV. (1996)
Herpes virs-like sequences are specifically found in Kaposi sarcoma lesions. J. clin.
PathoL, 49, 306-308

Orenstein, lM., Alkan, S., Blauvelt, A., Jeang, K.-T., Weinstein, M.D., Ganem, D. & Herndier,
B. (1997) Visualzation of human herpesvirs type 8 in Kaposi' s sarcoma by light and trans-
mission electron microscopy. AIDS, Il, 735-745

Osorio, F.A. & Reed, D.E. (1983) Experienta inoculation of catte with bovine herpesvirus-4:
Evidence for a lymphoid-associated persistent infection. Am. J. veto Res., 44, 975-980

Osorio, F.A., Reed, D.E. & Rock, D.L. (1982) Experienta infection of rabbits with bovine
herpesvirus-4: Acute and persistent infection. Veto MicrobioL, 7, 503-513

Osorio, F.A., Rock, D.L. & Reed., D.E. (1985) Studies on the pathogenesis of a bovine cyto-
megalo-like virs in an experiental host. J. gen. ViroL, 66, 1941-1951



484 lARe MONOGRAPHS VOLUME 70

Otsuki, T., Kumar, S., Ensoli, B., Kingma, D.W., Yano, T., Stetler Stevenson, M., Jaffe, E.S. &
Raffeld, M. (1996) Detection of HHV-8/KSHV DNA sequences in AIDS-associated extra-
nodal lymphoid malignancies. Leukemia, 10, 1358-1362

Otu, A.A. (1986) Kaposi's sarcoma and HTLV-III: A study in Nigerian adult males. J. R. Soc.
Med., 79, 510-514

Pacheco-Castro, A., Marquez, c., Toribi, M.L., Ramiro, A.R, Triqueros, C. & Requeiro, J.R.
(1996) Herpesvirus saimiri immortalization of aß and yõ human T-lineage cells derived from
CD34+ intrathymic precursors in vitro. lnt. lmmunol., Il,1797-1805

Page-Bodkin, K., Tappero, J., Samuel, M. & Winkelstein, W. (1992) Kaposi's sarcoma and
faecal-oral exposure (Letter to the Editor). Lancet, 339, 1490

Parks, J.B. & Kendrck, J.W. (1973) The isolation and parial characterization of a herpesvirus
from a case of bovine metritis. Arch. ges. Virusforsch., 41, 211-215

Paravicini, C., Olsen, S.J., Capra, M., Poli, F., Sirchia, G., Gao, S.-J., Berti, E., Nocera, A.,
Rossi, E., Bestetti, G., Pizzuto, M., Gall, M., Moroni, M., Moore, P.S. & Corbellno, M.
(1997) Risk of Kaposi's sarcoma-associated herpes virus transmission from donor allografts
among Italian posttransplant Kaposi's sarcoma patients. Blood, 90,2826-2829

Par, J.P. & Moore, P.S. (1997) Corrected prevalence of Kaposi's sarcoma (KS)-associated

herpesvirus infection prior to onset of KS. AlDS, 11, 127-128

Pastore, c., Gloghini, A., Volpe, G., Nomdedeu, J., Leonardo, E., Mazza, U., Saglio, G.,
Carbone, A. & Gaidano, G. (1995) Distrbution of Kaposi's sarcoma herpesvirs sequences
among lymphoid malignancies in Italy and Spain. Br. J. Haematol., 91, 918-920

Patil, P.S., Elem, B., Gwavava, N.J. & Urban, M.I. (1992) The pattern of paediatric malignancy
in Zambia (1980-1989): A hospital-based histopathological study (pub 

Ii shed erratum
appears in J. trop. Med. Hyg., 95, 434). J. trop. Med. Hyg., 95, 124-127

Patil, P., Elem, B. & Zumla, A. (1995) Pattern of adult malignancies in Zambia (1980-1989) in
light of the human immunodeficiency virus type 1 epidemic. 1. trop. Med. Hyg., 98, 281-284

Penn, 1. (1979) Kaposi's sarcoma in organ transplant recipients: Report of 20 cases. Trans-
plantation, 27,8-11

Penn, 1. (1983) Kaposi's sarcoma in immunosuppressed patients. J. clin. Lab. lmmunol., 12, 1-
10

Penn, 1. (1988a) Secondar neoplasms as a consequence of transplantation and cancer therapy.
Cancer Detect. Prev., 12, 39-57

Penn, i. (1988b) Tumors of the immunocompromised patient. Ann. Rev. Med., 39, 63-73

Peterman, T.A., Jaffe, H.W., Friedman-Kien, A.E. & Weiss, RA. (1991) The aetiology of
Kaposi's sarcoma. ln: Beral, V., Jaffe, H.W. & Weiss, RA., eds, Cancer, HIV and AlDS,
Plainview, NY, Cold Spring Harbor Laboratory Press, pp. 23-37

Peterman, T.A., Jaffe, H.W. & BeraL, V. (1993) Epidemiological dues to the etiology of
Kaposi' s sarcoma. AlDS, 7, 605-611

Peterson, B.A. & Frizzera, G. (1993) Multicentrc Castleman' s disease. Semin. Oncol., 20, 636-
647

Peterson, RB. & Goyal, S.M. (1988) Propagation and quantitation of anmal herpesviruses in
eight cell culture systems. Comp. lmmunol. Microbiol. infect. Dis., Il, 93-98



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 485

Popescu, N.e., Zimonjic, D.B., Leventon-Krss, S., Bryant, J.L., Lunardi-Iskandar, Y. & Gallo,
Re. (1996) Deletion and translocation involving chromosome 3(pI4) in two tumorigenic
Kaposi's sarcoma cell lines. J. natl Cancer lnst., 88, 450-55

Potgieter, L.N.D. & Maré, e.J. (1974) Assay and antigenic interrelationships of the recently
isolated herpesvirses. DN 599, FlC and VII. Arch. ges. Virusfarsch., 46, 238-247

Prevost, J.M., Pearson, G.R, Wallen, W.e., Rabin, H. & Qualtiere, L.F. (1976) Antibody res-
pons es to membrane antigens in monkeys infected with Herpesvirus saimiri. lnt. J. Cancer,
18, 679-686

Qunibi, W., Aktar, M., Sheth, K., Ginn, H.E., AI-Furayh, O., DeVol, E.B. & Taher, S. (1988)

Kaposi's sarcoma: The most common tumor after renal transplantation in Saudi Arabia. Am.
J. Med., 84, 225-232

Raab-Traub, N. & Flynn, K. (1986) The strcture of the termni of the Epstein-Bar virus as a
marker of clonaI cellular proliferation. CeU, 47, 883-889

Rabkin, e.S., Bedi, G., Musaba, E., Sunkutu, R, Mwansa, N., Sidransky, D. & Biggar, RI.
(1995) AIDS-related Kaposi's sarcoma is a clonaI neoplasm. Clin. Cancer Res., 1,257-260

Rabkin, e.S., Janz, S., Lash, A., Coleman, AE., Musaba, E., Liotta, L., Biggar, RJ. & Zhuang,
Z. (1997) Monoclonal origin of multicentric Kaposi's sarcoma lesions. New Engl. J. Med.,
336, 988-993

Rady, P.L., Yen, A, Rollefson, J.L., Orengo, 1., Bruce, S., Hughes, T.K. & Tyring, S.K. (1995)
Herpesvirus-like DNA sequences in non-Kaposi's sarcoma skin lesions of transplant
patients. Lancet, 345, 1339-1340

Rainbow, L., Platt, G.M., Simpson, G.R, Sard, R., Gao, S.-J., Stoiber, H., Herrngton, e.S.,
Moore, P.S. & Schulz, T.F. (1997) The 222- to 234-kilodalton latent nuclear protein (LNA)
of Kaposi's sarcoma-associated herpesvirus (human herpesvirus 8) is encoded by orf3 and
is a component of the latency-associated nuclear antigen. J. ViraL., 71, 5915-5921

Rappersberger, K., Tschachler, E., Zonzits, E., Gilltzer, R, Hatzaks, A, Kaloteraks, A., Mann,
D.L., Popow-Kraupp, T., Biggar, RJ., Berger, R., Stratigos, J., Wolff, K. & Stingl, G. (1990)
EndemIc Kaposi' s sarcoma in human immunodeficiency virus type l-seronegative persons:
Demonstration of retrovirs-like paricles in cutaneous lesions. J. invest. Dermatal., 95, 371-
381

Reed, D.E., Langpap, T.J. & Anson, M.A. (1977) Characterization of herpesviruses isolated
from lactating dairy cows with mamar pustular dermatitis. Am. J. veto Res., 38, 1631-
1634

Reed, D.E., Langpap, T.J. & Bergeland, M.E. (1979) Bovine abortion associated with mixed
Movar 33/63 type herpesvirus and bovine viral diarhea virus infection. CameU Vet., 69, 54-
66

Regezi, lA., McPhail, L.A., Daniels, T.E., Greenspan, J.S., Greenspan, D., Dodd, e.L., Lozada-
Nur, F., Heinic, G.S., Chinn, H., Silverman, S., Jr & Hansen, L.S. (1993) Oral Kaposi's
sarcoma: A 10-year retrospective histopathologic study. J. aral Pathal. Med., 22,292-297

Renne, R, Zhong, W., Herndier, B., McGrath, M., Abbey, N., Kedes, D. & Ganem, D. (1996a)
Lytic growth of Kaposi's sarcoma-associated herpesvirs (human herpesvirus 8) in culture.
Nature Med., 2, 342-346

Renne, R., Lagunoff, M., Zhong, W. & Ganem, D. (1996b) The size and conformation of
Kaposi's sarcoma-associated herpesvirus (human herpesvirs 8) DNA in infected cells and
virions. J. Viral., 70,8151-8154

kajo
Pencil



486 IARC MONOGRAHS VOLUME 70

Rettig, M.B., Ma, H.J., Vescio, RA., Põld, M., Schiller, G., Belson, D., Savage, A., Nishikubo,
c., Wu, c., Fraser, J., Said, J.W. & Berenson, J.R (1997) Kaposi's sarcoma-associated

herpesvirs infection of bone marow dendrtic cells from multiple myeloma patients.
Seience,276, 1851-1854

Rickinson, A.B. (1996) Changing seroepidemiology ofHHV-8. Lancet, 348,1110-1111

Roizman, B. (1982) The famly Herpesvirdae: General description, taxonomy, and classifi-
cation. ln: Roizman, B., ed., The Herpesviruses, VoL. 1, New York, Plenum Press, pp. 1-23

Roizman, B. (1993) The famly Herpesvirdae. ln: Roizman, B., Whtley, RJ. & Lopez, c., eds,
The Human Herpesviruses, New York, Raven Press, pp. 1-9

Rose, T.M., Strand, K.B., Schultz, E.R, Schaefer, G., Rann, G.W., Jr, Thouless, M.E., Tsai,
c.-c. & Bosch, M.L. (1997) Identification of two homologs of the Kaposi's sarcoma-asso-

ciated herpesvirus (human herpesvirs 8) in retroperitoneal fibromatosis of different
macaque species. J. ViraL., 71, 4138-4144

Rossiter, P.B., Gumm, I.D., Stagg, D.A., Conrad, P.A., Mukolwe, S., Davies, EG. & White, H.
(1989) Isolation of bovine herpesvirus-3 from Mrican buffaloes (Syncerus caffer). Res. veto
Sei., 46, 337-343

Roth, W.K., Werner, S., Risau, W., Remberger, K. & Hofschneider, P.R. (1988) Cultured,
AIDS-related Kaposi's sarcoma cells express endothelial cell markers and are weaky mali-
gnant in vitro. lnt. J. Cancer, 42, 767-773

Roth, W.K., Werner, S., Schirren, c.G. & Hofschneider, P.H. (1989) Depletion of PDGF from
serum inhbits growth of AIDS-related and sporadic Kaposi's sarcoma cells in culture. Onco-
gene, 4, 483-487

Roth, W.K., Brandstetter, H. & Stürzl, M. (1992) Cellular and molecular features of HIV-asso-
ciated Kaposi's sarcoma. AIDS, 6, 895-913

Rubin, M.A., Par, J.P. & Singh, B. (1998) Kaposi's sarcoma associated herpesvirs deoxy-

ribonucleic acid sequences: Lack of expression in prostatic tissue of human immuno-
deficiency virs-negative immunocompetent adults. J. UroZ., 159, 146-148

Russell Jones, R, Orchard, G., Zelger, B. & Wilson Jones E. (1995) Imunostaining for CD31
and CD34 in Kaposi sarcoma. J. clin. PathoZ., 48, 1011-1016

Russo, J.J., Bohenzky, RA., Chien, M.-C., Chien, J., Yan, M., Maddalena, D., Par, J.P.,
Peruzzi, D., Edelman, I.S., Chang, Y. & Moore, P.S. (1996) Nucleotide sequence of the
Kaposi's sarcoma-associated herpesvirus (HHV 8). Proc. natl Acad. Sei. USA, 93, 14862-
14867

Rweyemamu, M.M. & Loretu, K. (1973). Isolation of 'non-syncytia formng' herpes virses
from cattle in Tanana. J. comp. PathoZ., 83,377-386

Safai, B., Mike, V., Giraldo, G., Beth, E. & Good, R (1980) Association of Kaposi's sarcoma
with second priar malgnancies: Possible etiopathogenic implications. Cancer, 45, 1472-
1479

Said, J.W., Chien, K., Takeuchi, S., Tasaka, T., Asou, H., Cho, S.K., de Vos, S., Cesaran, E.,
Knowles, D.M. & Koeffler, P. (1996a) Kaposi's sarcoma-associated herpesvirs (KSHVor
HH8) in priar effusion lymphoma: Ultrastrctual demonstration of herpesvirs in

lymphoma cells. Blood, 87, 4937-4943



KAPOSI'S SARCOMA HERPESVIRUSIHMAN HERPESVIRUS 8 487

Said, J.W., Tasaka, T., Takeuchi, S., Asou, H., de Vos, S., Cesaran, E., Knowles, D.M. &
Koeffler, H.P. (1996b) Prmar effusion lymphoma in women: Report of twu cases of
Kaposi's sarcoma herpes virus-associated effusion-based lymphoma in human immuno-
deficiency virs-negative women. Blood, 88, 3124-3128

Salahuddin, S.Z., Nakamura, S., Biberfeld, P., Kaplan, M.R., Markham, P.D., Larsson, L. &
Gallo, Re. (1988) Angiogenic properties of Kaposi's sarcoma-derived cells after long-term
culture in vitro. Science, 242, 430-33

Sandstrom, E.G., Kaplan, J.e., Byington, RE. & Hirsch, M.S. (1985) Inhibition of human T-cell
lymphotropic virs type III in vitro by phosphonoformate. Lancet, i, 1480-1482

van Santen, V. L. (1991) Characterization of the bovine herpesvirus 4 major immediate-early
transcript. J. ViroL., 65, 5211-5224

van Santen, V.L. (1993) Characterization of a bovine herpesvirus 4 immediate-early RNA
encoding a homolog of the Epstein-Bar virus R transactivator. J. Virol. ,67, 773-784

Sarawar, S.R, Cardin, RD., Brooks, J.W., Mehrooya, M., Hamilton-Easton, A.M., Mo, X.Y.
& Doherty, P.e. (1997) Gama interferon is not essential for recovery from acute infection
with murine gammaherpesvirus 68. J. Virol., 71, 3916-3921

Sard, R, Sato, T., Bohenzky, RA., Russo, J.J. & Chang, Y. (1997) Kaposi's sarcoma-asso-

ciated herpesvirus encodes a functional Bcl-2 homologue. Nature Med., 3,293-298

Sass, B., Mohanty, S.B. & Hetrck, F.M. (1974) Fluorescent antibody study of a new bovine
herpesvirs (strain DN-599). Am. J. veto Res., 35, 1343-1346

Schalling, M., Ekman, M, Kaaya, E.E., Linde, A. & Biberfeld, P. (1995) A role for a new herpes
virus (KSHV) in different forms of Kaposi's sarcoma. Nature Med., 1,707-708

