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Abstract
The diagnosis of splenic marginal zone lymphoma (SMZL) is frequently a challenge, due to
its lack of specific histological features and immunophenotypic markers, and the existence of
other poorly characterized splenic lymphomas defying classification. Moreover, the clinical
outcome of SMZL is variable, with 30% of cases pursuing an aggressive clinical course, the
prediction of which remains problematic. Thus, there is a real need for biomarkers in the
diagnosis and prognostication of SMZL. To search for genetic markers, we comprehensively
investigated the genomic profile, TP53 abnormalities, and immunoglobulin heavy gene
(IGH ) mutation in a large cohort of SMZLs. 1 Mb resolution array comparative genomic
hybridization (aCGH) on 25 SMZLs identified 7q32 deletion (44%) as the most frequent
copy number change, followed by gains of 3q (32%), 8q (20%), 9q34 (20%), 12q23–24
(8%), and chromosome 18 (12%), and losses of 6q (16%), 8p (12%), and 17p (8%). Highresolution chromosome 7 tile-path aCGH on 17 SMZLs with 7q32 deletion identified by
1 Mb aCGH or interphase FISH screening mapped the minimal common deletion to a
3 Mb region at 7q32.1–32.2. Although it is not yet possible to identify the genes targeted
by the deletion, interphase FISH screening showed that the deletion was seen in SMZL
(19/56 = 34%) and splenic B-cell lymphoma/leukaemia unclassifiable (3/9 = 33%), but not
in 39 cases of other splenic lymphomas including chronic lymphocytic leukaemia (n = 14),
hairy cell leukaemia (4), mantle cell lymphoma (12), follicular lymphoma (6), and others. In
SMZL, 7q32 deletion was inversely correlated with trisomy 18, but not associated with other
copy number changes, TP53 abnormalities, or IGH mutation status. None of the genetic
parameters examined showed significant and independent association with overall or eventfree survival. In conclusion, 7q32 deletion is a characteristic feature of SMZL, albeit seen
in isolated cases of splenic B-cell lymphoma/leukaemia unclassifiable, and its detection may
help the differential diagnosis of splenic B-cell lymphomas.
Copyright  2009 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction
Splenic marginal zone lymphoma (SMZL) is an indolent B-cell lymphoma first described in 1992 [1].
SMZL within the spleen classically displays a ‘biphasic’ nodular malignant lymphocytic infiltrate comprising an inner central zone of small lymphocytes surrounding or replacing the reactive germinal centre with
effacement of the normal follicular mantle, and an
outer zone of medium-sized lymphocytes resembling
marginal zone B cells. The neoplastic cells express

CD20, surface IgM, and often IgD, but are negative
for CD5, CD10, CD23, CD43, CD103, cyclin D1,
and annexin A1. The diagnosis of SMZL essentially
depends on the exclusion of other low-grade B-cell
lymphomas and can prove problematic because of a
lack of specific histological features and immunophenotypic and genetic markers [2]. In particular, SMZL
is frequently confused with other ‘low-grade’ Bcell non-Hodgkin lymphomas involving the spleen,
such as chronic lymphocytic leukaemia (CLL), hairy
cell leukaemia (HCL), mantle cell lymphoma (MCL),
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follicular lymphoma (FL), and lymphoplasmacytic
lymphoma (LPL), which can all show marginal zone
differentiation, thus mimicking the histological features of SMZL [3]. In addition, there are morphological variants of SMZL — for example, the red pulp
predominant diffuse variant, now known as splenic
diffuse red pulp small B-cell lymphoma in the 2008
WHO classification [4], and cases genuinely defying
the current classification [5]. Furthermore, SMZL is
increasingly diagnosed based on the investigation of
peripheral blood [6] and bone marrow biopsy without the ‘gold standard’ of splenic histological analysis,
where the lack of specific markers becomes even more
problematic.
In addition to the above problems with accurate
diagnosis, the clinical course of SMZL is highly variable: although the majority of cases show an indolent course with a median survival of approximately
10 years, 25% of cases pursue an adverse course with
a 5-year overall survival rate of only 50% [7,8] and a
further 10% of cases undergo rapid transformation to
diffuse large B-cell lymphoma with a median survival
time of less than 2 years [9]. Currently, it remains difficult to predict this variable clinical behaviour [7].
These practical issues in the diagnosis and prognosis
of SMZL are largely due to a lack of understanding of the genetics and molecular mechanisms underlying the biology of this lymphoma. Although several chromosome translocations have been described
in SMZL [10], it lacks recurrent translocations that
characterize many other low-grade B-cell lymphomas
[11]. Nonetheless, a number of recurrent genomic copy
number changes including gains of 3q, 5q, 9q, 12q, and
18q, and losses of 7q and 17p have been described in
several studies by conventional cytogenetic [12] and
metaphase comparative genomic hybridization (CGH)
analyses [13–18].
Among these genomic copy number changes seen
in SMZL, deletion of 7q appears to be the only
alteration generally not observed in other low-grade
B-cell lymphomas. However, the minimal common
region of 7q deletion and its potential diagnostic value
in SMZL are unknown. By interphase fluorescence
in situ hybridization (FISH), microsatellite LOH analysis, and metaphase CGH analysis, several studies
have mapped the common region of 7q deletion in
SMZL to 11.4 Mb at 7q31.3–7q33 [16,19]. More
recently, oligonucleotide array-based CGH has been
applied to study SMZL, but the small number of cases
studied has not contributed to further delineation of the
minimal common region of 7q deletion [20–22].
To characterize the minimal common region of 7q
deletion, we have investigated a large series of SMZLs
by 1 Mb resolution array CGH, followed by highresolution chromosome 7 tile-path array CGH. We
also investigated 7q deletion by interphase FISH in
SMZL and various other lymphomas involving the
spleen, which are often problematic in their differential
diagnosis from SMZL. Finally, we examined the influence of genomic copy number changes, TP53 genetic
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abnormalities, and immunoglobulin gene status on the
clinical presentation and course of the disease, and
assessed whether cases of SMZL showing deletion of
7q are clinically and molecularly distinct from other
cases of SMZL.

