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CHAPTER 1 
 

GENERAL INTRODUCTION 

 

 

1.1 Classification of Non-Hodgkin Lymphomas 

 

Non-Hodgkin Lymphomas (NHL) are a heterogeneous group of 
lymphoproliferative malignancies that can be divided in distinct subgroups. The 
World Health Organization (WHO) classification of lymphoid neoplasms lists the 
major distinct lymphoma types based on the currently available morphologic, 
immunologic and genetic techniques(1,2,3,4). This classification stratifies all 
hematologic neoplasms primarily according to lineage: myeloid, lymphoid, 
histiocytic neoplasms and mast cell disorders. The subtypes in each category are 
further defined according to a combination of genetic features, immunophenotype, 
morphology and clinical symptoms. Within some of the entities different 
histological grades have been identified. Treatment of each lymphoma is guided 
by this diagnosis, in combination with clinical stage and prognostic factors that 
categorize it as more or less favorable.  

Follicular lymphoma grade 3B (FL3B) is recognized as a separate 
subgroup of follicular lymphomas, with characteristics that differ from the more 
common subgroups referred to as grade 1, 2 and 3A, (FL1,2,3A) in the WHO 
classification(5,6,7).  
 
1.2 Morphology and immunophenotype  
 
1.2.1 Morphology 
There is a general consensus that follicular lymphoma should be graded, based on 
the Berard cell counting method(8), in at least two separate groups, low grade 
(FL1,2) and high grade cases (FL3). Application of the Berard cell-counting 
method has been repeatedly tested in the literature and is the standard for grading 
(grade 1: 0-5 centroblasts/hpf; grade 2: 6-15 centroblasts/hpf; grade 3: >15 
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centroblasts/hpf). FL grade 3 can be divided in grade 3A and 3B. FL3B is 
composed of solid sheets of centroblasts with no residual centrocytes, such in 
contrast to FL1,2 and 3A and frequently have diffuse areas (Fig.1A/B). The 
diffuse areas in all grades of follicular lymphoma seem to have impact on the 
prognosis and can be reported and quantified according to the recommendations 
of the REAL classification: predominantly follicular (>75% follicular), follicular 
and diffuse (25-75% follicular) and predominantly diffuse (>25% follicular) (9). In 
FL3B diffuse areas may represent areas of diffuse large B-cell lymphoma 
(DLBCL) and therefore need more aggressive therapy(6). 

The cells of follicular lymphoma are reminiscent of those in the normal 
germinal center. Centrocytes have a spectrum of nuclear size ranging from less 
than twice the nuclear size of a small lymphocyte to as large as centroblasts. The 
nuclei appear irregular in tissue sections and are designated as cleaved. The 
chromatin is less dense than that of small lymphocytes and single or multiple 
small nucleoli may be present. Centroblasts usually have a nucleus three to four 
times the size of a nucleus of small lymphocytes; the nuclei are oval or round but 
also may be irregular, indented or even cleaved. The nucleus is vesicular, with a 
clear center and some condensation of chromatin; with one to three basophilic 
nucleoli, usually apposed to the nuclear membrane. The cytoplasm is basophilic 
and usually only a small rim. Occasional immunoblasts with one or two big 
central nucleoli and a wider rim of very basophilic cytoplasm may be found as 
well. In about 10% of the cases, FL may show discrete foci of marginal zone- or 
monocytoid-like B cells, typically at the periphery of the neoplastic follicles(10). 
Plasmacytoid differentiation rarely occurs (11).  

 

  
 
Figure 1A/B: FL3B: A follicular pattern with a monotonous population of blasts, predominantly 
immunoblasts, without admixed centrocytes.  
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DLBCLs are composed of large neoplastic B lymphoid cells with nuclear size of 
more than twice the size of a normal lymphocyte. Most cases will conform to one 
of the following morphologic variants: centroblastic (Fig.2), being the most 
common variant, immunoblastic, anaplastic and T-cell/histiocyte rich 
DLBCLs(2,3,12). 
 

 
 

 
 
1.2.2 Immunophenotype 
BCL2 protein is expressed in the majority of follicular lymphomas ranging from 
nearly 100% in grade 1 up to 50~75% in grade 3B(13). BCL2 protein can be useful 
in distinguishing neoplastic from reactive follicles, but is not useful in 
distinguishing follicular from other types of low-grade B-cell lymphoma, most of 
which also express BCL2 protein. BCL6 protein expression is commonly found in 
germinal center B cells of normal tissue and occurs in all follicular lymphomas as 
well as in approximately 70-80% of DLBCL with and without BCL6 gene 
rearrangement(14,15,16,17).  
CD10 (CALLA), a cell surface endopeptidase is expressed on the majority of 
immature B cells, but also on germinal center B cells and is often regarded as a 
marker for FL(18,19). Other mature B cells, plasma cells and B-cell lymphomas fail 
to express CD10(20). Approximately 40% of DLBCL express the protein and 
therefore are considered to belong to the germinal center B cell type of DLBCL. 
FL3B cases manifesting with a t(14;18) often express CD10, suggesting a relation 
to the other FL(21). FL3B cases without a t(14;18) generally do not express CD10 
and in this respect resemble 60% of all DLBCL that lack CD10 (21,22). 
Another marker, MUM1/IRF4, is a transcription factor involved in various 
developmental stages of B cell differentiation and generally is expressed in a 
minority of normal germinal center (GC) B cells with plasmacytoid differentiation 

Figure 2 :  
DLBCL : The common centroblastic 
variant is composed of medium-sized 
to large lymphoid cells with oval to 
round nuclei with fine chromatin and 
2 to 4 membrane bound nucleoli. The 
cytoplasm is generally sparse and 
amphophilic or basophilic. 
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as well as in a minority of the tumor cells of most GC lymphomas. In DLBCL 
MUM1/IRF4 expression is considered to be an indicator of the activated B-cell 
(ABC) like gene expression profile.  

Within the clinically and morphologically heterogeneous group of DLBCL 
a distinstion can be made into two prognostically important subgroups known as 
germinal center B-cell-like (GCB) and ABC-like or non-GCB DLBCL’s 
(23,24,25,26,27). As reported in several studies, patients with GCB phenotype have a 
significantly better survival than those with ABC-like phenotype (28). The 
expression patterns of BCL6, CD10 and MUM1 have been suggested as important 
tools to identify the GCB and non-GCB groups. CD10 and BCL6 are common 
markers of germinal center B cells and cases can be classified as GCB if both 
BCL6 and CD10 were positive or if CD10 alone is positive. MUM1 is expressed 
in later stages of B-cell development and in plasma cells, and is associated with 
ABC (non-GCB) DLBCL’s. Thusfar such a distinction has not been demonstrated 
in FL grade 3B.  
 
1.3 Clinical behaviour 
 
A clinically relevant prognostic model for NHL is the International Prognostic 
Index (IPI). The IPI is based on different parameters like patient age, stage, serum 
lactose dehydrogenase (LDH) level, performance status, hemoglobin level and 
number of extranodal sites.  
The prognostic significance of cytogenetic abnormalities, aberrant gene 
expression and different biological markers in both patients with indolent NHL 
and aggressive NHL has been evaluated by several International Working 
Groups(35,36,37,38).  
FL is the most common adult NHL comprising  30 to 40 % of all NHL and up to 
75 % of low grade B-cell lymphomas. It affects predominantly older adults, with a 
nearly equal male : female incidence. At diagnosis, most patients have widespread 
disease, affecting predominantly lymph nodes, but also spleen, bone marrow and 
occasionally extranodal sites or peripheral blood (29,30,31). The clinical course is 
generally indolent. Both the number of centroblasts as well as the proportion of 
tumor that has a diffuse pattern correlate with prognosis (32,8). These feature may 
herald histologic transformation to DLBCL which confers a worse prognosis 
(33,34). 
At diagnosis, involved-field radiotherapy (XRT) is generally accepted as the 
treatment of choice. Currently available treatment of patients with disseminated 
indolent NHL is chemotherapy, CVP (cyclophosphamide, vincristine, 
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prednisone), fludarabine and CHOP (cyclophosphamide, doxorubicin, vincristine, 
prednisone), with in addition rituximab for advanced stages (R-CHOP).  
DLBCL is the second most common lymphoma occurring in the middle-aged and 
older adult with a median age of incidence of 57 years and has an equal incidence 
in male and female(30). Unlike FL, DLBCL is a potentially curable disease. 
Accurate and complete staging at the time of diagnosis is important for treatment 
planning. The staging system used for these lymphomas is the Ann Arbor staging 
system. Currently available treatment for patients with DLBCL is R-CHOP + 
XRT for stage I and R-CHOP for advanced stages. 
Clinically, FL3B have more in common with the majority of the more aggressive 
DLBCL of germinal center cell origin than with their indolent FL1,2,3A 
counterparts. Reported differences in clinical outcome between FL1,2,3A and 3B 
might be dependent on the presence of diffuse areas in the lymphoma (5).  
Patients with FL3B who have been treated according to guidelines used for 
DLBCL with aggressive chemotherapy regimens have survival outcomes 
comparable to DLBCL (39,40,9). 
 
1.4 Cytogenetics  
 
Several cytogenetic and molecular genetic studies of human lymphoma, leukemia 
and solid tumors have led to the conclusion that acquired alterations of the genetic 
material in somatic cells cause initiation and progression of a neoplasm(41). Many 
of these acquired alterations are detectable by microscope as changes in number 
or structure of the chromosomes. Most of these chromosomal alterations are 
involved in the pathogenesis of the disease through mechanisms including 
activation of a proto-oncogene, disruption of a tumor suppressor gene or 
generation of a fusion gene(42). Extensive cytogenetic analyses of human tumors 
have revealed the nonrandom nature of many chromosomal aberrations and their 
specificity in certain types of malignant and benign neoplasms(43,44,45,46). The first 
consistent chromosomal aberration in cancer was the finding of the Philadelphia 
chromosome in chronic myeloid leukemia (CML) (47,48). The first structural 
aberration in human lymphoma was the 14q+ marker in Burkitt’s lymphoma (BL) 
(49). Despite morphologic, immunologic and genetic differences within entities, the 
currently defined NHL categories generally have well defined cytogenetic 
abnormalities. In most mature B-cell neoplasms chromosomal translocations 
result in the transcriptional deregulation of an oncogene by juxtaposing it to 
regulatory sequences of genes that are constitutively expressed in mature B-cells, 
most often the immunoglobuline (Ig) genes(50). 
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In most NHL cases cytogenetic analysis can be performed with differences in 
success rate between low-grade and high-grade lymphomas. Large studies have 
shown that almost all successfully karyotyped lymphomas display clonal 
chromosome aberrations with a low frequency of apparently normal 
karyotypes(51,52,53,54). The finding of a normal karyotype in lymphoma preparations 
generally can be explained by the presence of nonneoplastic, reactive cells that 
have the capacity to divide in vitro(54,55). In few other cases, the degree of 
resolution, even in excellent banded preparations, may be too low to visualize 
subtle rearrangements. In tumors with a normal karyotype, an alteration may have 
occurred at the molecular level and therefore cannot be visualized by cytogenetic 
techniques.  
The karyotype of cytogenetically abnormal NHLs is generally complex and 
infrequently displays a single clonal aberration. The chromosomal translocations 
t(14;18)(q32.3;q21.3) and aberrations involving the chromosome 3q27 region are 
the most common in B-cell NHL of germinal center cell origin(56,57).  
The single most frequently observed reciprocal translocation 
t(14;18)(q32.3;q21.3) (Fig.3) has an incidence in FL1,2 of 80-90% and in DLBCL 
of 20-30%(53-56). The occurrence of  a t(14;18) in part of the DLBCL, is possibly 
related to the finding that at least one-third of follicular lymphomas transform to a 
higher histologic grade. This has led to the suggestion that DLBCL carrying a 
t(14;18) has evolved from FL. 

 
Figure 3 
Translocation t(14;18)(q32;q21); the breakpoints of the cytogenetic t(14;18) are located at 
chromosome 14q32.3 and chromosome 18q21.3 using a 550 G-banding pattern.  
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Translocations involving the 3q27 region are also common in B-cell lymphomas 
of germinal center origin and are most frequently found in DLBCL (~40%) and in 
FL3B, but occur less frequent in FL1,2 (~10%)(58,59). Cytogenetic studies of NHL 
have demonstrated that chromosome alterations affecting band 3q27 are 
predominantly represented by reciprocal translocations between the 3q27 region 
and several alternative partner chromosomes, including the sites of the Ig genes at 
14q32 (IGH), 2p11 (IGK), and 22q11 (IGL), but also many other chromosomal 
regions. The variability of the partner chromosomes juxtaposed to 3q27 in 
DLBCL translocations suggests that these abnormalities belong to a group with a 
fixed chromosome breakpoint on one side and on the other side different 
chromosome partners. The most frequently found translocation is 
t(3;14)(q27;q32) and involves the immunoglobulin heavy chain locus and 3q27 
(Fig.4). 
 
 
 
 

 
Figure 4  
Rearrangement of the 3q27 breakpoint region as a result of the t(3;14)(q27;q32)  
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As mentioned before, approximately 85% of FL cases have a t(14;18) and about 
40% of DLBCL cases have an aberration involving the 3q27 region; in both 
groups cases have been reported that harbour both a t(14;18) and a 3q27 
aberration(60,61,62). 
Besides these translocations, additional clonal structural and numerical 
aberrations are seen in almost all NHL cases. In FL, these additional cytogenetic 
changes are commonly associated with progression to a higher grade or to 
DLBCL(63,64). Commonly observed secondary numerical aberrations are gain of 
chromosome X, 7, 12 and 21 whereas structural aberrations frequently include 
breakpoints at 1p36, 6q13 and del(6q), dup(7q) and der(18) (57,65).  
A frequent secondary chromosomal aberration in NHL is a deletion of the long 
arm of chromosome 6. In some cases the pathogenetic role of 6q deletions is 
suggested by the observation that the deletion occurs as the sole abnormality(54,64). 
Although loss of 6q has been reported in systemic DLBCLs, the frequency is 
clearly higher in lymphomas located at immunoprivileged sites. Primary central 
nervous system (CNS) lymphomas and testicular lymphomas show 6q deletions in 
up to 75% of the cases, whereas the frequency in systemic DLBCLs is less than 
35% (66,67,68,69). This suggests an important role for one or more genes on 
chromosome 6q in the pathogenesis of these lymphomas. Three minimal 
molecular deletion regions (RMD) were identified in NHL. RMD1, mapping to 
chromosome bands 6q25-q27 is associated with intermediate grade NHL, RMD2 
located at 6q21-q23 is associated with high grade NHL, and RMD3 located within 
the region 6q23-q25 seems to be associated with low grade NHL(70,71,72). All 
RMD’s have been reported independent of a t(14;18) or 3q27 aberration(72). The 
prognosis of NHL with testicular or CNS localisation is clearly worse than other 
primary extra-nodal DLBCLs of e.g. skin and stomach; most patients die of 
disseminated NHL within a few years(73).  
Translocations involving chromosome 8q24, are the cytogenetic hallmark of 
Burkitt lymphoma (BL) (49,74). Although commonly described in BL, a t(8;14) has 
also been observed upon transformation or progression from a low grade to a high 
grade lymphoma(75,76). This translocation results in deregulation of the MYC gene 
by juxtaposition to immunoglobulin regulatory sequences and loss or disruption of 
its 5’ regulatory sequences(77,78). In about 85% of the BL cases the translocation 
partner of MYC is the IGH locus on chromosome 14 and in the remaining 15% the 
IGΚ or IGL loci on chromosome 2 and 22 respectively(79,80).  
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1.5 Molecular Genetics 
 
BCL2 
BCL2 protein is one of the major anti-apoptotic (programmed cell death) proteins 
in the mitochondrial membranes of lymphoid cells. During the normal follicle 
center B-cell proliferation, BCL2 protein is downregulated and B cells that fail to 
execute successful Ig gene rearrangement during VDJ recombination or lack 
subsequent affinity maturation enter the apoptotic pathway. However, t(14;18) 
carrying B cells have a strong survival advantage since they maintain BCL2 
expression by juxtaposition of the BCL2 gene to the immunoglobulin heavy chain 
(IgH) locus(81,82,83). Most breakpoints (60%-70%) are located within a 2.8 kb 
major breakpoint region (MBR) in the 3’ untranslated exon of the BCL2 gene. 
Another breakpoint cluster can be identified (10%-15%) in the minor cluster 
region (mcr) approximately 20 kb further downstream and a third breakpoint 
cluster (5%-10%) in between the MBR and mcr (84,82). As a result, BCL2 is 
deregulated by juxtaposition to the centromeric part of the IgH complex 
containing the IgH enhancers, leading to a disturbance of the BCL2 expression 
regulation (85,86). The breakpoints on chromosome 14 generally occur at the 5’ side 
of one of the J segments. The causal effect of the t(14;18) seems to be the 
formation of a configuration on the der(14) in which the J segments and in 
particular the intronic IgH enhancers (Eu) from the IgH chain are juxtaposed to 
exon 3 of the BCL2 gene(87)(Fig.5). This molecular configuration indicated that 
the translocation has its origin from abnormal VDJ recombination. More recently, 
juxtaposition of the BCL2 gene with the more centromeric switch sequences from 
the IGH locus instead of the J segment was reported indicating an origin of the 
translocation from class switching events in germinal center B cells (88). A large 
proportion of the cases with a der(14)t(14;18) carry a deletion in the constant (µ) 
region with unknown significance thusfar(89). In most FL, both IgH genes are 
rearranged. One IgH allele is involved in the t(14;18) which is present in 70-90% 
of the cases. The other allele contains a functional gene rearrangement and is 
responsible for surface Ig expression observed in most FL(90,91).  
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Figure 5: Translocation t(14;18)(q32;q21) recombines the BCL2 oncogene in 18q21 with the locus 
in 14q32. Through the resulting deregulation of BCL2, the normal rate of preprogrammed cell 
death (apoptosis) is disturbed. 
 
 
BCL6 
The high frequency of 3q27 region breakpoints in DLBCL suggested that a gene 
mapping to 3q27 is associated with DLBCL pathogenesis (92). Cloning of the 3q27 
breakpoint of several cases led to the identification of a gene named BCL6(93,94,59). 
Most translocations lead to promotor substitution of BCL6(15). The BCL6 gene 
codes for a protein that contain six zinc-finger motifs that are also present in a 
number of related transcription factors and are able to mediate protein binding to 
specific DNA sites(95). BCL6 is a 95kd nuclear phosphoprotein belonging to the 
POZ/Zincfinger (ZF) family and is composed of 706 amino-acid residues(96). The 
amino-terminal region of the BCL6 protein contains a domain, termed POZ, 
which is homologous to domains found also in other zinc-finger transcription 
factors(97,98,99). The structural features of the BCL6 protein are consistent with 
functional studies indicating that BCL6 can indeed function as a transcription 
factor that binds a specific DNA sequence and represses transcription from linked 
promoters(100). 
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The majority of breakpoints in the BCL6 gene cluster in a 4 kb major 
breakpoint region (MBR) in the first non-coding exon and 5’ region of the first 
intron, and are commonly seen in DLBCL(96). Recently another breakpoint region 
on the BCL6 gene has been detected, located within the  genomic region between 
245 kb and 285 kb telomeric from the MBR, called the alternative breakpoint 
cluster region (ABR) (101) (Fig.6). This breakpoint occurs mostly in FLs grade 1,2 
and only in a very low frequency in DLBCLs (102).  
 
 
 
 
  

MBR-Breakpoints

  (35% of DLBCL cases)

Exon    1 2 3 4 5 6 7 8 9 10

5’ 3’

245kb-285kb

ABR breakpoints

centromeretelomere

1kb

Figure 6 
Schematic representation of genetic lesions affecting the BCL6 gene in DLBCL. In its germline 
configuration, the BCL6 gene is composed of 10 exons. The coding region of BCL6 is indicated 
by black boxes, and the non-coding exons, or parts of exons, are indicated by white boxes. The 
breakpoint sites, indicated by arrows, span the first exon and its adjacent sequences on both sides. 
The majority of breakpoints map to 3’sequences close to the BCL6 first exon, indicated by a thick 
arrow. The ABR breakpoint region is located within the genomic region between 245kb and 285kb 
telomeric of the MBR. 
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TP53 
Translocations or deletions involving chromosome 17p13 result in deregulation of 
the tumor suppressor gene TP53. The TP53 gene encodes the P53 protein that is 
involved in controlling the cell cycle, particularly in repressing the transition of 
the cell from the G1 to S phase in case of genotoxic stress(103). The P53 protein 
can also induce apoptosis(104). Given the role of P53 it is likely that disruption of 
normal P53 functions may contribute to tumor progression directly by providing 
FL cells with a high proliferation rate, or indirectly, by allowing the accumulation 
of additional genetic lesions(105,106). Mutations of the TP53 gene are common and 
found in a variety of lymphoid neoplasms.  P53 expression and mutation is 
virtually absent in DLBCL cases arising de novo, whereas they are frequently 
found in cases resulting from histologic transformation or progression from a low 
grade lymphoma to a higher grade lymphoma(106,107). 
 
