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Detection of single copies of Epstein-Barr virus in
paraffin wax sections by non-radioactive in situ
hybridisation
P J Coates, W P Mak, G Slavin, A J d'Ardenne

Abstract
A highly sensitive non-isotopic in situ
hybridisation technique was developed
for the localisation of Epstein-Barr virus
(EBV) in paraffin wax embedded tissue
sections. The method uses a repeated
sequence of the EBV genome as a probe,
labelled with the novel reporter
molecule, digoxigenin. The method can

identify individual copies of EBV by
detection of both EBV DNA and highly
localised RNA transcripts. A combina-
tion of careful proteolytic digestion of
tissue sections, high temperature de-
naturation of probe and target DNA, and
sensitive immunocytochemical detection
are used to attain single copy sensitivity.
The technique is quicker and simpler

to perform than some other methods
used for the identification of EBV, and
provides simultaneous morphological
information which cannot be obtained
by methods using tissue extracts. This
method permits the investigation of the
role of EBV in neoplastic conditions of
lymphoid and epithelial cells, and may

prove valuable in determining the sites
of latent virus in healthy subjects.
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Epstein-Barr virus (EBV) is a common herpes
virus which infects both epithelial and lym-
phoid cells.' The infection is life-long, with
the virus establishing a latent state in infected
cells. EBV has been associated with a wide
variety of human diseases, including infec-
tious mononucleosis,2 post-transplantation
lymphoproliferative disorders,3 AIDS-related
lymphomas,4 oral hairy leucoplakia,5 naso-

pharyngeal carcinoma' and Hodgkin's
disease.78
The techniques used to detect EBV infec-

tion depend largely on serological methods
to identify circulating antibodies to EBV
proteins, or on the use of molecular probes to
identify EBV genomes in tissue extracts by
Southern blotting or by the polymerase chain
reaction."' These methods are very sensitive
for detection of virus, but do not yield infor-
mation on the site of infection; for this, in situ
hybridisation has to be performed.
Methods for the identification of EBV by

in situ hybridisation have been reported
previously in a variety of diseases.5 1223 Many
of these studies have used radioactively
labelled probes12-17 to identify the virus in
infectious disease, various lymphoprolifera-
tive disorders, and nasopharyngeal cancer.

Non-isotopic systems have also been ap-
plied,'124 although these may suffer from a
relative lack of sensitivity.'3 2' To date,
successful non-isotopic hybridisation using
paraffin wax sections has been achieved only in
acute or chronic active infection'>20 and oral
hairy leucoplakia,5 when the virus is present in
multiple copies per cell, and in some primary
brain lymphomas.2' The detection of low copy
EBV infection has also been reported using
biotinylated probes applied to cryostat tissue
sections and cultured cell lines.22 24

In view of the wide variety of diseases
associated with EBV and the broad epithelial
and lymphoid tropism of the virus, there is a
need for a relatively simple and rapid in situ
hybridisation technique which is capable of
identifying low copy viral load. At the same
time good morphology must be retained to
determine which particular cell type(s) carry
the virus. We report the development and
application of such a technique that can detect
individual EBV genomes in formalin fixed,
paraffin wax processed sections.

Methods
PREPARATION OF DNA PROBES
The BamHl W fragment of EBV, 31 kilo-
bases in length, was used throughout these
studies for the identification of EBV genomes.
As a control the HindIII 0 fragment of
cytomegalovirus (CMV) was used in parallel
hybridisations. These fragments had each
been cloned into the plasmid vector pAT153,
and were used without purification from the
vector sequences.

Probes were labelled with digoxigenin- 11-
dUTP (Boehringer Mannheim, Lewes,
Sussex) by nick translation using a commer-
cially available kit (Gibco, Paisley, Scotland).
The reaction mixture contained 1 jug plasmid
DNA; 0-02 mM each of dATP, dCTP, and
dGTP; 0 01 mM dTTP and 0 01 mM of the
label in a final volume of 50 ,ul. Labelling was
performed for 90 minutes at 15°C, after which
the reaction was stopped by addition of
EDTA to a final concentration of 20 mM. The
labelled probe was purified by repeated etha-
nol precipitation in the presence of 100 ig
salmon sperm DNA and dissolved in 100 MI
TRIS/HC1 buffer, pH 7-5, containing 1 mM
EDTA. Probes were stored in aliquots at
-200C.