Materials and methods
Tissue materials
A total of 60 cases of well-characterized SMZL were
retrieved from the surgical files of the Departments
of Histopathology at University College London Hospital, London; the Royal Marsden Hospital, London; and the Centre Hospitalo-Universitaire (CHU)
Sart-Tilman, Belgium. The diagnosis of these cases
was based on histological assessment of the spleen.
Formalin-fixed, paraffin-embedded (FFPE) tissue was
available in all cases, with fresh frozen tissue available
in 19 cases. In addition, FFPE tissues were retrieved
from a series of non-marginal zone lymphomas
involving the spleen, including nine cases of splenic
B-cell lymphoma/leukaemia unclassifiable (SBCLU),
14 cases of CLL, four cases of HCL, 12 cases of
MCL, six cases of FL, two cases of LPL, and one
case of B-cell pro-lymphocytic leukaemia (B-PLL).
The diagnosis of these lymphomas was made according to the recent WHO classification of tumours of
haematopoietic and lymphoid tissues [5]. Local ethical guidelines were followed for the use of archival
tissues for research, with the approval of the ethics
committees of the institutions involved.

DNA preparation and quality assessment
Appropriate fresh frozen or FFPE tissue blocks containing at least 60% neoplastic cells based on histology and CD20/CD3 immunohistochemistry were
selected and used for DNA extraction. This was carried out by standard proteinase K digestion, followed
by phenol/chloroform/isoamyl-alcohol extraction. The
quality of DNA samples from FFPE tissues was
assessed by PCR amplification of variably sized gene
fragments, and those with successful amplification of
genomic fragments larger than 300 bp and the DNA
samples from frozen tissues were subjected to array
CGH [23].

Array comparative genomic hybridization (aCGH)
Genomic profiles of SMZL were first obtained using
an in-house 1 Mb resolution genomic array containing 3040 analysable BAC clones in duplicate as
previously described [23]. Briefly, 400 ng of test
(tumour) and reference DNA was labelled using a
Bioprime Labelling Kit (Invitrogen, Carlsbad, CA,
USA). Array hybridization was carried out for 48 h
and then scanned and quantified using a GenePix Pro
5.1 on an Axon 4100A scanner (Molecular Devices,
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Sunnyvale, CA, USA). The primary data were analysed using Microsoft Excel. As previously described
[24], genomic changes were identified by an integrated
approach combining visual inspection, assessment by
a hidden Markov model, and statistical analysis with
the mean ±3.0 standard deviations (SD) (log2 value
±0.19) and mean ±3.2 SD (log2 value ±0.20) derived
from normal male/female hybridizations used respectively as the threshold values for frozen and FFPE
tissues [23]. Regions showing recurrent copy number changes were searched for potential target genes.
Clones were aligned using NCBI build 36.
A high-resolution tile-path array was constructed for
chromosomes 6, 7, 8, 9, and 18, containing 1780, 1514
(and an earlier chromosome 7 array with 1509 clones),
1358, 987, and 697 analysable BAC/PAC clones in
duplicate, respectively. CGH using this tile-path array
was similarly performed and analysed as above.

Fluorescence in situ hybridization (FISH)
Deletion at 7q32 was investigated by interphase FISH
on FFPE sections using a previously established assay
containing a SpectrumOrange-labelled probe (BACs:
RP11-786I1, RP11-66F23, CTD-2529B23, and RP11198N5) at 7q32, a SpectrumGreen-labelled probe at
7p22.3 [11], and additionally a SpectrumAqua-labelled
chromosomal enumeration probe for chromosome 7
(CEP7) (Abbott Laboratories). Similarly, TP53 deletion and chromosomes 3, 12, and 18 copy number
changes were investigated by interphase FISH with
commercial probes: TP53 /CEP17, CEP3, CEP12, and
CEP18, respectively (Abbott Laboratories). The interphase FISH was carried out essentially as described
previously [24], modified such that tissue sections of
the spleen were additionally pretreated in 8% sodium
isothiocyanate at 80 ◦ C for 10 min following deparaffinization. FISH slides were scored independently by
two pathologists and the mean +3 SD of signals in
100 nuclei from ten reactive tonsils was used as the
cut-off value for the diagnosis of aberrations.

