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This work presents some initial quantitation of an
in situ bybridization method for detection of Ep-
stein-Barr (EB) virus nucleic acids. The purpose is
to develop evaluative criteria for diagnosis of viral
presence in clinical tissue specimens. In this work
simultaneous denaturation of probe and target
DNA and an alkaline phosphatase conjugate to de-
tect biotinated probe were used as described by Un-
ger et al.’® For evaluation of the bybridization, a
variety of cell lines, botb productively and latently
infected, that were bybridized in situ using nick
translated 3°P-labeled viral probe sequences and
counted by scintillation after the method of Law-
rence and Singer were used.”> Producer cells (B95-
8) showed intense foci of staining in approxi-
mately 5% of cells, with most of the other cells
showing wvarying staining intensity. Raji cells
showed varying amounts of signal from cell to cell.
Namalwa cells exbibited one spot in most cells that
was decreased after cells were treated with Actino-
mycin D (dactinomycin, Merck Sharp & Dobme,
West Point, PA). Signal was identified in only a
third of these same cells after sectioning. EB virus-
negative Ramos cells showed no signal. The nuclear
punctate nature of the signal generated is diagnos-
tic of infected cells, and may be a useful test for cul-
tured cells or pathologic specimens. (Am J Pathol
1989, 135:1035-1044)

Epstein-Barr (EB) virus, a DNA gamma herpes virus, was
discovered in 1964 and by 1984 was completely se-

quenced.'™ As is the case with other members of the
gamma herpes family of viruses, EBV possesses the
property of persistent infection in host cells.®® It also has
aunique tropism for mature B cells and immortalizes them
for tissue culture.” Clinically, the virus produces a flu-like
ilness or the syndrome of infectious mononucleosis.®®
The virus produces lymphoproliferative disorders in cer-
tain experimental animals and may be related to certain
malignancies in humans.'®'2 Developing sensitive meth-
ods for detecting an active or latent infection, particularly
in intact human tissue, will promote a better understand-
ing of the relationship of this virus to a variety of disease
etiologies.

Diagnosis of EBV infections currently relies on serol-
ogy demonstrating antibodies to nuclear and membrane
antigens.'"” However, antibody detection relies on the
production of viral proteins, and the maintenance of their
antigenicity through the tissue preparation techniques.
Modern molecular techniques to detect viral nucleic acids
have recently become available. Filter hybridization can
detect EBV sequences in DNA extracted from affected
tissue.'®'” However, this technique does not permit the
histologic localization of the viral nucleic acids within tis-
sue sections. By contrast, the technique of in situ hybrid-
ization allows the detection of viral specific DNA or RNA
sequences within cells compatible with microscopic ex-
amination and, furthermore, requires only a small amount
of material.®2

Our laboratory used a quantitative method, involving
32P-labeled probes, to optimize conditions for in situ hy-
bridization to chicken muscle cells in culture.2°222 Apply-
ing this approach to the detection of nuclear sequences
used EBV integrated into human genomic DNA to de-
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velop in situ hybridization technology for single copy sen-
sitivity.2* This approach used the lymphoblastoid cell line,
Namalwa, followed by high resolution fluorescence detec-
tion. In the work presented here, we began using an ap-
proach originally reported as useful for routine pathologic
investigations by Brigati et al'® and Unger et al.? The cen-
ter of this work is the denaturation of the target sequences
(another herpesvirus, CMV) in the presence of the probe.
Because both target and probe are double-stranded
DNA, self-reannealing of either is a significant consider-
ation. In routine tissue sections in which preparations
vary, penetration of the probe to the target may be de-
layed sufficiently to allow reannealing. Hence, a period in
denaturing conditions would allow this equilibration. We
wished to explore this approach for EBV on cultured cells
with known copy numbers to evaluate whether it is capa-
ble of detection sensitive enough to employ on tissue sec-
tions.

For these studies, we used as a model system estab-
lished cell lines in which the virus infection is either pro-
ductive (B95-8 cells established from a marmoset®) or
latent (Namalwa: two copies of viral DNA per cel?*#"; or
Raiji, estimated to have 50 copies per cell?®). Control cells
were EBV negative Ramos.? Analysis of the hybridization
and detection indicated that this was a useful diagnostic
approach for tissue sections, and standard procedures
were used to prepare sections from cultured Namalwa
cells. These sections were compared with slides contain-
ing the whole cultured cells to evaluate the effect of sec-
tioning positive cells.

