
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

B cell biology and the development of mature B cell lymphomas

Bende, R.J.

Publication date
2010

Link to publication

Citation for published version (APA):
Bende, R. J. (2010). B cell biology and the development of mature B cell lymphomas. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/b-cell-biology-and-the-development-of-mature-b-cell-lymphomas(0e247c0d-ce19-44a5-9fe6-5b629976e571).html


Chapter 6

Immunological and gene�c characteriza�on of
ocular adnexal marginal zone B cell lymphoma

Febe van Maldegem, Thera A.M. Wormhoudt, Marijn M.S. Mulder,
Monique E.C.M. Oud, Esther Schilder-Tol, Alex R. Musler, Jan Aten,

Peerooz Saeed, Marie José Kersten, Steven T. Pals, Carel J.M. van Noesel and 
Richard J. Bende

In prepara�on



90

Ocular adnexal marginal zone B cell lymphomas

6

Immunological and gene�c characteriza�on of ocular 
adnexal marginal zone B cell lymphoma

Febe van Maldegem1, Thera A.M. Wormhoudt1, Marijn M.S. Mulder1, Monique E.C.M. Oud1, Esther 
Schilder-Tol1, Alex R. Musler1, Jan Aten1, Peerooz Saeed2, Marie José Kersten3, Steven T. Pals1, Carel 
J.M. van Noesel1 and Richard J. Bende1.

1 Department of Pathology, Academic Medical Center, University of Amsterdam, Amsterdam, The 
Netherlands
2 Netherlands Ins�tute for Neuroscience, Amsterdam, The Netherlands 
3 Department of Hematology, Academic Medical Center, University of Amsterdam, Amsterdam, 
the Netherlands 