TP53 mutation analysis
This was carried out in 56 cases of SMZL (19
frozen samples and 37 FFPE samples) where adequate
DNA samples were available. Exons 5–10 were
screened for mutations by high-resolution melting
(HRM) curve analysis [25,26]. A total of seven primer
sets were designed, targeting fragments 129–190 bp
in size (and thus suitable for HRM-based mutation
screening) (Supporting information, Supplementary
Table 1). The PCR conditions for each of these primer
sets were systematically optimized using appropriate
TP53 mutants prior to data collection and are detailed
in the Supporting information, Supplementary Table 1.
PCR and HRM were performed in a RotorGene 6000
rotary analyzer (Corbett Research). HRM analysis was
performed by incubating the PCR product with Syto-9
dye and performing a temperature ramp from 75 ◦ C to
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93 ◦ C, rising by 0.1 ◦ C every 4 s. PCR products found
to be abnormal by HRM screening were sequenced
in both orientations using the BigDye v3.1 kit on
an Applied Biosystems 3730 48-Capillary Sequencer
(Applied Biosystems).

Immunoglobulin gene rearrangement
and mutational analysis
The rearranged immunoglobulin heavy chain gene
(IGH ) locus was amplified using BIOMED-2 FR1,
FR2, and consensus JH primer sets [27]. PCR products
were separated by polyacrylamide gel electrophoresis,
purified, and directly sequenced as described above.
The V,D,J segment usage and mutational status were
ascertained by searching the sequence in the database
of the International Immunogenetics Information System (http://www.imgt.org). By convention, less than
98% germline homology was considered to represent
somatic hypermutation.

Clinicopathological correlation and survival
analysis
Overall survival (OS) was measured from the date of
diagnosis to death from any cause. Event-free survival (EFS) was measured from the date of diagnosis to disease progression, relapse or death from
any cause. Kaplan–Meier curves were used to estimate the OS and EFS time-related probabilities of
survival among SMZL patients with different genetic,
clinical, and histopathological characteristics, and the
log-rank test was used to estimate the significance of
differences between survival distributions. All variables with a p value of less than 0.1 were included
in a multivariate analysis using the Cox proportional
hazards regression model. Model selection for identifying the subset of significant variables was based
on a forward stepwise procedure using the maximum
likelihood ratio test. Relationships between 7q status
and clinical and molecular variables were evaluated
using Fisher’s exact test (for 2 × 2 tables) or the chisquared (χ 2 ) contigency table test. p values less than
0.05 were considered statistically significant. All analyses were performed using the SPSS package (v13.0)
(Woking, UK).

Results
Genomic profiles of SMZL by 1 Mb aCGH
1 Mb resolution aCGH was successfully performed
in 25 cases of SMZL including 18 with frozen tissues and seven with only FFPE tissues (data are
available in the Supporting information, Supplementary material). With the exception of two cases,
all the remaining 23 cases showed either genomic
gains or losses, or both (Figure 1A and Table 1).
The most frequent genomic copy number change
was loss of 7q (11/25 = 44%) with a 4.9 Mb region
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Figure 1. Array CGH and FISH findings. (A) Karyogram showing genomic copy number changes in 25 cases of SMZL. (B) Tile-path
resolution aCGH of chromosome 7 in SMZL showing minimal deleted region (MDR). (C) Detection of deletion of the MDR at
7q32 by interphase FISH using probes to the p-arm (SpectrumGreen), centromere (SpectrumAqua), and 7q32 (SpectrumOrange).
Panel i shows a case of SMZL with intact 7q; panel ii shows an example of SMZL with hemizygous 7q deletion. The table to
the right shows that 7q deletion is a frequent event in SMZL and SBCLU, but is not observed in other lymphomas involving
the spleen, which are often confused with SMZL in their diagnosis. SMZL = splenic marginal zone lymphoma; SBCLU = splenic
B-cell lymphoma/leukaemia unclassifiable; CLL = chronic lymphocytic leukaemia; MCL = mantle cell lymphoma; HCL = hairy cell
leukaemia; FL = follicular lymphoma; LPL = lymphoplasmacytic leukaemia; B-PLL = B-cell pro-lymphocytic leukaemia

at 7q32.1–q32.34 (127.1–132.0 Mb) being the minimally deleted region (MDR). Interestingly, 7 of 11
(64%) cases with 7q deletion showed no genomic
gain, whereas 4 of 14 cases (29%) without 7q deletion
lacked any genomic gain (p = 0.116). Other frequent
copy number changes were gain of 3q (8/25 = 32%,
with three cases showing trisomy, and the region
of common gain spanning 3q26.2–q28), 8q (5/25 =
20%, with the minimal common region gained being
at q24.3-qter), 9q34 (5/25 = 20%, with one case showing a focal amplification), 12q23–24 (2/25 = 8%,
with one case showing trisomy), and chromosome
18 (3/25 = 12%). Recurrent losses were seen on 6q
(4/25 = 16%), 8p (3/25 = 12%), and 17p (2/25 = 8%,
with the minimal common region of loss mapping
to 17p13 containing TP53 ). In addition, a single
case showed amplification of two separate clones,
RP11-440P5 (2p16.1) and RP11-21P18 (2p11.2), with
only the former clone containing a known oncogene
(BCL11A).

