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Nodal marginal zone lymphoma is a poorly defined entity in the World Health Organization classification, based
largely on criteria of exclusion and the diagnosis often remains subjective. Follicular lymphoma lacking t(14;18) has
similar characteristics which results in a major potential diagnostic overlap which this study aims to dissect. Four sub-
groups of lymphoma samples (n=56) were analyzed with high-resolution array comparative genome hybridization:
nodal marginal zone lymphoma, t(14;18)-negative follicular lymphoma, localized t(14:18)-positive follicular lym-
phoma 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
than in 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)-nega-
tive follicular lymphoma is characterized 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 aber-
rations that are more like those in nodal marginal zone lymphoma, suggesting a relation between these groups.
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ABSTRACT

Introduction 

Correct disease classification is essential for good care of
patients. In lymphoma, unraveling the molecular mecha-
nisms of lymphomagenesis has resulted in a highly refined
system, based on objective, measurable, mostly genomic and
immunophenotypic aberrations. Refined classification of dis-
ease entities now allows a more reliable prediction of clinical
course, prognosis and more focused treatment for the major-
ity 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 World Health
Organization (WHO) classification. FL commonly presents
with a t(14;18) translocation in addition to a nodular growth
pattern of neoplastic follicles of CD10+, BCL6+, BCL2+ B cells,
hypermutated immunoglobulin genes and typically dissemi-
nated nodal disease in elderly patients.
However, not all lymphomas have been characterized to

this extent. Nodal marginal zone lymphoma (NMZL), lym-
phoplasmacytic lymphoma and FL that lack the characteristic
t(14;18) translocation pose classification problems. 
The classical morphology of NMZL covers the full spec-

trum 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 CD23.1 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 large series of 218 sam-
ples [mucosa-associated lymphoid tissue (MALT) lymphoma,
splenic marginal zone lymphoma (MZL) and NMZL], Rinaldi
et al. described molecular features of 25 cases of NMZL.2 This
study underpinned the notion that the genetic background of
MZL, MALT-type and splenic type are relatively distinct. For
NMZL however, no single recurrent characteristic structural
chromosomal aberration could be identified. Only aberra-
tions 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 extent. In a
study of 10 such cases, Leich et al. showed that various char-
acteristics of t(14;18)-positive FL, including amplification of
18q, were not present in the translocation-negative cases.3 In
addition, no recurrent characteristic structural chromosomal
aberrations could be identified in t(14;18)-negative FL, despite
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large differences at the gene expression level. A variant of
t(14;18)-negative FL with a diffuse growth pattern, pre-
senting as stage I disease preferentially with a large mass
in the groin, seems to be characterized by 1p36 deletion
and may be a distinct subtype.4
Upon review of patients treated within the EORTC

phase III study on the role of low-dose total body irradia-
tion and involved-field radiotherapy in patients with local-
ized, stages I and II, low grade non-Hodgkin’s lymphoma
(E20971), we observed a very high number of remarkable
cases with morphological features of FL, but lacking a clas-
sical 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
formed the basis of the present explorative study aimed at
dissecting the overlapping area between follicular lym-
phoma and nodal marginal zone B-cell lymphoma using
DNA copy number analysis with high-resolution array
comparative genome hybridization (array CGH).5

Methods

Selection of patients
From a series of histological formalin-fixed, paraffin-embedded

biopsy samples from 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, four sets were selected for this study:
(i) morphologically and immunophenotypically classical NMZL
(n=14); (ii) indolent B-cell lymphoma with features intermediate
between FL and NMZL (translocation-negative FL) (n=12); (iii)
morphologically and immunophenotypically classical FL bearing a
t(14;18) translocation presenting as stage 1 or limited stage 2 dis-
ease (n=16); and (iv) morphologically and immunophenotypically
classical FL bearing a t(14;18) translocation presenting as extensive
disease (n=14).
All protocols for obtaining and studying human archived tissues

and patients’ data were approved within the local ethical proce-
dures at the Netherlands Cancer Institute and complied 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 hematopathologists

