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DNA sequences belonging to the recently discov-
ered Kaposi's sarcoma-associated herpesvirus
(KSHV), now provisionaly designated human
herpesvirus 8, have beenpreviously identified in
an uncommonly occurring subset ofAIDS-related
lymphomas, referred to as body-cavity-based
lymphomas (BCBLs), which present as lympho-
matous effusions. Pyothorax-associated lym-
phomas (PALs) are non-Hodgkin's lymphomas
that arise in the pleural cavity after long-stand-
ing pleural inflammation resulting from thera-
peutic artificialpneumothorax orfrom tubercu-
lous pleuritis. Although PALs present as solid
tumor masses, they are otherwise similar to
BCBLs in that they also are B cell lymphomas,
usualy exhibit immunoblastic morphology, and
contain Epstein-Barr virus. We investigated
whether KSHV sequences are present in 2 BCBLs
in patients without AIDS and in 12Japanese and
2 French PALs. The 2 BCBLs were positive for
KSHV sequences, whereas all 14 PALs were
KSHV negative. This finding strongly suggests
that BCBLs and PALs are distinct clinicopatho-
logical entities andfurther strengthens the asso-
ciation between the presence of KSHV and an

effusion phenotype. Based on thesefindings, we
propose replacing the term body-cavity-based
lymphoma with the term primary effusion lym-
phoma, which describes these non-Hodgkin's
lymphomas more accurately and avoids confu-
sion with other lymphomas that may occur in the
body cavities, such as the PALs. (Am J Pathol
1996, 149:53-57)

DNA fragments belonging to a previously unidenti-
fied human herpesvirus have been found in more
than 90% of Kaposi's sarcoma (KS) lesions in pa-
tients with and without the acquired immunodefi-
ciency syndrome (AIDS).1`7 These KS-associated
herpesvirus (KSHV) DNA sequences also have been
identified in some non-Hodgkin's lymphomas.1 No-
tably, most of the KSHV-containing lymphomas have
been body-cavity-based lymphomas (BCBLs) oc-
curring in human immunodeficiency virus (HIV)-pos-
itive individuals.89 Besides the presence of KSHV,
these BCBLs possess certain unusual clinical, immu-
nophenotypic, and molecular genetic characteristics
that suggest they represent a distinct clinicopatho-
logical entity.10-" They grow exclusively or mainly in
the pleural, pericardial, and peritoneal cavities as
lymphomatous effusions, usually with no identifiable
tumor mass, throughout their clinical course and fre-
quently exhibit indeterminate immunophenotypes
but B cell genotypes with clonal immunoglobulin
gene rearrangements. Furthermore, unlike many
AIDS-related B cell non-Hodgkin's lymphomas,
AIDS-related BCBLs nearly always contain Epstein-
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Table 1. Clinical and Pathological Features of Non-AIDS-Related Lymphomas Occuring in Body Cavities

Age
Case Category Origin (years) Sex

2
3
4
5
6
7
8
9
10
11 CLt
12-CL
13
14-CL
15
16

PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
PAL
BCBL
BCBL

Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
France
France
USA
USA

67
57
57
58
65
56
60
68
76
57
76
57
59
68
78
85

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Duration of
pyothorax
(years)

30
Unknown
Unknown

34
44
37
35
41
46
33
46
40

Unknown
31
NA
NA

Viral
sequences

Histology Immunophenotype EBV* KSHV Ref.

IB
IB
IB
IB
IB
IB
LC
LC
IB
IB
IB
IB
LC
LC
IB
IB

B
Null
B
B
B

Null
B
B
B
B
B
B
B
B

Null
Bf

+
+
+
±
+
+
+
+
+
+
+
+
+

17
- 17

17
17
17
17

- 17
17

- 17
17

+ 18
+ 19

+ + 22

CL, cell line; IB, diffuse large cell-immunoblastic; LC, diffuse large cell; NA, not applicable; +, positive; -, negative.
*The presence of EBV was determined by PCR, in situ hybridization for EBER sequences, and/or LMP-1 antigen expression.
tCell line derived from case 9.
tExpression of surface immunoglobulin but no other B-cell-associated antigens.