Characterization of chromosomes 6, 7, 8, 9,
and 18 abnormalities by tile-path resolution aCGH
To further characterize the recurrent changes on chromosomes 6, 7, 8, 9, and 18, we performed highresolution chromosome-specific tile-path aCGH. Chromosome 7 tile-path aCGH was carried out in a total
of 29 cases of SMZL including 17 cases with 7q32
deletion identified by 1 Mb aCGH (11 cases) or interphase FISH (six cases) (data are available in the Supporting information, Supplementary material). This
allowed us to further map the MDR to a 3.04 Mb
region at 7q32.1–32.2 (127.03–130.07 Mb). Nonetheless, none of these cases showed any definite evidence
of homozygous deletion (Figure 1B). A search of this
minimal common region of deletion revealed 44 coding genes. Among the known genes, potential targets
include SND1, IRF5, hNIPA, and TSPAN33 (Supporting information, Supplementary Table 2). In addition
to these coding genes, a cluster of six microRNAs is
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Table 1. Genomic copy number changes in SMZL by 1 Mb aCGH
Chromosomal changes∗
Case No

Tissue type

Gains

Losses

1
2
3
4
5
6
7

Frozen
FFPE
FFPE
Frozen
Frozen
Frozen
Frozen

None
None
None
None
None
None
None

8
9
10
11

Frozen
FFPE
Frozen
Frozen

12
13
14
15
16
17
18
19
20
21
22

Frozen
Frozen
Frozen
Frozen
FFPE
Frozen
FFPE
Frozen
FFPE
Frozen
Frozen

12q23.5–q24.33
7q22.1, 9q34.1-qter
2p16.1, 2p11.2, 8q
1q21.1–q31.1, 5p15.33–q35.3, 6p25.3–21.1,
7pter-7q21.11, 7q33.3-qter, 8q21.3-qter
3q
3, 18
3, 18
8q24.3-tel
3q26.2-qter, 9q33.3-qter
None
None
3, 6p, 12
3q, 9q34.11-qter
3p25.1-qter, 8q12.3–q24.4, 18
3q21.1-tel, 8q11.21–q24.3, 9q34.3, 19p13.2

23

Frozen

9q34.11–q34.3, 9q34.3, 17p13.1–p12

24
25

Frozen
FFPE

None
None

7q31.1–q35
7q31.31–q35
7q31.33–q36.1
7q31.2–32.3, 14q32.12–q32.33
7q32.1-qter, 6p22.3–22.1
7q31.31–q36.2, 19p13.2, 19q12
7q11.2–q11.22, 7q21.11-qter, 11q14.3–q23.1,
12p13.31–q13.13, 14q32.33
7q31.1-qter
7q22.1–q33
7q31.31–35, 8p
6q23.3, 7q21.11–q32.3, 8pter-p12
None
None
None
None
None
6q12–q27
3q28–q29
6q
6q26-qter
12q13.11–q13.12
8p, 9p13.2, 13q14.2–14.3, 17p13.1–p12, 19p13.3,
19p13.2–p13.12, 19p12
9p24.3–p13.2, 9q33.2–q33.3, 10q24.1–q24.32,
17p13.3–p13.1, 21q21.3–22.13
None
None

∗ Abnormalities in bold denote amplification or homozygous deletion.
FFPE = formalin-fixed, paraffin-embedded tissue; frozen = snap-frozen tissue.

contained within the MDR (Supporting information,
Supplementary Table 3).
Chromosomes 6, 8, 9, and 18 tile-path aCGH was
successfully performed in 12 cases showing copy
number changes on these chromosomes by 1 Mb
aCGH. This confirmed the findings at 1 Mb resolution
and did not reveal any further cryptic amplifications
or deletions undetected by 1 Mb aCGH.

7q deletion is preferentially associated with SMZL
To determine the incidence of 7q32.1–32.2 deletion and its potential diagnostic value, we investigated 7q32 status by interphase FISH in a large
series of SMZLs and other lymphomas involving the
spleen often confused with SMZL. The 7q32.1–32.2
deletion, invariably hemizygous, was seen in 19/56
(33.9%) cases of SMZL (Figure 1C). The deletion
was not observed in any case of non-marginal zone
splenic lymphomas. Interestingly, 3/9 (33%) cases
of SBCLU also showed this deletion. The histology
and immunophenotype of the three cases of SBCLU
showing 7q32.1–32.2 deletion were extensively characterized by immunohistochemical and molecular
methods (1 Mb aCGH, cytogenetics, and FISH) and
critically reviewed by haematopathologists (PGI,
LdeL, and AW), and no change in their diagnosis was

considered. The histology and immunophenotype of
these cases are described in Table 2 and Figure 2.

TP53 abnormalities; trisomies 3, 12, and 18;
and IGH mutation in SMZL
TP53 hemizygous deletion was seen in 4/52 cases
of SMZL by interphase FISH and homozygous deletion was not seen in any case. Mutation in the TP53
coding region was investigated by HRM analysis and
subsequent sequencing, and seen in 7/56 cases of
SMZL, with six cases showing a missense mutation
and the remaining case displaying an insertion (Supporting information, Supplementary Table 4). Of the
46 cases with both TP53 deletion and mutation data,
a total of nine cases (19.5%) showed TP53 genetic
abnormalities, including two cases with biallelic inactivation — deletion of one allele and mutation of the
remaining copy.
Interphase FISH showed trisomies 3, 12, and 18 in
9/58 (16%), 9/58 (16%), and 10/58 (17%) cases of
SMZL, respectively, with 5–7% of cases harbouring
two of the three trisomies.
A total of 45 cases underwent successful immunoglobulin gene analysis and six of these showed two
clonally rearranged IGH genes (Supporting information, Supplementary Table 5). Analysis of variable
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71 F

