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Abstract
The genetic basis of MALT lymphoma is largely unknown. Characteristic chromosomal
translocations are frequently associated with gastric and pulmonary cases, but are rare
at other sites. We compared the genetic profiles of 33 ocular adnexal and 25 pulmonary
MALT lymphomas by 1 Mb array–comparative genomic hybridization (CGH) and revealed
recurrent 6q23 losses and 6p21.2–6p22.1 gains exclusive to ocular cases. High-resolution
chromosome 6 tile-path array–CGH identified NF-κB inhibitor A20 as the target of
6q23.3 deletion and TNFA/B/C locus as a putative target of 6p21.2–22.1 gain. Interphase
fluorescence in situ hybridization showed that A20 deletion occurred in MALT lymphoma of
the ocular adnexa (8/42 = 19%), salivary gland (2/24 = 8%), thyroid (1/9 = 11%) and liver
(1/2), but not in the lung (26), stomach (45) and skin (13). Homozygous deletion was observed
in three cases. A20 deletion and TNFA/B/C gain were significantly associated (p < 0.001) and
exclusively found in cases without characteristic translocation. In ocular cases, A20 deletion
was associated with concurrent involvement of different adnexal tissues or extraocular sites
at diagnosis (p = 0.007), a higher proportion of relapse (67% versus 37%) and a shorter
relapse-free survival (p = 0.033). A20 deletion and gain at TNFA/B/C locus may thus play
an important role in the development of translocation-negative MALT lymphoma.
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction
Extranodal marginal zone B cell lymphoma of mucosaassociated lymphoid tissue (MALT lymphoma) arises
in the acquired MALT resulting from chronic inflammatory or autoimmune disorders. MALT lymphomas
of the stomach, skin and ocular adnexa are linked,
although to variable degrees, to infection with Helicobacter pylori, Borrelia burgdorferi and Chlamydia psittaci, respectively, while those of the salivary gland and thyroid are closely associated with
the autoimmune disorders lymphoepithelial sialadenitis and Hashimoto thyroiditis, respectively [1].
The acquisition of genetic abnormalities plays a critical role in the development of MALT lymphoma [1].

Four recurrent chromosomal translocations occur at
markedly variable frequencies in MALT lymphoma
of different sites. t(11;18)(q21;q21)/API2–MALT1
occurs frequently in the lung (40%), stomach (25%)
and ocular adnexa (∼10%) [2]. t(1;14)(p22;q32)/BCL
10–IGH, t(14;18)(q32;q21)/IGH–MALT1 and t(3;14)
(p13;q32)/FOXP1–IGH, are relatively infrequent,
t(1;14) and t(14;18) occurring mostly in the lung
(6–7%) and t(3;14) in the stomach (4%) [3–6]. While
the role of the early B cell development regulator
FOXP1 in lymphoma remains unclear [7], chromosomal translocations involving BCL10 or MALT1 exert
their oncogenic activities through the constitutive activation of NF-κB [8], leading to the expression of a
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number of genes involved in cell survival and proliferation. Importantly, gastric MALT lymphomas harbouring t(11;18)(q21;q21)/API2–MALT1 do not respond
to H. pylori eradication, underlying the importance of
detecting these translocations in clinical management
[9,10].
The majority of MALT lymphomas are negative for
these chromosomal translocations and their molecular genetics is poorly understood. Several trisomies
are frequently associated with MALT lymphoma
[11,12], particularly those without t(11;18)(q21;q21).
Our previous study of translocation-negative MALT
lymphomas of the stomach and salivary glands by
metaphase comparative genomic hybridization (CGH)
showed recurrent trisomies (3/12/18) and discrete
gains at 9q34, 11q11–13 and 18q21 [13,14]. Interestingly, these regions contain a number of genes
encoding positive regulators of the NF-κB pathway,
such as CARD9, TRAF2, RELA and MALT1. To
address whether MALT lymphomas of other sites show
common or distinct genetic alterations, we investigated the genomic profiles of ocular and pulmonary
MALT lymphomas by array–CGH, and characterized
novel abnormalities by interphase florescence in situ
hybridization (FISH) in MALT lymphomas of various sites.

