
Oscar Krijgsman
Patricia Gonzalez

Olga Balagué Ponz
Margaretha GM Roemer

Stefanie Slot
Annegien Broeks

Linde Braaf
Ron M. Kerkhoven

Freek Bot
Krijn van Groningen

Max Beijert
Bauke Ylstra

Daphne de Jong

Haematologica 98, 1921–1929 (2013)

Additional Supporting Information can be found in the online version of this article.

CHAPTER 7
Dissecting the grey zone between follicular 

lymphoma and marginal zone lymphoma using 
morphological and genetic features
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ABSTRACT 
Nodal marginal zone lymphoma is a poorly defined entity in the WHO classification, largely 
based on criteria by exclusion and the diagnosis often remains subjective. Follicular Lymphoma 
lacking t(14;18), have similar characteristics which results in a major potential diagnostic 
overlap which this study aims to dissect. 

Four subgroups of lymphoma samples (n=56) were analyzed with high-resolution arrayCGH; 
Nodal marginal zone lymphoma, t(14;18)-negative Follicular Lymphoma, localized t(14:18)-
positive Follicular Lymphoma and disseminated t(14;18)-positive Follicular Lymphoma.

Gains on chromosomes 7, 8 and 12 were observed in all subgroups. The mean number of 
aberrations was higher in disseminated t(14;18)-positive Follicular Lymphoma compared to 
localized t(14:18)-positive Follicular Lymphoma (p<0.01) and the majority of alterations in 
localized t(14:18)-positive Follicular Lymphoma were also found in disseminated t(14;18)-
positive Follicular Lymphoma. Nodal marginal zone lymphoma was marked by 3q gains with 
amplifications of four genes. A different overall pattern of aberrations was seen in t(14;18)-
negative Follicular Lymphoma compared to t(14;18)-positive Follicular Lymphoma. t(14;18)-
negative Follicular Lymphoma is marked by specific (focal) gains on chromosome 3 as 
observed in Nodal marginal zone lymphoma. 

Our results support the notion that localized t(14:18)-positive Follicular Lymphoma represents 
an early phase of disseminated t(14;18)-positive Follicular Lymphoma. t(14;18)-negative 
Follicular Lymphoma bears aberrations that are more alike Nodal marginal zone lymphoma, 
suggesting a relation between these groups. 
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INTRODUCTION
Correct disease classification is essential for patient care. In lymphoma, unraveling of molecular 
mechanisms of lymphomagenesis has resulted in a highly refined system, based on objective, 
measurable, mostly genomic and immunophenotypic aberrations. Refined classification of 
disease entities now allows a more reliable prediction of clinical course, prognosis and more 
focused treatment for the majority of the lymphoma entities. Follicular lymphoma (FL) is one 
of the more common types of indolent B-cell lymphomas with well-defined characteristics 
in the WHO classification. FL commonly presents with t(14;18) translocation in addition to a 
nodular growth pattern of neoplastic follicles of CD10+, BCL6+, BCL2+ B-cells, hypermutated 
immunoglobulin-genes and a typical context of disseminated nodal disease in elderly patients.

However, not all lymphomas have been characterized to this extent. Nodal marginal zone 
lymphoma (NMZL), lymphoplasmacytic lymphoma (LPL) and FLs that lack the characteristic 
t(14;18) translocation pose a classification problem. 

The classical morphology of NMZL covers the full spectrum from small B-cells to plasma cells. 
The NMZL immunophenotype is mostly defined by negative features such as; no expression 
of CD10, BCL6, CD5 or Cyclin D1 and variable expression of CD231. Colonization of pre-
existing germinal centers is often seen and may reflect the behavior of the putative normal 
B-cell counterpart, but is not exclusive to NMZL. Several studies have described absence 
of known translocations in NMZL. As part of a larger series of 218 samples (MALT, splenic 
MZL and NMZL) Rinaldi et al. described molecular features of 25 cases of NMZL2. This 
study underpins the notion that the genetic background of marginal zone lymphoma (MZL), 
MALT-type and splenic type are relatively distinct. For NMZL however, no single recurrent 
characteristic structural chromosomal aberration could be identified. Only aberrations that are 
also commonly found in other types of indolent B-cell lymphoma were observed.