Materials and Methods

B95-8 cells, Raiji cells, and EB virus-negative cells (gift
from Dr. J. Sullivan) were maintained in minimum essential
medium (MEM) and 10% fetal calf serum (FCS, GIBCO
Laboratories, Grand Island, NY). Fifteen percent FCS was
used for Ramos cells. EB virus Bam W (3.1 Kb) and Bam
A (12 Kb) fragments (gift of Dr. J. Skare) were grown in
pBR 322 vector. Because of the repetitive nature of Bam
W, the mixture corresponds to a target of approximately
30 kb of viral genome.2” An equal mix of Bam W and Bam
A probe 0.1 mg/ml or pBR 322 probe alone was radiola-
beled by nick translation to a specific activity of 3.5 X 108
cpm/ug of probe using ¥P-dCTP (3000 Ci/mM, Amer-
sham).

Acid cleaned glass coverslips (Clay Adams, Lincoln
Park, NJ) were dipped in 0.5% poly-L-lysine (Sigma
Chemical Co., St. Louis, MO) and dried overnight at 37 C.
Cultured cells were labeled overnight with tritiated thymi-
dine (Dupont/NEN, Billerica, MA, 10 uCi/ml). Subse-
quently, the cells were washed twice in phosphate-

buffered saline (PBS) with 5 mM MgCl, and resuspended
in the same solution at a cell concentration of 10° cells
per ml. One hundred ul of the cell suspension were mixed
with 100 ul of fetal calf serum and deposited by cytocen-
trifuge (1800g for 1 minute) onto polylysine-coated glass
coverslips. The cells were allowed to dry for 3 minutes
and fixed in 4% paraformaldehyde (pH 7.4) for 10 min-
utes. The cells can be stored in 70% ethanol until used.
Before use, the cells were washed twice in phosphate-
buffered saline (PBS) plus 5 mM MgCl,, and then treated
in a solution of 0.5% saponin, 0.5% triton X-100 (Boeh-
ringer, Indianapolis, IN) in PBS for 10 minutes and washed
again in PBS-MgCl,. The cells were next placed in a solu-
tion of tris-glycine, pH 7.4, for an additional 10 minutes.
Before hybridization, the cells were placed in 50% deion-
ized formamide (Sigma) in 2X SSC (0.3M sodium chlo-
ride, 0.03M sodium citrate, pH 7.3) for 5 to 10 minutes.

In Situ Hybridization

Ten to 20 ng of probe were added to 4 ul of carrier DNA-
RNA, ie, an equal mix of E. coli tRNA 10 mg/ml (Boehr-
inger) and sheared herring sperm DNA 10 mg/ml (Sigma).
The mixture was lyophilized in a vacuum under centrifuga-
tion (Savant). The probes were resuspended in 11 ul of
deionized formamide and heated to 95 C for 2 minutes
just before hybridization. Eleven ul of hybridization mix
(10% dextran sulfate, 4X SSC, 2% bovine serum albumin,
and 0.1% sodium pyrophosphate) were then added to
the heated probe, mixed well, and pipetted onto parafim
spread over a glass plate. The blotted coverslips incubat-
ing in 50% formamide, 2X SSC, were then carefully
placed on the probe to prevent the trapping of air bub-
bles. The coverslips were covered with a second parafilm
layer, placed in an oven at the desired temperature for 10
minutes, and transferred to a 37 C incubator for the de-
sired period.

Washing Conditions

The parafilm covering the glass coverslips was cut with a
sharp razor blade. The moist coverslips were removed by
floating in 2X SSC formamide (50%) and placed first in a
solution of 2X SSC in 50% formamide for a half hour at
37 C and then in 2X SSC at 37 C for another half hour.
The coverslips were then washed twice in 1X SSC for 10
minutes each at room temperature with shaking.



Detection

Scintillation

The coverslips were transferred to 1X PBS-MgCl, cut
in half with a diamond pencil, and counted for 2 minutes
in a scintillation counter (Beckman, Palo Alto, CA) in PBS
using Cerenkov radiation. The coverslips were then dried
through a graded ethanol series, air-dried overnight, and
counted again in scintillation fluid to detect tritium as well
as %P, The scintillation counts were normalized so that
probe hybridized could be expressed per 100,000 cells.

Autoradiography

After drying through ethanol, those coverslips not
used for scintillation were mounted cell side up onto mi-
croscope slides using permount, dipped in Kodak NTB3
emulsion, and stored at 4 C in the dark for the desired
period. The cells were developed in D9 (Kodak, Roches-
ter, NY) for 5 minutes at 14 C, in 0.1% acetic acid for 1
minute, and in Kodak fixer for 5 minutes. After several
washes in deionized water, the slides were counter-
stained with 0.5% methyl green and 0.5% pyronin. Cells
were viewed using water and stored dry at 4 C.

