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Demonstration of Epstein-Barr virus in primary
brain lymphoma by in situ DNA hybridisation in
paraffin wax embedded tissue

J K Murphy, L S Young, I S Bevan, F A Lewis, D Dockey, J W Ironside, C J O'Brien,
M Wells

Abstract
Tumour tissue from 29 patients with
primary brain lymphoma was reviewed
to determine if there was an aetiological
association between Epstein-Barr virus
and polyclonal and monoclonal lym-
phoproliferations. The morphology and
immunophenotype in 24 patients for
whom paraffin wax embedded tissue was
available were studied. A high grade
pleomorphic tumour morphology with
plasmacytoid features was seen in 13
tumours. Because of the large number of
pleomorphic lymphomas, all tumours
were examined for the presence of the
Epstein-Barr virus genome using in situ
DNA hybridisation. A panel of three
biotinylated probes to different sequen-
ces in the Epstein-Barr virus genome was
used. Positive hybridisation with one or
more probes was shown in tumours from
11 patients. The remaining tumours gave
no hybridisation signal. There was no
correlation between positive hybridisa-
tion and morphological subtype or clin-
ical outcome.
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Primary brain lymphoma represents only 10%
of all primary intracranial neoplasms and a

smaller percentage of all cases of non-Hodg-
kin's lymphoma, both nodal and extra-nodal in
site." Many studies have shown a striking
increase in incidence of this tumour, both in
immunosuppressed and non-immunosuppres-
sed populations."3 Regardless of treatment
modality or clinical state, these tumours are

associated with a very poor prognosis.
The Epstein-Barr virus, a B cell lymphotro-

phic herpes virus, has been associated with and
proposed as an aetiological agent in both ben-
ign and malignant lymphoproliferations.'2 '

Epstein-Barr virus is strongly associated and
implicated in the aetiology of both Burkitt's
lymphoma7 and lymphomas arising after tran-

splantation.9 12 In the endemic variety of
Burkitt's lymphoma a chromosomal transloca-
tion involving the c-myc oncogene occurs in
association with the virus in all tumours.8'"
Systemic lymphomas in hereditary ataxia-
telangiectasia have been shown to contain the
Epstein-Barr virus genome."4"5 Patients with
AIDS are also predisposed to the development
of lymphoma.'6"1 In the X-linked lympho-
proliferative syndrome, described by Purtilo in

the Duncan kindred, there is an ineffective
immune response to Epstein-Barr virus.'5 1819

Infection in the affected person results in a
spectrum of B lymphocyte disorders including
lymphoma. Similarly, infection in the cotton-
top Tamarin, the animal model for the Duncan
syndrome, results in oligoclonal B cell lym-
phoproliferations.20 Experimental transplanta-
tion of B lymphocytes infected with Epstein-
Barr virus in nude mice has resulted in both
polyclonal and monoclonal lymphoprolifer-
ations.2' Similar results have been reported in
studies of infected B lymphocytes in vitro.6

Southern blot hybridisation studies have
shown the presence of the Epstein-Barr virus
genome in at least five cases of primary central
nervous system lymphoma."'6 Furthermore,
serological studies have shown evidence of
persistent or reactivated Epstein-Barr virus
infection in cases of primary central nervous
system lymphoma.' As a corollary, an Epstein-
Barr virus-like herpes virus has been associated
with enzootic outbreaks of systemic lymphoma
in baboons.22
The Epstein-Barr virus genome is a linear

double stranded DNA molecule of 172 kilo-
bases.23 Restriction endonuclease maps have
been derived and the entire genome cloned and
sequenced. The genome is composed of
"unique" and "repeat" DNA elements.
Restriction endonucleases divide the genome
into shorter variable sequences. In this study
we analysed three distinct regions of the viral
genome. The BamW sequence is 3-3 kilobases
in length, is the product of the restriction
enzyme BamHl, and is a "repeat" sequence.
Epstein-Barr nuclear antigen leader protein24
or EBNA5 is encoded by highly spliced exons
from the BamHlWY region of the genome.
Finally, the Dhet sequence is 12-4 kilobases and
incorporates the LT3 gene and nearby unique
regions.
Lymphomas occurring in the context of

