Virchows Archiv (1994) 425:121-125

© Springer Verlag 1994

ORIGINAL ARTICLE

P. Luzi - L. Leoncini - I. Funto - A. Bruni - S. Lazzi
L. Pacenti - P. Tosi

Epstein-Barr virus infection in sinonasal non-Hodgkin’s lymphomas

Received: 12 November 1993 / Accepted: 23 May 1994

Abstract Sinonasal non-Hodgkin’s lymphomas (SNHLs)
of B- or T-cell immunophenotype have been associated
with Epstein-Barr virus (EBV) infection of neoplastic
lymphoid tissue. Nine SNHLs were investigated using
immunohistochemistry, the polymerase chain reaction
(PCR) for EBV genome and in situ hybridization (ISH)
for EBV encoded RNAs (EBER), immunoglobulin (CI-
gHR) and clonal T-cell receptor (CTCBR) gene rear-
rangements. Eight cases were diagnosed as peripheral
pleomorphic T-cell lymphomas (pPTCL). PCR showed
the presence of EBV genome in eight cases; ISH for
EBER led to the detection of positive cells in five cases.
Late membrane protein (LMP) immunostaining was ob-
served in three cases. No EBV positivity has been detect-
ed in control cases. The frequent association with EBV
infection in the cases illustrated confirms the previous
suggestions that EBV may have a role in the genesis of
lymphomas of the sinonasal region.
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Introduction

Sinonasal non-Hodgkin’s lymphomas (SNHLs) consti-
tute 0.44-2.2% of all extranodal lymphomas and
6.4-13% of extranodal lymphomas of the head and neck
[4, 7,9, 10, 32]. They are the most frequent non-epitheli-
al malignancy of the nose and paranasal sinuses (2, 4, 7,
8, 10, 12, 14, 16, 28, 31]. A T-cell immunophenotype
predominates in Far East and Caucasian populations [5,
14, 16, 22, 24, 27, 28]. In Western countries, some au-
thors have reported a prevalence of B-cell lymphomas [7,
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11, 31], others of T-ceil lymphomas {2, 6, 8, 23], or a
similar percentage of B- and T-cell lymphomas [4].

Recently, EBV genome has been identified in SNHLs,
mostly of T-cell immunophenotype, suggesting its possi-
ble role in lymphomagenesis [2, 14, 16, 20, 31].

In the present study, nine cases of primary SNHL
have been analysed by means of immunohistochemistry,
polymerase chain reaction (PCR) and in situ hybridiza-
tion (ISH) for EBV genome and EBV encoded RNAs
(EBER), immunoglobulin (CIgHR) and T-cell receptor
(CTCPBR) gene rearrangement.

Materials and methods

Nine cases of primary SNHL have been diagnosed at the Institute
of Pathological Anatomy and Histology of the University of Siena
in the period 1983-1993. They were classified according to the
updated Kiel classification [26] and staged according to the Amer-
ican Joint Committee Staging System for nasopharyngeal primary
tumours [1].

Twenty nasal biopsies with inflammatory lesions were used as
controls.

Tissues from cases and controls were fixed in formalin and em-
bedded in paraffin, and sections were routinely stained.

Immunophenotyping on paraffin sections was performed using
the alkaline phosphatase anti-alkaline phosphatase method. The
monoclonal antibodies used were:L 26 (CD20,1.26,Dako); 4KB5
(CD45RA, Dako); UCHL1 (CD45RO,Dako); BF1 (T-cell Diag-
nostics); CD3 (CD3, T3-4B5, Dako); MT1 (CD43, DF-T1, Dako);
LMP (EBV,CS1-4, Dako); BCL2 (BCL2,124, Dako). Normal hu-
man tonsils were used as positive controls. For negative controls,
we replaced the primary antibody with normal mouse serum.

For the PCR 10 n thick tissue sections were deparaffinised,
washed in 100% ethanol, dried, and incubated for 3 h at 55° C in
100 ul of digestion buffer (50 mM TRIS-HCl, pH 8.5, 1 mM
EDTA; 0.5% Tween 80) containing 200 png/ml of proteinase K
(Boehringer, Mannheim, Germany). After boiling for 15 m, 10 i
of the material were used for amplification (template DNA solu-
tion). The primers were synthetized using DNA synthetizer (M-
Medical, Florence, Italy). Amplification was performed on a DNA
thermal cycler (Violet, Biostar, Rome, Ttaly).