2

3

Splenomegaly and
lymphocytosis

Splenomegaly and
lymphocytosis

Splenomegaly and
cytopaenia

Clinical presentation

IV

IV

IV

Stage

Positive CD20, Bcl-2, IgM (weak
IgD)
Negative CD3, CD5, CD23,
cyclin D1, Bcl-6

No additional copy number changes
identified by 1 Mb aCGH

No copy number changes other than
7q deletion identified by 1 Mb
aCGH

Small cells

Inconspicuous nucleoli

Clumped chromatin

t(11 : 14) negative

White and red pulp
nodules

Heavy infiltrate of both
red and white pulp

No additional copy number changes
identified by 1 Mb aCGH
Cytogenetics: del(4q31), del (7q),
−6, +18

Prominent nucleoli

Negative CD23, CD10, CD3,
CD11c, cyclin D1, DBA.44,
TRAP, CD30, CD138, CD38

Positive CD20, CD79a, CD5,
Bcl-2, IgM, IgD, IgK restricted

Negative CD3, Bcl-6, cyclin D1,
CD10, CD138, CD38, annexin,
TRAP, DBA.44

73% heterozygous deletion of TP53
Cytogenetics: +5, −6, del(7q), −8,
del(9q), +11

Intermediate cell size
Granular chromatin

Positive CD20, CD79a, CD5,
IgM, IgD, CD11c, CD23 (weak),
Bcl-2, IgK restricted

Immunophenotype

t(11 : 14) negative

Genetic findings

Red and white pulp
infiltration and
intrasinusoidal disease

Histology

FCM = fluorouracil, cisplatin, and mitomycin C; R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone.

46 M

Age/sex

1

Case No

Table 2. The clinical, histological, immunophenotypic features of splenic B-cell lymphoma/leukaemia unclassifiable with 7q32 deletion

Watch and wait for 4 years,
followed by splenectomy for
anaemia. Incomplete response,
with persistent lymphocytosis
Alive and well with stable
lymphocytosis 46 months from
diagnosis

Recurrent and progressive
lymphocytosis with B symptoms
11 months later. Treated with
R-CHOP with complete
remission
Alive and well with no evidence
of disease 24 months from
diagnosis

Treated with splenectomy

Alive and well with no evidence
of disease 49 months from
diagnosis

Treated with 3 cycles of FCM,
followed by allogeneic bone
marrow transplantation. Relapsed
4 months later, but responded to
donor lymphocyte infusion

Treatment and follow-up
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Figure 2. Histological and immunophenotypic findings of a case (case 1, Table 2) of splenic lymphoma/leukaemia unclassifiable.
A diffuse lymphocytic infiltrate can be seen expanding the white pulp but also heavily infiltrating within the red pulp and showing
intrasinusoidal disease. The malignant lymphocytes are of intermediate size with granular chromatin and prominent nucleoli, and
the ‘biphasic’ morphology classically seen in SMZL is absent. Immunohistochemistry reveals the tumour cells to be positive for
CD20 and IgM. CD10 is negative. There is also expression of CD5, but cyclin D1 is negative. There is patchy staining for CD11c
but DBA.44 is negative

region gene usage showed an apparent bias towards
use of VH1-2 (19/51 = 37%) and VH 4-34 (5/51 =
10%). Somatic mutation was seen in 33/51 (65%) IGH
gene rearrangements and 29/45 (64.4%) cases, and
ranged from 0% to 13.6%. There was no evidence of
bias in VH segment usage between cases with somatically mutated and non-mutated IGH genes.

Correlation among genetic abnormalities
and clinicopathological parameters
Follow-up data were available for 24 cases of SMZL,
ranging from 12 to 204 months (mean = 63.3 months;
median = 58 months). The OS and EFS after 5 years
were 84.4% and 55.8%, respectively. The results
of Kaplan–Meier univariate analysis of the genetic
and clinical variables in prognosis are summarized
in Table 3. Trisomy 12 and the use of VH3 family
variable gene segment were significantly associated
with worse OS (p < 0.017 and p < 0.018, respectively), but showed no correlation with EFS. Adjuvant
chemotherapy was significantly associated with worse
EFS (p < 0.012). Nonetheless, multivariate analysis

showed that none of these parameters correlated significantly with OS or EFS (Supporting information,
Supplementary Table 6).
The 7q32 status was compared with a range of
genetic findings including TP53 genetic abnormality; trisomies 3, 12, and 18; and IGH variable gene
usage and somatic mutation, as well as clinicopathological parameters including stage and disease progression (Table 4). Only trisomy 18 was found to
be significantly correlated with the absence of 7q32
deletion (p = 0.02). Two cases showed transformation
to a high-grade lymphoma, and both were negative
for 7q32 deletion, with one case showing trisomy 18
and the other displaying concurrent trisomies 3, 12,
and 18.

