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Differential Expression of BCL-6, CD138/Syndecan-1, and Epstein-Barr
Virus—Encoded Latent Membrane Protein-1 Identifies Distinct Histogenetic
Subsets of Acquired Immunodeficiency Syndrome—Related
Non-Hodgkin’s Lymphomas

By Antonino Carbone, Gianluca Gaidano, Annunziata Gloghini, Luigi M. Larocca, Daniela Capello,
Vincenzo Canzonieri, Andrea Antinori, Umberto Tirelli, Brunangelo Falini, and Riccardo Dalla-Favera

This study was aimed at defining the histogenesis of the
pathologic spectrum of acquired immunodeficiency syndro-
me-related non-Hodgkin’s lymphomas (AIDS-NHL), includ-
ing AIDS-related small noncleaved cell lymphoma (AIDS-
SNCCL), AIDS-related large noncleaved cell lymphoma (AIDS-
LNCCL), AIDS-related large cell immunoblastic lymphoma
plasmacytoid (AIDS-IBLP), and AIDS-related primary effu-
sion lymphoma (AIDS-PEL). Forty-six cases of AIDS-NHL
were investigated for the expression pattern of BCL-6, a
protein specifically expressed by germinal center (GC) B-
cells, and CD138/syndecan-1 (syn-1), a marker of post-GC
B-cell differentiation. Expression of BCL-6 and syn-1 segre-
gated two major phenotypic patterns among AIDS-NHL: (1)
the BCL-6%/syn-1~ pattern associated with AIDS-SNCCL and
AIDS-LNCCL; (2) the BCL-6-/syn-1 * pattern associated with

AIDS-IBLP and AIDS-PEL. Among systemic AIDS-NHL in-
fected by Epstein-Barr virus (EBV), expression of the EBV-
encoded latent membrane protein-1 (LMP-1) preferentially
associated with the BCL-67/syn-1 * profile. Analysis of
nonneoplastic lymph nodes showed that the two pheno-
typic patterns detected in AIDS-NHL correspond to physi-
ologic stages of B-cell development, ie, GC B-cells (BCL-6%/
syn-1-) and preterminally differentiated post-GC B-cells (BCL-
6~/syn-1%). Thus, BCL-6%/syn-1~ AIDS-NHL reflects a GC
stage of differentiation, whereas AIDS-NHL which are BCL-6~/
syn-1+, and LMP-1* when infected by EBV, derive from B
cells that have entered post-GC plasmacell differentiation.
These findings are relevant for the pathogenesis and differen-
tial diagnosis of AIDS-NHL.

© 1998 by The American Society of Hematology.

CQUIRED IMMUNODEFICIENCY syndrome-related requirement for GC formation and functiéh?® Syn-1 is a
non-Hodgkin’s lymphomas (AIDS-NHL) represent a proteoglycan belonging to the syndecan faritlse Within the
markedly heterogeneous group of lymphomas derived frommature B-cell compartment, syn-1 is not expressed in GC B
mature B celld:3 The pathologic spectrum of AIDS-NHL cells whereas it is expressed in specific subsets of post-GC B

includes systemic NHL, primary central nervous system lympho-cells, including immunoblasts and plasma céits?

mas (PCNSL), and primary effusion |ymphoma (PEL) Sys_ Inan attempt to elucidate the histogenesis of AIDS-NHL, we
temic AIDS-NHL are histologically classified into AIDS-related have investigated the expression pattern of BCL-6 and syn-1
small noncleaved cell lymphoma (AIDS-SNCCL) and AIDS- throughout the pathologic spectrum of these lymphomas as well
related diffuse large cell ymphoma (AIDS-DLCEDepending ~ 8S in nonneoplastic lymphoid tissues. The results indicate that
on the presence of immunoblastic features, AIDS-DLCL mayAIDS-NHL may be subdivided into two main phenotypic
be further distinguished into large noncleaved cell lymphomaCategories corresponding to the GC (BCL/&yn-17) and the
(LNCCL) and large cell immunoblastic lymphoma plasmacy- POSt-GC (BCL-6/syn-17) stage of physiologic B-cell differen-
toid (IBLP).124 AIDS-related PCNSL (AIDS-PCNSL) are
represented in all cases by IBLP or LNCEWwhereas AIDS-

related PEL (AIDS-PEL) morphologically bridges immunoblas- _ oM the Divisions of Pathology and Medical Oncology and AIDS
Program, Centro di Riferimento Oncologico, Istituto Nazionale di

tic and anaplast.lc featurés. . ... Ricovero e Cura a Carattere Scientifico, Aviano, Italy; the Division of
The pathologic heterogeneity of AIDS-NHL correlates With |,tema| Medicine, the Department of Medical Sciences, University of

the heterogeneity of the molecular lesions associated with thesfyrino at Novara, Novara, Italy; the Institutes of Pathology and of
lymphomag:39-11 AIDS-SNCCL selectively associates with Infectious Diseases, Universi€attolica del Sacro Cuore, Roma, Italy;
activation of cMYC, whereas rearrangements BCL-6 are  the Institute of Hematology, University of Perugia, Perugia, Italy; and
restricted to a fraction of AIDS-DLCL. Infection by Kaposi’s the Division of Oncology, the Department of Pathology, College of
sarcoma-associated herpesvirus (KSHV) clusters selectivelffhysicians and Surgeons, Columbia University, New York, NY.

