
66 Clin Pathol 1992;45:616-620

Epstein Barr virus (EBV) encoded small RNAs:
Targets for detection by in situ hybridisation with
oligonucleotide probes

G Khan, P J Coates, H 0 Kangro, G Slavin

Abstract
Aims: To develop a rapid, sensitive, and
specific non-isotopic in situ hybridisation
(NISH) procedure for the detection of
Epstein-Barr virus in formalin fixed, par-
affin wax embedded tissues.
Methods: Two low molecular weight
RNAs, designated EBER-1 and EBER-2
(Epstein-Barr encoded RNA), were used:
celis latently infected with EBV secrete
large amounts of EBERs. The method
uses digoxigenin labelled anti-sense
oligonucleotides, corresponding to
sequences in EBER-1 and EBER-2.
Results: The use of these probes, in con-
junction with high temperature micro-
wave denaturation, ensured that the tech-
nique was considerably more sensitive
than other in situ hybridisation tech-
niques for detecting EBV. Furthermore,
the hybridisation signal was morpholog-
ically distinct in that only the nucleus and
not the nucleolus give a positive signal. No
cross-hybridisation was observed with
cells infected with other lymphotropic
herpes viruses.
Conclusion: The sensitivity, simplicity,
and rapidity of this technique make it
ideal for diagnostic use, and for studies
investigating the role of this virus in
neoplastic disease.

Epstein-Barr virus (EBV) is a large (172
kilobase), double stranded DNA virus, des-
ignated the y herpes virus. This ubiquitous
transforming virus"2 is known to infect both
epithelial3 and lymphoid cells."2 More than
90% of the world population is seropositive for
EBV.4

In less than three decades since the discov-
ery of EBV in a Burkitt's lymphoma cell
culture,5 this virus has been shown to be
associated with a whole range of benign and
malignant human diseases. Typically, EBV has
been associated with two geographically
restricted malignancies, Burkitt's lymphoma
and nasopharyngeal carcinoma,67 and it is
known to be an aetiological agent of infectious
mononucleosis.8 More recently, EBV has been
implicated in the aetiology of post-transplanta-
tion lymphoproliferative disorders,9 Hodgkin's
disease,'0 brain lymphomas," oral hairy leuco-
plakia,'2 andT cell lymphomas.'"The ubiqui-
tous nature of EBV and its diverse association
with human diseases emphasises the need for
sensitive, specific, and rapid techniques which
can detect the presence of the virus at the

cellular level. Several techniques have been
used for showing the presence of EBV, includ-
ing serology,'4 Southern blotting,'5 polymer-
ase chain reaction'1 16 and in situ hybrid-
isation.'0-12 However, of these only in situ
hybridisation allows the virus to be localised at
the cellular level. In recent years it has been
modified to give very sensitive results, even
with non-isotopically labelled probes. Using
digoxigenin labelled BamHl W fragment
probe, the internal repeat sequence of EBV,
single copies of EBV can be detected in
infected cells.'7 18 The interpretation of the
results, however, can be very difficult if only a
few copies of EBV are present, because of the
dot pattern of the hybridisation signal.
EBV infection can follow one of two major

pathways; either a latent cycle or a productive
one, depending on the cell type infected. In B
lymphocytes EBV generally establishes latent
infection during which at least eight virally
encoded proteins are expressed."' In addition,
two non-polyadenylated non-coding small
RNAs, referred to as Epstein Barr encoded
RNAs (EBER-1 and EBER-2), are also pres-
ent."' In latently infected cells EBERs are by
far the most abundant gene transcripts (107
copies per cell) 20-22 These small RNAs, 166
and 172 nucleotides, respectively, are located
in the nucleus23 where they are bound to
cellular La (lupus antigen) protein20 and
EBER associated protein (EAP).24 Hence
EBERs exist as ribonucleoproteins, complexed
with at least two cellular proteins, and exhibit
stable secondary structure.20 22 24 Despite the
high abundance of EBERs in infected cells,
their function remains elusive.22 23 25
The detection of EBERs by in situ hybrid-

isation using cloned EBER-1 riboprobe has
recently been described and shown to be a
promising technique for the detection of
EV 26 27

