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Abstract
The etiology and pathogenesis of ocular adnexal extranodal marginal zone lymphoma (OAEMZL)
are still unknown and the association with Chlamydophila psittaci (C. psittaci) has been shown in
only some geographic regions. Herein we comprehensively examined the frequency of
chromosomal translocations as well as CARD11, MYD88 (L265P) and A20 mutations /deletions
in 45 C. psittaci negative OAEMZLs. t(14;18)(q32;q21) IGH-MALT1 and t(11;18)(q21;q21)
API2-MALT1 were not detected in any of the analyzed tumors while 3 tumors harbored IGH
translocations to an unidentified partner. CARD11 mutations were not found in all the analyzed
tumors while MYD88 L265P mutation was detected in 3 (6.7%) tumors. A20 mutations and
deletions were each detected in 7(15.6%) and 6(13.3%) of the tumors, respectively. Therefore, the
observed genetic aberrations could account for the activation of NF-kB signaling pathway in only
a minority of the cases. Further studies are needed to identify the molecular mechanisms
underlying the pathogenesis of OAEMZL.
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Extranodal marginal zone lymphomas (also referred as mucosa-associated lymphoid tissue
(MALT) lymphomas) are the third most common subtype of B-cell non-Hodgkin’s
lymphomas (NHL)[1]. The majority of MALT lymphomas occur in the stomach, but they
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may also arise in additional extranodal sites devoid of significant lymphoid tissue such as
the intestine, thyroid and salivary glands, lungs, liver, breast, skin and the ocular adnexa
(lacrimal gland, orbit, conjunctiva and eyelid). While extranodal MALT lymphomas from
different sites of origin are commonly characterized by an indolent clinical course and often
remain localized for many years, they display variations in morphologic features,
cytogenetic abnormalities and associations with underlying infections and inflammatory
disorders[2–8]. These observations suggest that the process of lymphomagenesis may vary
depending on differences in the anatomical site of origin of these tumors. Indeed, the
underlying inflammatory disorders leading to lymphomagenesis vary widely between the
distinct anatomic sites, being attributed to chronic Helicobacter pylori infection in the
stomach[6], Berrelia Burgdoferi infection in the skin[7], Campylobacter Jejuni infection in
the intestine[8] and Hashimoto’s thyroiditis[9] and Sjogren’s syndrome[10] in the thyroid
and salivary glands, respectively. Furthermore, the frequency of chromosomal translocations
t(11;18)(q21;q21)/API2-MALT1, t(1;14)(p22;q32)/BCL10-IGH, t(14;18)(q32;q21)/IGH-
MALT1 and t(3;14)(p13;q32)/FOXP1-IGH, implicated in the pathogenesis of extranodal
MALT lymphomas, vary markedly between different anatomic locations[2, 3, 11], further
pointing to possible differences in the mechanism of lymphomagenesis.

While the pathogenesis of gastric MALT lymphoma was extensively studied, the etiology
and pathogenesis of ocular adnexal extranodal marginal zone lymphomas (OAEMZLs), the
second most common extranodal MALT lymphoma, are still controversial[12].
Chlamydophila psittaci (C. psittaci) infection has been implicated in the development of
OAEMZLs in only some geographic regions, while no association with bacterial infections
was found in most studies originating from North American institutions[4, 13–17].
Trisomies of chromosomes 3 and 18 have been detected by most investigators in OAEMZL
tumors at frequencies ranging from 16–38%[2, 4, 18]. However, recurrent chromosomal
translocations characteristic of MALT lymphomas were analyzed only in a small number of
studies from different geographic regions and led to highly variable results. For example,
t(11;18)(q21;q21)/API2-MALT1 was reported to be detected in between 0 to 16% of
OAEMZL tumors[2, 3, 19, 20]. Whether the marked differences in the frequency of
chromosomal translocations might be related to geographic variability or association with C.
psittaci was not examined. Moreover, concomitant and comprehensive analyses of
translocations, trisomies and mutations affecting genes reported to deregulate the nuclear
factor (NF)-kB pathway, known to be implicated in MALT lymphoma pathogenesis in other
anatomical sites[21], was not performed in large cohorts of OAEMZL patients.
Consequently, herein we sought to comprehensively examine the frequency of chromosomal
translocations, CARD11, A20 (also called TNFAIP3) and MYD88 (L265P) mutations and
A20 deletions in a large cohort of C. psittaci negative OAEMZLs.

