
group of lymphoid proliferations of different clonal composition. Their
occurrence varies according to the organ transplanted, type and
degree of immunosuppressive therapy. PTLDs comprise a wide
spectrum, from early, Epstein-Barr virus (EBV)-driven polyclonal prolif-
erations to EBV+ or EBV− lymphomas, mostly of B-cell origin.

Purpose: Among 765 heart or lung transplant recipients, treated
and followed at the Cardiac Surgery Unit, University of Pavia, 13
patients (12/13 heart transplanted; 1/13 lung transplanted)
developed PTLDs (12/13 monomorphic PTLDs and 1/13 polymorphic
PTLD), whose histological, immunohistochemical and molecular
biology features were analysed.

Results: The 12 cases of monomorphic PTLDs were classified
according to the WHO lymphoma classification and consisted of 10
peripheral B-cell lymphomas (1 Burkitt lymphoma and 9 diffuse large
B-cell type) and 2 peripheral T-cell lymphoma, anaplastic large cell
lymphoma/ALCL type (1 systemic and 1 primary cutaneous). Molecu-
lar analyses revealed a monoclonal rearrangement for IgH in 7/13
cases, whereas 6/13 had a “germline” configuration both for IgH
and TCRγ chain; a search for EBV by means of immunohistochemistry
and/or in situ hybridization gave positive results in 7/13. The group
of PT-B-cell lymphomas was also investigated for immunoglobulin vari-
able (IgV) heavy (H) and light (L) chain gene mutational pattern and
for a series of histogenetic markers (i.e. CD10; CD138; bcl-2; bcl-6;
Mum-1 and mutations of bcl-6 gene).

Conclusion: These investigations indicated that PT-related lympho-
mas are mostly of B cell origin and derive from GC-related B-cells,
conceivably reflecting a post-GC stage of B-cell differentiation, which
has not yet undergone preterminal maturation

084 Bcl-2-RELATED PROTEIN EXPRESSION IN BURKITT AND
BURKITT-LIKE LYMPHOMAS INVOLVING MEDULLARY
AND EXTRAMEDULLARY SITES

CE Bueso-Ramos, L Jeffrey Medeiros, C Klein, GC Prendergast, TJ McDon-
nell. MD Anderson Cancer Centre, Houston, TX, USA

Background: Burkitt (B) and Burkitt-like (BLL) lymphomas as defined in
the WHO classification often show a characteristic histology, high
growth fraction, and high apoptosis levels. The expression of Bcl-2
family members in B and BLL in medullary and extramedullary sites
was examined.

Design: We studied the immunohistochemical expression of Bcl-2,
Bcl-X-L, Bcl-X-S, Bax, Bak, Bin-1, and Ki-67 in 16 patients with BL (11
extramedullary, 5 medullary) and 13 patients with BLL (8 extramedul-
lary, 5 medullary). The rate of apoptosis was measured by TUNEL
assay.

Results: Burkitt cases had a consistent absence (0/16) of Bcl-2
expression, whereas Bcl-X-L immunostaining was strongly and
uniformly positive in (16/16) tumor cells. In BLL, Bcl-2 and Bcl-X-L
immunostaining was detected in 11/13 (85%) and 13/13 (100%)
BLL, respectively. No differences in Bcl-X-S, Bax, Bak, and Bin-1
immunostaining, rate of apoptosis, and disease site (medullary versus
extramedullary) were identified between B and Bll cases.

Conclusions: The in vivo patterns of Bcl-2 and Bcl-X-L protein
expression in Burkitt lymphoma differ from those in Burkitt-like
lymphoma and suggest differences in the regulation of tumor cell life
and death in these types of lymphomas.

Molecular biology and
molecular markers of
aggressive B-cell lymphomas

085 MOLECULAR PATHOGENESIS OF HUMAN B CELL
LYMPHOMA

R Dalla-Favera. Institute for Cancer Genetics, Columbia University,

Non-Hodgkin lymphoma (NHL) derives from mature B cells (85% of
cases), and, in a minority of cases, from T cells. Most B-NHL types
derive from the germinal center (GC), the structure where naïve B cells
encounter the antigen, undergo immunoglobulin (Ig) V region somatic
hypermutation (SH) and isotype switching (S), and are selected to
become memory B cells or plasma cells. SH and S mechanisms are
involved in the generation of specific chromosomal translocations,

which contribute to the pathogenesis of NHL by deregulating the
expression of oncogenes like BCL2, c-MYC, BCL1, and BCL6. Recent
progress will be presented in three areas: (i) analysis of the signaling
pathways controlling normal and neoplastic GC formation by gene
expression profiling; (ii) evidence that the somatic hypermutation
mechanism is aberrantly activated in a subset of NHL to the targeting
of multiple loci and, possibly, to the generation of chromosomal trans-
locations; (iii) evidence that the function of BCL6, the transcription fac-
tor controlling GC formation and expressed in most B-NHL, is
controlled by three distinct pathways which can be modulated for
therapeutic purposes.

086 MOLECULAR DIAGNOSIS AND PATHOGENESIS OF
LYMPHOMA USING GENE EXPRESSION PROFILING

LM Staudt. Metabolism Branch, CCR, NIH, Bethesda, Maryland, USA

Genome-wide knowledge of gene expression in cancer cells promises
to illuminate many aspects of their clinical behavior. We are profiling
gene expression in lymphoid malignancies using a specialized cDNA
microarray, termed the “Lymphochip”, that is enriched in genes which
are selectively expressed in lymphocytes and genes which regulate
lymphocyte function. Gene expression profiling of diffuse large B-cell
lymphoma (DLBCL) revealed that this single diagnosis actually
contains two different diseases that differ in the expression of
hundreds of genes (Alizadeh et al, Nature 2000;403:503). One
DLBCL type strongly resembled normal germinal center B cells in gene
expression and was therefore termed germinal center B-like (GCB)
DLBCL. The other DLBCL type did not express the “signature” genes of
germinal center B cells, but rather expressed genes that are induced in
blood B cells upon mitogenic stimulation and was therefore termed
activated B-like (ABC) DLBCL. Clinically, these DLBCL subgroups iden-
tified patients with distinct outcomes following chemotherapy.

An international consortium, termed the Lymphoma/Leukemia
Molecular Profiling Project (LLMPP) has been formed to extend these
observations in DLBCL and to use gene expression profiling to define
molecular diagnostic categories of other lymphoid malignancies. The
results of an expanded analysis of DLBCL confirm the existence of the
GCB and ABC subgroups but demonstrate that additional DLBCL sub-
groups exist. GCB DLBCL patients had a relatively favorable progno-
sis compared to the other subgroups, but the DLBCL subgroup
distinction did not capture the full extent of variability in survival of
these patients following chemotherapy. Therefore, clinical data were
used to discover individual genes and pathways that influence clinical
outcome. Predictor genes were used to create a multivariate gene
expression outcome predictor for DLBCL that stratified these patients
into strikingly distinct risk groups. This biologically based outcome
predictor can form the basis for a molecular diagnosis of DLBCL.

Gene expression profiling has also illuminated the molecular path-
ways responsible for the inferior clinical outcome of ABC DLBCL
patients and has defined new molecular targets in this DLBCL subtype.
The NF-κB signaling pathway was found to function constitutely in
ABC DLBCL but not GCB DLBCL due to constitutive activity of the IκB
kinase. Consequently, characteristic NF-κB target genes were
selectively expressed in ABC DLBCL. Importantly, dominant interfer-
ence with the NF-κB pathway was toxic to ABC DLBCL cells but not
GCB DLBCL cells. These results identify NF-κB as a new molecular tar-
get in the currently most incurable subtype of DLBCL patients. Further,
the selective use of the NF-κB pathway by ABC DLBCL reinforces the
view that the two types of DLBCL defined by gene expression profiling
are distinct diseases that rely upon different pathogenetic mecha-
nisms.

087 CLINICAL TRANSLATION OF MOLECULAR EVENTS:
CELL CYCLE DEREGULATION IN LYMPHOMA AS A
PARADIGM

MA Piris, M Sanchez-Beato, J-F García, A Sanchez-Aguilera, A Saez, M-J
Artiga. Molecular Pathology Program, Spanish National Cancer Centre
(CNIO), Madrid, Spain

Non-Hodgkin’s lymphoma is a convenient model for analysis of
cell-cycle deregulation, since it includes several different diseases
characterised by variable clinical course and specific molecular
abnormalities. The effort to reveal the genetic alterations responsible
for this variability in the clinical course and response to therapy is dis-
closing a scenario whereby bcl6, c-myc and other genes commonly
deregulated by translocations, play a key role.

Low-grade lymphomas, typically showing low level of bcl6 and
c-myc expression, are characterised by molecular abnormalities not
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involving cell cycle inhibitors. Thus, frequent cytogenetic or molecular
changes in these cases involve apoptosis regulators, such as bcl2 in
follicular lymphoma, or molecules involved in G1/S transition, such as
cyclin D1 in mantle cell lymphoma. Progression in these tumours is, in
contrast, usually associated with inactivation of CKIs, typically
achieved through p53 mutations or p16 methylation. Large cell trans-
formation in these cases, when it takes place, is in any case accompa-
nied by up-regulation of bcl6 gene.

