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Chapterr 1 

Genera ll  introductio n 

B-celll development 

BB lymphocytes are the cellular representatives of the humoral branch of the adaptive 

immunee system. In terminally differentiated form, i.e. plasma cells, they produce 

immunoglobulins,, or antibodies. Antibodies can specifically bind extracellular pathogens leading 

too their neutralization, sequestration and/or destruction. During their development, B cells 

expresss immunoglobulins as B-cell antigen receptors (BCR) on their surface. Upon ligand 

(antigen)) binding, signaling takes place via this BCR, leading to proliferation and maturation. 

Thee expression and quality of the BCR is essential for the survival and maturation of B cells at 

alll  stages of B-cell development. Early B-cell development in the bone marrow is thought to be 

antigen-independent,, whereas the later stages of B-cell development, which take place in the 

peripherall  lymphoid organs, are antigen-dependent and, in addition, require T-cell help. 

BB cells arise in the bone marrow from (committed) lymphoid progenitors. One of the first 

stepss in B-cell differentiation is the rearrangement of the variable (V), diversity (D) and joining 

(J)) gene segments at the heavy chain Ig gene locus \ in man located on chromosome 14. After 

successfull  rearrangement, a u. heavy (H) chain can be expressed at the cell surface in 

combinationn with the surrogate light chain, forming the so-called pre-BCR. Expression of this 

receptorr is crucial for the pre-B cells. If the pre-BCR can not be formed, due to either aberrant 

heavyy chain gene rearrangement or incompatibility of a functional heavy chain to pair with the 

surrogatee light chain, the pre-B cell will undergo apoptosis2J. It is unclear whether the pre-BCR 

needss to bind a ligand to exert its function or whether cell surface expression in itself is sufficient 

forr generating signals for survival4. The observation that pre-B cells can mature into surface Ig-

positivee immature B cells in vitro without addition of cytokines or other cells, suggests that an 

externall  ligand is not required5. Signaling via the pre-BCR promotes rearrangement at the light 

chainn V and J gene segments only 6. Rearrangement starts at the IgK locus, in man found on 

chromosomee 2; failure to produce a functional kappa light chain leads to rearrangement at the 

kk locus, in man located on chromosome 22 7,s. If one light chain gene allele is rearranged 

properly,, and if the resulting light chain gene product can successfully pair with the heavy chain, 

aa complete BCR of IgM heavy chain isotype becomes expressed at the surface of the B cell. The 

IgM-expressingg immature B cells leave the bone marrow and migrate via the blood to the 
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peripherall  lymphoid organs, where they become IgM/IgD-expressing naive B cells. Here the 

antigen-dependentt part of B-cell maturation and differentiation takes place. 

B-celll maturation in the peripheral lymphoid organs 

BB cells may encounter (native) antigen in the T cell zones of the peripheral lymphoid 

organs.. Antigen binding by the BCR, in combination with accessory signals provided by T cells, 

activatess the B cells that may directly differentiate into plasma cells. These cells secrete low-

affinityy antibodies in the so-called antibody-forming foci, thus ensuring a quick early antibody 

response.. Other activated B cells migrate into primary B-cell follicles to form a germinal center 

(GC)9,, in which affinity maturation of the BCRs takes place l o n. The B cells that colonize a 

follicl ee lose IgD expression and become centroblasts. These centroblasts proliferate rapidly and 

thuss push the residing IgM+IgD+ naive B cells aside, resulting in the formation of the follicular 

mantlee zone. During the proliferation phase of the centroblasts, their BCRs are further diversified 

byy somatic mutations in the Ig variable regions u, resulting in BCRs with altered affinities for 

antigen.. After clonal expansion and somatic hypermutation, B cells are selected on basis of the 

affinityy of their BCRs °, while competing for antigen, bound on the surface of follicular dendritic 

cellss (FDCs) '4. B cells with high affinity BCRs will be able to obtain survival signals. B cells 

withh low affinity receptors die by apoptosis 13. Later in the germinal center reaction, B-cells may 

switchh their heavy chain isotype, from IgM to IgG, IgA or IgE '3-l5, which determines the effector 

functionss mediated by the soluble antibody. Selected B cells finally leave the germinal center as 

eitherr a memory cell or a plasma cell. In a fully developed germinall  center the processes of clonal 

expansionn combined with somatic mutation on the one hand, and selection by FDCs on the other 

hand,, are thought to occur at different sites. In the so-called dark zone of the germinal center 

denselyy packed centroblasts are found, many of which are in cell cycle. By contrast, antigen 

selectionn takes place in the light zone, which contains centrocytes in close contact with a network 

off  FDCs1011. 
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GeneralGeneral introduction 

Diversificatio nn of immunoglobuli n gene s 

Ass pointed out above, the Ig proteins consist of heavy and light chains, which are both 

encodedd by combinations of different gene segments: Variable (V), diversity (D) and joining (J) 

heavyy chain gene segments are combined to encode a heavy chain 16~18, whereas the light chain 

genee is composed of variable and joining gene segments, either from the K or the X locus ,9"22. 