Materials and methods
Patients and OAEMZL tumors

A total of 45 OAEMZL (median age 64 years, range 35–92; 23 females and 22 males)
originating in the orbit (21), conjunctiva (18) and lacrimal gland (6) were used for analysis.
All OAEMZL tumors were classified according to the WHO 2008 classification[1] on the
basis of the morphologic features observed on routinely prepared hematoxylin and eosin–
stained slides of formalin-fixed, paraffin-embedded tissues along with immunophenotypic
(CD20+, cyclin D1-, CD5-, CD10- and BCL6-) and genotypic results. Flow cytometry
immunophenotyping was performed in most cases. All cases were reviewed by two or more
certified hematopathologists that agreed on the final diagnosis. Morphologic criteria for
diagnosis included the finding of significant cytologic atypia and / or monocytoid features
with an abnormally expanded CD20+ B cell population which lacked CD5, CD10 and / or
BCL6 and cyclinD1. The interpretation of lymphoplasmacytic lymphoma was excluded
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based on the lack of the classically associated plasmacytoid lymphocytic population in
combination with clinical findings. Other low grade lymphomas were eliminated based on
cytologic features and immunoprofile, as described above. Clonality was confirmed by
either Southern blot analysis or polymerase chain reaction (PCR) for immunoglobulin heavy
or light chains in accordance with the BIOMED-2 recommendations[22]. Furthermore,
immunoglobulin heavy chain clonality was also independently demonstrated by polymerase
chain reactions using family specific leader primers followed by direct sequencing or
cloning and sequencing, as previously reported by us[23]. This study was approved by the
University of Miami Institutional Review Board (IRB) and written informed consent was
obtained according to the approved protocol.

DNA extraction
DNA was previously extracted from a total of 65 fresh patient biopsy samples at the time of
OAEMZL diagnosis (between 1991 and 2011) using a commercially available kit (QIAamp;
Qiagen, Valencia, CA, USA), as previously reported by us[15, 23]. DNA from 45 tumor
biopsies was available for the analyses performed in this study. No differences were present
in the clinical characteristics and tumor locations between patients whose DNA was used in
the analyses presented herein and those whose DNA was exhausted in our previous studies
(not shown).

In addition, DNA was also extracted from peripheral blood mononuclear cells (PBMC) from
three healthy volunteers (1 woman and 2 men), OCI-LY8 and Jeko-1 lymphoma cell lines
using QIAamp DNA Blood Midi Kit (Qiagen, Valencia, CA) and quantified by NanoDrop
2000c spectrophotometer (Thermo Fisher Scientific Inc). The cell lines were maintained in
RPMI1640 medium with 10% fetal calf serum, penicillin (50 U/mL), streptomycin (50 g/
mL) at 37°C in 5% of carbon dioxide.

Detection of C. psittaci DNA
Touchdown enzyme time-release polymerase chain reaction (PCR) for detection of C.
psittaci DNA was performed as previously reported by us[15]. Blank reactions were always
run concomitantly with the DNA from patients’ specimens to monitor for possible
contamination of PCR reagents and to rule out false-positive results. All reactions were
repeated twice.