with AIDS-PELS® whereas infection by Epstein-Barr virus ~ SuPmitted October 2, 1997; accepted October 28, 1997.
(EBV) occurs at different rates in different AIDS-NHL typ#&st> Supported in part by the Instituto Superiore di SaniDS project

. . o . 1996 and 1997, Rome, Italy; by the Associazione Italiana per la Ricerca
The histogenetic derivation of the various types of AIDS- sul Cancro, Milan, Italy; by Fondazione “Piera Pietro e Giovanni

NHL has not been elucidated, although it has been suggestetkrero,” Alba, Italy; and by National Institutes of Health Grant No.

that a fraction of AIDS-NHL may be related to germinal center CA-37295

(GC) B cells!® More recently, the study of the histogenesis of Address reprint requests to Antonino Carbone, MD, Division of

mature B-cell neoplasms has been facilitated by the availability>athology, Centro di Riferimento Oncologico, IRCCS, via Pedemon-

of biologic markers of distinct subsets of mature B cells. Two t@na Occidentale, Aviano 1-33081, ltaly. _

such markers are represented by BCL-6 and CD138/syndecan-CJﬁ::1e publication costs .Of this article were defraye_d In part by, page_
. . . ge payment. This article must therefore be here-by marked “adver

(_syn-l). BCL'_G '_S a proto-oncogen_e prpduct coding .for a Zm_ctisement”in accordance with 18 U.S.C. section 17.34 solely to indicate

finger transcriptional repressor which, in the B-cell lineage, iSjs fact.

expressed selectively in GC B-cels?! Notably, animal mod- © 1998 by The American Society of Hematology.

els have shown that expression of BCL-6 is an absolute 0006-4971/98/9103-0047$3.00/0
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tiation. In systemic AIDS-NHL carrying EBV infection, expres- reported previously. The cell lines HBL-6, BC-1 (purchased from
sion of LMP-1 clusters with the BCL-8syn-1" phenotype. =~ American Type Culture Collection [ATCC], Rockville, MD), BC-2
Overall, these results have implications for the histogenesis antpurchased from ATCC), BC-3, BCBL-1, and CROAP-2 were derived

diagnosis of AIDS-NHL. from AIDS-PEL2%-33 Four AIDS-PEL cell lines (HBL-6, BC-1, BC-2,
and CROAP-2) carry EBV infection, whereas two AIDS-PEL cell lines
MATERIALS AND METHODS (BC-3 and BCBL-1) are EBV:

Nonneoplastic samples.Nonneoplastic lymph node samples from
seven human immunodeficiency virus (HIV)-seropositive patients with
ersistent generalized lymphadenopathy (PGL) were also included in

Neoplastic samples. This study included AIDS-NHL samples from
40 patients (27 systemic AIDS-NHL, 8 AIDS-PCNSL, and 5 AIDS-
PEL). Pathological specimens were classified according to the Workin ) .
Formulation for NHL and the revised European-American classification h? study. All PGL samples carrled EBV DNA sequences without
of lymphoid neoplasms (REALYAIDS-PEL were classified on the ewden_ce of mor_loclonal EBy episomes, as assessed by Southern b!ot
basis of their clinico-pathological and virological (eg, KSHV positivity) 2nalysis. The histopathologic pattern of PGL samples was predomi-
characteristic§” Tissues from systemic AIDS-NHL and AIDS-PCNsSL nantly represented by hyperplastic changes of the lymphoid follicles.
were fixed in Bouin solution or neutral buffered formalin. In most cases, 'mmunohistochemical studies and analysis of BCL-6 and syn-1
a portion of unfixed tissue was snap frozen in liquid nitrogen and storeceXPression. Deparaffinized and cryostat sections were used for immu-
at —80°C. Samples of AIDS-PEL were collected under sterile condi- Nophenotyping and lineage assignment of AIDS-NHL and PGL samples.
tions during standard diagnostic procedures and treated according togources and specificities of the antibodies used in this study have been
standard regimen used at the Division of Pathology of the Centro dieported in detail previousfy.Immunohistochemistry was performed
Riferimento Oncologicd:2° All tissue-based AIDS-NHL and AIDS- by the avidin-biotin-peroxidase complex (ABC-px) or alkaline phospha-
PEL were B-cell monoclonal proliferations according to their immuno- tase anti alkaline phosphatase (APAAP) methods as previously de-
phenotypic and immunogenotypic characteristics. scribed34:35

Cell lines. In vitro established AIDS-NHL cell lines were also The BCL-6 protein was detected by using the PG-B6 monoclonal
studied. The detailed characterization of these cell lines has beeantibody (MoAb) that has been recently generated in the laboratory of

Table 1. Expression of BCL-6 Protein, CD138/syndecan-1 (syn-1), and LMP-1 in AIDS-Related Systemic NHLs