Discussion
The genomic profile of SMZL by aCGH in the
present study, the largest series reported to date, is
in line with the previous findings by earlier metaphase
CGH [13–18] and, more recently, array-based CGH
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Table 3. Univariate analysis for prognosis by the Kaplan–Meier method
Overall survival

Factor

2 year (cumulative
probability of survival)

Age, years
<59 (n = 9)
≥60 (n = 21)

1
0.889

Sex
Male (n = 12)
Female (n = 20)

0.815
1

Monoclonal protein
Present (n = 7)
Absent (n = 21)

0.857
1

Clinical stage
<IV (n = 2)
IV (n = 26)

1
0.926

Extrasplenic solid disease
Yes (n = 14)
No (n = 10)

0.844
1

Bone marrow involvement
Yes (n = 27)
No (n = 2)

0.963
1

Arcaini prognostic index
Low (n = 1)
Moderate (n = 19)
High (n = 10)

1
1
0.900

Lymphocytosis
Yes (n = 20)
No (n = 10)

0.95
1

Villous lymphocytes
Yes (n = 15)
No (n = 11)

1
0.875

Chemotherapy
Yes (n = 12)
No (n = 20)

0.917
1

7q deletion
Yes (n = 11)
No (n = 21)

1
0.952

Genomic copy number changes
0–2 (n = 8)
3+ (n = 9)

1
0.714

Any of trisomies 3, 12, 18
Positive (n = 9)
Negative (n = 23)

0.889
1

Trisomy 3
Positive (n = 4)
Negative (n = 28)

1
0.964

Trisomy 12
Positive (n = 5)
Negative (n = 27)

0.800
1

Trisomy 18
Positive (n = 6)
Negative (n = 26)

1
0.962

TP53 status
Abnormal (n = 7)
Normal (n = 23)

1
0.957

IgH mutation
Yes (n = 8)
No (n = 18)

0.944
1

p value [log-rank
(Mantel-Cox)]

Event-free survival
5 year (cumulative
probability of remaining p value [log-rank (MantelEF)
Cox)]

0.165

0.409
0.171
0.137

0.106

0.411
0.175
0.149

0.066

0.183
0.476
0.550

0.576

0.207
1
0.698

0.163

0.896
0.144
0.277

0.216

0.082
0.634
1

0.386

0.571
1
0.663
0.263

0.816

0.666
0.602
0.556

0.221

0.918
0.530
0.646

0.565

0.012
0.245
0.784

0.694

0.094
0.875
0.419

0.116

0.750
0.438

0.246

0.268

0.085
0.389
0.663

0.182

0.164
0.375
0.586

0.017

0.111
0.277
0.622

0.768

0.090
0.333
0.662

0.264

0.604
0.467
0.627

0.297

0.442
1
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Table 3. Continued
Overall survival

Factor

2 year (cumulative
probability of survival)

IgVH family usage
VH1 (n = 13)
VH2 (n = 1)
VH3 (n = 7)
VH4 (n = 3)
VH5 (n = 2)

Event-free survival
5 year (cumulative
probability of remaining
p value [log-rank (MantelEF)
Cox)]

p value [log-rank
(Mantel-Cox)]
0.018

0.701
1
0.000
1
0.5

1
1
0.857
1
1

Table 4. Correlation of 7q32 deletion with clinical and
molecular features

0.143

Table 4. Continued
7q32 status

7q32 status
Factor
Any of trisomies 3, 12, 18
Positive
Negative

Deleted (%) Intact (%) p value∗

Factor

Deleted Intact
(%)
(%) p value∗

Extrasplenic solid disease
Yes
No

4 (67)
2 (33)

10 (53)
9 (47)

0.660

Bone marrow involvement
Yes
No

9 (90)
1 (10)

17 (89)
2 (11)

1

1

Failure to achieve complete remission
Yes
No

3 (30)
7 (70)

12 (55)
10 (45)

0.265

0.020

Monoclonal protein
Present
Absent

0 (0)
8 (100)

7 (33)
14 (67)

0.142

Ann Arbor stage
I
II
IV

0 (0)
2 (9.5)
0 (0)
2 (9.5)
10 (100) 17 (81)

3 (16)
16 (84)

12 (33)
24 (67)

0.213

1 (6)
18 (94)

6 (17)
30 (83)

Trisomy 12
Positive
Negative

3 (16)
16 (84)

3 (17)
30 (83)

Trisomy 18
Positive
Negative

0 (0)
19 (100)

9 (25)
27 (75)

Genomic copy number changes
0–2
3+

5 (45)
6 (55)

8 (62)
5 (38)

Genomic gains
Yes
No

4 (36)
7 (64)

10 (71)
4 (29)

IGH gene mutated
Positive
Negative

8 (62)
5 (38)

19 (68)
9 (32)

IGVH family usage
VH1
VH2
VH3
VH4
VH5

10 (72)
1 (7)
2 (14)
1 (7)
0 (0)

11 (38)
0 (0)
11 (38)
5 (17)
2 (7)

TP53 status
Abnormal
Normal

3 (20)
12 (80)

6 (19)
25 (81)

1

Disease progression
Yes
No

2 (18)
9 (82)

9 (43)
12 (57)

0.248

analysis [20–22]. Together, these studies show that the
most recurrent genomic gains are 3q, 5, 8q, 9q, 12q,
and 18, and the most recurrent losses are 7q, 6q, 8p,
and 17p. By high-resolution chromosome 7 tile-path
aCGH analysis of cases with 7q deletion identified
by 1 Mb aCGH and FISH screening, we have further
mapped the MDR of 7q deletion in SMZL. By interphase FISH screening, we have also demonstrated that
7q deletion is preferentially associated with SMZL,
and thus potentially valuable in its diagnosis and differential diagnosis.