Thee potential repertoire is significantly enlarged due to both imprecise joining and the fact that 

untemplatedd nucleotides are built in at the junction regions by the terminal deoxynucleotidyl 

transferasee (TdT) enzyme ". Functionally, framework regions 1 to 4 (FRs) and complementarity 

determiningg regions 1 to 3 (CDRs) can be distinguished in the Ig protein. The FRs are important 

forr the overall structure of the antibody and are relatively conserved, both in evolution as well 

ass during the process of somatic hypermutation. By contrast, the CDRs form of the antigen-

bindingg sites and are hypervariable. The CDR1 and 2 are encoded within the V gene segments 

off  the heavy and light chain, whereas the CDR3 is located at the junctions of the V, D and J gene 

segmentss of the heavy chain, and of the V and J segments of the light chain. Consequently, the 

CDR33 regions are the most hypervariable parts of the Ig heavy and light chain genes. Due to the 

differentt lengths of the D genes 17 and the variable number of untemplated nucleotide additions 

foundd at the V-D and D-J junctions, the CDR3 region of the heavy chain gene is highly variable 

inn length24. By contrast, length variation of the CDR3 region of the light chain gene is limited, 

becausee no D genes are present and the TdT enzyme expression is generally downregulated at 

thee time light chain rearrangements occur25. 

Additionall  somatic diversification of the Ig genes takes place during antigen-specific B-

celll  differentiation in the germinal centers. Here, as pointed out, somatic mutations are generated 

inn the V regions of heavy and light chain genes 26. Interestingly, the somatic mutation process 

doess not only generate nucleotide substitutions, but also comprises deletions and insertions in 

thee IgV genes 27,2S. Although somatic mutation is a more or less random process that occurs in 

thee whole V gene, in both FRs and CDRs, mutational hotspots have been identified 29*30. 

Importantlyy however, a counterselection for replacement mutations is found in the FRs of 

antigen-selectedd antibodies, whereas in the CDRs generally higher replacement versus silent 

mutationn ratios (R/S) are found. This illustrates that, whereas the FRs need to remain conserved 

too retain a functional Ig receptor3l, alterations of the structure of the CDRss can lead to a higher 

affinityy for antigen. Interestingly, the germline codons present in Ig genes have different 

compositionss in the CDRs compared to the FRs: Random nucleotide substitutions in codons of 
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CDRss have a higher intrinsic chance to result in an amino acid substitution than in FRs 32. 

Apparently,, evolution has favored the development of CDRs that are intrinsically more 

susceptiblee to be altered. 

Remarkably,, it was recently shown that not only IgV genes are the target of the somatic 

mutationn machinery. The bcl-6 gene of germinal center B cells was described to contain 

mutations;; the distribution and nature of the mutations resembled those found in Ig genes 33,34. 

Hypermutationn of non-Ig genes is speculated to attribute to the genesis and/or progression of 

germinall  center and post-germinal center derived B-cell neoplasms 35. 

B-cel ll  neoplasi a 

Thee non-Hodgkin's lymphomas represent the malignant counterparts of normal 

lymphocytes,, "frozen" at a specific stage of maturation. Classification of B-cell malignancies is 

basedd on the knowledge of normal B-cell development, which is characterized by stepwise 

alterationss in the configuration of the BCR, accompanied by changes in the expression of other 

membranee molecules and in morphology36. 

Thee initial step in lymphomagenesis is thought to be the acquisition of genetic aberrations 

thatt lead to an increased life span or that promote proliferation37*38. Based on their function, the 

geness involved can be grouped in different categories. The first category consists of regulators 

off  the cell cycle, such as PRAD-1. This gene encodes the cyclin Dl protein, which is activated 

byy the t( 11; 14) translocation found in the majority of mantle cell lymphomas36*39. Second, genes 

encodingg transcription factors, such as c-myc or bcl-6, can be involved in lymphomagenesis. Bcl-

66 is located on chromosome 3q27 and is frequently rearranged in diffuse large B-cell lymphomas 
40-41.. The third group comprises genes controlling apoptosis. For example, follicular lymphomas 

