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                                                            Follicular lymphoma (FL) accounts for 20%–30% of all lymphoid tumors with the highest incidence in Western countries. Despite recent improvements, FL is still incurable and the clinical course is characterized by repeated relapses and ultimate failure to respond to therapy or by biological and clinical progression to high-grade lymphoma. An interesting report in the current issue of the journal by Gagyi and co-workers1 sheds light on molecular features of a less well studied subset of FL that lack the classical translocation t(14;18)(q32;q21).
Pathology of follicular lymphoma
Biologically, FL represents the neoplastic equivalent of the normal germinal center (GC) reaction, recapitulating the cellular composition of reactive follicles. Accordingly, neoplastic follicles are composed of constituents of the reactive GC, centroblasts and centrocytes, albeit with varying and abnormal ratios. A lymph node infiltrate of FL consists of closely packed atypical neoplastic follicles that, in contrast to the normal germinal center, are only vaguely separated from the surrounding T-zone area. In some cases, the characteristic follicular pattern is lost either in the early phase of the disease or during progression, and the tumor grows partially or even predominantly diffuse. Even in the latter cases, however, some neoplastic follicles are still discernible allowing for a correct diagnosis. For grading purposes of FL, the number of basophilic blasts that are present in the follicles serves as a means of stratification. FL with 0–5 blasts per high-power field are classified as grade 1, if the blast count is between 6 and 15, as grade 2, and if it exceeds 15, as grade 3. Grade 3 is further subdivided according to the presence (grade 3A) or absence (grade 3B) of typical centrocytes.2
The t(14;18) chromosome translocation in follicular lymphoma
The t(14;18)(q32;q21) chromosome translocation represents the defining cytogenetic hallmark of FL and is encountered in 80%–90% of cases. Its molecular consequence is the juxtaposition of the B-cell lymphoma/leukemia 2 (BCL2) protooncogene with enhancer sequences of the immunoglobulin heavy chain gene (IGH) promoter region, thereby deregulating its expression and resulting in an overexpression of the BCL2 protein in the neoplastic follicles.3,4 What is the biological significance of this event? The BCL2 protooncogene, a potent anti-apoptotic molecule, is expressed in resting B cells in the perifollicular mantle zone and in post-follicular B cells, thereby promoting long-lived follicular precursor and memory B cells. Germinal center B cells, however, physiologically lack BCL2 expression and undergo apoptosis unless they are selected by specific antigens that drive them into processes termed somatic hypermutation and class switching. Due to the lack of BCL2 expression, amongst other factors, the large bulk of B-cells entering the GC microenvironment will be removed by apoptosis. The constitutive overexpression of BCL2 in germinal center B cells inferred by the t(14;18)(q32;q21) leads to an accumulation of inappropriately rescued B cells with a prolonged life span, allowing for the development of additional genetic hits to occur, that are required for the establishment of overt FL. Variant translocations of the t(14;18), such as the t(2;18) or t(18;22), juxtapose BCL2 to the loci of the immunoglobulin light chains (κ, λ) and, likewise, result in inappropriate and sustained BCL2 expression in GC B cells.
As mentioned above, the presence of the t(14;18) itself is not sufficient to cause neoplastic transformation of B cells, since BCL2 transgenic mice develop lymphomas only after long latency periods and after secondary chromosome alterations.5 Moreover, t(14;18)-positive B cells can be identified in the blood and lymphoid tissues of healthy individuals, and the number of t(14;18)-positive cells is influenced by gender, personal lifestyle and exposure to toxic substances.6
The early phase of follicular lymphoma
The occurrence of the t(14;18) in a pre-FL B cell can be viewed as a first hit in a multistep process that results in the clonal dysregulation of cell cycle control and apoptosis of the tumor cells. During this multistep process of lymphomagenesis, a number of additional genetic or epigenetic events occur in a non-random fashion that lead to overt FL and/or progression. For example, constitutive expression of activation-induced cytidine deaminase (AID) in the GC environment in B cells overexpressing BCL2 may propagate continuous somatic hypermutation and class switch recombination activity that results in increased genomic instability.7 This may, in turn, foster the occurrence of secondary oncogenic hits and, finally, result in the malignant transformation to overt FL. Recently, Cong and co-workers described the phenomenon of what they termed follicular lymphoma in situ in otherwise reactive, hyperplastic lymph nodes possibly representing the morphological equivalent of early, preinvasive FL.8
We have learned from classical cytogenetic studies in FL that the t(14;18) occurs as the sole cytogenetic abberation in less than 10% of cases, whereas in the vast majority at least one, usually more additional alterations are detected. When using higher resolution approaches, such as array-based CGH techniques, the percentage of FL cases showing the t(14;18) as the sole abnormality is even lower reinforcing the concept that alterations in addition to the t(14;18) are required for lymphomagenesis.