Death from disease
Yes
No

1 (9)
10 (91)

3 (14)
18 (86)

1

The minimal common region of deletion
on chromosome 7q in SMZL

Leukaemic disease
Yes
No

8 (80)
2 (20)

13 (59)
9 (41)

0.425

Villous lymphocytes
Yes
No

6 (67)
3 (33)

9 (47)
10 (53)

0.434

Trisom Negative Positive y 3
0.401

0.682

0.116

∗

0.372†

Fisher’s exact test.
contigency test.

† χ2

0.733

0.106†

Based on ten cases of SMZL with 7q deletion investigated by metaphase CGH from three independent
studies and interphase FISH mapping, Andersen et al
[14] mapped the minimally deleted region to an
11.4 Mb region spanning 7q31.33–7q33. The number
of cases investigated by aCGH in the more recent studies is small, not permitting further narrowing of the
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MDR. By high-resolution chromosome 7 aCGH analysis of 17 cases of SMZL with 7q deletion, we have
mapped the MDR to a 3.04 Mb region at 7q32.1–32.2
(127.03–130.07 Mb). Our findings are in line with
those reported in a meeting abstract by MartinezCliment et al, who reported a 3.6 Mb region of deletion at 7q32 (126–130 Mb), using a 1 Mb resolution
platform [28].
Loss of chromosome 7q is seen in several solid
malignancies [29] and also in myelodysplastic syndrome (MDS)/acute myeloid leukaemia (AML) [30].
However, the regions of 7q deletion identified in
MDS/AML show considerable heterogeneity [31],
with regions of recurrent loss being described at 7q22
[32], 7q31 and 7q33 [33,34], and 7q35–36 [35] without a single commonly deleted region, and differ from
that identified in SMZL. Similarly, the region of recurrent loss seen in solid malignancies (7q31.2) is distinct
from that seen in SMZL. There are two fragile sites in
the region, FRA7G at 7q31.2 and FRA7H at 7q32.3
[36–39], but again the MDR seen in SMZL does not
involve either of the fragile sites and falls between
the two. In addition, the breakpoints of 7q deletion in
SMZL are variable and among the 15 cases identified
in this study, none of the breakpoints is recurrent or
located at the fragile sites.
The genes targeted by the 7q32.1–32.2 deletion in
SMZL remain elusive. Previous studies by loss of heterozygosity (LOH), FISH, and CGH, and our current
high-resolution aCGH analysis, have failed to reveal
any solid evidence of homozygous deletions in this
MDR that can facilitate the identification of the genes
targeted by the deletion. Although a number of genes
in the 7q region have been shown to be underexpressed
in SMZL by a previous cDNA microarray study, these
genes (CAV1, CAV2, and GNG11 ) are located at 7q31,
outside the MDR defined in this study, and intriguingly
their reduced expression appeared to be unrelated to
7q31 deletion [40]. There are 44 coding genes within
the MDR that we have identified, including 30 known
genes and 14 uncharacterized genes, as well as a noncoding retrotransposed pseudo-gene. In addition, there
is a small region of imprinted genes flanking MEST
at 129.92 Mb [41]. Among the characterized genes,
several are candidate tumour suppressor genes (Supporting information, Supplementary Table 2) such as
PAX4 [41,42], SND1 [43], CCDC136 [44,45], IRF5
[46–50], TSPAN33 [50], and Z3CH3C1 [51].
The second possible target of the deletion is a cluster
of microRNAs (miRNAs) including miR-593, miR129-1, miR-182, miR-96, miR-183, and miR-335 (Supporting information, Supplementary Table 3). miRNAs are endogenously expressed small single-stranded
RNA molecules that can mediate the degradation and
translational repression of a range of target mRNAs
[52]. There is mounting evidence indicating that miRNAs can function as oncogenes and tumour suppressor genes, and miRNA genes are the targets of
genetic alterations in human cancers. The long sought
after target of the recurrent 13q14.3 deletion in CLL
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has recently been shown to be a cluster of miRNAs
[53–55], lending credence to the hypothesis that miRNAs might be the target of 7q32 deletions in another
low-grade B-cell lymphoma, SMZL. One study examined the expression of mir-29a and mir-29b1 in SMZL
by quantitative real-time reverse transcriptional PCR
and showed that they were underexpressed in SMZL
relative to other B-cell lymphomas, but their expression was independent of the 7q deletion status [56]
and, importantly, these miRNAs lie distal to the MDR.
Despite our having significantly narrowed down
the 7q MDR in SMZL, it remains a challenge to
ascertain the genes targeted by the deletion. In view
of the large number of coding genes and miRNAs
that could be the potential targets, identification of
the deletion target requires a combined analysis of
both the coding and the non-coding genes as well as
putative miRNA targets, utilizing genomic expression
profiling, quantitative RT-PCR of miRNA/mRNAs,
and sequence analysis of the candidate genes for
somatic mutation in a large series of SMZLs with and
without 7q deletion.