Translocation t(14;18) negative FL is one of the diseases that potentially overlap with NMZL 
to a large extend. In a study of 10 such cases, Leich et al showed that various characteristics 
of t(14;18) positive FL, including amplification of 18q were not present in the translocation 
negative cases3. In addition, no recurrent characteristic structural chromosomal aberrations 
could be identified in translocation t(14;18) negative FL, despite large differences at the gene 
expression level. A variant of t(14;18) negative FL with a diffuse growth pattern, presented as 
stage I disease preferably with a large mass in the groin, seems to be characterized by 1p36 
deletion and may be a distinct subtype4.

Upon review of patients treated within the EORTC phase III study on the role of low-dose total 
body irradiation and involved field radiotherapy in patients with localized, stages I and II, low 
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grade non-Hodgkin’s lymphoma (E20971), we observed a very high number of remarkable 
cases with morphological features of FL, but lacking a classical t(14;18) translocation. Moreover, 
frequent cases with features of both FL and NMZL were found precluding an evidence-based 
choice between these classes. This series created the basis of the present explorative study 
aimed at dissecting the overlapping area between follicular lymphoma and nodal marginal zone 
B-cell lymphoma using DNA copy number analysis with high-resolution array comparative 
genome hybridization (arrayCGH)5. 

METHODS
Patient selection
From a series of histological formalin-fixed, paraffin-embedded (FFPE) biopsy samples of 
patients treated in a randomized phase III EORTC trial (E20971) for localized indolent B-cell 
lymphoma and from the files of the Comprehensive Cancer Center Amsterdam Lymphoma 
Consult Panel, 4 series of were selected for this study:

1) morphologically and immunophenotypical classical NMZL (n=14), 

2) indolent B-cell lymphoma with features intermediate between FL and NMZL 
(translocation negative FL) (n=12),

3) morphological and immunophenotypical classical FL bearing a t(14;18) translocation 
presenting as stage 1 or limited stage 2 disease (n=16),

4) morphological and immunophenotypical classical FL bearing a t(14;18) translocation 
presenting as extensive disease (n=14).

All protocols for obtaining and studying human archival tissues and patient data were approved 
within the local ethical procedures at the Netherlands Cancer Institute and in compliance with 
the Code for Proper Secondary Use of Human Tissue in The Netherlands (http://www.fmwv.
nl and www.federa.org). 

Pathological review
All biopsy material was reviewed by two hemato-pathologists (DdJ, OBP), including immuno-
stainings for: CD20, CD79a, CD3, CD5, BCL2, BCL6, CD10, CD23, CD21, MIB16. An 
alternative BCL2 antibody specific for another epitope was used in selected cases (SantaCruz 
C2, Santa Cruz Europe, Heidelberg, Germany) according to standard procedures7, In addition, 
BCL2 translocation status was studied by FISH with BCL2 break-apart probes (DAKO, 
Glostrup, Denmark)8 or BCL2-IgH PCR. The following criteria were used for classification: 
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FL: –  At least a section of the lymph node with unequivocal features of FL (nodular, 
centrocytes/centroblasts, no starry sky pattern and no macrophages in lymphoma 
nodi, uniformly CD10 positive, preferably supported with BCL6 expression).

–  Marginal zone differentiation may be present at the periphery of nodi.
–  An interfollicular CD10 positive population is considered as supportive evidence.  

NMZL: –  No areas of unequivocal FL as described above.
–  Presence of reactive GC or remnants thereof or neoplastic monomorphic nodi 

without reactive GC negative for CD10 and IgD.
–  Presence of a follicular colonization pattern as distinguished by staining patterns 

of CD10, BCL6, CD21, CD23 and MIB1
–  Monomorphic marginal zone B-cells (“monocytoid B-cells”) and plasmacytoid 

differentiation may be present
–  No t(14;18) or BCL2 break demonstrable by PCR or FISH. 

Chromosomal copy number aberrations as measured by arrayCGH
Genomic DNA was isolated from tumor FFPE samples using the QIAamps DNA extraction 
kit (cat. 51306) as described by Beers et al9. DNA of 68 samples was hybridized to the 
NimbleGen Human CGH 12x135K Whole-Genome Tilling v3.0 platform containing 134 937 in 
situ synthesized oligonucleotides (Roche NimbleGen, Madison, USA). Labeling was performed 
as previously described by Buffart et al10. 