Abstract
Ocular adnexal marginal zone B cell lymphoma (OAMZL) arise in the connec�ve �ssues of the orbit, 
or in the mucosa associated lymphoid �ssue of the conjunc�va. Here we present the immunological 
and gene�c analyses of 20 primary OAMZLs. Immunoglobulin (Ig) sequence analysis demonstrated 
that OAMZLs have a biased IgVH germline gene usage with preference for VH4-34 and VH3-74. 
We did not detect Chlamydia psi�aci nor the extranodal marginal zone B cell lymphoma-specific 
chromosomal transloca�ons, t(11;18) API2-MALT1 and t(14;18) IgH/MALT1. A20 (TNFAIP3), a 
nega�ve regulator of the NFκB pathway, was found to be mutated in two cases. Both muta�ons 
led to a premature stop codon. Variable nuclear expression of BCL10, NFκB1 (p50) and NFκB2 
(p52)  sggested that addi�onal gene�c abnormali�es, affec�ng the NF-κB pathway, exist within this 
group of lymphomas. The chemokine receptor CXCR3 was expressed in a propor�on of the cases. 
Likewise, the integrin receptor α4β7 was found to be variably expressed, with an unexpected lack 
of correla�on to mucosal localiza�on. The combined data suggest that OAMZL represent a separate 
group of extranodal marginal zone B cell lymphoma.
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Introduc�on
Extranodal marginal zone B cell lymphoma (MZBCL) generally arises at sites of acquired mucosa-
associated lymphoid �ssue (MALT) and are associated with persistent infec�ons such as Helicobacter 
pylori gastri�s, or with organ-specific autoimmune diseases like Sjögren’s syndrome.1 In general, 
MZBCLs express soma�cally mutated immunoglobulin variable region (IgV) genes, mostly of the 
IgM isotype. Selec�on against replacement muta�ons in the framework regions (FR) of IgV genes is 
a common feature of most MZBCLs, sugges�ng dependence on a func�onal B cell receptor (BCR).2 
A significant propor�on of gastric- and salivary gland- MZBCLs was found to express BCRs with 
striking homology to canonical rheumatoid factors (RF). Moreover, RF ac�vity of these MZBCLs was 
proven in vitro by ELISA using recombinant MZBCL-derived IgM.2 MZBCLs are cri�cally dependent 
on the chronic inflammatory environment, illustrated by the cure of a propor�on of H. pylori 
associated gastric MZBCLs by bacterial eradica�on with an�bio�cs.3 There are indica�ons that 
MZBCLs are responsive to cytokines in their environment. Chronic inflamma�on due to infec�on 
with intracellular bacteria or autoimmune diseases like Sjögren’s syndrome, is characterized by high 
levels of IFN-γ.4-6 MZBCL �ssues generally indeed contain significant amounts of IFN-γ transcripts, 
and the MZBCL tumor B cells express the chemokine receptor CXCR3, a direct target of the IFN-γ 
inducible transcrip�on factor T-bet.2;7;8 Recently we reported that the inflammatory environment 
of primary cutaneous MZBCL (PCMZL) is not characterized by the presence of IFN-γ, but rather 
by IL-4. Accordingly, the majority of PCMZLs do not express CXCR3, and bear class-switched Igs. 
Interes�ngly, a small propor�on of IgM-PCMZL did express CXCR3 and some of these cases are 
associated with Borrelia burgdorferi.7 
The t(11;18) is the most frequently detected chromosomal transloca�on in MZBCLs. The presence 
of t(11;18) API2-MALT1 usually excludes the presence of other chromosomal transloca�ons, and it 
appears to be nega�vely correlated with RF-specificity.2;9;10 In addi�on, t(11;18)+ gastric MZBCLs are 
unresponsive to treatment with an�bio�cs, and are not prone to transform into high grade diffuse 
large B cell lymphomas (DLBCLs).11;12 Other recurrent gene�c abnormali�es include t(1;14) BCL10/
IgH, t(14;18) IgH/MALT1, trisomies of chr3 and chr18 and gains at 9q34, 11q11-13 and 18q21.9;13;14 
Interes�ngly, many of these aberra�ons lead to a cons�tu�ve or increased ac�va�on of the NFκB 
pathway. 
Ocular adnexal MZBCLs (OAMZL) have been associated with Chlamydia psi�aci infec�on in studies 
from Italy, South Korea, Germany and Austria.15-18 However, we in the Netherlands, nor other 
inves�gators from the USA and Japan could confirm the presence of C. psi�aci in OAMZL.19-22 These 
findings suggest geographical differences regarding this associa�on.
Other than the presence or absence of C. psi�aci, the immunological environment has hardly been 
explored in OAMZLs. Five studies dealing with the IgV sequences of OAMZL, reported preferen�al 
rearrangement of VH3 and VH4 Ig family germline genes.20;23-26 Most recently it was reported that 
the NFκB inhibitor A20 (TNFAIP3) is a frequent target of soma�c muta�on and genomic dele�ons in 
OAMZLs.27;28 In this study, we have analyzed the IgVH repertoire, the inflammatory environment and 
the gene�cs of 20 OAMZLs. We provide evidence that OAMZL is a dis�nct en�ty among MZBCL.
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Materials and Methods

Pa�ent Material:
For this study we selected 20 pa�ents of which frozen �ssues were available, diagnosed as primary 
ocular adnexal MZBCL, between 1994 and 2008 at the Academic Medical Center, 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. psi�aci in OAMZL.19 Sites of origin included orbita (n=13), 
conjunc�va (n=4) and eyelid (n=3). From pa�ent OM09 several �me points were available for 
analysis: premalignant orbital lymphoid hyperplasia (OM09A, ‘98), the orbital MZBCL �ssue 
(OM09B, ‘04) and a secondary metastasis with DLBCL transforma�on in an inguinal lymph node 
(OM09C, ‘06). OM20 is a Sjögren-associated lymphoma, previously published as M15.2 
The diagnosis was established based on immunohistochemistry, according to the WHO classifica�on: 
CD3-, CD5-, CD10-, CD20+, CD79a+, BCL2+, BCL6- and cyclinD1-, and for most cases also by exclusion of 
chromosomal transloca�ons involving BCL1, BCL2, BCL6 and MYC, as assessed by split-FISH.29 The 
study was performed in accordance with the ethical standards and approved by the research code 
commi�ee on human experimenta�on of our ins�tute. 
Ig light chain restric�on 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 Ig kappa, while OM04, 05, 15, 19, 20 
and 29 expressed Ig lambda light chains. 

RNA isola�on and cDNA synthesis
RNA was isolated from frozen �ssue sec�ons 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 1x first strand buffer (Invitrogen). The reac�on was performed 

for 1 hour at 37°C, followed by 10 minutes of inac�va�on at 95°C.