The primers for EBV corresponded to sequences localized
at 14695-14719 and 14825-14849 of the EBV genome (EBV
1:5-GAGGTCAGGTTACTTACCCCTGAAG-3"; EBV2: 5TCT-
CAGGGTCCCCT-CGGACAGCTCC-3"). Aliquots of 10 ul DNA
were made up to 100 ul containing 50 mM potassium chloride,
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1.5 mM magnesium chloride, 10 mM TRIS-HCI (pH 8.8), 0.1%
Triton X-100, 0.2 mM each dATP, dCTP, dGTP, dTTP, 0.1 nM of
each primer, 2 units tag polymerase (Promega, Madison, Wi.,
USA) and overlaid with one small drop of mineral oil. Amplifica-
tion was programmed for 40 cycles of 30 s denaturation at 95° C,
30 s annealing at 55° C and 90 s extension at 72° C; for the last
cycle the extension was 5 min at 72° C. This primer pair gives rise
to 155 base-pair (bp) amplified products. The positive controls
used were the Namalwa cell line harboring 1 to 2 copies of EBV
and EBV-positive case of Hodgkin’s disease. The negative controls
were the EBV-negative cell line HUT102 and DNA-negative sam-
ples.

PCR to amplify portions of the rearranged T-cell antigen
receptor B-chain was carried out according to the procedure
described by McCarthy etal. [18] as slightly modified in our
laboratory. Primers combination was restricted to DB2
(5-TCATGGTGTAACATTGTGGGGAC-3") and JB2 (5-AGC-
AC(TCG)GTGAGCC(TG)GGT-GCC-3") sequences because pre-
liminary studies in our and other laboratory [25] showed that using
a large repertoire of primers did not significantly increase the
number of positive detected. The reaction mixture consisted of al-
iquots of 5 ul di DNA made up to 50 ul containing 50 mM potas-
sium chloride, 1.5 mM magnesium chloride, 10 mM TRIS-HCI
(pH 8.8), 0.1% Triton x-100, 0.25 mM each dATP, dCTP, dGTP,
dTTP, 30 ng of each primer, 2.5 units Tag polymerase (Promega)
and overlaid with one small drop mineral oil. Amplification was
programmed for 36 cycles of 30 s denaturation at 95° C, 40 s an-
nealing at 52° C, 30 s extension at 71° C; for the last cycle the an-
nealing was 10 min at 52° C and the extention 2 min at 71° C.
This primer pair gives rise to 70-100 bp amplified products. Nega-
tive control for reagent contamination, consisting of all PCR re-
agents except template DNA, were applied each time a PCR assay
was performed. DNA extracted from a peripheral T-cell lymphoma
was employed as positive control.

For detecting monoclonality at the DNA level in B lympho-
cyte population we applied a slightly modified version of the
method described by Wan etal. [29], which allows amplifica
tion of the V-D-J region of the heavy chain gene. A semi-nes-
ted PCR was carried out using the primers Fr3A (5-
ACACGGC(CT)YGC)TGTATTACTGT-3), LIH (5-TGAGGA-
GACGGTGACC-3) and VLIJH (5-GTGACCAGGGT(AGCT)-
CCTTGGCCCCAG-3"). The reaction mixture (50 wl) contained 10
L of the template DNA solution; 0.25 mM each of dATP, dGTP,
dTTP, dCTP; 0.05 pg of each primer; 2.5 units of fag polymerase
(Promega); and buffer (Promega) with 4.5 mM magnesium chlo-
ride. Each reaction mixture was overlaid with a small drop of min-
eral oil. PCR was performed: a first round of 40 cycles with the
primers Fr3A and LJH and a second round of 30 cycles with Fr3A
and VLJH using 10 pl of the 1:1000 diluted first PCR product as a
template. A PCR cycle consisted of denaturation for 60 s at 95° C,
annealing for 50 s at 56° C and extension for 60 s at 72° C. A dis-
crete band (100-120 base pair long) indicates monoclonality. Neg-
ative controls for reagent contamination, consisting of all PCR re-
agent except template DNA, were applied each time a PCR was
performed. DNA extracted from a large cell follicular centre cell
lymphoma was employed as positive control.

The PCR product (10-20 pl) was examined in a 2% agarose
gel and stained with ethidium-bromide for the presence of appro-
priate bands. The amplification of a section of the § globin gene
(Perkins Elmer, Chicago, USA) served to determine the amplifi-
ability of extracted DNA.