Pre-processing was performed as described in Wiel et al. using Circular Binary Segmentation 
(CBS) and the R-package CGHcall11,12. To remove common germ-line copy number variants 
(CNVs) from the dataset all focal DNA copy number differences smaller than 3 Mb were 
compared with CNVs in the healthy population as archived in the database of genomic variants 
(http://projects.tcag.ca/variation/)13-17. 

Complete overview of data pre-processing and statistical analysis are detailed in the 
supplementary data. Raw data of all arrays are publicly available in GEO (accession number 
GSE40641).

RESULTS
Morphological and clinical features of the selected lymphomas cases 
The morphological, immunofenotypical and translocation data are summarized in 
Supplementary Table 1. All cases of NMZL and translocation positive grade 1 and 2 FL were 
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selected as prototypical examples as outlined in the methods section. NMZL showed marginal 
zone differentiation and a nodular pattern with uninvolved germinal centers, negative for BCL2 
(7/14), and germinal center colonization as observed with CD10, CD21 and BCL2 (9/14) and 
supported by additional markers such as BCL6 and MIB1. BCL2 breaks were absent in all 
cases. All FL that presented as disseminated disease showed a nodular architecture and 
uniform expression of CD20, CD10, BCL6 and BCL2. Translocation positive FL presenting 
as localized disease showed limited features of germinal center colonization in 2/16 cases, of 
which one case with morphological marginal zone differentiation. BCL2 breaks were absent in 
all cases. One case of LOC t+ FL was BCL2 protein negative when using the DAKO clone 124 
antibody, but stained with the alternative antibody specific for another epitope. 

The remaining cases were considered equivocal according to the pre-set criteria with 
discrepancies between morphological criteria such as CD10 expression and translocation 
status. In detail, all cases showed a uniform nodular staining pattern for CD10 and BCL2, 
of which 2/12 cases with the BCL2 alternative antibody only, reminiscent of FL. A varying 
interfollicular CD10 positive component was noted (3/13). A “moth eaten” pattern for CD10 
(Supplementary Figure 1 and Supplementary Table 1) was noted in some follicles next to 
uniformly positive nodi in 3/12 cases, reminiscent of NMZL and follicular colonization by a 
CD10 weakly positive or negative population. Moreover, minor foci negative for BCL2 were 
seen in these germinal centers in 2 cases. A similar pattern was seen in case of t+ FL with 
localized disease, however. Per definition, in none of 12 cases, a BCL2/IgH translocation could 
be demonstrated using PCR. Absence of a BCL2 break could be confirmed in 8/12 cases, 
while FISH data could not be obtained in 4 cases because of insufficient availability (n=2) or 
quality (n=2) of the samples. Based on these combined features, these cases were called 
translocation negative FL (t- FL) for classification purposes. 

Translocation positive FL (t+ FL) with localized disease presented as stage I in 14/16 patients, 
of which 6 showed no residual disease after the diagnostic lymph node excision. Translocation 
negative FL (t- FL) with localized disease presented as stage I disease in 10/12 cases, of which 
5 without residual disease after biopsy. NMZL presented localized disease in 10/14 patients 
and as disseminated disease in 4/14 patients. NMZL and disseminated FL (DIS t+ FL) showed 
similar presenting features and similar distribution of FLIPI parameters. Translocation negative 
FL (t- FL) and localized FL (LOC t+ FL) were also relatively similar in these aspects. Clinical and 
morphological data for all groups are summarized in Table 1. 

Identification of recurrent chromosomal copy number aberrations 
DNA of 68 samples was hybridized to arrayCGH. 12 samples did not meet the quality criteria 
leaving 56 samples for further analysis: NMZL (n=14), t(14;18) negative FL (t- FL, n=12), 
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localized t(14;18) positive FL (LOC t+ FL, n=16) and disseminated t(14;18) positive FL III/IV 
(DIS t+ FL, n=14). 