A20, MYD88 and CARD11 mutation analysis
All the A20 coding exons were amplified by PCR using the primers and conditions reported
by Novak et al[24]as follows: A20-E2-F, 5′-CCGGGAGTAGAGGTGCTAA-3′; A20-E2-R,
5′-GTCTGCTATTATCACATACCCC-3′; A20-E3-F, 5′-
TCAGTTTGCCCTTGACTAGGA-3′; A20-E3-R, 5′-TGAGTCCCACTGGAGGTTTC-3′;
A20-E4-F, 5′-CTCCCCAACTTTTGAGTTTGC-3′; A20-E5-R, 5′-
AACCAAGCAAGTCACAGAACA-3′; A20-E6-F, 5′-CACCTCCAGGCTGGTTAATG-3′;
A20-E6-R, 5′-TGTTTTGATTTGAAACCCAAGT-3′; A20-E7-F, 5′-
GTTGCGTGAAAAGTGTGAGC-3′; A20-E7-R, 5′-CAGTGCCTTTTGCCTCCAT-3′;
A20-E8-F, 5′-GATTGGTAAAGCCAAAGATGT-3′; A20-E8-R, 5′-
GGAGGTAGCATTTCGGACC-3′; A20-E9-F, 5′-GCTTGGCGGTTTTCCTCAG-3′; A20-
E9-R, 5′-CTTTGCTTTCTAAGGCCACCT-3′. Exon 5 of the MYD88 gene harboring the
most commonly reported L265P mutation observed in diffuse large B cell and MALT
lymphomas was amplified with the following primers: MYD88-Seq-E5F, 5′-
GTTGTTAACCCTGGGGTTGAAG-3′; MYD88-Full-R, 5′-
GCAGAAGTACATGGACAGGCAGACAGATAC-3′. The coiled-coil domain of CARD11
gene, harboring all the observed mutations in diffuse large B cell lymphomas was amplified
using the following specific primers: CARD11-E5-1-F, 5′-GTGCCCCCTCTC CACAGT-3′;
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CARD11-E5-1-R, 5′-AGTACCGCTCCTGGAAGGTT-3′; CARD11-E5-2-F, 5′-
GAAGAAGCAGATG- ACGCTGA-3′; CARD11-E5-2-R, 5′-
GTCACCCTGGCGGAGTAG-3′; CARD11-E6-F, 5′-CACCCTTGGGGTATTTCAGA-3′;
CARD11-E6-R, 5′-CAGGCCCTCACCTGGATG-3′; CARD11-E7-F, 5′-
CCTGACCCTCTGAAACCTCCT CARD11-E7-R, 5′-GCGATCCCCACTCCCAC-3′;
CARD11-E8-F, 5′-TCGATGCGCATATTGATTTC-3′; CARD11-E8-R, 5′-
CTGCAGGTGGTGCCTGTA-3′; CARD11-E9-F, 5′-CCCAAAGCAG CCTTCGTC-3′;
CARD11-E9-R, 5′-CCTGGTCCAGGTTGTTGCTGTCC3′. The integrity of DNA was
verified by actin PCR amplification using specific primers yielding a 597 base pair (bp)
amplicon as described previously[15, 23].

A total of 10–200 ng of DNA were amplified by GoTaq Green Master Mix (Promega,
Madison, WI) in a final volume of 50 μl containing 10 pmol of specific 5′ primer and 10
pmol of antisense primer. PCR conditions for each gene and primer pair are shown in
Supplementary Table 1. For each PCR, a control with no added template was used to check
for contamination. PCR products (5μl) were analyzed by electrophoresis on 1–1.5% agarose
gels stained with ethidium bromide. PCR products were purified using the QIAquick PCR
Purification Kit(Qiagen, Valencia, CA, USA) and sequenced directly from both strands
using the ABI Prism Big Dye Terminator Kit (Perkin Elmer, Foster City, CA) on a373
automatic DNA sequencer (Applied Biosystems, Foster City, CA), as recommended by the
manufacturer. Sequences were compared with corresponding germ-line sequences (A20 –
NM006290.2, MYD88-NM_002468.4, CARD11-NM_032415.3). All mutations were
confirmed on independent PCR products and germ-line polymorphisms, including changes
listed in the NCBI SNP database were excluded.

A20 copy number genotyping
A20 gene copy number variation was analyzed by TaqMan Copy Number Assay (assay ID
Hs06775497_cn for Exon2 and Hs01790322_cn for Exon9; Applied Biosystems;
Supplementary Table 2). TaqMan copy number assay amplifies the A20 gene and a
reference gene (the RNase P H1 RNA gene) known to exist in two copies in a diploid
genome simultaneously in a duplex real-time PCR. Genomic DNA from 3 healthy
volunteers (1 woman and 2 men) was used as a calibrator. DNA from OCI-LY8, Jeko-1
lymphoma cell lines, known to harbor A20 monoallelic deletions, was selected as positive
controls. Standard curves were generated using twofold serial dilutions of healthy adult
genomic DNA to determine the real-time PCR amplification efficiency for each assay.

DNA concentrations were equalized before copy number genotyping of candidate genes.
PCR was performed in 384-well plates using a PCR system (7900 Real-Time PCR System;
Applied Biosystems). Thermal cycling conditions were described in the manufacturer’s
instructions. Data were collected (Absolute Quantification Method, 7900 System SDS
Software version 2.0; Applied Biosystems), and samples were assayed using triplicate wells
for each gene of interest. Copy numbers were estimated using the ΔΔCt relative
quantification method (CopyCaller Software version 2.0; Applied Biosystems). The copy
number assays of deletion cases were repeated 3 times to confirm the reproducibility.
Results of comparative genomic hybridization performed on 7 cases and previously reported
by us were also reviewed.