IgVH-CDR3 analysis
The VHDJH rearranged Ig sequences were amplified using IgVH-gene family-specific forward primers 
in combina�on with reverse primers for JH, Cμ, Cδ, Cγ, Cα and Cε (5’- CGGAGGTGGCATTGGAGG 
-3’), as previously published.30 Reac�on-mixture contents and the amplifica�on-programs for the 
PCRs were performed as described 30. Sequencing on both strands was performed with the big dye 
terminator v1.1 cycle sequencing kit (Applied biosystems, Nieuwerkerk a/d IJssel, The Netherlands). 
The IgVH-gene sequence of the tumor was confirmed in mul�ple independent PCRs, excluding 
ar�factual pseudo-clonality. The sequences were compared with the Vbase (h�p://vbase.mrc-cpe.
cam.ac.uk/vbase1/dnaplot2.php) and IMGT/V (h�p://imgt.cines.fr/) immunoglobulin databases to 
obtain the VHDJH rearrangement and muta�onal status.31;32 
IgVH-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 visualized on frozen �ssue sec�ons, with 
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monoclonal an�bodies against CD20 (clone L26, DAKO, Glostrup, Denmark), CD3 (clone SP7, Lab 
Vision, Fremont, USA), CXCR3 (clone 1C6, Pharmingen, San Diego, CA), α4β7 (Act-1)33, BCL10 (clone 
151, DAKO), p105/50 (NFκB1) (Cell Signaling Technology, Danvers, MA, USA) and p100/p52 (NFκB2) 
(clone 18D10, Cell Signaling Technology), in combina�on with the Powervision+poly-HRP detec�on 
system (ImmunoVision Technologies, Co, Daly City, CA, USA). All frozen �ssue sec�ons were fixed 
with aceton, but in case of immunohistochemistry for BCL10, NFκB1, NFκB2 a secondary fixa�on 
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 combina�on with an Olympus DP70 digital camera, at original magnifica�on ×400. Included 
in the analysis were only those cases in which the B and T cells, visualized with CD20 and CD3 
stainings, were discernable as dis�nct popula�ons, thus enabling an assessment of expression by 
the tumor B cells. 

Cytokine RT-PCR
Semi-quan�ta�ve RT-PCR for IL-4, IFN-γ, and β-ac�n were performed as described previously.7 

Gene�c analysis
The presence of t(11;18) was tested with RT-PCR as described11 and/or split-FISH for MALT1 (18Q), 
using probes and FISH accessory kit according to manufacturers recommenda�on (DAKO). t(3;14) 
FOXP1 was assessed by split-FISH as described previously, using DIG-labelled probes RP11-118O11, 
-1031N18 and -430J3, and bio�n-labelled probes RP11-266O22 and -321A32.34 
Muta�on 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 amplifica�on: 5’-AAACTGGTGACTGGGAAAGAGC-3’ forward and 
5’-CCAAAGTCCTGAGAGATGATGG-3’ reverse, resul�ng in a product covering exon 3 to 7, encoding 
the coiled-coil domain and overlapping with the sequence that was found mutated in DLBCL.35 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’-TTTCTGCACTTGCTCGTCC-3’;
fw4: 5’-GCCTGTCTCAAGCTGCAC-3’, rev4: 5’-ACCATGATGACTGACAGCTCG-3’.

Chlamydia psi�aci detec�on
Eight OAMZLs cases were previously tested and found nega�ve for the presence of Chlamydia 
psi�aci DNA. Nine of the remaining cases were assessed for the presence of the C. psi�aci ompA 
gene using an internally controlled real-�me PCR in the LightCycler 2.0 system as described 
previously.19;36