Schechter, M.T., Maron, S.A., Elmslie, K.D., Ricketts, M.N., Nault, P. & Archibald, c.P.
(1991) Geographic and birth cohort associations of Kaposi' s sarcoma among homosexual
men in Canada. Am. J. Epidemiol., 134, 485-488

Serraino, D., Franceschi, S., Dal Maso, L. & La Vecchia, e. (1995) HIV transmission and
Kaposi's sarcoma among European women. AIDS, 9,971-973

Shahdi, H., Myers, J.L. & Kvale, P.A. (1995) Castleman's disease. Mayo Clin. Proc., 70, 969-
977

Sherr, e.J. (1995) D-Type cyclins. Trends biochem. Sci., 20, 187-190

Sherr, e.J. (1996) Cancer cell cycles. Science, 274, 1672-1677

Siegal, B., Levinton-Krss, S., Schiffer, A., Sayar, J., Engelberg, 1., Vonsover, A., Ramon, Y. &
Rubinstein, E. (1990) Kaposi's sarcoma in immunosuppression possibly the result of a dual
infection. Cancer, 65, 492-498

Simmer, B., Ait, M., Buckreus, 1., Berthold, S., Fleckenstein, B., Platzer, E. & Grassman, R.
(1991) Persistence of detectable herpesvirs saimi in varous human haematopoietic and
epithelial celllines. J. gen. Virol.,72, 1953-1958

Simpson, G.R, Schulz, T.P., Whitby, D., Cook, P.M., Boshoff, C., Rainbow, L., Howard, M.R,
Gao, S.-J., Bohenzky, R.A., Simmonds, P., Lee, C., de Ruiter, A., Hatzaks, A., Tedder, R.S.,
WeIler, I.V.D., Weiss, RA. & Moore, P.S. (1996) Prevalence of Kaposi's sarcoma asso-
ciated herpesvirs infection measured by antibodies to recombinant capsid protein and latent
immunofluorescence antigen. Lancet, 348, 1133-1138



488 IARC MONOGRAPHS VOLUME 70

Sirianni, M.e., Uccini, S., Angelon, A, Faggioni, A, Cottoni, F. & Ensoli, B. (1997) Circu-
lating spindle cens: Correlation with human herpesvirus (HHV-8) infection and Kaposi's
sarcoma (Letter to the Editor). Lancet, 349, 255

Sitas, F., Terblanche, M. & Madhoo, J. (1996) National Cancer Registry of South Africa. Inci-
dence and Geographical Distribution of Histologically Diagnosed Cancer in South Africa,
1990 & 1991, Johannesberg, South African Institute for Medical Research

Smith, N. & Spittle, M. (1987) ABC of AIDS. Tumours. Br. med. J., 294,1274-1277
Smith, P.e., Cutlip, Re., Ritchie, A.E. & Young, J.K. (1972) A bovine herpesvirus associated

with a disease of the upper respiratory tract of feedlot cattle. 1. Am. veto med. Assoc., 161,
1134-1141

Smith, M.S., Bloomer, e., Horvat, R, Goldstein, E., Casparan, M. & Chandran, B. (1997)
Detection of human herpesvirus 8 DNA in Kaposi's sarcoma lesions and peripheral blood of
human immunodeficiency virus-positive patients and correlation with serologic measure-
ments. J. infect. Dis., 176, 84-93

Soulier, J., Grollet, L., Oksenhendler, E., Cacoub, P., Cazals-Hatem, D., Babinet, D., d'Agay,
M.F., Clauvel, J.P., Raphael, M., Degos, L. & Sigaux, F. (1995) Kaposi's sarcoma-asso-
ciated herpesvirus-like DNA sequences in multicentric Castleman's disease. Blood, 86,
1276-1280

Staczek, J. (1990) Animal cytomegaloviruses. Microbiol. Rev., 54, 247-265
Staskus, K.A., Zhong, W., Gebhard, K., Herndier, B., Wang, H., Renne, R., Beneke, J., Pudney,

1., Anderson, D.J., Ganem, D. & Haase, A.T. (1997) Kaposi's sarcoma-associated herpes-
virus gene expression in endothelial (spindle) tumor cells. J. Virol., 71, 715-719

Storz, J. (1968) Comments on malignant catarhal fever. J. Am. veto med. Assoc., 152, 804-806
Storz, J., Ehlers, B., Todd, W. J. & Ludwig, H. (1984) Bovine cytomegaloviruses : Identification

and differential properties. J. gen. Virol., 65, 697-706
Strauchen, J.A, Hauser, A.D., Burstein, D., Jimenez, R, Moore, P.S. & Chang, Y (1996) Body

cavity-based malignant lymphoma containing Kaposi sarcoma-associated herpesvirus in an
HN -negative man with previous Kaposi sarcoma. Ann. intem. Med., 125, 822-825

Stromberg, K., Benveniste, RE., Arhur, L.O., Rabin, H., Giddens, W.E., Jr, Ochs, H.D.,

Morton, W.R & Tsai, e.-C. (1984) Characterization of exogenous type D retrovirus from a
fibroma of a macaque with simian AIS and fibromatosis. Science, 224, 289-291

Stürzl, M., Brandstetter, H. & Roth, W.K. (1992a) Kaposi's sarcoma: A review of gene
expression and ultrastrcture of KS spindle cells in vivo. AIDS Res. hum. Retroviruses, 8,

1765-1775
Stürzl, M., Roth, W.K., Brockmeyer, N.H., Zietz, e., Speiser, B. & Hofschneider, P.H. (1992b)

Expression of platelet-derived growth factor and its receptors in AIDS-related Kaposi
sarcoma in vitro suggests paracrine and autocrine mechanisms of tumor maintenance. Proc.
natlAcad. Sci. USA, 89,7046-7050

Stürzl, M., Blasig, e., Schreier, A., Neipel, F., Hoenadl, e., Comali, E., Ascherl, G., Esser, S.,
Brockmeyer, N.H., Ekman, M., Kaaya, E.E., Tschachler, E. & Biberfeld, P. (1997) Expres-
sion of HHV-8 latency-associated TO.7 RNA in spindle cens and endothelial cens of AIDS-
associated, classical and Mrican Kaposi's sarcoma. lnt. J. Cancer, 72, 68-71

Su, I.-J., Hsu, Y-S., Chang, Y.-e. & Wang, I.-W. (1995) Herpesvirus-like DNA sequence in
Kaposi's sarcoma from AIDS and non-AIS patients in Taiwan (Letter to the Editor).
Lancet, 345, 722-723

kajo
Pencil



KAPOSI' S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 489

Sun, R., Lin, S.-F., Gradovile, L. & Miler, G. (1996) Polyadenylated nuclear RNA encoded by
Kaposi sarcoma-associated herpesvirus. Proc. natl Acad. Sei. USA, 93, 1 1883-11888

Sunil-Chandra, N.P., Efstathiou, S., Arno, J. & Nash, A.A. (1992a) Virological and pathological
features of mice infected with murine gamma herpesvirus 68. J. gen. Virol., 73, 2347-2356

Sunil-Chandra, N.P., Efstathiou, S. & Nash, A.A. (1992b) Murine gammaherpesvirus-68 esta-
blishes a latent infection in mouse B lymphocytes in vivo. J. gen. Virol., 73, 3275-3279

Sunil-Chandra, N.P., Aro, J., Fazakerley, J. & Nash, A.A. (1994) Lymphoproliferative disease
in mice infected with murine gamma herpesvirus 68. Am. J. Pathol., 145, 818-826

Szomolanyi, E., Medveczky, P. & Mulder, C. (1987) ln vitro immortalization of maroset cells

with three subgroups of Herpesvirus saimiri. J. Virol., 61, 3485-3490
Taniguchi, T., Harada, H. & Lamphrer, M. (1995a) Regulation of the interferon system and cell

growth by the IRF transcription factors (review). J. Cancer Res. clin. OncoL., 121,516-520

Taniguchi, T., Ota, K., Qu, Z. & Morisawa, K. (1995b) Effect of poly(ADP-ribose) synthetase
on the expression of major histocompatibility complex (MHC) class II genes. Biochimie, 77,
472-479

Tappero, J.W., Conant, M. A., Wolfe, S.F. & Berger, T.G. (1993) Kaposi's sarcoma. Epide-

miology, pathogenesis, histology, clinical spectrum, staging criteria and therapy. J. Am.
Acad. Dermatol., 28,371-395

Tasaka, T., Said, J.W. & Koeffler, H.P. (1996) Absence of HHV-8 in prostate and semen
(Letter). New Engl. J. Med., 335, 1237-1238

Tasaka, T., Said, J.W., Morosetti, R., Park, D., Verbeek, W., Nagai, M., Takahara, J. & Koeffler,
H.P. (1997) Is Kaposi's sarcoma-associated herpesvirus ubiquitous in urogenital and prostate
tissues? Blood, 89, 1686-1689

Templeton, A.c. (1981) Kaposi's sarcoma. ln: Sommers, S.c. & Rosen P.P., eds, Pathology
Annual, New York, Appleton-Century Crofts, pp. 315-336

Theodoridis, A. (1978) Preliminar characterization of viruses isolated from cases of epidi-
dymitis and vaginitis in cattle. Onderstepoort J. veto Res., 45, 187-195

Theodoridis, A. (1985) Studies on bovine herpesvirus. Par 1. Isolation and characterization of
viruses isolated from the genital tract of cattle. Onderstepoort J. veto Res., 52, 239-254

Thiry, E., Pastoret, P.-P., Dessy-Doizé, c., Hanzen, C., Calberg-Bacq, C.M., Dagenais, L.,
Vindevogel, H. & Ectors F. (1981) Reactivation of a herpesvirus in cultured testIcular cells
from a bull with orchitis and azoosperma. Ann. Méd. vét., 125, 207-214 (in French)

Thiry, E., Vercouter, M., Dubuisson, J., Barat, J., Sepulchre, c., Gerardy, c., Meersschaert, C.,

Colln, B., Blancou, J. & Pastoret, P.-P. (1988) Serological survey of herpesvirs infections
in wild ruminants of France and Belgium. J. WildL. Dis., 24,268-273

Thiry, E., Bublot, M., Dubuisson, J. & Pastoret, P.-P. (1989) Bovine herpesvirus 4 (BHV-4)
infections of cattle. ln: Wittmann, G., ed., Herpesvirus Diseases of Caule, Horses, and Pigs.
Developments in Veterinary Virology, Boston, MA, Kluwer Academic Publishers, pp. 96-
115

Thir, E., Dubuisson, J., Bublot, M., Van Bressem, M.-F. & Pastoret, P.-P. (1990) The biology

of bovine herpesvirus-4 infection of catte. Dtsch. tierärztl. Wschr., 97,72-77
Thi, E., Chappuis, G., Bublot, M., Van Bressem, M.F., Dubuisson, J. & Pastoret, P.-P. (1991)

Failure to infect cats with bovine herpesvirus type-4 strain Movar 33/63. Veto Rec., 128, 614-
615



490 IARC MONOGRAPHS VOLUME 70

Thir, E., Bublot, M., Dubuisson, J., Lequare, A.-S., Lomonte, P., Van Bressem, M.-F.,

Vanderplasschen, A. & Pastoret P.-P. (1992a) The biology of bovine herpesvirus 4. Ann.
Méd. vét., 136, 617-624 (in French)

Thiry, E., Bublot, M., Dubuisson, J., Van Bressem, M.-F., Lequare, A.S., Lomonte, P.,
Vanderplasschen, A. & Pastoret P.-P. (1992b) Molecular biology of bovine herpesvirus type
4. Veto Microbiol., 33, 79-92

Thome, M., Schneider, P., Hoffmann, K., Fickenscher, H., Meinl, E., Neipl, F., Mattmann, c.,
Burns, K., Bodmer, J.-L., Schröter, M., Scaffidi, c., Kramer, P.H., Peter, M.E. & Tschopp,
J. (1997) Viral FLICE-inhibitory proteins (FLIPs) prevent apoptosis induced by death

receptors. Nature, 386, 517-521

Tirell, U., Gaidano, G., Errante, D. & Carbone, A. (1996) Potential heterosexual Kaposi's

sarcoma-associated herpesvirs transmission in a couple with HIV -induced immuno-

depression and with Kaposi's sarcoma and multicentrc Castleman's disease. AIDS, 10,

1291-1304

Todd, W. J. & Storz, J. (1983) Morphogenesis of a cytomegalovirus from American bison

affected with malignant catarhal fever. J. gen. Virol., 64, 1025-1030

Toho, T., Kanaya, K. & Oki, Y. (1985) Experimental transmission to calf'and goat of the virus
associated with the cultured T -cell lymphoma cell line from calf type of bovine leukosis. 1.
Detection of antibodies to BTLA by immunofluorescence assay. Bull. Nipp. veto zootech.
Coll., 34,23-26 (in Japanese)

Tsai, C.c., Tsai, c.-c., Roodman, S.T. & Woon, M.-D. (1990) Mesenchymoproliferative

disorders (MPD) in simian AIDS associated with SRV-2 infection J. med. Primatol., 19,
189-202

Tsai, c.-C., Wu, H. & Meng, F. (1995) Immunocytochemistry of Kaposi's sarcoma-like tumor
cells from pigtailed macaques with simian AIDS. J. med. Primatol., 24, 43-48

Uthman, A., Brna, c., Weninger, W. & Tschachler, E. (1996) No HHV8 in non-Kaposi's sarco-
ma mucocutaneous les ions from immunodeficient HIV-positive patients. Lancet, 347, 1700-
1701

Vanderplasschen, A., Bublot, M., Dubuisson, J., Pastoret, P.-P. & Thiry, E. (1993) Attachment
of the gamaherpesvirs bovine herpesvirus 4 is mediated by the interaction of gp8 glyco-
protein with heparnlike moieties on the cell surface. Virology, 196, 232-240

Vanderplasschen, A., Goltz, M., Lyaku, J., Benarafa, c., Buhk, H.-J., Thiry, E. & Pastoret, P._P.
(1995) The repli cation in vitro of the gamaherpesvirus bovine herpesvirus 4 is restrcted by
its DNA synthesis dependence on the S phase of the cell cycle. Virology, 213, 328-340

Van Opdenbosch, E., Wellemans, G. & Oudewater, J. (1986) Casual isolation of a bovine
herpesvirus 4 from the lung of a sheep. Vlaams Diergeneesk. Tijdschr., 55, 432-433 (in
Dutch)

Viviano, E., Vitale, F., Ajello, F., Perna, A.M., Vilafate, M.R., Bonura, F., Arcò, M., Mazzola,
G. & Romano, N. (1997) Human herpesvirs type 8 DNA sequences Üi biological samples of
HIV-positive and negative individuals in Sicily. AIDS, Il, 607-612

Vogel, J., Hinrchs, S.H., Reynolds, R.K., Luciw, P.A., & Jay, G. (1988) The HIV tat g~ne
induces dermal lesions resembling Kaposi's sarcoma in transgenic mice. Nature, 335, 601-
611

kajo
Pencil



KAOSI'S SARCOMA HERPESVIRUS/HUMAN HERPESVIRUS 8 491

Vuiller, F., Bianco, N.E., Montagnier, L. & Dighiero, G. (1988) Selective depletion of low-
intensity CD8+, CDI6+ lymphocytes during HN infection. AIDS Res. hum. Retroviruses, 4,
121-129

Wabinga, H.R, Parkin, D.M., Wabwire-Mangen, F. & Mugerwa, J.W. (1993) Cancer in Kampala,
Uganda, in 1989-91: Changes in incidence in the era of AIS. lnt. J. Cancer, 54, 26-36

Wahan, A, Melnick, S.L., Rhame, F.S. & Potter, J.D. (1991) The epidemiology of classic,
African and immunosuppressed Kaposi's sarcoma. Epidemiol. Rev., 13,178-199

Walter, P.R, Philippe, E., Nguemby-Mbina, e. & Chamian, A. (1984) Kaposi's sarcoma:
Presence of herpes-type virus paricles in a tumor specimen. Hum. Pathol., 15, 1145-1146