Large B cell and Burkitt lymphoma are the prototype of tumours
characterised either by bcl6 overexpression or by deregulation of
c-myc secondary to translocations involving the c-myc locus. Addition-
ally, a significant proportion of these tumours show alterations involv-
ing either p14ARF-p53, p16-Rb or p27 pathways. Molecular
alterations leading to the inactivation of these tumour suppressor path-
ways are gene-specific, and include mutation (p53 gene), deletion
(p16 gene), methylation (p16 gene), or sequestration by complexes
containing CDK4–cyclin D3 (p27 gene). The constellation of molecu-
lar alterations, which inactivate these CKIs is revealing an increased
complexity, and is still far from being completely characterised. With
a striking frequency, tumoral cells take advantage of multiple hits in
the different molecules here involved, and tumours with alterations in
more than one suppressor pathway are characterised by a higher
growth fraction and shorter survival probability.

Synchronous inactivation of p14ARF–p53 and p16INK4A–Rb
pathways does not occur randomly; thus deletions in 9p21 (where the
locus coding for p14ARF and p16INK4A is located) inactivating
simultaneously both pathways usually are not accompanied by p53
mutations, whereas cases with p53 mutation show more frequently
association with p16INK4A methylation. The loss of p21 (secondary
to p53 mutation) and p16 may lead, in some circumstances, to
sequestration of p27 by complexes containing CDK4/cyclin D3,
where p27 is rendered inactive and stabilised, thus making immuno-
histochemical detection of high levels of nuclear p27 possible.

The knowledge of cell cycle alterations is currently being enriched
by data concerning p14ARF gene. p14ARF, the alternative product
from the human INK4a/ARF locus, antagonises Hdm2 through
nucleolar sequestration and mediates p53 activation in response to
oncogenic stimuli. Alterations in p14ARF have been found in lympho-
mas to reflect other alterations in cell cycle regulator proteins. Thus, in
aggressive NHLs the accumulation of alterations in tumour-suppressor
pathways leads to an anomalous nuclear p14ARF overexpression.

088 MOLECULAR ALTERATIONS THAT CHARACTERIZE
TRANSFORMATION OF FOLLICULAR LYMPHOMA

RD Gascoyne. Toulouse, France

Follicular lymphoma (FL) represents the most common subtype of non-
Hodgkin’s lymphoma (NHL) in North America and the second most
frequent NHL in international studies, second only to diffuse large B
cell lymphoma (DLBCL).

Although the clinical behavior is indolent and median overall
survivals approach 8 to 9 years, transformation to a more aggressive
histology represents a significant clinical problem.

Histological transformation of FL results in DLBCL in the majority of
cases, but some cases reveal a high-grade morphology that may be
very difficult to classify in the World Health Organization
classification that more easily accommodates de novo disease entities.
Rarely, a blastic appearance can be seen with lymphoma cells that
may express nuclear terminal deoxynucleotidyl transferase (TdT).
Alternatively, a similar blastic appearance may be seen without TdT
expression. More often, FL transformation results in a histology more in
keeping with Burkitt-like lymphoma (BLL). In the majority of transformed
cases, the aggressive component can be shown to be part of the neo-
plastic clone and thus represents clonal evolution of the underlying FL.
The characteristic architectural pattern in all such transformations of FL
is diffuse, but rare cases with preservation of a follicular pattern can
be seen. It is unclear in these cases whether the transformed cells
originate within follicles or colonize pre-existing follicles. The rare
cases with TdT expression resemble lymphoblastic lymphoma (LBL),
with indistinct nucleoli, fine, immature chromatin and scant amounts of
cytoplasm. The BLL cases usually have a significant degree of nuclear
irregularity and a heterogeneous mix of cell sizes. Frequently there is
a starry-sky pattern and a high mitotic rate. Cells with single, central
nucleoli may be over-represented in contrast to classical Burkitt’s
lymphoma (BL). The majority of the DLBCL transformations reveal a
centroblastic appearance, but rare cases with immunoblastic or ana-
plastic nuclear features are seen. The immunophenotype of aggressive
transformation of FL is that of a B cell neoplasm, mature or immature
(LBL), with frequent co-expression of CD10. Most of the DLBCL cases
express CD20 and CD79a, may express CD10 and surface

immunoglobulin (sIg), but lack expression of TdT. Typically these cells
express both Bcl-2 and Bcl-6. Cases of BLL similarly express pan B cell
antigens CD20 and CD79a, frequently express CD10, Bcl-2 and Bcl-6
and usually express sIg. The neoplastic cells are strongly MIB-1 posi-
tive, indicating a very high growth fraction. These cases also lack
nuclear TdT. The rare blastic variants may or may not express TdT,
typically lack sIg and may show loss of mature pan B cell markers such
as CD20. Discordance between morphology and phenotype is a hall-
mark of these high-grade transformation cases. Importantly, all of
these “transformed” cases may present as de novo disease, and
should be considered whenever an aggressive B cell tumor is difficult
to subclassify. Karyotypic instability and genetic evolution are charac-
teristic findings in FL. The precise relationship between de novo DLBCL
harboring a t(14;18) and FL remains an enigma. Some cases of FL that
transform to DLBCL represent the progressive accumulation of genetic
damage. Other cases reveal typical molecular alterations associated
with rapid progression, including mutations of p53 (chromosome
17p13) and altered methylation status or homozygous deletion of p16
(chromosome 9p21). These may represent late events in FL clonal evo-
lution. Alterations of c-myc (chromosome 8q24) may be found in cases
of DLBCL that result from transformation of underlying FL. Both the BLL
category and the rare LBL or blastic variants have an over-
representation of c-myc alterations. Thus, the karyotypes in these cases
show both a t(14;18) and a t(8;14) or variant (t(2;8) or t(8;22)). These
cytogenetic alterations co-exist in the same cells, not surprisingly asso-
ciated with a very aggressive clinical behavior. It is hypothesized that
FL growth relies on a proliferative pool of immature cells harboring a
bcl-2 gene rearrangement, but the cells retain the capacity to divide
and differentiate. Following sufficient genetic damage or an acute
transforming event such as a c-myc chromosomal rearrangement, p16
loss or p53 mutation, a high-grade transformation results. The
histological features and immunophenotype of such cases may
depend on the timing of the secondary event along a pathway of cel-
lular differentiation from immature proliferating cells to mature germi-
nal center-derived centrocytes. Thus, the introduction of a c-myc
alteration on a background of FL cells with a t(14;18) may produce
very different results, depending on where along this differentiation
pathway the rearrangement occurs. The resultant histology may
resemble LBL, BLL or DLBCL.

089 GENE EXPRESSION PROFILING IN SERIAL SAMPLES OF
TRANSFORMED FOLLICULAR LYMPHOMA

*J Said, S deVos, TM Grogan, W-K Hoffman, W Wachsman, HP Koeffler.
University of Arizona and UCLA School of Medicine, Los Angeles, USA

Background: Follicular lymphoma (FL) is characterized by a relatively
long median survival, continuous rate of relapse, and transformation
to high grade lymphoma usually diffuse large B-cell type. The progres-
sion is accompanied by successive accumulation of recurrent chromo-
somal defects, but the resultant gene expression alterations are largely
unknown.

Purpose: To explore the pathogenesis of FL transformation we per-
formed oligonucleotide microarray analysis using the Affymetrix HuFL
chips on 5 cases with matched snap frozen lymph nodes before and
after transformation. Expression data were analyzed using the
Affymetrix Microarray Suite 4.0 and Genespring 4.0 software.
Expression of selected genes was confirmed by quantitative realtime
QRT-PCR and immunohistochemistry in a larger case series. The func-
tional relevance of differentially expressed candidate genes is tested
in transfection studies of FL cell lines.

Results: 36 genes with increased expression and 66 genes with
decreased expression were identified and functionally classified.
Microarray results showed a correlation with protein expression data
from samples at the time of initial diagnosis of transformation. The
expression of over 30 candidate genes was evaluated by QRT-PCR
with confirmation in 78%. Some of the identified genes (e.g. Nucleob-
indin, IRF4, and TIMP1) are already associated with high grade NHL.
Novel candidate genes with increased expression include NOTCH3,
ABL2, NEK2, HOXA1, and p55. Genes with decreased expression
included TRAIL and PDCD-1.