Epstein-Barr virus infection are described as
high grade pleomorphic tumours.'2 We recent-
ly reviewed a series of 29 primary brain lym-
phomas collected from three neurosurgical
units in the Yorkshire Regional Health Auth-
ority over 18 years.3 The morphology and
immunophenotype were studied in 24 cases for
which paraffin wax embedded material was
available. A high grade pleomorphic tumour
morphology was observed in 13 cases. With
such a predominant tumour type in our series
we investigated all the tumours for the presence
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221Epstein-Barr virus in primary brain lymphoma

of the Epstein-Barr virus genome -by in situ
DNA hybridisation, using a panel of biotiny-
lated probes to different regions of the viral
genome and a polyakaline phosphate complex
detection system.

Methods
Details of the tumours studied have been
reported elsewhere.3 Briefly, tumour tissue was
available from 16 males and 13 females (age
range 6-S80 years) as 23 surgical specimens and
six necropsy specimens. There was no overt
evidence of immunosuppression in any patient.
Twenty four tumours were supratentorial in
site and nine had a multifocal distribution in
the brain. Formalin fixed, paraffin wax

embedded tissue was available for study from
24 patients. The tumours were B cell non-

Hodgkin's lymphomas; most were high grade
showing a prominent pleomorphic morphology
(figure 1) while three were of low grade
lymphoplasmacytoid type.

In situ hybridisation studies were performed
on the 24 cases where paraffin wax embedded
tissue was available. Probes to the BamW,
leader protein, and Dhet sequences of the
Epstein-Barr virus genome were biotinylated
using biotin- 11-dUTP by nick translation
using standard protocols. Hybridisation was

visualised using the streptavidin-biotin-
polyalkaline phosphatase technique.
The details of the in situ hybridisation

technique have previously been published.25 In
summary, the material was first pretreated to
ensure maximal penetration of the probes:
sections 5 ,um thick on three aminopropyl-
triethoxysilane coated (Sigma Chemical Com-
pany, Poole, Dorset) single well slides
(Hendley Ltd, Essex) were dewaxed and
rehydrated. The sections were treated with the
detergent Triton X- 100 to permeabilise mem-
branes and then digested with the protease,
proteinase K (Gibco-BRL, Paisley, Scotland).
The sections were then treated with acetic acid
to destroy endogenous alkaline phosphatase,
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Figure 1 Primary brain lymphoma showing a high grade pleomorphic morphology and
a predominantly perivascular distribution (Haematoxylin and eosin).

refixed in paraformaldehyde, and dehydrated.
Parallel sections were also treated separately
with RNAse A and DNAse 1 to identify the
nucleic acid visualised after hybridisation.

Biotinylated probes to BamW, leader
protein, and Dhet sequences in a hybridisation
buffer containing 2 x SSC, 5%0 dextran
sulphate, 0-2% dried milk powder and 50%
formamide were added to all the sections at a
concentration of 200 ng/ml. Biotinylated total
human DNA was used as a positive control
while the hybridisation buffer alone and
biotinylated plasmid were used as negative
controls. The cellular and probe DNA were
denatured by heating the slides to 90°C for 10
minutes and hybridisation was carried out at
42°C overnight. (1 x SSC = 0 15M sodium
chloride, 0-015M sodium citrate).

After stringent washes to remove excess
probe and mismatched hybrids the hybridisa-
tion signal was detected by the addition of the
protein tetramer streptavidin (Dako) which has
a high affinity for biotin. Biotinylated alkaline
phosphatase (Dako) was then added to react
with the remaining biotin binding sites on
the streptavidin. The alkaline phosphatase
was visualised using the substrates
nitrobluetetrazolium (NTB) (Gibco-BRL) and
5-bromo-4-chloro-3-indolylphosphate (BCIP)
(Gibco-BRL) to produce a purple precipitate
at the site of hybridisation. The sections were
counterstained using 2% methyl green.
The probes have been validated and have

shown hybridisation in a lymph node from a
case of infectious mononucleosis and in cells of
the Raji cell line. Furthermore, a lymph node
from a confirmed case of infectious mono-
nucleosis was used in this study in parallel, as a
positive control tissue.