Methods
Tissue specimens
Archival formalin-fixed paraffin-embedded tissue
(FFPE) biopsies from primary MALT lymphomas
were used for genomic profiling (ocular adnexa, 46
cases; lung, 31 cases) and FISH investigation (various anatomical sites, 185 cases). 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
Tumour cells were microdissected from haematoxylinstained slides and digested with proteinase K [15].
DNA was purified using phenol–chloroform or
QIAamp DNA Micro Kit (QIAGEN, Crawley, UK)
and quantified by Picogreen (Molecular Probes,
Eugene, OR, USA). DNA quality was assessed by
amplification of variously sized gene fragments [16]:
only cases with adequate DNA quantity and successful
amplification of 200 bp (19% cases) or larger product
(81% cases) were used for array–CGH.

Infectious agents and translocation status
Newly retrieved ocular adnexal MALT lymphoma
cases from Massachusetts General Hospital, Boston,
USA (cases 1–24, Table 2), were screened for
Chlamydia psittaci (CPS), C. trachomatis (CTR) and
C. pneumoniae (CPN) by PCR and for translocations
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t(11;18)(q21;q21), t(1;14)(p22;q32), t(14;18)(q32;q21)
and t(3;14) (p13;q32) by interphase FISH, as previously described [16,17], while data for the remaining cases were available from previous studies [2,4,]
[16,17,18].

Array–CGH
Genomic profiles were obtained using in-house 1 Mb
resolution genomic arrays containing 3038 BAC
clones in duplicate [15,19]. Briefly, 400 ng tumour
and reference DNA were labelled with Cy5 and Cy3,
respectively, using a Bioprime labelling kit (Invitrogen, Carlsbad, CA, USA). Array hybridization was
carried out for 48 h. Slides were scanned using an
Axon 4100A scanner (Molecular Devices, Sunnyvale,
CA, USA), images quantified using GenePix Pro 5.1
software (Molecular Devices) and primary data analysed using Microsoft Excel [19]. Genomic changes
were identified by an integrated approach combining
visual inspection and statistical analysis, with the mean
±3.2 SD (log2 value ±0.20) from normal male/female
hybridization used as the threshold value, as previously optimized for FFPE tissues [15]. Genomic
changes were ascertained by an adaptive threshold
(3–5.5 median absolute deviation) determined from
a hidden Markov model to take into account intraand intersample variations (RH, EC, MQD, manuscript
in preparation). Regions showing recurrent copy number changes were searched for potential targeted genes
(http://www.ensembl.org/Homo sapiens).
High-resolution chromosome 6 tile-path array–CGH
was performed similarly, using an in-house array containing 1780 BAC/PAC clones in duplicate [20].

Interphase FISH
BAC clones bPG296P20 (TNFA/B/C locus, 6p21) and
RP11-356i2 (A20 locus, 6q23), were labelled with
spectrum orange and spectrum green, respectively,
by nick translation (Abbott Laboratories, Maidenhead,
UK). Following confirmation of specificity by FISH
on metaphase spreads, the labelled probes were pooled
with the chromosome 6 centromere probe CEP6 aqua
(Abbott Laboratories) and interphase FISH on FFPE
tissue sections was performed as described previously
[2]. Image acquisition and processing was performed
using a fluorescent microscope (Olympus, BX61,
Tokyo, Japan) and Cytovision software (version 2 · 75;
Applied Imaging International, Newcastle, UK). The
three-colour FISH assay was validated using cases
with and without genetic changes identified by chromosome 6 tile-path array–CGH. The mean + 3SD of
false-positive signals in 100 nuclei from three reactive
tonsils and three MALT lymphomas without chromosome 6 abnormality by tile-path array–CGH was used
as the cut-off value for the diagnosis of aberrations.

Statistical analysis
Correlations between array–CGH/FISH results and
clinical parameters were performed using Fisher’s
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exact test (’stats Package’ in R version 2.5.1). The
probability of lymphoma relapse-free survival was
calculated by the Kaplan–Meier method, with logrank test for comparison (Statistical Package for Social
Sciences version 13, Woking, UK).