Conclusions: The transformation of FL is associated with a distinct
set of differentially expressed genes. Our data suggest that following
transformation FLs acquire a gene pattern that is similar to
post-germinal center activated B-cells.
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090 GENE EXPRESSION PROFILING OF TRANSFORMED
FOLLICULAR LYMPHOMAS

KSJ Elenitoba-Johnson1,2, RA Palais3, RW Coupland4, MS Lim1,2. 1Division of
Anatomic Pathology, University of Utah Health Sciences Center, 2ARUP
Institute for Clinical and Experimental Pathology, 3Department of
Mathematics, University of Utah, Salt Lake City, USA; 4Cross Cancer Insti-
tute, Edmonton, Alberta, Canada

Histologic transformation is a major cause of mortality in patients with
follicular lymphoma, the most common indolent lymphoma in adults.
Microarray analysis permits evaluation of global transcriptional
changes accompanying transition between two biologic states. We
analyzed the gene expression profiles of 12 matched pairs of low
grade and transformed follicular lymphomas using a custom pattern
similarity ranking algorithm and identified 150 genes whose
expression differed consistently between low grade and transformed
lymphomas occurring within the same individual. Leave-one-out cross
validation using this discriminative set of genes permitted assignment
into either class with 95% accuracy. Quantitative RT-PCR validated the
microarray results with 90% concordance in the initial training set of
24 samples, and assigned an additional independent group of four
t(14;18)+ cell lines, 20 follicular lymphomas and 20 diffuse large
B-cell lymphomas (DLBCL) with 100%, 100% and 70% accuracy,
respectively. Importantly, the hepatocyte growth factor receptor (c-met)
and members of the RAS/mitogen-activated protein kinase (MAPK)
signal transduction pathway were significantly overexpressed in the
transformed lymphomas. Immunohistochemical evaluation demon-
strated the expression of the activated form of p38 MAPK in 3/5
t(14;18) carrying cell lines, 2/4 follicular lymphomas and 6/6
DLBCLs. Treatment of t(14;18) carrying cell lines with a selective
inhibitor of p38 MAPK (SB203580) resulted in a dose- and
time-dependent growth inhibition. Furthermore, the sustained growth
inhibition seen with blockade of the p38 MAPK induced significant
apoptosis of tumor cells. Combination of SB203580 with the bcl-2
inhibitor HA-14–1 produced a dramatic reduction of cell viability. Our
experiments implicate deregulation of the bcl-2 and p38MAPK
pathways in follicular lymphoma transformation, and suggest that
combinatorial targeting of these pathways should be explored for the
therapy of transformed follicular lymphomas.

091 MICRO-ARRAY ANALYSIS TO ELUCIDATE THE
PATHWAYS INVOLVED IN TRANSFORMATION OF
FOLLICULAR LYMPHOMA

AM Glas, MJ Kersten, A Witteveen, L Delahaye, JHJM van Krieken1, RE
Kibbelaar2, R Kerkhoven, LJ van ‘t Veer, D de Jong. Netherlands Cancer
Institute, Amsterdam, The Netherlands; 1University Hospital Nijmegen, The
Netherlands; 2Central Laboratories Friesland, Leeuwarden, The Nether-
lands

Introduction: Transformation to more aggressive disease in follicular
lymphoma (FL) is a common event. The prognosis after transformation
to diffuse large B-cell lymphoma (DLBCL) is poor and this forms a
major cause of death in FL patients. Thus far, biological insights in the
factors involved in transformation are limited to few and individual
genes. Micro-array analysis offers the opportunity to do a
genome-wide screening for relevant factors and pathways.

Material/Methods: From the pathology files of 3 institutes in the
Netherlands, 18 patients with transformed FL of whom frozen tisue
was available from both the indolent and transformed phase were
identified: 12 cases of FL followed by DLBCL (median interval 24 mo,
range 13–66 mo), 3 cases of DLBCL relapsed as FL (median interval
12 mo, range 12–50 mo) and 3 cases of synchronous FL and DLBCL
at different localizations. All cases were reviewed, classified and
graded according to the WHO-classification. RNA was isolated,
linearly amplified and Cy5- or Cy3-labelled and co-hybridized with
reference aRNA-mix to 18.000 gene cDNA arrays. All experiments
were performed in duplicate.

Results: Preliminary data using unsupervized clustering with
J-Express and CLUSTER showed separation into 3 major clusters of
indolent tumors, transformed tumors and an intermediate group. The
expression profile of the intermediate group revealed a higher degree
of similarity to the transformed group than to the indolent group. How-
ever, histologically, these cases were all FL grade 1 and 2 without
signs of transformation. In the transformed group, proliferation-, basic
metabolism- and invasion-related genes were upregulated, anti-
apoptotic genes and accessory and T-cell related genes were
down-regulated. Additionally, MHC-regulating genes differed strik-
ingly between the two indolent clusters. Supervised clustering will be
performed on the full data set.

Conclusions: Preliminary data on pairs of indolent and
transformed FL using micro-array analysis show a histologically unrec-
ognizable group of FL with an intermediate profile between DLBCL
and FL. At least two separate pathways for transformation are
suggested.

092 MICROARRAY ANALYSIS OF B-CELL LYMPHOMA CELL
LINES WITH THE t(14;18)

*RS Robetorye1, SD Bohling2, JW Morgan3, GC Fillmore1, MS Lim1,2, KSJ
Elenitoba-Johnson1,2. 1Department of Pathology, 2ARUP Institute for Clinical
and Experimental Pathology, University of Utah Health Sciences Center,
Salt Lake City, Utah, USA; 3Department of Pathology, Roger Williams Hos-
pital, Providence, Rhode Island, USA

Background: The t(14;18) is the most common genetic alteration in
follicular lymphoma, and is detectable in 20–30% of diffuse large
B-cell lymphomas (DLBCL), resulting in over-expression of the
anti-apoptotic protein BCL-2. Although the t(14;18)-induced over-
expression of BCL-2 is an important step in lymphomagenesis, this
aberration alone is not sufficient to produce malignant lymphoma. Fur-
ther analysis of these tumors is needed in order to identify additional
genes that might be involved in the genesis of follicular lymphoma and
progression to DLBCL.

Design: To address this issue, we analyzed the gene expression
profiles of four t(14;18)-positive cell lines and two t(11;14)-positive
mantle cell lymphoma cell lines using cDNA microarrays and
compared them to the genetic profile of phenotypically purified B-cells.

Results: Hierarchical clustering analysis separated the t(14;18)
and mantle cell lines into distinct groups based upon their gene
expression profiles. A total of 137 genes were differentially expressed
by approximately 2-fold or more in the t(14;18) cell lines relative to
tonsillar B-cells. 68 genes were up-regulated, 69 genes were
down-regulated, and approximately 20% of the differentially
regulated genes had no known function. The up-regulated genes
included a number of genes involved in the promotion of cellular pro-
liferation and survival, as well as cell metabolism. Down-regulated
genes included mediators of cell adhesion and negative regulators of
cell activation and growth. We confirmed the differential expression
of approximately 80% of selected up- and down-regulated genes
identified by microarray analysis by quantitative real-time fluores-
cence RT-PCR analysis and/or immunoblotting.

Conclusion: This study demonstrates the utility of cDNA microarray
analysis for the assessment of global transcriptional changes that
characterize t(14;18)-positive DLBCL cell lines, and also for the identi-
fication of novel genes that could potentially contribute to the genesis
of DLBCL.

093 GEM, A NOVEL SMALL GTPASE, IS EXPRESSED IN NON
HODGKIN LYMPHOMAS

*A Leone, D Remotti, P Graziano, E Pescarmona, R Pisa. Anatomia Pato-
logica, Azienda Ospedaliera San Camillo-Forlanini, Rome, Italy

Gem is a novel GTP-binding protein that belongs to the Ras
superfamily. It was identified based on its inducibility in PMA
activated peripheral T-cells and is localized to the inner part of the
plasma membrane. Its expression at the RNA level is common in
whole organ extracts but it is uncommon in cell lines of diverse origin
with the exception of neuroblastoma and melanoma cell lines. Using
neuroblastoma as an “in vitro” differentiation model we have recently
demonstrated that gem exogenous expression is able to promote mor-
phological differentiation in neuroblastoma. In the same study, using
an affinity purified anti-gem polyclonal antibody, we demonstrated
gem expression in cells of ganglionic morphology, linking gem to cell
differentiation.

In order to verify gem involvement in the lymphoid differentiation
and investigate a possible link to tumor development, we have
performed a preliminary immunohistochemical screening of normal
lymphoid tissues and various subtypes of lymphomas.

Gem expression has been demonstrated in the lymph nodes,
thymus, tonsil and spleen. The reactivity is cytoplasmic and seems
associated, in the germinal centers (GC), to large B-cells with centro-
blastic morphology. The mantle and marginal zone cells are
constantly negative while gem positivity can be detected in
macrophages of the interfollicular regions. We have not identified any
gem expressing T-cells in the above tissue panel.

In a series of 31 B and T cell lymphomas, accordingly to the
expressing cell-type in reactive lymphoid tissue, gem is detectable in
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follicular, large B-cell, peripheral T-cell and Hodgkin lymphomas but
not in lymphocytic, mantle cell, Burkitt and marginal zone cell lympho-
mas.

