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Short Communication
Demonstration of a Unique Epstein-Barr
Virus-Positive Cellular Clone in Metachronous
Multiple Localizations of Hodgkin's Disease

Mauro Boiocchi,* Riccardo Dolcetti,*
Valli De Re,* Annunziata Gloghini,t and
Antonino Carbonet
From the Divisions of Experimenital Oncology" antd
Pathologgy,t Centro di Riferimenito Onzcologico, Aviano
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The recent detection of clonal episomes of
Epstein-Barr virus (EBV) in a significant pro-
portion of Hodgkin's disease (HD) cases has
suggested a re-evaluation of the possible patho-
genetic role of EBV in the development of the
disease. Here we report that in two EBV-positive
HD, arisen in human immunodeficiency virus-1-
infected drug users, a unique episomal EBV
genome was detected in multiple metachronous
HD lesions of each patient. These findings dem-
onstrated that the same EBV-positive celular
clone was present in multiple localizations ofHD
as well as in specimens taken at different times.
Combined in situ hybridization and immunohis-
tological analyses evidenced EBV genome and
EBV-encoded latent membrane protein-i on
Reed-,Sternberg ceUs. Therefore, the data
strongly support the possibility of a causal role
for EBVin thepathogenesis ofHD. (AmJPathol
1993, 142:33-38)

Although its malignant nature is widely accepted,
Hodgkin's disease (HD) displays features very simi-
lar to those of infectious diseases. In particular, the
observation of numerous clusters of HD1'2 as well as
epidemiological characteristics3'4 have suggested
an infectious, possibly viral, pathogenesis. A possi-
ble pathogenetic role of Epstein-Barr virus (EBV)

was originally suggested by the observation that per-
sons with a history of infectious mononucleosis5 or
with elevated antibody titers toward EBV antigens6'7
have an increased risk of HD. Renewed interest for
such association has arisen from prospective sero-
logical studies that revealed that elevated anti-EBV
antibody levels are present before the diagnosis of
the disease.8 In addition, clonal episomal EBV
genomes were recently detected in a significant frac-
tion (17% to 41%) of HD cases.9 1 These last find-
ings indicate that a clonal cell population harboring
EBV is present in pathological tissues from a portion
of HD patients. Moreover, in situ hybridization (ISH)
analyses revealed that EBV is prevalently found in
Reed-Sternberg cells (RSCs) and their variants.'1012
Further studies, employing polymerase chain reac-
tion (PCR) or analysis of EBV latent membrane pro-
tein-1 (LMP) expression, have demonstrated a
higher association of EBV with mixed cellularity13-15
and cellular phase nodular sclerosis15 with respect
to the other subtypes. Taken together, these results
indicate that, in at least a group of HD cases, EBV
may play a pathogenetic role in the development of
the disease.

With the aim to characterize better the relationship
between EBV and HD, we determined whether a
unique EBV-positive cellular population may be con-
stantly present in anatomically separated metachro-
nous localizations of the disease. Here we report that
in two EBV-positive HD cases, arisen in human
immunodeficiency virus-1 (HIV-1 )-infected drug
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users, each of the pathological specimens obtained
from multiple localizations and at different times dis-
played the presence of the same viral clone.

Materials and Methods
Tissue Samples
Tissue samples for histopathological and immuno-
histological studies were obtained from both the
patients by biopsy procedures performed for diag-
nostic purposes and from one patient also during the
autopsy study. Frozen tissues from the following
specimens were analyzed for presence of EBV
genome: a left cervical lymph node with HD and
another involved left cervical lymph node, removed 6
months later, from the first patient; a left cervical
lymph node with a reactive histological pattern and a
right cervical lymph node with HD, biopsied 5
months later, from the second patient. Autopsy spec-
imens from the latter patient were further analyzed;
they included two superficial and two abdominal
lymph nodes from different sites, all involved by
Hodgkin's lymphoma tissue, and a cerebellar tissue
sample without neoplastic infiltration. All pathological
specimens were classified according to the Rye
modification of the Lukes and Butler classification.16

