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Epstein-Barr virus (EBV) is known to be associated with Burkitt’ s lymphoma, and undifferen-

tiated nasopharyngeal carcinoma of the major salivary glands has also been found to harbor EBV.
The virus can also be recovered from the saliva of healthy seropositive individuals. To determine the
pathogenic role of EBV infection in salivary gland diseases, formalin-fixed, paraffin embedded speci-
mens from 18 cases were used to study EBV by nested PCR, PCR-Southern blot hybridization, and
in situ PCR for EBNA-1 (EBV nuclear antigen-1) and by immunohistochemistry (IHC) for LMP-1
(latent membrane protein-1). Ten cases of Warthin’ s tumor (WT) (100%) were positive by PCR and
in situ PCR, and EBV DNA was detected in the nuclei of the epithelial cells and the surrounding lym-
phocytes. All ten cases of WT were positive for LMP-1 by IHC, and all the other lesions were nega-
tive. The positive signals were found in the cytoplasm of the epithelial cells. These results suggest

that EBV infection may be involved in the pathogenesis of WT.

Introduction

Epstein-Barr virus (EBV) was discovered in a
lymphoma cells line in 1964, was implicated as a
cause of endemic Burkitt’s lymphoma” and un-
differentiated nasopharyngeal carcinoma®, be-
cause the virus genome is present in the tumors
and high levels of EBV antibody titers are found
in patient’s serum. Involvement EBV in disease

processes has recently been extended to gastric
4)5)

’

carcinoma”, lymphoepithelioma of the thymus
and T-cell lymphoma®.

Warthin's tumor (WT) is a benign neoplasm
that represents 10% of all epithelial tumors of the
major salivary glands. WT is mainly observed in

male patients and is almost exclusively limited to

parotid gland, where it may manifest itself bilat-
erally and as multiple lesions. Histologically, WT
consists of oncocytic epithelium that lines cystic
structures and forms papillary projections in con-
junction with a benign lymphoid component.
EBV is a member of the human herpes virus
family”, and after primary infection it persists in
the host for life. Circumstantial evidence indi-
cates that EBV is primarily spread by intimate
oral contact”. The major salivary glands have
been found to harbor EBV, and the virus can be
recovered from the saliva of healthy seropositive
individuals””. The latent EBV genomes express
the viral genes encoding six EBV-determined nu-
clear antigens (EBNA; EBNA-1, EBNA-2, EBNA-
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3a, EBNA-3b, EBNA-3c, and EBNA-LP); three la-
tent membrane proteins (LMP; LMP-1, LMP-2A,
LMP-2B), and two EBV encoded small RNAs
(EBER; EBER-1, EBER-2)". The detection of
EBV in salivary glands has been well docu-
mented” ™. Most previous studies employed
PCR or in situ hybridization (ISH) to detect EBV
DNA or EBER, which is a good marker for latent
EBV infection. PCR is an extremely sensitive
technique that is capable of amplifying rare or
single copy gene sequences to high levels, mak-
ing them easy to detect by gel electrophoresis
and Southern blot hybridization.

However, nucleic acid extraction and cell de-
struction are required before the PCR amplifica-
tion, and thus the cellular source of the positive
signals has remained unknown. While ISH is use-
ful for detecting EBV DNA, it is occasionally lim-
ited by its low sensitivity. ISH for EBER is often
used to investigate EBV-infected cells because of
their high copy number (106 copy per cell)*, but
as in hairy leukoplakia®, in which the EBV repli-
cating cells do not express EBER, EBER-negative
cells are not always uninfected cells. In addition,
apparently contradictory results of ISH for EBV
DNA and ISH for EBER have been reported in
WT®* ISH for EBV DNA detect EBV in the cy-
toplasm of neoplastic WT cells, whereas the neo-
plastic epithelial cells of all tumors are negative
by ISH for EBER, and only the stromal lympho-
cytes are positive. Therefore, the association be-

tween EBV and human tumors must be clarified
by in situ detection of EBV DNA by using a more
sensitive method. In this study, we used IHC for
LMP-1 and, PCR and in situ PCR for EBNA-1 to
determine the role of EBV in salivary gland tu-
mors.
Materials and Methods

1. Patients and tissue preparations

Salivary gland tumors from 18 cases were se-
lected from the files of the Department of Oral
and Maxillofacial Surgery of Tokyo Women’s
Medical University. The specimens used in this
study were formalin-fixed, paraffin-embedded tis-
sue from 10 cases of WT, 4 cases of pleomorphic
adenoma, 2 cases of adenoid cystic carcinoma,
and 2 cases of mucoepidermoid carcinoma.

