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Abstract

Ocular adnexal marginal zone B cell lymphoma (OAMZL) can arise in the connective

tissues of the orbit, or from the mucosa associated lymphoid tissue in the conjunctiva.

Here we present the immunological and genetic analysis of 20 primary OAMZLs, of

which the combined data suggest that they represent a separate group of extranodal

marginal zone B cell lymphoma (MZBCL). Immunoglobulin (Ig) sequence analysis

demonstrated that OAMZLs have a biased IgV germline gene usage with preference for

VH4 family germline genes, and in particular VH4-34. Chlamydia psittaci DNA was not

detected, and neither the MZBCL-specific chromosomal translocations, t(11;18)

API2/MALT1 and t(14;18) IgH/MALT1. A20 (TNFAIP3), a negative regulator of the

NFκB pathway, was found mutated in two cases. Both mutations led to a premature stop

codon. Variable nuclear expression of BCL10, NFκB1 and NFκB2 suggests that

additional genetic abnormalities may exist in this group of lymphomas, affecting the

NFκB pathway. The chemokine receptor CXCR3 was expressed in only a proportion of

the cases. Likewise, the integrin receptor α4β7 was found to be variably expressed, with

an unexpected lack of correlation to mucosal localisation.
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Introduction

Extranodal marginal zone B cell lymphoma (MZBCL) generally arises at sites of acquired
mucosa associated lymphoid tissue (MALT). There is a strong association with persistent
infections, such as Helicobacter pylori, and with autoimmune diseases like Sjögren’s
syndrome.1 Hence, MZBCL are considered to have their origin in chronic inflammation,
which may be reflected in skewing of the immunoglobulin (Ig) repertoire; a significant
proportion of gastric and salivary gland MZBCLs were found to express B cell receptors
(BCR) with striking homology of their Ig complementarity determining region 3
(CDR3) amino acid sequence to known rheumatoid factors (RF).2 This specificity is
preserved over time. Selection against replacement mutations in the framework regions
(FR) of the Igs is a common feature of a large part of MZBCLs, suggesting that
conservation of a functional BCR is crucial for lymphoma persistence.2 On several
occasions, it has been shown that removal of the source of inflammation, e.g. by
antibiotics treatment of H. pylori associated gastric MZBCL, also eliminated the
lymphoma.2,3 There are some indications that the MZCBLs may be responsive to the
cytokines in their environment. Chronic inflammation from infection with intracellular
bacteria or autoimmune diseases like Sjögren’s syndrome, is usually characterised by high
levels of IFN-g.4-6 Similarly, MZBCLs generally contain significant amounts of IFN-g
transcripts, and express the chemokine receptor CXCR3, a direct target of the IFN-g
inducible transcription factor T-bet.7 Recently we reported that the inflammatory
environment of primary cutaneous MZBCL (PCMZL) is not characterised by IFN-g,
but rather by IL-4.8 Compatibly, most of lymphomas do not express CXCR3, and bear
class-switched Igs, this in contrast to the IgM expression of most MZBCLs at other sites.
The small proportion of the PCMZLs that were CXCR3+, were associated with Borrelia
burgdorferi and expressed IgM.8

The t(11;18) is the most frequently detected chromosomal translocation in MZBCLs.
The presence of t(11;18) API2/MALT1 usually excludes the presence of other
chromosomal translocations, and it appears to be negatively correlated with RF-
specificity.2,9,10 In addition, t(11;18)+ cases are unresponsive to treatment with antibiotics,
and are not prone to transform into high grade DLBCLs.11,12 Other recurrent genetic
abnormalities include t(1;14) BCL10/IgH, t(14;18) IgH/MALT1, trisomies chr3 and
chr18 and gains at 9q34, 11q11-13 and 18q21.9,13,14 Interestingly, many of these
aberrations lead to a constitutive or increased activation of the NFκB pathway. 