FISH studies
Slides prepared from formalin-fixed paraffin-embedded tissues with three micron-thick
sections were available for 25 OAEMZL tumors. FISH was performed according to
protocols recommended by the manufacturer in a CLIA certified cyogenetics laboratory.
The major steps consisted of slide deparaffinization, codenaturation of DNA probes and
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tissue materials on slides, hybridization, post hybridization washes and counterstaining with
DAPI. Hybridization signals were analyzed with a fluorescence microscope equipped with a
Cytovision system for image capturing and storage (Applied Imaging Corp, USA). All
procedures were validated according the guidelines of College of American Pathologists
(CAP), with cutoff values established for each type of probe used. Dual color fusion probes
for t(14;18)(q32;q21) IGH-MALT1 and t(11;18)(q21;q21) API2-MALT1 and dual color
break apart probes for MALT1, BCL6 and CEP18 (chromosome 18 centromere) were used
for all the analyzed tumors. A dual color break-apart probe for IGH was used for 27 tumors.
In addition to specific chromosome translocations or gene rearrangements, these probes also
detect copy number variations caused by numerical or structural chromosomal
abnormalities. For each probe, hybridization signals were counted in 200 cells and described
using the International System for Human Cytogenetic Nomenclature(ISCN 2009)[25].

Long-distance inverse PCR
The long-distance inverse PCR (LDI-PCR) for the joining and switch region was done as
described previously [26, 27]. Briefly, genomic DNA was digested with restriction enzymes
(BglII, HindIII, PstI, and XbaI) overnight at 37°C. After column purification (Qiagen), 0.1–
0.5 μg of digested DNA was ligated at 16°C overnight with DNA Ligation Kit (Takara).
After purification, the ligated DNA was directly amplified in nested PCRs. PCR products
were run on agarose gels. Bands were excised from the gels, column purified (Qiagen) and
directly sequenced from both strands using a 373 automatic DNA sequencer (Applied
Biosystems). Sequences were compared with the Genbank database using BLAST program.
DNA obtained from JEKO-1 mantle cell lymphoma cell line harboring t(11;14)(q13;q32)
and two cases of follicular lymphoma harboring t(14;18)(q32;q21) were used as positive
control to establish the long-distance inverse PCR methodology in our laboratory.

Results
MYD88 and CARD11 mutations and A20 mutations and deletions

A20 mutations and deletions were previously reported in MALT lymphomas as well as in
small cohorts of OAEMZL patients without specific reference to C. psittaci infection[18,
28–31]. Mutations of CARD11 and MYD88 were reported in DLBCL and MYD88
mutations were also detected in 9% of gastric MALT but were not comprehensively
analyzed in OAEMZL[32, 33], except a recent study published while our study was
prepared for publication[34]. In this study MYD88 and CARD11 mutations were detected in
6(5.7%) and 1 (0.9%) of 105 OAEMZL patients without specific reference to C. psittaci
infection[34]. Herein, we comprehensively analyzed CARD11 and MYD88 mutations and
A20 mutations and deletions in 45 C. psittaci negative OAEMZL tumors. CARD11 coiled-
coil domain mutations were not found in any of the analyzed tumors. The MYD88 L265P
mutation was detected in 3 (6.7%) tumors. A total of 9 A20 mutations were discovered in 7
(15.6%) tumors. One tumor harbored 3 distinct mutations (F149C; 1bp deletion in exon 3
and 2bp deletion in exon 5). Among the 9 detected A20 mutations, the majority (89%)
would produce truncated proteins due to out-of-frame insertion/deletion (7), while one of
these bp deletions was located at a known splice site. Only 2 missense mutations were
observed, including one in a tumor in which 2 concomitant deletions were also present (as
described above). Overall the detected mutations (Supplementary Figures 1 and 2) were of
similar nature to those previously reported in other tumors and most probably would impair
protein function[28].

A20 heterozygous deletions were detected in 6 (13.3%) tumors (Supplementary Figure 3).
There was no association between A20 mutations and heterozygous deletion in any of the
analyzed tumors. A total of 13 (28.9%) OAEMZL tumors harbored either A20 mutations or
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heterozygous deletions. None of the tumors concomitantly harbored A20 mutation/deletion
and a MYD88 L265P mutation. Overall, we detected MYD88 and A20 mutations / deletions
that might deregulate the NF-kB signaling pathway in 16 (35.6%) OAEMZLs
(Supplementary Table 3).