Methods
PREPARATION OF DNA PROBES

The BamHl W fragment of EBV, which is the
3 1 kilobase internal repeat sequence, was
cloned into the plasmid vector pAT153 and
subsequently used without purification from
the vector. For oligonucleotide EBER probes,
two sequences of 30 nucleotides each, corre-
sponding to positions 90-119 and 82-111 of
EBER-1 and EBER-2, respectively, were selec-
ted from their published sequence28 and syn-
thesised using the 391 DNA synthesiser
(Applied Biosystems). The sequences were
designed to have high G-C content (60%) to

Departments of
Histopathology and
Virology, St
Bartholomew's
Hospital, West
Smithfield, London
ECIA 7BE
G Khan
P J Coates
H 0 Kangro
G Slavin
Correspondence to:
Dr G Khan
Accepted for publication
28 November 1991

616

 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.45.7.616 on 1 July 1992. D
ow

nloaded from
 

http://jcp.bmj.com/


Detection ofEBV using oligonucleotide probes

ensure the formation of stable hybrids with
their targets. The oligonucleotide sequences
were also selected to be complementary to
target regions in EBER-1 and EBER-2, which
are not bound to cellular proteins and do not
contain significant secondary structure, there-
by facilitating the efficiency of hybridisation. A
30 mer oligonucleotide, unrelated to EBER
sequence, but having similar G-C content
(60%), was also synthesised and labelled as for
EBER probes. This was used as a negative
control.

All probes were labelled with digoxigenin-
1 1-dUTP (Boehringer Mannhein, Lewes, Sus-
sex). The BamHl W fragment probe was

labelled by nick translation using a commer-

cially available kit (Gibco, Paisley, Scotland),
following the manufacturer's protocol. The
synthetic oligonucleotide probes were end-
labelled by tailing with terminal transferase, as

described.29 Briefly, the labelling reaction was

set up by combining the following compounds
on ice: I,ul oligonucleotide (1 ,g/,); 4 jul of 5
x concentrated tailing buffer (TRIS-HCI 125
mmol/l, pH 6-6, potassium cacodylate 1 mol/l,
bovine serum albumin 1-25 mg/ml); 2 jul
Cocl2 (50 mmol/l); 1 jul Dig-dUTP labelling
mixture (Dig-dUTP 1 mmol/l, dATP 9 mmol/
1, TRIS-HCl 10 mmol/l, pH 7 5). The reaction
volume was increased to 17 pl with sterile
distilled water and 3 1ul (55 Units) of terminal
transferase (Stratech Scientific Ltd, Luton,
UK) was added. The mixture was incubated
for 30 minutes at 37°C. The reaction was

terminated by adding 1 pl of 0-2 M EDTA and
the labelled oligonucleotides were purified by
repeated ethanol precipitation in the presence
of 100 ,ug salmon sperm DNA.

Before ethanol precipitation of the labelled
oligonucleotide probes, 2-5 jul (125 ng) of each
probe was aliquoted out for the determination
of the tail length and the labelling efficiency by
electrophoresis through a 20% polyacryamide
gel. Gels were stained with ethidium bromide,
blotted on to a nitrocellulose membrane, and
the labelled probe detected as described.29

CELL CULTURE ANDMSSUES

Human cytomegalovirus and human herpes
virus 6 (HHV-6) were cultured in human
foreskin fibroblasts and HSB-2 cell line,
respectively. B95-8 (EBV producer cell line),
Namalwa (Burkitt's lymphoma cell line con-

taining two copies of EBV), EBV transformed
lymphoblastoid cell line, and Ramos (EBV
negative cell line) were also grown in cell
suspension culture. The cells were fixed in 10%
formol-saline overnight at room temperature,
pelleted by centrifugation, and embedded in
0-5 ml of 2% agar. The agar pellets were

dissected into small blocks and processed to
paraffin wax on an automatic tissue processor,
according to standard laboratory procedure.