Ocular adnexal MZBCLs (OAMZL) have been associated with Chlamydia psittaci
infection. However, there is debate on the variation between the reported frequencies,
which is possibly linked to epidemiological distribution or sensitivity of the detection
methods.15-19 Beside assessing presence or absence of C. psittaci, the immunological
environment has hardly been explored in this entity. Five studies dealt with the Ig
sequences of OAMZL20-24, reporting preferential rearrangement of VH3 and VH4 family
germline genes. Emphasis has been given on the genetics of OAMZLs, with most recently
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the finding that the NFκB inhibitor A20 (TNFAIP3) is a frequent target of somatic
mutation and genomic deletions.25,26

Although it has been suggested that immunological stimulation may synergise with
genetical aberrations to obtain sustained NFκB activation27, most of the publications on
OAMZLs have limited focus to just one of the two factors. In this study, we have
addressed the immunoglobulin repertoire, the inflammatory environment and the
genetics of 20 OAMZLs. We provide evidence that OAMZL is a distinct entity among
MZBCL.

Materials and methods

Patient material
Our study group consists of a 20 patients diagnosed as primary ocular adnexal MZBCL,
between 1994 and 2008 at the Academic Medical Centre, Amsterdam, the Netherlands,
which is a referral center for orbital diseases. This panel contains 8 cases which were
previously included in a study on C. psittaci in OAMZL.28 Sites of origin included orbita
(n=13), conjunctiva (n=4) and eyelid (n=3). From patient OM09 several time points were
available for analysis: a premalignant orbital lymphoid hyperplasia (OM09A, ‘98), the
orbital MZBCL tissue (OM09B, ‘04) and a secondary metastasis with DLBCL
transformation in a groin lymph node (OM09C, ‘06). OM20 is a Sjögren-associated
lymphoma, previously published as M15.2

Diagnosis was established based on immunohistochemistry, according to the WHO
classification: CD3-, CD5-, CD10-, CD20+, CD79a+, BCL2+, BCL6- and cyclinD1-, and
for most cases also by exclusion of chromosomal translocations involving BCL1, BCL2,
BCL6 and MYC, assessed by split-FISH. The study was performed in accordance with
the ethical standards and approved by the research code committee on human
experimentation of our institute.

Light chain restriction based on immunohistochemistry was seen for most cases:
OM03, 08, 09, 04, 06, 07, 08, 09, 13, 16, 18, 21, 23, 24, 30 and 31 expressed kappa,
while OM04, 05, 15, 19, 20 and 29 expressed lambda. 

RNA isolation and cDNA synthesis
RNA was isolated from frozen tissue sections with the GenElute mammalian total RNA
miniprep kit (Sigma-Aldrich, Zwijndrecht, The Netherlands). The RT mix contained the
following: 0.1 mmol/l Pd(N)6 random primers (Amersham Pharmacia Biotech,
Roosendaal, The Netherlands), 8 U/µl molony murine leukemia virus RT (Invitrogen,
Breda, The Netherlands), 1 mmol/l of each dNTP, and 1.2 U/µl RNase inhibitor (Roche)
in 13 first strand buffer (Invitrogen). The reaction was performed for 1 hour at 37°C,
followed by 10 minutes of inactivation at 95°C.
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IgVH-CDR3 analysis
PCR amplification of the VHDJH rearranged Ig sequences used a forward primers in the
IgVH-gene family-specific leader sequences in combination with reverse primers specific
for JH, Cµ, Cδ, Cg, Cα and Cε (5’- CGGAGGTGGCATTGGAGG -3’), as previously
published.29 Reaction-mixture contents and the amplification-programs for the PCRs
were performed as described 29; with the exception that Taq Platinum (Invitrogen) was
used as polymerase enzyme. Sequencing on both strands was performed with the big dye
terminator v1.1 cycle sequencing kit (Applied biosystems, Nieuwerkerk a/d IJssel, The
Netherlands). In each case the tumour-sequence was confirmed in multiple independent
PCRs, excluding artifactual pseudo-clonality. The sequences were compared with the
Vbase30 and IMGT/V31 immunoglobulin databases to obtain the VHDJH rearrangement
and mutational status.32,33