In conclusion the pattern of gem expression in normal lymphoid tis-
sues suggests a gem association with the GC-phase of B-cell ontogen-
esis. As expected this trend can be confirmed in lymphomas of GC
and post-GC origin. The significance of these findings needs further
investigation.

094 INACTIVATION OF p73 GENE BY METHYLATION OR
LOH IS RELATED WITH AGGRESSIVE LYMPHOMAS

*B Martinez-Delgado, B Melendez, M Cuadros, J Fernández-Piqueras1, J
Nondedeu2, C Rivas3, J Benítez. Laboratory of Human Genetics, Molecular
Pathology Program, Spanish National Cancer Centre, Madrid, Spain;
1Dept Genetics, Universidad Autónoma de Madrid, Spain; 2Dept Hematol-
ogy, Santa Cruz y San Pau, Barcelona, Spain; 3Dept Pathology, Fundación
Jimenez Díaz, Madrid, Spain

p73 is a candidate tumor suppressor gene that shares significant
homology with the p53 gene. This gene is located on 1p36.3, a
region frequently deleted in many types of cancer. However, in
contrast to the p53 gene, p73 is rarely mutated in most human tumors.
Hypermethylation of the promoter region of several tumor suppressor
genes is a common alternative mechanism of inactivation. To investi-
gate the pattern of inactivation of p73 in human lymphomas we ana-
lyzed 59 lymphomas to identify abnormal methylation and LOH of this
gene.

p73 was methylated in 13/50 (26%) B-cell lymphomas while there
was no evidence of p73 methylation in the 9 T-cell lymphomas
analysed. The p73 expression analysis revealed absence or low level
of p73 product in methylated lymphomas, while p73 was always
detected in unmethylated tumours. LOH at the p73 locus was
detected in 5/34 (15%) B- and 1/9 (11%) T-cell lymphomas. Interest-
ingly, none of the tumours showed LOH and methylation of the
remaining allele simultaneously, suggesting that alteration of the
expressed allele could lead to the total inactivation of the gene. These
alterations of p73 gene occur in aggressive lymphomas. Burkitt
lymphomas showed the highest proportion of methylated cases (38%),
although these alterations also affected other aggressive lymphomas
such as diffuse large cell, lymphoblastic and marginal zone
lymphomas. Moreover, 4 tumors with any p73 alteration corre-
sponded to relapse samples.

Our results show that deletion or methylation of the p73 gene could
be important mechanisms in suppressing p73 expression in B-cell non-
Hodgkin’s lymphomas, and suggest that p73 alterations could be
related to aggressiveness of the tumors.

095 CENTROSOME ABERRATIONS AS A POSSIBLE
MECHANISM FOR CHROMOSOMAL INSTABILITY IN
NON-HODGKIN’S LYMPHOMAS

*J Kalla, S Schweizer, K Neben, P Lichter, AD Ho, HK Müller-Hermelink,
G Ott, A Krämer. Institut für Pathologie, Würzburg and Medizinische Klinik
V, Heidelberg, Germany

Genetic instability is a common feature of almost all human cancers
including non-Hodgkin’s lymphoma (NHL). This condition is frequently
characterized by an abnormal number of chromosomes, although little
is known about the mechanism that generates this altered genetic
state. In NHL, numerical chromosome aberrations have been shown to
provide information about the clinical course and the risk of transfor-
mation to a high grade malignancy. Recently, centrosome aberrations
have been described as a possible cause of aneuploidy in several
human tumors (Marx J, Science 292:426–9). Centrosomes assure
accurate chromosome segregation during mitosis and undergo dupli-
cation precisely once before cell division as a function of
cyclin-dependent kinase 2 activity at the G1/S boundary. To
investigate whether centrosome aberrations do occur in NHL and cor-
relate with the histologic subtype, we examined a set of 24 follicular
lymphomas (FL), 19 diffuse large B-cell lymphomas (DLBL), 34 mantle
cell lymphomas (MCL) and 6 primary extranodal marginal zone B-cell
lymphomas (MZBCL) using antibodies to centrosomal proteins. All 83
NHL analyzed displayed numerical and structural centrosome
aberrations as compared to normal tonsillar tissue. Centrosome
abnormalities were detectable in 35.6 ±12.1% of the cells in NHL but
only in 5.3 ±0.7% of the cells in normal tonsillar tissue (p <0.001). FL
and MZBCL contained 26.0 ±5.4% and 28.8 ±4.3% cells with abnor-
mal centrosomes, respectively. DLBL harbored centrosome aberrations

in 41.2 ±7.8% of the cells (p <0.001). Whereas diploid MCL
contained 31.8 ±8.1% cells with abnormal centrosomes, tetraploid
samples harbored centrosome aberrations in 55.6 ±8.2% of the cells
(p <0.001). These results indicate that centrosome defects are a com-
mon feature of NHL and suggest that they may contribute to the acqui-
sition of an increasing karyotypic instability typically seen in
aggressive NHL.

096 ABSENCE OF STRUCTURAL MUTATIONS OF THE BAK
GENE IN B CELL LYMPHOMAS

M Martini, F D’Alò1, S Hohaus1, G Leone1, LM Larocca2. 2Istituti di Anato-
mia Patologica e di Ematologia, Università Cattolica del Sacro Cuore,
Facoltà di Medicina e Chirurgia “Agostino Gemelli”, Roma, Italy

Background/Aim: Evading apoptosis is a key feature in the
malignant transformation of normal B cells to lymphoma cells,
highlighted by the frequent overexpression of the anti-apoptotic BCL-2
gene. Bak is Bcl-2 family member with pro-apoptotic activity, and
mutations in the coding region of Bak have recently been described in
human gastric and colorectal cancers. We examined the status of the
Bak gene in B cell lymphomas.

Design/Methods: Ninety-two paraffin-embedded biopsies from
patients with B-cell lymphomas (7 small lymphocytic lymphomas, 2
lymphoplasmacytic lymphomas, 7 mantle cell lymphomas, 17
marginal zone lymphomas, 32 follicular lymphomas, 27 diffuse large
cell lymphomas) and thirty-two samples of DNA from normal donors
(20 from peripheral blood and 10 from paraffin-embedded tissues or
oral tonsils) were studied. Moreover, we analysed 6 normal epithelial
tissue samples from patients with B-cell lymphomas. We performed a
mutational analysis on the entire coding region of the Bak gene (exons
2–6) using a PCR-based single-strand conformational polymorphism
(PCR-SSCP) technique, followed by direct sequencing of cases with
altered mobility.

Results: We found a nucleotide change in the second exon of Bak
in 28 of 92 lymphomas, in particular of germinal center as
post-germinal center origin. This sequence alteration did not translate
into an amino acid substitution. It was also observed in normal
lymphoid tissue, but not in epithelial tissues derived from patients har-
bouring this sequence alteration in the lymphoma. The only other
mutation was found in the intronic sequence flanking the fourth exon
in one case with follicular lymphoma.

Interpretation/Conclusions: Our findings suggest that deregula-
tion of the apoptotic pathway in B-cell lymphomas is not due to struc-
tural mutations in the Bak gene. Bak gene may be a target for somatic
mutation outside immunoglobulin loci in the transit through the germi-
nal center.

097 ATM AND TP53 MUTATIONS IN B-CELL LYMPHOMA

K Grønbæk, J Worm, E Ralfkiaer, V Ahrenkiel, P Hokland, P Guldberg.
Institute of Cancer Biology, Danish Cancer Society and Department of
Pathology, Rigshospitalet, University of Copenhagen, Denmark

The ATM serine-threonine kinase plays a central role in the cellular
response to DNA damage. Germ-line mutations in the ATM gene
cause ataxia-telangiectasia (A-T), a multisystem disorder associated
with a predisposition to lymphoma and acute leukemia, and somatic
ATM mutations have been identified in T-cell prolymphocytic leukemia,
mantle cell lymphoma, and B-cell chronic lymphocytic leukemia. In this
study, the whole ATM coding sequence was examined in genomic
DNA from 120 unselected lymphoid neoplasms. Novel mutations and
mutations implicated in cancer and/or A-T were found in 9 of 45 dif-
fuse large B-cell lymphomas (DLBCL), 2 of 24 follicular center cell lym-
phomas (FCC), and 1 of 27 adult acute lymphoblastic leukemias (ALL),
whereas no such mutations were detected among 24 peripheral T-cell
lymphomas. The mutational spectrum consisted of 2 nonsense
mutations, 1 mutation affecting RNA splicing, and 10 missense
variants, and most of these mutations were associated with loss or
mutation of the paired ATM allele. A non-random co-existence of ATM
mutations and TP53 mutations was observed in DLBCL (p = 0.015).
Our data suggest that ATM mutations contribute to the development of
DLBCL, and that the ATM and p53 tumor suppressors cooperate in
B-cell development.
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098 OVEREXPRESSION OF THE PAG/CBP SIGNALING
REGULATOR IN LYMPHORETICULAR TISSUES MAY
OCCUR AT PARTICULAR STEPS IN B-CELL
DEVELOPMENT

F Hauser, I Semac, N Klages, V Horejsi, DC Hoessli, *B Borisch. Depart-
ment of Pathology, University of Geneva, Switzerland; Institute of Molecu-
lar Genetics, Academy of Science of the Czech Republic, Prague, Czech
Republic

PAG/Cbp is a transmembrane phosphoprotein which is preferentially
localised in the lipid raft membrane environment. Rafts are
sphingolipid-enriched and non-ionic detergent-resistant membrane
domains involved in the regulation of transmembrane signalling (sign-
aling platforms). Expressed in most eukaryotic cells, PAG/Cbp is
thought to transmit negative regulatory signals by associating the Csk
cytoplasmic tyrosine kinase with the plasma membrane. The Csk
kinase in turn phosphorylates the C-terminal regulatory tyrosine of
membrane-bound Src-family tyrosine kinases and leads to their down-
regulation.