Formalin fixed, paraffin wax embedded tis-
sues were retrieved from the departmental
files. These consisted of five cases of undiffer-
entiated nasopharyngeal carcinoma, five cases

of Hodgkin's disease, and one case of non-

Hodgkin's lymphoma. Except for two cases of
Hodgkin's disease, all other cases were positive

for EBV by polymerase chain reaction (PCR)
or NISH or both. 16 17 Sections of normal tonsil
were used as negative controls in addition to
fibroblast and HSB-2 cell cultures.

HYBRIDISATION
In situ hybridisation using BamHl Wfragment
was carried out, as previously described.'7 A
similar approach was adopted for EBER
hybridisation. In initial experiments a range of
variables were evaluated for their effects on the
detection ofEBERs. These included stringency
conditions for hybridisation and post-hybrid-
isation washes, the temperature of denatura-
tion, the degree of proteinase K digestion and
the concentration of probes.

Briefly, 5 um sections on sialinised slides
were heated for one hour at 70°C, dewaxed in
xylene, and the endogenous peroxidase activity
blocked with 05% hydrogen peroxide in meth-
anol. The sections were digested with protei-
nase K inTRIS-buffered saline (pH 7 6) for 15
minutes at 37°C, dehydrated, and dried. The
labelled probes were diluted to a concentration
of 0 I pg/ml in hybridisation medium (50%
formamide, 5% dextran sulphate, 2 x SSC).
Depending on the size of the section, 8-15 pul
of the diluted probe was spotted on to the
tissue sections and a coverslip placed on top.
Probe and target EBER RNA were simul-
taneously denatured at about 1 04'C in a
microwave oven (Toshiba ER-665) for eight
minutes (one minute at medium setting fol-
lowed by seven minutes at low setting).'830
The sections were subsequently hybridised at
42°C overnight in a hot air oven.
The non-specific or unbound probe was

removed by post-hybridisation washes consist-
ing of two 10 minute washes in each of the
following: 2 x SSC (sodium citrate, sodium
chloride) at room temperature, 0 1 x SSC at
55°C, and finally 2 x SSC at room tem-
perature. The hybridisation signal was detected
by a three layer ABC-peroxidase technique
(Vector Laboratories, Peterborough, England)
using mouse anti-digoxin monoclonal anti-
body (Sigma, UK; Poole, Dorset). Diamino-
benzidine tetrahydrochloride (DAB) was used
as the chromogen. 7

Results
EVALUATING OPTIMAL CONDITONS FOR EBER

HYBRIDISATION
From polyacrylamide gel electrophoresis and
the subsequent blot, the oligonucleotides were
shown to have incorporated dig-dUTP and to
have a tail length in the range of 50-100
nucleotides.
Stringency: The melting temperature for the
oligonucleotide probes was estimated to be
60-62°C, according to Maniatis.3' Using this
figure as a guideline, post-hybridisation washes
at various levels of stringency were performed,
including 2 x SSC at room temperature; 0 1
x SSC at 42°C, 0.1 x SSC at 60°C, and 0-1
x SSC at 70°C. From the results of these
experiments we chose 0-1 x SSC at 550C for
the post-hybridisation washes. At this strin-
gency condition, the hybridisation signal was
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seen only in EBV positive cell lines. At lower
stringency conditions, weak non-specific
hybridisation was present in HSB-2 cells,
although not in other cell lines.
Denaturation: Probe and target EBER RNA
were denatured at 70°C in a hot air oven for
eight minutes or at about 104°C in a micro-
wave (Toshiba), also for eight minutes. High
temperature microwave denaturation gave a
stronger signal.
Digestion: Tissue sections were digested at a
range of proteinase K concentrations
(10-1000 pg/ml). All the tissues examined in
this study required digestion: at concentrations
less than 100 ,ug/ml for optimal EBER signal
detection. This is about one fifth to one tenth
of that required for optimal BamHl W probe
hybridisation. With no digestion, the signal was
completely abolished for BamHl W probe and
considerably reduced for EBER detection.
Probe concentration: A range of EBER- 1 and
EBER-2 probe concentrations were evaluated
(10-1000 ng/ml), both individually and in
combination. A positive signal could easily be
seen at concentrations as low as 10 ng/ml in
EBV positive cell lines and nasopharyngeal
carcinomas. The combination of the two
EBER probes gave a stronger signal than either
of the individual probes. The optimal signal
was seen at 100 ng/ml and beyond this the
intensity of the signal did not increase. At a
concentration of 1000 ng/ml, weak staining
was observed in small infiltrating lymphocytes
in Hodgkin's disease tissues, although not in
nasopharyngeal carcinoma. A similar pattern
of weak staining was also seen with a com-
pletely unrelated oligonucleotide used as a
negative control. This suggests that this weak
staining in small lymphocytes is non-specific.
In keeping with this, the weak staining could be
blocked by including 50 ,ug/ml of the unrelated
unlabelled 30 mer in the EBER hybridisation
mix.