Walts, A.E., Shintaku, P. & Said, J.W. (1990) Diagnosis of malignant lymphoma in effusions
from patients with AIS by gene rearangement. Am. J. clin. Pathol., 94, 170-175

Weich, H.A., Salahuddin, S.Z., Gil, P., Nakamura, S., Gallo, Re. & Folkann, 1. (1991)
AIDS-associated Kaposi's sarcoma-derived cells in long-term culture express and synthesize
smooth muscle alpha-actin. Am. J. Pathol., 139, 1251-1258

Wellemans, G. & Van Opdenbosch, E. .(1989) Bovine herpesvirus 4 infection and abortion in
cattle. Ann. Méd. vét., 133, 347-350 (in French)

Wellemans, G., Antoine, H., Broes, A., Charlier, G. & van Opdenbosch, E. (1984) Chronic
metrtis, attended witlÌ varous symptoms: A herpesvirus as etiological agent. Ann. Méd. vét.,
128,65-74 (in French)

Werner, S., Hofschneider, P.H., Sturzl, M., Dick, 1. & Roth, W.K. (1989) Cytochemical and
molecular propertes of simian virs 40 transformed Kaposi's sarcoma-derived cells: Evi-

dence for the secretion of a member of the fibroblast growth factor famly. J. ceU. Physiol.,
141,490-502

Werner, S., Hofschneider, P.H., Heldin, e.-H., Östman, A & Roth, W.K. (1990) Cultured
Kaposi's sarcoma-derived cells express functional PDGF A-type and B-type receptors. Exp.
CeU Res., 187,98-103

Whitby, D., Howard; M.R, Tenant-Flowers, M., Brink, N.S., Copas, A., Boshoff, e.,
Hatzioannou, T., Suggett, F.E.A., Aldam, D.M., Denton, AS., Miler, R.F., Weller, I.V.D.,
Weiss, RA., Tedder, RS. & Schulz, T.F. (1995) Detection of Kaposi sarcoma-associated
herpesvirus in peripheral blood of HIV-infected individuals and progression to Kaposi's
sarcoma. Lancet, 346, 799-800

Willams, AO. (1975) Tumors of childhood in Ibadan, Nigeria. Cancer, 36, 370-378
Wiliams, AO. (1992) HIV and malignant disease in Africa. ln: Willams, A.O., ed., AIDS: An

African Perspective, Boca Raton, PL, CRC Press, pp. 253-308
Wiliams, A.O., Ward, J.M., Li, J.F., Jackson, M.A. & Flanders, K.e. (1995) Immunohisto-

chemical localization of transformng growth factor-ßl in Kaposi's sarcoma. Hum. Pathol.,
26, 469-473

Wittek, A.E., Mitchell, e.D., Armstrong, G.R., Albini, A., Marin, G.R., Seeman, R.,
Levenbook, LS., Wierenga, b.E., Ridge, J., Dunlap , R.C., Lundquist, M.L., Steis, R.G.,
Longo, D.L., Muller, J. & Quinnan, G.V., Jr (1991) Propagation and properties of Kaposi's
sarcoma-derived cell lines obtained from patients with AIDS: Similarty of cultured cells to
smooth muscle cells. AIDS, 5, 1485-1493

Xerr, L., Hassoun, 1., Planche, J., Guigou, V., Grob, J.-J., Parc, P., Birnbaum, D. & de
Lapeyriere, O. (1991) Fibroblast growth factor gene expression in AIDS-Kaposi's sarcoma
detected by in situ hybridization. Am. J. Pathol., 138, 9 -15



492 IARC MONOGRAPHS VOLUME 70

Yao, Z., Fanslow, W.c., Seldin, M.F., Rousseau, A.-M., Painter, S.L., Comeau, M.R., Cohen,
J.1. & Spriggs, M.K. (1995) Herpesvirs saimiri encodes a new cytokine, IL-17, which binds
to a novel cytokine receptor. Immunity, 3, 811-821

Y oshizak, K., Matsuda, T., Nishimoto, N., Kuritani, T., Taeho, L., Aozasa, K., Nakahata, T.,

Kawai, H., Tagoh, H., Komori, T., Kishimoto, S., Hirano, T. & Kishimoto, T. (1989) Patho-
genic significance of interleukin-6 (IL-6/BSF-2) in Castleman's disease. Blood, 74, 1360-
1367

Zhang, L. & van Santen, V.L. (1995) Interaction of bovine herpesvirus 4 (BHV-4) immediate
early 2 gene product with BHV -4 thymidine kinase promoter-regulatory region. J. gen.
Viral., 76, 2433-2445

Zhang, Y.-M., Bachman, S., Hemmer, c., van Lunzen, J., von Stemm, A., Kem, P., Dietrch,
M., Ziegler, R., Waldherr, R. & Nawroth, P.P. (1994) Vascular origin of Kaposi's sarcoma:
Expression of leukocyte adhesion molecule-l, thrombomodulin, and tissue factor. Am. J.
PathoL., 144, 51-59

Zhong, W., Wang, H., Herndier, B. & Ganem, D. (1996) Restricted expression of Kaposi's
sarcoma-associated herpesvirus (human herpesvirus 8) genes in Kaposi sarcoma. Proc. natl

Acad. Sei. USA, 93, 6641-6646

Ziegler, J.L. & Katongole-Mbidde, E. (1996) Kaposi's sarcoma in childhood: An analysis of 100
cases from Uganda and relationship to HIV infection. Int. 1. Cancer, 65, 200-203

Ziegler, J.L., Newton, R., Katongole-Mbidde, E., Mbulataiye, S., DeCock, K., Wabinga, H.,
Mugerwa, J., Katabira, E., Jaffe, H., Parkin, D.M., Reeves, G., Weiss, R. & Beral, V. (1997)
Risk factors for Kaposi's sarcoma in HlV positive subjects in Uganda. AIDS, Il, 1619-1626

Zong, J.-c., Metroka, c., Reitz, M.S., Nicholas, J. & Hayward, G.S. (1997) Strain varability
among Kaposi sarcoma-associated herpesvirus (human herpesvirs 8) genomes: Evidence
that a large cohort of United States AIDS patients may have been infected by a single
common isolate. J. ViraL., 71, 2505-2511



AIDS
BHV
CI
CIN
CMV
CTL
DHFR
EA
EA(D)
EA(R)
EBER
EBNA
EBV
ELISA
FGF
FLICE
FLIP
GMT

gp
HHV
HIV
HRS
HSV
HTLV
HVA
HVP
HVS
ICE
IF
Ig

IL
IR
Iscom

Abbreviations

acquired immunodeficiency syndrome
bovine herpesvirus
confidence interval
cervical intraepithelial neoplasia
cytomegalovirus
cytotoxic T lymphocyte
dihydrofolate reductase
early antigen
diffuse early antigen
restricted early antigen
EBV -encoded RNA
EB V nuclear antigen

Epstein- Bar virus
enzyme-linked immunosorbent assay
fibroblast growth factor
fas-associated death domain protein interleukin-l ß converting enzyme
FLICE-inhbiting protein
geometric mean titre
glycoprotein
human herpesvirus

human immunodeficiency virs

Hodgkin and Reed-Stemberg
herpes simplex virus
human T -cell lymphotropic virus
Herpesvirus ateles
Herpesvirus papio
Herpesvirus saimiri
interleukin-l ß-converting enzyme
interferon
immunoglobulin
interleukin
interferon regulatory factor
immunostimulating complex
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kb
KSHV
LANA
LMP
LNA
LP
mAb
MALT
MDV
MHC
MHV
MIP
NK
ORF
oriP
PBMC
PCR
PDGF
RAG
RBP
RR
RT
SCID
SMR
TN
TPA
TRA
v

VCA
VZV
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Janus kinase-signal transducer and activator of transcription
kilobase
Kaposi' s sarcoma-associated herpesvirus

latency-associated nuclear antigen
latent membrane protein
latent nuclear antigen
leader protein
monoclonal antibody
mucosa-associated lymphoid tissue
Marek' s disease virus

major histocompatibilty complex
murid herpesvirus
macrophage infamatory protein

natural killer
open reading frame
origin of plasmid RNA replication
peripheral blood mononuclear cells

polymerase chain reaction
platelet-derived growth factor
recombinase gene
recombination binding protein
relative risk
reverse transcriptase

severe combined immunodeficiency
standardized mortality ratio
tumour necrosis factor
12-0-tetradecanoylphorbolI3-acetate
tumour necrosis factor receptor -associated factor
viral
viral capsid antigen
varcella-zoster virus



SUPPLEMENTARY CORRIGENDA TO VOLUMES 1-69

Volume 68

p. 33, line 25, add 'least' between 'were' and 'likely'.
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CUMULA TlVE CROSS INDEX TO IARC MONOGRAPHS ON
THE EVALUATION OF CARCINOGENIC RlSKS TO HUMANS

The volume, page and year of publication are given. References to corrgenda are
given in parentheses.

A

A-(X-C

Acetaldehyde
40,245 (1986); Suppl. 7,56 (1987)
36, 101 (1985) (corr. 42,263);
Suppl. 7, 77 (1987)

Acetaldehyde formylmethylhydrazone (see Gyromitrn)
Acetamide
Acetaminophen (see Paracetamol)
Acridine orange
Acriflavinium chloride
Acrolein

7,197 (1974); Suppl. 7,389 (1987)

Acry lamide

16, 145 (1978); Suppl. 7,56 (1987)
13, 31 (1977); Suppl. 7, 56 (1987)
19,479 (1979); 36, 133 (1985);
Suppl. 7,78 (1987); 63,337 (1995)
(corr 65, 549)

39,41 (1986); Suppl. 7,56 (1987);
60, 389 (1994)
19,47 (1979); Suppl. 7,56 (1987)
19,86 (1979); Suppl. 7,56 (1987)
19, 73 (1979); Suppl. 7,79 (1987)
19,91 (1979); Suppl. 7,56 (1987)

Acrylic acid

Acrylic fibres
Acrylonitrle
Acrylonitrle-butadiene-styrene copolymers
Actinolite (see Asbestos)
Actinomycins JO, 29 (1976) (corr. 42,255);

Suppl. 7,80 (1987)
JO, 43 (1976); Suppl. 7,82 (1987)
31,47 (1983); Suppl. 7,56 (1987)
1, 145 (1972) (corr. 42,251);
JO, 51 (1976); Suppl. 7,83 (1987);
56, 245 (1993)

Adramycin
AF-2
Afatoxins

Afatoxin Bi (see Aflatoxins)
Afatoxin Bi (see Aflatoxins)
Aflatoxin Gi (see Afatoxins)
Afatoxin Gi (see Afatoxins)
Aflatoxin Mi (see Aflatoxins)
Agartine
Alcohol drnkng
Aldicarb
Aldrn
Allyl cWoride
Allyl isothocyanate
Allyl isovalerate

Alumiium production

31,63 (1983); Suppl. 7,56 (1987)
44 (1988)

53,93 (1991)

5,25 (1974); Suppl. 7,88 (1987)

36,39 (1985); Suppl. 7,56 (1987)
36,55 (1985); Suppl. 7,56 (1987)
36,69 (1985); Suppl. 7,56 (1987)
34,37 (1984); Suppl. 7,89 (1987)
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Amaranth
5-Aminoaeenaphthene
2-Amnoanthaquinone
para- Aminoazobenzene
ortho-Amnoazoto1uene

para-Aminobenzoie aeid
4- Aminobipheny1
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2-Amino-3,4-dimethy1imidazo(4,5-flquinoline (see MeIQ)
2-Amno-3,8-dimethy1imidazo(4,5.Jquinoxaline (see MeIQx)
3-Amino-1,4-dimethyl-5H-pyrido(4,3-b )indo1e (see Trp-P-l)
2-Aminodipyrido(1,2-a:3',2'-d)imidazo1e (see Glu-P-2)
1-Amino-2-methy1anthaquinone
2-Amno-3-methylimidazo(4,5-flquinoline (see IQ)
2-Amino-6-methyldipyrido(1,2-a:3',2'-d)imidazo1e (see G1u-P-1)

2-Amino-1-methyl-6-phenylimidazo(4,5-b )pyridine (see PhI)
2-Amino-3-methyl-9H-pyrido(2,3-b )indole (see MeA-a.-C)
3-Amno-1-methyl-5H-pyrido(4,3-b )indo1e (see Trp-P-2)
2- Amino- 5-( 5-nitro- 2- fur 1)- 1,3 ,4-thiadiazo1e
2- Amino-4-nitropheno1
2- Amino- 5-nitropheno1
4-Amino-2-nitropheno1
2- Amino- 5-nitrothiazo1e
2-Amino-9H-pyrido(2,3-b)indo1e (see A-a.-C)
i i - Aminoundeeanoie aeid
Amitro1e

Amonium potassium selenide (see Selenium and selenium eompounds)
Amorphous si lie a (see also Silea)

Amosite (see Asbestos)
Ampieilln
Anabo1ie steroids (see Androgenie (anabo1ie) steroids)
Anaestheties, volatile
Analgesie mixtures eontaining phenaeetin (see also Phenaeetin)
Androgenie (anabo1ie) steroids
Ange1iein and sorne synthetie derivatives (see also Angelieins)
Angeliein plus ultraviolet radiation (see also Ange1iein and sorne

synthetie derivatives)

Ange1ieins
Anline

ortho-Anisidine
para-Anisidine
Anthanthene
Anthophyllte (see Asbestos)
Anthaeene
Anthlie aeid

Antimony troxide
Antiony trsu1fide
AN (see 1-Naphthy1thourea)
Apholate
para-Aramd fibri1s

8,41 (1975); Suppl. 7,56 (1987)

16,243 (1978); Suppl. 7,56 (1987)
27, 191 (1982); Suppl. 7, 56 (1987)
8,53 (1975); Suppl. 7,390 (1987)
8,61 (1975) (corr. 42, 254);
Suppl~ 7, 56 (1987)
16,249 (1978); Suppl. 7,56 (1987)
1,74 (1972) (corr. 42,251);
Suppl. 7, 91 (1987)

27, 199 (1982); Suppl. 7,57 (1987)

7, 143 (1974); Suppl. 7,57 (1987)
57, 167 (1993)

57, 177 (1993)

16,43 (1978); Suppl. 7,57 (1987)
31, 71 (1983); Suppl. 7,57 (1987)

39,239(1986); Suppl. 7,57 (1987)
7,31 (1974); 41, 293 (1986) (corr.
52,513; Suppl. 7,92(1987)

42,39 (1987); Suppl. 7,341 (1987);
68,41 (1997)

50, 153 (1990)

11,285 (1976); Suppl. 7,93 (1987)
Suppl. 7,310 (1987)
Suppl. 7,96 (1987)
40,291 (1986)

Suppl. 7,57 (1987)

Suppl. 7,57 (1987)
4,27 (1974) (corr. 42, 252);
27,39 (1982); Suppl. 7,99 (1987)
27,63 (1982); Suppl. 7,57 (1987)
27,65 (1982); Suppl. 7,57 (1987)
32,95 (1983); Suppl. 7,57 (1987)

32, 105 (1983); Suppl. 7,57 (1987)
16,265 (1978); Suppl. 7,57 (1987)
47,291 (1989)

47,291 (1989)

9,31 (1975); Suppl. 7,57 (1987)

68,409 (1997)
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Aramte~
Areca nut (see Betel quid)
Arsanilic acid (see Arsenic and arsenic compounds)
Arsenic and arsenic compounds

Arsenic pentoxide (see Arenic and arsenic compounds)
Arsenic sulfde (see Arsenic and arsenic compounds)
Arsenic tnoxide (see Arsenic and arsenic compounds)
Arsine (see Arsenic and arsenic compounds)
Asbestos

Atrazine
Attapulgite (see Palygorskite)
Auramne (technical-grade)

Auramne, manufacture of (see also Auramne, technical-grade)
Aurothioglucose
Azacitidine

5-Azacytidine (see Azacitidine)
Azaserine

Azathioprine
Aziridine
2-( 1-Azirdinyl)ethanol
Azirdyl benzoquinone

Azobenzene

B

Barum chromate (see Chrornum and chromium compounds)
Basic chrornc sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
Benz(alacridine
Benz( c lacridine