(DdJ, OBP) and was immunostained for at least CD20, CD79a,
CD3, CD5, BCL2, BCL6, CD10, CD23, CD21, and MIB1.6 An
alternative BCL2 antibody specific for another epitope was used in
selected cases (SantaCruz C2, Santa Cruz Europe, Heidelberg,
Germany) according to standard procedures,8 In addition, BCL2
translocation status was studied by fluorescence in situ hybridiza-
tion (FISH) with BCL2 break-apart probes (DAKO, Glostrup,
Denmark)7 or BCL2-IgH polymerase chain reaction (PCR). The fol-
lowing criteria were used to classify FL: (i) at least a section of the
lymph node with unequivocal features of FL (nodular, centro-
cytes/centroblasts, no starry sky pattern and no macrophages in
lymphoma nodes, uniformly CD10+, preferably supported by
BCL6 expression); (ii) marginal zone differentiation could be pres-
ent at the periphery of nodes; (iii) an interfollicular CD10+ popula-
tion was considered as supportive evidence. The classification cri-
teria for NMZL were as follows: (i) no areas of unequivocal FL as
described above; (ii) the presence of reactive germinal centers or
remnants thereof or neoplastic monomorphic nodes without reac-
tive germinal centers negative for CD10 and IgD; (iii) presence of
a follicular colonization pattern as distinguished by staining pat-

terns of CD10, BCL6, CD21, CD23 and MIB1; (iv) monomorphic
marginal zone B cells (“monocytoid B cells”) and plasmacytoid dif-
ferentiation could be present; and (v) no t(14;18) or BCL2 break
demonstrable by PCR or FISH.  

Chromosomal copy number aberrations as measured 
by array comparative genome hybridization
Genomic DNA was isolated from formalin-fixed, paraffin-

embedded tumor samples using the QIAamps DNA extraction kit
(cat. 51306) as described by Beers et al.9 DNA from 68 samples was
hybridized to the NimbleGen Human CGH 12x135K Whole-
Genome Tilling v3.0 platform containing 134,937 in situ synthe-
sized oligonucleotides (Roche NimbleGen, Madison, USA).
Labeling was performed as previously described by Buffart et al.10

The samples were pre-processed as described by Wiel et al.
using circular binary segmentation and the R-package CGHcall.11,12

To remove common germ-line copy number variants from the
dataset all focal DNA copy number differences smaller than 3 Mb
were compared with copy number variants in the healthy popula-
tion as archived in the database of genomic variants
(http://projects.tcag.ca/variation/).13-17

Further details of data pre-processing and the statistical analysis
are given in the Online Supplementary Data. Raw data of all arrays
are publicly available in the GEO database (accession number
GSE40641).

Results

Morphological and clinical features of the selected
lymphomas cases 

The morphological, immunophenotypic and transloca-
tion data are summarized in Online Supplementary Table S1.
All cases of NMZL and translocation-positive grade 1 and
2 FL were selected as prototypic examples, as outlined in
the Methods section. NMZL showed marginal zone differ-
entiation and a nodular pattern with uninvolved germinal
centers, were negative for BCL2 (7/14), and had germinal
center colonization as determined by the CD10, CD21
and BCL2 markers (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 had a nodular architecture and showed 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 margin-
al zone differentiation. BCL2 breaks were not present in
any case. One case of localized translocation-positive FL
was negative for BCL2 protein when tested with the
DAKO clone 124 antibody, but stained with the alterna-
tive antibody specific for another epitope. 
The remaining cases were considered equivocal accord-

ing to the pre-set criteria with discrepancies between mor-
phological criteria such as CD10 expression and transloca-
tion 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+ component was noted
(3/13). A “moth-eaten” pattern for CD10 (Online
Supplementary Figure S1 and Online Supplementary Table S1)
was noted in some follicles next to uniformly positive
nodes in 3/12 cases, reminiscent of NMZL and follicular
colonization by a CD10 weakly positive or negative pop-
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ulation. Moreover, minor foci negative for BCL2 were seen
in these germinal centers in two cases. A similar pattern
was, however, seen in a case of translocation-positive FL
with localized disease. By definition, a BCL2/IgH translo-
cation could not be demonstrated using PCR in any of the
12 cases. Absence of a BCL2 break was confirmed in 8/12
cases, while FISH data could not be obtained in four cases
because of insufficient availability (n=2) or quality (n=2) of
the samples. Based on these combined features, these cases
were classified as translocation-negative FL. 
Translocation-positive FL with localized disease present-