Nonisotopic Detection

Bam H1 fragments (A and W) of EBV cloned into pBR
322, as well as the vector alone, were nick transiated us-
ing biotinylated dUTP (BRL, Gaithersburg, MD) according
to standard protocols. For some experiments, biotiny-
lated Bam W and pBR 322 probes were purchased from
Enzo Biochemical, New York, NY. These probes were
found to give high levels of nonspecific background. Be-
cause this introduced variation, these probes were not
found to be useful for in situ hybridization. Identical condi-
tions were used as detailed previously. However, after the
last wash, the coverslips were exposed to 4X SSC in
0.01% triton (2 X 10 minutes). Streptavidin-alkaline-phos-
phatase complex®' (a gift of BRL) was diluted 1:1,000 in
4X SSC in 1% BSA, and 40 ul of this solution was added
to each coverslip and incubated for 20 minutes. We also
evaluated the use of a streptavidin-alkaline-phosphatase
conjugate purchased from DAKO (Santa Barbara, CA)
and found it to be acceptable under the same conditions,
but diluted 1:200. The coverslips were washed (4X SSC,
0.01% triton) and placed in alkaline buffer (0.1M tris in 50
mM MgCl,, pH 9.5) for 2 minutes. For color development,
1 ml of this buffer containing Bromochloroindolyl phos-
phate (BCIP) and Nitroblue tetrazolium (NBT) (BRL) (50 ul
of BCIP at 50 mg/ml and 65 ul of NBT at 75 mg/ml in 15
ml) was incubated in the dark with continuous shaking.
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Figure 1. Sample temperature as a function of time. Glass plate
surface temperature was measured in degrees centigrade over
time. The plates were placed in a 100 C oven at time zero and
removed to a 37 C incubator at 10 minutes (the point at which
the curve drops).

Color development of the slides was monitored micro-
scopically. Times varied from 5 minutes to overnight de-
pending on the cell samples and desired sensitivity of de-
tection. The reaction was stopped by dipping the slides
in 4% paraformaldehyde and counterstaining with methyl
green. The slides were mounted in crystal mount (Bio-
media Corp., Foster City, CA) or stored dry.

Results

Use of the cytocentrifuge to deposit washed cells on poly-
L-lysine-coated glass coverslips gave the most consistent
cell retention. Use of tritiated thymidine to label the cells
allowed correction of the results for cell number after
counting several cell samples by microscopy. Coverslips
could then be stored in ethanol until use. The hybridized
probe, labeled by 3P, could be counted by scintillation
and then expressed as nanograms hybridized per tritium
counts corresponding to 10° cells, the approximate
amount on each coverslip. Using this approach, we sam-
pled some of the parameters which may be important for
their effect on signal.

Denaturation Conditions

We denatured the probe simultaneously with the cells and
tissues, a method originally employed by Brigati et al'®
and Unger et al.?® Different temperatures were evaluated
by monitoring a thermometer located under the parafilm
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Figure 2. Hybridization signal in B95-8 and Raji cells as a
Sfunction of temperature. Cells were exposed to varying tem-
peratures for 10 minutes before bybridization. Scintillation
counts on triplicate coverslips were expressed as picograms of
32p.Bam W/A probe bybridized per 10° tritiated B95-8 cells
(closed triangles) or Raji cells (closed circles) with increasing
temperature. Open triangles and circles represent bybridiza-
tion of P pBR 322 control probe to the same cells under the
same conditions.

next to the coverslips. Temperature reached 100 C in 8
minutes, and the samples were heated for an additional
2 minutes (Figure 1). For lower temperatures, cells were
maintained for 10 minutes in the oven at the appropriate
temperature. Figure 2 shows signal increased dramati-
cally after the temperature reached 80 C for B95-8 cells
and 90 C for Raiji cells. It should be noted here that the
increase in signal represents probe denaturation as well
as target denaturation.