Benzal chloride (see also a-Chlorinated toluenes)
Benz( a lanthacene

Benzene

Benzidine

Benzidine-based dyes
Benzo( b lfluoranthene

BenzolJfluoranthene

Benzo(klfluoranthene
Benzo(ghilfluoranthene
Benzo(alfluorene
Benzo(b lfluorene

Benzo( c lfluorene
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5,39 (1974); Suppl. 7,57 (1987)

1,41 (1972); 2, 48 (1973);
23,39 (1980); Suppl. 7, 100 (1987)

2, 17 (1973) (corr. 42,252);
14 (1977) (corr. 42, 256); Suppl. 7,
106 (1987) (corr. 45, 283)
53,441 (1991)

1,69 (1972) (corr. 42,251);
Suppl. 7, U8 (1987)
Suppl. 7, U8 (1987)
13,39 (1977); Suppl. 7,57 (1987)
26,37 (1981); Suppl. 7,57 (1987);
50,47 (1990)

JO, 73 (1976) (corr 42,255);

Suppl. 7,57 (1987)

26,47 (1981); Suppl. 7, 119 (1987)
9,37 (1975); Suppl. 7,58 (1987)

9,47 (1975); Suppl. 7,58 (1987)

9,51 (1975); Suppl. 7,58 (1987)

8, 75 (1975); Suppl. 7,58 (1987)

32, 123 (1983); Suppl. 7,58 (1987)
3,241 (1973); 32, 129 (1983);
Suppl. 7, 58 (1987)
29,65 (1982); Suppl. 7, 148 (1987)
3,45 (1973); 32, 135 (1983);
Suppl. 7,58 (1987)

7, 203 (1974) (corr. 42,254); 29,
93,391 (1982); Suppl. 7, 120 (1987)
1,80 (1972); 29, 149,391 (1982);
Suppl. 7,123 (1987)
Suppl. 7, 125 (1987)
3,69 (1973); 32, 147 (1983);
Suppl. 7,58 (1987)
3, 82 (1973); 32, 155 (1983);
Suppl. 7,58 (1987)
32, 163 (1983); Suppl. 7,58 (1987)
32,171 (1983); Suppl. 7,58 (1987)
32, 177 (1983); Suppl. 7,58 (1987)
32, 183 (1983); Suppl. 7,58 (1987)
32, 189 (1983); Suppl. 7,58 (1987)
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Benzofuran
Benzo(ghilperylene
Benzo(c L phenanthene
Benzo(a)pyrene

Benzo(e lpyrene

para- Benzoquinone dioxime
Benzotrchloride (see also a-Chlorinated toluenes)
Benzoyl chloride

Benzoyl peroxide

Benzyl acetate
Benzyl chloride (see also a-Chlorinated toluenes)

Benzyl violet 4B
Bertandite (see Beryllum and beryllum compounds)
Beryllum and beryllum compounds

Beryllium acetate (see Beryllum and beryllum compounds)
Beryllum acetate, basic (see Beryllum and beryllum compounds)
Beryllum-aluminium alloy (see Beryllum and beryllum compounds)
Beryllum carbonate (see Beryllum and beryllum compounds)
Beryllum chloride (see Beryllum and beryllum compounds)
Beryllum-copper alloy (see Beryllum and beryllum compounds)
Beryllum-copper-cobalt alloy (see Beryllum and beryllium compounds)
Beryllum fluoride (see Beryllum and beryllum compounds)
Beryllum hydroxide (see Beryllum and beryllum compounds)
Beryllum-nickel alloy (see Beryllum and beryllum compounds)
Beryllum oxide (see Beryllium and beryllum compounds)
Beryllum phosphate (see Beryllum and beryllium compounds)
Beryllum silicate (see Beryllum and beryllum compounds)
Beryllum sulfate (see Beryllum and beryllum compounds)
Beryl ore (see Beryllum and beryllum compounds)
Betel quid
Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyansole)
BHT (see Butylated hydroxytoluene)
Bis( l-aziridinyl)morpholinophosphine sulfide
B is(2-chloroethyl)ether

N,N- B is(2-chloroethy 1)- 2-naphthylamne

. Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2-Bis( chloromethoxy)ethane
1 ,4-Bis( chloromethoxymethyl)benzene
B is( chloromethy 1 )ether

63,431 (1995)

32, 195 (1983); Suppl. 7,58 (1987)
32,205 (1983); Suppl. 7,58 (1987)
3,91 (1973); 32, 211 (1983)

(corr. 68,477); Suppl. 7, 58 (1987)
3, 137 (1973); 32, 225 (1983);
Suppl. 7,58 (1987)

29, 185 (1982); Suppl. 7,58 (1987)
29, 73 (1982); Suppl. 7, 148 (1987)
29,83 (1982) (corr. 42, 261);
Suppl. 7, 126 (1987)
36,267 (1985); Suppl. 7,58 (1987)
40, 109 (1986); Suppl. 7,58 (1987)
11, 217 (1976) (corr. 42, 256); 29,
49 (1982); Suppl. 7, 148 (1987)
16, 153 (1978); Suppl. 7,58 (1987)

1,17 (1972); 23,143 (1980)
(corr. 42, 260); Suppl. 7, 127
(1987); 58, 41 (1993)

37, 141 (1985); Suppl. 7, 128 (1987)

9,55 (1975); Suppl. 7,58 (1987)
9, 117 (1975); Suppl. 7,58 (1987)
4, 119 (1974) (corr. 42, 253);
Suppl. 7, 130 (1987)
26, 79 (1981); Suppl. 7, 150 (1987)
15,31 (1977); Suppl. 7,58 (1987)

15,37 (1977); Suppl. 7,58 (1987)
4,231 (1974) (corr. 42, 253);
Suppl. 7, 131 (1987)
41,149 (1986); Suppl. 7,59 (1987)
47,231 (1989)

Bis(2-chloro-1-methylethyl)ether
B is(2,3-epoxycyclopentyl)ether

Bisphenol A diglycidyl ether (see Glycidyl ethers)
Bisulftes (see Sulf dioxide and sorne sulfites, bisulftes and metabisulftes)Bitumens 35,39 (1985); Suppl. 7, 133 (1987)Bleomycins 26,97 (1981); Suppl. 7, 134 (1987)Blue VRS 16, 163 (1978); Suppl. 7,59 (1987)
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Boot and shoe manufacture and repair
Bracken fem
Bnlliant Blue FCF, disodium salt

Bromoch1oroacetonitn1e (see Halogenated acetonitn1es)
Bromodichloromethane
Bromoethane
Bromoform
1,3- Butadiene

l,4-Butanediol dimethanesu1fonate
n-Buty1 acrylate
Buty1ated hydroxyanisole
Buty1ated hydroxyto1uene
But yI benzy1 phtha1ate

ß-Butyrolactone
y-Butyrolactone

c
Cabinet-makng (see Fumiture and cabinet-makng)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds

Cadmium chlonde (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulfate (see Cadmium and cadmium compounds)
Cadmium sulfide (see Cadmium and cadmium compounds)
Caffeic acid

Caffeine
Calcium arsenate (see Arsenic and arsenic compounds)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium sacchann (see Sacchann)
Canthandin
Caprolactam

Captafo1
Capta
Carbarl
Carbazole
3-Carbethoxypsora1en
Carbon b1ack

Carbon tetrachlonde

Canoisine
Carentr and joinery
Carageenan

Catecho1

k'-,,_
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25,249 (1981); Suppl. 7,232 (1987)
40,47 (1986); Suppl. 7,135 (1987)
16, 171 (1978) (corr. 42, 257);
Suppl. 7, 59 (1987)

52, 179 (1991)

52,299 (1991)

52,213 (1991)

39, 155 (1986) (corr. 42,264
Suppl. 7, 136 (1987); 54, 237 (1992)
4,247 (1974); Suppl. 7, 137 (1987)
39,67 (1986); Suppl. 7,59 (1987)
40, 123 (1986); Suppl. 7,59 (1987)
40, 161 (1986); Suppl. 7,59 (1987)
29, 193 (1982) (corr. 42,261);
Suppl. 7, 59 (1987)
Il,225 (1976); Suppl. 7,59 (1987)

11,231 (1976); Suppl. 7,59 (1987)

2,74 (1973); 11, 39 (1976)

(corr. 42, 255); Suppl. 7, 139
(1987); 58, 119 (1993)

56, 115 (1993)

51,291 (1991)

JO, 79 (1976); Suppl. 7,59 (1987)
19, 115 (1979) (corr. 42,258);
39,247 (1986) (corr. 42, 264);
Suppl. 7,390 (1987)
53, 353 (1991)
30,295 (1983); Suppl. 7,59 (1987)
12,37 (1976); Suppl. 7,59 (1987)
32,239 (1983); Suppl. 7,59 (1987)
40,317 (1986); Suppl. 7,59 (1987)
3,22 (1973); 33, 35 (1984);
Suppl. 7, 142 (1987); 65, 149 (1996)
l,53 (1972); 20,371 (1979);

Suppl. 7, 143 (1987)
8,83 (1975); Suppl. 7,59 (1987)

25, 139 (1981); Suppl. 7,378 (1987)
10,181 (1976) (corr. 42, 255); 31,
79 (1983); Suppl. 7,59 (1987)
15, 155 (1977); Suppl. 7,59 (1987)
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CCNU (see 1-(2-Chloroethy1)-3-cyc1ohexyl-1-nitrosourea)
Ceramc fibres (see Man-made miera fibres)
Chemotherapy, combined, inc1uding aly1ating agents (see MOPP and

other combined chemotherapy inc1uding alklating agents)

Ch1ora1
Ch10ral hydrate
Ch1orambuci1

Ch1oramphenico1

Ch10rdane (see also CWordane/Heptach1or)
Ch1ordane/Heptach1or
Ch1ordecone
Ch1ordimeform
Ch10rendic acid
Ch10nnated dibenzodioxins (other than TCDD) (see also PolycWonnated

dibenzo-para-dioxins)
Ch10nnated dnnkng-water
Chlonnated paraffins
a-CWonnated to1uenes
Ch1ormadinone acetate (see also Progestins; Combined oral

contraceptives)
Ch10maphazine (see N,N-Bis(2-ch1oroethy1)-2-naphthy1amne)
Ch1oroacetonitn1e (see Ha10genated acetonitrles)

para-Chloroanline
Chlorobenzilate

Chlorodibromomethane
CWorodifluoromethane

CWoroethane
1-(2-Ch1oroethyl)-3-cyc1ohexyl-1-nitrosourea (see also CWoroethyl

nitrosoureas)
1-(2-Chloroethyl)-3-( 4-methylcyc1ohexyl)-1-nitrosourea (see also

Ch1oroethy1 nitrosoureas)
Chloroethy1 nitrosoureas
Ch1orofluoromethane
Ch1oroform

Ch1oromethy1 methy1 ether (technical-grade) (see also
Bis( cWoromethy1)ether)

(4-Ch1oro-2-methy1phenoxy)acetic acid (see MCPA)
1-Ch1oro-2-methy1propene
3-Ch1oro-2-methy1propene
2-Ch1oronitrobenzene
3-Ch1oronitrobenzene
4-CWoronitrobenzne
Ch1oropheno1s
CWorophenols (occupational exposures to)
CWorophenoxy herbicides
CWorophenoxy herbicides (occupational exposures to)
4-Ch1oro-ortho-pheny1enedame
4-CWoro-meta-phenylenedamne
Ch1oroprene
CWoropropham

63, 245 (1995)
63,245 (1995)

9, 125 (1975); 26, 115 (1981);

Suppl. 7, 144 (1987)
JO, 85 (1976); Suppl. 7, 145 (1987);
50, 169 (1990)

20,45 (1979) (corr. 42,258)
Suppl. 7, 146 (1987); 53, 115 (1991)
20,67 (1979); Suppl. 7,59 (1987)
30,61 (1983); Suppl. 7,59 (1987)
48,45 (1990)

15,41 (1977); Suppl. 7,59 (1987)

52,45 (1991)

48,55 (1990)

Suppl. 7, 148 (1987)
6,149 (1974); 21, 365 (1979)

57,305 (1993)

5, 75 (1974); 30, 73 (1983);
Suppl. 7,60 (1987)

52,243 (1991)

41,237 (1986) (corr. 51,483);
Suppl. 7, 149 (1987)
52,315 (1991)

26, 137 (1981) (corr. 42,260);
Suppl. 7, 150 (1987)

Suppl. 7, 150 (1987)

Suppl. 7, 150 (1987)
41,229 (1986); Suppl. 7,60 (1987)
1,61 (1972); 20, 401 (1979)
Suppl. 7, 152 (1987)
4,239 (1974); Suppl. 7, 131 (1987)

63,315 (1995)

63,325 (1995)

65,263 (1996)

65,263 (1996)

65,263 (1996)

Suppl. 7, 154 (1987)
41,319 (1986)

Suppl. 7, 156 (1987)
41,357 (1986)

27,81 (1982); Suppl. 7,60 (1987)
27,82 (1982); Suppl. 7,60 (1987)
19, 131 (1979); Suppl. 7, 160 (1987)
12,55 (1976); Suppl. 7,60 (1987)
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Chloroquine
Chlorothalonil
para-Chloro-onho-toluidine and its strong acid salts

(see also Chlordimeform)
Chlorotranisene (see also Nonsteroidal oestrogens)
2-CWoro- l, l, L -trfluoroethane
Chlorozotocin
Cholesterol

Chromic acetate (see Chromium and chromium compounds)
Chromic cWoride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds

Chromium carbonyl (see Chromium and chromium compounds)
Chromium potassium sulfate (see Chromium and chromium compounds)
Chromium sulfate (see Chromium and chromium compounds)
Chromium troxide (see Chromium and chromium compounds)
Chrsazin (see Dantron)
Chrsene

Chrsoidine
Chrsotile (see Asbestos)

CI Acid Orange 3

CI Acid Red 114
CI Basic Red 9
Ciclosporin
CI Direct Blue 15

CI Disperse Yellow 3 (see Disperse Yellow 3)
Cimetidine
Cinnamyl anthanilate

CI Pigment Red 3

CI Pigment Red 53: 1 (see D&C Red No. 9)
Cisplatin
Citrnin
Citrs Red No. 2

Clinoptilolite (see Zeolites)
Clofibrate

Clomiphene citrate
Clonorchis sinensis (infection with)
Coal dust
Coal gasifcation

Coal-ta pitches (see also Coal-tars)
Coal-ta
Cobalt(ID) acetate (see Cobalt and cobalt compounds)
Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)
Cobalt and cobalt compounds
Cobalt (I) cWoride (see Cobalt and cobalt compounds)
Cobalt-chromium alloy (see Chromium and chromium compounds)
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13,47 (1977); Suppl. 7,60 (1987)
30,319 (1983); Suppl. 7,60 (1987)
16,277 (1978); 30, 65 (1983);
Suppl. 7,60 (1987); 48, 123 (1990)

21, 139 (1979)

41,253 (1986); Suppl. 7,60 (1987)
50,65 (1990)

JO, 99 (1976); 31, 95 (1983);
Suppl. 7, 161 (1987)

2, 100 (1973); 23, 205 (1980);
Suppl. 7, 165 (1987); 49, 49 (1990)

(corr. 51,483)

3, 159 (1973); 32,247 (1983);
Suppl. 7,60 (1987)

8,91 (1975); Suppl. 7, 169 (1987)

57, 121 (1993)

57, 247 (1993)
57, 215 (1993)
50,77(1990)
57,235 (1993)

50, 235 (1990)
16, 287 (1978); 31, 133 (1983);

Suppl. 7,60 (1987)
57,259 (1993)

26, 151 (1981); Suppl. 7, 170 (1987)
40,67 (1986); Suppl. 7,60 (1987)
8, 101 (1975) (corr. 42,254)
Suppl. 7,60 (1987)

24, 39 (1980); Suppl. 7, 171 (1987);

66,391 (1996)

21,551 (1979); Suppl. 7,172 (1987)
61, 121 (1994)