IgV-CDR3 amino acid sequences were compared to each other and blasted to
Genbank (with the blastp-algorithm). A sequence was considered to be homologous
when (a) sharing at least 75% amino acid sequence homology and (b) a length difference
between the CDR3 sequences did not exceed 3 amino acids (maximum gap of 3 aa).2

Immunohistochemistry
CD20, CD3, CXCR3, α4β7, BCL10, NFκB1 and NFκB2 were visualised on frozen
tissue sections, with monoclonal antibodies against CXCR3 (clone 1C6, Pharmingen,
San Diego, CA), CD20 (clone L26, DAKO, Glostrup, Denmark), CD3 (clone SP7, Lab
Vision, Fremont, USA), α4β7 (Act-1)34, BCL10 (clone 151, DAKO), p105/50 (NFκB1)
(Cell Signaling Technology, Danvers, MA, USA) and p100/p52 (NFκB2) (clone 18D10,
Cell Signaling Technology), in combination with the Powervision+poly-HRP detection
system (ImmunoVision Technologies, Co, Daly City, CA, USA). All frozen tissue
sections were fixed with aceton, but in case of immunohistochemistry for BCL10,
NFκB1, NFκB2 a secondary fixation with paraformaldehyde was applied as well. 3,3’-
Diaminobenzidine (DAB) was used as chromogen for nuclear stainings, and 3-Amino-9-
ethylcarbazole (AEC) for the membrane markers, and haematoxylin for nuclear
counterstaining. Images were acquired on an Olympus BX51 microscope in combination
with an Olympus DP70 digital camera, at original magnification 3400. Included in the
analysis were only those cases in which the B and T cells, visualised with CD20 and CD3
stainings, were discernable as distinct populations, thus enabling an assessment of
expression by the tumour B cells. 

Cytokine RT-PCR
Semi-quantitative RT-PCR for IL-4, IFN-g, and actin were performed as described
previously.8

Genetic analysis
The presence of t(11;18) was tested with RT-PCR as described11 and/or split-FISH for
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MALT1 (18Q), using probes and FISH accessory kit according to manufacturers
recommendation (DAKO). t(3;14) FOXP1 was assessed by split-FISH as described
previously, using DIG-labelled probes RP11-118O11, -1031N18 and -430J3, and
biotin-labelled probes RP11-266O22 and -321A32.35

Mutation analysis for CARD11 (CARMA1) (NM_032415.3) and A20 (TNFAIP3)
(NM_006290.2) were performed by RT-PCR and subsequent sequencing of the PCR-
product. 

Primers used for CARD11 amplification: 5’-AAACTGGTGACTGGGAAAGAGC-3’
forward and 5’-CCAAAGTCCTGAGAGATGATGG-3’, resulting in a product covering
exon 3 to 7, encoding the coiled-coil domain and overlapping with the sequence that was
found mutated in DLBCL.36 The whole coding sequence of A20 was covered with 4
primer-pairs: 
fw1: 5’-AGGACTTGGGACTTTGCG-3’, rev1: 5’-TGGCCTTCTGAGGATGTTG-3’; 
fw2: 5’-GGAACTGGAATGATGAATGG-3’, rev2:5’-AGGTTCCATGGGATTCTGG-3’;
fw3: 5’-CATGAGTACAAGAAATGGCAGG-3’, rev3: 5’-TTTCTGCACTTGCTCGT
CC-3’;
fw4: 5’-GCCTGTCTCAAGCTGCAC-3’, rev4: 5’-ACCATGATGACTGACAGCTCG-3’.