CELL LINES AND TISSUES
In studies to determine the sensitivity of our
non-isotopic in situ hybridisation technique

487
 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.44.6.487 on 1 June 1991. D

ow
nloaded from

 

http://jcp.bmj.com/


Coates, Mak, Slavin, d'Ardenne

on paraffin wax sections, three separate lym-
phoid cell lines containing variable numbers
of EBV genomes were used2224: B95-8 is an
EBV producer cell line, in which a small
number of cells spontaneously produce and
release large amounts of virus; Namalwa is a
Burkitt's lymphoma-derived cell line and con-
tains only two copies of EBV in each cell;
Ramos cells do not contain EBV DNA and so
acted as a negative control.

Cells were grown as suspension cultures
and 10 ml of each culture was fixed and
processed as follows. The culture medium was
removed by centrifugation. The cells were
washed twice in saline and resuspended in
10 ml of 10% unbuffered formol saline and
fixed overnight at room temperature. Fixative
was removed by centrifugation and the cells
embedded in agar. The agar pellet was dissec-
ted into three or four blocks and processed to
paraffin wax on an automatic tissue processor,
according to standard laboratory procedure.
Wax blocks of 17 undifferentiated.naso-

pharyngeal carcinomas were collected. These
tissues had been fixed in unbuffered formalin
and processed to paraffin wax for standard
histological evaluation and diagnosis. Five of
the blocks were retrieved from the files in
London; the remainder were obtained from
Hong Kong.

HYBRIDISATION
Sections were cut at 5 gm on to sialinised
slides.25 The sections were dried at room tem-
perature and heated to 75°C for one hour
before dewaxing in xylene. Endogenous
peroxidase activity was blocked with 0 5%
hydrogen peroxide in methanol and the slides
washed with alcohol and air dried. Sections
were digested with 500 ug/ml proteinase K
(Boehringer Mannheim) in TRIS buffered
saline (0'1 M TRIS/HCl, pH 7-6; 0-15 M
NaCl; TBS) for 15 minutes at 37°C. Slides
were rinsed thoroughly in distilled water,
dehydrated through 70%, 90%, and absolute
alcohol, and air dried.

Digoxigenin labelled probes were diluted in
a hybridisation medium containing final con-
centrations of 50% formamide, 5% dextran
sulphate, 2 x SSC and 1 ng/jl of probe
DNA. Depending on the size of the section,
7-25 Ml of hybridisation medium were spotted
on to the tissue and a coverslip placed
carefully over. Probe and target DNA were
simultaneously denatured at about 104°C in a
microwave oven, as previously described.2627
After denaturation slides were hybridised at
42°C overnight.
The sections were washed sequentially in

4 x SSC at room temperature (twice),
0-1 x SSC at 45°C (twice), and 4 x SSC at
room temperature (once). Each wash lasted 10
minutes.

DETECTION OF HYBRIDISED PROBES
We used a three layer immunocytochemical
system to amplify the hybridisation signal.'2
Slides were first incubated in TBS containing
3% BSA (TBSA) for 15 minutes. The TBSA
was drained from the sections and monoclonal

antibody to digoxin (Sigma UK, Poole, Dor-
set) was then applied diluted 1 in 5000 in
TBSA for 30 minutes. After three washes for
five minutes each in TBS biotinylated rabbit
immunoglobulins to mouse immunoglobulins
(Dako Ltd, High Wycombe) was applied
diluted 1 in 600 in TBSA for 30 minutes.
Sections were washed three times in TBS and
incubated with peroxidase conjugated strep-
tavidin (Dako Ltd) diluted 1 in 200 in TBSA
containing 5% non-fat milk for 30 minutes.
Reactive sites were identified by incubation in
TBS containing 0 05% diaminobenzidine
tetrahydrochloride (DAB), 0-068% imidazole,
and 0-05% hydrogen peroxide for ten min-
utes. Sections were counterstained lightly
with haematoxylin, dehydrated, cleared in
xylene and mounted in DPX.