(FLs)) are characterized by the presence of a t( 14; 18)(q32;q21) translocation42*43, which is thought 

too be due to erroneous recombination of the Ig heavy chain genes. This translocation juxtaposes 

thee bcl-2 gene to the JH region of the Ig heavy chain, leading to overexpression of the anti-

apoptoticc BCL-2 protein44,4S. Lymphomas of the mucosa-associated lymphoid tissue (MALT) 

aree frequently associated with t(ll;18)(q21;121)46,47. This translocation disrupts the apoptosis 

inhibitorr gene API2 on chromosome 11 q21 and the ML T gene on chromosome 18q21, resulting 

inn a novel fusion gene, which may lead to increased inhibition of apoptosis 48. The fourth 
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categoryy includes genes involved in signal transduction, such as ALK, which normally encodes 

aa tyrosine kinase receptor49. In anaplastic large-cell lymphomas a t(2;5) translocation fuses ALK 

too the NPM nucleolar phosphoprotein, resulting in constitutive activation of the ALK kinase 

domainn 49 50. 

Multiplee steps are required in the genesis of lymphomas. For example, the t(14;18) 

translocationn alone does not lead to lymphomagenesis in bcl-2 transgenic miceS1. Also, normal 

BB cells of healthy individuals can be found with the t(14;18) 52i4, indicating that additional 

transformationall  steps are necessary for lymphomagenesis. Indeed, additional genetic aberrations 

havee been described for follicular lymphomas55'56 and also for MALT lymphomas M. Both subtle 

mutationall  changes, or more complex changes that involve whole chromosomes can be found. 

Forr example, in MALT lymphomas trisomy 3 is frequently found4M7. Interestingly, the majority 

off  B-NHL do not grow spontaneously in vitro, which suggests that, apart from genetic 

aberrations,, environmental stimuli are necessary. Especially, stimulation of the BCR by antigen 

iss thought to play a role in the pathogenesis of several B-cell malignancies. 

Evidencee for a role for antigen in the pathogenesis of B-cell lymphomas 

Similarr to the indispensable role of antigen in normal B-cell development, several authors 

havee hypothesized that antigen recognition is also necessary for the growth of B-cell lymphomas. 

Inn particular for follicular lymphomas and lymphomas of mucosa-associated lymphoid tissue 

(MALT) ,, circumstantial evidence has been provided for this concept. 

Similarr to normal B cells in germinal centers, follicular lymphoma cells grow within 

networkss of non-neoplastic follicular dendritic cells 3657i8, strongly suggesting that they need 

contactt with these antigen-presenting cells for their growth. Similarly, MALT lymphomas are 

renownedd for their capacity to colonize germinal centers and infiltrate the normal epithelial tissue 

too form lympho-epithelial lesions 36*59. It is not excluded that the tumor cells may be antigen-

stimulatedd at these sites. 

Almostt all B-cell lymphomas retain their membrane Ig (mlg) receptor, even after years 

off  disease 36i8. Of note, the BCR is a single-allele gene and is therefore easily inactivated by 

cripplingg mutations that may occur during the many cell divisions of lymphomas. Many B-cell 

malignanciess show intraclonal variation in their IgV genes 60-7Z, suggesting that somatic 
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hypermutationn is continued in these lymphomas. This implies that mutations may occur that give 

riserise to non-functional frameshifts or stop codons, or that affect the overall structure of the Ig. Of 

note,, in vitro crosslinking of BCRs of B-cell malignancies has shown that the BCRs are still able 

too exert a function upon contact with a ligand. Paradoxically, both stimulation as well as 

inhibitionn of lymphoma growth 73"75 or apoptosis 76~78 were observed. Most likely, growth 

inhibitionn or apoptosis results from engagement of the BCR in an improper signaling context. 

Thee importance of the BCR was demonstrated by treatment of a FL patient with a monoclonal 

anti-idiotypee antibody: Outgrowth of an idiotype-negative variant was induced, whereas BCR-

expressionn was retained n. In another FL patient no escape from anti-idiotype therapy took place, 

despitee assumed ongoing somatic mutation. This suggested that there was a selective force to 

retainn the Ig idiotype for this lymphoma so. In addition, a murine B-cell lymphoma, NYC, was 

describedd of which the Ig receptor bound a retroviral antigen produced by the tumor cells 81. 

Basedd on the fact that no Ig-negative variants of this tumor could be cultured, a role for antigen 

recognitionn was suggested in the growth of this B-cell lymphoma. 