Probe Concentration

Increase of labeled probe concentration gave increasing
signal, which saturated at approximately 40 pg per 10°
B95-8 cells (Figure 3) and 20 pg per 10° Raji cells (Figure
4). This corresponds to approximately 1000 kilobases/
cell for B95-8 or 500 kilobases per cell for Raiji. If the com-
posite of Bam W and Bam A equals approximately 30
kilobases, this corresponds to an average of 33 copies
per cell for B95-8 and 16 copies per cell for Raji. This is
fewer than the 50 DNA copies per cell estimated for Raji
and may indicate a lower efficiency for detecting epi-
somes. Because a small percentage of B95-8 has high

Picograms hybridized per 105 cells
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Figure 3. Saturation curve of B95-8 cells with increasing probe
concentration. The dark circles represent picograms of 3P
Bam W/A probe bybridizing to 10° B95-8 cells, with increasing
probe concentration, after duplicate samples were beated to
100 C and bybridized for 3 bours at 37 C. The open circles
represent hybridization of 3P-pBR 322 control probe to the
same cells under the same conditions.

copy number, these productively infected cells can be
estimated to contain as much as 4 X 10* kb or 1200 cop-
ies of EBV.

Hybridization Time

After denaturation, coverslips containing cytospun cells
were hybridized at 37 C for increasing periods (Figure 5).
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Figure 4. Saturation curve of Raji cells with increasing probe
concentration. The dark circles represent picograms of 3P
Bam W/A probe bybridizing to Raji cells with increasing probe
concentration, as in Figure 3. The open circles represent by-
bridization of 3P pBR 322 control probe to the same cells.
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Figure 5. Hybridization kinetics. Ten ng of >>P Bam W/A probe
and B95-8 cells were simultaneously denatured at 100 C for 10
minutes and then left to hybridize at 37 C for different periods.
These were duplicate samples except for the first point.
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The signal plateau was reached in 1 to 2 hours, and did
not increase significantly after 24 hours of hybridization.
Subsequent hybridizations were carried out for 3 hours.

Autoradiographic Development

Development time was overnight for B95-8 cells after hy-
bridization with 3P probe (Figure 6A). When the slides
were allowed to develop for 5 days, the positive foci ex-
tended beyond the confines of the cell (Figure 6B). In-
tense foci of 3P activity were seen in only a small percent-
age of the cells. The control probe showed no foci of hy-
bridization.

Raji cells hybridized with the viral probe showed that
the silver grain distribution over the cells was not uniform
(Figure 6C). Figure 7A represents grain counts over a
number of Raji cells to quantitate the distribution com-
pared with a control probe (Figure 7B). More than 94% of
Raiji cells probed with pBR 322 had fewer than five grains
per cell (Figure 6D). In contrast, 37% of the Raji cells
probed with the EBV probe were indistinguishable from
the control, 23% had weak but detectable signal, 35%
had strong signal, (ie, significantly increased grain
counts), and a small number (5%) had extremely high sig-
nal (ie, very large numbers of grains). Because all cells in
this line are believed to be carrying EBV genomes, either
this in situ hybridization protocol induces an artifactual
heterogeneity or the cell line is intrinsically heteroge-
neous, either in accessibility of the targets or in actual
copy number of sequences (see Discussion).

Nonisotopic Detection

Streptavidin-alkaline-phosphatase detection after hybrid-
ization to B95-8 cells with biotinylated viral probe showed
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foci of intense nuclear signal in a small percentage of the
cells, as was seen with autoradiography (Figure 6E).
Other cells showed varying degrees of signal intensity
within the nucleus, usually punctate in nature and possibly
representing sites of viral replication or transcription. Raji
cells showed a varying degree of nuclear signal from cell
to cell as was indicated with grain counts from autoradiog-
raphy (Figure 6F ). Hybridization with biotinylated pBR 322
probe showed occasional diffuse cytoplasmic back-
ground around the nucleus but no nuclear signal was
noted (not shown). Hybridization of the probe to Namalwa
cells, which contain two EBV DNA copies per cell in two
discrete foci in G, cells and one in G, cells, % were found
to contain either one or two foci of signal per cell (Figure
6G). No signal was found with the control probe. When
Namalwa cells were treated with 4 ug/ml actinomycin for
4 hours, the nuclear foci were very much diminished and
barely detectable in most cells. The signal in most part
represents, therefore, RNA transcripts within the nucleus
that have been shown to be equivalent to 900 kb of
RNA® Hybridization to Ramos, EBV-negative cells
showed no nuclear signal (Figure 6H).