1.6 Progression markers 
 
Several genes are associated with transformation from FL to DLBCL, generally 
designated as a transformation pathway(106). Whereas some of these genes are 
already present in the FL phase e.g. BCL2, (107) others seem to appear during the 
histologic transformation e.g. loss of TP53 or MYC rearrangement(108,109).  Non-
random secondary chromosomal changes include partly or full gains or losses of 
chromosomes 1,6,7,9,12,18 and 21, and are commonly associated with 
progression(110,111).  
A deletion in chromosome 6q can be associated with a transformation pathway or 
a de novo pathway, because it has been found as a secondary chromosomal 
aberration in FLs with progression, but is also in DLBCLs without a pre-existing 
FL(112,113,114,68,69). Testicular and CNS DLBCL both show this aberration, without a 
history of FL or other low-grade lymphoma.  
A model of a molecular transformation pathway should consider the 
transformation of a pre-existing FL to a DLBCL or a de novo pathway in which a 
DLBCL develops without a pre-existing FL (Fig.7) . There are two mechanisms to 
be considered in the de novo pathway; rearrangement of the BCL6 gene, deletion 
in chromosome 6q and presently unknown additional genetic lesions. In the 
transformation pathway, various additional genetic lesions in combination with an 
already present BCL2 rearrangement might cause transition of FL to DLBCL. 
MYC and TP53 seem to appear only in cases presenting with transformation from 
a low grade to a high grade lymphoma. The presence of these alterations in a FL 
may thus suggest transition to DLBCL. It may also enable subdivision of FL3B 
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into subsets with different pathogenetic pathways. 

BCL2

Follicular lymphoma

diffuse large B-cell lymphoma

+7; 6q-; 1p36 aberration
t(8;14)(q24;q32)�MYCrearrangement 
TP53

Transformation pathway

de novopathway
BCL6 ?

t(14;18) /

6q-

 
Figure 7 
Transformation pathway model of a preexisting FL to a DLBCL or a  
de novo pathway in which a DLBCL develops without a preexisting FL. 
 
 
 
1.7 Summary of features specific for FL and DLBCL 
 
Table 1: Specific features of FL and DLBCL.  

 BCL2  BCL6  MYC  P53  CD10  +7 Del (6q) 

FL1,2,3A 80-90% 5-15% <5%* <5% ~ 100% 50%* 10-20% 
DLBCL 20-30% 30-40% 5-15% 20-30% <40% 15% 30-40%** 

 
* more common in FL cases with progression to DLBCL, ** more common in Testicular DLBCL, 
CNS DLBCL and AIDS related lymphomas; up to 70% 
The most striking differences are in bold marked entities specific for FL and DLBCL.  
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1.8 Aim of the thesis 
 
The aim of these thesis is to better define the nature of follicular lymphoma grade 
3B (FL3B) and its relationship to follicular lymphoma grade 1,2 (FL1,2) and 
diffuse large B-cell lymphoma (DLBCL). The architecture of FL3B is follicular 
by definition but in most cases there are also diffuse areas, whereas the cellular 
composition is similar to that of DLBCL. Clinically, FL3B appears to respond to 
treatment according to protocols used for DLBCL in terms of remission and 
freedom of tumor progression rates.  
 
The aim of the study in chapter 2 was to determine if FL3B is a homogeneous 
group or whether different subgroups can be identified. In chapter 3 one of the 
identified subgroups of chapter 2 is investigated in further detail. In chapter 4 
additional cytogenetic and molecular genetic analyses are described to investigate 
whether a better subdivision can be reached of the different subgroups established 
in chapter 2. The aim of the study in chapter 5 is to characterize a group testicular 
lymphomas with cytogenetics and array CGH.  
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Abstract 
 
 

Chromosomal translocations involving a t(14;18)(q32;q21)  and the chromosome 
3q27 region are common in B-cell non-Hodgkin’s lymphoma (NHL) of germinal 
center cell origin. Grade 3B follicular lymphoma (FL), consisting almost 
exclusively of centroblasts, is a distinct subgroup of follicular lymphomas which 
has clinically more in common with the aggressive diffuse large B-cell 
lymphomas than with their indolent FL grade 1 and 2 counterparts. We studied the 
cytogenetic and molecular genetic aberrations by classical cytogenetics, PCR, 
Southern Blot hybridization (SB) and fluorescence in situ hybridization (FISH), 
with special emphasis on t(14;18), affecting BCL2, and 3q27 rearrangement, 
affecting BCL6, in 32 cases of FL grade 3B. 
Three distinctive subgroups were identified based upon the existence of 
breakpoint 3q27, a translocation t(14;18) or the absence of both. Group I: with 
aberrations involving 3q27 but without a t(14;18) (n=10); group II : without a 
t(14;18) and without 3q27 aberrations (n=9), but with other cytogenetic 
aberrations; group III  with a t(14;18) and no 3q27 aberrations (n=13). None of the 
FL grade 3B cases was found to harbour both a t(14;18) and 3q27 aberration. 
These results, in particular the finding of a mutual exclusiveness of BCL2 and 
BCL6 rearrangement, indicate at least three different pathways of oncogenesis in 
FL grade 3B. 
FL grade 3B with BCL2 rearrangement probably is part of the same entity as the 
other follicular lymphomas (1,2,3A), whereas the cases with 3q27 abnormalities 
or other unrelated translocations are more closely related to the majority of diffuse 
large cell lymphomas of germinal center cell origin. 
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Introduction 
 
Malignant lymphoma, follicular, large cell in the Working Formulation or 
follicular lymphoma (FL) grade 3 according to the REAL classification, has been 
grouped together with the other follicular lymphomas (grade 1,2) in the REAL 
and WHO classifications 1,2. Follicular large cell lymphomas can be distinguished 
by the presence of at least a focal follicular pattern. In contrast to the other 
follicular lymphomas, they are mainly composed of- or contain a high proportion 
of- large non-cleaved cells (centroblasts), which are also the typical cytological 
feature of most diffuse large B-cell lymphomas (DLBCL).  In the Kiel 
classification, a category of centroblastic lymphoma, follicular, was recognized 3. 
In the WHO classification the so-called Berard criterion has been adopted. This 
means that cases with >15 centroblasts per high power field are included (so-
called grade 3A) in addition to cases with almost pure populations of large cells 
(so called grade 3B) 4. Clinically, follicular large cell lymphomas have more in 
common with DLBCL than with their indolent FL grade 1 and 2 counterparts. 
Treatment of follicular large cell lymphoma according to guidelines used in 
DLBCL, i.e. doxorubicin containing chemotherapy, has an outcome that is 
comparable in terms of remission and freedom from tumor progression rates to 
that of DLBCL 5,6,7. 

FL as well as a large proportion of DLBCL are B-cell lymphomas of 
germinal center origin. A frequent chromosomal aberration of lymphomas 
originating in the germinal center is the translocation t(14;18)(q32;q21), involving 
the immunoglobulin heavy chain (IgH) gene on chromosome 14q32 and the BCL2 
gene on chromosome 18q21. This translocation has the highest incidence in FL 
grade 1 and 2, and the lowest incidence in DLBCL 8. BCL2 translocation results 
from the process of the IgH variable region gene recombination, that takes place 
during B cell development in the bone marrow and infrequently probably also in 
the germinal center. The result of this translocation is the juxtaposition of the anti-
apoptotic BCL2 gene, located on chromosome 18q21, and the IgH locus on 
chromosome 14q32, leading to up-regulation of bcl-2 protein expression in most 
cases of FL. 
Another important chromosomal aberration in B-cell lymphomas of germinal 
center origin involves translocation of the chromosome 3q27 region. The 
translocation at 3q27 may also involve the IgH locus at 14q32 but has various 
other counterparts and results in a disruption of the BCL6 gene located at this 
breakpoint 9,10,11. Translocations involving the bcl-6 gene and the IgH gene occur 
during the process of isotype switching in the germinal center. BCL6 encodes a 
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protein, which is involved  in the control of cell proliferation and differentiation 
and plays an important role in germinal center formation and function.12. BCL6 
translocation must be distinguished from mutations of  BCL6 that result from the 
process of somatic hypermutation  in normal germinal center cells 13. Bcl-6 
mutations are frequently found in DLBCL as well as in FL grade 3, but much less 
frequently in FL grade 1 or 2.14. 

In a recent study, 8 of 11 cases of FL grade 3A were found to be t(14;18) 
positive, whereas only 2 of 16 cases of  FL grade 3B had this translocation. On the 
other hand, only 2 of the 11 FL grade 3A cases had chromosomal breaks 
involving 3q27, in contrast to 7 of the 16 FL grade 3B cases. This finding 
suggests that FL grade 3A is closely related to FL grades 1 and 2 whereas FL 
grade 3B is different and may be closer related to diffuse large B cell 
lymphoma.15 

To further elucidate the oncogenesis of follicular large cell lymphomas and 
their position in the spectrum of germinal center derived B-cell lymphoma we 
investigated the cytogenetic and molecular genetic aberrations of FL grade 3B and 
compared the findings with those in indolent FL grade 1 and 2 as well as in 
DLBCL. 
 
Material and Methods  
 
Patients 
Biopsy material obtained between 1983 and 1998 for the diagnosis and treatment 
of patients with lymphoma in Groningen, The Netherlands and Edmonton, Canada 
forms the basis of this study. Cytogenetic investigation was included in  the work 
up of all lymphoma patients, provided enough material was available for cell 
culture. Tumor samples for this study were selected from a group of 215 germinal 
center cell derived lymphomas, from which representative cytogenetic results 
were available. In almost all cases an involved lymph node was the site from 
which material for this study was obtained. In three cases material was obtained 
from an extranodal site: case #2 and case #30 from extradural- and case #3 
pleural- tissue. From this series, 32 successive cases in 30 patients with the 
histological diagnosis of  centroblastic lymphoma, follicular or follicular 
lymphoma grade 3B, were selected and studied in further detail. It should be 
emphasized that this series does not include cases that would be included in 
Follicular Lymphoma grade 3A based on a number of centroblasts  >15. Approval 
was obtained from the Institutional Review Board for these studies. Informed 
consent was provided according to the Declaration of Helsinki. 
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Histology 
All cases were reviewed by one of us (SP) before inclusion in the study. FL grade 
3B was defined according to the WHO classification2 as a follicular lymphoma, 
i.e. a neoplasm derived of follicle center B cells, with at least a partially follicular 
pattern and with neoplastic follicles composed of solid sheets of centroblasts 
without residual centrocytes. All of the cases had at least 25% follicularity. Most 
of the cases also had diffuse areas with centroblasts with similar morphology as 
those in the neoplastic follicles.  
 
Cytogenetic methods 
Briefly, minced tissue fragments of fresh biopsy material was washed in culture 
medium, RPMI-1640 supplemented with 15% fetal calf serum, glutamine and 
antibiotics, seeded in T50 tissue culture flasks and cultured in a 5% carbon 
dioxide incubator at 370 C in a humidified atmosphere. Harvesting and 
chromosome preparation of the tumor cells was performed after short-term 
culture, using standard cytogenetic techniques. The chromosomes were G-banded 
using pancreatin. Karyotypes were expressed in accordance with the ISCN 1995 
16.  
 
Molecular genetic methods 
For PCR and Southern blot genomic DNA was isolated from frozen tumor 
samples according to standard procedures.  
Polymerase chain reaction (PCR) 
DNA amplification of the major and minor breakpoint region was performed as 
previously  
described 17 . The major breakpoint cluster was amplified using the MBR3+ 
primer 
(5’-TTTGACCTTTAGAGAGTTGCTTTACG-3’) and a JH consensus primer  
(5’-ACCTGAGGAGACGGTGACC-3’). The minor cluster region was amplified 
using the MC8 primer (5’-GACTCCTTTACGTGCTGGTACC-3’) and the same 
JH consensus primer. 
Each amplification was carried out in a standard PCR buffer containing 2.0 mM 
MgCl2, 10% DMSO and 1 unit Taq polymerase (Amersham Pharmacia, Biotech, 
Roosendaal, The Netherlands). 1 µl DNA was added to each reaction. Samples 
were amplified for 35 cycles; denaturating at 940C for 30s, re-annealing at 550C 
for 30s  and elongation at 720C for 2minutes. For each PCR run, control samples 
included: a blank (no DNA); a negative (placental DNA); and a known positive. 
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Southern blot hybridisation (SB) 
SB was carried out with two BCL2 and three BCL6 probes, using standard SB 
protocols. DNA was digested with two, partly four, restriction enzymes: EcoRI; 
HindIII; BamHI; BglII. Two different bcl2 probes (major: MBR2.5 and minor: 
PFl2);  the JH6 immunoglobulin heavy chain gene and three different bcl6 probes 
(pGSc4.0, p486a, p4860) were used for hybridization. Review of the bands was 
done by comparing them to known positive and negative controls. The criterion 
for a mbr or mcr rearrangement was either a rearranged fragment in at least two 
enzyme digests, or co-migration with the IgH rearranged fragment. 
 
Immunohistochemistry 
Immunostaining for bcl-2 and bcl-6 was performed on frozen tissue samples 
according to standard methods, using  the following antibodies: mouse anti-
human monoclonal antibody to BCL2 protein (clone 124, Dakopatts, Glostrup, 
Denmark) and PG-B6p for BCL6 protein (a gift of Dr. B.Falini, Institute of 
Hematology, University of Perugia, Italy). The intensity of the staining was 
graded as strong (+), weak (+/-) or negative (-). 
 
Fluorescence in situ hybridisation  
Fluorescence in situ hybridization ( FISH), using standard  in situ hybridization 
protocols, was carried out in almost all cases regarding the translocations 
involving 3q27 and t(14;18). For the detection of chromosomal breakpoints on 
metaphase preparations the following combinations of probes were used: For 
t(14;18): segregation of cos8000H2/cos8000F6 (pooled)(r) and pac15o23/ES8073 
(for 3’-BCL2 breakpoints) and segregation of cos8000H2/cos8000F6 (pooled)(r) 
and pac210c12/ES8048 (for 5’-BCL2 breakpoints): for co-migration we used 
cosIg6/ES4237 (g) 17; (r) shows a red signal and (g) a green signal. From the cases 
24 to 32 we used nuclear suspension prepared of frozen tissue blocks instead of 
metaphase preparations. For the detection of t(14;18) on these slides the following 
combinations were used: the cosmids 8000H2 (ES4566) and 8000F6 (ES4561) (g) 
with pac15o23/ES8073 (r) , for 3’-BCL2 breakpoints and the cosmids 8000H2 
(ES4566) and 8000F6 (ES4561) (r) with pac210c12/ES8048 (g), for 5’-BCL2 
breakpoints 18. 

For detecting the 3q27 region rearrangements  the CEPH-Yac Y803g3 (g) 
was used, with a centromere 3 probe, pα3.5 (r) 19 . Detection of a breakpoint by 
this probe is based on splitting of one into two signals, generating 3 instead of 2 
single colored signals in cells with two chromosomes 3. Therefore, a breakpoint 
can only be detected in metaphase cells or intact interphase nuclei in which the 
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number of these 3q27 signals can be compared to the number of chromosome 3 
specific centromeric signals. Cases 1 to 23 were studied on metaphase 
suspensions, while the cases 24 to 32 were studied on nuclear suspensions 
prepared from frozen tissue blocks. 
 
Results 
 
Cytogenetics 
The cytogenetic findings of the 32 cases in 30 patients with follicular large cell 
lymphoma are shown in Table 1-3. In two patients a sequential biopsy could be 
studied. Case #22 is a lymph node biopsy taken after 4 courses of CHOP 
chemotherapy of case #15. Case #23 is a relapse after 10 months of case #13 after 
6 courses of CHOP treatment. Cases are grouped according to those with 
t(14;18)(q32;q21) (n=13), those with translocations involving 3q27 (n=7) or 
without these (n=12). All karyotypes were abnormal. Normal karyotypes, as the 
only cytogenetic result, were not found. 

Clonal balanced translocations, isochromosomes and deletions of, for 
example chromosome 6 (i(6)(p10) and del(6)(q1)), chromosome 1, 13, 17 and 18 
were detected in the t(14;18) positive group as well as in the t(14;18) negative 
group. In addition chromosome breakpoints not involved in balanced 
translocations, deletions and isochromosomes, were found in almost all cases. No 
differences in these abnormalities were observed between t(14;18) positive versus 
t(14;18) negative tumors. 

A large number of different structural aberrations were found and these 
were present relatively more often in the t(14;18) negative group than in the 
t(14;18) positive group. Gain of chromosome 7 was observed in (8/13) 62% of the 
t(14;18) positive cases and in (6/19) 32% of the t(14;18) negative cases; in (4/10) 
40% 3q27 positive and (2/9) 22% 3q27 negative cases. Gain of chromosome 3 
was observed in (5/19) 26% of the t(14;18) negative group; in (3/10) 33% 3q27 
positive and (2/9) 22% 3q27 negative cases. In the t(14;18) positive group no gain 
of chromosome 3 was found. Numerical chromosomal aberrations as a sole 
abnormality were not found in these cases. 

Significant differences were also found in 3q27 aberrations between the 
t(14;18) positive and negative group. In the t(14;18) positive group (n=13) no 
alterations in the 3q27 region were observed, while in the t(14;18) negative group, 
7 of 19 cases had alterations in the 3q27region (Table2). 

Various, but no significantly different structural and numerical aberrations 
were found in cases with and without 3q27 alterations. In case #30 we found 3q27 
aberrations with cytogenetics, but this was not confirmed by SB and FISH. The 
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quality of the karyotypes was rather poor; the breakpoint is possibly outside the 
3q27 region. However, also this case did not have a t(14;18). 

In two patients a sequential second biopsy could be studied. The first 
patient, with a 2nd biopsy  because of progressive disease after 4 courses of CHOP, 
showed concordant results, i.e. t(14;18) in both biopsies (case #13, #23). The 
second patient who relapsed at 10 month after 6 courses of CHOP had discordant 
results. In the first biopsy (case #15) neither t(14;18) nor 3q27 abnormalities were 
detected, however in the 2nd biopsy (case #22) a 3q27 rearrangement was present. 