Secondary chromosomal aberrations in follicular l ymphoma
A number of secondary chromosomal alterations have been described in FL including structural and numerical changes. The complexity of the secondary alterations correlates with the grade – the higher the grade, the more complex aberrations are usually encountered.9,10 Of note, it has long been recognized that these alterations occur in a non-random fashion. Partial trisomies of chromosomes 1q, 7, 8 and 18q, and deletions in 1p and 6q have been described as the most common secondary alterations, and deletions in the long arm of chromosomes 1 and 6 and in the short arm of chromosome 17 have been associated with a worse prognosis.11–15 Of pivotal importance is the recent insight that there is a temporal order in the appearance of these aberrations. Some of these may occur early in the course of the disease, whereas others might represent late genetic events. In addition, some of the alterations are mutually exclusive, while alterations of other chromosomal regions frequently appear together possibly leading to a co-ordinated deregulation of genetic pathways.16 For example, one of the proposed pathways frequently starts with a +18q followed by an acquisition of the trisomies +7 and +8, while another scenario involves deletions in 6q followed by deletions in 1p.16 Some of the secondary chromosomal alterations may abrogate the effect of the t(14;18) that initially forms a low-grade neoplasia with a follicular growth pattern and subsequently enable the transformation to high-grade lymphoma. This latter process has been associated with three distinct secondary genetic alterations in FL that have a profound impact on the biological program and the clinical course in FL. These include an additional introduction of a t(8;14)/MYC rearrangement in the tumor cells,17,18 the inactivation of TP53 by mutation and deletion and, finally, the inactivation of p16, frequently occurring by biallelic deletion.19–21 The occurrence of a secondary MYC rearrangement in FL deserves particular attention, because these cases frequently demonstrate a Burkitt-like appearance and may be detectable by virtue of this specific morphology in combination with an overexpression of the BCL2 protein caused by the t(14;18) that is usually not encountered in classical Burkitt’s lymphomas. A recent study suggests that the detection of TP53 mutations in primary diagnostic specimens of FL without signs of transformation also characterizes a patient subgroup with worse prognosis.22
BCL2-negative follicular lymphoma
Given the importance of the t(14;18) as the initiating event in the lymphomagenesis of FL, it is surprising that roughly 10–15% of FL stain negatively for BCL2 at the immunohistochemical level. Two reasons account for this phenomenon. In approximately 50% of BCL2 protein negative cases, the t(14;18) is nevertheless present in the tumor cells, but BCL2 is undetectable by at least some of the presently used BCL2 antibodies due to somatic mutations in the BCL2 epitopes that are recognized by these antibodies. In other words, BCL2 is expressed in these cases as a consequence of the t(14;18), albeit in a mutated form.23 The remainder of the BCL2-negative FL, however, indeed lack the t(14;18). On the other hand, t(14;18)-negative FL may or may not express BCL2, arguing for the existence of other mechanisms of the tumor cells to up-regulate BCL2, e.g. by a gain or amplification of the BCL2 locus in 18q21 that is present in some of these cases.24 There is also evidence that in BCL2-negative FL alternative mechanisms may provide anti-apoptotic stimuli, such as BCL-X(L).25
Follicular lymphomas negative for the t(14;18) generally fall into different categories. First, the occurrence of the translocation is related to the tumor grade. While approximately 90% of FL grade 1 and 2 harbor the t(14;18), it is detectable in FL grade 3A in only 60–70%.9,26 Conversely, FL grade 3B show BCL2 rearrangements in only 15–30%. Second, absence of the t(14;18) is generally observed in FL arising at extranodal sites such as the skin or the testis, or in pediatric FL that are predominantly of grade 3.27,28 Taken together, the t(14;18) chromosome translocation is the cytogenetic hallmark in low-grade (grades 1 and 2) nodal follicular lymphomas in particular. Yet, even in this group, roughly 10% of the cases remain t(14;18) and/or BCL2-negative. In a detailed classical banding and FISH analysis of 50 cases, Horsman and colleagues identified two subgroups within t(14;18)-negative FL, namely one with supernumerary chromosomes 18 and overexpression of BCL2 and another group with the frequent presence of the t(3;14)(q27;q32) involving BCL6 and no BCL2 expression.24