These findings prompted us to investigate the expression of
PAG/Cbp in both reactive and neoplastic lymphoid tissues.
Lymphoma cell lines Raji and DoHH2, LCL lines EBV13 and SKW, 26
cases of NHLs (14 DLBCL, 6 follicular lymphomas, 4 mantle cell lym-
phomas, 2 myelomas), 9 cases of HD, as well as tonsillar, thymic and
spleen tissue were investigated. Cell lines by Western blot and ICH,
human tissues by ICH only. PAG/Cbp is abundant in tumor cell lines
Raji and DoHH2 but less abundant in EBV-transformed lines. In reac-
tive tissues, the protein is strongly stained in plasma cells and moder-
ately so in some large blastic cells in the germinal centre and in some
rare parafollicular cells. Almost no PAG/Cbp-positive cells are detect-
able in the thymus, and mostly circulating plasma cells are positive in
the spleen in addition to a weak but constant positivity in the marginal
zone. In lymphomas, only some large blastic cells are stained while
plasma cells are all positive. Almost all DLBCLs of the present study
showed PAG/Cbp-positive blasts. HD/RS-cells only infrequently show
PAG/Cbp positivity. We conclude that PAG/Cbp overexpression
may coincide with a “frozen” state of activation in the B-cell develop-
ment, which can be found in endstage plasma cells or in some blastic
cells which failed in the GC-reaction.

099 EXPRESSION OF THE FOXP1 TRANSCRIPTION FACTOR
IS STRONGER IN ACTIVATED B-LIKE DIFFUSE LARGE B
CELL LYMPHOMAS

*A Banham, P Brown, C Baldry, G Ott1. University of Oxford, Nuffield
Department of Clinical Laboratory Sciences, LRF Immunodiagnostics Unit,
John Radcliffe Hospital, Oxford, Oxfordshire, UK; 1Institute of Pathology,
University of Würzburg, Würzburg, Germany

Diffuse large B-cell lymphoma (DLBCL) accounts for 30–40% of adult
non-Hodgkin’s lymphoma and more than 50% of cases are incurable.
This maligancy is heterogeneous in terms of morphology, clinical fea-
tures and underlying genetic abnormalities. Gene-expression profiling
studies have identified clinically relevant subtypes of this lymphoma.
The identification of proteins whose expression distinguishes DLBCL
subtypes should enable the production of diagnostic monoclonal anti-
bodies that can be routinely used to identify high risk patients.

We have identified a novel transcription factor, FOXP1, that maps
to an important tumour suppressor locus on chromosome 3p12–14.
Immunostaining with our monoclonal antibody against FOXP1
showed its differential expression in cases of DLBCL. To assess the
potential significance of this FOXP1 expression we have immuno-
stained 23 DLBCL cases of which 7/13 had trisomy 3 or 3p. Further-
more 19/23 were selected on the basis of their different
immunohistochemical staining patterns and cytogenetic findings as
suggestive of the tumour cells having either a germinal centre (CD10+,
>70% BCL-6+, cIg−, t14q32+) or post-germinal centre origin (CD10−,
<70% BCL-6, cIg+, t14q32−).

Our results indicated that 7 cases showed little or no staining while
16 cases were moderately to strongly immunostained. There was a
significant correlation with increased expression of the FOXP1 protein
in cases with the post-germinal centre phenotype. There was no corre-
lation between trisomy 3 and FOXP1 staining. Immunostaining of
DLBCL cell lines used in the lymphochip study showed much higher
FOXP1 expression in the activated-like OCI-Ly3 & OCI-Ly10 cell lines
compared to the GC-like SUDHL-6 cell line.

We conclude that FOXP1 is a potential marker for subtyping DLBCL
showing stronger expression in cases with a post-germinal centre phe-
notype (FOXP1 mRNA expression data supports our findings,

personal communication Andreas Rosenwald/Louis Staudt). Further
studies are under way to investigate the expression of FOXP1 in a
larger number of cases.

100 A PANEL OF WELL CHARACTERISED CELL LINES AS
POWERFUL TOOLS FOR STUDYING DIFFUSE B-CELL
LYMPHOMA

*D Gerring, AH Banham, K Pulford. Nuffield Department of Clinical Labo-
ratory Sciences, LRF Immunodiagnostics Unit, Room 5501, John Radcliffe
Hospital, Oxford, OX3 9DU, UK

Diffuse large B-cell lymphomas (DLBCLs) account for 30–40% of adult
non-Hodgkin’s lymphomas. The disease is heterogenous possibly
because of the occurrence of hypermutation during tumorigenesis;
cDNA and oligonucleotide microarray studies have provided
evidence for genetic subtypes of DLBCL. Genes predicted to be of
prognostic relevance include those involved in B cell differentiation,
receptor signalling and adhesion. We used immunocytochemistry to
initially characterise the expression of 36 proteins (novel proteins in
addition to those described in the microarray studies) which may be of
clinical relevance in DLBCL-derived cell lines. The OCI-Ly3, OCI-Ly10
and SU-DHL-6 cell lines have been previously included in microarray
studies, while the other three lines (MIEU, LIB and HLY-1) were isolated
from patients with different clinical outcomes. The six cell lines were
found to exhibit a spectrum of immunophenotypes ranging from
germinal centre B-cells (SU-DHL-6) to activated B-cells (OCI-Ly3 and
OCI-Ly10). OCI-Ly3, OCI-Ly10 and HLY-1 also expressed a range of
proteins, for example CD44 and MUM1 (IRF4), that have been linked
to poor prognosis, in contrast, the SU-DHL-6, LIB and MIEU cell lines
were negative for these molecules. It was of interest that the HLY-1 cell
line, although isolated from a patient with a very aggressive tumour,
did not exhibit an identical immunophenotype to that of the OCI-LY3
and OCI-LY10 cells and may reflect the heterogeneity observed in
DLBCL and the differences in published data. In conclusion, the panel
of well characterised DLBCL-derived cell lines described here
represents a valuable tool for studying DLBCL and other B cell tumours.

101 PHENOTYPIC CHARACTERIZATION OF FOLLICULAR
AND EXTRAFOLLICULAR B-CELL ACTIVATION

*T Rüdiger, S Roth, HK Müller-Hermelink. Department of Pathology,
University of Würzburg, Germany

Most T-cell dependent antigens evoke hyperplasia of germinal centers.
In the germinal center reaction B-cells proliferate and mature in an
antigen-dependent fashion. In contrast, in some lymph nodes,
antibody-producing B-lymphocytes mainly develop in the paracortical
areas as an extrafollicular reaction.

On a confocal laser scanning microscope, we investigated the
immunophenotypes of B-cells in lymph nodes with both germinal
center (n = 4) and extrafollicular activation (n = 3) by immunofluores-
cent triple staining. Various combinations of CD20, CD79a, PAX5,
BCL6, CD10, BCL2, IRF4, immunoglobulin light chains (IgL), CD38,
CD138, Ki67 and CD3 were evaluated on paraffin sections.

In the germinal centers, all proliferating B-lymphocytes expressed
CD79a, CD20, Pax5, BCL6 and CD10. CD30+ blasts were not seen.
IRF4 was expressed on about 20% of the CD79a+ cells, that were
mostly CD20− and always negative for BCL6, CD10 and PAX5. Half
of this IRF4+ population expressed cytoplasmic IgL and CD38. Germi-
nal center plasma cells coexpressed CD79a, IRF4 and IgL.

In the extrafollicular compartment, most proliferating cells
expressed either CD79a or IRF4 or both. Proliferating T-cells were vir-
tually absent. 10% of the CD79a+ cells coexpressed CD30 and IRF4.
As in the germinal center, most proliferating cells were negative for
BCL2. With expression of IRF4, IgL, CD38 and CD138, there was an
apparent downregulation of CD20 and also CD79a. Extrafollicular
plasma cells differed from the intrafollicular ones, as they were
CD79a−. In addition, a resting population of CD79a+ PAX5+ BCL2+
cells was found, that was negative for BCL6 and CD10.