Results

IgVH-gene analysis
The tumor IgVH-gene sequence was iden�fied of all 20 lymphomas, generally by using the JH6 
reverse primer in combina�on with one or more primers specific for the IgVH-gene families. The 
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majority of lymphomas (17/20) expressed non-class switched Igs, i.e. IgVH-Cμ (IgM) and IgVH- 
Cδ (IgD) transcripts. Three cases expressed class switched Igs, in par�cular IgA either in addi�on to 
IgM (OM04 and OM30), or as the single isotype (OM20) (Table 1). The muta�on frequency ranged 
from 3 to 53 muta�ons per IgVH-gene (mean 19). For OM17, the muta�on frequency varied within 
the tumor clone, ranging from 18-26 muta�ons per sequence. In 13 of the 20 lymphomas (65%), 
the replacement versus silent (R/S) muta�on ra�os in the frame work regions (FR) of the IgVH genes 
were <1.5. This was significant according to calcula�ons set out by Chang and Casali37, in 8 of the 
cases (OM03, OM08, OM11, OM16, OM17, OM20, OM24 and OM29A). 
IgVH-gene family usage was limited to the VH4 (9 cases), VH3 (9 cases) and VH1 (2 cases) gene families. 
The usage of VH4 family genes appeared to be over-represented as compared to the VH4 family 
gene usage of normal marginal zone (MZ) B cells (n=258) (45% versus 18%, respec�vely). Also, by 
combining all previously published IgVH studies on 66 OAMZLs 20;23-26 added to our 20 OAMZLs, within 
the series of 86 OAMZLs the overall frequency of VH4 family gene usage by OAMZL is significantly 
higher as compared to that by MZ B cells (29% versus 18%, p=0.0457, 2-sided Fisher exact test) 
(Supplementary Table S1 and Table 2). When all individual IgVH gene segments were considered, it 
appeared that the VH4-34 and the VH3-74 genes were used more frequently by OAMZL as compared 
to normal MZ B cells. VH4-34 was used by 13 out of 86 (15%) OAMZLs and by 9 out of 258 (4%) MZ B 
cells. VH3-74 was used by 7 out of 86 (8%) OAMZLs and by 4 out of 258 (2%) MZ B cells (p values are 
0.001 and 0.013, respec�vely according to the 2-sided Fisher exact test a
er Bonferroni mul�ple 
comparison correc�on). 
IgVH-CDR3 amino acid sequences were blasted to GenBank. In contrast to MZBCLs from the stomach 
and salivary gland, as previously reported2, no obvious pa�ern of homology, in par�cular no IgVH-
CDR3 RF-homology was observed. Some cases (OM03, OM04, OM16, OM19, OM21, OM24, OM30, 
OM31) showed homology with different B cell chronic lymphocy�c leukemia (B-CLL) IgVH-CDR3s, 
which were mostly derived from IgVH mutated B-CLLs not belonging to any of the known IgVH-
CDR3 B-CLL 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 majority of OAMZL in this panel expressed IgM, nearly two-
third of the cases were CXCR3 nega�ve (Figure 1 and Table 3). Semi-quan�ta�ve RT-PCR showed low 
expression levels of both IFN-γ and IL-4, this in contrast to other MZBCLs and PCMZLs, respec�vely 
(Figure 2). C. psi�aci 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). 

Gene�c aberra�ons
The typical MZBCL transloca�on t(11;18) API2/MALT1 was not detected among the 18 OAMZLs 
tested (Table 4). Chromosomal transloca�ons involving the IgH and FOXP1 genes have been 
reported for some OAMZLs, but none of the 11 cases tested here harbored this transloca�on (Table 
4). Muta�on analysis of the coiled-coil domain of the MALT1 interactor CARD11 did not reveal any 
aberrancy (Table 4). For A20 (TNFAIP3), a nega�ve regulator of the NFκB pathway, two pa�ents  
were found to carry a muta�on, both leading to a premature stopcodon (Table 4 and Figure 3), i.e. 
OM16 and OM29A 
Nuclear BCL10, NFκB1 (p50) and NFκB2 (p52) were assessed immunohistochemically (Table 4 and 
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Figure 4). Weak nuclear BCL10 expression was observed in OM03, moderate and strong expression 
was seen in OM05 and OM12A respec�vely (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 DLBCLs. Only OM12A presented with 
rela�vely strong nuclear NFκB1 expression (Figure 4). Nuclear and cytoplasmic NFκB2 expression 
was mostly observed in sca�ered foci throughout the �ssue, o
en co-localizing with T-cell rich areas 
sugges�ve of localized ac�va�on, e.g. by CD40 s�mula�on. Homogenous nuclear NFκB2 staining on 
the majority of tumor cells was only seen in OM12A and OM15, and in the la�er only weak.