In the current issue of the journal, Gagyi and co-workers asked the question whether t(14;18)-negative FL differed from t(14;18)-positive FL with respect to classical features of germinal center-associated neoplasias, i.e. presence of ongoing somatic mutations, aberrant somatic mutations and expression of AID.1 These characteristics are well described in t(14;18)-positive FL and provide molecular evidence that FL are indeed the neoplastic equivalent of the normal germinal center reaction besides typical histological and immunophenotypic features. Since the presence of the t(14;18) may, at least in part, be responsible for preventing tumor cell maturation into plasma cells, the authors wondered whether t(14;18)-negative FL may arise from B-cells at a later stage of development (follicle exit population) in which some of the above mentioned hallmark features of GC B-cells are no longer operative. To this end, they extensively characterized 11 t(14;18)-negative FL without BCL2 expression for the occurrence of somatic mutations in the immunoglobulin heavy chain (IGVH) genes, the occurrence of aberrant mutations in the MYC, PAX-5 and RhoH genes as well as for the expression of AID and compared the results with a control group of 7 t(14;18)-positive tumors. In keeping with previous reports, the t(14;18)-negative FL were of higher grade (two grade 2 FL and 9 grade 3A FL) again emphasizing that the t(14;18) is more common in FL of low grade. The results of the study by Gagyi et al. are remarkably clear. FL with and without the t(14;18) show no difference in the occurrence of somatic hypermutations of the IGHV genes and in the expression levels of AID thus providing evidence for a germinal center origin and differentiation in both groups. Likewise, no differences in the quality or quantity of aberrant somatic hypermutation of the MYC, RhoH and PAX-5 genes were observed confirming that t(14;18)-positive and negative FL are equally targeted by this molecular feature. Taken together, the authors rightly conclude that t(14;18)-positive and -negative FL should still be viewed as a single entity in which divergent oncogenic pathways lead to highly similar morphological, immunophenotypic and also molecular features.
What are the next steps? It appears obvious from published data and the current study by Gagyi and colleagues that FL can develop without the presence of the t(14;18) chromosomal translocation. In a subset of these cases, BCL2 protein may be over-expressed by other genetic events, such as gains or amplifications of the BCL2 gene locus. In truly BCL2-negative FL, rearrangements of the BCL6 gene in 3q27 may provide an alternative molecular mechanism that can substitute for the lack of BCL2 expression. Nevertheless, the search for genetic or epigenetic hallmark alterations in t(14;18)-negative FL will have to continue. This question could be tackled by molecular studies involving high-resolution genomic and gene expression profiling techniques. On the other hand, the composition of the microenvironment has gained considerable interest in FL in recent years, and the interaction between the malignant tumor cells and bystander cells (T cells, dendritic cells, fibroblasts, histiocytes) in lymph node or bone marrow infiltrates of FL may have important biological and clinical implications. Specifically, gene expression profiling defined two signatures termed immune response signature 1 (IR1) and immune response signature 2 (IR2) that predict survival of FL patients at the time of diagnosis.29 Although the more favorable expression signature IR1 is enriched for genes expressed in various T-cell subsets, whereas IR2 – associated with inferior outcome – harbors genes expressed in macrophages and dendritic cells, the biological conclusions are not straightforward. These signatures appear to capture a snapshot of an intricate meshwork of interactions between the neoplastic B cells with their microenvironment rather than the presence of particular cell types in the lymphoma infiltrate. As a consequence, subsequent studies correlating the number or distribution of various cells of the microenvironment, such as histiocytes (CD68) or T-cell subsets (CD4, CD8 and Treg) with the clinical course of the disease were rather inconclusive between different groups.30–34 With regard to the FL subset lacking the t(14;18) it will – besides deciphering the genetic, or epigenetic, background – be of equal importance to study differences in their microenvironment as compared to classical, t(14;18)-positive FL and to determine their clinical behavior in large prospective trials.
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