2. Nested PCR and PCR-Southern blot hy-
bridization

Two-steps nested PCR and PCR-Southern-blot
hybridization® were performed. Briefly, DNA
was extracted from sections of paraffin-embe-
dded specimens. Two primer sets, which amplify
a 297 base pair (bp) and a 209 bp fragment of the
EBNA-1 gene, respectively were used for the
nested PCR, and consistent results of DNA ampli-
fication were obtained in two successive trials
(Table 1). Amplification products were tested for
the presence of a band corresponding to 209 bp
DNA fragment with an 8% agarose gel contain-
ing ethidium bromide. The PCR products were
Southern blotted on a nylon membrane and hy-

Table 1 Sequences of primers and internal probe used in nested PCR and

Southern blot hybridization

Primers/Probe

Nucleotide sequences

Amplified

Base location
products

Outer: EB3
Outer: EB4

Inner: EB2
Probe: EBP5

5 -AAGGAGGGTGGTTTGGAAAG-3
5"-AGACAATGGACTCCCTTAGC-3
Inner: EB1 5 -ATCGTGGTCAAGGAGGTTCC-3’
5 -ACTCAATGGTGTAAGACGAC-3’
5 -GTTTAAGAGCTCTCCTGGCTA

109332-109351 297 bp
109609-109628
109353-109372 209 bp
109542-109561
109400-109439

GGAGTCACGTAGAAAGGA-3

—100—



bridized with an EBP-5 probe (Table 1).

3. Imsitu PCR

After deparaffinizing 4 um-thick sections on
glass slides in xylene, dehydrating them, and di-
gesting them with proteinase K for 30 min at 37
C, the sections were treated with 4% parafor-
maldelye for 5 min at room temperature, washed
three times in PBS, washed three times in deion-
ized destilled water (dH,O), and finally dehy-
drated with pure ethanol. The total reaction vol-
ume was 100 ul and contained 10 ul of Taq buffer,
20 wl of ANTP mixture for first round or a 20 ul
digoxigenin-labeled dNTP mixture for the second
round, 5 units of Taqg DNA polymerase (Takara,
Otsu, Japan), and 1.6 ul of each of the EB-3 and
EB-4 primers for the first round and 3.2 ul of each
of the EB-1 and EB-2 primers for the second
round. Prior to in siftu PCR, the slides were heated
to 82 Cfor 7 min (hot start), the tissue on the
glass slides was sealed, the reaction solution was
added, and the sections were covered with a
coverglass and sealed off with mineral oil to pre-
vent evaporation. Amplification was performed
in two successive rounds of 20 cycles of DNA de-
naturation (1 min at 95 ‘C) , annealing (1 min at
55 Cfor the first round and 60 Cfor the second
round), and elongation (1 min at 72 C)in an auto-
mated in situ PCR thermal cycler (ATTO, Tokyo,
Japan).

After the first amplification with the outer
primers, the coverglass was removed, and the
slide were washed once in PBS and once in dH.O,
and then dehydrated in pure ethanol. The second

round of amplification was also performed begin-

209bp —
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ning with a hot start. After PCR amplification, the
slides were washed three times in PBS, three
times in dH,O, and three times in a 0.1 M Tris HCI
(pH 7.5) /0.15M NaCl solution for 5 min at room-
temperature. The slides then blocked with 2%
blocking reagent containing 0.3% Triton X and
10% sheep serum 30 min at room-temperature,
and incubated with anti-DIG antibody labeled
with alkaline phosphatase diluted 500 fold (Boeh-
ringer, Mannheim, Germany) at 37 Cfor 30 min,
and then rinsed in a 0.1 M Tris HCI (pH 9.5) /0.2
M NaCl solution containing 50 mM MgCl. Visuali-
zation was achieved by staining with nitroblue te-
trazolium and 5-bromo-4-chloro-3-indolylphospha-
te disodium salt in the dark and counterstaining
with methyl green.

4. Immunohistochemical staining for LMP-1
protein ‘

After deparaffinizing 4-um-thick sections, hy-
drating them, and incubating them with 1 : 300
monoclonal anti-LMP-1 antibody ( Novacastra,
Newecastle, United Kingdom), detection was per-
formed by the Avidin Biotin Complex technique.

Results

Immunostaining of salivary gland tumors re-
vealed expression of EBV protein in the cyto-
plasm of the epithelial cells in all ten cases of WT,
but no evidence of EBV expression in 4 cases of
pleomorphic adenoma, 2 cases of adenoid cystic
carcinoma, and 2 cases of mucoepidermoid carci-
noma (Fig. 3A, B). Electrophoresis of the PCR
amplification product yielded a band at the 209
bp position, and positive results were thus ob-
tained in all 10 cases of WT, 2 of the 4 cases of

Fig. 1 Gelelectrophoresis of nested PCR products for EBV DNA
M: marker, P: positive control, N: negative control, 1: Warthin’ s tumor, 2~5: pleomor-
phic adenoma, 6, 7: adenoid cystic carcinoma, 8, 9: mucoepidermoid carcinoma.
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Fig. 2 PCR and PCR-Southern blot hybridization analysis of EBV DNA in Warthin’s

tumor

M: marker, P: positive control, N: negative control, 1~10: Warthin’ s tumor.