Results
1 Mb genomic profile of pulmonary MALT
lymphoma
Twenty-five pulmonary MALT lymphomas were successfully analysed by 1 Mb array–CGH. Nine cases
had t(11;18)(q21;q21), 2 had t(1;14)(p22;q32) and
14 were negative for the four MALT lymphomaassociated translocations. Overall, chromosomal gains
were more frequent than losses (Figure 1a). Trisomies were exclusively found in t(11;18)(q21;q21)negative cases, including t(1;14)(p22;q32)-positive
cases (Table 1). Trisomies 3, 12 and 18 were seen in
four, two and three cases, respectively, and concurrent
in two cases (Table 1).
Recurrent small discrete gains were found mainly at
8q24 (68%), 9q34 (68%) and 11q12–q13 (36%). They
were frequently concurrent, with 16/25 cases showing
gain at two of the three loci. Discrete deletions were
mainly observed at 9q33 (12%) and 14q32 (12%)
(Figure 1a). There was no significant difference in the
frequencies of discrete gains and losses between cases
with and without t(11;18)(q21;q21) (Table 1).

1 Mb genomic profile of ocular adnexal MALT
lymphoma
Thirty-three ocular adnexal MALT lymphomas
were successfully investigated by 1 Mb array–CGH.
The vast majority (30/33) were negative for
the four MALT-lymphoma-associated translocations.
Their genomic profiles showed several similarities
to pulmonary MALT lymphoma. First, trisomies 3,
12 and 18, often concurrent, were frequent and
restricted to t(11;18)-negative cases, including the
t(1;14)(p22;q32)-positive case. Second, discrete gains
were more frequent than losses, and mainly found
at 8q24 (67%), 9q34 (48%) and 11q12–q13 (18%)
(Table 2; Figure 1a).
However, unlike pulmonary cases, ocular adnexal
MALT lymphoma further showed alterations in chromosome 6 (Figure 1a). Gain of chromosome 6 was
found in eight cases (18%), including trisomy 6 (1/8),
and gain of whole or a major part of the p arm (6/8)
or 6p21–22 (1/8) (Table 2). Interestingly, 6p gain was
significantly associated with trisomy 3 (Table 2). Loss
of 6q was seen in four cases with a minimum common region (MCR) of deletion involving a single BAC
clone (RP11-95M15). Concurrent gain of chromosome
6/6p and loss of 6q23 was observed in two cases
(Table 2).
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Characterization of chromosome 6 abnormalities
by high-resolution chromosome 6 tile-path
array–CGH
This manuscript focused on the novel chromosome
6 abnormalities in ocular adnexal MALT lymphoma.
Chromosome 6 tile-path array–CGH was performed
on eight ocular adnexal cases showing chromosome 6
alterations by 1 Mb array–CGH, and nine cases from
the ocular adnexa (7) and lung (2) without evidence
of chromosome 6 changes. All chromosome 6 copy
number changes identified by 1 Mb array–CGH were
confirmed by tile-path array–CGH (Figure 1b).
Of the four cases with 6q deletion, tile-path
array–CGH revealed a MCR spanning 1226 kb
(137.2–138.4 Mb) at 6q23.3 (Figure 1b). Homozygous deletion was seen in one case that also had trisomy 6, while deletion was hemizygous in three cases.
The MCR of deletion harboured six genes, including interleukin 22 receptor α2 (IL22RA2 ), interferonγ receptor 1 (IFNGR1 ) and TNF-induced protein 3
(TNFAIP3, also known as A20) (Figure 1b). Statistical analysis among 6q-deleted cases showed a 603 kb
region (137.6–138.2 Mb) consistently within the lowest log2 value in each case and this region contained
only A20, a potent inhibitor of NF-κB signalling
[21,22].
Tile-path array–CGH identified gain at 6p21 in two
additional cases without unequivocal 1 Mb array–
CGH evidence of a 6p gain, and defined a restricted
MCR of gain of 8.2 Mb at 6p21.2–6p22.1. Four cases
further showed a recurrent focal peak (3–6 copies)
within the MCR, centred at BAC clone bPG296p20
(6p21.33) (Figure 1b). A search of the 15 genes in
this BAC clone and its vicinity revealed NFκBIL1
(NF-κB inhibitor-like 1), TNF (also known as TNFA),
lymphotoxin α (LTA or TNFB ) and lymphotoxin β
(LTB or TNFC ) as putative targets.