Chlamydia psittaci detection
8 OAMZLs cases were previously tested and found negative for the presence of
Chlamydia psittaci DNA.28 Nine of the remaining cases were assessed for the presence of
the C. psittaci ompA gene using an internally controlled real-time PCR in the LightCycler
2.0 system as described previously.28,37

Results

IgVH-gene analysis
The clonal tumour IgVH-gene sequence was identified in all 20 lymphomas, generally by
using the JH6 reverse primer in combination with one or more of the primers specific for
the constant Ig regions. The majority of lymphomas (17/20) expressed non-class switched
Igs, i.e. IgVH-Cµ (IgM) and IgVH-Cδ (IgD) transcripts. Only 3 cases expressed class
switched Igs, either in addition to IgM (OM04 and OM30), or as single isotype (OM20).
(Table 1). The mutation frequency ranged from 3 to 53 mutations per IgVH-gene (mean
19). For OM17, the mutation frequency varied between PCR products, ranging from 18-
26 mutations per sequence. Analysis of the R/S ratios in the FR regions of IgVH according
to Chang and Casali38 established that for 10 cases this ratio was significantly below what
would be expected in case of random mutation in absence of selection. IgVH-gene usage
was limited to the VH4 (9 cases), VH3 (9 cases) and VH1 (2 cases) gene families. When we
include previously published cases; 26 by Coupland et al.21, 10 from Mannami et al.23, 8
from Adam et al.20, 12 cases by Hara et al.22, and 10 cases recently described by Bahler et al.24,
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it appears that the larger part of OAMZL express IgVH-gene rearrangements using a IgVH-
gene from the VH3 family (59%) and VH4 family (29%) (Supplementary table S1).
Within our series of patients, VH4 family genes appeared to be over-represented,
compared with the frequencies of normal marginal zone (MZ) B cells (45% versus 18%,
respectively). However, when the frequencies of all above mentioned studies are
combined, VH4 gene family usage is still somewhat elevated, but not statistically
significant (29%, p=0.150, in a 2-sided Fisher exact test) (Table 2). Interestingly, VH4-34
was used in 13 out of 86 (15%) OAMZL rearrangements and VH3-74, an IgVH-gene
normally seen only in 1.6% of normal MZ B cells, was found in 8.2% of OAMZLs.
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Table 1 IgVH sequence analysis of 20 ocular adnexal marginal zone B cell lymphomas.