Diagnosis Immunohistochemistryt Viral Infections c-MYC BCL-6
Working REAL BCL-6 syn-1 LMP-1 - Genetic
Case* Formulation Classification (%) (%) (%) EBVH KSHVit Lesions Rearrangements Mutations
1 LNCCL DLCL >75 0 0 + - ND ND ND
2 LNCCL DLCL >75 0 0 - ND ND ND ND
3 LNCCL DLCL 50-75 0 0 + ND ND ND ND
4 LNCCL DLCL 50-75 0 0 - - - - +
5 LNCCL DLCL >75 0 0 - - ND ND ND
6 LNCCL DLCL >75 0 0 - - - ND +
7 LNCCL DLCL 10-25 0 0 - - - - +
8 IBLP DLCL 10-25 0 0 + - - ND +
9 IBLP DLCL 0 <10 <10 + - - - +
10 IBLP DLCL 0 50-75 10-25 + - + - -
11 IBLP DLCL 0 10-25 10-25 + - ND ND ND
12 IBLP DLCL 0 <10 25-50 + ND ND ND ND
13 IBLP DLCL 0 10-25 25-50 + - + - ND
14 IBLP DLCL 50-75 0 0 - - - ND -
15 IBLP DLCL 0 50-75 0 - ND ND ND ND
16 IBLP DLCL 0 0 0 - - ND ND ND
17 SNCCL Burkitt’s >75 0 0 + - + - +
18 SNCCL Burkitt’s >75 0 0 + - + - +
19 SNCCL Burkitt’s >75 0 0 + - ND ND ND
20 SNCCL Burkitt’s >75 0 0 + - + - -
21 SNCCL Burkitt’s 50-75 0 0 + - + - -
22 SNCCL Burkitt’s 25-50 0 0 + - + ND +
23 SNCCL Burkitt’s >75 0 0 - - ND ND -
24 SNCCL Burkitt’s 10-25 0 0 - - + - +
25 SNCCL Burkitt’s >75 0 0 - - + - +
26 SNCCL Burkitt’s >75 0 0 - - + - +
27 SNCCL Burkitt’s 50-75 0 0 - ND ND ND ND

Abbreviations: syn-1, CD138/syndecan-1; REAL, revised European-American Classification of Lymphoid Neoplasms; SNCCL, small noncleaved
cell lymphoma; LNCCL, large noncleaved cell lymphoma; IBLP, immunoblastic lymphoma plasmacytoid; DLCL, diffuse large cell lymphoma;
LMP-1, latent membrane protein-1; EBV, Epstein-Barr virus; KSHV, Kaposi’s sarcoma associated herpesvirus; ND, not done; +, positive; —,
negative.

*Pathologic samples derived from patients are indicated by numbers.

tThe percentage of BCL-6, syn-1, and LMP-1" neoplastic cells was assigned to one of the following categories: 0, less than 10%, 10% to 25%, 25%
to 50%, 50% to 75%, and greater than 75%.

FTumor cell infection as defined by a combination of in situ hybridization, Southern blot analysis, and PCR studies.
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one of the investigators (B.F.) by immunizing BALB/c mice with a  Genetic studies oBCL-6. The configuration of th&CL-6 locus

glutathione S-transferase-BCL-6 fusion prot&inThe antibody is  was investigated by Southern blot analysis using previously reported

directed against the aminoterminal portion of the human BCL-6 geneassays® The presence of mutations BEL-65' noncoding regions was

product. Immunostaining for BCL-6 was performed on frozen or tested in a 740-bp fragment withBCL-6 intron 1 and irBCL-6 exon 1

formalin-fixed, paraffin-embedded sections and cytospin preparationgfragments E1.10, E1.11, E1.12 according to Migliazza #),akhich

by the APAAP method>3%7 contains=95% of mutations detected in B-cell NHL of the immunocom-
Anti-B-B4 MoAb (Serotec, Oxford, UK), which specifically recog- petent host and AIDS-NHE-39

nizes the syn-1 antigelf,was applied to paraffin-embedded tissues

from all 35 tissue-based AIDS-NHL and all 7 PGL samples included in RESULTS

this study. The MoAb was also applied to frozen tissues from a Expression of BCL-6, syn-1, and LMP-1 among systemic

representative ;ubset of AI‘DS-NHL cases for control purposes. Thez|DS-NHL. The panel of 27 systemic AIDS-NHL biopsies

MoAb was applied to cytospin pre.parat|o'nsfrom aIIAIDS-PELcases aSincluded 11 cases of AIDS-SNCCL and 16 cases of AIDS-

well as from the AIDS-PEL cell lines. Air-dried frozen sections were DLCL (Table 1). Within the AIDS-DLCL group, 7 cases were

kept under vacuum for 3 hours ;fmd then f'x.ed in a 1.1 solution chlassified as AIDS-LNCCL and 9 cases were classified as
acetone and chloroform for 10 minutes; sections were hydrated with

phosphate-buffered saline (PBS), pre-incubated with normal rabbifo‘l_D_S_I_BLP' Immunologic/genotypic analysc_es ShOW_Ed a B'_Ce”
serum (1:50 for 20 minutes at room temperature) and subsequentl9rlgln in a!l Cas?s (data not shown). Consistent with preVIQus
incubated with anti-B-B4 MoAb for 1 hour at room temperature. '€POrts?*¢infection of the tumor clone by EBV was detected in
Paraffin-embedded tissue sections were pretreated in a microwave ovéh Of 11 AIDS-SNCCL, 2 of 7 AIDS-LNCCL, and 6 of 9
(Jet 900 W; Philips, Eindhoven, The Netherlands) twice for 5 minutes atAIDS-IBLP cases (Table 1). As previously obserféd! all