For ISH 5 p thick sections were mounted and dewaxed. 200 ul
of proteinase K (Boehringer, Mannheim, FRG), 3 pg/ul in 50 mM
TRIS HCI, pH 7.6, were added for 30 min at 37° C. The slides
were washed in pure water, dehydrated in ethanol, air-dried and
then incubated with 30 ul of EBV-oligonucleotides/fluorescein
isothiocyanate (FITC) (complementary to the two nuclear EBER
RNAs encoded by EBV (Dako) for 2h at 37°C. They were
washed and incubated with 150 pl of rabbit F(ab’) anti FITC/AP
for 30 min. After being washed and buffered, they were incubated
with 10 ml of substrate solution containing 32 pl of 5-bromo-
4chloro-3-indolyl-phosphate (BCIP) (50 mg/ml) and 64 pl of nit-

roblue tetrazolium (50 mg/ml) for 2 h at 37° C, and finally count-
erstained with fuchsine. EBV-positive sections from cases of
Hodgkin’s disease served as positive controls, while EBV-negative
lymphoid tissue served as negative control.

Any slides negative for EBV DNA and all non-neoplastic con-
trol cases were tested for viability of total RNA using a poly d(T)
probe.

Results

The clinical data are illustrated in Table 1. The histologi-
cal picture was characterized by a polymorphic lym-
phoid infiltrate composed of a mixture of small lympho-
cytes and variable numbers of atypical lymphoid cells
and immunoblasts along with reactive plasma cells, oc-
casionally eosinophils and histiocytes. Scattered Reed-
Sternberg-like cells were observed in three cases.

Immunophenotyping and immunogenotyping are
summarized in Table 2. Immunohistochemistry showed a
T cell phenotype in eight cases. One case (case 7) gave
inconclusive results probably due to inadequate fixation.
Few reactive B-lymphocytes were intermingled with
neoplastic T-cells. T-cell clonality at the DNA level was
observed in five cases by the presence of a 70-100 base
pair (bp) band indicative of TCRJ chain rearrangement.
IgH gene rearrangement was not detected in any case.

All the cases were diagnosed as peripheral pleomor-
phic T-cell lymphomas (pPTCL) with the exception
of case 7, in which the cell lineage could not be estab-
lished.

Polymerase chain reaction for EBV showed a 155 bp
amplified DNA in eight cases (Fig. 1). ISH for EBER led
to the detection of positive cells in five cases out of eight
PCR positive cases. In two cases almost all the atypical
lymphoid cells (more than 80%) showed a strong signal.
In the other cases only a variable numbers of tumour
cells were positive. The small cells were usually negative
although by morphological criteria they belonged to the
neoplastic population (Fig. 2). LMP immunostaining was

Table 1 Clinical data of nine sinonasal non-Hodgkin’s lym-
phomas

Case Age Presenting Tamour Clinical

no  (year)/sex symptoms involvement stage?

1 31/F Nasal obstruction,  Nose T2
purulent discharge

2 48/M Nasal mass Nose T3

3 53/M Nasal mass, Nose, maxillary T2
rhinorrhea sinus

4 40/F Nasal obstruction, Nose, frontal T2
epistaxis, epiphora  sinus

5 52/M Nasal obstruction Nose, maxillary T3

sinus

6 38/M Nasal mass Nose T2

7 83/M Nasal obstruction, Nose T2
epistaxis

8 60/M Nasal obstruction,  Nose, maxillary T3
anosmia sinus

9 27/™M Nasal mass Nose T3

2 According to American Joint Committee Staging System (1988)



Table 2 Summary of histological, immunohistochemical,
immunogenotypic, polymerase chain reaction and in situ hybri-
disation findings in sinonasal non-Hodgkin's lymphomas.
(pPTCL, peripheral pleomorphic T-cell lymphoma; PCR, poly-
merase chain reaction; UN, malignant lymphomas, unclassified;
ISH, in situ hybridisation; LMP, latent membrane protein,
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demonstrated by immunohistochemistry; EBV, Epstein-Barr virus
DNA; PCR, polymerase chain reaction; EBER, in situ hybri-
disation for EBV-encoded RNAs; CIgHR, clonal immunoglobulin
heavy chain gene rearrangement; CTCRPBR, clonal T-cell receptor
J-rearrangement)

Case Histology CD20 UCHL!1 CD3 BF1 BCL2 LMP CIgHR CTCRBR  EBV EBER
no (PCR) (PCR) (PCR) (ISH)
1 pPTCL - + + + - - - - + -
2 pPTCL - + + + - - - + + -
3 pPTCL - + + + - + - - + +
4 pPTCL - + + + - - - + + -
5 pPTCL - + + + - + - + + +
6 pPTCL - + + + - - - + + +
7 UN - - - - - - - - - -
8 pPTCL - + + + - + - + + +
9 pPTCL - + - - - - - - + +
T 2 3 4 5 868 7 8 910N
155 bp

Fig. 1 Polymerase chain reaction amplification of Epstein-Barr
virus (EBV) genome. Line 1 is the positive control; Line 2 is the
negative control; Line 3 is the marker (Boehringer VI); Lines 4-11
are the EBV positive cases
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Fig. 2 Large atypical lymphoid cells are strongly labelled by EBV
encoded RNAs-in situ hybridisation. x350

observed in three cases. A cytoplasmic positivity was
found with the same cellular distribution of EBER (Fig.
3). EBV was never detected by PCR or ISH in any of
non-neoplastic control tissues nor in the epithelial cells
present in the lymphomas.