Patient- Ig isotype IgVH- No. of R/S CDR3 sequence CDR3-

number (RT-PCR) rearrangement mutations FR length

OM03 Cµ/δ V4-59/D3-10/JH5 24 ins15a 1.3 c CAR DNVGLFTGGFDP WGQG 12

OM04 Cµ/δ/g/α V1-2/D3-3/JH6 3 0 CAR DKKRITIFGVVTYYYYGMDV WGQG 20

OM05 Cµ V3-30.3/D4-23/JH4 21 3.5 c CAR LSPAGGFFDY WGQG 10

OM08 Cµ/δ V3-23/D2-2/JH6 24 0.7 c CAK GQLREMKYYYYGMDV WGQG 15

OM09B/C Cµ/δ V3-9/D2-15/JH4 4 1/0 CAK DSGDNRCYPSSSAWCGVDY WGQG 19

OM11 Cµ/δ V4-34/D2-21/JH4 53 1.0 c CVG RDNDPDTYAGFDL WGQG 13

OM12A Cµ/δ V4-34/D2-8/JH4 21 6.0 CAG GSLGVAY WGQG 7

OM13B Cµ/δ V3-7/D5-24/JH4 15 9.0 CAA GKDTFDY WGQG 7

OM15 Cµ/δ V3-74/D2-21/JH4 9 2.5 c CAR GHGASESRTDF WGQG 11

OM16 Cµ/δ V4-34/D1-26/JH6 31 0.7 c CAR GGGKLGVDV WGRG 9

OM17 Cµ/δ V3-23/D2-15/JH4 18-26 b 1.0 c CAK IGWVGG(T/N)PT(N/D)F(A/D)Y WGQG 13

OM18 Cµ/δ V3-30/D3-10/JH4 14 1.5 CAR LLQPITLIRAPFDC WGQG 14

OM19 Cµ/δ V3-33/D1-1/JH4 10 1.0 CAR DLQNDAFDY WGRG 9

OM20 Cα V1-18/D4-23/JH4 41 1.1 c CAR ATLDLDGYMDF WGQG 11

OM21 Cµ V3-23/D6-19/JH4 nd nd CAK DRDSSGWRAIFDY WGQG 13

OM23 Cµ/δ V4-59/D3-9/JH4 14 1.0 CAR QRGGGGYDIFTGSSHFF(D/V)H WGQG 19

OM24 Cµ/δ V4-34/D2-15/JH3 11 0.8 c CAS PGYCSGGSCYPNGFDI WGQG 16

OM29A Cµ/δ V4-34/D3-10/JH5 21 1.0 c CAR GPTMVRGDESFDP WGQG 13

OM30 Cµ/δ/α V4-61/D2-8/JH3 8 1.0 CAR EVFDAFDI WGQG 8

OM31 Cµ/δ V4-30.4/D4-23/JH4 8 5/0 CAR ELRGSSVEY WGQG 9

a insertion of 15 nucleotides of unknown origin
b mutation number varied between clones
c p<0.05
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Supplemental table S1. 

IgVH gene family usage in ocular adnexal marginal zone B cell lymphomas.

VH 1 VH 2 VH 3 VH 4 VH 5 VH 6 VH 7

Coupland21 (Germany) 3 0 14 7 2 0 0

Adam20 (Germany) 0 0 6 1 0 0 1

Mannami23 (Japan) 0 0 7 3 0 0 0

Hara22 (Japan) 2 0 9 1 0 0 0

Bahler24 (USA) 2 0 3 4 1 0 0

This study (The Netherlands) 2 0 9 9 0 0 0

Total: 9 0 48 25 3 0 1

Table 2 Frequencies of IgVH gene family usage in ocular adnexal marginal zone B cell lymphomas.

VH 1 VH 2 VH 3 VH 4 VH 5 VH 6 VH 7 refs

normal naive B cells (n=368) 18% 0% 50% 24% 5% 0% 1% a, 43-45,52

normal MZ B cells (n=258) 10% 0% 66% 18% 3% 1% 2% a, 43-46

normal class switched  

memory B cells (n=447) 16% 0% 54% 22% 6% 0% 1% a, 44,45,53

gastric MZBCL (n=74) 12% 1% 64% 22% 1% 0% 0% 2,54-56

salivary gland MZBCL (n=34) 62% 0% 35% 3% 0% 0% 0% 2,54

pulmonary MZBCL (n=17) 12% 0% 59% 29% 0% 0% 0% 2,54

splenic MZBCL (n=147) 38% 1% 34% 22% 3% 1% 1% 2,57-59

cutaneous MZBCL (n=24) 25% 4% 63% 4% 0% 4% 0% 8,29,60,61

ocular MZBCL (n=86) 10% 0% 56% 29% 3% 0% 1% b, 20-24

a Bende et al. unpubslished
b this study



IgV-CDR3 amino acid sequences were blasted to GenBank. In contrast to MZBCLs
from the stomach and lung as previously reported2, no obvious pattern of homology, in
particular no RF-homology was observed. Some cases (OM03, OM04, OM16, OM19,
OM21, OM24, OM30, OM31) showed homology with different B cell chronic
lymphocytic leukemia (B-CLL) IgV-CDR3s, which were mostly mutated and not
belonging to one of the known homology groups. OM21 and OM24 shared the same
VHDJH-rearrangement with their homologous B-CLL.

Immunological background
In view of our recent findings on the group of PCMZL, we assessed the expression of
CXCR3 by immunohistochemistry. Although the great majority of OAMZL in this panel
expressed IgM, nearly two-third of the cases were CXCR3 negative, as demonstrated by
immunohistochemistry (Figure 1 and Table 3). Semi-quantitative RT-PCR showed low
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Figure 1  Expression of CXCR3 and a4b7 in ocular adnexal marginal zone B cell lymphomas.

