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Primary cerebral lymphoma: a study of 47
probed for Epstein-Barr virus genome
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Abstract
Aims: To determine the prevalence of
Epstein-Barr virus genome in primary

cerebral lymphomas occurring in the
absence of immune suppression.
Methods: Forty eight consecutive patients
with lymphomas restricted to the central
nervous system were identified, all of
whom had had neurosurgical biopsies
performed at the National Hospitals for
Neurology and Neurosurgery, London.
Only five patients had some form of
underlying immune deficiency; 43 were

apparently normal. The tumours were

studied with immunohistochemical mark-
ers and by in situ hybridisation, using a

biotinylated probe to the internal repeat
region of Epstein-Barr virus.
Results: All the lymphomas were B cell in
origin. Tumours from the five immuno-

suppressed patients all showed hybrid-
isation, as did two of the "spontaneous"
tumours.
Conclusions: This is the largest series of
cerebral lymphomas so far probed for
Epstein-Barr virus genome: as more are

examined, it is suggested that a small
proportion of the tumours from inmuno-
competent patients will also contain the
virus.
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Lymphomas arising as isolated tumours of the
central nervous system are uncommon, their
incidence being generally estimated as less
than 1*5% of intracranial neoplasms,"l and as

a result most published series are small.
Interest in these tumours has been revived

recently, with the identification of Epstein-Barr
virus (EBV) in cerebral lymphomas,5 princi-
pally in patients with AIDS.67 The association
between the virus and tumour is less clear in
lymphomas that occur in immunologically
competent people. We reviewed the surgical
biopsy specimens of a large series of primary
cerebral lymphomas, almost all of them spo-
radic tumours, using immunohistochemical
markers and DNA in situ hybridisation for
EBV genome.

Methods
A consecutive series of primary cerebral lym-
phomas was obtained from the neuropathology
files of the National Hospitals for Neurology
and Neurosurgery, London. Over the period
studied (1973-1990 at Maida Vale Hospital
and 1979-1990 at Queen Square), a total of

8444 central nervous system tumours were
biopsied. Forty eight patients were found in
whom the diagnosis of lymphoma restricted to
the nervous system could be made with cer-
tainty. In four cases post mortem examination
confirmed the biopsy specimen diagnosis.

Formalin fixed, paraffin wax embedded
tumour obtained at surgery was available in 47
cases. Sections were routinely stained with
haematoxylin and eosin, reticulin, and a panel
of immunostains using the peroxidase-anti-
peroxidase technique. These included: leuco-
cyte common antigen (a pan-white cell marker
recognising the CD45 epitope); L26 (directed
against the B cell antigen CD20); and UCHL1
(recognising the T cell differentiation antigen
CD45R). All the antibodies were supplied by
Dako. The pathological material was classified
on the basis of morphology and staining
reactions into prognostic groups, according to
the criteria of the International Working For-
mulation sponsored by the National Cancer
Institute.8
A biotinylated DNA probe to the Bam HlW

(internal repeat 1) region of the Epstein-Barr
virus (EBV) genome (Enzo Diagnostics Inc)
was also used on sections of 47 tumours.
Hybridisation was visualised by means of an
antibiotin antibody.

Sections on poly-L-lysine-coated slides were
dewaxed and rehydrated. Endogenous perox-
idase activity was inhibited with 3% hydrogen
peroxide in methanol, the sections were then
washed in water, rinsed in phosphate buffered
saline (PBS) with 5mM EDTA, and digested
with proteinase K (1 mg/ml in PBS/EDTA, 15
minutes at 37°C). After further washing with
water and PBS/EDTA the hybridisation mix-
ture (50% formamide, 5% dextran sulphate,
2 x SSPE (sodium-saline-phosphate-EDTA)
and 500 ,ug/ml carrier DNA) with biotinylated
EBV probe (15 ,ul/100 Jul hybridisation buffer)
was applied. Hybridisation mix (20 ,ul) was
added to an average section. The sections were
covered with coverslips, then incubated at
92°C for six minutes, and hybridisation was
allowed to proceed at 37°C for two hours.
Coverslips were removed with 4 x SSC (sodi-
um citrate, sodium sulphate); slides were then
rinsed in 4 x SSC, followed by washing in
PBS. Before visualisation, non-specific binding
of antibody was blocked with 1% normal horse
serum in PBS. Slides were incubated in rabbit
anti-biotin antibody (Enzo), diluted 1 in 200 in
PBS for one hour. After rinsing in TRIS-
buffered saline (TBS), sections were covered
with biotinylated swine anti-rabbit antibodies
(Dako), diluted 1 in 500 in TBS with 1%
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Table 1 Working formulation classification of 47 primary
cerebral lymphomas