Immunohistological Analyses

Immunohistological analyses were performed on

Bouin-fixed, paraffin-embedded tissue sections. The
following monoclonal antibodies were used: leuko-
cyte common antigen/LCA or CD45, BerH2/CD30,
LeuM 1/CD 15, epithelial membrane antigen/EMA,
vimentin, LN1/CDW75, LN2/CD74, L26/CD20, CD3,
UCHL1/CD45RO, Leu22/CD43, MT1/CD43, and
KP1/CD68. The immunoreactivity, the source of
these commercially available antibodies, and the
immunohistological technique used have been
reported previously.17-19

Immunohistochemistry with Anti-LMP and
anti-EBV Nuclear Antigen 2 Antibodies
Anti-LMP was available as a pool of four monoclonal
antibodies (mAbs) (CS.1-4) (Dakopatts A/S, Glos-
trup, Denmark). Anti EBV nuclear antigen 2 (EBNA 2)
was available as a single reagent (PE 2) reported to
react with EBNA 2A and EBNA 2B antigens,20 kindly
provided by Dr. L. Young. Immunostaining was per-

formed on Bouin-fixed, paraffin-embedded tissue
sections by the alkaline phosphatase-antialkaline
phosphatase method. Positive controls were

included in all runs and consisted of sections of
LMP- and EBNA 2-expressing EBV-positive cell lines.
Negative controls consisted of consecutive test sec-
tions in which the primary antibody was replaced
with nonimmune serum of the same IgG subclass
(Dakopatts).

EBV Genome Detection
In Situ Hybridization

The probe for EBV consisted of 1 pg/ml biotiny-
lated EBV DNA prepared from the 3.1-kb BamHI-W
(internal repeat 1) fragment of the EBV genome
(Enzo Diagnostics, Inc., New York, NY) in hybridiza-
tion mixture as suggested by the supplier. ISH stud-
ies were performed on Bouin-fixed, paraffin-embed-
ded tissue sections using a modified procedure
based on previously described methods.21-23 Cells
were scored positive for viral DNA if they showed
deposition of grains in excess. Controls for ISH assay
consisted of slides containing both a negative con-
trol well of fixed Ramos cells and a positive control
well of fixed B95.8 cells (Enzo Diagnostics, Inc.). An
additional negative control consisted of omission of
the biotinylated probe from the hybridization mixture.

Southern blot analysis

Genomic DNA was extracted according to con-
ventional methods. Southern blotting, molecular
hybridization, and autoradiography were performed
as previously described.24 The following EBV-spe-
cific probes were used: a 1.9-kb Xhol fragment cor-
responding to fragment EcoRI D adjacent to EBV
right-terminal repeats and a 4.1-kb EcoRI fragment
corresponding to an EcoRI fragment adjacent to the
EBV left-terminal repeats.25

Results
Report of the Cases
The first patient (AM), a white, 21-year-old man, was
an intravenous drug user with HIV-1 infection who
presented in April 1986 with a history of weight loss,
unexplained fever, night sweats, and persistent gen-
eralized lymphadenopathy (PGL). Histological
examination of a lymph node of the left side of the
neck revealed a massive involvement by HD, "mixed
cellularity" subtype. Combination chemotherapy was
administered, with partial response. In October 1986
a new biopsy of two lymph nodes from the left neck
area revealed a focal involvement by HD in one sam-
ple, and a florid follicular hyperplasia compatible
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with PGL in the other lymph node sample. The
patient was lost to follow-up.

The second patient (VM), a white, 20-year-old
man, was an intravenous drug user with HIV-1 infec-
tion who presented in December 1986 with a history
of PGL associated with night sweats. Two left cervi-
cal lymph nodes were biopsied. Histological exami-
nation of both the samples revealed a reactive lymph
node pattern compatible with PGL. In May 1987 his-
tological examination of several small lymph nodes
removed from the right neck area showed a total
involvement by HD, 'lymphocyte depletion" subtype.
Combination chemotherapy was then administered,
but in the following few months opportunistic infec-
tions and bacterial pneumonia developed. The
patient died in November 1987. The autopsy study
revealed the persistence of Hodgkin's lymphoma in
the superficial and abdominal lymph nodes associ-
ated with spleen involvement.