Results
The results of in situ hybridisation for Epstein-
Barr virus DNA in primary brain lymphomas
are summarised in the table. A particulate or
multiple dot pattern ofhybridisation signal was
seen in 11 tumours with the BamW probe
(figure 2), eight tumours with the leader
protein probe and in seven tumours with the
Dhet probe. Seven tumours were consistently
positive with all three probes, while one
tumour showed hybridisation with only two
probes and three tumours hybridised only with
the BamW probe. A stronger signal was visual-
ised using the BamW probe when compared
with that of the other. probes. This is due to the
presence of multiple repeats of the former
sequence in the viral genome compared with

Results of in situ hybridisation on primary brain
lymphomas

No of No of
Classification (Kiel criteria) surgical cases necropsy cases

High grade:
Pleomorphic 4/9 1/4
Lymphoblastic 1/3 None
Centroblastic 2/2 1/1
Immunoblastic None 2/2

Low grade:
Lymphoplasmacytoid 0/3 None
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spectrum of morphological types was observed
in those tumours where the Epstein-Barr virus
genome was visualised. Although three low

* grade tumours were included in the series, only
high grade tumours showed hybridisation with
the probes. Light chain monoclonality, which
was conclusively shown in 11 of the tumours,
was present in 10 of the 1 1 tumours hybridising
with the probes to Epstein-Barr virus sequen-
ces. No association was found between the age
and sex of the patients, site of the tumour or
clinical outcome, and detection of viral DNA
sequences.

*1

Figure 2 In situ hybridisation for the BamW repeat sequence of the Epst
genome in primary brain lymphoma. (a) Hybridisation signal seen in tumc
only; endothelial cells and glial cells do not contain the sequence. (b) Indiv
cell nuclei shows a fine multiple dot pattern of hybridisation for the BamW
sequence.

the leader protein and Dhet sequ
are single sequences. Tumour (

positive hybridisation signal whil
ing normal and reactive brain cell
thelial cells were negative. In all t
nucleic acid hybridised was confi
DNA using the enzymes RNAse A
1. Pretreatment with DNAse ab
signal while the use ofRNAse did r

result. A diffuse nuclear hybridis
was visualised using the probe to
DNA in tumour cells, surrounding
and in endothelial cells (figure 3).
A review of the lymphomas in

with the hybridisation results shi

Figure 3 In contrast,
DNA hybridisation for
total human DNA gives
nuclear labelling in all
cells, including tumour,
endothelial, and glial cells.
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* * Discussion
The classic picture of infection with Epstein-
Barr virus is infectious mononucleosis.' In
many patients infection may be asymptomatic,
and by adolescence or early adulthood most
people are seropositive for antibodies to
various viral antigens. After primary infection

in-Barrl vrleus the virus persists in a latent state. Both oro-
idual tumour pharyngeal epithelial cell infection and lym-
repeat phocyte infection persists for years to life, with

a continuous release of virus from the former
ences which but with little or no virus replication in lym-
cells had a phocytes.2" The latently infected lymphocytes
e surround- are suppressed or killed by immunocompetent
s and endo- T and natural killer lymphocytes." 2
tumours the In experimental and clinical situations the
irmed to be uncontrolled proliferation of lymphocytes with
and DNAse Epstein-Barr virus has resulted in a spectrum
olished the of lymphoproliferations, including monoclonal
iot affect the lymphomas. Most primary brain lymphomas
,ation signal are high grade B cell tumours.'-' They are
total human characteristically associated with an over-
brain cells, whelmingly poor prognosis, in contrast to

lymphomas at other sites. The normal brain is
conjunction devoid oflymphoid tissue2 and is regarded as an

owed that a immunologically privileged site, a factor
attributed to the blood brain barrier. A loss of