Barr virus (EBV) and consistently lack c-myc gene
rearrangements.8,10

Other non-Hodgkin's lymphomas arise in the body
cavities. These include rare cases of non-AIDS-re-
lated BCBLs and the so-called pyothorax-associated
lymphomas (PALs). 13,14 The PALs are rare neo-
plasms associated with long-standing pyothorax re-
sulting from artificial pneumothorax for the treatment
of pulmonary tuberculosis or tuberculous pleuritis.
These lymphomas have been identified most often in
Japan, with more than 50 cases reported in the
literature, in comparison with a single series of 3
cases reported from a Western country, France.15
The reason for this geographic distribution remains
unclear, although it has been suggested that artificial
pneumothorax has been used more frequently as a
therapeutic modality in Japan than in the West. Al-
though PALs appear as a tumor mass in or near the
pleura, rather than as a lymphomatous effusion, they
are reminiscent of the BCBLs in that they are similarly
EBV-containing high grade B cell tumors with immu-
noblastic morphology occurring in the pleural cavi-
ty.16 Because of these similarities, we decided to
analyze cases of PAL, as well as BCBLs occurring in
non-AIDS patients, for the presence of KSHV se-
quences.

Materials and Methods

Pathological Samples
Fourteen PALs, including ten paraffin-embedded tis-
sue specimens from Japan,17 two cell lines from

Japan, one tissue specimen from France, and one
cell line from France,18 were investigated. One of the
cell lines from Japan (case 11), was obtained from
case 9. Histological sections of the PALs were re-
viewed to confirm the diagnosis of malignant lym-
phoma. The clinical, histological, immunohistochem-
ical, and EBV analysis of the Japanese PALs has
been previously reported17 and includes polymer-
ase chain reaction (PCR) for the EBV BamHI-W re-
gion and EBNA-2 as well as in situ hybridization for
the BamHI-W fragment and immunostaining for
LMP-1. The two previously unpublished Japanese
cell lines were characterized using the same meth-
ods. The cases from France were immunopheno-
typed on both frozen and paraffin sections (case 14)
or only on paraffin sections (case 13). The analysis of
case 14 has been previously reported.18 Case 13
was found to be positive for CD20 (L26, Dako, Santa
Barbara, CA) and negative for CD3 (polyclonal CD3,
Dako). Two cases of BCBL in HIV-negative individu-
als were also analyzed for the presence of KSHV
sequences. One of these BCBLs presented as a
lymphomatous effusion in the pleural cavity (case
15), whereas the second case presented as an ab-
dominal effusion (case 16). The clinical, morpholog-
ical, immunophenotypic, and molecular features of
both of these cases have been previously report-
ed.22 Case 15 is the only KSHV-positive, EBV-nega-
tive BCBL we had identified to this date. The char-
acteristics of all of these patients and the
pathological features of the specimens studied are
summarized in Table 1.
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Figure 1. PCR amplification for KSHV DNA sequences in non-AIDS-
related lymphomas occurring in body cavities. The upper panel shows
the ethidiumn-bromide-stained agarose gel of the amplificationl prod-
lucts ofDNA from a negative control (NC; HL60 cell line), a positive
conttrol(KS), PAL,(PAL 1 through 14), anid BCBLs-(BCBL 15 and 16).
A inolecular weight mnarker (AD is in the first lane. A band of 23.3 bp
indicating the presence of KSHV sequenzces is only idenztified in the
positive conitrol and in the two cases ofBCBL. The lower panel shous
specific hybridization of the PCRproducts to an internal oligonucleo-
tide probe end-labeled uwith 32P after tran_sfer to nitrocellulose filters.

PCR and Hybridization Analysis
DNA was extracted from these tissues and tested by
PCR for EBV using EBER primers and p53 exon 6 to
confirm the integrity of the DNA and the lack of PCR
inhibitors using previously reported primers and
methods.20'21 The presence of KSHV sequences

was examined by PCR using primers KS330233F and
KS330233R, which amplify a 233-bp fragment as pre-

viously reported.'