Interphase FISH analysis—A total of 25 OAEMZL tumors with available material were
analyzed by interphase FISH using probes as described in the Materials and Methods.
Chromosomal alterations were detected in 7 tumors but t(14;18)(q32;q21) IGH-MALT1 and
t(11;18)(q21;q21) API2-MALT1 were not detected in any of the analyzed tumors. A total of
2 tumors harbored an additional copy of BCL6, most probably due to trisomy 3 in 38 and
50% of cells, respectively. The following aberrations were each detected in one tumor in 38
and 77 % of analyzed cells: an additional copy of the IGH gene and extra copies of both
IGH and MALT1 genes without translocations. Extra copy of MALT1 most likely indicates
trisomy 18. Comparative genomic hybridization (CGH) array analysis was previously
performed and reported on 2 of the cases analyzed by FISH and also detected trisomy 18 in
the same case in which it was detected by FISH. In addition, these CGH studies revealed
7p14.1 and 19p13.11 deletions and trisomy 15 in one tumor each, respectively[35]. In 3
additional tumors dual color IGH break-apart probe also detected IGH rearrangement to an
unidentified partner. Overall, translocations involving IGH gene to an unidentified partner
were detected in 3(12%) of the analyzed OAEMZL tumors (Supplementary Table 3).

None of the tumors with the MYD88 L265P mutation harbored FISH-detectable
chromosomal alterations. A20 mutations/deletions were detected concomitantly with
additional chromosomal aberrations in 2 tumors: A20 mutations were detected in a tumor
with extra signals of both IGH and MALT1 genes as well as in one tumor with an additional
copy of BCL6.

Identification of translocation partners by long-distance inverse PCR
FISH analysis using a dual color IGH break-apart probe detected IGH rearrangement to an
unidentified partner in 3 tumors, in two of which (cases 7806 and 11652) we had sufficient
amounts of high molecular weight DNA to perform LDI-PCR. In case 7806 we identified
t(6;14)(p21.1;q32.33), with the breakpoint located in a non-coding region (Figure 1A and
Supplementary Figure 4). The gene nearest to this translocation is ectonucleotide
pyrophosphatase/phosphodiesterase 5 (ENPP5). In case 11652 we identified t(14;17)
(q32.33;p13.1), with the breakpoint also located in a non-coding region (Figure 1B and
Supplementary Figure 4). The gene nearest to this translocation is myosin-10 isoform 1
(MYH10). Similar translocations were previously not reported in OAEMZL tumors.
Unfortunately, pathological material was exhausted and we could not confirm the presence
of these translocations by an independent method (e.g. FISH).

Discussion
The etiology and pathogenesis of OAEMZLs are still controversial, not well established and
may vary in different geographic regions[12]. Initial studies from Italy demonstrated the
frequent presence of C. psittaci in OAEMZL tumors. However, subsequent studies
suggested marked variation in the association between the infection and OAEMZL in
different geographic regions, being frequent in Italy, Germany and Korea but relatively
uncommon or absent in the United Kingdom, Japan, China and certain areas of the
USA[14]. Similarly, genetic aberrations implicated in the activation of the canonical NF-kB
signaling pathway are commonly observed in gastric EMZL but are reported at variable
frequencies in OAEMZL (Table 1). Only one of the previously reported studies
concomitantly analyzed genetic aberrations and the presence of the C. psittaci in OAEMZL
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tumors[4]. Furthermore, no direct evidence for activation of the NF-kB pathway in
OAEMZL was previously provided. Herein we examined the frequency of chromosomal
translocations, CARD11, A20 and MYD88 (L265P) mutations and A20 deletions in a large
cohort of C. psittaci negative OAEMZLs.

