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Discussion
1.1 The BCR in B cell lymphomas
The BCR of B-NHLs represents not only a unique clone-specific marker. But, by virtue of its 
configura�on, it unveils the history of the B cell that was originally ac�vated and selected to 
par�cipate in an immune response. An�genic specifici�es of B cell lymphomas may provide answers 
whether par�cular Ags and/or microbial invaders are associated with development of par�cular 
B-cell lymphoma subtypes. Structurally, BCR IgVH/IgVL repertoires of FL, DLBCL, BL and MM 
appeared to be highly variably and up �ll now we could not find any clues concerning the an�genic 
epitopes (Chapter 4). In contrast, B-CLL and gastric- and salivary gland- MZBCL express clearly 
restricted albeit different IgVH/IgVL repertoires. Groups of B-CLL express remarkably homologous 
Ig structures, manifested in terms of VH DH and JH gene usage, IgVH-CDR3 amino acid sequences 
and IgVL gene usage. Roughly 20% of all B-CLLs can thus be grouped into B-CLL IgVH-CDR3 amino 
acid sequence homology groups (Chapter 4) 1. The homologous Igs expressed by B-CLL implies 
that discrete an�genic epitopes or classes of structurally similar epitopes are favoring par�cular B 
cell clones in B-CLL genesis. Thus, B cells recognizing such epitopes may eventually have a higher 
probability to become a B-CLL. 
Despite the high loads of IgV muta�ons, the integrity of the Ig or BCR of indolent B-NHLs like FL, 
MZBCL and B-CLL is generally preserved. This is underscored by the facts that, (i)  transloca�ons 
into the Ig-loci are virtually always found in the non-produc�vely rearranged Ig loci and (ii) that 
IgV regions are generally protected from amino acid replacement (R) muta�ons in the Ig frame 
work regions (FR) (Chapters 4-10, 12 and 13). These indolent B-NHLs thus may s�ll dependent on 
expression of a func�onal BCR, poten�ally engaging Ag. It is known that the mere expression of 
a func�onal BCR generates autonomous ligand-independent survival signals, also designated as 
“basal” or “tonic” BCR signaling on which normal B cells cri�cally depend 2. Indeed, BCR abla�on 
experiments in mice have shown that BCR-nega�ve B cells rapidly die 3. Moreover, other experiments 
have shown that the tonic BCR signal is transmi�ed through the BCR-associated CD79a/CD79b (also 
called Igα/Igβ or mb1/B29) heterodimer 4;5. In aggressive DLBCL, the BCR structure seems less well 
preserved since in ~40% of DLBCL no significant counterselec�on for R muta�ons in FRs is found. 
Accordingly, about half of DLBCL lack BCR expression, indica�ng that they are less dependent on 
BCR signals than indolent B-NHLs are (Chapter 13). However, recently it became clear that part of 
ABC-DLBCLs depend on chronically ac�ve BCR signaling for their survival 6.

1.2 Transforma�on of indolent B-NHL into high grade B-NHL
During the disease course of an indolent B-NHL, tumor subclones with the highest prolifera�on 
rate obtain a growth advantage and will gradually dominate the tumor. This may result in the 
transforma�on of an indolent lymphoma into a lymphoma with a high prolifera�ve frac�on, 
associated with a poor prognosis. Using IgVH sequence analysis, we have shown that FL progression 
can be a non-linear process in which the progressed FL clone was already present as a minor 
subclone at earlier �mepoints. In other cases of FL progression this seemed linear, as the final FL 
clone was not present as a minor subclone at earlier �mepoints and resulted from clonal evolu�on 
of subclones that gradually accumulated addi�onal IgVH soma�c muta�ons (Chapter 8, 9 and 13). 