Fig. 3 A:Hematoxylin-eosin stain of Warthin's tumor, original magnification X 200
B: LMP-1 expressed in Warthin’ s tumor at the cytoplasm of the epithelial cells, origi-

nal magnification X 200

C: EBV DNA detected in the nuclei of the epithelial cells and the surrounding lympho-
cytes in Warthin’ s tumor as examined by in situ PCR.
(a) original magnification % 100, (b) original magnification x 200.

pleomorphic adenoma, one of the 2 cases of ade-
noid cystic carcinoma, and one of the 2 cases of
mucoepidermoid carcinoma (Fig. 1, 2). In situ
PCR revealed a high rate of signals correspond-

ing to the neoplastic cells of the salivary gland
and lymphocyte nuclei in the WT patients that
was consistent with the results obtained by PCR
(Table 2). The positive signals were found in the
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Table 2 Expression of EBV genome in salivary
gland tumor

No.of LMP-1 EBNA-1

Histological types cases positive positive

Warthin’s tumor 10 10 10
Pleomorphic adenoma 4 0 2
Adenoid cystic carcinoma 2 0

Mucoepidermoid carcinoma 2 0 1

lymphocytes of the patients with the other dis-
eases, but not in their epithelial cells (Figs 3Ca, b).
Discussion

The 12 EBV proteins that are expressed in la-
tently EBV-infected cells consist of six EBV-
determined nuclear antigens (EEBNA-1, -2, -3a,
-3b, -3c, -LP), three latent membrane proteins
(LMP-1, -2A, -2B), poly-A-negative small RNAs
(EBER-1,-2), and a gene product of the BamHIA
region (BARF0)". EBNA-1 plays an important
role in the replication and preservation of EBV
plasmids. LMP-1 is thought to be involved in the
inhibition of apoptosis through bcl-2, revealing on-

2 Various methods of detecting

cogenic activity
EBYV are available. In this study, we used the pro-
tein LMP-1 for immunohistochemical examina-
tion. For molecular biological examination by
PCR, we used EBNA-1, which is essential for
preservation of the intracellular virus episome of
the BamHIK region, which exhibits greater con-
servation with less variation among mutant
strains. However, because only a single copy of
BamHIK is present per genome, Southern blot
hybridization was performed following nested
PCR to improve detection sensitivity. Localiza-
tion of the EBV genome was also investigated by

2% 4 technique that allows

in situ PCR assay
identification of viral infection and gene expres-
sion in the target gene structure by highly sensi-
tive detection of PCR in specimens on glass slides.
Detection is performed either by the immunohis-
tochemical method following direct incorporation

with biotin or digoxigenin as a nucleotide sub-
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strate, that is, by the direct method, or by ISH
with a labeled probe of the PCR product, the indi-
rect method. In this study, we chose the direct
method® to detect the EBV genome (EBNA-1).

In an earlier study on the association between
salivary gland tumors and EBV, Stephen et al'?,
detected EBV DNA signals in the nuclei of carci-
noma cells by ISH in all 11 cases of undifferenti-
ated salivary gland carcinoma in Greenland Eski-
mos. There are many different kinds of salivary
gland tumors®?'®~®_ It has been pointed out that
there is an association between lymphoepithelial
carcinoma and EBV in cases of salivary gland tu-
mors. Racial differences have been reported® as
well: EBV has been found to be correlated with
lymphoepithelial carcinoma in Eskimos”, Chi-
nese, Taiwanese'” and Japanese!®. Santucci et
al”, observed EBV DNA signals in the cytoplasm
of adenoma cells by ISH in 13/15 cases of bilateral
or multiple WT. In Japan, Taira et al”¥, detected
EBV DNA by PCR in salivary gland tumors, in-
cluding 7/7 cases of WT, 2/26 cases of pleomor-
phic adenoma, and 3/5 cases of mucoepidermoid
carcinoma. However, in Finland, Vesa et al'’, re-
ported findings no EBV DNA signals by ISH in
219 cases of salivary gland tumor and 17 cases of
WT were further studied by PCR, but none of
these tumors contained EBV. Discrepancy of
these results may be due to the high sensitivity of
PCR, which can detect EBV DNA in latently in-
fected lymphocytes. Furthermore, probes and
primers detect specific parts of viral genome,
which does not exclude the presence of other
parts of the genome.