DIGESTION WITH DNase OR RNase
To determine whether signals were due to
hybridisation of the probe to DNA or RNA
sequences we digested the sections with either
DNase or RNase. Following proteinase K
treatment sections were digested with RNase
free DNase (Boehringer), 2000 units/ml in
0 04 M TRIS/HCl, pH 7-8, containing
10 mM MgC12 and 0-1 mM CaCl2 for 30 min-
utes at 37°C. Alternatively, sections were
digested with DNase free RNase A (Sigma),
200 jg/ml in 2 x SSC at 37°C for 30 minutes.
Sections were rinsed thoroughly in distilled
water, dehydrated through alcohol, and air
dried before probe was applied.

Results
CELL LINES
In paraffin wax sections of the cell lines
examined we were easily able to identify EBV
genomes in the B95-8 producer cell line.
Intense hybridisation signals were seen in
about 10% of the cells, with the signal com-
pletely covering the cell nucleus (fig 1). In the
Namalwa cell line signals were more difficult to
discern, and it was necessary to use a high
power objective lens (x 40). None the less
about 70% of the cells could be seen to contain

Figure I B95-8 cells hybridisedfor EBV. The central
cell shows intense hybridisation signal over the nucleus.
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Figure 2 Namalwa cells hybridisedfor EBV. The
nuclei of each cell shows a small area of hybridisation.
The arrowed cell show that the signal is composed of two
separate dots.

EBV by our method. Most of the cells con-
tained a single brown dot, although an
appreciable number of cells contained two dots
(fig 2). As the cells of this Burkitt's lymphoma-
derived line only contain two copies ofthe EBV
genome,22 24 these results indicate that the
method identifies individual copies of EBV.

Hybridisation of these cell lines with a CMV
probe showed a complete absence of reactivity
(fig 3). Hybridisation of the Ramos cells with
the EBV probe was also completely negative.

NASOPHARYNGEAL CARCINOMAS
Positive hybridisation with the EBV probe was
usually easily identified in sections of the 17
nasopharyngeal carcinoma biopsy specimens.
Staining was confined to cells with the mor-
phological characteristics of malignancy and
the positivity was seen as multiple, discrete
dots within the nucleus. No hybridisation was

Figure 3 Namalwa cells hybridised with CMV probe.
No signal is present, although areas of condensed
chromatin can be seen.

seen in areas of apparently normal epithelium,
or in inflammatory cells.

In six of the samples a severe deterioration in
tissue morphology was noted, making it dif-
ficult to identify individual cell types and to
interpret hybridisation signals. We therefore
repeated the examination using a lower concen-
tration of proteinase K for digestion (250 Mg/
ml), and found this effective for identifying
hybridised sites and maintaining tissue mor-
phology in these six samples. Many ofthe other
sections which had previously shown positive
hybridisation with good retention of mor-
phology, however, now gave either weaker
signals, or in some cases, a complete absence of
positive hybridisation. These tissues were
therefore examined again, using digestion with
1000 ig/ml proteinase K, and in two cases
showed more intense hybridisation signals than
before, without loss of morphology.
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OPTIMAL DIGESTION PROTOCOL
Using an empirically determined optimal
digestion protocol applied to all 17 biopsy
specimens, the strength of hybridisation sig-
nals varied considerably both among different
cases and in different areas of the same section
(fig 4). Positive signals were seen as multiple
discrete dots within the nucleus of malignant
cells, the number of dots varying from cell to
cell, and from case to case. In many cells some
of the nuclear dots were much larger than seen
in the Namalwa cells, indicating that more than
one EBV genome was contributing to a single
positive signal. Other positive sites were
similar in size to those seen in Namalwa cells,
suggesting that these represented individual
copies of the EBV genome.
No hybridisation was seen in apparently

normal epithelium, or in infiltrating lympho-
cytes when using the EBV probe. Hybridisa-
tion with the CMV probe gave uniformly
negative results.

Figure 4 EBV in nasopharyngeal carcinoma. Hybridisation signal is confined to
malignant epithelial cells. Surrounding lymphocytes show counterstain only. Note also
the variation in intensity of staining in different cells.