Detection of EBV in Sectioned Material

Namalwa cells centrifuged into a pellet were treated ac-
cording to a standard regimen used at the pathology lab
at Massachusetts General Hospital (courtesy of Dr.
Nancy Harris). The sectioned material, received on glass
slides, was hybridized as described above with the follow-
ing exceptions. After dewaxing of the paraffin sections,
the slides were rehydrated in 70% ethanol and treated
with 0.2N HCI for 10 minutes. Proteinase K was used (4
ug/ml, Sigma) at 37 C for 10 minutes. They were then
incubated in 0.1M Tris-HCI, 0.2M glycine at pH 7.4 for 10
minutes, in 0.1M triethanolamine for 10 minutes, and fi-
nally stored in 2X SSC 50% formamide until hybridization.
Single or double spots representing the aforementioned
RNA transcripts were seen in 30% to 40% of the cells
(Figure 8). Ramos cells processed identically showed no
signal. Of note, however, was an increase in background
after the sectioning protocol that made it somewhat more
difficult to analyze the signal.

Discussion

Although this study employs simultaneous denaturation
of viral targets and the probe within the tissue, certain
strengths and weaknesses of this approach became evi-
dent during the course of this work. For instance, the heat
required for DNA denaturation caused significant morpho-
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Figure 6. Microscopy of various cell lines infected with EBV detected by isotopically and nonisotopically labeled probes. A, B: Autora-
diograms of bybridized B95-8 cells. Probe as described above was hybridized to the cells (original magnification X 100). A: Overnight
development. B: Five days of development. C, D: Autoradiograpbs of hybridized Raji cells. C: The probe was bybridized as described
and developed for 10 days (X100). D: Hybridization of *°P pBR 322 probe to the same cells and developed as above (original
magnification X 100). E: EBV nucleic acids in productively infected cells detected nonisotopically after in situ bybridization. B95-8
cells hybridized with biotinylated Bam W probe and developed with streptavidin-alkaline-pbosphatase (original magnification
X500). F, G, H: EBV nucleic acids in latently infected cell lines and control cells detected by nonisotopic methods after in situ
hybridization (original magnification X 500). F: Raji cells (50 copies EBV per cell) hybridized with and detected as in E. G: Namalwa

(two copies EBV per cell) cells bybridized and detected as in E. H: Ramos (no EBV) cells bybridized and detected as in E.
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logic disruption and was very destructive for chromo-
somes prepared by standard methods. Tissue sections
fared considerably better, perhaps due to more structural
integrity. RNA was damaged by the heat as well; better
morphology and RNA preservation were obtained using
a more gentle protocol. 24 This is an important consider-
ation because, as indicated by the Namalwa results, most
of the signal is from RNA. A prediction from this is that
single-stranded probes, or completely melted double-
stranded probes applied to dehydrated sections, could
possibly be used in the absence of heat. These possibili-
ties are being investigated. Nonetheless, the technique
was sensitive enough to detect a single copy of EBV and
its associated transcripts (approximately 900 kb of EBV
total target), as evidenced by the Namalwa cells. Al-
though this is not currently the most sensitive method for
detecting EBV in Namalwa cells (see References 24 and
30), it appears sufficient for the EBV-infected cells tested.
Further developments using alkaline phosphatase detec-
tion will be directed toward improvement of sensitivity. Be-
cause of the stability of the color detection, which pro-
vides a permanent record, and because it is possible to
use standard bright field microscopy, these efforts are
worthwhile.

In a transformed B cell line from cotton-top marmo-
sets® (B95-8), a small percentage of the cells are produc-
tively infected by EB virus. A significant proportion of the
virus in this line exists in a linear form.2® A human Burkitt
lymphoma cell line, Raji, contains approximately fifty viral
genomes per cell as determined by filter hybridization.?®
Approximately 8 to 12 copies of the virus are believed
to be in linear form and associated with host DNA; the
remaining copies exist as circular supercoiled epi-
somes. % The difference in hybridization temperatures
between these two cell types (greater than 80 C for B95-
8 cells and greater than 90 C for Raiji cells) may reflect a
difference between these two cell types, or the conforma-
tion or concentration of their respective viral DNA or RNA.