Fig. 3 Late membrane protein immunostaining was observed on
the membrane and cytoplasm of large atypical lymphoid cell. Al-
kaline phosphatase anti-alkaline phosphatase x375

Discussion

In a 10 year period (1983-1993) we have diagnosed
eight cases of SNHLs. They represented 1.6% of all ma-
lignant lymphomas, 2.4% of extranodal malignant lym-
phomas and 10% of the extranodal malignant lympho-
mas of the head and neck. These percentages atre in ac-
cordance with those reported by the majority of the au-
thors [7, 9, 10, 32].

Eight of the nine cases showed a T-cell phenotype
(one case gave inconclusive results). A clonal rearranged
T-cell antigen receptor beta chain gene was observed by
PCR in five cases. Molecular studies to assess the clonal-
ity of SNHL have been performed on only limited num-
ber of cases and the results have been contradictory [8,
13, 16, 17, 19, 30]. Different techniques have been used
and the sensitivity of Southern-blot analysis, for exam-
ple, ranges from 1 to 5%. PCR instead can detect mono-
clonality when the tumour DNA comprise only 0.05% of
the sample [18]. Further studies are necessary to clarify
these discrepancies.
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The association of SNHL and EBV was accomplished
in this study by the application of two different and inde-
pendent nucleic acid detection methods: the PCR tech-
nique for the demonstration of EBV-gpecific DNA se-
quences and the ISH for the detection of EBER. The sen-
sitivity of PCR was higher than that of EBER-ISH: eight
positive cases with PCR, five positive cases with EBER-
ISH. This may be due to single EBV infected cells ex-
pressing EBER at low concentration that might have es-
caped detection by ISH. EBV RNA was found mostly in
the large atypical lymphoid cells, while the small cell
component was usually negative. EBV probably plays a
pathogenetic role if all the tumour cells are EBER posi-
tive. In those cases which show EBER positivity only in
a portion of tumour cells, the virus might be an impor-
tant but not essential co-factor in the multi-stage devel-
opment of malignancy [33]. DNA analysis of single cells
[3] may be useful in defining the question as to whether
the large and small cell component belong to the same
neoplastic clone and whether the demonstration of EBV
infection in only a proportion of the tumour cells is due
to down-regulation of EBER or elimination of the viral
genome or a mixture of both.

LMP expression of EBV infected cells, although vari-
able, is considered to be relevant because of its in vitro
transforming potential as well as its capacity of prolong-
ing cell survival by blockage of programmed cell death
through induction of BCL2 expression [15]. However,
BCL2 protein was never detected in our cases and LMP
was found only in three cases.

In benign lymph nodes, the vast majority of EBV in-
fected cells are B-lymphocytes; in contrast, there are
now several reports of EBV infection of neoplastic cells
in T-cell lymphomas, including sinonasal lymphomas.
Asian countries and Peru have a markedly higher inci-
dence of nasal lymphomas than the USA [21], and T-
phenotype predominates in sinonasal lymphomas of
these countries. A B-phenotype is more frequently en-
countered in sinonasal lymphomas in Western countries.
In contrast our cases showed a T-cell phenotype and a
TCRPR was also observed, at least, in some of them.
EBV positivity has been consistently shown in T-cell
sinonasal lymphomas, especially in Asian countries and
Peru [2, 14, 16, 31]. However, minor series of EBV-posi-
tive B-cell sinonasal lymphomas have also been pub-
lished; thus, it may be assumed that the anatomical site is
important in the origin of EBV-associated lymphomas.
The more constant presence of EBV infected cells in
sinonasal lymphomas occurring in Asian countries (and
in Peru) might be due to the earlier occurrence of EBV
infection in these areas. In the control cases we exam-
ined, no EBV positivity was detected; thus, EBV infect-
ed cells in lymphomas of our series cannot be considered
to be simply incidental. The results of our study suggest
that EBV positive SNHL also occur in Italy and that
EBV may have a role in the genesis of these malignan-
cies, at least, in the sinonasal region.
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