* repressor control, by virtue of immuno-

V
# suppression or the brain's privileged state,

would contribute to lymphoproliferation and
development oflymphoma. It has been sugges-

MS>* ted, therefore, that Epstein-Barr virus is an
* } aetiological agent in primary brain lym-

.<ir A reactive T lymphocyte population, possi-
bly representing a host response to the tumour,
is a commonly observed feature of both sys-

m *. temic and brain lymphomas.'-' In primary
s t brain lymphoma the T lymphocyte infiltrate
t } may be specifically directed against virally
8 infected B lymphocytes.
Wf X & We have shown the presence ofEpstein-Barr

, virus DNA in 11 primary brain lymphomas.
.A{ tEpstein-Barr virus DNA usually persists in

cells as covalently closed circular full length
episomes, but can persist solely as a complete
genome integrated into cell DNA, or as both
integrated and episomal DNA.2" The inability

* * to show the presence of the viral genome in 13
tumours of our series may have been due to
poor tissue fixation and preservation. In an

* > ' earlier study full immunophenotypic charac-
*~ AS t terisation of these tumours was limited by these

\ factors.' The in situ DNA hybridisation tech-
nique may not detect very low viral genome

222

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.43.3.220 on 1 M
arch 1990. D

ow
nloaded from

 

http://jcp.bmj.com/


Epstein-Barr virus in primary brain lymphoma

copy numbers, thereby limiting the sensitivity
of the technique. The polymerase chain reac-
tion can be used to amplify the number of viral
copies present in a tissue." Preliminary studies
with the polymerase chain reaction to detect
BamW and Dhet sequences in DNA extracted
from the paraffin wax blocks have supported
our results with the in situ hybridisation tech-
nique (unpublished observations).

Immunofluorescence studies with Epstein-
Barr virus immune human sera have indicated a
group of at least seven virally encoded proteins,
the Epstein-Barr virus nuclear antigen
(EBNA), and the latent membrane protein
(LMP).23 These so-called latent gene products
are constitutively expressed in all virally trans-
formed B lymphocyte cell lines.23 B cell growth
transformation in vitro seems to depend on the
cooperative action of all these latent gene
products.23 Two of these proteins, EBNA2 and
LMP, in particular, are associated with
phenotypic changes related to transformation
through specific activation of cellular genes.29
The B cell activation marker CD23 and the
adhesion molecules LFA3 and ICAMI are
upregulated by EBNA2 and LMP in vitro.2930
In vitro studies and studies in experimental
tumours in Tamarins3' and in B lymphocyte
proliferations in immunodeficient patients
(unpublished observations) have shown vari-
able but consistent expression of these effector
molecules. Integration of the viral genome,
which occurs in Burkitt's lymphoma and the
Namalwa cell line, does not seem to be the main
factor in lymphocyte transformation and
proliferation but rather the expression of these
nuclear antigens.23 We propose to study our
tumours for these effector molecules as their
expression would constitute strong evidence of
a direct oncogenic role for the virus.
The unusual natural history and behaviour

of primary brain lymphomas may be secondary
to the presence of Epstein-Barr virus genome
in the tumour cells. As Epstein-Barr virus
infection and subsequent latency is universal,
however, the presence of the virus in a lym-
phoma does not necessarily establish its role in
tumourigenesis. Other studies using Southern
blotting techniques have shown the presence of
the Epstein-Barr virus genome in both
Hodgkin's disease and large cell non-Hodg-
kin's lymphoma, including a small series of
central nervous system lymphomas.41632 Our
study, using the in situ technique, confirms an
association between Epstein-Barr virus and
primary brain lymphoma; its role as a potential
progenitor or mere passenger needs further
investigation.

We are grateful to Mr Stephen Toms for photographic assis-
tance and Miss Jackie Stevenson for preparing the manuscript.
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