Histopathological, Immunophenotypical
and Virological Findings
Two lymph node specimens from the first patient
were interpreted as involved by "mixed cellularity"
HD (Figure 1A). Another lymph node, which was
removed together with that subsequently biopsied,
showed follicular hyperplasia alone. RSCs immu-
noreacted with LeuM1/CD15, BerH2/CD30, LN2/
CD74, L26/CD20, and vimentin; LCA/CD45, EMA,
and the other tested antigens were not expressed.

The initial lymph node specimens from the second
patient displayed typical features of florid follicular
hyperplasia compatible with PGL,18 and lymph node
samples biopsied 5 months later showed a complete
replacement by lymphoma tissue with rare classic
RSCs in a fibrous lymphocyte-depleted background
(Figure 1, B and C). In the involved lymph nodes
obtained at autopsy, the histopathologic patterns
repeatedly showed a diffuse effacement of normal

Figure 1. A: Left cenrical lymph niodefrom the first patienit, showing mixed cellularit- HD. The celluilar inifiltrate is relatitelY polymorphouis uwith
lvmphocytes, bistiocy>tes, plasma cells, a classic Reed-Sterinberg cell (center). and a n0ionionuiiclear variant (top center). (Hematox)hlin and eosin;
X 400.) B: Right cenrical lympb niodefromn the second patient shouwing lymphocyte depletion- HD. The niormnal structlure is replaced by haphazardly
arrTanged spindle cells anid histiocte.s, uhereas lynphocyte(s are miiarkedly reduiced in niiumber. Ani at pical Reed-Sternberg cell is seen (top center).
(Hematoxylin anid eosini, X250.) C: Same niode as in B shouin1g a Reed-Sternberg cell of classic type (center). (Hemnatoxylin anid eosini, X 400.) D:
Same niode as in A sbouoting L6IP staining unithini the cytoplasm of sonie Reed-Sternberg cells (Boloiim-fixed, paraffin-emnbedded section, alkalinie
phosphatase-antialkaline phosphatase mnethod, (Ilenmatoxylin counterstain, X 400). E: Samne niode as in A shooing that the ISI signial is present as
dense grainis oi'er the nuclei /fa Reed-Sterniherg cell. (Biotinyvlated EBI'prohbe nuclear fast red counterstain, X 1000 oil ininwerion.)
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architecture and the presence of an atypical poly-
morphous and bizarre cell population associated
with severe lymphocyte depletion. Immunohistologi-
cally, in all pathological samples, RSCs reacted only
with LeuMl/CD15, BerH2/CD30, and LN2/CD74
antibodies.

By immunohistochemistry, LMP expression was
detected in all lymph node specimens, from both the
patients, involved by HD. Positivity was found both
on the cell surface and within the cytoplasm of RSCs
(Figure 1 D). EBNA 2, on the contrary, was constantly
absent. ISH analysis demonstrated EBV in all HD-in-
volved samples from both patients. The signal, which
was usually nuclear (Figure 1E), was confined to
Hodgkin's and RSCs.

Conformation analysis of the EBV genome was
performed on BamHl-digested DNAs extracted from
the biopsy and autopsy specimens. Molecular
hybridizations were performed with probes specific
for the unique genomic sequences contiguous to the
5' and 3' terminal repeats of EBV.25 A single band of
13 kb was detected with both probes in the two
HD-involved specimens from the first patient,
whereas a single band of 15 kb was observed, with
both probes, in the five samples with Hodgkin's lym-
phoma tissue but not in that with PGL and in the
noninvolved autopsy specimen from the second
patient (Figure 2).