650 W in citrate buffer (pH 6); immunostaining was performed by samples were devoid of KSHV infection, whereas structural
incubating anti-B-B4 MoAb, with the addition of 3% normal human alterations of dMYC were detected in 100% (8 of 8) of
serum, for 1 hour at room temperature. Cytospin preparations ofA|IDS-SNCCL and in a minority (2 of 8) of AIDS-DLCL cases
AIDS-PEL and of AIDS-PEL-derived cell lines were fixed in acetone- (Taple 1).

chloroform at room temperature for 10 minutes and immunostained The immunoreactivity of anti—-BCL-6, anti-syn-1, and anti—
with anti-B-B4 MoAb by the APAAP (alkaline phosphatase anti- LMP-1 MoAbs was scored using the criteria described in

alkaline phosphatase) meth&d. ) . Materials and Methods. The data are summarized in Tables 1
The percentage of BCL#60or syn-1" neoplastic cells was assigned to . A
and 2 and representative results are shown in Fig 1.

one of the following categories: 0, less than 10%, 10% to 25%, 25% to L - ;
g g 0 0 0 0 Overall, a positive BCL-6 staining was detected in 20 of 27

50%, 50% to 75%, and greater than 75%. 0 . .
Two-color staining. Multiple immunohistochemical staining was (74%) systemic AIDS-NHL (Table 1). Expression of BCL-6

performed to detect BCL-6 plus syn-1 in selected PGL samplesclustered with AIDS-SNCCL (11 of 11, 100%) and AIDS-
Formalin fixed paraffin-embedded tissue sections were first treated-NCCL (7 of 7, 100%), whereas it was restricted to 2 of 9
twice for 5 minutes in 1 mmol/L EDTA buffer pH 8.0 and immuno- (22.2%) AIDS-IBLP cases (Table 1). As previously obsertfed,
stained with antiBCL-6 MoAb by the APAAP methot#%" using expression of BCL-6 protein among systemic AIDS-NHL
naphthol AS-MX phosphate along with Fast Blue BB salt (Sigma patients occurred both in the presence and in the absence of
Chemical Co, St Louis, MO) for the development of alkaline phospha-structural alterations of thHBCL-6gene (Table 1).

tase; subsequently, sections were treated twice for 5 minutes in citrate Expression of syn-1 was detected in 6 of 27 (22%) cases of
buffer (pH 6) in a microwave oven to denature bound antibody

molecules and to inactivate alkaline phosphatase present in the APAAP. ) )

. . . . o ... Table 2. Expression of BCL-6 Protein and CD138/syndecan-1 (syn-1)
complex. Finally, sections were incubated overnight at 4°C with Throughout the Pathologic Spectrum of AIDS-Related NHLS
anti-syn-1 MoAb and immunostained by the APAAP method using 9 giesp
naphthol AS-MX phosphate along with Fast Red TR salt (Sigma) for the Phenotype*
development of alkaline phosphatase. Samples BCL-6*/syn-1-~ BCL-6-/syn-1* BCL-6-/syn-1-

Analysis of viral infection. All samples of AIDS-NHL and PGL
included in this study were subjected to determination of tumor

Primary samples

Systemic

infection by EBV and KSHV, according to previously reported strate- yAIDS-NHL
gies’? EBER in situ hybridizatiqn (ISH) studies were pgrfqrmgd ON  ApS-SNCCL (0 = 11) 11 0 0
AIDS_-NHL and PGL sample; to identify the nature and c_ilstrlbutlon qf AIDS-LNCCL  (n=7) 7
EBV—lnfectgd cells. ISH stgdles were performed on.Boum or formalln AIDS-IBLP (n=09) 2 6 1
fixed paraffin-embedded tissues or cell block sections, as previously
described?® AIDS-PCNSL

In the case of EBER samples, immunostaining for LMP-1 was  AIDS-LNCCL  (n=4) 4 0 0
performed with an LMP-1 specific antibody (Dakopatts A/S, Glostrup, AIDS-IBLP (n=4) 0 2 2
Denmark) on Bouin or formalin-fixed paraffin-embedded tissue sec- aps-peL (n=5) 0 5 0
tions and cytospin preparations, as described above. The percentage of
LMP-1* neoplastic cells was assigned to one of the following catego- Ce!l lines
ries: 0, less than 10%, 10% to 25%, 25% to 50%, 50% to 75%, and_AIPS-PEL (=6 0 6 0
greater than 75%. Abbreviations: syn-1, CD138/syndecan-1; SNCCL, small noncleaved