The extrafollicular plasmoblastic reaction may be seen in lymphad-
enitis without accompanying hyperplastic germinal centers. It is inde-
pendent from follicular dendritic cells and comprises a proliferaton of
cells with a post-germinal center profile (memory B-cells).

Thus the phenotypes of the proliferating B-cells differ substantially
between germinal center reaction and extrafollicular activation. Inter-
estingly, the immunophenotypes of nodular lymphocyte predominance
Hodgkin’s lymphoma (CD79a+ CD30− IRF4low) and classical Hodg-
kin’s lymphoma (CD79a− CD30+ IRF4high) correspond to cells that
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physiologically occur in the germinal center and extrafollicular
reaction of B-cells, respectively.

102 A NOVEL FC RECEPTOR HOMOLOG WITH AN
UNUSUAL STRUCTURE IS EXPRESSED ON HUMAN
CENTROBLASTS AND A SUBSET OF DIFFUSE LARGE
B-CELL LYMPHOMAS

*F Facchetti, M Cella, S Festa, D Fremont, M Colonna. Department of
Pathology, University of Brescia, Spedali Civili, Brescia, Italy; Department
of Pathology and Immunology, Washington University School of Medicine,
St Louis, Missouri, USA

We searched cDNA databases for novel Ig-SF inhibitory receptors
and found a new molecule which is similar to high affinity receptor
FcγRI and identified as FREB (Fc receptor homolog expressed in B
cells); in analogy to all Fcγ receptors and FcγR homologs IRTA and
FCRH, FREB maps to human chromosome 1; FREB is not expressed on
peripheral blood B cells, but it is upregulated upon B-cell activation.
FREB is related to FcγRI, but it is quite unique in structure: it lacks a
transmembrane domain, has an intracellular distribution and does not
bind immunoglobulins. Using immunohistochemistry we analyzed
FREB expression on lymphoid tissues and a series of malignant
lymphomas. FREB is absent from intra-thymic B-cells and from the
majority of mantle and marginal zone B-cells, while it is strongly posi-
tive on a fraction of germinal center cells; two color immunofluorescent
analysis showed that expression of FREB and IgG, IgA or IgD are
mutually exclusive, while 5–20% of IgM+ cells coexpress FREB. In
addition, all FREB+ cells are PCNA+ and correspond to proliferating
centroblasts. FREB was negative in T cell lymphomas (7 cases) and
showed weak/no expression in pre-follicular B cell lymphomas (7). In
contrast, FREB stained large cells of all the examined follicular
lymphomas (7) and the majority of cells from 19/35 (54%) diffuse
large B cell lymphomas (DLBCL). L&H cells in LP-Hodgkin’s lymphomas
(2) are FREB+, but not atypical cells in classical HL (7). In conclusion,
FREB identifies a stage of B cell development which overlaps with
somatic hypermutation. This unique pattern of expression, together
with the inability to bind soluble immunoglobulins, suggest a unique
yet unknown role of FREB in B cell differentiation. Analysis of lympho-
mas is consistent with the selective expression of FREB in centroblasts
and allows to distinguish DLBCL into two phenotypically distinct
groups. The differential expression of FREB in DLBCLs may further con-
tribute to the diagnosis and prognosis of affected patients.

103 CDK9/CYCLIN T EXPRESSION IN REACTIVE LYMPH
NODES AND MALIGNANT LYMPHOMAS

C Bellan, G De Falco, S Lazzi, K Schuerfeld, P Micheli, S Bartolommei, M
Vestri, A Nyongo, S Pileri, L Leoncini, P Tosi, A Giordano. Institute of
Pathological Anatomy and Histology, University of Siena, Siena, Italy;
Department of Pathology, Anatomy and Cell Biology, Jefferson Medical
College, Philadelphia, Pennsylvania, USA

Cdk9 is a member of the Cdc2-like family of kinases. Its cyclin partners
are members of the family of cyclin T (T1, T2a ad T2b) and cyclin K.
The Cdk9/cyclin T complexes appear to be involved in regulating sev-
eral physiological processes. Cdk9/cyclin T1 belongs to the P-TEFb
complex, and is responsible for the phosphorylation of the
carboxyl-terminal domain (CTD) of the RNA polymerase II, thus
promoting general elongation. Cdk9 also appears to be involved in
the differentiation program of several cell types, such as muscle cells,
monocytes and neurones, suggesting that it may have a function in
controlling specific differentiative pathways. It has recently been dem-
onstrated that CDK9 interacts with gp130, the receptor of the
IL6-family of cytokines. Because of the pleiotropic activities of gp130-
utilizing cytokines, this interaction indicates an extensive role for
CDK9 as a regulator of immune response, inflammation and cell dif-
ferentiation. This suggests the involvement of Cdk9 in several physio-
logical processes in the cell, the deregulation of which may be related
to the genesis of transforming events.

The aim of the paper is to analyze the expression of CDK9/cyclin T
complex in lymphoid tissue, in order to assess its role in B and T cell
differentiation and lymphomagenesis.

We have analysed 20 cases of reactive lymph nodes and 160
cases of lymphomas by immunohistochemistry and by RT-PCR after
laser capture microdissection.

In reactive lymph nodes CDK9/cyclin T expression is restricted to
germinal center B-cells and B and T immunoblasts located in the inter-
follicular areas. In addition, all CDK9/cyclin T+ cells are KI67+ and
correspond to proliferating centroblasts. This suggests a role for CDK9
in the activation and differentiation of B and T cells.

The pattern of CDK9 and cyclin T expression in lymphomas reflects
the normal distribution of the complex. CDK9/cyclin T is highly
expressed in B-cell lymphomas of follicular centre origin, Hodgkin’s
lymphomas and T-cell lymphomas originating from activated T cells
(CD30+).

Conversely, chronic lymphocytic leukemia, mantle cell lymphomas,
marginal zone lymphomas and multiple myeloma did not show any
CDK9/cyclin T expression. Diffuse large B-cell and Burkitt’s
lymphomas showed heterogeneous distribution of this complex, with
low expression in the cases with plasmacellular differentiation. No
relation was found between the CDK9/cyclin T complex and
proliferative features. The over expression of CDK9 in follicular centre
and Hodgkin’s lymphomas may be indicative of its role in
lymphomagenesis in these types of lymphoma and further supports the
germinal centre origin of Reed Sternberg cells in Hodgkin’s
lymphoma. On the other hand, the over-expression of CDK9 in only a
portion of diffuse large B cell lymphomas and Burkitt’s lymphomas
points out the heterogeneity of these lymphoma types.

104 TISSUE-MICROARRAY ANALYSIS OF CD44 EXPRESSION
IN B-CELL NON-HODGKIN LYMPHOMAS (NHL)

*A Tzankov, A Lugli1, A Zimpfer1, S Pileri2, S Dirnhofer1. Institute of Patho-
logy, University of Innsbruck, Austria; 1Institute of Pathology, University of
Basel, Switzerland; 2Institute of Pathology, University of Bologna, Italy

Background: CD44 standard (CD44s) and its variant isoforms
(CD44-v) are broadly distributed cell surface glycoproteins, playing a
key role in lymphocyte migration and activation, and in transmission
of apoptotic signals. The expression of CD44-v in NHL is associated
with an unfavorable prognosis.

Purpose: To analyse the expression of CD44s, 4v, 6v and 9v in
large series of B-NHL. For this purpose we constructed a tissue micro-
array (TMA), containing 339 punches of 85 diffuse large B-cell
lymphomas (DLCL), 6 transformed follicular lymphomas (FL), 2 Burkitt-
like and 20 small lymphocytic lymphomas (SLL).

Results: 109 of the 113 cases (96.5%) were representative. Stain-
ing for CD20, CD23, CD30, CD3, CD5, bcl-2 and bcl-6
corresponded to conventional large slides. NHL were characterized
by a differential expression of CD44 (see table). CD44–9v was
detected exclusively on CD44s positive lymphomas. A distinct SLL sub-
group (7 cases) showed CD44s/6v co-expression (p = 0.04). Corre-
sponding to their normal counterparts, follicular center cells,
transformed FL did not express CD44-v. Except for four DLCL,
CD44–4v was not detected in the present study group.

Conclusions: Our study demonstrates that the TMA technology is a
reliable tool for high-throughput immunohistochemical analysis in
NHL. As NHL usually have defined disease specific genotypic and
phenotypic abnormalities without significant accompanying random
alterations, they appear to be one of the most appropriate candidate
malignancies for TMA analysis. We also showed significant
differences in the expression of CD44-v in the various B-NHL entities.
CD44s, 6v and particularly 9v appeared to be associated with
aggressive lymphomas. Importantly, the CD44s/6v phenotype of a
distinct SLL subgroup corresponded to that of the DLCL.