 
Molecular genetics 
Molecular analysis was performed in 28 cases. From 4 of the 32 cases ( #22, #26, 
#27 and #28, Table 1), no frozen material was retrievable, precluding analysis by 
molecular techniques. Three of those cases (no. #26, #27 and #28) had a t(14;18) 
and one case (no. #22) had a 3q27 aberration by cytogenetic analysis. With 
polymerase chain reaction (PCR), BCL2 rearrangement was detected in 4 of 10 
cytogenetically t(14;18) positive cases and in none of the cytogenetically t(14;18) 
negative cases. By Southern blot (SB), BCL2  rearrangement was detected in 5 of 
10 cytogenetically t(14;18) positive cases. Three of the 18 cytogenetically 
t(14;18) negative cases had a bcl-2 rearrangement by SB, however no bcl-2/JH  
DNA translocation was detected in these cases. BCL6  rearrangement was 
detected by SB in 2 of 6 cases with and in 3 of 22 cases without cytogenetically 
3q27 aberrations (Table 2). None of the cases with a 3q27/BCL6 rearrangement 
(cytogenetically or by SB or FISH) had a BCL2 rearrangement / t(14;18) by 
cytogenetics, Southern blot, PCR or FISH (Table 2).  
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Table 1a: FL3B, cytogenetic t(14;18) negative cases, with aberrations involving 
3q27 (n=7) 
 

Case-
NR. cytogenetic results: 

 
 
2 

79<2n>,XX,dup(1)(q11q42),+add(1)(p11)x2,+der(2)t(2;2)(p23;q13)x2,der(3) 
t(3;3;3)(pter-->p12::q27->q12::p26->q27::p12->pter),-3,+5,+6,+6,+7,+7, 
+der(7)t(3;7)(7pter->7q36::3q12->3q27::3p12->3pter),+del(8)(q24.1)x2, 
der(10)t(10;11)(p15;q13),+der(10)t(4;10)(q21;q24)x2,+12,+12, 
+der(13)t(8;13)(q22;p1),der(14)t(8;14)(q22;p1)x2,+15,+der(17)t(17;21)(p11;q11)x
2,i(18)(q10)x2,+der(18)t(14;18)(q24;q21),-20,-20,-21,-21,+22,+mar1t/m12  [cp18] 
/46,XX [4] 

6 
48,X,-X,der(1)add(1)(p36)t(1;8)(q41;q12),+3,t(3;3)(q27;q29), 
add(6)(q1),der(8)t(1;8)(q41;q12),+13,add(14)(q32),del(17)(p11),+20[cp19]  
/46,XX [3] 

17 

46,XY,add(2)(q32),del(3)(q27),der(3)add(3)(p21)add(3)(q27),add(4)(q31),add(5)(q
11.2),add(7)(q31),der(8)t(3;8)(p24;q24),-14,del(15)(q23),-16,add(17)(q24), 
der(18)t(8;18)(q24;q22),add(19)(p13),der(19)t(1;19)(q11;p13),+mar1,+mar2 [cp13] 
/ 46,XY [7] 

22 47,X,i(Y)(q10),t(1;14)(q21;q32),t(3;7)(q26orq27;q21),del(6)(q23),del(13)(q12q14),
del(13)(q12q22), +18 [cp20] 

25 46,XY,t(3;3)(q12;q27),dup(17)(q12q21) [25] 

29 49,XX,der(2)add(2)(p25)add(2)(q31), t(3;14)(q21;q32),+del(3)(q27),+5, 
del(6)(q14q21),+7[19] /46,XX [11] 

30 52,XX,+X,+X,t(2;6)(q35;p12),t(2;3)(q21;q27),i(8)(q12),+12,+18,+20,+mar [cp21] 
/46,XX [4] 
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Table 1b: FL 3B, cytogenetic t(14;18) negative cases, without aberrations 
involving 3q27 (n=12) 
 

Case-
NR. cytogenetic results: 

1 
49~50,X,-Y,dup(1)(q23q41),+der(3)t(3;4)(p13;q27),+i(3)(q10), 
der(4)del(4)(q13q25)t(3;4)(p13;q27), del(6)(q13q21),+7,+9,del(9)(q11q21),-17, 
+del(18)(p11.2),+mar [cp20] 

4 47,XY.dup(1)(q12q42),del(13)(q12q14),+mar [14] /46,XY [6] 

5 49,XY,der(1)add(1)(q41)dup(1)(q23q21)t(1;3)(p34;q23),+3,add(7)(q31), 
+der(7)t(7;11)(p21;q13),del(17)(p11.2),+18 [cp21] /46,XY [2] 

8 
52,XY,add(2)(p22),+t(3;18)(q23;q12),add(6)(q2),inv(9)(p13q21)c,add(11)(q21)x2, 
+12,+13,add(14)(p11),add(16)(p13),add(18)(q23),-18,+add(19)(q13), 
add(21)(p11)x2,+21,+r [cp6] /46,XY,inv(9)(p13q21)c [10] 

9 47,X,-Y,add(1)(p36),+2,+7 [4] /46XY [14] 

12 49,XX,dup(1)(q32q21),+3,+3,dup(12)(q15q24.1),+i(18)(q10) [20] / 46,XX [1] 

15 48,XY,t(2;22)(p12;q11.1),i(6)(p10),+10,der(10;13)(q10;q10),+16,+18 [cp20] 

16 46,XX,-1,add(1)(q43),add(5)(q31),del(7)(q22),der(8)t(8;12)(p11;q12),add(9)(q34), 
-10,add(14)(q32),del(17)(q23),+mar1,+mar2 [cp19] 

18 
45~50,X,-Y,del(6)(q13q25),+del(6)(q13q25),add(8)(q24),add(12)(p11), 
+add(12)(p11),i(17)(q10),add(18)(q21),+20,-22,+mar1,+mar2,+mar3 [cp13]  
/ 46,XY [1] 

19 
45~50,XY,+X,-6,+7,+11,der(16)del(16)(q2q2)dup(16)(p11.2p13.3), 
del(16)(p11),+der(16)del(16)(q2q2)i(16)(q10),r(19)(p13q13),+mar [cp15]  
/46,XY [5] 

24 48,XX,+del(1)(p22),del(4)(q24q27),der(12)t(7;12)(q11;p12)x2,+12, 
t(19;22)(q13;q12) [24] /46,XX [1] 

32 46~49,XX,+X,der(1)dup(1)(q21q32)ins(1)(q21),+3,t(11;20)(q14;p12) [cp25] 
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Table 1c: FL3B, cytogenetic t(14;18) positive cases, without aberrations 
involving 3q27 (n=13) 

  

Case-
NR. cytogenetic results: 

3 
46,X,del(X)(q21q22),der(1)t(1;17)(p36;q11)add(1)(q41),del(3)(p11p21), 
del(6)(q23q25),der(13)t(1;13)(q21;q32),t(14;18)(q32;q21),add(17)(q22) [cp16] 
/46,XX [6] 

7 
51~52,XY,+Y,t(1;15)(q42;p11)c,t(2;15)(p11;q11),+del(5)(q23),+7, 
der(9)del(9)(p?)inv(9)(p?p?),inv(11)(q21q25),+12,t(14;18)(q32;q21),+18,+mar 
[cp10] 

10 50,XY,+add(1)(p13),+7,add(9)(q22),+12,add(13)(q21),t(14;18)(q32;q21),+16, 
add(18)(q21)[cp13]/46,XY [7] 

11 
52,XY,add(1)(p21),+del(1)(p36),+der(1;12)(q10;q10),+5,+7,der(8)t(1;8)(p31;q23), 
-17,+18,+add(19) (p11),+20,-22,-22,+r,+mar [cp9]  
/ 52,idem,der(14)t(14;18)(q32 ;q21) [2] / 46,XY [7] 

13 47,XY,+X, t(14;18)(q32;q21) [cp7] / 46,XY [17] 

14 47~50,XY,+X,+add(1)(p11),i(6)(p10),t(14;18)(q32;q21),-15, +16, 
dup(17)(q11.2q23),der(18)t(14;18)(q32;q21),+mar1,+mar2 [cp19] / 46,XY [1] 

20 
48~49,XX,+X,+X,t(1;20)(p36;q13),der(1)t(1;12)(p34;q13),add(5)(p13),add(5)(p14)
,add(6)(q13),+7,der(12)t(12;17)(q13;q21),t(14;18)(q32;q21),-15,add(16)(q11), 
-17,der(18)t(14;18)(q32;q21),del(20)(q13.1q13.3),+r,+mar [cp19] /46,XX [1] 

21 88,XX,del(6)(q1),t(14;18),inc 

23 
46~47,XY,del(2)(q22q24),-4,del(10)(q24q26),-13,t(14;18)(q32;q21),-17,-21, 
der(22)t(13;22)(q12;p12),+der(?)t(?;4)(?;p12),+der(?)t(?;4)(?;p12),der(?)t(?;17)(?;
q11.2),+mar [cp11] / 46,XY [5] 

26 
76~83<3n>,Y,t(X;16)(p11;q12)x2,+Y,dic(7;17)(p11;p11)x2,+7,+10,+11, 
add(11)(q25),+12,+13,+14, t(14;18)(q32;q21)x2,-15,+16,+18, 
+add(19)(q13),+20,+21,+21,+22,+3mar [cp24] 

27 92,XXXX,i(1)(q10),-4,i(6)(p10),+7,+7,+9,-10,+12,t(14;18)(q32;q21),+14,+16,+19 
[cp24] / 46,XX [1] 

28 50,XY,+5,+7,+9,+16,t(14;18)(q32;q21) [16] / 46,XY[9] 

31 
84~89<4n>,XX,add(X)(q22),add(X)(q22),del(1)(q25),-2,+3,-4,-5,-6,i(6)(p10),  
+add(7)(p12),+8,t(14;18)(q32;q21)x2,add(14)(q13)x2,-16,der(17)t(1;17)(q21;q25), 
del(18)(q21)x2,-19,-20,-21-22,+4mar[cp22]46,XX[2] / 92,XXXX[1] 
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Table 2: Comparison of cytogenetics, Southern blot/PCR and FISH for detection 
of BCL2 and BCL6 rearrangements in FL grade 3B 
 
         t(14;18) / bcl2 positive           3q27 aberrations / bcl6 positive 

Case-number cytogenetics S.Blot/PCR FISH cytogenetics S.Blot FISH 

2  -  -  - +  + + 
6  -  -  - +  - + 

17  -  -  - +  + + 

   22**  - ND  - + ND + 
25  -  -  - +  - + 
29  -  -  - +  - + 
30  -  -  - +  - - 
4  -  -  -  -  +   + 
9  -  -  -  -  +  - 

12  -  -  -  -  +  - 

1  -   -  -  -  -  - 

5  -  -  -  -  -  - 

8  -  -  -  -  -  - 

   15**  -  - ND  -  -  - 

16  -  -  -  -  -  - 

18  -  -  -  -  -  - 

19  -  -  +  -  -  - 

24  -  -  -  -  -  - 

32  -  -  -  -  -  - 

3  +  + ND  -  -  - 

7  +  +  +  -  -  - 

10  +  -  +  -  -  - 

11  +  -  +  -  -  - 

 13*  +  -  +  -  -  - 

14  +  +  +  -  -  - 

20  +  + +  -  -  - 

21  +  + ND  -  -  - 

 23*  +  -  +  -  -  - 

26  + ND ND  - ND ND 

27  + ND ND  - ND ND 

28  + ND ND  - ND ND 

31  +  +   +  -  - - 

 - = negative, +  = positive, ND = not done.       */** cases with a sequential biopsy 
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FISH 
Almost all cases were investigated by fluorescence in situ hybridization (FISH). 
For t(14;18)/BCL2 the cytogenetic results were in almost all cases confirmed by 
FISH (Table 2). The three cytogenetically t(14;18) negative cases which showed a 
BCL2 rearrangement by SB, but no BCL2/JH fusion product, did not show a 
t(14;18) in the FISH analysis. Case #19 also was t(14;18) positive by FISH but a 
t(14;18) was  not identified by classical cytogenetics. An unidentified 
chromosome (mar) present in the karyotype of this case (Table 1b) possibly 
contains material of chromosome 18 with a rearrangement at 18q21. 

In 3 cases we found discrepancies between 3q27 aberrations by 
cytogenetic analysis and BCL6 rearrangements in SB. All cases were 
subsequently investigated by FISH and in the 3 cases which were positive by SB 
but had no 3q27 rearrangements with cytogenetics, we only found a positive FISH 
result in case #4. In this case we observed a disruption of the LAZ3 region; one 
green signal on one chromosome 3 and splitting of the signal between the other 
chromosome 3q27 region and a chromosome with a size consistent with the F / G 
group. Comparing this finding with the cytogenetic results, it is likely that this 
chromosome with a size of the F /G group is probably the marker chromosome in 
the karyotype description (Table 1b,case 4). 

 
Immunohistochemistry 
All cases were BCL6 protein positive and all but 2 cases (no. #8 and #9) showed 
positive staining of the tumor cells for BCL2 on frozen tissue sections. These 2 
negative cases indeed did not have a translocation or rearrangement involving 
BCL2, but all the other cases with or without BCL2 rearrangement or translocation 
did express BCL2 protein. There was no clear correlation between the presence of 
a BCL2 rearrangement and the intensity of BCL2 protein staining. In fact, several 
cases with translocation had a staining intensity that was less in the lymphoma 
cells than in the remaining normal mantle cells.  
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Discussion 
 
Cytogenetic analysis was performed in a cohort of 32 cases of FL grade 3B. To 
confirm the cytogenetic findings and to find potential cryptic translocations, we 
also applied Southern blot hybridization (SB), polymerase chain reaction (PCR) 
and fluorescence in situ hybridization (FISH). 

The ability to detect t(14;18) and 3q27 rearrangement was much better 
with cytogenetics than with SB and PCR. In cases with discrepancies between the 
cytogenetic and molecular genetic findings, FISH corroborated the cytogenetic 
results. The high percentage of negative cases by SB and PCR is probably due to 
relatively frequent breakpoints outside the mbr and mcr region in this subset of FL 
20.  

By FISH one additional case with t(14;18) and one additional case with 
3q27 aberration was detected in the group that cytogenetically did not have 
t(14;18) or 3q27 aberration.  

Based on the cytogenetic results the cases can be divided in three 
subgroups: I: without  t(14;18) but with aberrations involving 3q27,  II : without  
t(14;18) and without 3q27 aberrations, but with other cytogenetic aberrations, III : 
with  t(14;18) and without 3q27 aberrations. The first group is of interest because 
all cases with 3q27/BCL6 aberrations lacked a t(14;18). The 3q27 translocations 
involved several different partners including chromosome 2 (1 case), 3 itself (3 
cases) and chromosome 7 (2 cases). Although there were 2 cases with 
translocations involving chromosome 2, respectively chromosome 14, these did 
not involve the immunoglobulin gene regions. This may explain the low 
sensitivity of the Southern blot procedure in this study. In two cases only the 
Southern blot showed rearrangement for BCL6. This may be the result of  a 
duplication of the BCL6 gene.  

In contrast to what might be expected in a group of FL, none of the cases 
contained both a t(14;18) and  3q27 aberration. Moreover, in one of two patients 
where a sequential biopsy was available for study, a 3q27 aberration was 
demonstrated in the second biopsy, but both biopsies in this patient were t(14;18) 
negative. Previous studies in FL as well as in DLBCL did not show the 
association of t(14;18) and 3q27 rearrangements to be mutually exclusive 21,22,23. 
Our own, unpublished, cytogenetic results in 80 patients with the diagnosis 
DLBCL and 90 patients with the diagnosis FL grade 1 or 2, showed one 
respectively four cases with a simultaneous t(14;18) and 3q27 aberration. 

The hallmark of FL is the t(14;18) (q32;q21), but this translocation itself is 
not thought to be of prognostic significance. The large proportion of grade 3B 
cases in this study without a t(14;18) as well as the frequent presence of 3q27 
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aberrations are features also frequently seen in DLBCL 11 and is consistent with 
another recent study 15. In comparison to follicular lymphomas grade 1 or 2, the 
number of cytogenetic abnormalities is quite large in all three subgroups of this 
series of FL grade 3B. The abnormalities include deletions of the long arm of 
chromosome 1, deletion of the long arm of chromosome 6, gain of chromosome 7, 
17p deletions and abnormalities of 17q. All of these are frequently encountered in 
progression of lymphoma. Especially gain of chromosome 7 as a secondary 
aberration can be considered as an indication of progression to a more aggressive 
disease state 24,25. These features all suggest that the oncogenesis of a large 
proportion of FL grade 3B is closely related to that of de novo DLBCL. 

It is of interest that cases of FL grade 3B with BCL2 rearrangement, BCL6 
rearrangement or other abnormalities cannot be distinguished based on 
morphology or immunophenotype. This is also in accordance with the findings in 
DLBCL. The finding of BCL2 protein expression in cases without BCL2 
rearrangement indicates that there are other mechanisms that lead to BCL2 protein 
expression. All cases with t(14;18) or BCL2 rearrangement were BCL2 protein 
positive but not all cases showed over-expression and in some cases staining of 
the lymphoma cells was clearly weaker than in the normal B-cells. Several cases 
showed starry sky macrophages in the histological slides, indicating the presence 
of apoptosis despite the presence of BCL2 protein. 

In conclusion, we identified three cytogenetically distinctive subgroups 
based on the presence of a breakpoint 3q27, a translocation t(14;18) or the 
presence of other cytogenetic aberrations in the absence of these two relatively 
frequent abnormalities in a large cohort of consecutively sampled cases of  FL 
grade 3B. We also found mutual exclusiveness of BCL2 and BCL6 gene 
rearrangements. These findings point to at least three different pathways of 
tumorigenesis. FL grade 3B with t(14;18)/BCL2 rearrangement probably is part of 
the same entity as the other follicular lymphomas  (grade 1, 2, or 3A). The cases 
with 3q27/BCL6 rearrangement or other unrelated translocations are probably 
more closely related to the majority of DLBCL of germinal center cell origin. 

Based on these findings it appears appropriate to compare the survival of 
these three groups separately. In previous reports no difference in survival was 
found between cases with t(14;18) and those without t(14;18) 26. The latter 
obviously included cases with 3q27 breakpoints as well as cases with other 
translocations. The preliminary data on clinical outcome of our 30 patients 
suggest that the survival of patients with a t(14;18) positive lymphoma may be 
intermediate between those with a breakpoint 3q27, who had a better survival and  
those with other translocations, who had a worse survival. Due to the relatively 
small number of  patients no firm conclusions can be drawn. Therefore, we will 
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combine our results with those of other investigators with cytogenetic data on FL 
grade 3B to obtain a sufficient number of patients for meaningful comparisons of 
clinical outcome in distinct subgroups of FL grade 3B. 
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Abstract 
 
Translocations involving band 3q27, affecting the major breakpoint region (MBR) 
of BCL6, are common in Diffuse Large B-Cell Lymphomas (DLBCL). Recent 
data suggest an Alternative Breakpoint Cluster Region (ABR) located between 
245kb and 285kb 5’ of BCL6, which might be associated with Follicular 
Lymphoma (FL). Ten DLBCL and 9 FL grade 3B with cytogenetic 
rearrangements at 3q27 were studied by fluorescent in situ hybridisation (FISH) to 
discriminate between breakpoints at the ABR and MBR. Eight DLBCL contained 
a breakpoint in the MBR, and 6 FL3B cases contained a breakpoint in the ABR. 
No specific chromosomal partners could be identified in both groups. Previously 
published data have suggested that FL3B cases with 3q27 aberrations are closely 
related to the majority of DLBCL’s of germinal center cell origin. However, our 
findings suggest that the mechanism of 3q27 rearrangement in FL3B cases is 
similar to the mechanism in FL grade 1,2 and 3A cases. 
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Introduction 
 
A relatively frequent chromosomal hallmark of mature B-cell lymphomas is a 
translocation affecting band 3q27. This translocation, resulting in deregulation of 
BCL6, may involve the immunoglobulin heavy chain (IGH) locus at 14q32 and 
various other counterparts (Baron et al.,1993; Ye et al.,1995; Chen et al., 1998). 
BCL6 encodes a 95kd nuclear phosphoprotein belonging to the POZ/zinc finger 
(ZF) family of transcription factors (Kerckaert et al., 1993; Ye et al., 1993; Miki 
et al., 1994). It contains six Kruppel-type-C-terminal ZF motifs (Chang et al., 
1996; Seyfert et al., 1996) and an amino-terminal POZ, a protein-protein 
interaction motif (Albagli et al., 1995). BCL6 functions as a transcriptional 
repressor (Deweindt et al., 1995; Chang et al., 1996; Seyfert et al., 1996) and 
plays an important regulatory role in lymphoid development and function. In the 
B-cell lineage, the BCL6 protein is expressed only in germinal center (GC) B-
cells (Onizuka et al., 1995). Translocations involving the BCL6 gene are 
especially frequent in Diffuse Large B-Cell Lymphomas (DLBCL) (Bastard et al., 
1994). 
Rearrangements of the BCL6 gene cluster in a 4 kb major breakpoint region 
(MBR) in the first non-coding exon and 5’ region of the first intron, and are 
commonly seen in DLBCL (Ye et al., 1993). Recently, an alternative breakpoint 
region (ABR) was identified in NHL located between 245 and 285 kb 5’ of BCL6 
(Chen et al., 1998). Although the series was very small, these data suggested that 
breakpoints in the ABR rearrangements are preferentially associated with 
Follicular Lymphoma (FL) (Butler et al., 2002). 