Numerous clues from sequences of IgH transloca�ons as well as mouse models have proven 
that the Ig diversifica�on mechanisms i.e. V(D)J recombina�on, SHM and CSR are instrumental 
in the genera�on of the Ig transloca�ons of B-NHL. In general, most of these Ig transloca�ons 
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are not sufficient to fully drive lymphomagenesis. An excep�on are BLs in which, without a need 
for addi�onal gene�c altera�ons, the C-MYC/IgH transloca�on is sufficient to establish cellular 
transforma�on. It has been assumed that (aberrant) SHM and CSR, as executed by AID in the GC, 
are instrumental in the process of ongoing transforma�on in transloca�on-carrying B cells. This 
was corroborated in a mouse model in which lymphomagenesis of B cells, which cons�tu�vely 
expressed Bcl-6, was cri�cally dependent on Aid 7. Our finding that memory B cells can undergo 
repe��ve GC entries is compa�ble with a scenario of accumula�on of addi�onal gene�c altera�ons 
in anecdo�c, transloca�on containing B cells during successive GC reac�ons, finally resul�ng in 
transforma�on (Chapter 3). 
As AID is essen�al for SHM and aberrant SHM, we have quan�ta�vely measured AID mRNA 
expression levels in different B-NHL en��es and in 7 FLs with clinical progression. Using sequen�al 
biopsies, we have found that intraclonal IgV nucleo�de varia�on (ICV) among tumor sub-clones 
in FL o�en seems not the result of ongoing SHM (Chapter 9, 11 and 13). Indeed, also AID mRNA 
expression did not correlate with the presence nor the level of ICV in FLs or other B-NHLs such as 
DLBCL and BL (Chapter 11 and 13). However, in 2 of the 7 FLs with histological progression, selec�ve 
outgrowth of an AID-expressing clone occurred, one of which with ongoing SHM. In an other FL 
with histological progression, ongoing SHM was found with sustained AID expression (Chapter 
11). We also found higher AID mRNA expression levels and SHM ac�vity in 4 out of 5 B-CLLs with 
histological progression to DLBCL 8. Altogether these data are sugges�ve but no proof for a role 
of AID in transforma�on of at least some FLs and B-CLLs. This no�on was supported by studies of 
Rossi et al.9 and Reiniger et al.10 in which aberrant SHM of PIM-1, RhoH/TTF, PAX-5 and/or C-MYC 
was observed during histological progression in 5 out of 9 FLs, 2 out of 9 B-CLLs and 7 out of 7 
B-CLLs, respec�vely. Muta�ons in BCL-6 during histological progression were reported to occur in 5 
of 7 FLs 11. Finally, a study on 17 transformed MZBCL clearly showed higher levels of aberrant SHM 
and AID protein in the DLBCL as compared to the ini�al low-grade MZBCL 12. All these studies were 
sugges�ve for a role of AID and aberrant SHM in progression of a propor�on of indolent B-NHLs. 
However, a recent study was conducted on a cohort of 32 FLs, 26 transformed FLs and 25 FLs 
with paired samples of which 19 showed histological progression. Here, no differences in the loads 
of aberrant SHM were observed between the 32 FLs and the 26 transformed FLs. Moreover, the 
stable FLs harbored similar levels of aberrant SHM as the FLs with histological progression 13. Thus, 
this study was not in support for of a role of (aberrant) SHM in FL transforma�on. Similarly, in 
a recent large scale study on 149 FL pa�ents, equal AID protein expression levels were scored, 
immunohistochemically, in limited and advanced stages of FL. Moreover, the clinical course of FL 
appeared to be independent of AID expression level scores, which were in general highly variable 
14. This is in accordance with our study on AID mRNA levels in FLs which were also highly variable 
and which showed no correla�on with the presence nor the level of ICV (Chapter 11).