Characterization of chromosome 6 abnormalities
by FISH
Our FISH assay, simultaneously detecting A20, TNFA/
B/C and chromosome 6 centromere loci, confirmed
all the alterations identified by array–CGH and was
successfully applied to 166 MALT lymphomas from
various sites (Figure 2a–d).
Interphase FISH confirmed gain of extra copies
(1–3) of the TNFA/B/C locus with or without gain
of extra centromere probe signals (Table 3). Gain was
frequent in MALT lymphomas of the ocular adnexa
(11/42 = 26%) and salivary glands (5/24 = 21%),
but was rare or absent in those of the lung, stomach
and skin (Figure 2e).
A20 deletion was found exclusively in MALT lymphoma of the ocular adnexa (8/42 = 19%), salivary
glands (2/24 = 8%), thyroid (1/9 = 11%) and liver
(1/2) (Figure 2e). A20 homozygous deletion was seen
in 3/12 cases (Figure 2d). Interestingly, there was
a significant association between A20 deletion and
TNFA/B/C locus gain (p < 0.001; Figure 2f).
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Figure 1. Genomic profiles of MALT lymphoma by array-comparative genomic hybridization. (a) 1 Mb resolution array–CGH
profiles of 25 pulmonary and 33 ocular adnexal MALT lymphomas. (b) Characterization of chromosome 6 abnormalities in
ocular adnexal MALT lymphoma by high-resolution tile-path chromosome 6 array–CGH. Log2 -transformed normalized Cy5 : Cy3
intensity ratios were plotted against clone position (arranged in genomic order from pter on the left to qter on the right). Cases
12, 31 and 28: examples of 6q deletion with a MCR of 1226 kb at 6q23.3 spanning 11 overlapping BAC clones containing six genes
(SLC35D3, solute carrier family 35 member D3; IL20RA, interleukin 20 receptor α; IL22RA2, interleukin 22 receptor α; IFNGR1,
interferon-γ receptor 1; OLIG3, oligodendrocyte transcription factor 3; TNFAIP3, tumour necrosis factor-α-induced protein 3, also
known as A20). Cases 28, 30 and 11: examples of partial tetrasomy 6, involving a whole or major part of 6p. Case 11 shows a
focal peak centred at BAC clone bPG296p20, which contains the TNFA/B/C locus (6p21.33). Case 12 shows trisomy 6 and 6q23
homozygous deletion, while case 28 displays partial tetrasomy 6 and 6q hemizygous deletion
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Table 1. Chromosomal gains and losses in pulmonary MALT lymphomas identified by 1 Mb array–CGH analysis
Chromosomal changesa

Case

Translocation

Infectious
agents and
autoimmune
disease

1
2
3
4
5
6
7

t(11;18)
t(11;18)
t(11;18)
t(11;18)
t(11;18)
t(11;18)
t(11;18)

CPN, CTR
None
None
None
Haemolytic anaemia
CTR
CTR

8
9
10

t(11;18)
t(11;18)
t(1;14)

CTR
None
CTR

11
12

t(1;14)
None

None
CPS

13

None

CTR

14

None

None

15
16
17
18
19
20
21
22

None
None
None
None
None
None
None
None

CPN
None
None
Chronic bronchitis
CPS
CTR, chronic bronchitis
None
None

23
24
25

None
None
None

None
CPN
CPN

Gains
None
8q24, 9q34, 11p11–q13
8q24, 11q12–13
None
8q24, 9q34
3p14–21, 8q24, 9q34, 11q12–13
1p32–36, 2q35–37, 3p25, 3p14–21,
7p22, 8q24, 9q34, 11q12–13, 13q34
3p21, 8q24
8q24, 9q34
1p35, 3, 7p22, 7q22, 8q24, 9q34,
11p11–q13, 12, 18
3, 8q24, 9q34, 12, 18
2p25–q22, 3, 8q24, 9q34,
17q12–21
1p35–36, 7p22, 8q24, 9q34,
11p11–q13
12q24
None
7q11, 9q34
3p21, 5q35, 8q24, 9q34, 20q13
3p21, 7q22, 9q34
3, 8q24, 9q34, 18
8q24, 9q34, 11q12–13
8q24, 9q34, 13q34
3p14–21, 7p22, 7q22, 8q24, 9q34,
11q12–13, 13q34
None
8q24, 9q34, 11q12–13
None

Losses
None
9q33
None
14q32
None
None
None
None
None
9q33
8p22–23
2q22
9q33
1p36, 2p24–25, 3q13, 3q22–23,
5q23, 10q11–21, 14q32
None
14q32
19q13
None
None
None
None
None
None
None
None

a

Single BAC clone changes were included only if they were confirmed by tile-path array or fluorescence in situ hybridization.
CPS, Chlamydia psittaci; CTR, C. trachomatis; CPN, C. pneumoniae.