Analysis of cMYC genetic lesions. Genomic DNA of selected  cell ymphoma; LNCCL, large noncleaved cell lymphoma; IBLP, immu-
AIDS-NHL cases and of AIDS-PEL cell lines was extracted by the noblastic lymphoma plasmacytoid; PCNSL, primary central nervous
“salting out” technique3® Analysis of cMYC genetic lesions was system lymphoma; PEL, primary effusion lymphoma.
performed by a combination of molecular approaches, including both *None of the AIDS-NHL samples displayed the BLC-6*/syn-1*
Southern blot studies and mutational analysis, as previously regorted. phenotype.
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Fig 1. AIDS-related systemic NHLs. (A through C) AIDS-LNCCL displaying the BCL-6* (A), CD138/syndecan-1 (syn-1)- (B), LMP-1- (C)
phenotype. (A) Large tumor cells show a nuclear staining pattern with anti-BCL-6 MoADb. (B) A residual plasma cell shows cytoplasmic staining
for anti-syn-1 MoAb. (C) No LMP-1 expression is detectable. (D through F) AIDS-IBLP displaying the BCL-6- (D), syn-1* (E), LMP-1+ (F) phenotype.
(D) No BCL-6 expression is detectable. (E) Most immunoblastic-plasmacytoid tumor cells show strong cytoplasmic immunoreactivity with the
anti-syn-1 MoAb. (E inset) A higher-power photograph showing the cytoplasmic staining pattern on large immunoblasts-plasmacytoid. (F)
LMP-1 positivity is manifested as cytoplasmic or membrane staining on several large tumor cells displaying immunoblastic-plasmacytoid
morphology. (G through 1) AIDS-SNCCL displaying the BCL-6+ (G), syn-1~ (H), LMP-1- (I) phenotype. (G) Most neoplastic cells show strong
nuclear immunoreactivity with the anti-BCL-6 MoAb. (H) A residual plasma cell shows cytoplasmic staining for anti-syn-1 MoAb. (1) No LMP-1
expression is detectable. APAAP immunostaining; (A), (D), (G) frozen section; (B), (C), (E), (E inset), (F), (H), (I) paraffin-embedded tissue section,
hematoxylin counterstain. Original magnification X250 (A through I).
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systemic AIDS-NHL (Table 1). The syntIphenotype preferen- presence and in the absence of structural alterations of the
tially associated with cases displaying the AIDS-IBLP morphol- BCL-6gene (Table 3).

ogy (6 of 9, 66%), whereas it was not detected in any case of Expression of the syn-1 antigen was detected in 2 of 8 (25%)
AIDS-SNCCL or AIDS-LNCCL (Table 1). All systemic AIDS- AIDS-PCNSL cases (Table 3). The two syn-AIDS-PCNSL
NHL cases which scored positive for syn-1 were found to becases displayed a morphology consistent with AIDS-IBLP and
negative for BCL-6 expression (Tables 1 and 2). failed to express BCL-6 (Tables 2 and 3).

Among systemic AIDS-NHL carrying EBV infection Expression of LMP-1 was detected in 1 of the 2 BCL-6
(n = 14), expression of the EBV encoded LMP-1 antigen wassyn-1* AIDS-PCNSL cases (Table 3). Conversely, LMP-1
detected in 5 cases (Table 1). All cases of LMPsystemic  stained consistently negative in all BC-6syn-I- AIDS-
AIDS-NHL were morphologically classified as AIDS-IBLP, PCNSL cases (& 4).
expressed syn-1, and stained negative for BCL-6 (Table 1). Expression of BCL-6, syn-1, and LMP-1 in AIDS-PEIThe
Conversely, expression of LMP-1 was consistently negative inpanel of AIDS-PEL, all positive for KSHV, included 5 primary
all cases of EBV systemic AIDS-NHL expressing BCL-6 cases and 6 AIDS-PEL—derived cell lines (Table 3). Three
(Table 1). primary AIDS-PEL and 4 AIDS-PEL cell lines carried the EBV

Expression of BCL-6, syn-1, and LMP-1 among AIDS-genome (Table 3). Immunologic/genotypic analyses showed a
PCNSL. The panel of AIDS-PCNSL biopsies € 8) dis- B-cell origin in all primary samples and cell lines (not shown).
played in all cases a morphology consistent with AIDS-DLCL Structural alterations of MYC were absent in all cases (Ta-
(Table 3). Four cases were classified as AIDS-LNCCL and fourble 3).
cases were classified as AIDS-IBLP. All AIDS-PCNSL were  Results of immunoreactivity of anti-BCL-6, anti-syn-1, and
EBV* and KSHV (Table 3). Immunologic/genotypic analyses anti—-LMP-1 MoAbs in AIDS-PEL are summarized in Tables 2
showed a B-cell origin in all cases (not shown). and 3. Representative data are shown in Fig 3.