The membrane markers CXCR3 and α4β7 are variably expressed among ocular adnexal MZBCL, with no

obvious correlation to mucosal localisation (conjunctiva). Depicted are examples of double negative, double

positive and single positive cases, with CD20 and CD3 staining to enable distinction in expression by tumour

B cells and infiltrating T cells. Original magnification 4003.

CD20

OM11

OM23

OM29

OM30

CXCR3 α4β7CD3



expression levels of both IFN-g and IL-4, this in contrast to other MZBCLs and
PCMZLs, respectively (Figure 2). C. psittaci DNA, as assessed by QRT-PCR, was
detected in none of the cases (Table 3). In our series, 10 out of 17 OAMZLs expressed
α4β7, while 28 out of 30 other MZBCL were α4β7+ ( Figure 1 and Table 3). 
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Table 3 Immunological environment and phenotype of ocular adnexal marginal zone B cell

lymphomas.

Patient C. psittaci CXCR3 a4b7 site of origin

OM03 - + - conjunctiva

OM04 - + - orbit

OM05 - - - eyelid

OM08 - - nd conjunctiva

OM09B - - nd orbit

OM11 - - - orbit

OM12A nd - + orbit

OM13B - - + orbit

OM15 - - - orbit

OM16 nd ni + orbit

OM17 - ni + orbit

OM18 - + - conjunctiva

OM19 - - + eyelid

OM20 - - + orbit

OM21 - ni ni orbit

OM23 - + - eyelid

OM24 - - + orbit

OM29A nd - + orbit

OM30 - + + orbit

OM31 - + + conjunctiva

PCMZL nd 4/32 a 6/7

MZBCL nd 17/20 a 28/30 b

DLBCL nd nd 2/28 b

FL nd 0/6 a 23/25 b

nd not done

ni not informative
a Including previously reported cases 2,8,50

b Including previously reported cases 2,48,50



Genetic aberrations
The typical MZBCL translocation t(11;18) AP1/MALT1 was not detected among the 18
OAMZLs tested (Table 4). Chromosomal translocations involving the IgH and FOXP1
genes have been reported for some OAMZLs, but none of the 11 cases tested here
harboured this translocation (Table 4). Mutation analysis of the coiled-coil domain of the
MALT1 interactor CARD11 did not reveal any aberrancy (table 4). For A20 (TNFAIP3),
a negative regulator of the NFκB pathway, two patients were found to carry a mutation,
both leading to a premature stopcodon (Table 4 and Figure 3). 
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Figure 2 Ocular adnexal marginal zone B cell lymphomas have little cytokine expression in the

tissue. 

Semi-quantitative RT-PCR for IL-4 and IFN-g, show that OAMZL have relatively low or no expression of these

cytokines, while cutaneous MZBCLs typically express IL-4 and other extranodal MZBCLs are characterised by

high IFN-g levels.

Figure 3 A20 mutation in ocular adnexal marginal zone B cell lymphomas. 

Two cases were found to bear a mutation in the A20 coding sequence, both leading to a premature stop-

codon. The traces illustrate the double peaks that indicated the presence of a mutation. A schematic

representation of the A20 protein with its functional domains (OTU, ovarian tumour domain; ZF, zinc-finger

domain), provides reference to the sites of mutation.
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Table 4 Genetic alterations in ocular adnexal marginal zone B cell lymphomas.