68, 337 (1997)
34,65 (1984); Suppl. 7, 173 (1987)
35,83 (1985); Suppl. 7,174 (1987)
35,83 (1985); Suppl. 7,175 (1987)

52, 363 (1991)
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Cobalt-chronnum-molybdenum alloys (see Cobalt and cobalt compounds)
Cobalt metal powder (see Cobalt and cobalt compounds)
Cobalt naphthenate (see Cobalt and cobalt compounds)
Cobalt(IIl oxide (see Cobalt and cobalt compounds)
Cobalt(II,IIl oxide (see Cobalt and cobalt compounds)
Cobalt(IIl sulfide (see Cobalt and cobalt compounds)
Coffee
Coke production
Combined oral contraceptives (see alsa Oestrogens, progestins

and combinations)
Conjugated oestrogens (see alsa Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline
Coronene
Coumarn
Creosotes (see alsa Coal-tars)
meta-Cresidine
para-Cresidine
Cristobalite (see Crystallne silica)
Crocidolite (see Asbestos)
Crotonaldehyde
Crude oil
Crystallne silica (see also Silica)

Cycasin

Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamne (see Cyc1amates)
Cyclopenta( cd)pyrene
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide

D

2,4-D (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine
Dantron
D&C Red No. 9

Dapsone
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

Decabromodphenyl oxide
Deltameth
Deoxynivalenol (see Toxins derived from Fusarium graminearum,

F. culmorum and F. craakwellense)

51,41 (1991) (carr. 52,513)
34,101 (1984); Suppl. 7,176 (1987)
Suppl. 7, 297 (1987)

21,147 (1979)

15, 103 (1977); Suppl. 7, 61 (1987)
32,263 (1983); Suppl. 7,61 (1987)
10, 113 (1976); Suppl. 7,61 (1987)
35,83 (1985); Suppl. 7, 177 (1987)
27,91 (1982); Suppl. 7,61 (1987)
27,92 (1982); Suppl. 7,61 (1987)

63,373 (1995) (carr. 65,549)
45, 119 (1989)
42,39 (1987); Suppl. 7, 341 (1987);
68, 41 (1997)
1,157 (1972) (carr. 42,251); 10,
121 (1976); Suppl. 7,61 (1987)
22,55 (1980); Suppl. 7, 178 (1987)

10, 139 (1976); Suppl. 7,61 (1987)
47, 157 (1989)

32,269 (1983); Suppl. 7,61 (1987)

9, 135 (1975); 26, 165 (1981);
Suppl. 7, 182 (1987)

15,111 (1977)

26,203 (1981); Suppl. 7, 184 (1987)
50,265 (1990) (carr. 59, 257)
8, 107 (1975); Suppl. 7,61 (1987);

57,203 (1993)

24,59 (1980); Suppl. 7, 185 (1987)
10, 145 (1976); Suppl. 7,61 (1987)

5,83 (1974) (carr. 42, 253);
Suppl. 7, 186 (1987); 53, 179 (1991)
48, 73 (1990)
53,251 (1991)
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Diacety laminoazotoluene
N,N' - Diacety Ibenzidine
Dialate

2,4-Diamnoanisole

4,4'-Diaminodiphenyl ether

1,2-Diamino-4-nitrobenzene
1,4- Diamno- 2-nitrobenzene

2,6-Diamno-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see also To1uene diisocyanates)
2,5-Diamnoto1uene (see also To1uene diisocyanates)
ortho-Dianisidine (see 3,3'-Dimethoxybenzidine)
Diatomaceous ear, uncalcined (see Amorphous si1ica)
Diazepam

Diazomethane
Dibenz( a, h )acridine

Dibenz( a,j)acridine

Dibenz(a,c )anthacene

Dibenz(a,h)anthacene

Dibenz (a,j) anthacene
7 H-Dibenzo(c,g)carbazole

Dibenzodioxins, ch10rinated (other than TCDD)
(see Ch10rinated dibenzodioxins (other than TCDD))

Dibenzo( a,e )fluoranthene
Dibenzo( h,rst )pentaphene
Dibenzo( a, e )pyrene

Dibenzo(a,h)pyrene

Dibenzo( a, i)pyrene

Dibenzo( a, l)pyrene

Dibenzo-para-dioxin
Dibromoacetonitrle (see Halogenated acetonitrles)

1 ,2-Dibromo- 3-cWoropropane

Dichloroacetic acid

DicWoroacetonitrle (see Halogenated acetonitrles)
Dich1oroacetylene
ortho-Dichlorobenzene

para-DicWorobenzene

3,3' -DicWorobenzidine
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8, 113 (1975); Suppl. 7,61 (1987)
16,293 (1978); Suppl. 7,61 (1987)
12,69 (1976); 30, 235 (1983);
Suppl. 7,61 (1987)
16,51 (1978); 27, 103 (1982);
Suppl. 7,61 (1987)
16,301 (1978); 29, 203 (1982);
Suppl. 7,61 (1987)
16,63 (1978); Suppl. 7,61 (1987)
16, 73 (1978); Suppl. 7,61 (1987);
57, 185 (1993)

16,83 (1978); Suppl. 7,61 (1987)
16,97 (1978); Suppl. 7,61 (1987)

13, 57 (1977); Suppl. 7, 189 (1987);
66, 37 (1996)
7,223 (1974); Suppl. 7,61 (1987)
3,247 (1973); 32, 277 (1983);
Suppl. 7, 61 (1987)
3,254 (1973); 32, 283 (1983);
Suppl. 7,61 (1987)
32, 289 (1983) (corr. 42,262);
Suppl. 7,61 (1987)
3,178 (1973) (corr. 43, 261);
32,299 (1983); Suppl. 7,61 (1987)
32,309 (1983); Suppl. 7,61 (1987)
3,260 (1973); 32, 315 (1983);
Suppl. 7, 61 (1987)

32, 321 (1983); Suppl. 7,61 (1987)
3, 197 (1973); Suppl. 7,62 (1987)
3,201 (1973); 32,327 (1983);
Suppl. 7,62 (1987)
3,207 (1973); 32, 331 (1983);
Suppl. 7, 62 (1987)
3, 215 (1973); 32, 337 (1983);
Suppl. 7,62 (1987)
3,224 (1973); 32, 343 (1983);
Suppl. 7,62 (1987)

69, 33 (1997)

15, 139 (1977); 20, 83 (1979);

Suppl. 7, 191 (1987)
63, 271 (1995)

39,369 (1986); Suppl. 7,62 (1987)
7,231 (1974); 29, 213 (1982);
Suppl. 7, 192 (1987)
7,231 (1974); 29, 215 (1982);
Suppl. 7,192 (1987)
4,49 (1974); 29, 239 (1982);
Suppl. 7, 193 (1987)
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trans-l,4-Dichlorobutene
3,3'-Dichloro-4,4'-diannodiphenyl ether
1,2-Dichloroethane
Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
occupationaI exposures to)

(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)
2,6-Dichloro-para-phenylenedianne
1,2- Dichloropropane
1,3-Dichloropropene (technicaI-grade)
Dichlorvos

Dicofol
Dicyc10hexylanne (see Cyc1amates)
Dieldrn
Dienoestrol (see also Nonsteroidal oestrogens)
Diepoxybutae

Diesel and gasoline engine exhausts
Diesel fue1s

Diethy1 ether (see Anaesthetics, volatile)
Di(2-ethylhexy 1 )adipate
Di(2-ethylhexyl)phthaIate

1,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulfate

Diglycidyl resorcinol ether

Dihydrosafrole

1,8-Dihydroxyanthaquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
Dihydroxymethylfratrzine
Diisopropyl sulfate
Dimethsterone (see also Progestins; SequentiaI ora contraceptives
Dimethoxane
3,3' -Dimethoxybenzidine
3,3' -Dimethoxybenzidine-4,4' -diisocyanate
para-Dimethylannoazobenzene
para-Dimethylannoazobenzenediazo sodum sulfonate
trans- 2-( (Dimethylanno )methylimino )- 5-(2-( 5-nitro- 2-furyl)-

vinyl)-1,3,4-oxadiazole
4,4' -Dimethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic denvatives)
4,5'-Dimethylangelicin plus ultraviolet radiation (see also

Angelicin and some synthetic denvatives)
2,6-Dimethylane
lYN-Dimethylanline
Dimethylarsinc acid (see Arenic and arsenic compounds)
3,3' -Dimethy1benzidine

15, 149 (1977); Suppl. 7,62 (1987)
16, 309 (1978); Suppl. 7,62 (1987)
20,429 (1979); Suppl. 7, 62 (1987)
20,449 (1979); 41, 43 (1986);
Suppl. 7, 194 (1987)

39,325 (1986); Suppl. 7,62 (1987)
41, 131 (1986); Suppl. 7,62 (1987)
41,113 (1986); Suppl. 7, 195 (1987)
20,97 (1979); Suppl. 7,62 (1987);
53,267 (1991)

30,87 (1983); Suppl. 7,62 (1987)

5, 125 (1974); Suppl. 7, 196 (1987)
21,161 (1979)

11,115 (1976) (corr. 42,255);

Suppl. 7,62 (1987)

46,41 (1989)

45,219 (1989) (corr. 47,505)

29,257 (1982); Suppl. 7,62 (1987)
29,269 (1982) (corr. 42, 261);

Suppl. 7,62 (1987)

4, 153 (1974); Suppl. 7,62 (1987)
6,55 (1974); 21,173 (1979)
(corr. 42,259); Suppl. 7,273 (1987)

4,277 (1974); Suppl. 7, 198 (1987);
54,213 (1992)

11,125 (1976); 36,181 (1985);
Suppl. 7,62 (1987)

1, 170 (1972); JO, 233 (1976)
Suppl. 7, 62 (1987)

24,77 (1980); Suppl. 7,62 (1987)
54,229 (1992)

6,167 (1974); 21, 377 (1979))
15,177 (1977); Suppl. 7,62 (1987)
4,41 (1974); Suppl. 7, 198 (1987)

39,279 (1986); Suppl. 7,62 (1987)
8, 125 (1975); Suppl. 7,62 (1987)
8, 147 (1975); Suppl. 7,62 (1987)
7, 147 (1974) (corr. 42, 253);
Suppl. 7,62 (1987)
Suppl. 7,57 (1987)

Suppl. 7,57 (1987)

57, 323 (1993)
57,337 (1993)

1,87 (1972); Suppl. 7,62 (1987)

kajo
Pencil
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DimethyIcarbamoyl chlonde
Dimethylformamde
1,1- Dimethylhydrazine
1,2-Dimethylhydrazine

Dimethyl hydrogen phosphite
1,4- Dimethylphenanthene
Dimethyl sulfate
3,7 -Dinitrofluoranthene
3,9- Dinitrofluoranthene
1,3- Dinitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene

Dinitrosopentamethy 1enetetramne
2,4- Dinitroto1uene
2,6-Dinitroto1uene
3,5-Dinitrotoluene
l,4-Dioxane
2,4' -Diphenyldiamne
Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disperse Blue 1

Disperse Yellow 3

Disulfiram
Dithanol
Divinyl ether (see Anaesthetics, volatile)
Doxefazepam
Dro1oxifene
Dry c1eanng

DuIcin

E

Endrn
Enfurane (see Anaesthetics, volatile)
Eosin
Epichlorohydnn

1,2-Epoxybutane
1-Epoxyethyl-3,4-epoxycyc1ohexane (see 4- VinyIcyc10hexene diepoxide)
3,4-Epoxy-6-methyIcyc1ohexylmethyl-3,4-epoxy-6-methy1-

cyc10hexane carboxylate

cis-9, 10- Epoxysteanc acid
Epstein-Bar virs

Enonite
Estaolam
Ethyloestrdiol (see also Steroidal oestrogens)
Ethonamde
Ethyl acrylate

Ethylene
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12, 77 (1976); Suppl. 7, 199 (1987)
47,171 (1989)

4, 137 (1974); Suppl. 7,62 (1987)
4, 145 (1974) (corr. 42,253);
Suppl. 7,62 (1987)
48, 85 (1990)
32,349 (1983); Suppl. 7,62 (1987)
4,271 (1974); Suppl. 7,200 (1987)
46, 189 (1989); 65, 297 (1996)
46, 195 (1989); 65, 297 (1996)
46,201 (1989)

46,215 (1989)

33,171 (1984); Suppl. 7,63 (1987);
46,231 (1989)

11,241 (1976); Suppl. 7,63 (1987)
65, 309 (1996) (cor~ 66,485)
65, 309 (1996) (corr. 66,485)
65,309 (1996)

11,247 (1976); Suppl. 7,201 (1987)
16,313 (1978); Suppl. 7,63 (1987)
29,295 (1982) (corr. 42, 261)
29,311 (1982)

29, 321 (1982)
48, 139 (1990)

8,97 (1975); Suppl. 7,60 (1987);
48, 149 (1990)

12, 85 (1976); Suppl. 7,63 (1987)
13,75 (1977); Suppl. 7,63 (1987)

66, 97 (1996)
66, 241 (1996)
63,33 (1995)

12,97 (1976); Suppl. 7,63 (1987)

5, 157 (1974); Suppl. 7,63 (1987)

15, 183 (1977); Suppl. 7,63 (1987)
11,131 (1976) (corr. 42,256);
Suppl. 7,202 (1987)
47, 217 (1989)

11,147 (1976); Suppl. 7,63 (1987)

11, 153 (1976); Suppl. 7,63 (1987)
70,47 (1997)

42,225 (1987); Suppl. 7,203 (1987)
66, 105 (1996)

6, 77 (1974); 21, 233 (1979)
13,83 (1977); Suppl. 7,63 (1987)
19,57 (1979); 39,81 (1986);
Suppl. 7, 63 (1987)
19, 157 (1979); Suppl. 7,63 (1987);
60,45 (1994)
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Ethylene dibro1Ide
Ethylene oxide

15, 195 (1977); Suppl. 7,204 (1987)
11, 157 (1976); 36, 189 (1985)

(corr. 42, 263); Suppl. 7, 205
(1987); 60, 73 (1994)
11,257 (1976); Suppl. 7,63 (1987)
7,45 (1974); Suppl. 7,207 (1987)
60,475 (1994)

7,245 (1974); Suppl. 7,63 (1987)
1,135 (1972); 17,191 (1978);
Suppl. 7, 63 (1987)
12, 107 (1976); Suppl. 7,63 (1987)
12, 115 (1976); Suppl. 7,63 (1987)
6,173 (1974); 21, 387 (1979)

Ethylene su1fide
Ethylene thiourea
2-Ethylhexy1 acry1ate
Ethy1 methanesulfonate
N-Ethy1-N-nitrosourea

Ethy1 se1enac (see also Selenium and selenium compounds)
Ethy1 tellurac
Ethynodiol diacetate (see also Progestins; Combined oral

contraceptives)
Eugenol
Evans blue

36, 75 (1985); Suppl. 7,63 (1987)
8, 151 (1975); Suppl. 7,63 (1987)

F

Fast Green FCF
Fenvalerate
Ferbam

16, 187 (1978); Suppl. 7,63 (1987)
53,309 (1991)

12, 121 (1976) (corr. 42, 256);
Suppl. 7, 63 (1987)
1,29 (1972); Suppl. 7,216 (1987)Ferrc oxide

Ferrochro1Ium (see Chro1Ium and chro1Ium compounds)
Fluometuron
F1uoranthene
Fluorene
Fluorescent 1ighting (exposure to) (see Ultraviolet radiation)
Fluondes (inorganic, used in dnnkng-water)
5-Fluorouraci1
Fluorspar (see Fluondes)
Fluosilicic acid (see Fluondes)
Fluroxene (see Anaesthetics, volatile)
Forma1dehyde

30,245 (1983); Suppl. 7,63 (1987)
32,355 (1983); Suppl. 7,63 (1987)
32,365 (1983); Suppl. 7,63 (1987)

27,237 (1982); Suppl. 7,208 (1987)
26,217 (1981); Suppl. 7,210 (1987)

2-(2-Formy lhydrazino )-4-( 5-nitro- 2- fury l)thiazole

29,345 (1982); Suppl. 7,211 (1987);
62,217 (1995) (corr. 65,549;
corr. 66, 485)
7, 151 (1974) (corr. 42, 253);
Suppl. 7, 63 (1987)