Results of immunoreactivity of anti—-BCL-6, anti-syn-1, and  All AIDS-PEL scored negative for BCL-6 protein expression
anti-LMP-1 MoAbs in AIDS-PCNSL are summarized in Tables (Tables 2 and 3). Conversely, all samples of AIDS-PEL were
2 and 3. Representative results are shown in Fig 2. found to express the syn-1 antigen (Tables 2 and 3). Out of the 7

Overall, expression of BCL-6 was detected in 4 of 8 (50%) AIDS-PEL carrying EBV infection, 3 cases displayed a small
cases of AIDS-PCNSL (Table 3). All BCL¥6AIDS-PCNSL  proportion of cells expressing the LMP-1 antigen (Ta-
displayed a morphology consistent with AIDS-LNCCL. Con- ble 3).
versely, expression of BCL-6 was scored negative in all Expression of BCL-6 and syn-1 in PGLA panel of 7 PGL
AIDS-PCNSL classified as AIDS-IBLP (Table 3). Expression of samples was used to define the expression pattern of BCL-6 and
BCL-6 protein among AIDS-PCNSL occurred both in the syn-1in nonneoplastic lymph nodes. In all PGL samples tested,

Table 3. Expression of BCL-6 Protein, CD138/syndecan-1 (syn-1), and LMP-1 in AIDS-PCNSL and AIDS-PEL

Immunohistochemistryt Viral Infections c-MYC BCL-6
BCL-6 Syn-1 LMP-1 - Genetic
Case* Diagnosis (%) (%) (%) EBVE KSHVt Lesions Rearrangements Mutations
28 AIDS-PCNSL LNCCL 50-75 0 0 + - - ND -
29 AIDS-PCNSL LNCCL >75 0 0 + - - ND +
30 AIDS-PCNSL LNCCL 50-75 0 0 + - - ND +
31 AIDS-PCNSL LNCCL 50-75 0 0 + - - ND -
32 AIDS-PCNSL IBLP 0 10-25 0 + - - ND -
33 AIDS-PCNSL IBLP 0 <10 10-25 + - - ND -
34 AIDS-PCNSL IBLP 0 0 50-75 + - - ND -
35 AIDS-PCNSL IBLP 0 0 10-25 + - - ND +
36 AIDS-PEL 0 >75 strong 0 + + - - +
37 AIDS-PEL 0 >75 strong <10 + + - — +
38 AIDS-PEL 0 >75 strong 0 - + - - +
39 AIDS-PEL 0 >75 strong 0 - + - — +
40 AIDS-PEL 0 >75 strong 0 + + - - -
HBL-6 AIDS-PEL 0 >75 strong <10 + + - - +
BC-1 AIDS-PEL 0 >75 strong 0 + + - — +
BC-2 AIDS-PEL 0 >75 strong 0 + + - - +
CRO-AP/2 AIDS-PEL 0 >75 strong 10-25 + + - — +
BC3 AIDS-PEL 0 >75 strong 0 - + - - -
BCBL-1 AIDS-PEL 0 >75 strong 0 - + - - +

Abbreviations: syn-1, CD138/syndecan-1; LNCCL, large noncleaved cell ymphoma; IBLP, immunoblastic lymphoma plasmacytoid; LMP-1, latent
membrane protein-1; EBV, Epstein-Barr virus; KSHV, Kaposi’s sarcoma associated herpesvirus; ND, not done; +, positive; —, negative.

*Pathologic samples derived from patients are indicated by numbers; cell lines are indicated by their conventional denomination.

tThe percentage of BCL-6, CD138/syndecan-1, and LMP-1* neoplastic cells was assigned to one of the following categories: 0, less than 10%,
10% to 25%, 25% to 50%, 50% to 75%, and greater than 75%.

FTumor cell infection as defined by a combination of in situ hybridization, Southern blot analysis, and PCR studies.
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Fig2. AIDS-PCNSL. (A) BCL-6 protein expression in a case of AIDS-PCNSL (diffuse large cell ymphoma). The microphotograph shows that the
tumor is relatively monomorphous and consists of large tumor cells displaying a large noncleaved cell morphology. In this field, nuclear positivity
for BCL-6 is present on several tumor cells. Paraffin-embedded tissue section, APAAP immunostaining, hematoxylin counterstain. (B) LMP-1
expression in a case of AIDS-PCNSL (diffuse large cell ymphoma). The microphotograph shows that the tumor is polymorphous and consists of
large tumor cells displaying an immunoblastic-plasmacytoid morphology. LMP-1 positivity is manifested as cytoplasmic or membrane staining
on some large tumor cells. Paraffin-embedded tissue section, APAAP immunostaining, hematoxylin counterstain. Original magnification X400
(A) and (B).