Denaturation of DNA viral sequences at 100 C was
employed by Brigati et al'® and Unger et al.?® Their sug-
gestion that double-stranded viral DNA may reanneal after
denaturation served as the rationale for our approach.
However, it may be important in cells that contain large
concentrations of linear DNA, as is the case in cells asso-

ciated with productive infections, because previous work
showed it was not necessary in Namalwa cells in which
viral DNA is integrated and in which reannealing is not a
factor.2* Furthermore, in cases in which most of the signal
is RNA, as is the case with Namalwa cells, denaturation
of the target nucleic acids was unnecessary.¥ It should
also be noted that exposing cultured cells to 100 C was
destructive to cellular morphology, chromosomes, and
RNA retention, and the minimal amount of heat necessary
should be used (in our case, only 2 minutes at 100 C). In
paraffin sections of the same cell line the heat treatment
was less destructive, possibly because the hardening
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Figure 7. Analysis of silver grains over Raji cells hybridized in
Figure 6C, D. A: EBV probe. B: pBR 322 control.
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and embedment protects the morphology, and may have
been more directly analogous to the findings described
by Unger et al.?®

Northern blot analysis of B95-8 cells indicated a sig-
nificant EB virus-translated RNA content that was mark-
edly enhanced by phorbol esters.® The experiments de-
scribed in this work on B95-8 cells were repeated using
fluorescent detection® rather than alkaline phosphatase
and more cells were detected as positive (as many as
34%, Marselle L, Lawrence J, personal communication).
The probe appeared to be detecting mostly RNA, as most
of the signal disappeared with RNase treatment. This sin-
gle-cell data obtained by microscopy confirmed the alka-
line phosphatase detection in that most positive signal
was found in a small percentage of B95-8 cells, which
were lytically infected with EB virus; the rest contained
latent virus.232 Further quantitative work using fluores-
cence was directed toward clarifying the exact amounts
of RNA and DNA on the cellular level.* Similarly, hybrid-
ization to Raji cells under normal (nondenaturing) condi-
tions showed that most signal was due to hybridization to
RNA, a finding in agreement with the result of Northern
blot analysis.3-%

Estimates of 50 EB virus copies per Raiji cell were de-
rived from Southern blot analysis of DNA extracted from
these cells.?® Our quantitation detected fewer copies per
cell (RNA and DNA) on the average, perhaps due to lesser
accessibility of episomal targets to the probe compared
with linear targets. The variation in distribution of P%
grains over these cells in our study indicated that there
may be variation in virus content or, more likely, RNA ex-
pression from cell to cell. This variation was also evident
when using nonisotopic detection of hybridization. That
the variation is not an artifact of hybridization was sug-
gested by results using Namalwa cells, for which more
than 85% of the cells were seen to have signal comprising

Figure 8. The Namalwa cells in Figure 6G
were pelleted in serum and fixed, embed-
ded, and sectioned in a pathology labora-
tory. Formaldehyde fixation was over-
night. Sections were deparaffinated, acid-
treated, proteinased, and rebydrated in
50% formamide, 2X SSC, and hybridized
as described in Materials and Methods. Al-
kaline phosphatase development was for
30 minutes (original magnification X500;
no counterstain).

a single or double spot of hybridization per cell. Other
work?'® used in situ hybridization of biotinated EBV
probes followed by antibody detection. We found results
similar to theirs, including variation in EBV signal in individ-
ual Raiji cells. These researchers?' suggested that mitotic
cells may have increased EBV signal.

Sectioned Namalwa cells give an indication of the re-
duction in sensitivity of detection of EBV that occurs when
samples are subjected to routine preparation procedures
found in most pathology laboratories. Because sectioning
selects cellular material, the EBV signal may not appear
in some sections. The reduction of the signal in sectioned
cells (30% to 40%) compared with that in cultured cells
(85%) is a combination effect resulting from the section-
ing and the use of histologic procedures that have not
been optimized for in situ hybridization. The application
of this approach to clinical diagnosis will be presented
elsewhere.*

These results give an upper limit estimate of the maxi-
mum amount of positive signal that would be apparent in
sectioned material if 100% of the cells were positive for
EBV, but each contained a single site of EBV expression.
The striking punctate nature of the signal is diagnostic
of EBV expression or replication and increases both the
sensitivity and the certainty of identifying the viral infec-
tion, productive or latent. Future developments and clini-
cal applications will be important to verify the diagnostic
usefulness of this technique.

References

1. Burkitt D: A sarcoma involving the jaws in African children.
Br J Surg 1958, 46:218-223

2. Burkitt D: Determining the climatic limitations of a children's
cancer common in Africa. Br Med J 1962, 2:1019-1023



10.

11.

12.

13.

14.

15.

16.

17.