Frusemide (see Furose1Ide)
Fuel oils (heating oi1s)

Fumonisin Bi (see Toxins denved from Fusanum moni1iforme)
Fumonisin Bi (see Toxins denved from Fusanum moni1iforme)
Furan
Furazolidone
Furfural
Furture and cabinet-makng

Furosemide
2-(2-Fur1)-3-(5-nitro-2-ful)acry1amde (see AF-2)

Fusarenon-X(see Toxis denved from Fusarium graminearum,

F. culmorum and F. crookwellense)
Fusarenone-X (see Toxins denved from Fusarium graminearum,

F. culmorum and F. crookwellense)
Fusann C (see Toxins denved from Fusarium moniliforme)

45,239 (1989) (corr. 47, 505)

63,393 (1995)

31,141 (1983); Suppl. 7,63 (1987)
63,409 (1995)

25,99 (1981); Suppl. 7,380 (1987)

50, 277 (1990)

kajo
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G

Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Gemfbrozil
Glass fibres (see Man-made mineraI fibres)
Glass manufacturing industr, occupational exposures in

Glasswool (see Man-made mineraI fibres)
Glass fiaments (see Man-made mineraI fibres)
Glu-P-l
Glu-P-2
L-Glutamc acid, 5-(2-( 4-hydroxymethyl)phenylhydrazide J

(see Agartine)
Glycidaldehyde
Glycidyl ethers
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea Green B
Gyromitrn

H

Haematite
Haematite and ferrc oxide

Haematite mining, underground, with exposure to radon
Hairdressers and barbers (occupational exposure as)
Haï dyes, epidemiology of
Halogenated acetonitrles
Halothane (see Anaesthetics, volatile)
HC Blue No. 1
HC Blue No. 2
a-HCH (see Hexachlorocyclohexanes)
ß-HCH (see Hexachlorocyclohexanes)
y-HCH (see Hexachlorocyclohexanes)
HC Red No. 3
HC Yellow No. 4
Heatig oils (see Fuel oils)
Helicobacter pylori (infection with)
Hepatitis B virs
Hepatitis C virs
Hepatitis D virs
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexanes

Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)
Hexachloroethane
Hexachlorophene
Hexamethylphosphoramde
Hexoestrol (see Nonsteroidal oestrogens)

Human herpesvirs 8
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45, 159 (1989) (corr. 47, 505)

66,427 (1996)

58,347 (1993)

40,223 (1986); Suppl. 7,64(1987)
40,235 (1986); Suppl. 7,64(1987)

11, 175 (1976); Suppl. 7,64(1987)
47,237 (1989)

11,183 (1976); Suppl. 7,64(1987)
11,187 (1976); Suppl. 7,64 (1987)
JO, 153 (1976); Suppl. 7,391 (1987)
16, 199 (1978); Suppl. 7,64 (1987)
31,163 (1983); Suppl. 7,391 (1987)

1,29 (1972); Suppl. 7,216 (1987)

Suppl. 7,216 (1987)
1,29 (1972); Suppl. 7,216 (1987)
57, 43 (1993)

16,29 (1978); 27, 307 (1982);
52,269 (1991)

57, 129 (1993)

57, 143 (1993)

57, 153 (1993)

57, 159 (1993)

61, 177 (1994)

59,45 (1994)

59, 165 (1994)

59,223 (1994)

5, 173 (1974); 20, 129 (1979)

20, 155 (1979); Suppl. 7,219 (1987)
20, 179 (1979); Suppl. 7,64 (1987)
5,47 (1974); 20,195 (1979)
(corr. 42,258); Suppl. 7,220 (1987)

20,467 (1979); Suppl. 7,64 (1987)
20,241 (1979); Suppl. 7,64(1987)
15,211 (1977); Suppl. 7,64(1987)

70, 375 (1997)
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Human immunodeficiency vIrses
Human papilomaviruses
Human T -cell lymphotropic vIrses
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochloric acid
Hydrochlorothazide
Hydrogen peroxide
Hydroquinone
4-Hydroxyazobenzene
17a-Hydroxyprogesterone caproate (see also Progestins)
8-Hydroxyquinoline
8-Hydroxysenkikine
Hypochlorite salts

1

Indeno( 1 ,2,3-clipyrene

Inorganc acids (see Sulfuric acid and other strong inorganc acids,
occupational exposures to mists and vapours from)

Insecticides, occupational exposures in spraying and application of
IQ

Iron and steel founding
Iron-dextran complex
Iron-dextrn complex

Iron oxide (see Feaic oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citrc acid complex
Isatidine
Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide
Isophosphamde
Isoprene
Isopropanol
Isopropanol manufactue (strong-acid process)

(see also Isopropanol; Sulfc acid and other strong inorganc
acids, occupational exposures to mists and vapours from)

Isopropyl oils
Isosafole

J

Jacobine
Jet fuel
Joinery (see Carentr andjoinery)

67, 31 (1996)
64 (1995) (corr. 66,485)
67, 261 (1996)
13,91 (1977); Suppl. 7,64(1987)
24,85 (1980); Suppl. 7,222 (1987)
4, 127 (1974); Suppl. 7, 223 (1987)
54, 189 (1992)
50, 293 (1990)
36,285 (1985); Suppl. 7,64(1987)
15, 155 (1977); Suppl. 7,64(1987)
8, 157 (1975); Suppl. 7,64(1987)
21,399 (1979) (corr. 42,259)
13, 101 (1977); Suppl. 7,64(1987)
10,265 (1976); Suppl. 7,64(1987)
52, 159 (1991)

3,229 (1973); 32, 373 (1983);
Suppl. 7,64(1987)

53,45 (1991)

40,261 (1986); Suppl. 7,64(1987);
56,165 (1993)

34, 133 (1984); Suppl. 7,224 (1987)
2, 161 (1973); Suppl. 7,226 (1987)
2, 161 (1973) (corr. 42, 252);
Suppl. 7, 64 (1987)

2, 161 (1973); Suppl. 7,64(1987)
10,269 (1976); Suppl. 7,65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26,237 (1981); Suppl. 7,65 (1987)
60,215 (1994)

15,223 (1977); Suppl. 7,229 (1987)
Suppl. 7,229 (1987)

15,223 (1977); Suppl. 7,229 (1987)
1,169 (1972); JO, 232 (1976);

Suppl. 7, 65 (1987)

JO, 275 (1976); Suppl. 7,65 (1987)
45,203 (1989)

kajo
Pencil
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K

Kaempferol

Kaposi's sarcoma herpesvirs

Kepone (see Chlordecone)

L

Lasiocarine
Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and lead compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead compounds)
Lead cWoride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture
Leather industres

Leather tanng and processing

Ledate (see also Lead and lead compounds)
Light Green SF
d-LImonene
Lindane (see Hexachlorocyclohexanes)
Liver flukes (see Clonorchis sinensis, Opisthorchis felineus and

Opisthorchis viverrini)
Lumber and sawmIU industres (including logging)
Luteoskyrin
Lynoestrenol (see also Progestins; Combined oral contraceptives)

M

Magenta

Magenta manufactue of (see also Magenta)
MaIathon
MaIeic hydrazide

MaIonaIdehyde
Maneb
Man-made mineraI fibres
Manomustie
Mate
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31, 171 (1983); Suppl. 7,65 (1987)

70,375 (1997)

10,281 (1976); Suppl. 7,65 (1987)
36,315 (1985); Suppl. 7,65 (1987)

1,40 (1972) (corr. 42,251); 2, 52,
150 (1973); 12, 131 (1976);

23,40,208,209, 325 (1980);

Suppl. 7,230 (1987)

25,279 (1981); Suppl. 7,235 (1987)
25, 199 (1981); Suppl. 7,232 (1987)
25,201 (1981); Suppl. 7,236 (1987)
12, 131 (1976)

16,209 (1978); Suppl. 7,65 (1987)
56, 135 (1993)

25,49 (1981); Suppl. 7,383 (1987)
JO, 163 (1976); Suppl. 7,65 (1987)
21,407 (1979)

4,57 (1974) (corr. 42,252);
Suppl. 7,238 (1987); 57, 215 (1993)
Suppl. 7,238 (1987); 57, 215 (1993)
30, 103 (1983); Suppl. 7,65 (1987)
4, 173 (1974) (corr. 42, 253);
Suppl. 7,65 (1987)
36, 163 (1985); Suppl. 7,65 (1987)
12, 137 (1976); Suppl. 7,65 (1987)
43,39 (1988)

9, 157 (1975); Suppl. 7,65 (1987)
51,273 (1991)
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MCP A (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

MeA-a-C
Medphalan
Medroxyprogesterone acetate

Megestrol acetate (see also Progestins; Combined oral contraceptives)
MeIQ

MeIQx

Melamne
Melphalan
6-Mercaptopurne
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercur compounds
Merphalan
Mestranol (see also Steroidal oestrogens)

Metabisulfites (see Sulfur dioxide and some sulfites, bisulfites
and metabisulfites)

Metallc mercury (see Mercury and mercury compounds)
Methanearsonic acid, disodium salt (see Arsenic and arsenic compounds)
Methanearsonic acid, monosodium salt (see Arsenic and arsenic

compounds
Methotrexate
Methoxsalen (see 8-Methoxypsoralen)
Methoxychlor

Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet

radiation)
8-Methoxypsoralen plus ultraviolet radiation
Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see also Angelicin
and some synthetic derivatives)

2-Methylazùidine
Methylazoxymethanol acetate

Methyl bromide

Methyl carbamate
Methyl-CCNU (see 1-(2-Chloroethyl)-3-( 4-methylcyc1ohexyl)-

I-nitrosourea J

Methyl chloride
1-,2-,3-,4-,5- and 6-Methylchrsenes
N- Methy l-N,4-dinitrosoanline

4,4' -Methylene bis(2-chloroaniline)

4,4' -Methylene bis(N;N-dimethyl)benzenamne
4,4'-Methylene bis(2-methylanline)

4,4' -Methylenedianilne

30, 255 (1983)

40,253 (1986); Suppl. 7,65 (1987)
9, 168 (1975); Suppl. 7,65 (1987)
6, 157 (1974); 21, 417 (1979)

(corr. 42, 259); Suppl. 7,289 (1987)

40,275 (1986); Suppl. 7,65 (1987);
56, 197 (1993)

40,283 (1986); Suppl. 7,65 (1987)
56,211 (1993)

39,333 (1986); Suppl. 7,65 (1987)
9, 167 (1975); Suppl. 7,239 (1987)
26,249 (1981); Suppl. 7,240 (1987)

58,239 (1993)

9,169 (1975); Suppl. 7,65 (1987)
6,87 (1974); 21, 257 (1979)

(corr. 42, 259)

26,267 (1981); Suppl. 7,241 (1987)

5, 193 (1974); 20, 259 (1979);
Suppl. 7,66 (1987)

40,327 (1986); Suppl. 7,242 (1987)
24, 101 (1980)

Suppl. 7,243 (1987)

19,52 (1979); 39, 99 (1986);
Suppl. 7, 66 (1987)

Suppl. 7, 57 (1987)
9,61 (1975); Suppl. 7,66 (1987)

1, 164 (1972); JO, 131 (1976);
Suppl. 7, 66 (1987)
41,187 (1986) (corr. 45,283);
Suppl. 7, 245 (1987)
12, 151 (1976); Suppl. 7,66 (1987)

41,161 (1986); Suppl. 7,246 (1987)
32,379 (1983); Suppl. 7,66 (1987)
1,141 (1972); Suppl. 7,66 (1987)
4,65 (1974) (corr. 42,252);
Suppl. 7,246 (1987); 57, 271 (1993)
27, 119 (1982); Suppl. 7, 66 (1987)
4, 73 (1974); Suppl. 7,248 (1987)
4, 79 (1974) (corr. 42, 252);
39, 347 (1986); Suppl. 7, 66 (1987)
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4,4' -Methylenediphenyl diisocyanate
2-Methylfluoranthene
3-Methylfluoranthene
Methylglyoxal
Methyl iodide

Methylmercury chloride (see Mercury and mercury compounds)
Methylmercur compounds (see Mercur and mercury compounds)
Methy1 methacrylate

Methyl methanesulfonate
2-Methyl-1-nitroanthaquinone
N- Methy I-N' -nitro-N-nitrosoguanidine

3- Meth y Initrosaminopropiona1dehyde (see 3-(N - Nitrosomethy lamno)-
propionaldehyde)

3-Methy1nitrosamnopropionitrle (see 3-(N-Nitrosomethylamino)-
propionitrle l

4-(Methy1nitrosamno )-4-(3-pyridyl)-1-butanal (see 4-(N-Nitrosomethyl-
amino )-4-(3-pyridy1)-1-butana1l

4-(Methylnitrosamino )-1-(3-pyridyl)-1-butanone (see 4-( -Nitrosomethyl-
amno )-1-(3-pyridy1)-1-butanone l

N- Methy I-N-nitrosourea

N - Methy I-N-nitrosourethane
N- Methylolacrylamide
Methyl parathion
I-Methylphenanthrene
7 -Methylpyrido(3,4-c lpsoralen
Methyl red
Methyl selenac (see also Selenium and selenium compounds)
Methy1thiouracil
Metronidazole
Mineral oils

Mirex

Mists and vapours from sulfurc acid and other strong inorganic acids
Mitomycin C
MNNG (see N-Methyl-N' -nitro-N-nitrosoguanidine l
MOCA (see 4,4'-Methylene bis(2-chloroaniline))
Modacrylic fibres
Monocrota1ine
Monuron

MOPP and other combined chemotherapy including

allating agents
Mordante (see Zeolites)
Morpholine
5-(Morpho1inomethy1)- 3-( (5-nitrofurf lidene )amno)- 2-

oxazolidinone
Musk ambrette
Musk xylene
Mustad gas

My1era (see 1,4-Butanedio1 dimethanesulfonate)
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19,314 (1979); Suppl. 7,66 (1987)
32,399 (1983); Suppl. 7,66 (1987)
32,399 (1983); Suppl. 7,66 (1987)
51,443 (1991)

15,245 (1977); 41, 213 (1986);
Suppl. 7,66 (1987)

19, 187 (1979); Suppl. 7,66 (1987);
60,445 (1994)

7,253 (1974); Suppl. 7,66 (1987)
27,205 (1982); Suppl. 7,66 (1987)
4,183 (1974); Suppl. 7,248 (1987)

1, 125 (1972); 17, 227 (1978);
Suppl. 7, 66 (1987)
4,211 (1974); Suppl. 7,66 (1987)
60,435 (1994)

30, 131 (1983); Suppl. 7,392 (1987)
32,405 (1983); Suppl. 7,66 (1987)
40,349 (1986); Suppl. 7, 71 (1987)
8, 161 (1975); Suppl. 7,66 (1987)
12,161 (1976); Suppl. 7,66 (1987)
7,53 (1974); Suppl. 7,66 (1987)
13, 113 (1977); Suppl. 7,250 (1987)
3,30 (1973); 33,87 (1984)

(corr. 42,262); Suppl. 7,252 (1987)
5,203 (1974); 20, 283 (1979)

(corr. 42,258); Suppl. 7,66 (1987)
54,41 (1992)

JO, 171 (1976); Suppl. 7,67 (1987)

19, 86 (1979); Suppl. 7,67 (1987)
10,291 (1976); Suppl. 7,67 (1987)
12, 167 (1976); Suppl. 7,67 (1987);
53,467 (1991)

Suppl. 7, 254 (1987)

47, 199 (1989)

7, 161 (1974); Suppl. 7,67 (1987)

65,477 (1996)

65,477 (1996)

9, 181 (1975) (corr. 42,254);
Suppl. 7,259 (1987)
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N

Nafenopin
1 ,5-N aphthalenedialne
1,5-Naphthalene diisocyanate
1-NaphthYlalne

24, 125 (1980); Suppl. 7,67 (1987)
27, 127 (1982); Suppl. 7,67 (1987)
19,311 (1979); Suppl. 7,67 (1987)
4,87 (1974) (corr. 42, 253);
Suppl. 7,260 (1987)
4,97 (1974); Suppl. 7,261 (1987)
30,347 (1983); Suppl. 7,263 (1987)