For the present study FL grade 3B (FL3B) cases with cytogenetic 3q27 
abnormalities (Bosga-Bouwer et al., 2003) and DLBCL with 3q27 breakpoints as 
well as DLBCL cases without cytogenetic data were analyzed with a novel 
fluorescence in situ hybridization (FISH) assay using probes that can discriminate 
between breakpoints within the BCL6 MBR and ABR regions. These data show 
essential differences with respect to the site of the breakpoint in these lymphomas.  
 
Materials and Methods 
Nine FL3B and 10 cases with a diagnosis of primary DLBCL or DLBCL in 
relapse, with a cytogenetic breakpoint at 3q27 were retrieved from the files of the 
Departments of Medical Genetics and Pathology of the Groningen University 
Medical Center (Table 1). The 9 FL3B cases were obtained from a previously 
published series of 32 FL3B (Bosga-Bouwer et al., 2003). In addition, we selected 
10 DLBCL cases with cytogenetic 3q27 aberrations and a random series of 30 
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DLBCL’s cases, without cytogenetic data. The latter cases were directly studied 
by FISH on paraffin embedded tissue sections with the two BCL6 probe 
combinations (Haralambieva et al., 2002). 
To distinguish MBR and ABR breakpoints, a segregation FISH assay was 
designed using PAC’s 165121 and 133M19 (Dr R.Dalla-Favera, Columbia 
University, New York, USA) and BAC RP11-137K3 based on its location in the 
minimal tiling path 5’ of BCL6 according to MapViewer at www.ncbi.nih.gov 
(build 33). PAC and BAC clones were purchased from the BACPAC resource, 
Children’s Hospital Oakland (Oakland, CA, USA). MBR breakpoints were 
identified by segregation of PAC’s 165121 (red) and 133M19 (green) and ABR 
breakpoints by segregation of 133M19 (green) and RP11-137K3 (red) (Butler et 
al., 2002)  (Figure 1). All probes were labeled by nick translation with biotin-16-
dUTP or digoxigenin-11dUTP (La Roche, Basel, Switzerland) and the reaction 
was visualized by indirect immunofluorescence as a dual color break leading to 
segregation of the red and green signal. BCL6 breakpoints were also detected 
using the CEPH-YAC Y803g3 (Roumier et al., 2000) that covers both the MBR 
and ABR. To discriminate trisomy 3 from a split signal, the assay was combined 
with probe pα3.5 hybridizing to repetitive α – satellite peri-centromeric DNA 
targets of chromosome 3. Additionally, a commercial FISH assay (Vysis, LSI 
BCL6 Dual Color, Break Apart Rearrangement Probe) was used on the FL3B 
cases. This kit consist of a mixture of a 300 kb labeled SpectrumOrange 5’ LSI 
BCL6 probe and, separated by a 42 kb gap, a 600 kb labeled SpectrumGreen 3’ 
LSI BCL6 probe. Interpretation of the FISH results in the different assays was 
carried out according to a previously described protocol (Haralambieva et al., 
2002).  
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Figure 1: Location of probes used for the different FISH assays to discriminate between ABR and 
MBR breaks in the BCL6 gene. 

 
 
 
Results and Discussion 
 
In this study we analyzed presence of BCL6 MBR and ABR breaks in FL3B cases 
with 3q27 abnormalities in comparison to DLBCL cases. Segregation FISH 
revealed an ABR break in 6/9 and a MBR break in 2/9 FL3B cases, whereas from 
DLBCL with 3q27 aberrations 1/10 cases showed an ABR and 8/10 a MBR break 
(Table 1). In our random series of 30 DLBCL cases without cytogenetic data a 
BCL6 breakpoint was detected in 8 cases, corresponding to the frequency 
observed in the literature (Barrans et al., 2002). All cases involved the MBR and 
none the ABR, providing further evidence for the suggestion of Butler et al.(2002) 
that ABR breakpoints are associated with a follicular growth pattern. In total 6/9 
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FL3B cases and 1/40 DLBCL cases show an ABR break, indicating a clear 
difference between these two entities. Remarkably, not only the 4 out of 5 cases 
with a primary diagnosis of FL3B carrying a 3q27/BCL6 breakpoint, but also the 
two FL3B cases that progressed from a FL1/2 carried an ABR breakpoint. One of 
the two FL3B cases with a break in the MBR was a secondary FL3B lymphoma 
with a history of previous DLBCL. 
In general, 50~60% of all lymphomas with a 3q27 translocation harbour 
breakpoints within the MBR (Bastard et al., 1994; Chen et al., 1998) and 
according to one report, about 10% of the rearrangements involve the ABR 
(Butler et al., 2002).  In the study by Butler et al.(2002), the remaining 30-40% of 
the lymphomas with a cytogenetically proven 3q27, did not show a breakpoint 
within the MBR or ABR region. Application of the different FISH assays in the 
present study revealed a BCL6 breakpoint in 17 out of 19 cases with cytogenetic 
3q27 aberrations (89%) demonstrating that our probe sets detect most 3q27 
breakpoints. Our data thereby imply that the BCL6 locus is by far the most 
frequently involved site in this region. In our previous study (Bosga-Bouwer et 
al., 2003) case 7 (Casea, 17, Table 1) revealed breaks with Southern Blot (SB) and 
cytogenetics. In the present study we observed in this case an ABR break with 
FISH, which is quite remarkable. Since the probe used for SB maps in the MBR 
locus, the aberrant band observed with SB can not originate from the 3q27 break 
and is probably caused by an aberration in the BCL6 gene region. All FISH data 
were consistent for this case, with a clear break with the ABR probes, 
cytogenetics and the YAC and no breaks with the MBR and Vysis probes. 
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 a
: previously published cases (Bosga-Bouwer et al., 2003).

b
: the karyotype included an unidentified marker chromosome 

that might contain material from chromosome 3. ND, not done; f, failure; p, primary DLBCL; s, secondary DLBCL; r, 
DLBCL in relapse; ABR, alternative breakpoint cluster region; MBR, major breakpoint region; FL3B, Follicular 
Lymphoma grade 3B; FL1,2, Follicular Lymphoma grade 1,2; DLBCL, Diffuse Large B-Cell Lymphoma; SMZL, splenic 
marginal zone lymphoma. 
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We investigated whether breakpoints at the MBR or ABR are associated with the 
involvement of different BCL6 partners. Previous molecular analyses have shown 
that promotor substitution and the generation of chimeric IGH-BCL6 transcripts is 
an essential mechanism in cases with a t(3;14) and a breakpoint at the MBR (Ye 
et al., 1995). However, two FL3B cases (cases 4 and 5) and one DLBCL (case 17) 
showed a t(3;14) with an ABR break suggesting another mechanism. In parallel 
with breakpoints involving MYC and CCND1, juxtaposition to a foreign enhancer 
might be the prevalent mechanism in cases with a far upstream breakpoint at the 
ABR, and therefore, a t(3;14)(q27;q32) or variant translocation involving the 
immunoglobulin light chain genes should be expected in such cases. However, 
similar to the previous report (Butler et al., 2002), no differences were seen with 
respect to the use of partner chromosomes between the cases with an MBR or 
ABR breakpoint, and we therefore can only speculate on the mechanism leading 
to deregulation of BCL6 in cases with an ABR breakpoint. Finally, although 
screening of public databases has revealed no other functionally proven gene thus 
far, we can not completely exclude that breakpoints in the ABR affect other genes 
mapping within the BCL6 locus. In this respect it is noteworthy that all cases with 
an ABR breakpoint expressed BCL6 at the protein level (Table 1). 
Comparison of the different FISH assays revealed that application of the 
commercial probes (Vysis) only detects MBR breakpoints (Table 1). A very small 
extra signal could be expected in some cases with an ABR break, but this extra 
signal was almost impossible to discern from the background. Using a YAC 
covering approximately 970 kb including the BCL6 gene, we detected all MBR 
and ABR breaks (Table 1) but this analysis did not allow discrimination between 
the two breakpoint regions. Therefore, the presently described novel segregation 
FISH assay is highly preferable to distinguish MBR and ABR breakpoints.  
In conclusion, our results indicate that despite previously published data 
suggesting that FL3B cases with 3q27 aberrations are closely related to the 
majority of DLBCL’s, the mechanism of 3q27 rearrangement in FL3B cases is 
different between FL3B and DLBCL. At present there is no explanation for the 
apparent association between the ABR breakpoint involvement and the follicular 
nature of many of these tumors. 
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Abstract 

 

We studied a histological homogeneous group of 29 cases with the diagnosis 
follicular lymphoma grade 3B (FL3B). In a previous study we subdivided this 
group in 3 subgroups based on I: aberrations of the 3q27 region, II: lack of 3q27 
and t(14;18) and III: the presence of a t(14;18).  In this study we further 
characterized the FL3B lymphomas, that is currently part of the spectrum of 
follicular lymphoma in the WHO classification, taking into account other 
cytogenetical aberrations, immunohistochemistry for P53, BCL2, BCL6 and 
CD10, rearrangement of the proto-oncogene MYC and mutation of the tumor 
suppressor gene TP53. With respect to P53, BCL2, BCL6 expression, MYC 
rearrangement and TP53 mutation FL3B represents a homogeneous group. CD10 
expression and gain of chromosome 7, considered to be typical follicular 
lymphoma markers were more common in the FL3B t(14;18) positive subgroup. 
The lack of CD10 expression and gain of chromosome 7 in the majority of cases 
in the other two subgroups suggest that those cases have a closer relation to 
DLBCL. 
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Introduction 
 
Many Non-Hodgkin lymphomas (NHL) are characterized by clonal chromosomal 
abnormalities 2. Molecular characterization of the affected breakpoint regions has 
led to the identification of target genes mapping at or close to the breakpoint 
regions 3,4. Several of these clonal chromosomal abnormalities have now been 
shown to be specific for different NHL subgroups and can be used to discriminate 
between different NHL subtypes. Follicular lymphomas (FL) are characterized by 
a translocation t(14;18) affecting the BCL2 gene 5 and  Burkitt lymphomas (BL) 
by a t(8;14) involving the MYC gene 6. Translocations involving the BCL6 gene, 
located on chromosome 3q27, are frequently seen in diffuse large B-cell 
lymphomas (DLBCL) 7. Several other chromosomal abnormalities have been 
associated with other entities. Frequently, however, these abnormalities are not as 
specific as initially described. 

Cytogenetic studies indicate that follicular lymphomas which undergo 
histologic transformation retain the t(14;18) translocation and generally acquire 
multiple, often complex secondary chromosomal abnormalities 8,9. Until now no 
predominant genetic locus is suggested to be responsible for this histologic 
transformation. FL grade 3B (FL3B) can be distinguished from diffuse large B-
cell lymphoma (DLBCL) by the presence of at least a focal follicular pattern. In 
contrast to FL grade 1 or 2, the predominant cell type of FL3B is the  centroblast, 
which is also the typical cytological feature of DLBCL. 
  We previously demonstrated that three distinct subsets can be identified 
among cases with the histological diagnosis FL3B1: (I) with the presence of a 
breakpoint 3q27/BCL6 rearrangement without t(14;18), (II) with the presence of 
cytogenetic aberrations without 3q27/BCL6 rearrangements and without a 
translocation t(14;18) and (III) with the presence of a translocation t(14;18) 
without 3q27/BCL6 rearrangements. Based on these findings, a conservative 
conclusion may be that FL3B with a translocation t(14;18)/BCL2 rearrangement 
are part of the same entity as the other FL grade (1,2 or 3A). The cases with 
3q27/BCL6 rearrangements or other unrelated translocations are potentially more 
closely related to the majority of DLBCL. The cases with rearrangements 
affecting 3q27, an aberration also frequently observed in DLBCL, was studied in 
further detail to discriminate between the Alternative Breakpoint Cluster Region 
(ABR) and the Major Breakpoint Region (MBR) mapped into the first non-coding 
exon of the BCL6 gene. In the majority of these FL3B cases we detected a 
breakpoint in the ABR 10, whereas a breakpoint in MBR was commonly observed 
in a control group of DLBCL cases. Although the presence of 3q27 aberrations 
suggests a similar pathogenesis for this group of FL3B and DLBCL, the 
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consistent difference observed in BCL6 breakpoint regions might suggest an 
alternative pathogenesis for the FL3B cases.    

These observations led us to further examine FL3B cases to assess the 
presence of other genetic and immunophenotypic characteristics that might allow 
discrimination of cases closer related to either FL1,2,3A or DLBCL. We selected 
characteristics that are thought to play an important role in the histological 
transformation from low-grade to high grade NHL or markers considered to be 
typical for follicular lymphomas or diffuse large B-cell lymphomas. We studied 
TP53 mutation analysis, presence of MYC rearrangements, and BCL2, BCL6, 
CD10 and P53 expression. Mutation of the tumor suppressor gene TP53 
frequently associates with cases resulting from the histologic transformation of 
FL11,13  and appears in low percentages in de novo DLBCL12. The human TP53 
gene encodes a 393 amino acid residues long nuclear phosphoprotein, P53, which 
is involved in a number of processes like programmed cell death or apoptosis, 
inhibition of tumor growth, maintenance of genome integrity or stability and cell 
cycle arrest (14).  The nuclear phosphoprotein MYC located on chromosome 8q24, 
has been implicated as a potent regulator of cellular proliferation and may also 
play an important role in the transformation process of FL 15,16. The majority of 
precursor B cells as well as a subset of follicular center cells express CD10 
antigen, while other mature B-cells, plasma cells and B-cell lymphomas only 
occasionally do 17,18. The immunophenotype of the malignant lymphocytes in FL 
suggests that they are derived from germinal center cells and mostly they do 
express CD10, although some grade III follicular lymphomas  
are negative19.  

We report the further molecular cytogenetic and immunophenotypic 
characterization  of a group of 29 patients with the diagnosis FL3B 1 with single 
or combined expression or abnormalities of P53, CD10, BCL2, BCL6, MYC 
rearrangement and TP53 mutation.  
 
Materials and Methods 
Patients 
In the present study, 30 successive cases from 29 patients with the histological 
diagnosis follicular lymphoma grade 3B (FL3B) 1, were studied for other 
aberrations associated with malignant transformation. FL3B was defined 
according to the WHO classification as a follicular lymphoma with at least a 
partially follicular pattern and with neoplastic follicles composed of solid sheets 
of centroblasts without residual centrocytes. All of the cases had at least 25% 
follicularity. Most of the cases also had diffuse areas with centroblasts with 
simillar morphology as those in the neoplastic follicles.The primary diagnosis at 
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first presentation was FL3B in 19 of these biopsies. In 11 biopsies the primary 
diagnosis was other than FL3B (Table). From one patient two sequential biopsies 
were investigated (case #15 and #22). Due to  lack of paraffin and frozen tissue, 
two cases of our previous study were not included in the present study (case #3 
and #23). 
 

Fluorescence in situ hybridization 
The detection of translocation breakpoints at 8q24 involving the MYC gene were 
performed, using standard in situ hybridization protocols on nuclear suspensions 
isolated from frozen tissue samples or paraffin slides. The following breakpoint 
flanking probes were used in a FISH segregation assay: cosmids 4663 and 4665 
(green), pooled together with PAC103G5 (ES4745) (red) for 5’ breakpoints and 
the cosmids 4664 and 4671 (green) pooled with PAC117K22 (ES8071) (red), for 
3’ breakpoints 20. All probes were labeled by nick translation with biotin-16-dUTP 
or digoxigenin-11-dUTP (La Roche, Basel, Switzerland) and the reaction was 
visualized by indirect immunofluorescence as a dual color break leading to 
segregation of the green and red signal. The cosmid clones were kindly provided 
by Dr. C. Croce (Jefferson Cancer Institute, Philadelphia) and the PAC’s were 
obtained from the RPCI-1 Human PAC Library of the Roswell Park Cancer 
Institute (available at the Leiden Genome Technology Center, Leiden, the 
Netherlands). 
Immunohistochemistry 
Immunostaining for P53 and CD10 was performed on paraffin sections. We used 
a mouse anti-human P53 antibody (Bp53-12-1, Biogenex, San Ramon, CA, USA) 
and a mouse anti-human CD10 (Novocastra Laboratories, Newcastle upon Tyne, 
United Kingdom). Peroxidase labeled rabbit anti mouse followed by peroxidase 
labeled goat anti-rabbit antibodies (DAKO, Copenhagen, Denmark) and 
peroxidase enzyme staining with diaminobenzidine and H2O2 were used to 
visualize the P53 and CD10 protein positive cells. 
 The P53 protein staining was designated as +/- (weak positive), with a 
couple of scattered P53 protein positive tumor cells, + (moderate positive), with a 
substantial proportion of P53 protein positive tumor cells, varying in intensity or 
++ (strong positive), with almost all the tumor cells strongly P53 protein positive. 
CD10 protein staining was designated as ++ (strong positive), + (positive), +/- 
(weak positive) or – (negative). 
 Immunostaining for bcl-2 and bcl-6 was performed on frozen tissue 
samples according to standard methods, using the folowing antibodies: mouse 
anti-human monoclonal antibody to BCL2 protein (clone 124; Dakopatts, 
Glostrup, Denmark) and PG-B6p for BCL6 protein (a gift of Dr. B. Falini, 
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Institute of Hematology, University of Perugia, Italy). The intensity of the staining 
was graded as ++ (strong positive), + (positive), +/- (weak positive) or – 
(negative). 
 
 
Mutation Analysis 
Detection of TP53 mutations was performed with polymerase chain reaction 
(PCR) followed by Denaturing Gradient Gel Electrophoresis (DGGE) and 
sequencing of aberrant bands 21: DNA amplification was carried out as previously 
described with GC-clamped primers for  
exon5: 5’-[40GC]CTCTGTCTCCTTCCTCTTCCAACCAGCCCTGTCGTCTCTC-3’ 
exon6: 5’-40GC][12AT]GGCCTCTGATTCCTCACTGACAGAGACCCCAGTTGCAAC-3’ 
exon7: 5’-[40GC]ACAGGTCTCCCCAAGGCGCACCAGTGTGACGGGTGGCAAGTG-3’ 
exon8: 5’-[40GC]GCCTCTTGCTTCTCTTTTCCCATAACTGCACCCTTGGTCT-3’ 
Each amplification round was carried out in a standard PCR buffer and 1µl DNA 
was added to each reaction. Samples were amplified for 33 cycles; denaturating at 
94 ºC for 30s, annealing at 61 ºC and elongation at 72 ºC for 45s. For each PCR 
run, control samples included: a blank (no DNA) and a known positive. Each 
amplification was followed by heteroduplexing; denaturating at 94 C for 10 min. 
and hybridization at 61 °C for 45 min. DGGE is used for comprehensive analysis 
of the exons 5, 6, 7 and 8 of the TP53 gene 21. DNA sequencing: Amplified and 
purified PCR products from cases with an aberrant banding pattern after DGGE 
gel electrophoresis were subjected to single stranded automated sequencing. From 
some cases the heteroduplex bands from the aberrant DGGE banding patterns of 
DNA from paraffin-embedded material were excised from the gel and sequenced 
after re-amplification and purification. 
 
Results 
 
FISH 
With probes flanking the breakpoints at 8q24 involving the MYC gene, a 
rearrangement was detected in four cases (Table), generally confirming the 
cytogenetic results. Case #17 showed an 8q24 aberration by classical cytogenetics 
but did not show a MYC rearrangement by FISH. 
 

Cytogenetics 
Previously1 we identified three distinctive subsets based on: (I) the presence of a 
breakpoint 3q27 / BCL6 rearrangement; (II) the presence of cytogenetic 
aberrations without 3q27 / BCL6 rearrangements and without a t(14;18) / BCL2 
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rearrangement; and (III) the presence of a t(14;18) / BCL2 rearrangement without 
3q27 / BCL6 rearrangements (Table). Frequencies of various other structural and 
numerical cytogenetic aberrations, like a deletion of the long arm of chromosome 
6, deletions of chromosome 17p/q, 8q24 rearrangements and gain of chromosome 
7 were compared within the 3 groups1 and revealed a significant difference only 
for chromosome 7 gain. Gain of chromosome 7 was observed more frequently in 
the t(14;18) positive subgroup (8/11=73%) in comparison to the two t(14;18) 
negative subgroups (25% and 36%) (Table 1). The differences between the three 
separate subgroups did not reach significance, due to the low number of cases in 
each subgroup. But comparison of the  t(14;18) positive subgroup with the two 
t(14;18) negative subgroups did yield a significant difference (p=0.029, Pearson 
Chi-Square). Although gain of chromosome 7 was observed less frequently in the 
3q27 positive group (2/8=25%) in comparison with the 3q27 negative group 
(12/22=54%) this did not reach significance (0.196, Pearson Chi-Square). 
 