DNA copy number aberrations were observed in all groups (Figure 1). The median percentage of 
aberrant probes on the array for NMZL was 16.3 (range 8.9-32.5), t- FL 13.7 (range 3.2-24.3), 
LOC t+ 13.6 (range 0-39.9) and DIS t+ 20.3 (range 8.3-40.2) respectively with a significantly 
higher rate in DIS t+ FL (p=0.009 DIS t+ versus all other groups). A similar distribution was seen 
for focal chromosomal aberrations. 

The frequency of chromosomal aberrations per sample and per group are illustrated in Figure 
2 and listed in Table 2. Aberrations found in all groups were (partial) gains of chromosomes 
8, 12 and 18. NMZL was marked additionally by gains of 3q (3/14). Least aberrations were 
detected in the LOC t+ FL but showed a gain at chromosome 2q in 6 out of 16 cases with 
specific amplification at 2q33.2 - 2q34 (~17MB) only found sporadically in the other groups. 

Table 1: Clinical data

    NMZL 
(n=14)

t- FL 
(n=12)

LOC t+ FL 
(n=16)

DIS t+ FL 
(n=14)

stage I, non-measurable 3 5 6 0

  I, measurable 3 5 8 0

  II 4 2 2 0

  III 1 0 0 4

  IV 3 0 0 10

age mean (range) 64 (46-77) 53 (33-65) 57 (42-81) 60 (44-83)

Number of nodal areas >4 1 0 0 9

BM involvement yes 3 0 0 10

extranodal sites >4 0 0 0 0

Hemoglobin level <120 g/l 0 1 1 1

LDH level >250IU 4 5 8 3

FLIPI level* low 9 12 14 3

  intermediate 4 0 2 6

  high 1 0 0 5

Treatment no treatment 4 0 0 3

  radiotherapy only 4 11 16 1

  R-CVP 4 1 0 6

  R-CHOP 2 0 0 4
*FLIPI was applied to NMZL similarly as for FL for the sake of comparison only. It should be noted that FLIPI was not 
designed as a prognostic stratification tool for this disease, however. 
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Figure 1: Number of aberrations in each groups A) percentage of the genome gained or lost and B) number of somatic 
focal aberrations (<3Mb) per group. 

This is a large and very gene dense genomic region, which makes it challenging to pinpoint 
driver genes.

Focal chromosomal aberrations were significantly enriched for genes described in the 
Cancer Census list (p-value=0.0001, http://www.sanger.ac.uk/genetics/CGP/) and include 
ARHGEF12, BCL2, CBLB, CDK6, EBF1, FOXP1, IKZF1, LPP, MALT1, MSI2, RAD51L1, 
RANBP17, TFG, USP6 and WHSC1L1. Most frequent focal chromosomal aberrations found in 
all lymphoma groups were located at 14q24.1 (RAD51L1), 9p13.2 (ZCCHC7), 3q22.1 (BFSP2) 
and 18q21.33 (BCL2) (Table 3 and Supplementary Table 2). In DIS t+ FL focal chromosomal 
aberrations were significantly more frequently observed (p-value=0.046), while in LOC t+ Fl, a 
significant lower frequency was observed (p-value=0.046). Chromosome 3 (more specifically 
3q) was gained with a high frequency in 3 out of 14 NMZL cases and in 2 out of 12 t- FL 
cases, whereas no gains were observed in disseminated and localized t+ FL (Figure 3). In 
addition, fifteen focal chromosomal gains were observed at chromosome 3 of which gains on 
q22.1 (BFSP2), q23 (RASA2, ZBTB38), q24 (SLC9A9, CHST2) and q13.11 (CBLB) were most 
frequent. 
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On chromosome 18, a recurrent breakpoint site was observed, flanking the BCL2 locus in t+ 
FL, while in the other classes the complete chromosome 18 was gained or amplified. 

At 1p36, a distinct deletion hotspot of 1.7Mb was observed in all classes that included 
PRDM16, but not TNFRSF14 (Supplementary Figure 2). 