Low grade tumours:
Small lymphocytic cell 2
Lymphoplasmacytoid cell 3

Intermediate grade tumours:
Large cleaved cell 7
Mixed large and small cleaved cell 11
Large non-cleaved cell 19

High grade tumours:
Large cell immunoblastic I
Lymphoblastic 2

Unclassifiable 2
Total: 47

normal swine serum, for 30 minutes, followed
by incubation in horseradish peroxidase conju-
gated avidin-biotin complex (Dako) for 30
minutes. Signal was visualised using diamino-
benzidine (DAB); sections were counter-
sta
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cleared and mounted in DPX. Cyto-
megalovirus (CMV) (Enzo) was used as an
irrelevant probe with a similar method.
The probes were validated and showed

hybridisation (recognised as granular brown
deposits ofvarying sizes in the nuclei) in all the
EBV positive control sections used in this
series, which included sections of cells of the
Burkitt Raji line, a tongue from a patient with
AIDS and oral hairy leucoplakia, and a lym-
phoma from a renal transplant recipient
already known to be harbouring the EBV
genome. Appropriate negative controls
included digestion with RNAase and DNAase,
which were negative. Sections probed for
CMV were negative. All cases were examined
without knowledge of the clinical details.

lined in Meyer's haematoxylin, dehydrated, Results
The series comprised 27 men and 20 women.
Forty three patients (91-4%) had no identifi-
able immune deficiency; of the rest, four had
AIDS, and one was immunosuppressed fol-
lowing a renal transplantation. The mean age
at diagnosis for all the patients was 54-4 years
(median 55 years), and slightly older (56-8

Z-* ,-s '* v w years, median 58 years) when the five cases
O. 4 , X * .<S !with underlying immune deficiency had been

discounted.
The anatomical sites most frequently

involved were: cerebral hemispheres (n = 20),
cerebellum (n = 4), corpus callosum (n = 3),

71tŝ ^basal ganglia (n = 2), cerebellopontine angle
s*̂ta ^ (n = 2), brain stem (n = 1), optic nerves

(n = 1) and cervical cord (n = 1). Twenty
uf% ,,> ,,w, ,* * .# seven per cent of tumours were found to be
* * * @ * ~~~~~multifocal in distribution, and three of the five

immunosuppressed patients had multifocal
II,-- v lesions.
-$.q'MThe presence of extracerebral disease had

j been actively excluded in most patients, princi-
pally by bone marrow biopsy and abdominal
computed tomography or ultrasound scan, and

¶a all tumours were considered to be confined to
the central nervous system.
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HISTOLOGICAL FINDINGS

, j # The main patterns of growth in our series were
typical: all were diffuse lymphomas, originat-
ing in perivascular spaces, and spreading to
form confluent parenchymal masses. In two
tumours the morphology was too poor to
permit description, but the remaining 45 were

- \ classified according to the International Work-
ing Formulation criteria, and the results are
given in table 1.

Immunohistochemical studies were limited
I by the availability of markers working on

paraffin wax embedded material, and in most
cases consisted only of a pan-white cell marker,
and B cell and T cell markers. Without
exception, all cases were of B. cell type, in

;*5, "which a small but variable proportion of the
cells were T lymphocytes and presumably
reactive in nature.
With the use of the biotinylated EBV specific

probe, the tumour cells in all five cases of
ne. (B) cerebral lymphoma in immunosuppressed
tient. patients were strongly positive (figure). The
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Figure (A) An AIDS-related lymphoma showing hrybridisazion for EBVgenon
An identical picture is seen in the tumour cells of an immunologically normal pa
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EBV and primary central nervous system lymphoma

Table 2 Tumours showing positive EBV hybridisation

Number of Strength of
cases reaction

Immunosuppressed patients: 2 +++
2 ++
1 +

Immunocompetent patients: 1 +++
1 ++
1 2 nuclei only

+++ = >60% of tumour cells positive; ++ = 20-60% of
tumour cells positive; + = <20% of tumour cells
positive (Bashir et a16)

signal observed was in the nuclei of tumour
cells only, and similar to the staining seen in
the controls. In each case we attempted to
quantify the positivity seen, using a three point
scale. The results are shown in table 2. Granule
size and numbers varied from cell to cell. Some
nuclei contained very small granules only
detectable with an oil immersion lens; most
positive nuclei were easily seen and counted
with a x 40 objective. In two of the positive
cases fragments of unaffected brain were also
present in the biopsy sample, and in these areas
no cells showed hybridisation.

In addition to these cases, three further
tumours in patients with no underlying disease
also contained EBV genome. In one of these
only two tumour cells in a small biopsy
specimen showed hybridisation, and the
importance of this finding must be in doubt,
especially as no further cells showed positive
signal when additional sections were stained.
In the two other tumours, however, many cells
per high power field were positive (figure and
table 2).