Fig 3. AIDS-related primary effusion lymphoma. The majority of
tumor cells show strong cytoplasmic and membrane staining for
B-B4 antibody, that recognizes the plasma cell specific CD138/
syndecan-1 antigen. Cytospin preparation, APAAP immunostaining,
hematoxylin counterstain. Original magnification x400.
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Fig 5. Model of systemic

AIDS-NHL histogenesis. The pro- pre-GC B-CELLS GC B-CELLS PLASMACELLS

posed model is based on the BCL-6~ BCL-6* BCL-6-

expression pattern of BCL-6 syndecan-1- syndecan-1- syndecan-1*

and CD138/syndecan-1 (syn-1)
throughout physiologic B-cell dif-
ferentiation. B cells within the
germinal center (GC) display
the BCL-6*/syn-1- phenotype,
whereas B cells that have exited
the GC and have undergone fur-
ther maturation toward the plasma
cell stage exhibit the BCL-6-/
syn-1*+ phenotype. On these bases,
systemic AIDS-NHL displaying
the BCL-6*/syn-1- phenotype, ie,
AIDS-SNCCL and AIDS-LNCCL,
are postulated to originate from
GC B cells. Conversely, systemic
AIDS-NHL displaying the BCL-6-/
syn-1* phenotype, ie, AIDS-IBLP,
are postulated to derive from pre-
terminally differentiated B cells.
In the case of AIDS-NHL infected
by EBV, the BCL-6-/syn-1+ phe-
notype is permissive for expres-

IAIDS-SNCCL AIDS-LNCCLI IAIDS-IBLP'

sion of the EBV encoded LMP-1

antigen. Conversely, LMP-1 ex- BCL-6* BCL-6-

o AIDSNHL diaplaying the syndecan-1- syndecan-1*
g - isplaying =

BCL-6*/syn-1- phenotype. (LMP'1 ) (LMP-1+)

a strong and specific reactivity for BCL-6 was detectable within Southern blot analysis (not shown). EBV-carrying cells were
the follicular GC (see Fig 4 for representative results). Theusually restricted to the interfollicular zone. However, in 2 of 7
mantle and paracortical zones were mostly negative with thd®GL samples they were also present within the follicular GC
exception of several small lymphoid cells and rare isolated larg€Fig 4). EBER" B cells within the GC were consistently
cells, presumably represented by T céllén the same lymph  negative for LMP-1 expression (Fig 4).

node samples, the anti-syn-1 MoAb showed a strong cytoplas-
mic and membrane staining of plasma cells, but no reactivity in
other cell populations. Syn*lplasma cells were consistently
present in the interfollicular areas. In addition, a variable
number of plasma cells was also found in follicular GC and
their surrounding mantle zones. Thus, in the context of PGL
individual lymphoid cells expressed selectively either BCL-6 or
syn-1. In particular, when considering PGL areas in which
BCL-6" cells and syn-1 cells were simultaneously detectable,
double-labelling experiments ruled out the co-expression o

DISCUSSION

The results presented in this study indicate that expression of
BCL-6 and syn-1 segregates two major phenotypic subsets of
AIDS-NHL, ie, BCL-6%/syn-1- and BCL-6/syn-1" (Fig 5).
These two phenotypic patterns were confirmed in nonneoplastic
B cells, indicating that they correspond to two distinct differen-
tiation programs of normal B cells. These findings bear
1implications for the histogenesis and diagnosis of AIDS-NHL.

BCL-6 and syn-1 by the same cell (Fig 4).

EBV-infected cells were detected in all PGL samples by
EBER ISH studies (see Fig 4 for representative results) an(%)

Fig 4. Hyperplastic lymph node from an HIV-infected person with
persistent generalized lymphadenopathy (PGL). (A) Two-color staining.
Within a follicle numerous germinal center (GC) cells exhibit nuclear
staining (blue) for BCL-6. In the same follicle, large cells with a plasma
cell morphology show a strong cytoplasmic and membrane staining
(reddish) with the anti-CD138/syndecan-1 MoAb. They are present
within the GC and in the perifollicular (PF) zone. No co-expression of
both markers by the same GC cell is detectable. Paraffin-embedded
tissue section, no counterstain. (B) EBER in situ hybridization. EBER*
cells are localized around the hyperplastic follicle (right) and within
the expanded germinal center (left). Paraffin-embedded tissue sec-
tion, nuclear fast red counterstain. (C) Immunostaining for LMP-1. No
LMP-1 expression by lymph node cells is detectable. Paraffin-
embedded tissue section, APAAP method, hematoxylin counterstain.
Original magnification x250 (A), x 100 (B) and (C).

In normal lymphoid tissues, the phenotypic patterns identi-
fied by BCL-6 and syn-1 map to lymph node areas that are
opulated by B cells at different stages of differentiatigfi28
and this report). In particular, B cells within the GC are
BCL-6%/syn-1", whereas plasma cells, which predominate in
interfollicular areas, are BCL-8syn-1". This pattern of expres-
sion confirms that post-GC terminal differentiation of B cells is
coupled to downregulation of BCL-6 and upregulation of syn-1
(Fig 5).