Translocation positive localized disease shares common aberrations with 
disseminated disease
Translocation positive localized disease showed a significant smaller number of aberrations 
compared to disseminated FL, both for focal chromosomal aberrations (p-value=0.014) and 
for larger deletions and amplifications (p-value=0.011) (Figure 1). Specific aberrations are 
illustrated in Figure 2. Common changes were seen at 1q23 as a gain in a small segment in 
localized FL (3/16 cases), while larger segments of 1q were amplified in disseminated disease 
(10/14 cases). A gain at 14q11 was also identified at a relatively high frequency in both localized 
and disseminated FL (4/16 versus 9/14 patients, respectively). Also gains at 6p21 were found 

Figure 2: Heatmap (A) and frequency plot (B) of gains and losses of all analyzed samples. A: Heatmap of aberrations of all 
analyzed tumors per group. Green represents a gain, red a loss. Black/grey bar represents the chromosomes, the colored 
bar between the heatmap and dendrogram is colored according to sample subgroup. B: Frequency plots for NMZL, t- FL, 
LOC t+ FL and DISt+ FL. The y-axis represents the percentage of aberrations and on the x-axis the genomic location. 
Focal aberrations are indicated in black. 
focal aberrations (<3Mb) per group. 
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as a relatively frequent common aberration (3/16) and disseminated (9/14) disease. Gains at 
2p23 and 17q22 were also found as a common change, albeit only in 3/16 in localized disease 
versus 6/14 in disseminated disease. The BCL2 region at 18q21 was frequently amplified in 
disseminated FL (6/14 cases), but only in one localized case. Gains at chromosomes 2p, 3q13 
and 3q27-28, 4p15-16, 5q, extensive changes on 7, 9, 10, 12q, 13q and 20q13 were (virtually) 
unique to disseminated FL. A remarkable difference was observed with gain of 2q in localized 
disease (4/16) in the absence of major aberrations in the disseminated FL. 

Global copy number aberrations odds ratio test (GAORT) was used to determine whether 
LOC t+ FL originates from DIS t+ FL based on the odds of aberrations. Results show a 
significant systematic increase in chromosomal aberrations in DIS t+ FL compared to LOC t+ 
FL (p=0.004). 

Furthermore, it was noted that the relative level of numerical gains and losses of chromosomal 
regions differed within single cases, with more complexity of levels in disseminated FL than in 
localized FL, suggestive of more extensive genetic heterogeneity (Supplementary Figure 3). 

Table 2: Most common aberrations per subgroup. Only aberrations found in at least 20% of the samples are shown. 

  Type Chr band Chromosome Start (bp) End (bp)

NMZL Gain q21.2 - q23.1 1 148211319 155650045

q-arm 3 106893273 187936460

p22.2 - p15.1 7 1932280 29983182

q21.3 - q24.3 8 86233208 146096268

q-arm 12 48049828 132283285

q-arm 18 14128059 76108540

Loss q24.3 8 142831072 146096268

q34.2 - q34.3 9 134690038 139503920

t- FL Gain Chr12 12 33393 132283285

q11.2 - q21.33 18 14128059 58928067

LOC t+ FL Gain q21.2 - q37.3 2 131183463 238199226

Loss Chr22 22 14763133 49565938

DIS t+ FL Gain p25.3 - p14 2 45857 71491357

p22.2 - q21.3 7 1932280 98559235

q22.3 - q24.3 8 101670144 146096268

q12 - q21.3 12 43347869 90922224

  18 112379 58928067

Loss q11.2 - q21.33 6 58671210 167358061

q34.2 - q34.3 9 134690038 139503920
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identified as genes that are predominantly involved in early phases of lymphomagenesis. Focal 
chromosomal aberrations with the genes EBF1, IKZF1, LBH, LCLAT1CDK6, TTC39C, NCOA3, 
ZMYND8, RPL35AP were predominantly detected in disseminated disease and can therefore 
be identified as genes related to later phases. Three focal aberrations (2q32.3, 2q33.2, 2q34) 
were found on chromosome 2q within a genomic region of 17Mb and contained 5 genes: 
HECW2, STK17B, CD28, SPAG16 and IKZF2, that are remarkably more frequent in localized 
FL. Overall, these results underpin the notion that localized t+ FL can be considered as a 
precursor stage to disseminated t+ FL. 