Patient MALT FOXp1 CARD11 A20 BCL10 NFkB1 NFkB2

FISH FISH mutation mutation IHC IHC IHC

OM03 - ni - - +/- +/- -

OM04 - - ni - - - -

OM05 - - ni - + +/- -

OM08 - - ni - nd nd nd

OM09B ni nd - - nd nd nd

OM11 - - - - - +/- -

OM12A - nd - - + + +

OM13B - - - - - +/- -

OM15 - nd - - - +/- +/-

OM16 - nd - Q503X - - -

OM17 - - - - - +/- ni

OM18 - - - - - - -

OM19 - - - - - +/- -

OM20 - - ni - - +/- -

OM21 - nd - - - ni -

OM23 ni - - - - +/- -

OM24 - - - - - +/- -

OM29A - nd - R271X - +/- -

OM30 - nd - - - + +/-

OM31 - nd - - + + +/-

PCMZL 0/11 8 nd nd nd 5/7 4/8 4/4

MZBCL 3/7 2 nd nd nd 5/7 3/4 3/7

DLBCL nd 0/1 nd nd 2/5 2/4 0/5

FL nd nd nd nd 2/4 2/4 0/4

nd not done 

ni, not informative

IHC immunohistochemistry



Nuclear BCL10, NFκB1 and NFκB2 were assessed immunohistochemically (Table 4 and
Figure 4). Weak nuclear BCL10 expression was observed in OM03, moderate and strong
expression was seen in OM05 and OM12A respectively (Figure 4), while for the other
cases nuclear expression was not detectable. Nuclear NFκB1 signal was seen in the
majority of OAMZLs, but the staining was weak as compared to t(11;18)+ MZBCL
controls and most DLBCL. Only OM12A presented with relatively strong nuclear
NFκB1 expression (Figure 4). Nuclear and cytoplasmic NFκB2 was mostly observed in
scattered foci throughout the tissue, often co-localising with T-cell rich area’s suggestive of
localised activation, e.g. by CD40 stimulation. Homogenous nuclear NFκB2 staining on the
majority of tumour cells was only seen in OM12A and OM15, and in the latter only weak. 
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Figure 4 BCL10, NFkB1 and NFkB2 expression in ocular adnexal marginal zone B cell lymphomas. 

Immunohistochemistry shows strong nuclear expression of  BCL10, NFκB1 and NFκB2 in a t(11;18)+ pulmonary

MZBCL (M20), and examples of absent (OM18), moderate (OM05) and strong (OM12A) staining in OAMZL.

Original magnification 3800.

BCL10

M20

OM18

OM05

OM12A

NFκB1 NFκB2



Discussion

MZBCLs generally arise in a background of chronic inflammation and despite strong
association with particular pathogenic infections and autoimmunity disorders, the antigenic
specificity of the lymphomas is generally unknown. One exception is the RF reactivity we
found for a significant proportion of gastric and salivary gland MZBCLs.2 MZBCLs
present with mutated BCRs, with the characteristics of selection against replacement
mutations in the framework regions, suggesting a dependence on structural integrity of the
BCR. These features were also present in the lymphomas described here. In addition, a skewed
IgVH-gene usage is regarded as a potential indication of selective pressure towards recognition
of certain epitopes. Overall, the results from 5 studies, including the 20 cases presented here,
suggest that VH4 family members are more often used in OAMZLs, in comparison to normal
marginal zone B cells, although this was not found to be statistically significant. Recently,
Bahler et al. presented a study of 10 ocular adnexal MZBCLs from the USA which showed
a restricted usage of VH4-34 (3 cases, 30%); a gene segment that has been associated with
autoimmunity and specificity for the red blood cell i/I antigens.1,39-42 Identical frequencies for
VH4-34 were previously found by Mannami et al.23 among ten patients in Japan. The panel
of 20 ocular MZBCLs from The Netherlands presented here, also included 5 cases with
VH4-34 (25%). However, in other studies the frequencies for VH4-34 were different: 2/26
cases (8%) from Germany by Coupland et al.21, 0/8 cases from Germany by Adam et al.20,
and 0/11 cases from Japan by Hara et al.22. Altogether, 13 of in total 86 (15%) OAMZL
used VH4-34, which is significantly higher than the frequency in normal MZ B cells
(3,5% n=254).43-46 It has been argued that the differences in IgVH-frequencies could represent
geographical variations in the presence of particular antigens, like the variation that is seen
for the C. psittaci association. However, it is difficult to correlate these two parameters from
separate studies, since both vary considerably throughout the geographical areas. Our study
and that of Bahler et al.24, by combining both analyses within the same patient groups, present
a skewed Ig repertoire in absence of C. psittaci. A screen for homology of the IgV-CDR3
amino acid sequences with other Ig sequences on Genbank did not reveal any obvious IgV-
CDR3 homology, and in particular no RF-homology. Some cases appeared to be homologous
to mutated B-CLL cases, which might point to a common antigen, yet to be determined. 