Discussion

MZBCLs generally arise on a background of chronic inflamma�on, but despite a strong associa�on 
with pathogens and autoimmune disorders in certain subtypes, the an�genic specificity of the 
MZBCLs is generally unknown. One excep�on is the RF ac�vity of the BCRs which we found for a 
significant propor�on of gastric- and salivary gland- MZBCLs.2 MZBCLs present with IgV mutated 
BCRs, in general with the characteris�cs of selec�on against replacement muta�ons in the 
framework regions, sugges�ng a dependence on structural integrity of the BCR. These features 

Table 1. IgVH sequence analysis of 20 ocular adnexal marginal zone B cell lymphomas.

a inser�on of 15 nucleo�des of unknown origin 
b muta�on number varied between clones
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Table 2. Frequencies of IgVH gene family usage in ocular adnexal marginal zone B cell lymphomas.

a Bende et al. unpublished

Supplemental table S1. IgVH gene family usage in ocular adnexal marginal zone B cell lymphomas.

Figure 1.  Expression of CXCR3 and α4β7 in ocular adnexal marginal zone B cell lymphomas.
The membrane markers CXCR3 and α4β7 are variably expressed among ocular adnexal MZBCL, with no obvious correla�on to 
mucosal localiza�on (conjunc�va). Depicted are examples of double nega�ve, double posi�ve and single posi�ve cases, with 
CD20 and CD3 staining to enable dis�nc�on in expression by tumor B cells and infiltra�ng T cells. Original magnifica�on 400x.
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were also present in the OAMZLs described here. In addi�on, a skewed IgVH-gene usage is regarded 
as a poten�al indica�on of selec�ve pressure towards recogni�on of certain epitopes. Overall, the 
results from 5 studies, including the 20 cases presented here, indicated that VH4 family members 
are significantly more o
en used in OAMZLs, in comparison to normal MZ B cells. 
Recently, Bahler et al. presented a study of 10 ocular adnexal MZBCLs from the USA which showed 
a restricted usage of VH4-34 (3 out of 10 cases, 30%); a gene segment that has been associated 
with autoimmunity and specificity for the red blood cell i/I an�gens.38;39 Iden�cal frequencies for 
VH4-34 were previously found by Mannami et al.25 among 10 pa�ents in Japan. Our panel of 20 
ocular MZBCLs from The Netherlands, also included 5 cases using VH4-34 (25%). However, in other 
studies the frequencies of VH4-34 usage were different: 2 out of 26 cases (8%) from Germany by 
Coupland et al.23, 0 out of 8 cases from Germany by Adam et al.26, and 0 out of 11 cases from 
Japan by Hara et al.24 Altogether, 13 out of in total 86 OAMZL cases (15%) used VH4-34, which is 
significantly higher than the frequency of 4% of VH4-34 usage as found in normal MZ B cells.40-43 
Also the frequency of VH3-74, which was used by 7 out of 86 (8%) OAMZLs, was significantly 
higher than the 3% of VH3-74 usage as found in normal MZ B cells.40-43 It has been argued that 
differences in IgVH-usages frequencies could represent geographical varia�ons in the presence of 
specific an�gens, as suggested by the varia�on in C. psi�aci infec�on in OAMZL. However, one 

Figure 2. Ocular adnexal marginal zone B cell lymphomas have li�le cytokine expression in the �ssue. 
Semi-quan�ta�ve RT-PCR for IL-4 and IFN-γ, show that OAMZL have rela�vely low or no expression of these cytokines, while 
cutaneous MZBCLs typically express IL-4 and other extranodal MZBCLs are characterized by high IFN-γ levels.

Figure 3. A20 muta�on in ocular adnexal marginal zone B cell lymphomas. 
Two cases were found to bear a muta�on in the A20 coding sequence, both leading to a premature stop-codon. The traces 
illustrate the double peaks that indicated the presence of a muta�on. A schema�c representa�on of the A20 protein with its 
func�onal domains (OTU, ovarian tumor domain; ZF, zinc-finger domain), provides reference to the sites of muta�on.
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cannot correlate these two parameters from separate studies. Our study and that of Bahler et al.20, 
combining both analyses within the same pa�ent groups, present a skewed Ig repertoire in the 
absence of C. psi�aci. A screen for homology of the IgVH-CDR3 amino acid sequences with other Ig 
sequences on Genbank did not reveal any obvious IgVH-CDR3 homology, and in par�cular no IgVH-
CDR3 RF-homology. Some cases appeared to be homologous to IgVH-CDR3 amino acid sequences of 
mutated B-CLL cases, which might point to a common an�gen yet to be determined. 
As it has been shown that CXCR3 is a direct target of the IFN-γ inducible transcrip�on factor T-bet8, 
we speculated that CXCR3 expression on the MZBCL tumor B cells is induced by the IFN-γ detected 
in the �ssue. The OAMZLs presented here however, lacked abundant expression of either IFN-γ 