Abstract 104 Expression of CD44 variant isoforms

n CD44s CD44–4v CD44–6v CD44–9v

DLCL 81 67 4 49 15
Transformed FL 6 2 – – –
Burkitt-like 2 2 – – 1
SLL 20 16 – 10 1

DLCL, diffuse large cell lymphomas; FL, follicular lymphomas; SLL, small lymphocytic lymphomas.
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105 IDENTIFICATION OF DIFFUSE LARGE B-CELL
LYMPHOMA ANTIGENS

*AP Liggins, B Guinn1, CS Hatton2, K Pulford, AH Banham. Nuffield
Department of Clinical Laboratory Sciences, LRF Immunodiagnostics Unit,
Room 5501, John Radcliffe Hospital, Oxford, OX3 9DU, UK; 1Guys, Kings
and St Thomas School of Medicine, 123 Coldharbour Lane, London,
SE5 9NU, UK; 2Department of Haematology, John Radcliffe Hospital,
Oxford, OX3 9DU, UK

Diffuse large B-cell lymphomas (DLBCLs) are a biologically and
clinically heterogeneous entity that comprises approximately 40% of
adult non-Hodgkin s lymphomas, and many studies have attempted to
define markers of clinical and/or prognostic significance for this dis-
ease. A number of DNA microarray studies suggest that there are
clinically relevant subtypes of DLBCL, but the genetic basis of the dis-
ease is still unclear. The SEREX technique has therefore been used to
identify immunogenic proteins associated with this disease. SEREX, the
serological analysis of recombinant cDNA expression libraries, has
been widely used to identify tumour-associated antigens that elicit both
humoral and cytotoxic T-lymphocyte responses. As such, SEREX is an
excellent technique for identifying potential targets for immuno-
therapy. One major group of tumour-associated antigens is the
cancer-testis antigens (CTAs), which are expressed in
immunologically-privileged sites such as testes and placenta, and also
many MHC class I-positive tumour cells. In order to identify CTAs
expressed in DLBCL a normal testis expression library was screened
with serum from a DLBCL patient. A total of 94 clones were identified
which represented 28 antigens. Two of these antigens are completely
novel, four are uncharacterised and the remainder are proteins of
known function including serine/threonine kinase 11, SRPK1 (serine/
arginine protein kinase 1) and SIRT1. The 28 antigens were tested for
reactivity with a panel of sera from DLBCL patients and normal control
individuals. Approximately 60% of the antigens showed patient-
specific reactivity, whilst a further 10% elicited antibody responses at
a higher frequency in patients than in controls. Studies are under way
to characterise these antigens further, and to clarify their importance
in DLBCL and other lymphomas.

106 t(14;18) REAL-TIME PCR IN FROZEN AND FIXED
TISSUES

*I Soubeyran, I Hostein, P Soubeyran, M-C Bort, J Meijerink1, N Vergneau,
J Wafflart. Institut Bergonié, Bordeaux, France; 1Sophia Children’s Hospi-
tal, Erasmus University Rotterdam, The Netherlands

Background: The t(14;18) real-time PCR technique has been largely
described to detect residual disease. Experiments were performed on
DNA extracted from frozen material. However, most of the time, only
fixed paraffin-embedded tissue is available.

Purpose: We have developed a new real-time t(14;18) PCR to
amplify DNA extracted from fixed material, and compared it to
conventional PCR. 83 follicular lymphomas and 10 reactive lymph
nodes were analyzed. We also evaluated the accuracy of quantifica-
tion.

Results: A 10 fold serial DNA dilution showed that our method was
reliable down to 10–4 cells. Results at 10–5 level were reported as
“below threshold”. For frozen tissues, overall PCR positivity was equiv-
alent with both techniques (73%; 27/37). However, four conventional
PCR - cases were found “below threshold” by real-time PCR (11%). For
fixed tissues, the t(14;18) detection rate was lower compared to
frozen tumours but higher by real-time PCR: 57% (36/63) vs 50.5%
(32/63). Three additional cases were found “below threshold” by
real-time PCR. In reactive lymph nodes, conventional PCR was
negative while real-time PCR was “below threshold” for three frozen
samples. Quantification of t(14;18)-bearing cells in 19 frozen tumors
showed variable percentages with four samples below 0.05% and the
remaining between 3.5 and 35%. In the former, correlation with bcl2
expression showed two immunohistochemical bcl2-negative tumours.
All remaining tumours were bcl2-positive. Quantification in fixed sam-
ples from 8 lymphomas and cell pellets of OCI-ly8 t(14;18)-bearing
cell line showed aberrant results.

Conclusion: In fixed material, t(14;18) real-time PCR diagnosis is
suitable and sensitive but quantification is not reliable. Care must be
taken to avoid unrelated-tumour clone detection.

107 COMPLEX IGH REARRANGEMENTS IN THE MATURE B
CELL ACUTE LYMPHOBLASTIC LEUKEMIA CELL LINE
Z138 AND THE INVOLVEMENT OF
IMMUNOGLOBULIN ISOTYPE SWITCH
RECOMBINATION

J Guikema1, J Fenton2,3, K Kleiverda3, A Brink3, Z Estrov4, D Cox5, PM
Kluin1,*E Schuuring1. 1Department of Pathology, University Hospital Gron-
ingen, Groningen, The Netherlands; 2Department of Haematology, Univer-
sity of Leeds, Leeds, UK; 3Department of Pathology, Leiden University
Medical Center, Leiden, The Netherlands; 4Department of Bioimmuno-
therapy, The University of Texas, M.D. Anderson Cancer Center, Houston,
USA; 5Research Institute, The Hospital for Sick Children, Toronto, Canada

Reciprocal chromosomal translocations involving the immunoglobulin
(Ig) loci are a hallmark of most B cell lymphomas. In lymphomas origi-
nating from germinal center B cells, several studies suggest the
involvement of the Ig isotype switch recombination in the translocation
process, although detailed structural analysis of reciprocal transloca-
tions into Ig switch regions are limited.

In the present study we show a comprehensive analysis of the Ig
heavy chain (IgH) translocations in the mature B cell acute
lymphoblastic leukemia cell line Z138 established from the bone mar-
row of a patient with transformed chronic lymphocytic leukemia. Inter-
phase and DNA fiber FISH revealed that both IgH alleles are involved
in reciprocal translocations. One allele showed a break at the
JH-region juxtaposing the E-enhancer and the 5′-IgH-enhancers to the
BCL1 locus resulting in overexpression of the cyclin D1 gene, charac-
teristic for the mantle cell lymphoma-like t(11;14). The other IgH-allele
consisted of 4 C-C-clusters and demonstrated a breakpoint in or near
the S2 region. The breakpoint on 8q24 was located <100 kb centro-
meric of MYC, juxtaposing the 3′-C enhancers to the MYC gene. Inter-
estingly, immunophenotyping using flow cytometry demonstrated IgM
expression indicating that the reciprocal IgH-allele harbored a
functional V(D)J rearrangement. On this allele the C constant region
and 2 C-C-clusters were joined to the region 5′ of MYC.

These data suggest that the t(8;14) is mediated by a downstream Ig
isotype switch recombination event leaving the C gene intact. We
hypothesize that the inability of C to take part in switch recombination
is due to internal S deletions. Importantly, we demonstrated that
despite the fact that both IgH alleles are involved in chromosomal
translocations IgM expression is not impeded in this cell line.

108 ISOTYPE-SWITCHED IMMUNOGLOBULIN GENES WITH
A HIGH LOAD OF SOMATIC HYPERMUTATION AND
LACK OF ONGOING MUTATIONAL ACTIVITY ARE
PREVALENT IN MEDIASTINAL B CELL LYMPHOMA

*F Leithäuser, M Bäuerle, MQ Huynh, P Möller. Department of Pathology,
University of Ulm, Germany

Background: Primary mediastinal B cell lymphoma (PMBL) is a
subentity of diffuse large B cell lymphoma (DLBCL) with characteristic
clinical, histomorphologic, immunophenotypical, and genetic fea-
tures.

Purpose: Unlike other B cell lymphomas, PMBL has not yet been the
subject of comprehensive molecular studies on the rearranged immu-
noglobulin (Ig) gene. Such investigations have proved essential to
obtain information about the differentiation stage of the lymphoma-
genic B cell. In the present study, we analyzed the clonally rearranged
Ig heavy chain gene of 13 PMBL cases by polymerase chain reaction
(PCR) in conjunction with cloning and DNA sequencing.

Results: Twelve out of 13 rearrangements were potentially
functional. All clonally rearranged Ig genes bore a high load of
somatic mutation (average: 13.0%) which appeared to be selected for
a functional antibody in the majority of cases. The comparison of
cloned PCR products revealed no evidence of ongoing mutation of the
Ig variable gene. Using reverse-transcriptase PCR, we detected
lymphoma-specific Ig transcripts in 8 out of 13 cases, all of which
were of the post-switched type, whereas Ig protein expression was
undetectable in all but one case. A PMBL cell line, MedB-1, generated
from an IgG− parental tumor, constitutively expressed IgG protein in a
subset of cells, which was moderately suppressed by IL-4 and
up-regulated in the presence of dexamethasone.