Immunohistochemistry 
Bcl-2 staining was present in the majority of cases, with the lowest proportion of 
strong-positive (++) or positive (+) cases in the group with a BCL6 rearrangement. 
Bcl-6 staining was found in all cases, consistent with a follicular center cell 
origin. CD10 protein expression was seen in about 30% of the FL3B cases. It was 
observed at a higher frequency in t(14;18) positive subgroup (6/9=67%) than in 
the two t(14;18) negative subgroups (28% and 27%). Again the differences 
between the three subgroups did not reach significance due to the small number of 
cases. Comparison of CD10 protein expression in the t(14;18) positive subgroup 
with the two t(14;18) negative subgroups revealed a much higher frequency in the 
t(14;18) positive subgroup (p=0.053, Pearson Chi-Square analysis). Almost half 
of the cases showed a positive or weak positive P53 protein expression with no 
clear relation between the cases with or without a t(14;18) or 3q27 aberrations. 
There was no obvious relation between the CD10 and P53 expression. (Table). 
 
 
Mutation analysis 
TP53 mutation was detected in only 3 cases (9%); #2, #13 and #14. The following 
nucleotide change and amino acid change were detected: #2: TAC->TGC, TYR-
>CYS (codon 234), #13: GAC->GAA, ASP->GLU (codon 259), #14: GTG-
>GGG, VAL->GLY (codon 218). The primary diagnosis of #2 and #13 was 
FL3B, the primary diagnosis of #14 was FL1.  
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Discussion 

In a previous study we identified three different subgroups within a group of 
follicular lymphoma grade 3B (FL3B); I: the presence of a breakpoint 3q27 / 
BCL6 rearrangement, II: the presence of cytogenetic aberrations without 3q27 / 
BCL6 rearrangements and without a t(14;18) / BCL2 rearrangement and III: the 
presence of a t(14;18) / BCL2 rearrangement without 3q27 / BCL6 
rearrangements1. These findings may point to at least three different pathways of 
oncogenesis. Presence of BCL2 rearrangements, as observed in FL3B subgroup 
III, suggests a relationship to the other follicular lymphomas (grade 1, 2, 3A). The 
3q27 aberrations observed in FL3B subgroup I, suggest a relationship to DLBCL 
of germinal center cell origin. In this study we attempted to establish further proof 
for a possible relationship with either FL or DLBCL. Comparison of the three 
distinct subgroups indicates that expression of CD10 is more frequent in the 
t(14;18) positive subset as compared to the other two t(14;18) negative subsets; 
67% vs 27% and 28% respectively and almost reached significance. Gain of 
chromosome 7 is also more frequent in this t(14;18) positive subset, 73% vs 36% 
and 25%, and is statistically significant (P=0.029). The two t(14;18) negative 
subgroups show no differences besides the presence or lack of 3q27 aberrations 
and appear to present as a homogeneous entity. However, negative or weak 
positive staining for BCL2 was observed in a higher frequency in the cases with a 
3q27 rearrangement. 

We found a higher percentage over-expression of CD10 in the t(14;18) positive 
subset which might be in accordance with previous findings that both CD10 and 
t(14;18) are typical FL markers and appear in low percentages in DLBCLs in 
particular in DLBCL with a germinal center cell expression pattern 9,17,19,22. The 
initial diagnosis of most of the cases with over-expression of CD10 was primary 
FL3B. 

Cytogenetic studies indicate that FL which undergo histological transformation 
retain their translocation t(14;18) and often have gain or loss of chromosomes and 
multiple, complex secondary chromosomal abnormalities 23. Although some of 
these secondary chromosomal aberrations tend to recur, none accounts for a 
predominant fraction of the total abnormalities.  

In the t(14;18) positive subgroup, gain of chromosome 7 was observed more 
frequently than in the t(14;18) negative subgroups. This is in accordance with the 
finding that +7 is more frequently seen in cases with primary NHL-associated 
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abnormalities like e.g. t(8;14) in Burkitt lymphoma and t(14;18) in follicular 
lymphoma 24. A higher number of secondary aberrations in lymphomas with a 
t(14;18) compared to t(14;18) negative lymphomas is previously described 1,25,26.  

Several studies indicate that transformation of follicular lymphoma to a higher 
grade NHL is associated with over-expression of P53 and mutations of the TP53 
gene. A transformation pathway implicates the transition from a preexisting 
follicular NHL to a lymphoma with higher grade histology. Cases following this 
pathway often harbor rearrangements of bcl-2 and TP53 mutations 4,13,27. Whereas 
the bcl-2 rearrangement is already present in the follicular NHL phase, TP53 
mutations are gained during histological transformation 11. In our study an over-
expression of P53 was seen in about half of the cases, both primary and secondary 
FL3B. A TP53 mutation was only detected in three cases, also both primary and 
secondary FL3B. No differences were seen in the distribution over the different 
subgroups. Our data suggest that there is no critical role for the TP53 mutations in 
FL3B pathogenesis.  

The MYC proto-oncogene, located on chromosome 8q24, also has been reported 
to frequently play a role in the transformation process. Several high grade 
lymphomas with evidence of histological transformation from a follicular 
lymphoma have been reported to carry both a t(14;18) and a translocation 
affecting chromosome 8q24 involving the MYC locus 15, 28. 

MYC gene rearrangements were found in 4 cases with cytogenetic aberrations on 
8q24. The fifth case with an 8q24 aberration did not have a break in the MYC 
region possibly due to a break outside the MYC region in 8q24 as covered by the 
FISH probes.  

In conclusion, the results of single and associated lesions of MYC, BCL2 
and BCL6 expression, P53 expression and TP53 mutation did not reveal 
consistent or significant differences within the three cytogenetically different 
FL3B subgroups. Overall, positive CD10 expression and gain of chromosome 7 in 
the t(14;18) positive subgroup were the only distinctions between the t(14;18) 
positive and the two t(14;18) negative subgroups. This confirms the suggestion 
that the t(14;18) positive subgroup may have more in common or even be derived 
from the indolent FLs (1, 2 and 3A). Based on the difference in BCL6 breakpoint 
region10 observed in the 3q27 positive subgroup in comparison with the 
breakpoint regions generally observed in DLBCL the 3q27 positive subgroup may 
constitute a separate entity. 
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Abstract 

 

Despite the fact that numerous studies have been performed on diffuse large B-
cell lymphoma (DLBCL), only few have concerned extranodal lymphomas 
occurring in the testis. We performed a cytogenetic and molecular study of 17 
testicular Non-Hodgkin lymphomas (NHL) of which 14 were proven primary 
DLBCL of the testis. Cytogenetic analysis revealed in 8 out of 11 evaluable cases 
a structural abnormality of the long arm of chromosome 6, with deletion or 
addition of material of unknown origin, and with breakpoints spanning the region 
6q12-6q23. The cytogenetic findings were confirmed by fluorescent in situ 
hybridization (FISH) with a chromosome 6 painting probe. Using array based-
CGH on 16 evaluable cases, including 5 cases not tested by cytogenetics or FISH, 
14 (88%) showed chromosome 6q deletions. We identified two regions of 
minimal deletion (RMD), at 104Mb-113Mb (6q16.3-q21) and 137.5Mb-138.8Mb 
(6q23.3), respectively. In one case we observed a 2.7Mb homozygous deletion 
ranging from 135.3Mb to 138.0Mb that partly overlapped with the RMD at 
6q23.3. Our study indicates that 6q deletions play a major pathogenetic role in 
DLBCL of the testis and that many of these deletions are part of unbalanced 
translocations. 
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Introduction 
 
Non-Hodgkin lymphomas (NHL) localised to the testes are relatively rare  
(Shahab and Doll., 1999). Apart from the extremely rare follicular lymphomas 
that occur in children or adolescents and that have a very favourable prognosis 
(Pileri et al., 2002.), they usually occur as a primary and occasionally as a 
secondary testicular diffuse large B-cell lymphoma (DLBCL). Primary testicular 
DLBCL are clinically aggressive lymphomas with a relatively poor prognosis, 
which is in contrast with other primary extranodal DLBCLs, e.g. of the stomach 
and skin (Zucca et al., 2003). Testicular DLBCL also show a specific pattern of 
metastasis, e.g., to extranodal sites such as the contralateral testis and the central 
nervous system (CNS) (Moller et al., 1994; Fonseca et al., 2000; Hasselblom et 
al., 2004). Both the testis and CNS are considered as immune-privileged sites, in 
which immune responses occur in a manner that differ from other sites or do not 
occur at all (Riemersma et al., 2000, 2005).  

Genetic alterations in DLBCL often comprise complex abnormalities, including 
translocations, trisomies, amplifications and deletions. A common aberration 
concerns deletion of the long arm of chromosome 6. Several studies showed that 
6q deletions are more frequent in DLBCL with an activated B cell type gene 
expression profile (40% of the cases) than in DLBCL with a germinal center cell 
type of gene expression profile (20%) and that they are very frequent (50-60%) in 
DLBCL of the CNS  (Rickert et al., 1999; Weber et al., 2000; Bea et al., 2005). In 
general, deletion of 6q is considered a secondary chromosomal abnormality in 
lymphomas. In some cases, however, a primary pathogenetic role of 6q deletion is 
suggested by the observation that it occurs as the sole cytogenetic abnormality. 
Moreover, the deletions may harbour prognostic value as markers of poor 
outcome (Offit et al., 1991).  
 
Using combined cytogenetic analysis, FISH and loss of heterozygosity (LOH) 
studies in a variety of lymphoma subtypes, three regions of minimal molecular 
deletion (RMD) were identified within the region 6q21-6q27 (Gaidano et al., 
1992; Offit et al., 1993, 1994; Zhang et al., 1997; Merup et al., 1998; Jackson et 
al., 2000).  

Chromosome 6 aberrations have not been studied in detail in testicular 
lymphomas (Lambrechts et al., 1995). In the present study, we describe 6q 
abnormalities in a series of 17 NHL of the testis, 14 representing primary DLBCL 
of the testis.  
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Materials and Methods 
Patients 
Seventeen tumor samples were collected during standard diagnostic procedures 
over a period of about 20 years and reviewed by one of the pathologists (P.K.) 
before inclusion in this study. Except for one case (#12), all tumours were 
classified as DLBCL according to the WHO classification (Jaffe et al., 2001). 
Analysis of clinical data revealed that in 14 cases (82%) the tumour was a primary 
testicular DLBCL (Table 2). Case #12 represented a testicular relapse of an 
aggressive lymphoma with morphologic features of Burkitt lymphoma, but 
genetic analysis was incompatible with this diagnosis and suggested a variant of 
DLBCL or a progressed follicular lymphoma (no breakpoint at 8q24, breakpoint 
at 18q21 indicative of a t(14;18)(q32;21) see Table 1). Four cases (#3,#4,#5,#9) 
have been reported before  (Lambrechts et al., 1995).  
 
Cytogenetic Methods 
Cytogenetic investigation using standard cytogenetic techniques was carried out 
on 12 cases from which fresh material was available for cell culture. Karyotypes 
were reported in accordance with ISCN 1995 (ISCN, 1995). 
 
 
Fluorescence in Situ Hybridization 
Metaphase spreads from the 11 cases for which cytogenetic analysis was 
successful were subjected to fluorescence in situ hybridization (FISH), using 
standard protocols. A whole chromosome 6 paint (WCP6) was used to verify the 
chromosome 6 aberrations that were identified by cytogenetics and to reveal 
hidden chromosome 6 material in the marker chromosomes (Table 1). To 
characterize the 3q27 breakpoints observed in 4 cases with respect to the BCL6 
gene, we performed a segregation FISH assay using PAC 165121 (green) and 
BAC RP11-137K3 (red) (BACPAC resource, Children’s Hospital Oakland, CA, 
USA) (Bosga-Bouwer et al., 2005). 
 
Array based Comparative Genomic Hybridization 
Samples were analyzed with an array that contained 340 chromosome 6-specific 
clones. These clones were selected from the 1-Mb BAC collection obtained from 
Dr. Nigel Carter (Wellcome Trust Sanger Institute, Cambridge, UK) (Fiegler et 
al., 2003), and from the Human BAC Resource Consortium_1 Set (Dr. Pieter de 
Jong, Children’s Hospital Oakland Research Institute, Oakland, CA, USA), with a 
small selection of additional BACs to fill a few remaining gaps. 445 subtelomere-
specific clones selected from our subtelomere array (Kok et al., 2005) were 
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included on the array to give an impression of the overall level of genomic 
instability of the testis lymphoma samples (Westra et al., 2005). In order to map 
the clones with respect to the sequence of the human genome we used the May 
2004 reference sequence of the human genome (UCSC version hg17) based on 
NCBI Build 35 and produced by the International Human Genome Sequencing 
Consortium. Detailed information on the BAC/PAC set of our subtelomeric array 
is available upon request (k.kok@medgen.UMCG.nl). Detailed array design, 
hybridization, image analysis and processing were performed according to 
recently described protocols (Tchinda et al., 2004; Kok et al., 2005). 
 
Results 
Cytogenetics and FISH 
The cytogenetic findings of 12 testicular lymphomas are summarized in Table 1. 
Various clonal numerical or structural aberrations, like balanced translocations, 
isochromosomes and deletions were found. In 4 cases (#1,#4,#9,#10) an 
aberration affecting the 3q27 region  was observed. Three of these 4 cases could 
be further studied by FISH and in two cases (#1 and #9) a BCL6 breakpoint was 
detected 

The most striking finding was the high frequency of structural 
abnormalities at the long arm of chromosome 6, as seen in 7 of the 9 informative 
cases. Four cases showed a deletion and 3 cases addition of unknown material. 
The smallest region of overlap for the breakpoints was between bands 6q15 and 
6q21. In addition, case #9, which was near-tetraploid by karyotyping, had lost two 
chromosomes 6. Case #11, also a near tetraploid tumor, contained five unaltered 
chromosomes 6.
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Table 1: Cytogenetic Results on 12 Testicular Lymphomas. 

Case 
No. 

Karyotype: 

1 46-47, X,-Y, del(1)(q41),ins(1;?)(q21;?),+?3,add(6)(q13),+7,add(14)(q32),-19,+r[cp5] / 
46,XY[1] 

2 46,XY[9] 

3 75~99<4n>,XXYY,+Y,der(1)t(1;11)(q32;q13)x2,-2,-2,-5,-5,add(6)(q?15), add(6)(q?21), 
add(7)(q22)x2,i(7)(q10),-8,add(8)(q24)x2,-9,-9,-9,-9,-10,-11,-11,del(11)(q13q21),-12,-13, 
-14,-15,-16,-16,-17,-17,-17,-17,dup(18)(q12q23)x2,-19,-19,-20,-
22,+der(?)t(5;?)(q13;?)x2, +der(?)t(17;?)(q21;?)x2,+13mar[cp10] 

4 45~49,X,-Y,del(2)(p11.2p13),+add(3)(q2?6),del(4)(q2?2),del(5)(q14q23), 
del(6)(p24),del(6)(q15q16),+add(7)(q31),del(9)(p21p22),add(10)(p1?2),dup(11)(q25q22), 
r(12)(p13q24),i(17)(p10),i(17)(q10),add(19)(p13),+20,+21[cp9] 

5 45~50,dup(X)(p21p22),-Y,del(6)(q2?3),del(6)(q15),+8,t(11;14)(p11;q11), 
+12,+13,del(14)(q31),+18[cp12] 

6 Failure 

7 46,XY[3] 

8 86~89,XXYY,+X,add(1)(p11),del(2)(p11),-3,-4,del(6)(q15q21)x3,+7,t(7;19)(q11;q13.1), 
+8,-10,-11,-12,-13,-13,-15,-15,-16,-17,-17,-18,-19,add(19)(p13.1), 
der(19)t(7;19)(q11;q13.1),-20,-22,+mar1x2,+mar2x2,+mar3[cp10] 

9 92~115,XXYY,+X,add(3)(q27~q29),-6,-6,-8,-8,-9,-10,-10,+15,-16,-17,-19,-19,-22, 
+13-23mar[cp4] /46,XY[1] 

10 48,X,+X,-Y,add(3)(q2?5),del(5)(q14q23),add(6)(q12),add(8)(q21.3),+12, 
?del(18)(q12q21),add(22)(q13),+mar[14] /46,XY[3] 

11 101~104,add(X)(q2?1)x2,YY,+Y,add(2)(p1?3)x2,+add(2)(p1?3)x2,+6,add(7)(q22)x2, 
+add(7)(q22),-8,-8,+10,+10,+14,-15,+16,+19,+20,+21,+der(?)t(2;?)(p12;?), 
+der(?)t(8;?)(q11.2;?)x2[cp10] /46,XY[2] 

12 57,XY,+X,+5,?del(6)(q1q2),+add(7)(p11),dic(9;12)(p2?1;q22),+10,+ins(11;?)(q21;?), 
+12,add(13)(q22),-14,add(14)(q32),add(18)(q21),+20,+21,+der(?)t(1;?)(q12;?), 
+r,+mar1,+mar2,+mar3[10] /46,XY[10] 
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Metaphase spreads from 11 of the 12 cases were further studied by FISH 
and hybridized with a WCP6 probe. The analysis was informative in 6 cases 
(Table 2). Although a chromosome paint does not allow to map breakpoints, a 
partial loss of 6q or substitution of 6q by material of unknown origin (addition) 
can be determined in most cases. In two cases (#1, #3) the chromosome 6 paint 
revealed addition of other material at 6q, leading to a net loss of 6q material, and 
therefore supporting the abnormalities seen by cytogenetic analysis. In cases #8 
and #12 FISH analysis also showed addition of material of unknown origin on 6q, 
again leading to a net loss of 6q, whereas cytogenetics suggested a small 
interstitial deletion. Additionally, in case #8, one of the marker chromosomes 
contained chromosome 6 material. Only case 4 with a del(6)(q15q16) did not 
reveal any abnormality with FISH, suggesting that this might represent a simple 
interstitial deletion. The loss of 2 chromosomes 6 in case #9 with a near-tetraploid 
tumor was confirmed by FISH. In case 7 with a normal karyotype, the FISH assay 
did also not show any abnormality. Two out of 8 cases with a cytogenetic 
aberration on 6q (#2 and #5) were inconclusive due to failure of the FISH 
experiments.  
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Table 2: Summary of the Cytogenetic and Molecular Results on 17 Testicular 
lymphomas. 

Case 
No. 