Both A20 deletion and TNFA/B/C gain were significantly associated with translocation-negative MALT
lymphomas (p = 0.002 and p < 0.001, respectively).
With the exception of one case, No. 13, FOXP1/
unknown partner, and a further case, No. 16, t(14;18)
(q32;q21)/IGH–BCL2 [24], all other cases with chromosome 6 abnormalities were negative for MALT
lymphoma-associated translocations (Table 3), while
44% of the cases without chromosome 6 abnormalities had a translocation. There was no significant
correlation between TNFA/B/C locus gain or A20 deletion and the pattern of expression of BCL10 and
MALT1 protein by immunohistochemistry.

Clinicopathological correlations
Unless otherwise stated, clinicopathological correlations were assessed in ocular adnexal MALT lymphoma, for which a sufficient number of cases
with adequate clinical data were available (Table 3).
Most of the patients were treated by radiotherapy,
with a follow-up period of 6–242 months (median
64 months). A20 deletion was significantly associated
with the involvement of the orbital soft tissue by

lymphoma at diagnosis (p = 0.027) and with concurrent involvement of different adnexal tissues or distant
spread at diagnosis (p = 0.007) (see Supporting information, Table S1). A20 deletion was also significantly
associated with a shorter lymphoma relapse-free survival (p = 0.033; Figure 3a). Lymphoma relapse was
more frequent (4/6, 67%) and occurred much earlier
(median 11 months) in the cases with A20 deletion
than in those lacking the deletion (6/16 cases, 37.5%;
median 51.5 months).
Trisomy 12 was significantly associated with lymphoma relapse (p = 0.047), being found in three of
nine relapsed cases, which involved distant lymph
nodes in two cases and the lip in the remaining case,
but in none of the 14 cases without relapse. Trisomy
12 was also significantly associated with a shorter
lymphoma relapse-free survival (median 10 months
versus 51.5 months without trisomy 12; p < 0.001;
Figure 3b). Among the three cases with trisomy 12
showing lymphoma relapse, one had A20 deletion,
one showed concurrent trisomies 3 and 18, and the
remaining case did not harbour any of these abnormalities. Interestingly, the case with concurrent A20
deletion and trisomy 12 showed repeated lymphoma
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Conjunctiva
Orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Conjunctiva
Orbital soft tissue
Lachrymal glands, orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Conjunctiva., lachrymal glands, orbital soft tissue
Conjunctiva, orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Lachrymal glands, orbital soft tissue
Lachrymal glands
Lachrymal glands
Orbital soft tissue
Lachrymal glands
Orbital soft tissue
Orbital soft tissue
Orbital soft tissue
Lachrymal glands
Conjunctiva
Ocular adnexa (NS)
Lachrymal glands
Orbital soft tissue
Lachrymal glands
Ocular adnexa (NS)
Orbital soft tissue
Orbital soft tissue
Conjunctiva

Anatomical location
t(11;18)
t(1;14)
FOXP1 and unknown partner
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Translocation
CPS
None
None
None
None
None
None
None
None
None
None
Ulcerative colitis
None
None
None
None
None
None
Hepatitis C
None
CPS
CPS
None
Hypothyroidism
None
None
CPN
None
HSV1/2
ADV8
CPS
Previous sarcoidosis
None

7p22, 8q24, 9q34
3, 8q24, 9q33–34, 12
6p21–22, 8q24, 9q33–34, 11q12–13, 18q21
3, 8q24, 9q34, 12, 18
3, 6p, 8q24, 9q32–34, 11p11–q13
7q11, 9q33–34
12q24
3p25, 3p21, 8q24, 9q33–34, 12
7q11, 7q22, 8q24, 16p13
8q24
3, 6p21–25, 8q24
3, 6, 8q24, 18
3p25, 3p21, 8q24
3, 8q24, 9q33–34, 17q12–21
6p, 9q32–34, 18q21
3p14–21, 6p, 7p22, 8q24
7p22, 8q24
5q35, 8q24
8q24, 9q33–34, 11q12–13
9q33–34, 11q12–13
5q35, 7p22, 7q22, 8q24, 9q34
8p21, 8q24, 11q12–13
1p32–36, 1p21–q23, 8q24, 11q12–13
3p21, 12
5q23, 9q33–34
9q33–34, 18q12–23
None
6p, 8p21, 8q24
None
3, 6p, 8q24, 12q24, 18
None
1p12, 9q34, 12q24
3p21, 8q24, 9q34, 18