Table 3: Most common somatic focal aberrations. All focal aberrations found in at least 20% of the samples or more (in 
all subgroups combined). Gene names in bold indicate genes described in the Cancer Census List16. 
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9 p13.2 0.24 24 7 3 5 9 ZCCHC7

14 q24.1 0.23 24 5 4 6 9 RAD51L1    

3 q22.1 0.03 19 8 2 2 7 BFSP2

1 q23.1 0.02 18 5 3 2 8      

18 q21.33 0.09 18 6 4 2 6 BCL2

12 q22 0.20 17 6 4 2 5 CLLU1OS CLLU1  

7 p15.1 0.14 16 5 3 2 6 ZNRF2 MIRN550-1

8 q22.2 0.10 16 5 3 2 6 ANKRD46    

5 q33.3 0.15 15 2 2 2 9 EBF1

12 q13.3 0.05 15 4 3 2 6 STAT6 NAB2 TMEM194A

2 q32.3 0.06 14 2 2 7 3 HECW2 STK17B

18 q21.32 0.46 14 4 2 3 5 ZNF532 MALT1 ALPK2

2 p16.1 0.07 13 2 2 3 6

7 p12.2 0.06 13 4 3 0 6 IKZF1    

8 q24.22 0.22 13 5 2 3 3 WISP1 SLA TG

2 q33.2 0.12 12 2 2 5 3 CD28    

17 q12 0.03 12 4 1 2 5 IKZF3

17 q22 0.46 12 3 0 3 6 MSI2    

18 q11.2 0.05 12 4 2 1 5 TTC39C

18 q21.2 0.22 12 4 2 2 4 TCF4    
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NMZL shows a distinct spectrum of aberrations
NMZL is characterized by gains of the q-arm of chromosome 3. These characteristics gains 
occur in a landscape of aberrations common to all groups, (Figure 2). More prominent 
differences between NMZL and the other groups were seen for focal chromosomal aberrations 
with dominant gain of CBLB (3q13.11), BBX (3q13.12) and SLC12A8 and HEG1 (3q21.2) in 
NMZL. Present in t+ FL but not in NMZL or in a very low frequency were RFTN1 and OXNAD1 
(3p24.3), FOXP1 (3p14.1), EBF1 (5q33.3), NCOA3, ZMYND8 and RPL35AP (20q13.12) and 
ANKRD16, GD12 and C10ORF18 (10p15.1) (Supplementary Table 2 and Figure 3). This 
finding underlines that NMZL and t+ FL can be recognised with a distinctly different tumor 
genetic background, but also indicates that NMZL bears very few recurrent and characteristic 
numerical aberrations. Focal chromosomal aberrations at 3q13 may contain the most dominant 
candidate genes for this lymphoma. 

Translocation negative FL is more alike NMZL than translocation positive FL
The pattern of aberrations in translocation negative FL was characterized by complete 
chromosomal gains for chromosomes 3, 7, 8, 12 and 18 and gains at 1q without specific 
losses (Figure 2). Additional focal aberrations within these chromosomal gains were very 
heterogeneous. Focal aberrations most prominently indicate a gain at the BCL2 locus (5/12). 
The characteristic aberration seen in translocation positive FL, including loss of 6q, specific 
gains at 2p, 3q13 and 3q27-28, 4p15-16, 5q as well as focal aberrations at e.g. of NCOA3, 
ZMYND8, RPL35AP were virtually absent in the translocation negative group (Figure 2). In 
contrast to aberrations characteristic for NMZL, various markers at chromosome 3 seems to 
be specifically gained in translocation negative FL, including SLC9A9, CHST2 and CBLB. On 
the other hand, also genes more characteristically identified in t+ FL were seen in the t- group, 
including FOXP1 (Figure 3). Cluster analysis of t- FL, NMZL and DIS t+ FL yielded 2 groups that 
were significantly correlated with the subgroups (p-value=0.030, Figure 4). Group A contains 
9/14 (64%) DIS t+ FL whereas group B contains 10/12 (83%) and 10/14 (71%) for t- FL and 
NMZL respectively. The spectrum of characteristic aberrations both larger than 3MB and focal 
aberrations and the cluster analysis all support the notion that translocation negative FL is 
more alike NMZL than translocation positive FL. 