P /  S a Cytogenetics: FISH b array-CGH gap in chr. 6 

    start --> end (Mb) c 
1 P add(6)(q13) add(6)(q) 60 --> 170 (qter) 
2 ?  normal  failure no loss of 6q material 
3  P add(6)(q15)/add(6)(q21) add(6)(q)x2 no more material available 
4  P del(6)(q15q16)  6x2 104 --> 123 
5  P del(6)(q15)/del(6)(q23) failure 60 --> 143 + homoz.del.135 

--> 137 
6 S failure no material 60 --> 170 (qter) 
7 P normal 6x2 97 --> 170 (qter) 
8 P del(6)(q15q21)x3 add(6)(q)x3 102 --> 168 + 102-->150(x2) 
    +mar 

add(6)?(p/q) 
 

9  P  (4n),-6,-6,+10~20 mar  6x2 pter --> qter 
10 P add(6)(q12) failure 76 --> 139 
11 P (4n), +6 6x5 137 --> 138 
12 S del(6)(q1q2) add(6)?(p/q)x2 36 --> 161 
13 P  -  - 82 -->112; 131 -->138;  

143 -->146 
14 P  -  - 157 --> 161 
15 P  -  - no loss of 6q material 
16 P  -  - 60 --> 170 (qter) 
17 P  -  - 93 --> 116; 138 --> 149 

 

 a   P = primary testicular lymphoma; S = secondary testicular lymphoma;  
case 2, no data available; case 6, primary CNS lymphoma; case 12, primary Burkitt lymphoma. 
b  Fluorescence in situ hybridisation with wcp6 probe. 
c For details, see Fig. 1 
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Array based Comparative Genomic Hybridization 
Eleven of the 12 cases, and 5 other primary DLBCL cases of the testis without 
cytogenetic data, were subjected to array-based Comparative Genomic 
Hybridization (aCGH). Fourteen of these 16 cases (88%) showed 6q deletions, 
ranging from deletions of the entire long arm of chromosome 6 (cases #1, #6, #9, 
and #16) to a small interstitial deletion of 2.2 Mb (case #11). From the 2 cases that 
had a normal karyotype (cases #2 and #7), one showed a deletion at 6q (#7) and 
the other tumor (#2) showed no loss of chromosome 6 material (Table 2). In the 
latter case, whole genome aCGH showed duplications for chromosome 7, 8q and 
19q, indicating that the sample analyzed contained a sufficient number of tumor 
cells (data not shown).  
Comparison of the deleted regions revealed two different regions of overlapping 
deletions; one segment ranged from 104Mb to 113Mb, corresponding to 
chromosome bands 6q16.3-q21, and was deleted in 12 out of 14 cases. The second 
segment ranged from 137.5Mb to 138.8Mb, corresponding to chromosome band 
6q23.3, and was deleted in 12 out of 14 cases (Fig.1). A homozygous deletion, 
ranging from 135.3Mb-138.0Mb was observed in case #5. 
Three of the 16 cases studied by aCGH were near-tetraploid cases. In case 11 we 
saw a small interstitial deletion within 6q against a seemingly normal background. 
In case 9 aCGH revealed a diminished ratio for all 6q specific clones indicating 
loss of the entire chromosomes 6. In case 8 aCGH revealed 4 levels of ratios, most 
probably indicating regions for which 1, 2, 3, or 4 copies were present (Fig.1).  
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Figure 1 
The array-CGH results in 14 testicular DLBCL cases with 6q deletions. The centromere of chromosome 6 
is located around 60 Mb. Black bars indicate the deleted regions for each case. Case numbers are 
indicated at the right side. For case #8 the increasing thickness of the bars corresponds with the loss of 
increasing number of alleles. For case #5 the additional small bar indicates the position of the 
homozygous deletion. The vertical grey bars indicate the position of the minimal region of deletion. 
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Discussion 
 

A group of 17 testicular lymphomas, of which 14 were proven primary DLBCL of 
the testis, was analysed with a combination of chromosome banding analysis, 
FISH and aCGH. Karyotyping revealed complex karyotypes with multiple 
numerical and structural abnormalities in 9 cases. The apparant normal karyotypes 
seen in two cases may have been caused by preferential culturing and harvesting 
of normal cells instead of tumor cells. Indeed, for one of these two cases, aCGH 
analysis did reveal several copy number changes. 
Aberrations in the 3q27 region were observed in 4 cases, which is consistent with 
a frequency of 3q27 abnormalities in approximately 30% of the DLBCLs (Bastard 
et al., 1994). We cannot comment on the true incidence of BCL6 breakpoints in 
testicular DLBCL, since we applied FISH on only four cases (2 out of 4 showing 
a breakpoint in or nearby the BCL6 gene).  

Chrormosome banding analysis revealed seven cases with structural 
abnormalities of chromosome 6 resulting in a loss of sequences from 6q in 4 cases 
and addition of foreign material in 3 cases, whereas one case with a near-
tetraploid karyotype lost two chromosomes 6. The chromosome 6 paint helped to 
identify marker chromosomes, or chromosomes with an unidentified centromere 
that contained unrecognized chromosome-6 material, as illustrated in case 8. 
Moreover, the interstitial deletions of chromosome 6 identified by karyotyping in 
cases 8 and 12 in fact turned out to be derivative copies of chromosome 6 with a 
terminal deletion and addition of material of unknown origin to bands 6q15 and 
6q1, respectively. This indicates that almost all 6q deletions found in our 
lymphomas were the result of unbalanced chromosomal translocations instead of 
terminal or interstitial deletions.  
Combining all three methods, we found 6q deletions in 15 out of 17 cases (88%) 
in the lymphomas located in the testis and in 13 of the 14 primary DLBCL of the 
testis (93%), which is much higher than reported for other DLBCL, even if only 
DLBCL with an activated B-cell-like (ABC) type of gene expression are 
considered. Using conventional CGH and comparison with array based gene 
expression data in 224 cases of DLBCL, Bea et al. (2005) described loss of 6q16 
in 22% and loss of 6q21-q22 in 26% of the cases, both abnormalities being more 
frequent in ABC than in germinal center B-cell-like (GCB) type of DLBCL. Loss 
of 6q21 was also associated with a loss of the T-cell expression signature in these 
lymphomas, suggesting that one or more genes involved in immune interaction 
with T cells were deleted.  
The frequency in testicular lymphomas is also much higher than the 47-62% 
previously reported in  DLBCL of the CNS (Rickert et al., 1999; Weber et al., 
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2000; Boonstra et al., 2003). Of note in our series of 16 lymphomas evaluable by 
array CGH, we included 5 primary DLBCL of the testis for which no cytogenetic 
data were available (cases 13-17) and in 4 out of these 5 cases (80%) we detected 
a 6q deletion, indicating that the high incidence of 6q deletions is not biased by 
selection of cases with cytogenetically proven 6q alterations.  
Two commonly deleted regions were identified by karyotype analysis, one at 
6q15-q21 and one at 6q23-q24. By applying aCGH, we could further reduce these 
two regions to 6q16.3-q21 and 6q23.3, respectively. These two RMDs do not 
overlap with the commonly deleted 6q25-q27 region as described in intermediate 
grade B cell lymphomas, but they may be related to the commonly deleted region 
in 6q21-23, described in primary DLBCL of the CNS (Weber et al., 2000), ALL 
and immunoblastic lymphoma (Offit et al., 1993). 
Both the testis and CNS are immuneprivileged sites and DLBCL of these sites 
share major biological and clinical features including a relatively poor outcome, 
which might be related to the deletions at the long arm of chromosome 6.  
The 9-Mb RMD at 104Mb-113Mb (6q16.3-q21) contains 53 RefSeq genes 
(http://genome.ucsc.edu), none of which is an immediate candidate tumor 
suppressor gene in lymphomas. The distal 1-Mb RMD covering the 137.5Mb-
138.8Mb segment of 6q23.3 contains only 8 RefSeq genes 
(http://genome.ucsc.edu). A 2.7-Mb homozygous deletion detected in one case 
partly overlapped with this segment. The overlap is approximately 0.5 Mb, and 
contains only three RefSeq genes, IL22RA2 and IFNGR1, and OLIG3. A possible 
role of a decreased or absent IL22RA2 and/or OLIG3 expression in the 
development of testicular lymphoma is unclear. IFNGR1 encodes the ligand-
binding chain (alpha) of the heterodimeric gamma interferon receptor, which is 
involved in the regulation of expression of HLA class II genes. HLA class II 
downregulation is frequently found in testicular DLBCL and CNS DLBCL 
(Riemersma et al., 2000). Interestingly, in DLBCL arising at non-
immuneprivileged sites, downregulation of HLA class II is associated with a very 
poor prognosis (Rimsza et al., 2004). Another gene that might be of interest, 
IL20RA, was deleted in 10 out of 16 cases, including a homozygous deletion in 
case #5 

In conclusion, DLBCL of the testis are characterized by very frequent loss 
of parts of chromosome arm 6q. We identified two deletion hot spots on the long 
arm of chromosome 6, mapping at 6q16.3-q21 and 6q23.3, respectively. The very 
high frequency of these events suggest that functional loss of one or more genes 
within these regions may be crucial in the pathogenesis of testicular lymphomas.  
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CHAPTER 6 
 
 

Summary & Discussion 

 

 

The aim of this thesis was to further characterize a specific subgroup of NHL, 
namely follicular lymphomas grade 3B (FL3B). As with all cancers, lymphomas 
were originally categorized based on morphology and clinical behaviour. 
Subsequently, the use of antibodies against cell surface markers together with 
morphological criteria made it possible to assign a lymphoma to a diagnostic 
entity. However, within each lymphoma category, there is a heterogeneity of 
clinical behaviour. For example the majority of published studies show a 
significantly more aggressive clinical course for FL grade 3 (1,2) than for other 
follicular lymphomas (FL). Therefore, FL grade 3 cases are typically treated with 
combination chemotherapy that is also used for diffuse large B-cell lymphomas 
(DLBCL) patients, but also appear to have an increased likelihood of relapses as 
seen in FL grade1 and 2 (3). The International Prognostic Index  (IPI) is based on 
several pre-treatment criteria and can be used to subdivide in categories and to 
provide useful prognostic information. Despite these detailed classification and 
prognostic index procedures, different clinical behaviours persists within the same 
IPI groups (4). 
Recurrent genetic abnormalities can provide clues for an improved classification 
and a more reliable prognostic index and therefore lead to tailored treatment 
strategies for lymphoma subtypes. A large number of techniques can be used to 
study genetic abnormalities in lymphomas such as cytogenetics, molecular 
genetics, fluorescence in situ hybridization (FISH), CGH micro-array and gene 
expression profiling. 
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Summary discussion/results 
 
Our study was initially based on a cytogenetic investigation of lymphomas with 
the diagnosis FL3B. Based on these results, the cases were divided into 3 
subgroups: I, with 3q27 aberrations and without a t(14;18); II, without a 3q27 
aberration and without a t(14;18); III, with a t(14;18) but without 3q27 
aberrations. A remarkable finding was the mutual exclusiveness of a t(14;18) and 
a 3q27 aberration (5). This is in contrast with findings in FL grade 1,2,3A and 
DLBCL where cases have been reported with both a t(14;18) and 3q27 
aberrations. Our own, unpublished, data revealed a combined t(14;18) and 3q27 
aberration in 5 out of 125 FL cases (4%) and in 4 out of 135 DLBCL cases (3%). 
In view of the low frequencies of 3q27 aberrations in the FL group in general, the 
combination of these two aberrations in these 5 cases (50% of all cases with a 
3q27 abnormality share the t(14;18)) is remarkable. In DLBCL cases, t(14;18) 
was observed in 25 out of 135 cases (18%) and 3q27 aberrations in 40 out of 135 
cases (29%) and a combination of the two in 4 cases. Thus, the mutual 
exclusiveness of a 3q27 aberration and the t(14;18) seems to be a characteristic 
finding in FL3B.  

FL3Bs are thought to be pathogenetically related to either FL or DLBCL 
based on the presence of a t(14;18)/BCL2 or a 3q27/BCL6 rearrangement. Besides 
these, other genetic aberrations might characterize the third subgroup without 
t(14;18) or 3q27 rearrangements. These genetic aberrations may be small 
deletions or mutations which have not been identified, since the basis of this study 
was conventional cytogenetics. The finding of the mutual exclusiveness may point 
to different pathways of tumorigenesis for FL3B. Cases with t(14;18)/BCL2 
rearrangement are probably more related with the FL1,2 and 3A, which is also in 
agreement with a significant higher percentage of gain of chromosome 7 and an 
almost significant higher percentage of CD10 positive cases in this subgroup. In 
parallel, FL3B cases with a 3q27/BCL6 rearrangement might be related to 30-40% 
of the DLBCL cases with BCL6 breakpoints.  

However, our current and previously published data indicate that there are 
essential differences in the exact breakpoint positions at 3q27/BCL6 between 
FL3B and DLBCL. In general, the great majority of rearrangements of the BCL6 
gene in DLBCL occur  in the 4kb major breakpoint cluster region (MBR)(6). An 
alternative breakpoint cluster region (ABR) within a genomic region between 245 
and 285 kb 5’ of the BCL6 gene was identified in a small number of FL (7). Our 
findings on 3q27/bcl6 rearrangements indeed showed a very high frequency (6/9) 
of BCL6 breaks in the ABR and a low frequency (2/9) in the MBR in FL3B, and a 
reverse pattern in DLBCL. The cases with a breakpoint in the ABR were either 
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primary FL3B or had a history of FL1,2. These data strongly indicate that a FL3B 
with a 3q27/BCL6 rearrangement do not simply represent a follicular counterpart 
of DLBCL with a 3q27/BCL6 rearrangement, but instead suggest a separate 
pathway leading to this particular type of FL.  

In cases with a breakpoint at 3q27, BCL6 can be juxtaposed to a large 
number of different translocation partners. Most translocations at the MBR will 
lead to promoter-substitution of the BCL6 gene where the promoter is removed 
and replaced by foreign promoters, for instance the germline transcript (Iµ) 
promoter in cases of t(3;14) with a switch-µ breakpoint (8). These breakpoints in 
the MBR of BCL6 likely are generated during Ig rearrangements or class switch 
recombination processes or by somatic hypermutations (SHM) (9) and the 
generation of  DNA double strand breaks and DNA repair mechanisms. In some 
cases mutations alone are already sufficient to deregulate BCL6 since they may 
disrupt negative autoregulatory enhancer sequences of BCL6, thereby leading to 
constitutive activation of BCL6 (10) (11). Translocations and mutations at the MBR 
of BCL6 therefore can deregulate the BCL6 gene in two essentially different ways 
(12). In contrast, breakpoints at the ABR likely are mediated by other, yet 
unknown, mechanisms and probably leaves the BCL6 promoter intact. In 
consequence it is not known how the breakpoint is generated and also not how 
BCL6 is deregulated in these cases(13,14). All our cases reveal BCL6 protein 
expression indicating that BCL6 protein expression is not only caused by BCL6 
rearrangements but also by other mechanisms.  

Similarly, BCL2 protein expression is also detected in almost all FL3B 
cases including cases without BCL2 rearrangements. Thus, BCL2 and BCL6 
protein expression in FL3B are independent of the presence of BCL2 and BCL6 
gene rearrangements and are also present in translocation negative cases. This is 
in accordance with findings in FL1,2,3A and DLBCL (15,16). 

 
Additional aberrations 

Additional chromosomal aberrations like del(6q) and +7 are often seen as 
secondary aberrations and as a reflection of progression. Tumor progression 
during the course of the disease is often characterized by histological 
transformation to large cell lymphoma. The additional chromosomal aberrations 
in FL3B cases are comparable with those in DLBCL although a higher percentage 
of secondary aberrations was found in the t(14;18) subgroup (Table 1). In cases 
with evidence of histologic transformation from a low to a high grade lymphoma 
MYC rearrangement and TP53 mutation are often observed. Moreover, TP53 is 
rare in FL1,2 and mostly seen in cases with progression. These two aberrations 
are observed in a very low frequency in the FL3B group, again suggesting that 
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FL3B is a separate entity with different pathogenetic mechanisms (Table 1). P53 
expression is seen in 55% of our cases with no difference within one of the three 
subgroups and is comparable with findings in FL and DLBCL; no correlation is 
seen with CD10 expression. 

The three FL3B subgroups show similarities with both DLBCL and FL. 
The only statistically significant and almost significant differences that provide 
further evidence of the existence of different subgroups are the frequent gain of 
chromosome 7 as a secondary aberration and the high percentage of CD10 
overexpression respectively in the t(14;18) subgroup.  

In summary, a conservative conclusion may be that the FL3B group can be 
divided in at least 2 subgroups based on the presence of a t(14;18), with the 
remark that the t(14;18) negative group can be further subdivided in 3q27 positive 
and 3q27 negative cases.  
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Tabel 1: Summary of FL3B results and comparison with FL1,2,3A and 
DLBCL  
(see also Table 1 General Introduction) 
 

 BCL2   BCL6 myc  TP53  CD10  +7  del (6q) 

FL1,2,3A 80-90% 5-15% (ABR) <5% <5% ~ 100% 50% 10-20% 

DLBCL 20-30% 30-40% 

(MBR) 

5-15% 20-30% <40% 15% 30-40%1) 

FL3B 37% 27% 16% 9% 41% 45% 40% 

I: 3q27+ 

(n=10) 

 

0% 

 

80% # 

 

10% 

 

10% 

 

33% 

 

30% 

 

30% 

II (n=9) 0% 0% 11% 0% 22% 33% 44% 

III: t(14;18) 

(n=11)   

 

100% 

 

0% 

 

28% 

 

18% 
67% 73% 

 

45% 

 

#: 6 cases with ABR break, 2 cases with MBR break. 
1): higher percentage in testicular lymphomas (88%), DLBCL-CNS  and AIDS related DLBC 
lymphomas; up to 70% 
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Clinical classification 
We analyzed the clinical data and treatment outcome and of 28 patients with the 
diagnosis FL3B from which representative cytogenetic data were available. See 
for supplementary clinical data, treatment results and additional 
immunohistochemistry data Tables A1, A2a, A2b, A3 (Appendix) 
In 18 patients the primary diagnosis was FL3B whereas in 10 patients NHL was 
diagnosed and treated before the biopsy was obtained on which the diagnosis 
FL3B was made. 
No significant differences were seen in the treatment efficacy of the primary and 
secondary FL3B cases with respect to response to therapy, number of relapses and 
overall survival. It is impossible to compare these results because almost all 
patients underwent a different therapy and the time interval of collection of 
material between the first and last patient exceeded 20 years. Although some 
investigators (21) reported that cases with BCL6 rearrangements have a better 
survival, others (16,22) associate BCL6 rearrangement not with a favorable 
prognosis.  
 
Biological Classification 
Expression patterns of BCL6, CD10 and MUM1 have been suggested as 
important tools to classify DLBCL in GCB and non-GCB groups (23,24,25). CD10 
and BCL6 are common markers of GCB DLBCL and cases were classified as 
GCB if both BCL6 and CD10 were positive or if CD10 alone was positive. 
MUM1 expression is associated with ABC DLBCL. We performed this 
immunostaining on our panel of FL3B cases and results could be drawn from 25 
cases. These results showed that almost all primary FL3B cases can indeed 
biologically be classified as GC lymphoma whereas the majority of the cases with 
an ABC signature were secondary FL3B cases with an antecedent diagnosis of 
DLBCL. All cases with a t(14;18) rearrangement showed a GC signature (Figure 
1, Table 2 and 3).  

There was no clear difference between the ABC and GC cases with respect 
to number of relapses or overall survival. Because of the relatively small number 
of patients and the differences in therapy no firm conclusion can be drawn. More 
data are needed e.g. by combining our results with those of other investigators 
with respect to (cyto) genetic data on FL3B. This can result in a sufficient number 
of patients for meaningful comparison of clinical and biological data. 
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Figure 1: Decision tree for histochemical staining and the classification of 25 cases with the 
diagnosis FL3B. 

 

Table 2: Biological classification results of 25 FL3B cases with and without a 
t(14;18). 

 t(14;18) + t(14;18) - 

GCB 8 11 

non-GCB 0 6 

 

 

Table 3: Biological classification results of 24 primary and secondary FL3B cases. 

 primary FL3B secondary FL3B 

GCB 14 4 

non-GCB 2 4 
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Postulated relation of FL3B with FL1,2 and DLBCL 
Transformation of FL to DLBCL might occur via two possible pathways: (1) with 
acquired MYC and TP53 alterations which leads to FL3B as a separate entity, or 
(2) via FL3B to a histological DLBCL (Fig. 2). A third possibility is that the FL 
acquires a 3q27 aberration in combination with an existing t(14;18) during the 
transformation route, but our results show a mutual exclusiveness for BCL2 and 
BCL6 rearrangements in FL3B and again suggests the status of a separate entity. 