These observations suggest a histogenetic model for AIDS-
NHL development (Fig 5). AIDS-NHL displaying the BCLt6
syn-1- phenotype originate from GC-related B cells, whereas
cases displaying the BCL=ésyn-1" phenotype derive from B
cells which have exited from the GC and are maturing toward
the plasma cell stage. Because AIDS-NHL categories that are
pathologically and molecularly distinct (eg, AIDS-SNCCL and
AIDS-LNCCL) share the same phenotypic pattern (eg, BCL-6
syn-17), itis conceivable that the same progenitor cell may give
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rise to different types of AIDS-NHL depending on the molecu- logic and immunohistochemical study of 51 cases. Hum Pathol 28:367,
lar pathway that is being activated. 1997 _

Among EBV-infected AIDS-NHL, expression of the EBY- 6. Cesarman E, Chang Y, Moore PS, Said JW, Knowles DM:
encoded LMP-1 antigen can be found only in BCtA§/n-1+ Kaposi’'s sarcoma-associated herpesvirus-like DNA sequences in AIDS-
cases. Furthermore, all AIDS-DLCL expressing LMP-1 exhibit related body-cavity-based lymphomas. N Engl J Med 332:1186, 1995
morphological (IBPL) and/or phenotypic (BCL=Gyn-1*) 7. Carbone A, Gloghini A, Vaccher E, Zagonel V, Pastore C, Dalla
features consistent with an advanced stage of B-cell maturationF.>a|ma P. Branz_ F, Saglio G, .VOIpe R, Tirelli U, Ga|_dano G: Kaposi's

sarcoma-associated herpesvirus DNA sequences in AlIDS-related and

This suggests that the GC stage is not permissive for I‘MP_lAIDS-unrelated lymphomatous effusions. Br J Haematol 94:533, 1996

expression and that maturgtion beyond the _GC is required for 8. IARC Monographs on the Evaluation of Carcinogenic Risks to
Sucgessful LMP-1 expression in B cells. This hypothesis Wfiq-lumans, Vol 67Human Immunodeficiency Viruses and Human T-Cell
previously suggested based on the pattern of LMP-1 expressiofymphotropic Virusesinternational Agency for Research on Cancer/
in an in vitro model of EBV-infected Burkitt's lymphoma \world Health Organization, Lyon, France, 1996

(BL).4%-44 Expression of LMP-1 is absent in EBV-infected BL 9. Ballerini P, Gaidano G, Gong JZ, Tassi V, Saglio G, Knowles DM,
cell lines retaining the GC phenotype characteristic of BL in Dalla-Favera R: Multiple genetic lesions in acquired immunodeficiency
vivo (conventionally denominated as group | BL cell lines), syndrome-related non-Hodgkin's lymphoma. Blood 81:166, 1993
whereas it is upregulated in EBVBL cell lines which have 10. Gaidano G, Lo Coco F, Ye BH, Shibata D, Levine A, Knowles
acquired immunoblastic features after in vitro culture (conven-DM, Dalla-Favera R: Rearrangements of B€L-6 gene in acquired
tionally denominated as group Il BL cell lines). Once the cell iImmunodeficiency syndrome-associated non-Hodgkins lymphoma: As-
becomes permissive for LMP-1 expression, LMP-1 may di- sociation ywth diffuse large-cell subtype. Blood 84:397, 199{1 _

rectly downregulate the level of BCL-6 protein. In fact, recent lllh_qafa”; G, fl:argon;:e A '_D"’_‘St’\jresc' I,Cap(;e”ODDli Nllz'g“azzaR'f"
results indicate that the genetically induced expression o oghii A, Roncefa ', errannt M, sagio f>, Vafa-ravera .
LMP-1, as well as activation of CD40, induces downregulation requent mutation of the'Soncoding region of th&CL6 gene in

g . . i _acquired immunodeficiency syndrome-related non-Hodgkin’s lympho-
of BCL-6 expression, suggesting that it may be associated with,.< giood 89:3755. 1997

a critical step of post-GC differentiation of B ceffs. 12. Carbone A, Tirelli U, Gloghini A, Volpe R, Boiocchi M: Human
Finally, the expression pattern of BCL-6 and syn-1 bearsimmunodeficiency virus-associated systemic lymphomas may be subdi-
implications for AIDS-NHL diagnosis. In fact, distinct patho- vided into two main groups according to Epstein-Barr viral latent gene
logic and molecular categories of AIDS-NHL selectively associ- expression. J Clin Oncol 11:1674, 1993
ate with different patterns of BCL-6 and syn-1 expression. 13. Hamilton-Dutoit SJ, Pallesen G, Franzmann MB, Karkov J,
Remarkably, the association between phenotype and hist0|og§|ack F, Skinhgj P, Pedersen C: AIDS-related lymphoma. Histopathol-
appears to be independent of the primary site of the disease, &8Y: immunophenotype, and association with Epstein-Barr virus as
exemplified by the fact that both systemic AIDS-LNCCL and demonstrated by in situ nucleic acid hybridization. Am J Pathol
AIDS-PCNSL with LNCCL morphology share the same BCL- 138:149, 1991
67/syn-1" phenotype. On these bases, it is conceivable that th%h14' l\ﬂacg/lawrl]o: iMEjglfs li.DaHaﬁvl\fg SD’.Mgnn RB’ B(?Cllilrjpss’
expression pattern of BCL-6 and syn-1 may contribute to the arache P, McArthur JC, Ambinder RF: Epstein-Barr virus in "
. . . related primary central nervous system lymphoma. Lancet 338:969,
morphological diagnosis of these lymphomas. 1091
15. Hamilton-Dutoit SJ, Rea D, Raphael M, Sandvej K, Delecluse
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