As it has been shown that CXCR3 is a direct target of the IFN-g inducible transcription
factor T-bet7, we speculated that CXCR3 expression on the MZBCLs is induced by the
IFN-g detected in the tissue. The ocular MZBCLs presented here, seem to lack abundant
expression of either IFN-g or IL4. CXCR3 expression was found in one third of the cases,
and as such appears unrelated to IFN-g expression or bacterial infection (as far as known).
Possibly, the CXCR3 expression by the OAMZLs is a remnant of an earlier infection, as
it has been shown that memory cells, once CXCR3+, maintain expression despite
decreasing IFN-g levels over time.47

Previously, the majority of MZBCL were found express the α4β7 integrin.2,48-50 In the
study by Liu et al.49, α4β7 was predominantly found in gastrointestinal MZBCL, whereas
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only in a minority of OAMZLs. In the current series, 10/17 OAMZLs expressed α4β7.
Unexpectedly, the expression did not correlate with mucosal localisation of the tumours,
as 2/3 conjunctival MZBCLs were α4β7-. 

The characteristic genetic aberrations in MZBCL, t(11;18) API2/MALT1, t(14;18)
IgH/MALT1 and t(1;14) BCL10/IgH involve the NFκB pathway. Most recently, other
molecules from the NFκB pathway have been implicated in lymphoma: The positive
regulators CARD11 (CARMA1), TRAF2, TRAF5, MAP3K7 (TAK1) and TNFRSF11A
(RANK) were found mutated in DLBCL36,51 and the negative regulator A20 (TNFAIP3)
was found to be a target of large chromosomal deletions and inactivating mutations in both
DLBCL51 and MZBCL26, in particular OAMZL13,25. In our genetic screen, 2 inactivating
A20 mutations were detected, but no translocations involving MALT1 or BCL10, nor
mutations in CARD11. The observed weak expression of p50 but not p52, suggests that
some additional cases may have an underlying genetic aberration involving the classical
but not the alternative NFκB pathway. Especially OM12A is a suspect candidate for an
NFκB activating genetic aberration, as suggested by the strong nuclear expression of all
three nuclear markers. Unexpectedly, OM16 and OM29A did not show nuclear
expression of p50, despite their A20 mutation. We do not know whether these A20
mutations are accompanied by deletion of the other allele, or are haplo-insufficient.
Neither is it known what the exact effect of A20 mutations is on the NFκB pathway. The
two-fold enzymatic activity of A20 has been shown to be required to terminate the signal
transduction via RIP. Mutation of A20 would lead to a prolonged signal upon activation
of the pathway, but perhaps does not provide a constitutive signal by itself. The finding
that some DLBCL patients with A20 deficiency also carried a mutation in another gene
of the NFκB pathway, suggests that A20 mutation alone does not attain maximal NFκB
activation.51 Interestingly, OM16 and OM29A both express Ig with VH4-34 in the
rearrangement and appear selected for preservation of functionality, as judged by the R/S
ratios. This suggests that BCR signals may be required to synergise with the defect in
negative regulation by A20, in order to obtain full-blown NFκB activation. This would
then be in contrast with the mutually exclusive findings of t(11;18) and RF-homology in
gastric, salivary gland and pulmonary MZBCLs, and the usual absence of other genetic
abnormalities in t(11;18)+ cases.2,9 The level of NFκB activation that results from the
API2/MALT1 seems sufficient to drive the lymphoma by itself. 
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