Gains

b Single

Losses
9q33
9q33
None
9q33
None
9q33
1p32–34
2q33–34
None
None
None
6q23
6q16–25, 14q32
None
None
None
None
None
None
None
None
None
None
None
None
None
None
6q12–14, 6q16/24
9q33
None
1p32, 6q23
1p36, 1q41, 1q31, 2p24–25, 4q32–34
9q33

Chromosomal changesb,c

simplex virus and adenovirus status were available in cases 25–33 from a previous study [16].
BAC clone changes were included only if they were confirmed by tile-path array or fluorescence in situ hybridization.
c 6p gain was associated with trisomy 3: 4/8 (50%) cases with 6p gain had a trisomy 3, while only 3/25 (12%) cases without 6p gain had trisomy 3 (p = 0.042).
NS, not specified; CPS, Chlamydia psittaci; CTR, C. trachomatis; CPN, C. pneumoniae; HSV, herpes simplex virus; ADV, adenovirus.

a Herpes

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Case

Infectious agentsa and
autoimmune disease

Table 2. Chromosomal gains and losses in ocular adnexal MALT lymphomas identified by 1 Mb array–CGH analysis
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relapses and the shortest relapse-free survival (case 2,
Table 3).
There was no significant correlation between the
presence of clinical features of autoimmunity and
genomic abnormalities including A20 deletion and
TNFA/B/C locus gain. However, among the three cases
with homozygous A20 deletion, clinical data was
available in two and both cases had an autoimmune
disorder (Table 3).
In both ocular adnexal and pulmonary MALT lymphoma, there was no other apparent correlations
among genomic abnormalities, evidence of Chlamydia
infection, histological features, including plasma cell
differentiation and extent of high-grade blast transformation, BCL10 staining pattern, age, sex, geographical
origin, treatment and lymphoma relapse.

Discussion

Figure 2. A20 deletion and TNFA/B/C gain in MALT lymphoma
of various sites. (a–d) Three-colour FISH assay for investigation
of copy number changes at the A20 (RP11-356i2 labelled
with spectrum green) and TNFA/B/C (bPG296P20 labelled
with spectrum orange) loci, together with centromeric probe
CEP 6 (spectrum aqua); cell nuclei showing chromosome
6 abnormalities are indicated by arrows. (a) Validation of
FISH probes on metaphase spreads. (b) Ocular adnexal MALT
lymphoma case 32 without evidence of chromosome 6
genetic abnormalities by high-resolution tile-path array–CGH.
(c) Ocular adnexal MALT lymphoma case 28, showing A20
heterozygous deletion, four copies of the TNFA/B/C and three
copies of CEP6 probe signals. (d) Ocular adnexal MALT
lymphoma case 12, showing A20 homozygous deletion and gain
of an extra copy of the TNFA/B/C and CEP6 probe signals.
(e) Incidence of A20 deletion and TNFA/B/C gain in MALT
lymphomas of various anatomical sites. Additionally, both A20
deletion and TNFA/B/C gain have been found in one of the
two hepatic MALT lymphomas. (f) Association between A20
deletion and TNFA/B/C gain in MALT lymphomas of various
anatomical sites (p < 0.001). ∗ A20 deletion and gain at the
TNFA/B/C locus were exclusively found in cases negative for
MALT lymphoma-associated chromosomal translocations. # 44%
of the cases without chromosome 6 abnormalities had a MALT
lymphoma-associated chromosomal translocation