Conclusions: PMBL is thus characterized by a heavily mutated,
class-switched Ig gene without evidence of ongoing mutational activ-
ity. Moreover, our data indirectly suggest that regulation by extrinsic
signals contributes to the Ig- phenotype of PMBL.
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109 TYPICAL WALDESTROM’S MACROGLOBULINEMIA IS
DERIVED FROM A B-CELL ARRESTED FOLLOWING
CESSATION OF SOMATIC MUTATION BUT PRIOR TO
ISOTYPE SWITCH EVENTS

SS Sahota1, *F Forconi4, CH Ottensmeier1, D Provan2, DG Oscier3, TJ
Hamblin,1,3 FK Stevenson1. 1Molecular Immunology Group, Tenovus Labo-
ratory, Southampton University Hospitals, Southampton, UK; 2Department
of Haematology, St Bartholomew’s and The Royal London School of Medi-
cine and Dentistry, London, UK; 3Department of Haematology, Royal
Bournemouth Hospital, Bournemouth, UK; 4Cattedra e U.O. Ematologia,
Ospedale A. Sclavo, Universita’ di Siena, Siena, Italy

There exists a wide spectrum of IgM-secreting B-cell tumors with differ-
ent clinical behaviour. Knowledge of the VH gene status can reveal
their origin and clonal history. For Waldenstrom’s macroglobulinemia
(WM), a distinct subtype of lymphoplasmacytic lymphoma, early data
on limited sequences showed evidence for somatic mutation. A recent
report of one case demonstrated intraclonal mutational activity
ocurring post-transformation, a characteristic of germinal center
lymphomas.

To extend the investigation, we have analysed 7 cases of WM. VH

genes were somatically mutated with no evidence of intraclonal varia-
tion in all cases. In contrast to IgM-secreting multiple myeloma, there
was no evidence for isotype switch transcripts in any of the cases.
These data support the concept that typical WM is derived from a
B-cell which has undergone somatic mutation prior to transformation,
at a point where isotype switch events have not been initiated.

110 AN IMPROVED FICTION METHOD ON PARAFFIN
SECTIONS

A Martinez-Ramirez, L Maestre-López1, JC Cigudosa2, *Giovanna Ronca-
dor1. Department of Human Genetics, 1Monoclonal Antibodies Unit, 2Cyto-
genetic Unit, Spanish National Cancer Center, C/ Melchor Fernandez
Almagro 3, Spain

Background: Clinical aspects as well as disciplines such as morphol-
ogy, immunophenotyping and genetics have widely contributed over
decades to the comprehension and understanding of the mechanisms
of tumorigenesis. In an effort to obtain a greater insight into the com-
plex processes involved in tumorigenesis many scientists have joined
their efforts and combined many of the techniques available. With that
purpose, we have developed techniques over the past year that com-
bine cell morphology, immunophenotype and genetics, and we have
applied them to the study of haematological neoplasms. In 1992,
Klaus Weber Matthisen et al at the Institute of Human Genetics of the
University of Kiel described a novel method called FICTION
(fluorescence immunophenotyping and interphase cytogenetics as a
tool for the investigation of neoplasm). This technique preserves cell
morphology and combines immunofluorescence to detect cellular anti-
gens and fluorescence in situ hybridisation to detect chromosomal
abnormalities.

Purpose: Since the FICTION technique originally described has
some associated problems such as frequently poor target signals and
high non specific background when used on formalin fixed and paraf-
fin embedded tissue, we have developed a modified FICTION proto-
col for such tissue sections. This protocol has resulted in improved
technique sensitivity and it has been applied to the study of different
types of lymphomas. Immunofluorescence assays (including CD30,
CD20, CD3, and CD8 monoclonal antibodies) were used to identify
different cell subtypes together with several FISH probes to analyse,
within the same cell, if any chromosomal aberration was present.

Results: In most cases analysed we were able to perform FISH
analyses exclusively on immunophenotypically and morphologically
characterised tumour cell populations. The most promising application
of the FICTION technique is its application to cases where the percent-
age of tumour cells is low. We selected several cases of Hodgkin’s
and anaplastic large cell lymphoma, where the tumour cells are less
than 1% of the total cell number. Neoplastic cells were identified using
CD30 monoclonal antibody and, subsequently, we applied different
FISH probes for detecting the exact chromosomal aberrations that
occurred in these cells.

Conclusion: The results obtained here confirm that FICTION in
paraffin sections is a rapid and effective technique and we believe
that its application in routine diagnosis could provide prognostic infor-
mation and help in the selection of therapeutic strategies.

111 BCL-6 IS FREQUENTLY MUTATED IN PRIMARY
MEDIASTINAL B-CELL LYMPHOMAS

G Malpeli, A Scarpa, MC Chilosi, F Menestrina. Department of Pathology,
University of Verona, Italy

It has been recently reported that primary mediastinal B-cell
lymphomas (PMBL) express bcl-6 protein in the majority of cases in the
absence of point mutations of the BCL-6 gene. This gene is known as
a target of somatic hypermutation in normal and neoplastic B-cells
since, like immunoglobulin genes, it is modified during the transit of
B-cells into the germinal center (GC) of lymph nodes.

We searched 24 PMBL for mutations in the first intron of BCL-6 by
PCR-SSCP and sequence analysis. Fourteen of 24 cases (58%)
showed mutations in the BCL-6 gene. A total of 76 sequence
alterations were observed, ranging from 1 to 16 per case (average
5.4). These included 69 single base substitutions and 7 insertions/
deletions of one to eight base pairs. Interestingly, at variance with fol-
licular and large cell lymphomas, BCL-6 deletions and insertions in
PMBL reprensented a significant proportion (about 10%) of the total
mutations.

Mutations were identical in multiple biopsies of the same patient in
12 cases, suggesting no clonal heterogeneity. The preferential targets
of the hypermutation process were the RGYW/WRCY DNA motifs
with 29% of events against the expected 16% (p <0.02). However,
the hypermutation process in PMBL seemed to shift from a preferential
targeting for GAG and GA sequences, observed in BCL-6 and Ig-VDJ
genes in physiologic conditions, to TAT and TA. Only a small bias for
transition over transversion and a strong strand polarity has been
found. Immunohistochemical analysis showed that Bcl-6 protein was
expressed in all cases in variable proportion of cells ranging from
10% to 100%. The immunohistochemical pattern of staining showed
no correlation with either the DNA status or specific mutations. Our
data are consistent with a post-germinal center origin of the neoplasia
and with a hypotetical causative role of deregulation of the hypermu-
tation process in PMBL generation.

Recent advances in
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112 IRTA1: A NEW MOLECULE ASSOCIATED WITH
NORMAL AND NEOPLASTIC MARGINAL ZONE B CELLS

B Falini, E Tiacci1, G Hatzivassiliou2, J Kurth1, R Kuppers1, G Cattoretti2, R
Dalla-Favera2. Institute of Hematology, University of Perugia, Perugia, Italy;
1Institute of Internal Medicine, University of Cologne, Germany;
2Department of Pathology, College of Physicians and Surgeons, Columbia
University, New York, USA

Specific monoclonal (named M-IRTA1) and polyclonal antibodies
were generated against the human IRTA1 (immune receptor transloca-
tion associated-1) protein, the product of the homologous gene
involved in the myeloma-associated t(1;14) (q21;q32) translocation.
Expression of the IRTA1 molecule was then investigated by
immunohistochemistry (APAAP technique) on normal and neoplastic
lympho-hemopoietic tissues. In normal and reactive lymphoid tissues,
IRTA1 was selectively expressed by a subset of B cells that usually
showed a dendritic morphology and homed to the marginal zone or
their anatomic equivalents, e.g. the sub- and intra-epithelial areas of
the tonsil, the external border of mantle zones and the marginal sinus
of reactive lymph nodes, and, less consistently, the splenic marginal
zone of the spleen; monocytoid B cells of toxoplasmic lymphadenitis
were also strongly IRTA1+. Double staining of tissue sections and cell
suspension revealed that tonsil IRTA1+ cells consistently expressed the
CD27 molecule (a marker of memory B cells) in the absence of other
mantle cell, germinal center and plasma cell associated molecules.
PCR analysis of single tonsil IRTA1+ cells proved that they consist of a
mixed population of mutated (e.g. antigen-experienced) and
unmutated B-cells (representing either virgin cells or, most likely, cells
driven by antigens that did not induce or select for IgV gene mutation).
IRTA1 was strongly expressed in about 60% of nodal and extranodal
marginal zone lymphomas and only rarely in other lymphoma
subtypes. In marginal zone lymphoma of MALT type, the anti-IRTA1
antibodies mainly labelled the neoplastic cells participating to the for-
mation of the so-called lympho-epithelial lesions, thus mimicking the
epitheliotropism of the normal IRTA1+ cells in the tonsil. Antibodies
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