Discussion
The association between the lymphotropic
Epstein-Barr virus and conditions such as
African Burkitt's lymphoma, nasopharyngeal
carcinoma, and a number of benign and
malignant B cell lymphoproliferative disorders
is well recognised.>" Population surveys, in
which lymphoma patients have been shown to
have higher titres of EBV capsid antigen than
controls,'2 13 have been complemented by
studies using DNA probes for EBV genome.
Such studies have identified virus in tissue
biopsy specimens from several different
lymphoproliferative conditions, including
malignant lymphoma.""22 Isolated clinical
reports have also suggested a relation between
EBV and lymphoma." 1723

Recent work has provided further evidence
that there is an association between Epstein-
Barr virus and primary lymphoma of the brain.
Several studies have shown the presence of
EBV genome in the malignant cerebral lym-
phomas of immunosuppressed patients, either
by hybridisation methods using extracted host
DNA, or by in situ hybridisation on tissue
sections.' G2 2 Cerebral lymphomas arising in
patients with no obvious underlying disease
have been less well studied in this respect. The
single case of Hochberg was the first to be
reported.5 Murphy and colleagues probed

tumours from 24 immunologically normal
patients, using a panel of three probes to
different sequences in the EBV genome.26
Eleven of their tumours showed positive
hybridisation in situ, most consistently with
the Bam HlW repeat sequence probe. These
authors comment that their failure to demon-
strate viral genome in the remaining 13 cases
was possibly due to poor tissue fixation or
preservation.
Using the same internal repeat sequence to

probe our 47 malignant cerebral lymphomas,
we have shown positive hybridisation in all five
cases where there was underlying immune
deficiency, but otherwise convincingly in only
two of the 42 apparently normal patients
(4 8%). Poor fixation or tissue preservation
may occasionally present problems, partic-
ularly with stereotactic biopsy material from
brain tumours, and two of the specimens we
investigated did show very poor cellular mor-
phology. We do not feel, however, that this
accounts for our inability to demonstrate the
presence of virus in most of our lymphomas.
Others have failed to get positive hybridisation
in tumours arising in apparently immuno-
competent patients, while achieving a high
detection rate in tumours from immune defi-
cient patients. 1524The 26 lymphomas exam-
ined by Nakleh et al included 11 primary
cerebral lymphomas; all three from immuno-
suppressed patients contained EBV genome,
and one of the eight tumours from immuno-
logically normal patients was also found to be
positive.27 Our results, from the largest series
of "spontaneous" cerebral lymphomas so far
studied with in situ hybridisation, are more in
line with the findings of these authors, rather
than with those of Murphy et al. It is likely that
as more of these sporadic cerebral lymphomas
are examined, only a small proportion will
prove to contain EBV, a view shared by List et
al. 28

When EBV genome is found to be present in
a lymphoma, the question is whether the virus
causes the tumour, or whether it is merely
infecting it secondarily. That EBV may induce
such neoplasms was strongly suggested by the
cases of Pattengale23 and Hanto.'7 The use of
biotinylated probe with a haematoxylin coun-
terstain enabled us to establish that the EBV
genome was present in neoplastic cells rather
than reactive lymphocytes, although positive
labelling did not correlate with any particular
histological subtype of tumour. The demon-
stration of viral genome in tumour cells but not
in unaffected brain, by us and by Hochberg,5 29
also suggests an aetiological rather than
"passenger" role for the virus. However,
because this was largely a retrospective study of
neurosurgical material we were not able to
probe either peripheral blood lymphocytes or
peripheral tissues for EBV, which has been
done successfully in patients with systemic
lymphoma.30 Clearly, the absence of EBV
genome in most sporadic cerebral lymphomas
indicates that the virus is not vital for its
development.

Finally, all our immunosuppressed patients
had a very rapid history of neurological deteri-
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oration and a uniformly dismal prognosis
(range one week to two months); the two
immunocompetent patients with positive
tumours were both alive at the time of writing,
their survival from diagnosis being almost
three years and 10 months, respectively.
Because of the small numbers involved, we

were not able to show any relation in the non-

immunocompromised lymphomas between
the amount of hybridisation signal and the
patient's subsequent clinical course, but fur-
ther study of these two patients is planned
when they return for follow up visits.
The numbers of spontaneous primary cere-

bral lymphoma currently seen remain small in
comparison with other brain neoplasms, and
unlike the immunosuppressed tumours, few of
them have so far been examined for the
presence of EBV genome. Issues such as the
association between cerebral and systemic
nodal and extranodal lymphomas, between
sporadic tumours and the immune suppressed
variety, and the role of EBV have still to be
addressed satisfactorily.
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