Discussion
Recent evidence has indicated that approximately
20% and 70% of HD cases, arisen in the general
population and in HIV-1-infected patients, respec-
tively, contain a monoclonal proliferation of EBV-pos-

PtA1

itive cells.9-11,26 Two major hypotheses have been
proposed to explain the association between EBV
and HD. The presence of EBV genome in HD-in-
volved tissues reflects the expansion of EBV-infected
lymphoblastoid B-cell clones due to the reduced
immunocompetence associated with the disease.
Alternatively, the EBV-infected cell population repre-
sents the presumed HD neoplastic clone, as sup-
ported by in situ hybridization analyses which, in this
and other studies,10 12 localized EBV genome prev-
alently in RSCs and their mononucleated precursors.
According to the latter hypothesis, EBV may play an
etiopathogenetic role, as previously suggested by
serological6,8 and epidemiological1 data, in at
least a group of HD cases.

With the aim of better defining the association
between EBV and HD development, we analyzed
anatomically separate and metachronous patholog-
ical tissues from two EBV-positive HD cases arisen in
HIV-1-infected drug users. The detection of a unique
EBV episome in all different HD lesions of each
patient excludes that expansion of multiple EBV-in-
fected cellular clones is a generalized phenomenon
in HD patients, even in those infected by HIV-1, for
whom being highly immunocompromised is thought
to be a strong predisposing factor for expansion of
EBV-infected lymphoblastoid cell clones.27 We found
it noteworthy that, by combined Southern blot and
ISH analysis, EBV genome was neither detected in
the samples with PGL or noninvolved by HD from
these patients nor in 17 additional PGL biopsies, of
18 analyzed, from other HIV-1-infected patients.28.
Shibata and colleagues,27 on the contrary, found, by
PCR analysis, EBV DNA in reactive lymph nodes
from HIV-1-infected patients with PGL. However,
such EBV positivity was associated with an

Pt.2
Figure 2. Sobthern blot autoradiogr-aml shou-
ing the anallsis of fiused EBI' termuii. DIVAs
uwere digested with BamHI restrictioni enzdonuz-
clease anid hybridized uith the 4.1-kb EcoRI
fragment corresponding to a unliquie EBV'
sequentce ad/acent to the 5' termtinlal repeats.
Lantes A anid B conitaini DVAsfrom too metach-
ronioits lymph niocde localization.s of HD
obtainied fron patienit 1. Lanes C to I conitain
DIVAs from tisslucs of patienit 2: a left cervical
lymph niode unith PGL (lane C), a biopsy.sample
ofa right ceriical Iymph niode uwith IID(lane D),
too siuperficial(lanes E andF) anid two abdom-
inial (lanes G anid H) involved lynph niodes
obtainied at autopsy, anid a cerebellar autopsy
sample without nieoplastic infiltration (lane I).
Lanes J, K, ancd L conitaini EBV-positiie HD
cases initrodulced as a control. Sizes are in
kilobases. Hybridization of the sanie DNAs uith
a probe specific for unique genooinic sequenices
conitiguiouis to the 3'-terminal repeat /f the vinrs
gate superimiposible results. E.BV.-5.'

A rllh.
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increased incidence of concurrent or subsequent
EBV-positive non-Hodgkin's lymphoma but not with
the development of HD.

The constant presence of a unique EBV-infected
cellular clone, with morphological features of RSCs,
in all different localizations of the disease suggests
that such a cell population has a functional role in the
pathological tissue and, therefore, that EBV has an
etiopathogenetic role in EBV-positive HD cases.29
Possibly, unusual virus-cell interactions or specific
EBV mutants may confer on the infected cell peculiar
antigenic properties able to elicit and sustain the
reactive cellular components of the disease but to
evade cytotoxic T cell recognition.30 The immunohis-
tochemical detection of LMP in HD-involved tissues
is further evidence for an active role of EBV in the
disease.13'31 The expression of this protein is of par-
ticular interest because in addition to promoting neo-
plastic transformation32'33 and inhibiting terminal dif-
ferentiation,34 LMP can serve as a target for T
lymphocyte recognition.35

In conclusion, the demonstration that the same
EBV-infected clone is present in HD lesions from dif-
ferent anatomic sites and in metachronous localiza-
tions of the disease, in conjunction with the demon-
stration of EBV genome and EBV-encoded LMP
expression in RSCs strongly supports a causal role
for the virus in the pathogenesis of HD.
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