In this study, EBV protein expression was
identified in the cytoplasm of the epithelial cells of
WT by LMP immunostaining, however, no ex-
pression was detected in other salivary gland tu-
mors. PCR detected the band in all specimens of
WT, 2/4 of the pleomorphic adenoma specimens,
1/2 of the adenoid cystic carcinoma specimens,
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and 1/2 of the mucoepidermoid carcinoma speci-
mens. In situ PCR revealed a high rate of signals
corresponding to the neoplastic cells of the sali-
vary gland and lymphocyte nuclei in the WT pa-
tients. The positive signals were found in the lym-
phocytes of the patients with the other diseases.
EBV DNA (EBNA-1) was detected in every case
of WT, suggesting a correlation between WT and
EBV. WT is a benign tumor of the parotid gland
characterized by columnar epithelial cells and
stroma rich in lymph follicles.

Since carcinomas of the nasopharynx is stron-
gly suspected of being related to EBV and is asso-
ciated with infiltration by numerous lympho-
cytes, it seems to be common with WT, despite
one being benign and the other malignant. The
EBV genome in carcinoma of the nasopharynx is
found in the epithelial tumor, but it is unknown
whether the EBV genome in WT is located in the
epithelial tumor or the lymphocytes. In situ PCR
was performed to clarify the localization of the
EBV genome. In WT, a high rate of signals was
simultaneously observed in both the lymphocytes
from lymph follicles and the nuclei of the epithe-
lial cell portion. However, positive cells were also
recognized among the lymphocytes in pleomor-
phic adenoma, adenoid cystic carcinoma, and mu-
coepidermoid carcinoma, suggesting that latently
EBV-infected lymphocytes are detectable by
PCR in cases of salivary gland tumors other than
WT. EBV is a possible factor involved in the de-
velopment of WT. There is a report that since T-
and B-lymphocytes and plasmacytes infiltrate di-
rectly under the epithelial tissue of WT, an im-
mune reaction may occur in the area between
neoplasm and lymphatic tissue. This seems to be
attributable to the fact that lymphocytic tissue
proliferates and infiltrates as a result of the virus
antigen that induces tumors. Further investiga-
tion is necessary to elucidate the mechanism by
which EBV is involved in the development of

WT.
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Warthin J&#(Z & (7 % Epstein-Barr 7 1 JL XD IR

WRZFEMASE REH @dOkEsAsy (EF  BRAFEER)
*FOEWES (R IR
N EH YATI A ¥y Fy Ty K FE ED A kwayAFuay

JURE w5 =T -l B - IR —RR

S JERT - W - P

Epstein-Barr virus (EBV) & Burkitt J /8, FIREEROREICEE L TWa 7217 T <, mik
TIEHEMZIZ LD E L EBV B ENEE K4 LI ENTE . EBV IR Z /i L TEHL,
BERGE O HIC S EBY 2500 ) O THRR SN 5 Z &0 0, EERAFREREOHRE L LTE
ZOoNTW5A, 40 EBV R Ge & WG ES & OMEZ2 52029 5 BT, R IREE R IC
BT 5 EBV OFB % MM LS8, 7 & U2 PCR ¥, in situ PCR % H\WT EBV 7 A OBl %
TORET L7, NS IRIES 1S Fl2 xR e L, ZDOWERIE Warthin JEE 10 61, 2B MEEIE 4 61,
BRRRTERAHE 2 6], BEFREIE 2 Bl TR D 10% FI~ ) VREE, /89 7 4 A E AW TR %
1T o 72, REMABALZRIIE LMP-1 % 1 kP& UM L ABC i CHRESRE 247 - 72. PCR Ti3,
EBV %'/ 5 @ BamHIK I ® 209bp % H#EME$ % primer Zf#H L, nested PCR #4772, X512
EBNA-1 % ## A L CORIEZAT) 729 insitu PCR CTHINE, BH L/ E, BEREEICB TR
Gt TlE, Warthin 526 ORIERS OMIEIZ EBV AR ORI 7278, ZDMOMER
PRIESE B W T SNk ) o 72, PCR Tid Warthin B £, ZHMERE (2/4), REERRE
(1/2) , KigRRmE (1/2) 2BHTH Y, insitu PCR Ti&, Warthin EHIZBWTRERSB LY ~
INEROBI B L CEBEIC Y 7T Vb 5z, L LZOMOEERRES 2B\ Tid ) v /3Ek
BRI %2 30 5 2%, B EREETE T o 72, Warthin BB IZ BV Tid EBV 77/ A EHEEEIZFE
B 5, EBV A% Warthin BB ORAEIZHES LT B REHARIB S L7z,

~
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