ed as stage I in 14/16 patients, of whom six showed no
residual disease after the diagnostic lymph node excision.
Translocation-negative FL with localized disease presented
as stage I disease in 10/12 patients, of whom five had no
residual disease after biopsy. NMZL presented as localized
disease in 10/14 patients and as disseminated disease in
4/14 patients. The presenting features and distribution of
FLIPI parameters were similar in NMZL and disseminated
translocation-positive FL. Translocation-negative FL and
localized translocation-positive FL were also relatively sim-
ilar with regards to these aspects. The clinical and morpho-
logical data for all groups are summarized in Table 1.

Identification of recurrent chromosomal copy number
aberrations 
DNA of 68 samples was hybridized to array CGH.

Twelve samples did not meet the quality criteria leaving
56 samples for further analysis: NMZL (n=14), t(14;18)-
negative FL (n=12), localized t(14;18)-positive FL (n=16)
and disseminated t(14;18)-positive FL III/IV (n=14). 
DNA copy number aberrations were observed in all

groups (Figure 1). The median percentage of aberrant
probes on the array was 16.3 (range, 8.9-32.5) for NMZL,
13.7 (range, 3.2-24.3) for translocation-negative FL, 13.6
(range, 0-39.9) for localized translocation-positive FL and
20.3 (range, 8.3-40.2) for disseminated translocation-posi-
tive FL, with the rate being significantly higher rate
(P=0.009) in this last group compared to 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
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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
Bone marrow involvement yes 3 0 0 10
Extranodal sites >4 0 0 0 0
Hemoglobin level <120 g/L 0 1 1 1
Lactate dehydrogenase level >250 IU 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 as for FL for the sake of comparison only. It should be noted that FLIPI was not designed as a prognostic stratification tool for NMZL. t-: translocation-
negative; t+: translocation-positive; LOC: localized; DIS: disseminated.

Figure 1. Number of aberrations in each group. (A) Percentage of the
genome gained or lost and (B) number of somatic focal aberrations
(<3 Mb) per group. t-: translocation-negative; t+: translocation-posi-
tive; LOC: localized; DIS: disseminated.
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chromosomes 8, 12 and 18. NMZL was marked addition-
ally by gains of 3q (3/14). The fewest aberrations were
detected in localized translocation-positive FL but these
showed a gain at chromosome 2q in 6/16 cases with spe-
cific amplification at 2q33.2 - 2q34 (~17MB) only found
sporadically in the other groups. 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=0.0001, http://www.sanger.ac.uk/genetics/CGP/) and
included ARHGEF12, BCL2, CBLB, CDK6, EBF1, FOXP1,
IKZF1, LPP, MALT1, MSI2, RAD51L1, RANBP17, TFG,
USP6 and WHSC1L1. The most frequent focal chromoso-
mal aberrations found in all lymphoma groups were locat-
ed at 14q24.1 (RAD51L1), 9p13.2 (ZCCHC7), 3q22.1
(BFSP2) and 18q21.33 (BCL2) (Table 3 and Online
Supplementary Table S2). Focal chromosomal aberrations
were significantly more frequently observed in dissemi-
nated translocation-positive FL (P=0.046), while the fre-
quency in localized translocation-positive FL was signifi-
cant lower (P=0.046). Chromosome 3 (more specifically
3q) was gained in 3/14 NMZL cases and in 2/12 transloca-
tion-negative FL cases, whereas no gains were observed in
disseminated and localized translocation-positive FL
(Figure 3). In addition, 15 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. 

On chromosome 18, a recurrent breakpoint site was
observed, flanking the BCL2 locus in translocation-posi-
tive FL, while in the other classes the complete chromo-
some 18 was gained or amplified. 