Table 4. Gene�c altera�ons in ocular adnexal marginal zone B cell lymphomas.

FL, follicular lymphoma; nd, not done; ni, not informa�ve; IHC, immunohistochemistry
a Including previously reported cases by us 2;7
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or IL4. CXCR3 expression was found in 6 out of 17 cases (35%), and CXCR3 expression seemed 
unrelated to IFN-γ expression levels. Possibly, the CXCR3 expression by the OAMZLs is a remnant of 
an earlier exposure to high IFN-γ levels, as it has been shown that memory B cells, once obtained 
CXCR3 expression, maintain expression despite decreasing IFN-γ levels over �me.44 
Previously, the majority of MZBCL were found to express the α4β7 integrin.2;45-47 In the study by 
Liu et al.47, α4β7 was predominantly found in gastric MZBCL, and only in a minority of OAMZLs. 
In the current series, 10 out of 17 OAMZLs expressed α4β7. Unexpectedly, the expression did not 
correlate with mucosal localiza�on of the tumors, as 2 out of 3 conjunc�val OAMZLs were α4β7-. 
The characteris�c gene�c aberra�ons 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 posi�ve regulators CARD11 (CARMA1), TRAF2, 

Figure 4. BCL10, NFκB1 and NFκB2 expression in ocular adnexal marginal zone B cell lymphomas. 
Immunohistochemistry shows strong nuclear expression of BCL10, NFκB1 (p50) and NFκB2 (p52) in a t(11;18)+ pul-
monary MZBCL (M20), and examples of absent (OM18), moderate (OM05) and strong (OM12A) staining in OAMZL. 
Original magnifica�on 800x.
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TRAF5, MAP3K7 (TAK1) and TNFRSF11A (RANK) were found to be mutated in DLBCL35;48. The nega�ve 
regulator A20 (TNFAIP3) was found to be a target of large chromosomal dele�ons and inac�va�ng 
muta�ons in mantle cell lymphoma49, DLBCL48;49, Hodgkin lymphoma50 and MZBCLs28 in par�cular 
OAMZLs.13;27 In our gene�c screen, also 2 cases with inac�va�ng A20 muta�ons were detected, 
but no transloca�ons involving MALT1 or BCL10, nor muta�ons in CARD11 were detected. The 
observed weak (nuclear) expression of p50 but not p52, suggests that some addi�onal cases may 
have an underlying gene�c aberra�on affec�ng the classical but not the alterna�ve NFκB pathway. 
Especially OM12A seems to be a likely candidate for an NFκB ac�va�ng gene�c aberra�on, as 
suggested by the strong nuclear expression of all three markers. Unexpectedly, OM16 and OM29A 
did not show nuclear expression of p50, despite their A20 muta�on. Formally, we do not know 
whether these A20 muta�ons are accompanied by dele�on of the other allele. Neither is it known 
what the exact quan�ta�ve effect of A20 muta�ons is on the NFκB pathway. The dual ubiqui�n-
edi�ng ac�vity of A20 was shown to be required to terminate the signal transduc�on via RIP.51 
Muta�on of A20 infers a prolonged ac�va�on of downstream targets, but this may s�ll require 
ini�al triggering, e.g. through the BCR. The finding that some DLBCL pa�ents with A20 deficiency 
also carried a muta�on in another gene of the NFκB pathway, also suggests that A20 muta�on 
alone does not lead to maximal or cons�tu�ve NFκB ac�va�on48. Hence, the A20 muta�ons in 
OM16 and OM29A do not exclude a role for their BCR in lymphoma development which harbors, 
remarkably, in both cases a VH4-34 rearrangement.
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