Results

Sixteen non-AIDS lymphomas presenting in body
cavities were investigated. These included fourteen
cases of PAL and two lymphomatous effusions from
HIV-negative patients. The main features of these
cases are summarized in Table 1. We found all of the
cases, except one of the lymphomatous effusions, to
be positive for EBV sequences. This was determined
by PCR, in situ hybridization for EBER sequences,

and/or LMP-1 antigen expression. 1 -19,22

The search for the presence of KSHV sequences

revealed that, whereas the 2 BCBL cases showed a

distinct 233-bp band similar to the KS tissue used as
a positive control, none of the 14 cases of PAL dis-
played an amplification product. This finding was

confirmed by transfer and hybridization of the gels to
a 32P-end-labeled internal oligonucleotide probe
(Figure 1). Ability of the DNA to amplify in all of the
cases was confirmed by PCR for P53 (not shown)
and EBV, previously reported for cases 1 to 10,17
and shown for cases 11 to 16 in Figure 2.

Discussion
We analyzed 16 malignant lymphomas presenting in
body cavities in HIV-negative individuals for the

PAL BCBL

190bp-

190bp -

Figure 2. PCR amplificationforEBVDNA sequences wising EBERprim-
ers in representative cases of non-AIDS-related Iymphomas occurring
in body catities. Tbe upper panel shows the ethidium-bromide-stained
agarose gel of the amplification products of DNA from a negative
control (NC; HL60 cell line), PALs (PAL 11 throuigh 14), and BCBls
(BCBL 15 anid 16), a positive conitrol (PC, tJH-1 Iymnphoblastoid cell
line), and the reactioni carie-d out in the absenice of DNA (-). A
molecuilar uweight marker (AD is in the firt lane. A banid of 190 bp
indicating the presence ofEBV sequences is identified itn the positive
control and in all of the PAL- and one of the tuo BCBL cases. Case 15
has been previously shoun to be negativefor EBVDNA sequences by a
variety of methods.i9 The lower panel shows specific hvbridization of
the PCRproducts to an intental oligonucleotideprobe end-labeled uith
32P after transfer to nitrocellulose filters.

presence of KSHV sequences. We found that all of
those cases that were solid tumor masses, corre-

sponding to the PALs, were negative for these se-
quences. In sharp contrast, the two cases present-
ing as lymphomatous effusions contained KSHV
DNA sequences.

These sequences have been identified in a total of
18 AIDS-related BCBLs presenting as lymphoma-
tous effusions.8'22-24 However, these sequences are
not present in every lymphomatous effusion we have
seen to date. For example, they are absent from
those AIDS-related lymphomatous effusions that re-

semble Burkitt's and Burkitt's-like lymphomas mor-

phologically and molecularly, ie, are composed of
relatively small round cells with cytoplasmic vacu-
oles and have c-myc oncogene rearrangements.22
They also appear to be absent from lymphomatous
effusions that are secondary to a contiguous tumor
mass, eg, from cases of Burkitt's lymphoma or large
cell lymphoma occurring in the mediastinum or peri-
toneal cavity having an accompanying effusion with
neoplastic cells (unpublished observation). Thus, the
presence of KSHV sequences seems to be confined
to a very specific and distinct subset of tumors, in our
experience characterized by 1) the presence of a

lymphomatous effusion in the absence of a contigu-
ous tumor mass, 2) high grade morphology with
features bridging those of immunoblastic and ana-

plastic large cell lymphoma, 3) frequent indetermi-
nate immunophenotype, 4) B cell genotype, 5) fre-

233bp-
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quent presence of EBV, and 6) lack of c-myc gene
rearrangements.
As the PALs are B cell lymphomas based in the

pleural cavity and have other features reminiscent of
the AIDS-BCBLs, such as immunoblastic morphol-
ogy and the presence of EBV, it was relevant to
determine whether they were also KSHV positive. A
major difference between these two neoplasms is
the presence of a solid tumor mass in the PALs
versus a lymphomatous effusion in the BCBLs. The
finding that the PALs are negative for KSHV whereas
the BCBLs are positive, even in HIV-negative indi-
viduals, strongly supports the notion that KSHV is
related to the effusion phenotype in the BCBLs.
Thus, the presence of KSHV among non-AIDS lym-
phoid neoplasms also remains confined to a highly
specific subset of cases, ie, those primary lympho-
matous effusions that we have referred to as BCBLs.
Based on the findings presented here, we propose
referring to these cases as primary effusion lympho-
mas rather than BCBLs, as this term describes these
non-Hodgkin's lymphomas more accurately and
avoids confusion with other lymphomas that may
occur in the body cavities, such as the PALs.
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