2-Naphthy1alne
1-Naphthylthiourea
Nickel acetate (see Nickel and nickel compounds)
Nickel amonium sulfate (see Nickel and nickel compounds)
Nickel and nickel compounds 2,126 (1973) (corr. 42,252); 11,75

(1976); Suppl. 7,264 (1987)
(corr. 45, 283); 49, 257 (1990)

Nickel carbonate (see Nickel and nickel compounds)
Nickel carbonyl (see Nickel and nickel compounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallium alloy (see Nickel and nickel compounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (see Nickel and nickel compounds)
Nickel oxide (see Nickel and nickel compounds)
Nickel subsulfide (see Nickel and nickel compounds)
Nickel sulfate (see Nickel and nickel compounds)
Nirdazole
Nithiazide
Nitrlotracetic acid and its salts
5-Nitroacenaphthene
5- Nitro-ortho-anisidine
2-Nitroanisole
9- Nitroanthacene
7 -Nitrobenz(a )anthacene
Nitrobenzene
6- Nitrobenzo( a )pyrene

13, 123 (1977); Suppl. 7,67 (1987)
31, 179 (1983); Suppl. 7,67 (1987)
48,181 (1990)

16,319 (1978); Suppl. 7,67 (1987)
27, 133 (1982); Suppl. 7,67 (1987)
65,369 (1996)

33, 179 (1984); Suppl. 7,67 (1987)
46,247 (1989)

65,381 (1996)

33, 187 (1984); Suppl. 7,67 (1987);
46,255 (1989)

4, 113 (1974); Suppl. 7,67 (1987)
33, 195 (1984); Suppl. 7,67 (1987);

46, 267 (1989)
30,271 (1983); Suppl. 7,67 (1987)
33,201 (1984); Suppl. 7, 67 (1987)
46,277 (1989)

7, 171 (1974); Suppl. 7,67 (1987);
50, 195 (1990)

4-Nitrobiphenyl
6- Nitrochrsene

Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrofluorene
Nitrofual

5-Nitro-2-fualdehyde semicarbazone (see Nitrofural)
Nitrofuantoin
Nitrofurazone (see Nitrofual)

1-((5-Nitrofurflidene )alno )-2-imidazolidinone

N-( 4-( 5-Nitro- 2-furl)- 2-thazolyl Jacetalde

50, 211 (1990)

Nitrogen mustard
Nitrogen mustad N-oxide
1-Nitronaphthalene
2- Nitronaphthalene
3-Nitroperylene
2-Nitro-para-phenylenedialne (see 1,4-Dialno-2-nitrobenzene)
2-Nitropropane

7, 181 (1974); Suppl. 7,67 (1987)
1,181 (1972); 7, 185 (1974);
Suppl. 7,67 (1987)
9,193 (1975); Suppl. 7,269 (1987)

9,209 (1975); Suppl. 7, 67 (1987)
46,291 (1989)

46, 303 (1989)
46, 313 (1989)

29,331 (1982); Suppl. 7,67 (1987)

kajo
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I-Nitropyrene

2- Ni tropyrene
4- Nitropyrene
N-Nitrosatable drugs
N-Nitrosatable pesticides
N' -Nitrosoanabasine
N' -Nitrosoanatabine
N- Nitrosodi -n-buty lamne

N- Nitrosodiethanolamine
N-Nitrosodiethylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine
para- Nitrosodiphen y lamine

N- Nitrosodi -n-propy lamine
N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N- Nitrosohydroxyproline
3-(N- Nitrosomethylamno )propionaldehyde
3-(N-Nitrosomethy lamno )propionitrle

4-(N-Nitrosomethylamno )-4-(3-pyridyl)-I-butanal
4-(N-Nitrosomethylamino )-I-(3-pyridyl)- 1 -butanone
N-Nitrosomethylethylamne
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N-Nitrosomethyl viny lamne
N-Nitrosomorpholine
N '- Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N- Nitrosopyrrolidine

N-Nitrososarcosine
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5- Nitro-ortho-toluidine
2-Nitrotoluene
3-Nitrotoluene
4- Nitrotoluene
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
NivaIenol (see Toxins derived from Fusarium graminearum,

F. culmorum and F. crookwellense)
NNA (see 4-(N-Nitrosomethylamno )-4-(3-pyridyl)- 1 -butanaIJ
NNK (see 4-(N-Nitrosomethylamino)- 1 -(3-pyridyl)-I-butaone J
NonsteroidaI oestrogens (see also Oestrogens, progestins and

combinations)
Norethsterone (see also Progestins; Combined oral contraceptives)
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33,209 (1984); Suppl. 7,67 (1987);
46,321 (1989)

46,359 (1989)

46, 367 (1989)
24,297 (1980) (corr. 42,260)
30,359 (1983)

37,225 (1985); Suppl. 7,67 (1987)
37,233 (1985); Suppl. 7,67 (1987)
4, 197 (1974); 17,51 (1978);

Suppl. 7, 67 (1987)
17, 77 (1978); Suppl. 7,67 (1987)
1, 107 (1972) (corr 42,251);

17, 83 (1978) (corr. 42,257);
Suppl. 7,67 (1987)
1,95 (1972); 17, 125 (1978)

(corr. 42,257); Suppl. 7,67 (1987)
27,213 (1982); Suppl. 7,67 (1987)
27,227 (1982) (corr. 42, 261);
Suppl. 7,68 (1987)
17, 177 (1978); Suppl. 7,68 (1987)

17,217 (1978); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
17, 304 (1978); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
37,263 (1985); Suppl. 7,68 (1987)
37,205 (1985); Suppl. 7,68 (1987)
37,209 (1985); Suppl. 7,68 (1987)
17,221 (1978); Suppl. 7,68 (1987)

17,257 (1978); Suppl. 7,68 (1987)
17,263 (1978); Suppl. 7,68 (1987)
17,281 (1978); 37, 241 (1985);
Suppl. 7,68 (1987)
17, 287 (1978); Suppl. 7, 68 (1987)
17, 303 (1978); Suppl. 7,68 (1987)
17,313 (1978); Suppl. 7,68 (1987)
17,327 (1978); Suppl. 7,68 (1987)

48, 169 (1990)

65, 409 (1996)
65,409 (1996)

65,409 (1996)

31, 185 (1983); Suppl. 7,68 (1987)

Suppl. 7, 272 (1987)

6, 179 (1974); 21,461 (1979)
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Norethynodrel (see a/sa Progestins; Combined oral contraceptives

Norgestrel (see a/sa Progestins, Combined oral contraceptives)
Nylon 6

o
Ochratoxin A

Oestradiol- 1 7ß (see a/sa Steroidal oestrogens)
Oestradiol 3-benzoate (see Oestradiol-17ß)
Oestradiol dipropionate (see Oestradiol- l7ß)
Oestradiol mus tard
Oestradiol-17ß-valerate (see Oestradiol-17ß)
Oestrol (see a/sa Steroidal oestrogens)

Oestrogen-progestin combinations (see Oestrogens, progestins
and combinations)

Oestrogen-progestin replacement therapy (see a/sa Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see a/sa Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins and combinations

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone (see also Steroidal oestrogens)

Oestrone benzoate (see Oestrone)
Oil Orange SS
Opistharchis felineus (infection with)
Opistharchis viverrini (infection with)
Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange L

Orange G
Organolead compounds (see a/sa Lead and lead compounds)
Oxazepam

Oxymetholone (see a/sa Androgenic (anabolic) steroids)
Oxyphenbutazone

p

Paint manufacture and painting (occupational exposures in)

Palygorskite

Panuran S (see a/sa Dihydroxymethylfuratrzine)
Paper manufacture (see Pulp and paper manufacture)

6,191 (1974); 21, 461 (1979)

(corr. 42, 259)
6,201 (1974); 21, 479 (1979)
19, 120 (1979); Suppl. 7,68 (1987)

JO, 191 (1976); 31, 191 (1983)
(corr. 42,262); Suppl. 7,271
(1987); 56, 489 (1993)
6,99 (1974); 21, 279 (1979)

9,217 (1975); Supp/. 7,68 (1987)

6,117 (1974); 21,327 (1979);
Suppl. 7,285 (1987)

Suppl. 7,308 (1987)

Suppl. 7,280 (1987)

6 (1974); 21 (1979);

Suppl. 7, 272 (1987)

6,123 (1974); 21, 343 (1979)

(corr. 42, 259)

8, 165 (1975); Suppl. 7,69 (1987)
61,121 (1994)

61,121 (1994)

8,173 (1975); Suppl. 7,69 (1987)
8, 181 (1975); Suppl. 7,69 (1987)
Suppl. 7, 230 (1987)
13,58 (1977); Suppl. 7,69 (1987);

66, 115 (1996)
13,131 (1977)

13, 185 (1977); Suppl. 7,69 (1987)

47,329 (1989)

42, 159 (1987); Suppl. 7, 117 (1987);

68,245 (1997)

24,77 (1980); Supp/. 7,69 (1987)
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Paracetamol
Parasorbic acid

Parathion
Patulin

Penicillc acid

Pentachloroethane
Pentach1oronitrobenzene (see Quintozene)
Pentach1orophenol (see also Chlorophenols; Chlorophenols,

occupational exposures to)
Permethrn
Pery1ene
Petasitenine
Petasites japonicus (see Pyrrolizidine aIkaloids)
Petro1eum refining (occupationaI exposures in)
Petro1eum sol vents
Phenacetin

Phenanthene
Phenazopyridine hydrochloride

Phenelzine sulfate
Phenicarbazide
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

Pheny1butazone
meta-Pheny1enediamine
para-Pheny1enediamine
Phenyl glycidy1 ether (see Glycidyl ethers)
N-Phenyl-2-naphthy1amine

ortho-Pheny1pheno1
Phenytoin

Philipsite (see Zeolites)

PWP
Pickled vegetables
Picloram
Piperazine oestrone sulfate (see Conjugated oestrogens)
Piperonyl butoxide
Pitches, coaI-tar (see Coa1-ta pitches)
Polyacrylic acid

Polybrominated bipheny1s

PolycWorinate biphenyls

Polychlorinated camphenes (see Toxaphene)
Po1ychlorinated dibenzo-para-dioxins (other than

2,3,7,8-tetrach1orodibenzodioxin)
Polychlorinated dibenzofurans
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50, 307 (1990)
JO, 199 (1976) (corr. 42,255);
Suppl. 7, 69 (1987)
30, 153 (1983); Suppl. 7,69 (1987)
JO, 205 (1976); 40,83 (1986);
Suppl. 7, 69 (1987)
JO, 211 (1976); Suppl. 7, 69 (1987)
41,99 (1986); Suppl. 7,69 (1987)

20,303 (1979); 53,371 (1991)

53,329 (1991)

32,411 (1983); Suppl. 7,69 (1987)
31,207 (1983); Suppl. 7,69 (1987)

45,39 (1989)

47,43 (1989)

13, 141 (1977); 24, 135 (1980);

Suppl. 7, 310 (1987)
32,419 (1983); Suppl. 7,69 (1987)
8,117 (1975); 24, 163 (1980)

(corr. 42,260); Suppl. 7,312 (1987)
24,175 (1980); Suppl. 7,312 (1987)
12, 177 (1976); Suppl. 7,70 (1987)
13, 157 (1977); Suppl. 7,313 (1987)
47,263 (1989) (corr. 50, 385)

9,223 (1975); 24, 185 (1980);
Suppl. 7, 70 (1987)
13, 183 (1977); Suppl. 7,316 (1987)
16, 111 (1978); Suppl. 7,70 (1987)
16, 125 (1978); Suppl. 7,70 (1987)

16,325 (1978) (corr. 42,257);
Suppl. 7,318 (1987)
30,329 (1983); Suppl. 7,70 (1987)
13,201 (1977); Suppl. 7,319 (1987);
66, 175 (1996)

56,229 (1993)

56, 83 (1993)

53,481 (1991)

30, 183 (1983); Suppl. 7,70 (1987)

19,62 (1979); Suppl. 7, 70 (1987)
18,107 (1978); 41, 261 (1986);
Suppl. 7,321 (1987)
7,261 (1974); 18,43 (1978)

(corr. 42,258); Suppl. 7,322 (1987)

69, 33 (1997)

69, 345 (1997)
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Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate (see Oestradiol-17ß)
Polypropylene
Polystyrene
Polytetrafuoroethy lene

Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol

Polyvinyl chloride

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyeth y l)di thiocarbamate
Potassium bromate
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prazepam
Prednimustine
Prednisone
Prnting processes and printing inks
Procarbazine hydrochloride
Proflavine salts
Progesterone (see also Progestins; Combined oral contraceptives)

Progestins (see also Oestrogens, progestins and combinations)
Pronetalol hydrochloride

1,3-Propane sultone

Propham
ß-Propiolactone

n-Propyl carbamate
Propylene

Propylene oxide

Propy lthiouracil

Ptquiloside (see also Bracken fem)
Pulp and paper manufacture

Pyrene
Pyrido(3,4-c )psoralen

Pymethanne
Pyrrolizidine alaloids (see Hydroxysenkkine; Isatidine; Jacobine;

Lasiocarine; Monocrotaine; Retrorsine; Riddelline; Seneciphyllne;
Senkikine)

19, 141 (1979); Suppl. 7, 70 (1987)
19, 164 (1979); Suppl. 7, 70 (1987)
19,314 (1979); Suppl. 7, 70 (1987)
19, 195 (1979); Suppl. 7, 70 (1987)

19,218 (1979); Suppl. 7, 70 (1987)
19,245 (1979); Suppl. 7, 70 (1987)
19,288 (1979); Suppl. 7, 70 (1987)
19,320 (1979); Suppl. 7, 70 (1987)
19,346 (1979); Suppl. 7, 70 (1987)
19,351 (1979); Suppl. 7, 70 (1987)
7,306 (1974); 19,402 (1979);
Suppl. 7, 70 (1987)
19,463 (1979); Suppl. 7, 70 (1987)
8, 189 (1975); Suppl. 7, 70 (1987)
8, 199 (1975); Suppl. 7, 70 (1987)
8,207 (1975); Suppl. 7, 70 (1987)

12, 183 (1976); Suppl. 7, 70 (1987)
40,207 (1986); Suppl. 7, 70 (1987)

66, 143 (1996)
50, 115 (1990)
26,293 (1981); Suppl. 7,326 (1987)
65,33 (1996)

26,311 (1981); Suppl. 7,327 (1987)
24, 195 (1980); Suppl. 7, 70 (1987)
6,135 (1974); 21,491 (1979)
(corr. 42, 259)
Suppl. 7,289 (1987)

13,227 (1977) (corr. 42,256);
Suppl. 7, 70 (1987)
4,253 (1974) (corr. 42, 253);
Suppl. 7, 70 (1987)
12, 189 (1976); Suppl. 7, 70 (1987)
4,259 (1974) (corr. 42,253);
Suppl. 7, 70 (1987)
12,201 (1976); Suppl. 7, 70 (1987)
19,213 (1979); Suppl. 7, 71 (1987);
60, 161 (1994)
Il, 191 (1976); 36,227 (1985)
(corr. 42, 263); Suppl. 7, 328
(1987); 60, 181 (1994)

7,67 (1974); Suppl. 7,329 (1987)
40,55 (1986); Suppl. 7, 71 (1987)
25,157 (1981); Suppl. 7,385 (1987)
32,431 (1983); Suppl. 7,71(1987)
40,349 (1986); Suppl. 7, 71 (1987)
13,233 (1977); Suppl. 7, 71 (1987)

kajo
Pencil
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Q

Quarz (see Crystalline silica)

Quercetin (see also Bracken fern)
para-Quinone
Quintozene

R

Radon
Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamne 6G
Riddelline
Rifampicin
Ripazepam
Rockwool (see Man-made mineraI fibres)
Rubber industr