Inn Ig variable heavy and light chain genes (VH and VL) of many B-cell malignancies a 

counterselectionn for replacement mutations is found in the FRs of the BCR, whereas generally 

higherr ratios of replacement versus silent mutations (R/S) are found in thee CDRs 6770-82-90. The 

factt that these mutational patterns are observed, even though ongoing somatic hypermutation 

mayy take place during malignant growth, is suggestive of strong selection processes mediated 

byy the BCR. Indeed, analysis of the intraclonal point mutation differences in follicular 

lymphomass revealed genealogical relations between the subclones that were compatible with 

clonall  evolution * I93
J possibly guided by BCR affinity for a ligand. 

Somee lymphomas are associated with autoimmune diseases or chronic infections, which 

suggestss that continuous exposure to autoantigens or external antigens is important in the 

pathogenesiss of these lymphomas. MALT lymphomas develop at sites of chronic inflammation, 

eitherr caused by an autoimmune disease or by an infection. For example, patients with Sjogren's 

syndromee and myoepithelial sialadenitis are more prone than healthy individuals to develop 

MALTT lymphomas of the salivary glands 94-M. Similarly, MALT lymphomas of the thyroid gland 

aree associated with Hashimoto's thyroiditis %. Alternatively, some B-cell neoplasms are 

associatedd with autoimmune phenomena. For example, in 4% of patients with B-cell chronic 

lymphocyticc leukemia (B-CLL), autoimmune hemolytic anemia is found 97. Gastric MALT 

lymphomass are often preceded by chronic gastritis resulting from Helicobacter pylori infection 

'8.. This suggests that these lymphomas are derived from a H. pylori responsive B-cell population. 

Thiss hypothesis was supported by the finding that treatment of MALT lymphoma patients with 
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antibioticss to eradicate H. pylori often results in regression of the lymphoma " . In addition, anti-

Helicobacterr pylori polyclonal antibodies and anti-human heat shock protein 60 monoclonal 

antibodyy stained reticular networks in reactive and/or colonized germinal centers of gastric 

MALTT lymphomas, which suggested that these antigens were presented by the FDCs l0°, and 

mayy be important in sustaining MALT lymphoma growth. Analogous to the association of 

gastricc MALT lymphomas with H. pylori infection, an association of primary cutaneous 

immunocytomass with Borrelia Burgdorferi infection has been described 101. Furthermore, 

curativee antibiotic treatment has also been documented for these lymphomas ,02. 

Aimm of this thesis 

Ass stated above, many investigators assume that the pathogenesis of some B-cell non-

Hodgkin'ss lymphomas (B-NHLs) is antigen-driven. However, as yet, only circumstantial 

evidencee in favor of this concept is available. Therefore, to explore a possible role for antigen 

inn B-NHL pathogenesis, we performed detailed V gene analyses of several B-NHLs. In addition, 

MALTT lymphoma-derived Igs were recombinantly produced and applied as reagents to search 

forr potential BCR ligands of these neoplasms. 

Inn chapter 2, we performed detailed VH gene studies of a large panel of FLs of different 

heavyy chain isotypes to gain insight into the processes of somatic hypermutation and clonal BCR 

evolution.. In chapter 3, these topics were addressed in more detail. Moreover, by detailed in situ 

analyses,, using laser microdissection in combination with sensitive RT-PCR protocols, we 

addressedd the questions of clonal distribution and isotype switching in an extraordinary case of 

ann IgM/IgG-expressing FL. In chapter 4, we performed structural and functional analyses on the 

BCRss of low-grade MALT lymphomas. In addition, to obtain information about the potential 

BCRR ligands of these tumors, immunohistochemical stainings were carried out with recombinant 

lymphoma-derivedd antibodies on the corresponding tissues. In chapter 5, we describe the 

analysess of VH genes of primary cutaneous B-cell lymphomas (PCBCL). The nomenclature of 

PCBCLL suggests relationships with nodal B-NHL counterparts and/or stages of normal B-cell 

developmentt 103, although virtually no data were available on the structure of their BCRs. 

Moreover,, the prognosis of PCBCL is generally better than that of nodal B-NHL of comparable 

histologicc subtype 103105. In chapter 6, we describe a unique case of a B-cell chronic lymphocytic 
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leukemiaa (B-CLL) accompanied by autoimmune hemolytic anemia. In this B-CLL, an aberrant 

rearrangementt at the IgVH locus was found. Moreover, we observed an unusual mode of Ig 

diversificationn as a byproduct of the somatic hypermutation process. Chapter 7 discusses the 

resultss of the previous chapters with emphasis on the concept of antigen-driven 

lymphomagenesis. . 
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