The genomic profiles of 33 ocular adnexal MALT
lymphomas and 25 pulmonary MALT lymphomas by
1 Mb array–CGH revealed both common and distinct
recurrent chromosomal imbalances. Both MALT lymphomas of the ocular adnexa and lung showed frequent
trisomies 3, 12 and 18 in t(11;18)(q21;q21)-negative
cases and recurrent discrete gains at 8q24, 9q34 and
11q11–13, similar to the previous findings in gastric
and salivary gland MALT lymphomas [13,14]. More
importantly, we identified recurrent gains of chromosome 6/6p and deletion of 6q23 in ocular adnexal but
not in pulmonary MALT lymphoma.
Deletion of 6q occurs frequently in a range of solid
tumours and haematological malignancies [25–27].
Nevertheless, the regions of 6q deletion are relatively large and heterogeneous, and the genes targeted
remain elusive [28]. In contrast, our study defined
a MCR restricted to 1226 kb at 6q23.3. Bioinformatic search identified A20 as the target of the deletion. While preparing our manuscript, Honma and
colleagues demonstrated a similar diminutive deletion at 6q23.3–24.1 in six of 24 ocular adnexal
MALT lymphoma cases and proposed A20 as the
deletion target [29,30]. A20, a potent inhibitor of
NF-κB signalling, is required for termination of TNFα
and TLR-induced NF-κB activation [21,22]. A20 can
specifically remove K63-linked polyubiquitin chains
from TRAF6, a key molecule downstream of the
CARMA1–BCL10–MALT1 complex in the NF-κB
activation pathway [31]. A recent study shows that
MALT1 and API2–MALT1 can proteolytically cleave
A20 [32], further implicating it in the molecular pathogenesis of MALT lymphoma.
By interphase FISH screening, we revealed that A20
deletion occurred preferentially in MALT lymphoma
of the ocular adnexa, salivary glands, thyroid and
liver, but not in those of the lung, stomach, skin and
small intestine. Importantly, A20 homozygous deletion, hence complete inactivation of the gene, was seen
in three of the 12 cases, suggesting that A20 is likely a
tumour suppresser gene. It remains to be investigated
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exception of case 9 (FOXP1 with an unknown partner), all other cases are negative for translocations involving MALT1, BCL10 and FOXP1. Cases 2–4 with A20 deletion correspond to array–CGH cases 8,
13 and 31, respectively; cases 9–15 with gain at TNFA/B/C locus correspond to array–CGH cases 3, 5, 11, 15, 16, 29 and 30, respectively; cases 5 and 8 with both chromosome 6 abnormalities correspond to
array–CGH cases 28 and 12, respectively, in Table 2.
b The abnormal A20 probe signal (one copy or less) was found in >50% of nuclei in 9/12 (75%) cases (overall range, 17–94%; median, 52%).
c The abnormal TNFA/B/C probe signal (three copies or more) was in >50% of nuclei in 13/19 (68%)cases (overall range, 20–94%; median, 61%).
d Gains of only one extra copy of the centromeric probe 6 associated with two extra copies of the TNFA/B/C locus, suggesting the presence of an isochromosome 6p-6p [23].
e Follicular lymphoma is clonally linked to MALT lymphoma and both lymphomas harbour t(14;18)(q32;q21)/IGH-BCL2 [24].
CEP, centromeric probe; — , unavailable; RT, radiotherapy; CR, complete response; m, months; LG, lachrymal glands; LN, lymph node.
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Table 3. Demographic and clinico-pathological characteristics of MALT lymphomas with chromosome 6 abnormalities identified by interphase fluorescence in situ hybridization
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Figure 3. Relapse-free survival in ocular adnexal MALT lymphoma. Kaplan–Meier estimates with and without: (a) A20 deletion;
(b) trisomy 12. The lymphoma relapse-free survival was measured from the time of the diagnosis to the date of the first relapse.
The event ‘relapse’ was right-censored