. Epstein MA, Achong BG, Barr YM: Virus particles in cultured

lymphoblasts from Burkitt's lymphoma. Lancet 1964, 1:702-
703

. Baer B, Bankier A, Biggin M, et al: DNA sequence and ex-

pression of the B95-8 Epstein-Barr virus genome. Nature
(Lond) 1984, 310:207-211

. Pagano JS: The Epstein-Barr viral genome and its interac-

tions with human lymphoblastoid cells and chromosomes,
Viruses, Evolution and Cancer. Edited by E Kurstak, Mara-
moroseh K. New York, Academic Press, Inc., 1974, pp 79-
116

. Roizman B: The family herpesviridae: General description,

taxonomy and classification, The Herpesviruses, vol. 1. Ed-
ited by B Roizman. New York, Plenum Press 1982, pp 1-23

. Rosen A, Gergely P, Tondal M, Klein G: Polyclonal Ig produc-

tion after Epstein-Barr virus infection of human lymphocytes
in vitro. Nature 1977, 267:52-53

. Henle G, Henle W, Diehl V: Relation of Burkitt's tumor-associ-

ated herpes-type virus to infectious mononucleosis. Proc
Natl Acad Sci USA 1968, 59:94-101

. Miller G: Biology of Epstein-Barr virus, Viral Oncology.

Edited by G Klein. New York, Raven Press 1980, pp 713-
737

Epstein M, Hunt RD, Rabin H: Pilot experiments with EB virus
in owl monkeys (Aotus trivirgatus): |. Reticuloproliferative
disease in an inoculated animal. Int J Cancer 1973, 12:309-
318

Leibold W, Huldt G, Flanagan TD, Andersson M, Dalens M,
Wright DM, Voller A, Klein G: Tumorigenicity of Epstein-Barr
virus (EBV)-transformed lymphoid line cells in autologous
squirrel monkey. Int J Cancer 1976, 17:533-541

Andiman W, Gradoville L, Heston L, Neydorff R, Savage ME,
Kitchingman G, Shedd D, Miller G: Use of cloned probes
to detect Epstein-Barr viral DNA in tissues of patients with
neoplastic and lymphoproliferative diseases. J Infect Dis
1983, 148:967-974

Reedman BM, Klein G: Cellular localization of an Epstein-
Barr virus (EBV) associated complement fixing antigen in
producer and non-producer lymphoblastoid cell lines. Int J
Cancer 1973, 11:499-520

Grogan E, Summers WP, Dowling S, Shedd D, Gradoville L,
Miller G: Two Epstein-Barr viral nuclear neoantigens distin-
guished by gene transfer, serology and chromosome bind-
ing. Proc Natl Acad Sci USA 1983, 80:7650-7653

Henle W, Henle G, Andersson J, Emberg |, Klein G, Horowitz
CA, Marklund G, Rymo L, Wellinder C, Straus S: Antibody
responses to Epstein-Barr virus-determined nuclear antigen
(EBNA)-1 and EBNA-2 in acute and chronic Epstein-Barr
virus infection. Proc Natl Acad Sci USA 1987, 84:570-
574

Saemundsen AK, Purtilo DT, Sakamoto K, Sullivan JL: Docu-
mentation of Epstein-Barr virus infection in immunodeficient
patients with life-threatening lymphoproliferative diseases by
Epstein-Barr virus complementary RNA/DNA and viral DNA/
DNA hybridization. Cancer Res 1981, 41:4237-4242

Hanto DW, Frizzera D, Purtilo DT: Clinical spectrum of lym-
phoproliferative disorders in renal transplant recipients and

18.

19.

21.

22.

23.

24.

25.

27.

28.

31.

32.

Non-Isotopic /n Situ Hybridization for EBV 1043
AJP December 1989, Vol. 135, No. 6

evidence for the role of Epstein-Barr virus. Cancer Res 1981,
41:4253-4261

Brahic M, Haase AT: Detection of viral sequences of low
reitration frequency by in situ hybridization. Proc Nat Acad
Sci USA 1978, 75:6125-6129

Brigati DJ, Myerson D, Leary JJ, Spalholz B, Travis SZ, Fong
CKY, Hsiung GD, Ward DC: Detection of viral genomes in
cultured cells and paraffin-embedded tissue sections using
biotin-labelled hybridization probes. Virology 1983, 126:32-
50

. Lawrence JB, Singer RH: Quantitative analysis of in situ hy-

bridization methods for the detection of actin gene expres-
sion. Nucleic Acids Res 1985, 13:1777-1799

Teo CG, Griffin BE: Epstein-Barr virus genomes in lymphoid
cells: Activation in mitosis and chromosomal location. Proc
Natt Acad Sci 1987, 84:8473-8477

Singer RH, Lawrence JB, Vilinave C: Optimization of in situ
hybridization using isotopic and non-isotopic detection
methods. Biotechniques 1986, 4(3):230-250