O. Krijgsman et al.
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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
t-: translocation-negative; t+: translocation-positive; LOC: localized; DIS: disseminated.

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/gray bar represents the chromosomes. (B) Frequency plots for NMZL, translocation-neg-
ative (t-) FL, localized translocation-positive (LOC t+) FL and disseminated translocation-positive (DISt+) FL. The y-axis represents the percent-
age of aberrations and the x-axis shows the genomic location. Focal aberrations are indicated in black. 
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At 1p36, a distinct deletion hotspot of 1.7Mb that
included PRDM16, but not TNFRSF14, was observed in all
classes (Online Supplementary Figure S2). 

Translocation-positive localized and disseminated 
disease share common aberrations
There were significantly fewer aberrations in transloca-

tion-positive localized disease than in translocation-posi-
tive disseminated FL, both with regards to focal chromo-
somal aberrations (P=0.014) and larger deletions and
amplifications (P=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 dis-
seminated disease (10/14 cases). A gain at 14q11 was also
identified at a relatively high frequency in both localized
and disseminated FL (4/16 and 9/14 patients, respective-
ly). Gains at 6p21 were also found relatively frequently
(3/16 with localized disease and 9/14 with disseminated
disease). Gains at 2p23 and 17q22 were also found as a
common change, albeit in only 3/16 with localized dis-
ease versus 6/14 in those with disseminated disease. The
BCL2 region at 18q21 was amplified frequently in dis-
seminated FL (6/14 cases), but in only one case of local-
ized FL. 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 aberra-
tions in disseminated FL. 
The global copy number aberrations odds ratio test

(GAORT) was used to determine whether disseminated
translocation-positive FL originates from localized
translocation-positive FL based on the odds of aberra-

tions. There was a significant, systematic increase in
chromosomal aberrations in the disseminated form com-
pared to the localized form (P=0.004). 
Furthermore, it was noted that the relative level of

numerical gains and losses of chromosomal regions dif-
fered within single cases, with more complexity of levels
in disseminated FL than in localized FL, suggestive of
more extensive genetic heterogeneity (Online
Supplementary Figure S3). 
Genes located in focal aberrations were MALT1,

ALPK2, ZNF532, and RAD51L1, which were identified as
genes predominantly involved in early phases of lym-
phomagenesis. Focal chromosomal aberrations with the
genes EBF1, IKZF1, LBH, LCLAT1, CDK6, TTC39C,
NCOA3, ZMYND8, and 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 chro-
mosome 2q within a genomic region of 17 Mb and con-
tained five genes, HECW2, STK17B, CD28, SPAG16 and
IKZF2, which were remarkably more frequent in local-
ized FL. Overall, these results underpin the notion that
localized translocation-positive FL can be considered a
precursor stage of disseminated translocation-positive FL. 

Nodal marginal zone lymphoma shows a distinct 
spectrum of aberrations
NMZL is characterized by gains of the q-arm of chro-

mosome 3. These characteristics gains occur in a land-
scape of aberrations common to all groups (Figure 2).
More prominent differences between NMZL and the
other groups were seen for focal chromosomal aberra-
tions with dominant gain of CBLB (3q13.11), BBX
(3q13.12), and SLC12A8 and HEG1 (3q21.2) in NMZL.

Dissecting the gray zone between FL and MZL
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Table 3. Most common somatic focal aberrations. All focal aberrations found in at least 20% of the samples (in all subgroups combined). Gene
names in bold indicate genes described in the Cancer Census List16. 

Chromosome Chr Band Size Mb Total gain NMZL t- FL LOC t+ FL DIS t+ FL Genes 

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
chr: chromosome; t-: translocation-negative; t+: translocation-positive; LOC: localized; DIS: disseminated.
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Aberrations present in translocation-positive FL but not in
NMZL (or only at 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) (Online
Supplementary Table S2 and Figure 3). This finding under-
lines that NMZL and translocation-positive FL have dis-
tinctly different tumor genetic backgrounds, but also indi-
cates that NMZL has very few recurrent and characteris-
tic numerical aberrations. Focal chromosomal aberrations
at 3q13 may contain the most dominant candidate genes
for this lymphoma.