FL3B

FL1,2,3A DLBCL

TP53

t(8;14)
t(14;18)

t(14;18)

BCL6  MBR
BCL6 ABR

t(14;18)

BCL6ABR
BCL6 MBR

CD10, +7 

 

Figure 2 
A postulated model of the relationship of FL3B, ship between FL1,2,3A, and DLBCL based on the 
data of this study.  MBR: major breakpoint region,  ABR: alternative breakpoint region. 
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Overall Conclusion  
 

With respect to our (cyto) genetic findings we demonstrated that FL3B is a 
separate entity with genetic and histologic properties belonging to both the FL and 
DLBCL and suggest treatment strategy should be based on genetic findings. This 
is in concordance with the basic principle of the presently used WHO 
classification in which the different subgroups are divided based on genetic, 
immunophenotypic, biologic, clinical and morphologic features. Based on our 
data, it might be reasonable to create two subgroups: one with and one without a 
t(14;18) breakpoint. The FL3B cases with a t(14;18) and higher frequencies of 
CD10 expression and gain of chromosome 7 should be incorporated in the 
FL1,2,3A group whereas the other cases without a t(14;18) and with or without a 
3q27 rearrangement appear to be more closely related to DLBCL. 
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Testicular lymphomas 
Deletion or partial deletion of the long arm of chromosome 6 has been 

reported in high frequencies  (up to 70%) in testicular DLBCL, central nervous 
system (CNS) DLBCL and AIDS related DLBCLs. In our study of testicular 
lymphomas 88% (15 out of 17) showed a partial deletion of the long arm of 
chromosome 6, with the smallest region of overlap (RMD) located at 6q16.3-6q21 
(104Mb-113Mb) and 6q23.3 (137.5Mb-138.8Mb). In one case we observed a 2.7-
Mb homozygous deletion ranging from 135.3Mb to 138.0Mb, that partly 
overlapped with the smallest region of overlap at 6q23.3. The overlap is 
approximately 0.5 Mb, and contains three RefSeq genes: IL22RA2 and IFNGR1, 
and OLIG3. Whether a decreased or absent IL22RA2 and/or OLIG3 expression 
plays a role in the development of testicular lymphoma is presently unclear. 
IFNGR1 encodes the ligand-binding chain (alpha) of the heterodimeric interferon 
gamma receptor. The interferon gamma receptor is involved in the regulation of 
expression of HLA class II genes. HLA class II downregulation is frequently 
found in testicular DLBCL and CNS DLBCL (17,18) and was associated with a very 
poor prognosis of DLBCL (19). Another gene, IL20RA is deleted in 10 out of 16 
cases, and also lies within the homozygous deletion of case #5. In contrast with 
the other genes mentioned above, IL20RA is highly expressed in normal testis and 
skin (http://genome.ucsc.edu). 

In a very recent study by Pasqualucci et al, the authors identified 
BLIMP1/PRDM1 as a possible tumor suppressor gene at 6q (20). These authors 
showed that in 24 percent of activated B cell like (ABC) DLBCL the BLIMP1 
gene is inactivated by structural alterations. The genomic alterations included 
deletions on one allele and mutations on the other allele, leading to loss of 
function at the protein level. A majority of these cases (77%) lack BLIMP1 
expression despite the presence of mRNA. BLIMP1 is localized at 6q21-q22.1, 
which partly overlaps our RMD located at 6q16.3-q21. BLIMP1 mRNA 
expression levels as detected by the Affymetrix U133 plus2 oligonucleotide arrays 
were not consistently low in the cases of testicular DLBCL with 6q deletion 
(M.Booman, personal communication).  
In conclusion, aberrations affecting chromosome 6 are often seen in systemic 
DLBCL but the frequency is clearly higher in testicular lymphomas and CNS 
lymphomas. Our study revealed in 88% of the investigated cases a deletion of the 
long arm of chromosome 6 with two deletion hot spots, mapping at 6q16.3-q21 
and 6q23.3 respectively. This suggest that functional loss of one or more genes 
within these RMDs may be a crucial event in the pathogenesis of testicular 
lymphomas.  
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Future perspectives 
 
In future studies a large number of FL3B cases, preferably in a large prospective 
international study, should be analyzed in which all patients are treated with the 
same regimens during the course of the disease. Presence or absence of BCL6 and 
BCL2 rearrangements should be determined and related to overall survival of the 
patients.  

Besides the markers and aberrations studied in this thesis, future studies 
should also include MIB1/Ki-67, array-CGH and expression profiling. An 
alternative for grading the follicular lymphomas is application of the proliferation 
index as measured with the MIB1/Ki-67 antibody with prognostic significance. 
However, as explained above we would advise to use this method only in FL1,2,3 
cases with proven t(14;18) and to consider the other FL3 without this 
translocation as a separate entitiy.  

Array-CGH provides another potent tool to analyze the pathogenesis of 
FL3B lymphomas. These arrays cover the whole genome, with a very high 
resolution down to the level of 1Mb, or even a complete tiling array. In Chapter 5 
the strength of this technique was demonstrated by identification of small 
deletions in cases which revealed no aberrations with conventional cytogenetics or 
FISH. As our starting point was cytogenetics and subsequent molecular genetic 
investigation that also reveal translocations, applying array-CGH and enlarging 
the amount of cases in the future might reveal additional genetic aberrations in the 
different subgroups and give a more reliable basis for grouping the FL3Bs with 
either FL1,2,3A, DLBCL or as a separate entity. 

Another approach that can be followed is gene expression profiling. The 
enormous number of data points resulting in a pattern of expressed genes, a 
signature, can be used for several goals in the study of the pathogenesis of 
lymphomas or even for the development of novel treatment approaches for these 
diseases. A disadvantage of these techniques is that the percentage of tumor cells 
is always less than 100% with variable ad-mixture of normal cells that may 
influence the results. Combining laser dissection microscopy (LDM) with 
expression profiles could prove to be a potent tool in clarifying the real nature of 
FL3B. 
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Appendix 
 
 
 
 

Supplementary clinical data, treatment results and additional 

immunohistochemistry data of FL3B cases.  
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The patients included in this study are all adults and were diagnosed as 
FL3B at time of the obtained biopsy. Patients were classified using clinical data 
and treatment data for both primary and secondary FL3B. The clinical data from 
28 patients with the primary and secundary diagnosis FL3B are summarised in 
Table A1. From 2 patients was no clinical data available and in 2 cases it concerns 
a sequential biopsy.  

 
The treatment data includes details of treatment in 18 patients with the  

primary diagnosis FL3B (Table A2a). Ten patients were diagnosed with NHL and 
treated before the biopsy was obtained on which the diagnosis FL3B was based 
and of which the cytogenetic results were obtained (Table A2b).  

 
In addition, we investigated our panel of 30 cases with special emphasis on 

BCL6, CD10 and MUM1/IRF4 expression and the 3 different subgroups with  
I: a 3q27 abberation and no t(14;18), II: a subgroup with none of these abberations 
and III: a t(14;18) without a 3q27 abberation. (Table A3) 
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Table A1: Clinical Data.from 28 patients with the diagnosis FL3B. 

  N=28 % 

Age Median: 57.6  

 Range: 29-85  

Sex Male: 17 61% 

 Female: 11 39% 

B-symptoms Yes: 4 13% 

Clinical stage I-IA: 5 18% 

 II: 8 28% 

 III-IV: 15 54% 

WHO performance score 1-2: 7 25% 

 3-4: 0 0% 

BM involvement Yes: 7 25% 

E-localisation 1 Yes: 9 32% 

Bulky mass 2 Yes: 7 25% 

LDH >> 3 Yes: 10 36% 

IP-index 0-1: 16 57% 

 2-3: 12 43% 

 4-5: 0 0% 

Survival 
First diagnosis -

> last follow up: 

Median 

Range 

5.6 years 

7months-25 

years 

 
1 other than BM 
2 > 10 cm 
3 normal = < 400 
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Table A2a: Cytogenetic grouping and treatment results of 18 patients with the primary diagnosis FL3B. 

Subgroup Case primary 
diagnosis 

Primary therapy Response No of relapses Subtype OS 

Ia 2 FL3B 6xCHOP + XRT PR ? � ? GC ?? 

I 25 FL3B 12xCHOP-like CR 1 � DOC GC 14 months 

I 29 FL3B XRT 3500Gy CR 0 � A GC? > 4.5 years 

II 9 FL3B Excision lymphnode CR 1 � A (NED) GC > 3years 

II 12 Rec.na 
prim.FL3B 

6xCHOP, 5xCEP CR 2 � A (NED) GC > 9 years 

II 8 FL3B 6xCHOP CR 0 � A (NED) ABC > 9 years 

II 15 FL3B 4xCHOP PD 1 � DOD ABC 1.5 years 

II 16 FL3B 1xCHOP,4xCOP,1xCHOP, 1xCHOP PR 1 � AWD GC > 8 years 

II 18 FL3B 7xCHOP,1xmini-BEAM PD 0 � DOD GC 7 months 

II 19 FL3B 4xCHOP,1xDHAP,1xmini-BEAM NR/PD 0 � DOD GC 9 months 

II 32 FL3B XRT 40Gy (2 months) CR 0 � A (NED) ?? > 4 years 

III 10 FL3B 5xCP PR 1 � DOC GC 2 years 

III 11 FL3B 3xCHOP,1xXRT 30Gy CR 0 � A (NED) GC > 7 years 

III 13 FL3B 6xCHOP CR 3 � A (NED) GC > 6 years 

III 20 FL3B 8xCHOP CR 0 � A (NED) GC > 7 years 

III 21 FL3B 6xCHOP/MTX,after 17 months x8 CR 3 � DOD ?? 4.5 years 

III 26 FL3B 12xVACOP-B ,XRT2500Gy,+other PR/CR 1 � DOD GC 4 years 
III 27 FL3B 12xVACOP-B + XRT250Gy CR 0 � A (NED) GC > 8 years 

I: t(14;18) negative and 3q27 positive, II: t(14;18) and 3q27 negative, III: t(14;18) positive and 3q27 negative, a : incomplete data; A: Alive, D: Dead, AWD: alive with disease, DOD: 
dead of disease, DOC: dead of other cause, NED: no evidence of disease. GC: Germinal Center like lymphoma, ABC: Activated B-Cell lymphoma, CR: complete response, PR: partial 
response, PD: partial disease, NR: no response, OS: overall survival 
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Table A2b: Cytogenetic grouping of 10 patients with an antecedent NHL diagnosis, treatment results and time to diagnosis 
FL3B. 

subgroup Case 
Antecedent 
diagnosis Primary Therapy Response 

Time 
to 

FL3B 

Therapy after 
transformation Response 

No of 
relapses Subtype OS 

10; 
6;5;2 
years 6xLPP PR 

5 � 
DOD GC 

25 
years I 17 FL1,2 MVPP,chl.amb,CHOP,DHAP,XRT CR/PR 

17 
months 

 
    

I 4 DLBCL XRT + 6xCOP CR 9 years 
3xCHOP/MTX + 
5xCHOP/MTX 

PR 
2 � 
DOD 

ABC 
12 

years 

I 6 FL3B? Leukeran/plasmapheresis PR 4 years 3xCHOP PR 
2 � 
DOD 

ABC 
5 

years 

I 30 FL1,2 Prednisolone (10wks) PR 5 years No therapy CR 
1 � A 
(NED) 

GC 
> 14 
years 

II 1 IBL./DLBCL 7xCHOP CR 
10 

months 
6xMOPP/APOV CR 

2 � 
AWD 

ABC 
2 

years 

II 5 DLBCL XRT+6xCOP,6xCHOP CR 
12,5 
years 

4xpromaceMOPP,ABMT, 
leukeran 

PR 
2 � 
DOD 

ABC 
13 

years 

III 7 FL1,2 8x fludarabine PR 
20 

months 
1xCHOP,MACOP-B PR/PD 

2 � 
DOD 

?? 
2 

years 

III 14 FL1,2 
9xLeukeran,10xCOP,7xMOPP, 

2xCHOP 
PD/NR 8 years DHAP/VIM/DHAP ?? 

2 � 
DOD 

GC 
9 

years 

14x(Cyclo+BCNU+Vinc.+predn. 
6xCHOP-like + 
XRT3500Gy CR 

2 � 
DOC ?? 

22 
years III 28 FL1,2 

 
CR 

17 
years 

     

III 31 FL1,2 No therapy ?? 2 years 6xCNOP PR 
2 � 
DOD 

GC 
5,5 

years 

 
I: t(14;18) negative and 3q27 positive, II: t(14;18) and 3q27 negative, III: t(14;18) positive and 3q27 negative 
A: Alive, D: Dead, AWD: alive with disease, DOD: dead of disease, DOC: dead of other cause, NED: no evidence of disease. 
GC: Germinal Center like B-cell lymphoma, ABC: Activated B-Cell lymphoma, CR: complete response, PR: partial response, PD: partial disease, NR: no response, OS: overall survival
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Table A3: Expression data of FL3B cases for BCL6, CD10 and MUM1 

Case 
nr Bcl6 CD10 

MUM1 
combination 
paraffin and 
frozen tissue 

subtype Primary diagnosis  

 I: ���� 3q27 break  
no t(14;18) 

        

2 + + - GC FL3B 
6 + - + ABC FL3B ->FL3B? 
17 + - - GC FL1,2 ->FL3B 

22** + ND ND     FL3B  
25 +/- + - GC FL3B 
29 + - - ? GC? FL3B 
30 + - - CG FL1,2 ->FL3B 
4 + - + ABC DLBCL ->FL3B 
         
 II: ���� no 3q27 

break  
no t(14;18) 

        

1 + - + ABC IBL ->FL3B 
5 + - + ABC DLBCL ->FL3B 
8 + - + ABC FL3B 

15** + - + ABC FL3B 
16 + - - GC FL3B 
18 + + - GC FL3B 
19 + + -  GC FL3B 
24 ++ -  - ? GC? no data  
32 + -     FL3B  
9 + - - GC FL3B 
12 + + + GC FL3B 

         
 III: ���� t(14;18)  

 no 3q27 break 
       

7 + ND ND   FL1,2 �FL3B 
10 +  + - GC FL3B 
11 +  - ND GC FL3B 
13 +  + - GC FL3B 
14 +  + - GC FL1,2 �FL3B 
20 +  - - GC FL3B 
21 ND ND ND   FL3B 
26 ND  + ND GC FL3B 
27 ND  + - GC FL3B 
28 ND  - -   FL1,2 �FL3B 
31 +  + ND GC FL1,2 �FL3B 

 

GC: Germinal Center like B-cell lymphoma, ABC: Activated B-Cell lymphoma 
ND: not done, ^ 3q27 pos. with Southern Blot hybridization; ** cases with a sequential biopsy. 
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Folliculair Lymfoom graad 3B (FL3B) 
 
 
 

Inleiding 
Een maligne lymfoom is een kwaadaardige woekering van witte bloedcellen die 
zich meestal manifesteert in lymfeklieren en zich verspreidt via het bloed- en/of 
lymfestelsel.  
Lymfomen kunnen in twee categorieën ingedeeld worden; de Hodgkin (HL) en 
non-Hodgkin lymfomen (NHL). In dit proefschrift worden alleen de NHL 
besproken. 

De NHL worden volgens de World Health Organization (WHO) 
classificatie in verschillende histologische subgroepen ingedeeld. Deze indeling 
vindt plaats op grond van een combinatie van genetische, histologische, 
immuunfenotypische en klinische eigenschappen en is belangrijk voor de 
behandeling. De twee meest voorkomende histologische subgroepen zijn de 
folliculaire lymfomen (FL) en de diffuus grootcellige lymfomen (DLBCL). FL 
worden volgens een microscopische methode, de ‘Berard cell counting methode’ 
in 3 subgroepen gegradeerd; FL graad 1,2 en 3.  
FL graad 3 kan op basis van de hoeveelheid centroblasten onderverdeeld worden 
in 3A en 3B. FL3A bestaat uit een gemengde populatie van centroblasten en 
centrocyten terwijl in FL3B alleen een monotone populatie van centroblasten 
voorkomt. 

Folliculair lymfoom graad 3B (FL3B) wordt gezien als een aparte 
subgroep met naast kenmerken van een folliculair lymfoom, ook kenmerken van 
een DLBCL. De onderzoeksresultaten van deze specifieke subgroep worden in dit 
poefschrift gedetailleerd beschreven met chromosomale (=cytogenetische) 
karakterisering als basis van het onderzoek.
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Cytogenetica 
Veel cytogenetische en moleculair genetische studies van lymfomen, leukemiën 
en solide tumoren hebben geleid tot de conclusie dat kanker, en de eventuele 
progressie daarvan, ontstaat tengevolge van een opéénstapeling van afwijkingen 
in het erfelijk materiaal (het DNA). Veel van deze afwijkingen kunnen in 
gekweekte tumorcellen met behulp van een microscoop worden waargenomen als 
veranderingen in het aantal of de structuur van de chromosomen.  
Ondanks de vaak geringe onderlinge verschillen in morfologie en immunologie 
zijn inmiddels veel NHL subgroepen cytogenetisch goed gedefinieerd. 
Uitgebreide studies hebben aangetoond dat bijna alle succesvol chromosomaal 
gekarakteriseerde (gekaryotypeerde) lymfomen klonale chromosomale 
afwijkingen laten zien. Meestal zijn de chromosomale karakteriseringen 
(karyotypen) van de lymfomen erg complex met meerdere klonale afwijkingen. 

De chromosomale translocatie t(14;18)(q32.3;q21.3) en afwijkingen in 
chromosoom 3, band 3q27, zijn structurele veranderingen die vaak worden 
gevonden in een NHL. De translocatie t(14;18) (Fig. 1) wordt in 80-90% van de 
FL1,2 gevonden en in 20-30% van de DLBCL  
 

 
Figuur 1: t(14;18)(q32;q21), waarbij een gebalanceerde uitwisseling plaatsvindt tussen  
chromosoom 14 en chromosoom 18. 
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Structurele chromosomale afwijkingen betreffende band 3q27 worden tevens 
gevonden in NHL; in ca. 40% van de DLBCL en in ca.10% van de FL1,2.  
Cytogenetische studies hebben aangetoond dat de afwijkingen van 3q27 van 
drieërlei aard kunnen zijn: deleties, additie van onbekend chromosomaal materiaal 
en gebalanceerde translocaties tussen chromosoom 3 en verschillende partner 
chromosomen. Een veelvuldig gevonden gebalanceerde translocatie waarbij 3q27 
en het immuunglobuline gen op chromosoom 14 zijn betrokken is de translocatie 
t(3;14)(q27;q32) (Fig. 2) 
 
 
 

 
Figuur 2: Afwijking van chromosoom 3, band 3q27, als resultaat van de t(3;14)(q27;q32) 

 
 
 
Hoewel in FL1,2 en in DLBCL respectievelijk een t(14;18) en een 3q27 afwijking 
in hoge percentages voorkomen, is er in beide groepen een laag percentage 
(ca.10%) beschreven die beide afwijkingen tegelijk hebben.  
 
In hoofdstuk 2 beschrijven we dat onze onderzochte groep van 32 gevallen met de 
diagnose FL3B onderverdeeld kan worden in 3 verschillende subgroepen:  
I: met een 3q27 afwijking en géén t(14;18), 
II: géén 3q27 afwijking en géén t(14;18),  
III: met een t(14;18) en géén 3q27 afwijking.  
 
Ondanks dat beide genoemde afwijkingen vaak voorkomen toont ons onderzoek 
aan dat in FL3B deze twee afwijkingen wederzijds exclusief zijn dwz. nooit 
samen voorkomen!   
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Behalve bovengenoemde translocaties worden additionele numerieke 
chromosomale afwijkingen gezien, zoals winst van chromosoom X, 7, 12 en 21 en 
structurele secundaire afwijkingen betreffende chromosoombanden 1p36, 6q13 en 
del(6q), dup(7q) en der(18).  
Cytogenetische studies hebben aangetoond dat FL’s die een histologische 
transformatie ondergaan vaak naast een bestaande t(14;18) meerdere numerieke 
en structurele chromosomale afwijkingen verkrijgen. Winst van chromosoom 7 
wordt vaak als secundaire afwijking gezien in t(14;18) positieve FL’s. 
In hoofdstuk 4 beschrijven we dat winst van chromosoom 7 statistisch significant 
vaker voorkomt in de t(14;18) positieve gevallen dan in de t(14;18) negatieve 
gevallen.  

Deletie van de lange arm (q) van chromosoom 6 wordt frequent gezien als 
secundaire afwijking, echter in enkele gevallen ook als enige afwijking. Hoewel 
verlies van 6q of delen van 6q beschreven is bij nodale DLBCLs, komt het in 
hogere percentages voor in extra-nodale DLBCLs die zich in gebieden bevinden 
die onbereikbaar zijn voor de normale afweer (immune privileged sites). In 
hoofdstuk 5 wordt een serie van 17 testislymfomen beschreven waarbij in 88% 
van de gevallen met behulp van verschillende technieken een deletie in 6q is 
aangetoond.  
Deze zeer hoge frequentie t.o.v. eerdere studies kan worden verklaard doordat 
deze specifieke groep lymfomen niet eerder zo gedetailleerd met een combinatie 
van verschillende technieken (cytogenetica, fluorescentie in situ hybridisatie 
(FISH) en array–comparative genomic hybridisatie (a-CGH)) is bestudeerd. 
 