Singer RH, Lawrence JB, Rashtchian RN: Toward a rapid
and sensitive in situ hybridization methodology using isoto-
pic and non-isotopic probes, In Situ Hybridization: Applica-
tion to Neurobiology. Edited by K Valentino, J Eberwine, J Bar-
chas. New York, Oxford University Press 1987, pp 71-96
Lawrence JB, Villnave CA, Singer RH: Sensitive, high resolu-
tion chromatin and chromosome mapping in situ: Presence
and orientation of two closely integrated copies of EBV in a
lymphoid line. Cell 1988, 52:51-61

Unger ER, Budgeon LR, Myerson D, Brigati DJ: Viral diagno-
sis by in situ hybridization: Description of a rapid simplified
colorimetric method. Am J Surg Pathol 1986, 10:1-8

. Frank A, Andiman W, Miller G: Epstein-Barr virus and non-

human primates: Natural and experimental infection, Ad-
vances in Cancer Research, Vol. 23. Edited by G Klein, S
Weinhouse. New York, Academic Press 1976, pp 171-210
Henderson A, Ripley S, Heller M, Kieff E: Chromosome site
for Epstein-Barr virus DNA in a Burkitt tumor cell line and in
lymphocytes growth transformed in vitro. Proc Natl Acad Sci
USA 1983, 80:1987-1991

Pritchett RM, Pedersen M, Kieff E: Complexity of EBV homol-
ogous DNA in continuous lymphoblastoid cell lines. Virology
1976, 74:227-231

. Klein GB, Giovanella A, Westman J, Stehlin J, Mumford D: An

EBV-genome negative cell line established from an American
Burkitt’s lymphoma. Intervirology 1975, 5:319-325

. Lawrence JB, Singer RH, Marselle LM: Highly localized distri-

bution of specific transcripts within interphase nuclei visual-
ized by in situ hybridization. Cell 1989, 57:493-502

Leary JJ, Brigati DJ, Ward DC: Rapid and sensitive colori-
metric method for visualizing biotin-labeled DNA probes hy-
bridized to DNA or RNA immobilized on nitrocellulose. Proc
Natl Acad Sci 1983, 80:4045-4049

Miller G, Shape T, Coope D: Lymphoma in cotton-top mar-
mosets after inoculation with Epstein-Barr virus: Tumor inci-
dence, histologic spectrum, antibody responses, demon-
stration of viral DNA, and characterization of viruses. J Exp
Med 1977, 145:948-967



1044  Bashir, Hochberg, and Singer
AJP December 1989, Vol. 135, No. 6

33. Lindhal T, Adams A, Bjursell G, Bornkamm GW, Kaschka-
Dierich C, Jehn U: Covalently closed circular duplex DNA of
Epstein-Barr virus in a human lymphoid cell line. J Mol Biol
1976, 102:511-530

34. Anvert M, Karlsson A, Bjursell G: Evidence for integrated
EBV genomes in Raji cellular DNA. Nucleic Acids Res 1984,
12:1149-1161

35. Hummel M, Kieff E: Epstein-Barr virus RNA VIII: Viral RNA in
permissively infected B95-8 cells. J Virol 1982, 43:262-272

36. Rymo L: Identification of transcribed regions of Epstein-Barr
virus DNA in Burkitt lymphoma-derived cells. J Virol 1973,
32:8-18

37. King W, Van Santen V, Kieff E: Epstein-Barr virus RNA: VI.
Viral RNA in restringently and abortively infected Raji cells.
J Virol 1981, 38:649-660

38. Arrand JR, Rymo L: Characterization of the major Epstein-
Barr virus-specific RNA in Burkitt lymphoma-derived cells. J
Virol 1982, 41:376-389

39. Sixbey JW, Nedrud JG, Raab-Traub N, Hanes R, Pagano J:
Epstein-Barr virus replication in oropharyngeal epithelial
cells. N Engl J Med 1984, 310:1225-1230

40. Bashir R, Harris N, Hochberg F, Singer R: Detection of EB
virus in four CNS lymphomas by in situ hybridization. Neurol-
ogy 1989, 39:813-817

Acknowledgment

We thank John McNeil, Kevin Byron, and Lisa Marselle for techni-
cal assistance. Jeanne B. Lawrence provided valuable critical
insights. Gary Bassell generously contributed his time and effort.
John Sullivan kindly provided expertise and guidance, as did
Nancy Harris.