whether A20 is also inactivated by somatic mutation and/or promoter methylation. Importantly, we also
report for the first time evidence of an association
between A20 deletion and gain at the TNFA/B/C locus.
High-resolution chromosome 6 tile-path array–CGH
defined a 8.2 Mb MCR of gain at 6p21.2–22 and
identified a novel recurrent focal peak within this
MCR in four cases, which was centred at BAC clone
bPG296p20 (6p21.33). Interphase FISH confirmed that
this locus was further selected for extra copy gain,
albeit at a moderate level, and showed that such gain
was significantly associated with A20 deletion. Among
15 genes within this BAC clone and its vicinity, TNFA,
TNFB, TNFC and NFκBIL1 are the most relevant in
the context of lymphomagenesis. NFκBIL1, despite
its name, does not function as an NF-κB inhibitor
and may be involved in mRNA processing or translational regulation [33]. TNFA/B/C are powerful proinflammatory cytokines and potent activators of the
NF-κB pathway [34]. The increased dosage of their
genes may enhance their expression and thus NF-κBactivation. A20 restricts TNF-induced NF-κB activities
by inactivating and targeting the receptor interacting
protein RIP, an essential mediator of TNF receptor signalling [35], for degradation through regulation of its
ubiquitination [36]. A reduced A20 gene dosage may
impair such negative regulation and thus act synergistically with enhanced TNF receptor signalling.
The NF-κB activation pathway is commonly targeted by the oncogenic product of MALT lymphomaassociated translocations t(11;18)(21;q21)/API2–MALT1, t(1;14)(p22;q32)/BCL10–IGH and t(14;18)
(q32;q21)/IGH–MALT1 [8]. Our study revealed that
A20 deletion and TNFA/B/C gain occurred exclusively in MALT lymphomas without these translocations, providing evidence that genetic alterations in
translocation negative MALT lymphoma also target

the NF-κB pathway. Thus, a common molecular mechanism may be operational in these MALT lymphomas
involving different oncogenic events.
A20 deletion was preferentially associated with
MALT lymphoma of the ocular adnexa, salivary
gland and thyroid. MALT lymphomas of the salivary gland and thyroid are closely associated with
lymphoepithelial sialadenitis and Hashimoto thyroiditis, respectively [1]. There is evidence suggesting
an association between autoimmunity and ocular
adnexal MALT lymphoma, such as the involvement
of the ocular adnexa by systemic lupus erythematosus and Sjögren’s syndrome [37–38], frequent detection of serum rheumatoid factor in patients with
ocular adnexal MALT lymphoma [39] and recurrent
use of the autoimmune prone immunoglobulin heavy
chain variable gene VH3-23 by the lymphoma cells
[40]. TNF and TNF receptor signalling are critical
to many immune responses and their deregulation
is linked to several autoimmune disorders, including
rheumatoid arthritis and systemic lupus erythematosus
[41]. Recently, SNP genotyping shows that the A20
gene locus is also associated with risk of rheumatoid
arthritis [42] and systemic lupus erythematosus [43].
Clinical correlation in our series of ocular adnexal
MALT lymphoma did not show significant correlation
between A20 deletion or TNFA/B/C locus gain and the
presence of autoimmune disease, although two cases
with homozygous A20 deletion had an autoimmune
disorder. The retrospective nature of our study may
have underestimated the prevalence of autoimmunity
in our patient cohort, and study of additional patients
with clinical and laboratory evidence of autoimmunity
is warranted.
A20 deletion and trisomy 12 were associated with
adverse clinical parameters in ocular adnexal MALT
lymphoma. A20 deletion was significantly associated
with lymphoma involvement of the orbital soft tissue
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and with concurrent involvement of different adnexal
tissues or distant spread at diagnosis. A20 deletion was
also more frequent in cases with lymphoma relapse
than those without relapse and was significantly associated with a shorter lymphoma relapse-free survival.
Similarly, trisomy 12 was significantly associated
with both lymphoma relapse and a shorter lymphoma
relapse-free survival. In view of the recent reports that
a proportion of ocular adnexal MALT lymphoma is
associated with Chlamydia psittaci infection and could
be successfully treated by antibiotics [16,44], it is
pertinent to investigate whether these genetic abnormalities impact on such treatment response and to
prospectively validate the above clinical correlations
in a large cohort of cases.
In summary, we identified NF-κB inhibitor A20 as
the target of 6q23 deletion in ocular adnexal MALT
lymphoma and demonstrated that A20 deletion was
significantly associated with TNFA/B/C locus gain
and occurred preferentially in translocation negative
MALT lymphoma of the ocular adnexa and salivary
glands, but not in those of the lung and stomach. A20
deletion, associated with adverse clinical parameters in
ocular adnexal MALT lymphoma, may play a critical
role in the development of MALT lymphoma, particularly translocation-negative cases arising from sites
involved by autoimmunity. Our study warrants further
investigations to assess the potential link between A20
deletion, TNFA/B/C gain, NF-κB activation, autoimmunity and the development of MALT lymphoma.
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