DIGESTION WITH DNase AND RNase
Digestion of sections of Namalwa cells with
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RNase A caused a substantial reduction in the
size and intensity of the hybridisation signals.
It was still just possible, however, to identify
single or double dots in these cells. Similarly,
the signal intensity was greatly reduced in
sections of nasopharyngeal carcinoma cells
after treatment with RNase, although multiple
positive sites were still found. Digestion with
DNase caused only a slight reduction in signal
intensity in Namalwa cells and in nasopharyn-
geal cancers.

Discussion
Studies into the role ofEBV in human diseases,
particularly neoplasms, require localisation of
the virus at the cellular level, because its
presence has to be shown in tumour cells rather
than non-neoplastic elements. Non-isotopic in
situ hybridisation may also be of more general
use for viral detection24 because it is simple,
rapid, and inexpensive when compared with
DNA blotting techniques requiring radio-
isotopes, or the polymerase chain reaction. One
drawback of non-isotopic in situ hybridisation
for the identification of viral DNA sequences
has been a relative lack of sensitivity, such that
it has only been possible to detect multiple
copies of virus (from about 800 copies of
human papilloma virus genomes a cell to 20 or
fewer copies a cell).2>" It has been claimed,
however, that non-radioactive in situ hybridis-
ation using biotinylated probes is capable of
detecting in the region of 10 copies of human
papilloma virus genomes a cell,25 and can be as
sensitive as isotopic methods if detection sys-
tems are optimised.27

In studies using digoxigenin-labelled probes
on fresh cultured cells an estimated sensitivity
of one to two copies ofhuman papillomaviruses
has been reported,'2 while in paraffin wax
sections the sensitivity is about 2-5-10 copies.28
In terms ofDNA sequence this is equivalent to
20-80 kilobase pairs (kbp) ofDNA, and is more
sensitive than biotinylated probes.28'2 Recent
reports have confirmed the increased sensitivity
of digoxigenin over biotin for in situ hybridisa-
tion studies,"'4 due partly to the decreased
background staining of digoxigenin probes.2"
In our studies we have made use of a repeated
sequence of EBV DNA, which is 31 kbp in
length and is reiterated seven to 12 times in
different viral isolates.'5 Apart from the viral
DNA sequences, there are up to 900 kbp of
highly localised RNA transcripts.'6 It is this
RNA which forms the major portion of the
observed signal in cultured cells,24 and in our
paraffin wax sections, as determined by RNase
and DNase digestions. Our method seems to be
able to detect the DNA sequence directly,
equivalent to a sensitivity of about 22-36 kbp.
The applicability of the technique to rou-

tinely processed, paraffin wax tissue sections
has been shown by the detection of EBV in a
series of unselected nasopharyngeal carcinoma
biopsy specimens obtained from two different
centres. The results we obtained agree with
those obtained recently with a radioactive
probe," with the virus being localised to malig-
nant epithelial cells alone.

In this study there were problems with
retaining the sensitivity of the method while
maintaining adequate tissue morphology fol-
lowing proteolytic digestion to unmask tissue
nucleic acids. In many situations where in situ
hybridisation is applied to detect infected cells
this problem is not important, as a very high
sensitivity of detection is not always required.
The importance of proteolytic digestion in the
procedures of in situ hybridisation applied to
routinely prepared wax sections has been noted
previously.2"27 7 To attain a high level of
sensitivity it is necesary to optimise tissue
digestion variables to reveal all possible
hybridisation sites. The extent of digestion
required is related to the extent of initial
fixation, which in a series of archival tissue
blocks will vary substantially, depending both
on tissue size and time spent in fixative.
Therefore, we believe a range of digestion
times or concentrations is obligatory for each
situation, if the highest possible sensitivity is to
be obtained in every archival sample analysed.
The procedure described in this report per-

mits the reliable identification ofsingle copies of
EBV in routinely prepared paraffin wax tissue
sections. The method is therefore reliable for
identifying sites of virus in a wide variety of
tissues to investigate proposed associations
with neoplastic diseases, and to investigate sites
of EBV latency in both epithelial and lympho-
reticular cells.
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