It should be noted that the characteristic breakpoint site flanking the BCL2 locus in translocation 
positive FL was observed in 1 translocation negative case suggestive of misclassification, 
possibly due to technical reasons or an alternative translocation partner (PCR results were 
negative while FISH results were inconclusive).  
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DISCUSSION
The WHO lymphoma classification system is based on “disease entities” that are defined 
by morphological, immunophenotypical, genetic as well as clinical criteria. Despite being a 
prime example of a well-defined entity, also various undefined borders exist around follicular 

Figure 3: Frequency plot of gains on chromosome 3 (left panel) and 18 (right panel) in NMZL, t- FL, LOC t+ FL and DIS 
t+ FL. Indicated in black the focal aberrations. Genes that were found altered in focal aberrations with a high frequency 
are added in the plot. 
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Figure 4: Cluster analysis of t- FL, NMZL and DIS t+ FL. Hierarchical cluster analysis yielded 2 clusters significantly cor-
related with tumor types (p-value=0.030). Columns represent the different tumors and rows represent the different chro-
mosomal regions, with chromosome 1 at the bottom and chromosome 22 at the top of the heatmap. DNA copy number 
gains and losses are indicated in green and red, respectively. The black and grey bar next to the cluster represents the 
chromosome separation. The bar above the heatmap represents the different subgroups, t- FL in yellow, NMZL in grey 
and DIS t+ FL in black. 



Dissecting the grey zone between FL and MZL

111

7

lymphoma (FL). In this study, we explored the borderlands to nodal marginal zone lymphoma 
(NMZL) as well as the genetic make-up of the clinical exception of localized disease in FL using 
arrayCGH.

FL generally presents as disseminated disease and localized disease is only seen in 10-15% of 
the patients at presentation18. To first define the genetic aberrations within the clinical spectrum 
of FL, a series of (t(14;18)+ FL with localized and disseminated disease was studied. The mean 
number of copy number aberrations was significantly higher in disseminated disease (DIS t+ 
FL) in comparison to localized disease (LOC t+ FL) and the majority of specific aberrations 
present in localized disease were also found in disseminated disease, supporting the notion 
that localized disease might indeed represent an early phase of the same entity. Specifically, 
gains at 1q23, 14q11, 6p21 were relatively frequent and gains at the BCL2 locus were 
somewhat less frequently seen, all suggestive of early aberrations in the clonal evolution of FL. 
Previous studies by Hoglund et al and d’Amore et al using computational modeling, have also 
implicated gains at 1q and at the BCL2 locus (+der18) and dup6p as early events, supporting 
this view19,20. However, our data do not support gains of chromosome 7 and 8 as a common 
early event. A deletion at 1p36 was detected as a frequent, but not FL specific aberration, 
and surprisingly did not include the previously reported TNFRSF1421. This specific gene is a 
focus of uniparental disomy, which cannot be detected with the currently used technique21-23. 
A 17Mb amplification of 2q33.2-2q34 seems relatively specific for localized disease. This is 
a very gene-dense area, which makes driver gene identification challenging. Various specific 
focal chromosomal amplifications were found in this region, of which the hematopoietic-
specific transcription factor IKZF2 may be the most interesting. 

To define the genetic spectrum of NMZL, “prototypical” cases were carefully selected, fulfilling 
criteria of: classical marginal zone morphology, lack of CD10 and BCL6 expression and no 
class-specific translocations. Furthermore, cases with splenomegaly or MALT-type extranodal 
localizations were excluded. Next to frequent aberrations shared with FL such as gains of 
chromosomes 7, 8, 12 and 18 and loss of 9q, NMZL was marked by more specific gain 
at 3q. Specific amplifications were seen for CBLB (3q13.11), BBX (3q13.12) and SLC12A8 
and HEG1 (3q21.2). Of these, the proto-oncogene CBLB may be of interest as RING-type 
E3 ubiquitin ligase that functions as a negative regulator of T-cell activation and has been 
described incidentally in hematological malignancies24. BCL6 at 3q was not included in a 
specific focal aberration. In FL, gains on chromosome 18 were characterized by a sharp break 
at the BCL2 locus as is typically seen at translocation sites (Figure 2). In contrast, no such 
pattern on chromosome 18 was present in NMZL, consistent with the absence of a BCL2 
translocation in this disease and neither was this seen at any other chromosome region. 
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In an integrative study, Arribas et al showed that the NMZL gene-expression profile was 
dominated by microenvironment related immunological factors, supporting the notion that 
antigen stimulation and immunological growth support rather than primary genetic aberrations 
may play an important role in the oncogenesis of NMZL as in FL25-28. Indeed, integrated analysis 
of copy-number and gene-expression analysis only indicated very few, if any potentially driving 
genes. 