SPECIFICITY

Having optimised the EBER hybridisation
conditions, various EBV positive and negative
cell lines were tested to determine the specifici-
ty of the technique. Very strong nuclear hybrid-
isation signal was seen in the EBV positive
B95-8 cell line (not shown). A weaker, but
nevertheless clearly positive signal was also
seen in Namalwa and EBV positive
lymphoblastoid cell lines. Furthermore, the
hybridisation signal was exclusively present in
the nucleus, sparing the nucleolus. The inten-
sity of the signal varied from cell to cell in the
same section. The EBV negative cell line,
Ramos, and sections of normal tonsil were
consistently negative, as were HSB-2 and
fibroblast cell cultures infected with HHV-6
and cytomegalovirus, respectively. To deter-
mine if the hybridisation signal observed using
EBER probes was specific, a competitive
inhibition assay was set in which the EBER
signal was found to be inhibited if a 1000-fold
excess of unlabelled probe was included in the
hybridisation mix. Further confirmation of the
specificity of the EBER oligonucleotide probes
was obtained by treating sections from Hodg-

kin's disease and nasopharyngeal carcinoma
tissue with RNase'7 before hybridisation. No
signal was seen in any of the RNase treated
preparations, while the corresponding un-
treated sections were strongly positive
(figs 1A and B).

TUMOUR TISSUES

Except for two cases of Hodgkin's disease, all
the cases studied were known to be positive for
EBV DNA by PCR, or NISH, or both."6 17
The hybridisation signal using the EBER
probes was very intense with a diffuse pattern
of staining confined to the nucleus but sparing
the nucleolus (figs 1A and 2A). Comparing the
sensitivity of EBER hybridisation and the
BamHl W probe hybridisation method, the
former was found to be much more sensitive
on all the tissues tested. The hybridisation
signal seen using BamHl W probe was much
more difficult to discern. These signals are seen
as small dots within the nucleus and required a
high power objective lens for identification (fig
2B). With BamHl W probe, a high degree of
digestion may often be needed for optimal
signal detection and inevitably this results in a
loss of tissue morphology. Additionally, in
those cases which were EBV positive, almost
all morphologically malignant cells gave a
positive signal with the EBER probes, in
contrast to BamHl Wprobe, which resulted in
only a proportion of malignant cells giving a
positive signal. In both methods the signal was
confined to cells showing the morphological
characteristics of malignancy and was not seen
in the infiltrating lymphocytes. There was
considerable variation in the intensity of the
hybridisation signal from one case to another
and even from cell to cell in the same section.
Staining seen in cases of nasopharyngeal carci-
noma was consistently stronger than that seen
in cases of Hodgkin's or non-Hodgkin's lym-
phoma.

Discussion
Localising the presence of EBV to malignant
cells is important for determining any possible
aetiological role of the virus in tumorigenesis.
Techniques such as Southern blotting and the
polymerase chain reaction are sensitive but
lack this basic criterion. In situ hybridisation
fulfils this objective, and with EBV it has been
refined over the years to give very sensitive
results. The presence of single copies of EBV
can be detected using a non-isotopically
labelled BamHl W fragment probe on cell
lines.'7 18 However, there are several draw-
backs with this technique. Not only is the
positive signal difficult to discern due to the
small dot pattern of hybridisation, but the
tissue morphology may also be poor as a result
of the high proteinase K digestion that is often
required. Additionally, the preparation of the
BamHl W fragment probe is in itself time
consuming and expensive. Moreover, the sen-
sitivity is questionable on archival material
with both isotopic and non-isotopic meth-
ods.18 32
Here we report a novel approach for the
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Figure I A case of undifferentiated nasopharyngeal carcinoma. (A) Hybridisation with 100 ng/ml of digoxigenin
labelled EBER-1 probe; proteinase K digestion 50 pglml. Very strong nuclear staining, sparing the nucleolus is seen only
in the morphologically malignant cells. (B) Specificity assay; RNase treatment (200 pglml) before hybridisation with
100 nglml of EBER-1 probe.