Translocation-negative follicular lymphoma is more like
nodal marginal zone lymphoma than translocation-
positive follicular lymphoma

The pattern of aberrations in translocation-negative FL
was characterized by complete chromosomal gains of
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 heteroge-
neous. 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, spe-

O. Krijgsman et al.
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Figure 3. Frequency plot of gains on chromosome 3 (left panel) and 18 (right panel) in NMZL, translocation-negative (t-) FL, localized translo-
cation-positive (LOC t+) FL and disseminated translocation-positive (DIS t+) FL. The focal aberrations are indicated in black. Genes that were
found altered in focal aberrations with a high frequency are added in the plot. 
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cific gains at 2p, 3q13 and 3q27-28, 4p15-16, 5q as well as
focal aberrations of, for example, NCOA3, ZMYND8, and
RPL35AP, were virtually absent in the translocation-nega-
tive group (Figure 2). In contrast to aberrations character-
istic of NMZL, various markers at chromosome 3 seemed
to be specifically gained in translocation-negative FL,
including SLC9A9, CHST2 and CBLB. On the other hand,
genes more characteristically identified in translocation-
positive FL, including FOXP1, were also seen in the
translocation-negative group (Figure 3). Cluster analysis of
translocation-negative FL, NMZL and disseminated
translocation-positive FL yielded two groups that were
significantly correlated with the subgroups (P=0.030,
Figure 4). Group A contained 9/14 (64%) translocation-
positive disseminated FL whereas group B contained
10/12 (83%) and 10/14 (71%) of translocation-negative FL
and NMZL, respectively. The spectrum of characteristic
aberrations, both larger than 3 Mb and focal, and the clus-
ter analysis all support the notion that translocation-nega-
tive FL is more like 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 one translocation-negative case, suggesting
misclassification, possibly due to technical reasons or an
alternative translocation partner (PCR results were nega-
tive while FISH results were inconclusive).

Discussion

The WHO lymphoma classification system is based on
“disease entities” that are defined by morphological,
immunophenotypic, genetic as well as clinical criteria.
Although FL is a prime example of a well-defined entity, it
does have various undefined borders. In this study, we
explored the borderlands to NMZL as well as the genetic
make-up of the clinical exception of localized disease in FL
using array CGH.
FL generally presents as disseminated disease and local-

ized disease is seen in only 10-15% of patients at presenta-
tion.18 To define the genetic aberrations within the clinical
spectrum of FL, a series of t(14;18)-positive FL with local-
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Figure 4. Cluster analysis of
translocation-negative (t-) FL,
NMZL and disseminated
translocation-positive (DIS t+)
FL. Hierarchical cluster analy-
sis yielded two clusters signifi-
cantly correlated with tumor
types (P=0.03).  Columns rep-
resent the different tumors
and rows represent the differ-
ent chromosomal 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
gray bar next to the cluster rep-
resents the chromosome sepa-
ration. The bar above the
heatmap represents the differ-
ent subgroups, t- FL in yellow,
NMZL in gray and DIS t+ FL in
black. 
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ized and disseminated disease was studied. The mean num-
ber of copy number aberrations was significantly higher in
disseminated disease than in localized disease and the
majority of specific aberrations present in localized disease
were also found in disseminated disease, supporting the
notion that localized disease might 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 aber-
rations in the clonal evolution of FL. Previous studies by
Hoglund et al. and d’Amore et al. using computational mod-
eling have also implicated gains at 1q and at the BCL2 locus
(+der18) and dup6p as early events, supporting this view.19,20
However, our data do not support gains of chromosomes 7
and 8 as being common early events. A deletion at 1p36
was detected as a frequent, but not FL-specific aberration,
and surprisingly did not include the previously reported
TNFRSF14.21 This specific gene is a focus of uniparental dis-
omy, which cannot be detected with the currently used
technique.21-23 A 17 Mb amplification of 2q33.2-2q34 seems
relatively specific for localized disease. This is a very gene-
dense area, which makes driver gene identification chal-
lenging. Various specific focal chromosomal amplifications
were found in this region, of which the hematopoietic-spe-
cific transcription factor IKZF2 may be the most interesting. 
To define the genetic spectrum of NMZL, “prototypic”