Deletion at 7q32 may be a useful ancillary test
in the diagnosis of SMZL
The frequencies of 7q32 deletion reported in SMZL
by previous studies are remarkably variable and this
is largely attributed to the small number of cases
investigated and the different sensitivities of the
methods used. The studies using metaphase CGH
showed 7q32 deletion in 14–24% [13–18], while
those using an LOH approach demonstrated the deletion in 29–69% [15,16,19]. By using interphase FISH
on tissue microarray sections, Remstein et al [11] studied 210 SMZLs and found 7q32 deletion in 16% of
cases. This is much lower than the frequency (19/56 =
33.9%) detected by interphase FISH on whole tissue sections in the present study. There are important
differences between the two studies. The study by
Remstein et al used a two-colour FISH assay (SpectrumGreen probe at 7p22.3 and SpectrumOrange probe
at 7q32.1) and a very strict criterion (a group of
at least 16 abnormal cells) to diagnose the deletion,
while we included a further centromere probe as a
reference control and used the mean plus 3 SD from
reactive tonsils as the cut-off value to diagnose the
deletion. Importantly, all cases showing 7q32 deletion
by FISH with tissue available (17/19) were investigated by chromosome 7 tile-path aCGH and 100%
concordance was seen. The incidence of 7q32 deletion reported in the present study is also identical to
that reported by Martinez-Climent et al, who studied
75 cases of SMZL by BAC aCGH [28].
SMZL remains a diagnosis of exclusion and histological diagnosis can be problematic, particularly the
differential diagnosis from other low-grade B-cell lymphomas involving the spleen. To assess the potential
diagnostic utility of 7q32 deletion, we screened a total
of 48 cases of non-marginal zone B-cell lymphomas
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involving the spleen. The 7q32 deletion was not seen
in any case of CLL, MCL, HCL, FL, LPL or B-PLL,
but was observed in 3/9 (33%) cases of SBCLU. This
is the first report in the literature, to our knowledge, of
the incidence of 7q deletion in SBCLU [57] (including splenic red pulp lymphoma diffuse subtype and
HCL variant). Although the number of these cases
was small, the proportion of cases showing deletion
at 7q32 in this series was comparable to that seen
in cases of SMZL, suggesting that these cases may be
biologically related to ‘classical’ SMZL and that FISH
for 7q32 may be useful in excluding other lymphoma
subtypes in a case when the diagnosis of SBCLU is
being entertained.
Several earlier studies by conventional karyotyping
and metaphase CGH analyses reported 7q32 deletion
in isolated cases of CLL and HCL [13,13,58–61].
Nonetheless, the more recent studies by array CGH
showed 7q deletion in none of the 16 cases of HCL
[62] and at a low frequency (∼3%) in large series of
CLL [63–65]. Taken together, these findings suggest
that 7q32 deletion is preferentially associated with
SMZL and SBCLU. Thus, FISH for 7q32 deletion may
be a useful ancillary test in the diagnostic assessment
of splenic B-cell lymphomas.

7q deletion and other molecular features do not
appear to define unique groups within SMZL
In this study, 19.5% of cases of SMZL showed
TP53 deletion and/or mutation. This compares well
with the prevalence of TP53 abnormalities described
in the paper by Gruszka-Westwood et al [66]. We
did not, however, observe the reduction in overall
survival in TP53 abnormal cases described by that
group (Table 3). We found that approximately 65%
of cases of SMZL displayed somatic hypermutation
in their rearranged IGH genes. This is in line with
the incidences reported previously [67–70], although
there is considerable variability in these studies [69].
With respect to VH segment usage, we also found
an apparent bias towards VH1-2 in SMZL, which
although in keeping with findings from large Spanish
[67] and Italian [69] cohorts, also shows marked
variability in published studies. We did not find any
correlation between IGH status and clinical outcome
(Table 3). This finding is at variance with those
reported by Algara et al [67] and Novara et al [68],
but is in keeping with observations by Chacon et al
[8], Arcaini et al [69], and Kalpadakis et al [70], in
which relatively large series of SMZL were examined.
Most importantly, we found that 7q deletion did
not appear to define a subgroup within SMZL with
respect to either molecular or clinical features. We
did not see any correlation between 7q32 deletion,
unmutated IGH gene status, TP53 abnormalities, and
reduced overall or event-free survival. This finding is
at variance with the correlation between 7q deletion
and both naı̈ve IGH gene status and clinical outcome
described by Algara et al [67]. The reason for the variability between our series and the previous studies is
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unknown, but may be attributed to both the relatively
short period of follow-up and the small cohort size of
these studies on a lymphoma subtype that usually pursues an indolent clinical course, with a median survival
of 10 years. Nonetheless, gene expression profiling
studies seem to support the assertion that SMZL is
a homogeneous entity biologically, as there was no
evidence of subsets defined by either 7q deletion or
IGH gene mutation status [40,71].
In conclusion, we have shown that 7q deletion in
SMZL targets a 3.04 Mb region at 7q32 and that
the deletion is frequent in SMZL and SBCLU, but
not in other low-grade B-cell lymphomas involving
the spleen that are often problematic in differential
diagnosis from SMZL. Detection of 7q32 deletion may
be a useful ancillary test in the diagnostic assessment
of splenic B-cell lymphomas.
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SUPPORTING INFORMATION ON THE INTERNET
The following supporting information may be found in the online version of this article.
Supplementary material. The normalized log2 array CGH values used in this study.
Table S1. Primers used for TP53 mutation screening by HRM.
Table S2. Putative tumour suppressor genes mapping to the 7q32 MDR in SMZL.
Table S3. miRNAs mapped to the 7qMDR in SMZL.
Table S4. TP53 genetic abnormalities in SMZL.
Table S5. IGH variable segment gene usage and mutation in SMZL.
Table S6. Results of multivariate analysis for prognosis evaluated by the Cox proportional hazards
regression method.
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