detection of EBV in paraffin wax embedded
tissues, using EBV encoded small RNAs as
targets for digoxigenin labelled synthetic oligo-
nucleotide probes. We have shown that this
technique is significantly more sensitive than
other in situ hybridisation methods used for
the detection of EBV, in terms of intensity of
the signal, the proportion of cells giving a
positive signal, and the ease of interpreting a
positive result. The hybridisation pattern is
morphologically distinct, staining only the
nucleus while sparing the nucleolus. Low
proteinase K digestion is required, hence tissue
morphology is preserved.
A similar approach for the detection of EBV

has recently been described by Wu et al, who
have shown that EBERs are expressed in
Hodgkin's disease26 and nasopharyngeal carci-
noma,27 using in situ hybridisation. In the
former report 3H labelled EBER-1 riboprobe
was used while in the latter study both radi-
olabelled and digoxigenin labelled EBER-1
riboprobe was used. The preparation of ribo-
probe by cloning EBER sequences in plasmids
and the subsequent in vitro transcription is an
expensive and time consuming process. Ribo-
probes are relatively unstable and require
RNase free equipment when handling. In
contrast, we have used short synthetic oligonu-
cleotides to show the expression of EBERs in
cases of Hodgkin's and non-Hodgkin's lym-
phoma, and nasopharyngeal carcinoma. The
preparation of the oligonucleotide probes is
simple, relatively inexpensive, and very rapid.

Although the oligonucleotide probes are less
sensitive in themselves, the extremely high
EBER copy number in latently EBV infected
cells compensates for this loss in sensitivity.
The overall technique is sensitive and the
results easy to interpret due to the intense
hybridisation signal, which is morphologically
characteristic of EBER distribution.23 Gen-
erally all our positive cases showed a diffuse
pattern of staining with EBER probes, in
contrast to the dot pattern of EBER hybrid-
isation observed by others.23 27 This apparent
discrepancy in the two sets of results may be
due to the small size of the oligonucleotide
probes and the high temperature denaturation
used in our protocol, both of which may
facilitate a greater access for the probes to
hybridise to the target EBERs. We found that
high temperature microwave denaturation at
about 104°C for eight minutes was essential for
obtaining an optimal signal. This is not alto-
gether surprising because it is well known that
EBERs exhibit extensive intramolecular base
pairing and a stable secondary structure.22 28

In the cases of nasopharyngeal carcinoma
and Hodgkin's lymphoma examined the EBER
hybridisation signal was consistently stronger
in the former than in the latter. Furthermore,
considerable variation in signal intensity was
observed from cell to cell in the same section,
consistent with reported observations.27 These
findings indicate that the EBER copy number
varies from cell to cell which may correlate
with differing EBV copy number.2021 None

C. .?

Figure 2 A case of Hodgkin's disease. (A) Hybridisation with a combination of EBER probes (100 nglml). Digestion:
30 yuglml. Strong diffuse pattern of staining seen in morphologically malignant cells. (B) Hybridisation with 1 pglml of
BamHlW probe. Digestion: 100 uglml. Hybridisation signal is seen as smaUl dots in only the large neoplastic cells (oil
immersion).
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the less, all the samples gave easily inter-
pretable signals, emphasising the general appli-
cability of this method for the identification of
cells infected with EBV in paraffin wax pro-

cessed tissue sections. EBERs are by no means
universally expressed in all such infected cells.
Recently it has been shown that EBERs are not
expressed in permissively infected cells in
AIDS associated leucoplakia.33 3 As the EBV
copy number in permissively infected cells is
relatively high, the detection of EBV by in situ
hybridisation in such cases is not a problem
and can easily be done using the BamHl W
probe or oligonucleotide probe to EBV
DNA.35
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