cases were carefully selected, fulfilling criteria of: classical
marginal zone morphology, lack of CD10 and BCL6 expres-
sion and no class-specific translocations. Furthermore, cases
with splenomegaly or MALT-type extranodal localizations
were excluded. Alongside frequent aberrations shared with
FL, such as gains of chromosomes 7, 8, 12 and 18 and loss of
9q, NMZL was characterized by more specific gains 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 functions as a negative regulator of T-cell
activation and has been described incidentally in hematolog-
ic malignancies.24 BCL6 at 3q was not included in a specific
focal aberration. In FL, gains on chromosome 18 were char-
acterized by a sharp break at the BCL2 locus as is typically
seen at translocation sites (Figure 2). In contrast, no such pat-
tern 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. 
In an integrative study, Arribas et al. showed that the

NMZL gene-expression profile was dominated by microen-
vironment-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 FL.25-28
Indeed, integrated analysis of copy-number and gene-
expression analysis indicated very few, if any, potentially
driving genes. 
Neither Rinaldi et al. in a series of 25 NMZL nor Braggio

et al. in a series of 20 NMZL could identify any dominant,
reproducible aberrations in these lymphomas, in contrast to
the situation in MALT-type lymphoma and splenic MZL.
Only chromosome 3 gains were identified at high frequen-
cies (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 five cases
of (translocation-positive) FL.2,29 Braggio et al. also confirmed
that loss of TNFAIP3 is not specific to NMZL since it is also
found in splenic and MALT-type MZL.33 Selection of cases
considered to be NMZL remains very difficult and often
subjective, which may explain discrepancies in study
results. 
Translocation-negative 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
immunophenotypic characteristics of FL. Interestingly, in a
few cases, signs of possible germinal center colonization,
reminiscent of NMZL, were seen. This phenomenon was
also observed in one case of translocation-positive FL. Since
these cases all concerned localized disease, the colonization
pattern may be related to this form. In our series, transloca-
tion-negative FL showed a rather different overall pattern of
large and focal aberrations as compared to the transloca-
tion-positive group. In comparison to translocation-positive
FL, the characteristic translocation-related break of the
amplification on 18q was not present and other aberrations
were not class-specific, such as 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 is, however, quite typical of
the group of MZL. 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, three complete chromosomal gains, two 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 argu-
ment for a relation between translocation-negative FL and
NMZL. Amplification of BCL2 has been reported at differ-
ent rates by others, again most likely highlighting the influ-
ence of case selection, despite identical selection criteria.3,30
It should be noted that our series did not include any cases
of inguinal, diffuse-type FL, described by Katzenberger et al.
or cases with an aberrant phenotype (CD10–/BCL2–/
MUM1+) and/or a diffuse growth pattern or cases of FL
grade 3B, which have all been suggested to bear different
and possibly specific alterations.4,30-32,34 Indeed, in a study by
Tagawa et al., the CD10–/BCL2–/MUM1+ cases with pre-
dominantly blastic morphology (grades 3A and 3B) were
considered translocation-negative FL and were character-
ized by a high frequency of trisomy 3.34 This is a different
selection from ours, which was restricted to CD10+ FL
grade 1-2.  
In conclusion, classical, translocation-positive FL is char-

acterized by a relatively specific spectrum of genetic aberra-
tions that are also reflected in early stage disease. So-called
translocation-negative FL bears aberrations that are reminis-
cent of NMZL rather than FL. This is also reflected in cluster
analysis, in which translocation-positive FL clusters pre-
dominantly together with NMZL. The spectrum of aberra-
tions of NMZL is less specific and diagnostic criteria
between NMZL and translocation-negative FL are relatively
subjective, precluding full comparison between various
studies and preventing definitive conclusions from being
drawn.
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