Rugulosin

s

Saccharated iron oxide
Sacchar

Safrale

Salted fish
Sawmill industr (including logging) (see Lumber and

sawmill industr (including logging)J

Scarlet Red
Schistosoma haematobium (infection with)
Schistosoma japonicum (infection with)
Schistosoma mansoni (infection with)
Selenium and selenium compounds

Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride

Senecio jacobaea L. (see Pyrroliidine alaloids)

Senecio longilobus (see Pyrrolizidine alkaloids)
Seneciphyllie

Senkkine

Sepiolite
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31,213 (1983); Suppl. 7,71 (1987)
15,255 (1977); Suppl. 7,71 (1987)
5,211 (1974); Suppl. 7,71 (1987)

43,173 (1988) (corr. 45,283)
JO, 217 (1976); 24, 211 (1980)
(corr. 42,260); Suppl. 7,330 (1987)
15,155 (1977); Suppl. 7,71 (1987)
JO, 303 (1976); Suppl. 7,71 (1987)
16,221 (1978); Suppl. 7, 71 (1987)
16,233 (1978); Suppl. 7, 71 (1987)
JO, 313 (1976); Suppl. 7,71 (1987)
24,243 (1980); Suppl. 7, 71 (1987)
66, 157 (1996)

28 (1982) (corr. 42, 261); Suppl. 7,
332 (1987)
40,99 (1986); Suppl. 7, 71 (1987)

2, 161 (1973); Suppl. 7, 71 (1987)
22, 11 1 (1980) (corr. 42,259);
Suppl. 7,334 (1987)
1,169 (1972); JO, 231 (1976);
Suppl. 7, 71 (1987)
56,41 (1993)

8,217 (1975); Suppl. 7,71(1987)
61,45 (1994)

61,45 (1994)

61,45 (1994)

9, 245 (1975) (corr. 42,255);
Suppl. 7, 71 (1987)

12,209 (1976) (corr. 42,256);
Suppl. 7, 71 (1987)

JO, 319, 335 (1976); Suppl. 7,71
(1987)
JO, 327 (1976); 31,231 (1983);
Suppl. 7, 71 (1987)
42,175 (1987); Suppl. 7,71(1987);
68, 267 (1997)
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Sequential oral contraceptives (see also Oestrogens, progestins
and combinations)

Shale-oils
ShikimIc acid (see also Bracken fern)
Shoe manufacture and repair (see Boot and shoe manufacture

and repai)

Silica (see also Amorphous silica; Crystallne silica)
Simazine
Slagwool (see Man-made mIneral fibres)
Sodium arsenate (see Arsenic and arsenic compounds)
Sodium arsenite (see Arsenic and arsenic compounds)
Sodium cacodylate (see Arsenic and arsenic compounds)
Sodium chlorite
Sodium chromate (see ChromIum and chromIum compounds)
Sodium cyc1amate (see Cyc1amates)
Sodium dichromate (see ChromIum and chromium compounds)
Sodium diethyldithiocarbamate
Sodium equilin sulfate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulfate (see Conjugated oestrogens)
Sodium ortho-phenylphenate (see also ortho-Phenylphenol)
Sodium saccharn (see Saccharn)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)
Solar radiation
Soots

Spironolactone
Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatocystin

Steroidal oestrogens (see also Oestrogens, progestins and
combinations)

Streptozotocin

Strobane\I (see Terpene polychlorinates)
Strong-inorganc-acid mists containing sulfuric acid (see Mists and

vapours from sulfuric acid and other strong inorganic acids)
Strontium chromate (see ChromIum and chromIum compounds)
Styrene

Styrene-acry lonitrle-copolymers
Styrene-butadiene copolymers
Styrene-7,8-oxide

Succinic anydrde
Sudan 1

Sudan II
Sudan II

Suda Brown RR

SuppL 7,296 (1987)

35,161 (1985); SuppL 7,339 (1987)
40,55 (1986); SuppL 7, 71 (1987)

42,39 (1987)

53,495 (1991)

52, 145 (1991)

12, 217 (1976); SuppL 7, 71 (1987)

30,329 (1983); SuppL 7,392 (1987)

55 (1992)
3,22 (1973); 35, 219 (1985);

Suppl. 7, 343 (1987)
24,259 (1980); SuppL 7,344 (1987)

1, 175 (1972); JO, 245 (1976);
SuppL 7, 72 (1987)
SuppL 7, 280 (1987)

4,221 (1974); 17, 337 (1978);
SuppL 7,72(1987)

19,231 (1979) (corr. 42, 258);
SuppL 7,345 (1987); 60, 233 (1994)
(corr. 65,549)
19,97 (1979); SuppL 7,72(1987)
19,252 (1979); SuppL 7,72(1987)
Il, 201 (1976); 19, 275 (1979);

36,245 (1985); SuppL 7,72(1987);
60,321 (1994)

15,265 (1977); SuppL 7,72(1987)
8, 225 (1975); Suppl. 7, 72 (1987)
8,233 (1975); SuppL 7,72(1987)
8,241 (1975); SuppL 7,72(1987)
8,249 (1975); Suppl. 7,72(1987)

kajo
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Sudan Red 7B
Sulfafurazole
Sulfallate
Sulfarnethoxazole
Sulfites (see Sulfur dioxide and sorne sulfites, bisulfites and rnetabisulfites)
Sulfur dioxide and sorne sulfites, bisulfites and rnetabisulfites
Sulfur rnustard (see Mustard gas)
Sulfuric acid and other strong inorganic acids, occupational exposures

to insts and vapours frorn

Sulfur troxide
Sulphisoxazole (see Sulfafurazole)
Sunset Yellow FCF
Syrnphytine

T

2,4,5- T (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Talc
Tarnoxifen
Tannic acid

Tannins (see also Tannic acid)
TCDD (see 2,3,7,8-Tetrachlorodibenzo-para-dioxin)
TDE (see DDT)
Tea
Ternazeparn
Terpene polychlorinates
Testosterone (see also Androgenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2',5,5'- Tetrachlorobenzidine
2,3,7,8- Tetrachlorodibenzo-para-dioxin

1,1,1,2- T etrachloroethane
1,1,2,2- Tetrachloroethane
Tetrachloroethylene

2,3,4,6-Tetrachlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

Tetrachlorvinphos
Tetraethyllead (see Lead and lead cornpounds)
Tetrafuoroethylene
Tetraks(hydroxyrnethyl) phosphoniurn salts
Tetrarnethyllead (see Lead and lead cornpounds)
Tetrantrornethane
Textile rnanufacturing industr, exposures in

Theobroinne
Theophyllne
Thioacetande
4,4'- Thiodianilne

Thiotepa
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8,253 (1975); Suppl. 7,72(1987)
24,275 (1980); Suppl. 7,347 (1987)
30,283 (1983); Suppl. 7,72(1987)
24,285 (1980); Suppl. 7,348 (1987)

54,131 (1992)

54,41 (1992)

54, 121 (1992)

8, 257 (1975); Suppl. 7, 72 (1987)
31,239 (1983); Suppl. 7,72(1987)

15,273 (1977)

42, 185 (1987); Suppl. 7,349 (1987)
66, 253 (1996)
JO, 253 (1976) (corr. 42,255);
Suppl. 7,72(1987)
JO, 254 (1976); Suppl. 7,72(1987)

51,207 (1991)

66, 161 (1996)

5,219 (1974); Suppl. 7,72(1987)
6,209 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7,72(1987)
15,41 (1977); Suppl. 7,350 (1987);
69, 33 (1997)

41,87 (1986); Suppl. 7,72(1987)
20,477 (1979); Suppl. 7,354 (1987)
20,491 (1979); Suppl. 7,355 (1987);
63, 159 (1995) (corr. 65,549)

30, 197 (1983); Suppl. 7,72(1987)

19,285 (1979); Suppl. 7,72(1987)
48, 95 (1990)

65,437 (1996)

48, 215 (1990) (corr. 51,483)
51,421 (1991)

51,391 (1991)

7, 77 (1974); Suppl. 7,72(1987)
16,343 (1978); 27, 147 (1982);
Suppl. 7,72(1987)
9, 85 (1975); Suppl. 7, 368 (1987);
50, 123 (1990)
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Tlouracil
Thiourea
Tham

Titanium dioxide
Tobacco habits other than smoking (see Tobacco products, smokeless)
Tobacco products, smokeless

Tobacco smoke

Tobacco smoking (see Tobacco smoke)
ortho-Tolidine (see 3,3'-Dimethylbenzidine)
2,4-Toluene diisocyanate (see also Toluene diisocyanates)
2,6-Toluene diisocyanate (see also Toluene diisocyanates)
Toluene
Toluene diisocyanates

Toluenes, a-chlorinated (see a-CWorinated toluenes)
ortho- Toluenesulfonamde (see Saccharn)
ortho-Toluidine

Torenufene
Toxaphene
T-2 Toxin (see Toxins derived from Fusarium sporotrichioides)
Toxins derived from Fusarium graminearum, F. culmorum and

F. crookwellense

Toxins derived from Fusarium moniliforme
Toxins derived from Fusarium sporotrichioides

Tremolite (see Asbestos)
Treosulfan
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
TricWorfon
TricWormethine

TricWoroacetic acid

TricWoroacetonitrle (see Halogenated acetonitrles)
1,1,1- TricWoroethane
1,1,2- TricWoroethane

TricWoroethylene

2,4,5-Trichlorophenol (see a/so Chlorophenols; CWorophenols
occupational exposures to)

2,4,6- TricWorophenol (see a/so CWorophenols; Chlorophenols,
occupational exposures to)

(2,4,5- TricWorophenoxy)acetic acid (see 2,4,5- T)
1,2,3- TricWoropropane
TricWorotrethylamne-hydrochloride (see TricWormethne)
Ti- Tricho.thecene (see ToxIns derived from Fusarium sporotrichioides)

Tridynute (see Crystalline silca)
Triethylene glycol diglycidyl ether
Triflural

7,85 (1974); Suppl. 7,72(1987)
7,95 (1974); Suppl. 7,72(1987)
12,225 (1976); Suppl. 7,72(1987);
53,403 (1991)

47, 307 (1989)

37 (1985) (corr. 42, 263; 52, 513);
Suppl. 7,357 (1987)
38 (1986) (corr. 42, 263); Suppl. 7,
357 (1987)

19,303 (1979); 39,287 (1986)
19,303 (1979); 39,289 (1986)
47, 79 (1989)
39,287 (1986) (corr. 42,264);
Suppl. 7,72(1987)

\;
16,349 (1978); 27, 155 (1982)

(corr. 68,477); Suppl. 7,362 (1987)
66, 367 (1996)
20,327 (1979); Suppl. 7,72(1987)

11,169 (1976); 31,153,279 (1983);
Suppl. 7,64,74(1987); 56, 397

(1993)
56,445 (1993)

31,265 (1983); Suppl. 7, 73 (1987);
56,467 (1993)

26,341 (1981); Suppl. 7,363 (1987)

30,207 (1983); Suppl. 7, 73 (1987)
9,229 (1975); Suppl. 7, 73 (1987);
50, 143 (1990)
63,291 (1995) (corr. 65,549)

20,515 (1979); Suppl. 7, 73 (1987)
20,533 (1979); Suppl. 7, 73 (1987);
52, 337 (1991)
11,263 (1976); 20,545 (1979);
Suppl. 7,364 (1987); 63, 75 (1995)

(corr. 65, 549)
20, 349 (1979)

20, 349 (1979)

63,223 (1995)

11,209 (1976); Suppl. 7, 73 (1987)
53,515 (1991)
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4,4',6-Trirnethylangelicin plus ultraviolet radiation (see alsa
Angelicin and sorne synthetic derivatives)

2,4,5- Trirnethylaniline
2,4,6- Trirnethylaniline
4,5',8- Trirnethylpsoralen
Trirnustine hydrochloride (see Trichlorrnethine)
2,4,6- Trinitrotoluene
Triphenylene
Tris( azirdiny 1 )-para-benzoquinone
Tris( l-aziridinyl)phosphine-oxide
Tris(1-aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6- Tris( l-aziridinyl)-s-trazine
Tris(2-chloroethyl) phosphate
1,2,3- Tris( chlorornethoxy )propane
Tris(2,3-dibrornopropyl)phosphate
Tris(2-rnethyl-1-aziridinyl)phosphine-oxide
Trp-P-l
Trp-P-2
Trypan blue
Tussilaga farfara L. (see Pyrrolizidine alkaloids)

u

Ultraviolet radiation
Underground haernatite mining with exposure to radon
Uracil rnustard

Urethane

v

Vat Yellow 4
Vinblastine sulfate

Vincristine sulfate
Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolyrners

4- Vinylcyclohexene

4- Vinylcyclohexene diepoxide

Vinyl fluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolyrners

Vinylidene fluoride
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Suppl. 7, 57 (1987)

27, 177 (1982); Suppl. 7, 73 (1987)
27, 178 (1982); Suppl. 7, 73 (1987)
40,357 (1986); Suppl. 7,366 (1987)

65,449 (1996)

32,447 (1983); Suppl. 7,73 (1987)
9,67 (1975); Suppl. 7,367 (1987)

9, 75 (1975); Suppl. 7, 73 (1987)

9,95 (1975); Suppl. 7,73 (1987)

48, 109 (1990)

15,301 (1977); Suppl. 7,73 (1987)
20,575 (1979); Suppl. 7,369 (1987)
9, 107 (1975); Suppl. 7, 73 (1987)
31,247 (1983); Suppl. 7,73 (1987)
31, 255 (1983); Suppl. 7, 73 (1987)
8,267 (1975); Suppl. 7, 73 (1987)

40,379 (1986); 55 (1992)
1,29 (1972); Suppl. 7, 216 (1987)

9,235 (1975); Suppl. 7,370 (1987)
7, 111 (1974); Suppl. 7, 73 (1987)

48, 161 (1990)

26,349 (1981) (corr. 42,261);
Suppl. 7,371 (1987)
26,365 (1981); Suppl. 7,372 (1987)
19,341 (1979); 39, 113 (1986);
Suppl. 7,73 (1987); 63,443 (1995)
19,367 (1979); 39, 133 (1986);
Suppl. 7, 73 (1987)
7,291 (1974); 19, 377 (1979)

(carr. 42,258); Suppl. 7,373 (1987)
7,311 (1976); 19,412 (1979)

(corr. 42,258); Suppl. 7,73 (1987)
11,277 (1976); 39, 181 (1986)
Suppl. 7, 73 (1987); 60, 347 (1994)
11, 141 (1976); Suppl. 7,63 (1987);
60, 361 (1994)
39, 147 (1986); Suppl. 7, 73 (1987);
63,467 (1995)

19,439 (1979); 39, 195 (1986);
Suppl. 7,376 (1987)
19,448 (1979) (corr. 42,258);
Suppl. 7, 73 (1987)
39,227 (1986); Suppl. 7,73 (1987)
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N- Vinyl-2-pyrrolidone

Vinyl toluene

w

Welding
W ollastonite

Wood dust
Wood industres

x

Xylene
2,4-Xylidine
2,5-Xylidine
2,6-Xylidine (see 2,6-DimethylaniIine)

y

Yellow AB
Yellow OB

z

Zearalenone (see Toxins derived from Fusarium graminearum,
F. culmorum and F. crookwellense)

Zectran
Zeolites other than erionite
Zinc beryllium silicate (see Beryllum and beryllum compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium compounds)
Zinc potassium chromate (see Chromium and chromium

compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb
Ziram

19,461 (1979); Suppl. 7, 73 (1987)
60,373 (1994)

49,447 (1990) (corr. 52, 513)
42, 145 (1987); Suppl. 7,377 (1987);
68,283 (1997)

62,35 (1995)

25 (1981); Suppl. 7,378 (1987)

47, 125 (1989)

16,367 (1978); Suppl. 7, 74 (1987)
16,377 (1978); Suppl. 7,74 (1987)

8,279 (1975); Suppl. 7, 74 (1987)
8,287 (1975); Suppl. 7, 74 (1987)

12,237 (1976); Suppl. 7, 74 (1987)
68,307 (1997)

12,245 (1976); Suppl. 7, 74 (1987)
12,259 (1976); Suppl. 7, 74 (1987);
53,423 (1991)
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