Both, Rinaldi et al in a series of 25 NMZL and Braggio et al. in a series of 20 NMZL could not 
identify any dominant, reproducible aberrations, in contrast to MALT-type and splenic marginal 
zone lymphoma. Only chromosome 3 gains were identified at high frequency (24% and 15%), 
validating the observations in our study. Mostly, this involved the complete chromosome 
with a minimum region of 3q and no major differences were seen between NMZL and other 
marginal zone B-cell related malignancies. In our series, specific deletion of TNFAIP3 (A20, 
6q21-25) could not be confirmed, as this loss was present in only one case of NMZL, but also 
in 5 cases of (translocation positive) FL2,29. Also Braggio and coworkers confirm that loss of 
TNFAIP3 is not specific for NMZL and also found in splenic and MALT-type MZL30. Selection 
of cases considered as NMZL remains very difficult and often subjective, which may explain 
discrepancies. 

Translocation negative FL (t- FL) may be considered as the major subjectively overlapping 
class with NMZL. Using strict pre-set definitions, we selected a series of cases that lacked a 
BCL2 break, but showed the morphological and immunophenotypical characteristics of FL. 
Interestingly, in a few cases, signs of possible germinal center colonization were seen, however, 
reminiscent of NMZL. This phenomenon was also observed in one case of translocation 
positive FL. Since these cases all concerned localized disease, the colonization pattern may 
likely be related to this aspect. In our series, t- FL showed a rather different overall pattern of 
large and focal aberrations as compared to the translocation positive group. In comparison 
to t+ FL, the characteristic translocation-related break of the amplification on 18q was not 
present and also further aberrations were also not class specific with whole chromosomal 
gains of chromosomes 7, 8 and 12, which are the most common aberrations in all classes 
of B-cell lymphoma. The dominant aberration on chromosome 3, however, is quite typical for 
the group of marginal zone lymphomas. More specific focal gains related to NMZL as seen in 
our series or as reported by others were noted with a distinct amplification of BCL2 in 50% 
of the cases, 3 complete chromosomal gains, 2 focal gains as well as characteristic similar 
gains at SLC9A9, CHST2, CBLB and FOXP1. These amplifications, together with the common 
aberrations on chromosome 3 may be an argument for a relation t- FL to NMZL. Amplification 
of BCL2 is reported at different rates by others, again most likely underpinning the influence 
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of case selection, despite identical selection criteria3,31. It should be noted that in our series 
no cases of inguinal, diffuse type FL were included as described by Katzenberger et al as well 
as cases with an aberrant phenotype (CD10 negative, BCL2 negative, MUM1 positive) and/
or a diffuse growth pattern or cases of FL3B that all have been suggested to bear different 
and possibly specific alterations4,31-34. Specifically, in a study by Tagawa and co-workers, such 
CD10-/BCL2-/MUM1+ cases with predominantly blastic morphology (grades 3A and 3B) were 
considered translocation negative FL and were marked by a high frequency of trisomy 334. This 
is a different selection than ours that was restricted to CD10+ grade 1-2 FL. 

Taken together, classical translocation positive FL is characterized by a relatively specific 
spectrum of genetic aberrations that are also reflected in early stage disease. So-called 
translocation negative FL bears aberrations that are reminiscent to NMZL rather than FL. This 
is also reflected in the cluster analysis where translocation positive FL clusters predominantly 
together with the NMZL. The spectrum of aberrations of NMZL is less specific and diagnostic 
criteria between NMZL and translocation negative FL are relatively subjective, precluding full 
comparison between various studies and definitive conclusions are still awaited. 
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