FL progression has been associated with a variety of molecular altera�ons such as inac�va�on of 
CDKN2A (p16INK4A, ARF) and CDKN2B (p15INK4B) at 9p21 by chromosomal dele�on, muta�on and/or 
hypermethyla�on 15-17, C-MYC gene rearrangement 18, C-REL and BCL-11A amplifica�ons at 2p15-
16 19 and muta�on of TP53 at 17p13.1 20-22. Each of these gene�c events occurs in a small subset 
of transformed FL only. In a recent large scale study on 185 FLs, TP53 muta�ons were found in 12 
FLs (6%). TP53 muta�on was associated with older age and shorter overall survival 23. In DLBCL, 
TP53 muta�ons were found in 102 of 477 cases (21%) and also correlated with shorter overall 
survival. In par�cular, the muta�ons in the DNA binding domains of P53 were strongly associated 
with poor survival 24. Some of the molecular events may affect the same regulatory pathways. For 
example, muta�on and subsequent overexpression of the transcrip�onal repressor BCL-6 as well 
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as dele�on of CDKN2A result in suppression of P53, which de facto has the same effect as TP53 
muta�on 25. The idea that different molecular events may affect the same pathways was recently 
supported by a microarray study on 20 pairs of FL and corresponding DLBCL 26. It was found that 
progression of FL occurs essen�ally by two dominant pathways, one characterized by increased 
expression of prolifera�on-associated genes (10 cases) and the other not (10 cases). Interes�ngly, 
TP53 muta�on (4 cases), C-REL amplifica�on (2 cases) and CDKN2A loss (1 case) occurred exclusively 
during progression via the ‘prolifera�on’ pathway, indica�ng that indeed different molecular events 
operate in similar pathways. Of note, FLs transformed exclusively into GC-type DLBCL 26. 
Recently, array-based compara�ve genomic hybridiza�on (array CGH) has been applied on a large 
cohort of 106 FLs with complete clinical informa�on. Altogether, 46% of the cases could be linked 
to one of the four karyotypic routes of FL development (6q-(+6p), +1q, +der18 and +7) as defined 
by Höglund et al.27 (see Figure 2 Chapter 13), while the rest could not be correlated to these routes 
28. Seventy-one regions of altera�on were iden�fied to be recurrent in 10% or more FLs, of which 
21 regions were shown to correlate with shorter survival. Some of these regions, occurring in at 
least 15% of FLs, e.g. -1p36.22-p36.33 (25%) and -6q21-q24.3 (17%) are a refinement of the regions 
that were previously shown to be prognos�c factors for dismal prognosis (Chapter 13) 28. Using 
single nucleo�de polymorphism (SNP) arrays, the 1p36 region was also found to be altered by 
copy-neutral loss of hetrozygosity (LOH) in 16 of 182 FL (9%) and to correlate with inferior survival 
29. The most frequent copy-neutral LOH was on 6p which was found in 25 of 182 FL (14%) and 
which correlated with the 1p36 altera�ons 29. Regions iden�fied with array CGH, which correlated 
with FL transforma�on were; -1p36.22-p36.33 (25%), +6p21.1-p25.3 (10%), -6q21-q24.3 (17%), 
+7q32.3-q33 (11%) and +12q13.13-13.2 (21%) 28. Molecules located at the 1p36 region that could be 
involved include the cell cycle protein CDC2L1, the transcrip�on factor PRDM16 and the apopto�c 
factor DFFB (Chapter 13). Loss of the 6q21-q24.3 region includes the genes TNFAIP3 (A20) and 
PERP 28;30. There is evidence that PERP induces P53-mediated apoptosis, and its dele�on may thus 
lead to enhanced net tumor growth 28. TNFAIP3 (TNF-induced protein 3) is a potent inhibitor of NF-
κB signaling brought about by both TNFR and TLR signaling. Other studies also iden�fied TNFAIP3 
(A20) as a target for dele�on in MZBCL (par�cularly of the ocular adnexa), DLBCL, Hodgkin’s 
lymphoma and primary medias�nal B cell lymphoma 31-34. Moreover, sequence analysis showed 
that in addi�on to dele�on, the other TNFAIP3 allele was o�en inac�vated by muta�ons leading to 
loss of func�on in these lymphomas (Chapter 6) 33-35. In FL no muta�ons were as yet iden�fied in 
TNFAIP3 and PERP 30. 
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