Moleculaire genetica 
Het resultaat van de translocatie t(14;18) is het naast elkaar plaatsen (juxtapositie) 
van het BCL2 gen dat normaal op chromosoom 18 ligt en het immuunglobuline 
gen gelegen op chromosoom 14. Bij 60 -70% van deze translocatie liggen de 
breukpunten in het BCL2 gen in het Major Breakpoint Region (MBR); in 10-15% 
in het minor cluster region (mcr) en bij 5-10% wordt een derde breukpunt, 
gelegen tussen de eerste twee, gevonden. Omdat het BCL2 gen door deze 
juxtapositie continu geactiveerd wordt, vindt er een verstoring plaats van de 
regulering van de BCL2 eiwit expressie. Het BCL2 eiwit speelt een belangrijke 
rol bij de preventie van geprogrammeerde celdood (apoptose). Verhoogde 
expressie leidt dus tot een overlevingsvoordeel van de aangedane tumorcellen. 

Het BCL6 gen, gelegen op chromosoom band 3q27 is in circa 40% van de 
DLBCL patiënten betrokken bij een translocatie. De translocaties leiden tot 
vervanging van de promotor van het BCL6 gen door een promotor van het gen aan 
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de andere kant van het breukpunt op het andere chromosoom dat bij de 
translocatie is betrokken.  
Het BCL6 gen codeert voor een BCL6 eiwit, een belangrijk eiwit bij de vorming 
en functie van het kiemcentrum. De meerderheid van de breukpunten in het BCL6 
gen liggen in het Major Breakpoint Region (MBR). Een recent gevonden 
breukpunt ligt tussen 245kb en 285kb aan de telomeer zijde van het MBR en 
wordt het alternative breakpoint cluster region (ABR) genoemd. Recente studies 
tonen aan dat dit breukpunt meestal in FL1,2 voorkomt. In hoofdstuk 3 zijn 9 
FL3B gevallen met een cytogenetische 3q27 afwijking onderzocht met 
fluorescentie in situ hybridisatie (FISH) met verschillende probe combinaties om 
het verschil in MBR en ABR aan te tonen. Zes van de 9 cases laten een breukpunt 
in het ABR zien.  
 
Immuunfenotype 
Van een aantal eiwitten, waaronder BCL2, BCL6, CD10, P53 en MUM1 is de 
expressie bekeken in FL3B om de mate van expressie te vergelijken met FL1,2 en 
DLBCL. In hoofdstuk 4 staan de resultaten hiervan in detail beschreven. 

CD10 (CALLA) expressie wordt in de meerderheid van onrijpe B cellen 
gevonden, maar komt tevens tot expressie in kiemcentrum cellen en wordt 
derhalve vaak beschouwd als een typische FL marker. We vinden een relatief 
hoog percentage overexpressie van CD10 in de t(14;18) positieve subgroep (III) 
wat overeenkomt met eerdere bevindingen dat zowel t(14;18) als CD10 typische 
FL markers zijn.  

BCL2 en BCL6 eiwit expressie wordt gevonden in de meerderheid van de 
folliculaire lymfomen en varieert van ca. 100% in FL1,2 tot ca. 75% in FL3B. 
BCL2 en BCL6 eiwit expressie is kenmerkend voor kiemcentrum B cellen.  
Onze onderzochte groep laat geen verschil zien in BCL2 en BCL6 eiwit expressie 
in de verschillende subgroepen en is tevens onafhankelijk van BCL2 en BCL6 gen 
herschikking.  

P53 expressie wordt gevonden in zowel FL’s als in DLBCL’s maar is 
echter ook vaak een indicator voor transformatie van een laag-gradig lymfoom 
naar een meer agressieve vorm.Wij vinden in ongeveer de helft van de gevallen 
van alle 3 verschillende subgroepen P53 overexpressie.  

MUM1/IRF4 expressie wordt vaak in combinatie met CD10 en BCL6 
expressie gebruikt om een onderverdeling te maken tussen DLBCL’s met een 
kiemcentrum B cel signatuur (GCB) en niet-kiemcentrum B cel signatuur (non-
GCB = Activated B Cells ( ABC). Dit onderscheid is mogelijk klinisch relevant 
gezien de associatie met een verschil in overlevingsduur van de patiënten. Het 
GCB of ABC fenotype wordt bepaald aan de hand van de resultaten van de 
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combinatie van deze 3 expressie patronen. Dit kan worden weergegeven in een 
zogenaamd beslissings-schema (hoofdstuk 6). Onze resultaten tonen aan dat 
nagenoeg alle primaire FL3B gevallen als GCB geclassificeerd kunnen worden en 
de meerderheid van de secundaire gevallen als (ABC). 
 
Kliniek 
We hebben van 28 patienten met de diagnose FL3B de resultaten van de 
behandeling en de klinische data geanalyseerd (zie Appendix). Van 18 patiënten 
was de primaire diagnose FL3B terwijl bij 10 de diagnose NHL was gesteld. Deze 
10 patiënten zijn behandeld alvorens de biopsie was verkregen waarvan de 
diagnose FL3B werd gesteld. Er zijn geen significante verschillen gevonden 
tussen de primaire gevallen en de secundaire gevallen in de respons op de 
therapie, het aantal recidieven en de overlevingsduur. Vanwege het relatief kleine 
aantal patiënten, de verschillen in therapie en de lange periode waarin het 
materiaal is binnengekomen kunnen er geen duidelijke conclusies getrokken 
worden. 
 
Discussie 
Een hypothetisch model betreffende de FL3B’s wordt uitgebreid besproken in de 
samenvatting / discussie waarbij uitgegaan wordt van de genetische 
overeenkomsten dan wel verschillen in vergelijking met FL1,2 en DLBCL. 
Feitelijk zouden de cases waarbij een afwijking betreffende chromosoom 3q27 
gevonden wordt als een DLBCL beschouwd moeten worden, echter het verschil in 
breukpuntlocatie in het Major Breakpoint Region (MBR) en Alternative 
Breakpoint Region (ABR)(hoofdstuk 3) rechtvaardigt een dergelijke conclusie 
niet.  
De patiënten met een t(14;18) zouden bij voorkeur als een FL1,2 beschouwd 
moeten worden, wat tevens bevestigd wordt door de typische FL1,2 markers 
CD10 en winst van chromosoom 7 (+7) die in deze subgroep respectievelijk in 
bijna significant en significant hogere percentages zijn gevonden. 
De subgroep (II), zonder 3q27 en t(14;18) maar met een laag percentage CD10 
overexpressie en +7 zou bij voorkeur ook als een DLBCL beschouwd moeten 
worden.  
Het is niet ondenkbaar dat met aanvullende technieken een tot dusver nog 
onbekende genetische afwijking gevonden wordt in bijvoorbeeld  
subgroep II. Immers, met array-CGH en gen expressie profilering, bij voorkeur in 
combinatie met Laser Dissectie Microscopie (LDM) kunnen enorme 
hoeveelheden gegevens worden verkregen resulterend in een voor een bepaald 
subtype of prognostische categorie kenmerkend genpatroon. Een dergelijk patroon 
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kan ook belangrijke informatie verschaffen over de pathogenese van lymfomen en 
mogelijk een belangrijke bijdrage leveren aan de opheldering van het ware 
karakter van FL3B. 
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Dankwoord 
 
Na een aantal gesprekken met Bauke en Sibrand, inmiddels al weer heel wat 
jaartjes geleden, begon het analyseren, rubriceren en in kaart brengen van de 
lymfomen. Gekscherend werd er wel eens gezegd: misschien levert het wel 
genoeg data op om op te kunnen promoveren.  
Ja, ja, promoveren, dat doe je niet zomaar, …. toch? Maar diep in mijn hart was er 
voortdurend een stemmetje dat fluisterde: als je dat toch graag wilt waarom niet? 
Tja, en hier is ie dan  …………… Mijn Boekje!!  
Ik zou het bijna “ons” boekje willen noemen omdat dit zonder de hulp en steun 
van velen niet tot stand gekomen zou zijn. Zonder anderen te kort te doen wil ik 
een aantal mensen hier in het bijzonder noemen en nogmaals voor iedereen die ik 
niet noem: allen heel hartelijk dank!  
 
Allereerst wil ik toch vooral Bauke de Jong en Sibrand Poppema hartelijk danken 
voor de wijze waarop dit tot stand gekomen is en de onvoorwaardelijke steun die 
ik van jullie ontving, ook al heeft het waarschijnlijk wel wat langer geduurd dan 
jullie verwacht (gehoopt?) hadden.  
 
  Bauke, jaren geleden zijn we in een setting begonnen die nu ondenkbaar zou 
zijn; wekelijks alle beenmergen en lymfomen even doornemen aangevuld met de 
nodige (cyto)genetische achtergronden. Met bewondering en respect heb ik altijd 
geluisterd naar jouw kennis, nauwkeurigheid en inzicht. De omstandigheden 
hebben gemaakt dat we elkaar nog maar sporadisch kunnen bijpraten, maar aldoor 
was er het veilige gevoel dat wat er ook gebeurde en in welke richting het 
onderzoek ook zou gaan, jouw deur stond en staat altijd voor me open. Dank voor 
het plaats nemen in de beoordelingscommissie en voor vele jaren warme 
aandacht. 
 
  Sibrand, mijn eerste promotor, en aan de basis van dit onderzoek. Samen hebben 
we de lijnen uitgezet en zo nu en dan weer moeten bijstellen, maar het raamwerk 
is redelijk overeind gebleven. Ik weet dat jij het de laatste jaren in jouw functie als 
decaan van de medische faculteit eigenlijk veel te druk hebt om nog voor 100% te 
zijn betrokken bij dit onderzoek. Echter via Anke (of de e-mail) liet je regelmatig 
weten niet uit beeld te zijn om vaak op de valreep nog jouw visie op met name de 
discussies te willen geven. Hartelijk dank voor je support de afgelopen jaren. 
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  Philip Kluin, mijn tweede promotor, en de laatste jaren sinds het vertrek van 
Sibrand bij de pathologie ook actief deelnemend aan de verschillende artikelen. 
Telkens wanneer ik bij jou vandaan kwam waren er weer vragen beantwoord of 
liep ik juist weg met nieuwe vragen in mijn hoofd naar aanleiding van wat jij 
opmerkte of beweerde. Ik voelde me wel eens schuldig als ik had aangedrongen 
op het corrigeren van een manuscript en ik dan via de mail las dat je op, voor mij, 
onmogelijke tijdstippen in het weekend mijn werk zat na te kijken. Hartelijk dank 
voor je waardevolle ondersteuning en ik zal er een volgende keer bij vermelden 
dat het niet persé in het weekend hoeft. 
 
  Anke, mijn rots in de branding de afgelopen periode, van onschatbare waarde, 
waar ik altijd, ja werkelijk altijd terecht kon voor vragen, opmerkingen, hulp, etc. 
Je wist bij de pathologie altijd wel weer iemand te vinden die wat praktisch werk 
voor me kon doen, mij kon inwerken of helpen. Een veel gebruikte zin van je is: 
“mail me de gegevens maar, dan vraag ik wel even iemand”. Ik heb enorm veel 
bewondering voor jouw wetenschappelijke kennis maar ook voor de warme 
persoon die open staat voor een persoonlijk gesprek. Ik vroeg me laatst af; 
hoeveel versies van de verschillende artikelen jij in al die tijd hebt gelezen en 
gecorrigeerd. Ontzèttend veel. Zonder jouw hulp was dit boekje niet tot stand 
gekomen. Nogmaals Anke, heel veel dank hiervoor! 
 
  Eva, niet alleen als hoofd van de klinische tumorcytogenetica (KTC) heb jij een 
belangrijk stempel op het geheel gedrukt. Het vertrouwen dat je me gaf om te 
kunnen promoveren en de gesprekken, waarin je met me meedacht en waar nodig 
een oplossing probeerde te creëren, waren erg belangrijk. En zeker niet 
onbelangrijk, jouw verzoekjes aan Klasien om mij weer op de een of andere 
manier wat ruimte (soms letterlijk en figuurlijk) te geven om aan het onderzoek te 
kunnen werken. Om het dan vervolgens aan mijn naaste collega’s uit te moeten 
leggen dat ik (nog) niet volledig inzetbaar was voor de patiëntenzorg. Voor jou 
niet altijd de leukste klusjes maar voor mij van heel veel waarde. Hartelijk dank! 
 
  (ex)-Collega’s van de KTC; Afke, Anita, (Hanny), Itty, Joke, Leonore, 
(Margreet), Marjet, Nel, Nettie en Tineke. Voor mij bijna een soort thuisbasis die 
door de jaren heen explosief gegroeid is.Van een tweemans bedrijfje bestaande uit 
Leonore en mijzelf, tot een volledig team waarbij het wederzijdse vertrouwen en 
respect, grenzend aan warme vriendschap, de basis vormen voor een hechte 
samenwerking. Heftige discussies, over chromosoombandjes die op papier niet 
meer dan een millimeter van elkaar liggen, worden niet geschuwd. Evenals het uit 
ons dak kunnen gaan wanneer een bijna onmogelijk karyogram ontrafeld wordt. 
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Meiden dank voor alle werkzaamheden die jullie van me overnamen terwijl ik aan 
mijn onderzoek werkte, het enthousiasme, jullie support, …..gewoon dank voor 
alles. Ik hoop dat we nog vele jaren op dezelfde voet door zullen gaan.  
 
  Vooral in het begin heb ik veel steun gehad aan Jannie van Echten, die op dat 
moment zelf ging promoveren en waar ik de kunst een beetje vanaf kon kijken. Je 
gaf regelmatig aan om op de grote lijnen te blijven letten en niet te verzanden in 
details. Ik hoop dat me dat gelukt is. 
 
  Ook wil ik Charles Buys, hoofd van de afdeling genetica en Klasien Gerssens, 
hoofd van de sectie cytogenetica hartelijk bedanken voor de mogelijkheden die ze 
me hebben geboden om dit onderzoek uit te voeren. 
Medewerkers van de FISH groep onder leiding van Birgit Sikkema en de Array 
groep onder leiding van Klaas Kok wil ik bedanken voor de praktische 
werkzaamheden die ze voor me uitgevoerd hebben. Klaas, heel erg bedankt voor 
je grote bijdrage aan het testislymfomen artikel. 
 
  Bij de pathologie hebben veel mensen mij op de een of andere manier geholpen 
en een aantal namen wil ik in het bijzonder noemen: Ed, Marije, Klaas, Geert, 
Tjasso. Zowel in praktisch als organisatorisch opzicht hebben jullie belangrijk 
werk voor me gedaan. Een aantal personen die er inmiddels niet meer werken, 
zoals Ronald, Debora, Jenny, Rinny wil ik hierbij bedanken voor het uitvoeren 
van praktische werkzaamheden en voor het inwerken in de moleculaire genetica.  
And off course I would also like to thank Eugenia for all the ins and outs in a 
world called “FISH”. But also the personal talks during a coffee-break were 
always very plesent. Thanks again. 
  Om alle klinische data in kaart te kunnen brengen heb ik veel van  
Gustaaf van Imhoff’s kostbare tijd ingenomen. Ik wil je bedanken voor de wijze 
waarop je getracht hebt om mij iets van jouw uitgebreide kennis van de klinische 
achtergronden van zowel deze specifieke groep als ook andere NHL bij te 
brengen.  
 
 
  Ans en Nel, al vele jaren collega’s maar bovenal vriendinnen, ook buiten de 
muren van de cytogenetica. Ik ben erg blij dat jullie straks op 20 december als 
paranimfen aan mijn zijde staan. 
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  Mijn ouders, familie, vrienden en bekenden wil ik hartelijk danken voor de steun 
en de getoonde belangstelling gedurende de jaren dat ik met dit onderzoek bezig 
was. 
 
 
Tot slot de thuishaven, mijn gezin, mijn eigen 4 lieve mannen:  
 
  Bas, Leon en Niek, lieve schatten, jullie hebben van heel dichtbij mee gemaakt 
wat het betekent om te willen promoveren. Regelmatig deed één van jullie een 
poging om te begrijpen waar ik mee bezig was, echter dat resulteerde meestal in 
de opmerking; ik snap er geen b… van. Ik realiseer me dat het niet altijd even 
gezellig voor jullie was maar dat hoop ik na 20 december weer goed te maken.  
 
   Lieve Herman, met jou aan mijn zijde ben ik een aantal jaren geleden aan dit 
“project” begonnen. Op de achtergrond leefde je met me mee, was er om me op te 
peppen als ik het even niet meer zag zitten, en deelde in de vreugde als er weer 
een artikel geaccepteerd was.  
Ik wil je bedanken voor het samen klaren van deze klus en ik vind het ontzettend 
fijn dat we 20 december zij aan zij deze eindstreep bereiken. 
Mannen, ontzettend bedankt voor jullie onvoorwaardelijke liefde en steun!! 
 
 

Anneke 



 

 123 

List of Publications: 
 
1: Bosga-Bouwer AG, Kok K, Booman M, Boven L, van der Vlies P, van den 
Berg A, van den Berg E, de Jong B, Poppema S, Kluin P. Array comparative 
genomic hybridization reveals a very high frequency of deletions of the long arm 
of chromosome 6 in testicular lymphoma. Genes Chromosomes Cancer. 
2006;45:976-81. 
 
2: Atayar C, Kok K, Kluiver J, Bosga-Bouwer AG, van den Berg E, van der Vlies 
P, Blokzijl T, Harms G, Davelaar I, Sikkema-Raddatz B, Martin-Subero JI, 
Siebert R, Poppema S, van den Berg A. BCL6 alternative breakpoint region break 
and homozygous deletion of 17q24 in the nodular lymphocyte predominance type 
of Hodgkin’s lymphoma-derived cell line DEV. Hum Pathol. 2006;37:675-83. 
 
3: Bosga-Bouwer AG, Haralambieva E, Booman M, Boonstra R, van den Berg 
A, Schuuring E, van den Berg E, Kluin P, Poppema S. BCL6 alternative 
translocation breakpint cluster region associated with follicular lymphoma grade 
3B. Genes Chromosomes Cancer. 2005;44:301-4. 
 
4: Bosga-Bouwer AG, van den Berg A, Haralambieva E, de Jong D, Boonstra R, 
Kluin P, van den Berg E, Poppema S. Molecular, cytogenetic, and 
immunophenotypic characterization of follicular lymphoma grade 3B; a separate 
entity or part of the spectrum of diffuse large B-cell lymphoma or follicular 
lymphoma?  Hum Pathol. 2006;37:528-33. 
 
5: Boonstra R, Bosga-Bouwer A, van Imhoff GW, Krause V, Palmer M, 
Coupland RW, Dabbagh L, van den Berg E, van den Berg A, Poppema S. Splenic 
marginal zone lymphomas presenting with splenomegaly and typical 
immunophenotype are characterized by allelic loss in 7q31-32. Mod Pathol. 
2003;16:1210-17. 
 
6: Boonstra R, Bosga-Bouwer A, Mastik M, Haralambieva E, Conradie J, van 
den Berg E, van den Berg A, Poppema S. Identification of chromosomal copy 
number changes associated with transformation of follicular lymphoma to diffuse 
large B-cell lymphoma. Hum Pathol. 2003;34:915-23. 
 



 

124 

7: Bosga-Bouwer AG, van Imhoff GW, Boonstra R, van der Veen A, 
Haralambieva E, van den Berg A, de Jong B, Krause V, Palmer MC, Coupland R, 
Kluin PM, van den Berg E, Poppema S. Follicular lymphoma grade 3B includes 3 
cytogenetically defined subgroups with primary t(14;18), 3q27, or other 
translocations: t(14;18) and 3q27 are mutually exclusive. Blood. 2003;101:1149-
54. 
 
8: Bosga-Bouwer AG, Hendriks D, Vellenga E, Zorgdrager H, van den Berg E. 
Cytogenetic analysis of cryopreserved bone marrow cells. Cancer Genet 
Cytogenet. 2001;124:165-68. 
 
9: Tuerlings J, Noordhoek L, Bosga-Bouwer A, Muis N, de Jong B. Cytogenetics 
of three cases of ANLL M2 and M4. Involvement of chromosomal region 8q22 in 
all three but 21q22 in only one. Cancer Genet Cytogenet. 1990;50:103-7. 
 
10: Bosga-Bouwer AG, van den Berg E, Kluin P, Poppema S, van den Berg A. 
Deletion of C-MYC in the spectrum of transformed follicular lymphoma grade 
3B—Reply. 
Hum Pathol. 2006; accepted 
 



 

 

 



 

  

 