In contrast to EMZL originating in other anatomical locations[2] and concordant with some
of the previous OAEMZL studies[4, 19], all the tested C. psittaci negative OAEMZLs were
negative for MALT1 translocations. However, several studies reported the presence of the
t(14;18)(q32;q21) IGH-MALT1 and t(11;18)(q21;q21) API2-MALT1 translocations in 9.6 –
38% and 2.7–16.4% of OAEMZL tumors, respectively, with unknown C. psittaci status[2, 3,
20, 36] (Table 1). Notably, almost all the studies detecting t(14;18)(q32;q21) IGH-MALT1
and t(11;18)(q21;q21) API2-MALT1 translocations in OAEMZL were performed in
European institutions, while these translocations were rarely detected in studies originating
from Asia and the US (Table 1). In our cohort only 3 of the analyzed tumors (12%) harbored
IGH translocations, in two of which we identified novel previously unreported partners.
Similarly, Ruiz et al. reported the presence of IGH translocations with non-MALT1, non-
BCL10 and non-FOXP1 partners in 10% of C. psittaci negative OAEMZLs[4].
Translocations in these cases as well as in the additional case from our cohort that could not
be analyzed by LDI-PCR may involve either novel partners or the CNN3(1p), ODZ2(5q),
JMJD2C (9p) and GPR34(X) genes recently reported to rearrange with IGH in several
EMZLs, including OAEMZLs[37].

A20 is a negative regulator of the canonical Nf-kB pathway, inactivating several proteins
necessary for NF-kB signaling such as TRAF6, NEMO, TAK1 and receptor interacting
proteins (RIP) 1/2[38]. A20 mutations and deletion are frequently observed in various non-
Hodgkin lymphomas[28]. We have detected A20 mutations or deletions in 28.9% C. psittaci
negative OAEMZLs. The observed frequencies of A20 mutations (15.6%) and deletions
(13.3) were in the lower frequency range of previously reported A20 mutations (16.6–
28.6%) and deletions (8.6–38%) (Table 1). The wide frequency range of A20 mutations and
deletions in OAEMZLs may reflect geographic differences and usage of different
methodologies to detect A20 deletions. A20 functions as a molecular “brake” or rheostat
that determines responsiveness to stimuli activating NF-kB; thus its mutations and deletions
should not be sufficient to initiate activation of this signaling pathway. In almost all the
reported cases A20 genetic abnormalities are usually mutually exclusive from chromosomal
translocations activating NF-kB signaling (Table 1). However, the frequency of these
translocations in the analyzed cohorts is low and A20 aberrations were not examined in
studies concomitantly demonstrating high frequencies of chromosomal translocations (Table
1). However, overall these observations suggest the presence of additional genetic changes
potentially activating NF-kB signaling. While CARD11 mutations were not observed in any
of the analyzed tumors, we detected the presence of MYD88 mutations in 6.7% of C.
psittaci negative OAEMZLs. During the preparation of this report, Yan et all reported
similar incidence of CARD11 and MYD88 mutations in OAEMZL patients without specific
reference to C. psittaci presence in the tumors[34]. MYD88 mutations were previously
reported in 8% of gastric EMZLs[32], but were not found in 24 OAEMZL cases analyzed by
Liu et al[39]. Recent studies also detected only single OAEMZL tumors with mutations in
BIRC3 and PRDM1 genes and failed to detect mutations in CD79A[34, 39]. Mutations
affecting other components of the NF-kB pathway, while rare in DLBCL (e.g. TNFRF11A,
TRAF2, TRAF5, TAK1)[40], may be more common in OAEMZL, and need to be examined
by unbiased whole genome or exome sequencing in future studies. Overall, the currently
identified relatively low frequency of these mutations as well as the newly identified IGH
translocation partners cannot account for NF-kB activation in the majority of OAEMZLs.
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Cell extrinsic stimulation, such as B-cell receptor (BCR) stimulation, may also activate the
canonical NF-kB signaling pathway. We have previously examined for evidence of antigen
selection based on analysis of somatic mutations in the clonal immunoglobulin heavy and
light chains as a potential surrogate for BCR activation[23, 41]. Evidence for
immunoglobulin antigen selection was present in the majority of OAEMZL tumors,
suggesting that extrinsic BCR activation may contribute to the activation of the canonical
NF-kB signaling pathway. Identifying antigens to which tumor BCR can bind may explain
NF-kB signaling activation in these tumors and these studies are in progress in our
laboratory. In addition, studies examining tonic or chronic active BCR signaling as well as
alternative extracellular stimulations leading to the activation of canonical NF-kB pathway
in these tumors are needed, but restricted by the absence of appropriate cell lines originating
from OAEMZL.

To the best of our knowledge, NF-kB signaling activation was not previously directly
examined in primary OAEMZL tumors by biochemical or immunohistochemical methods,
but was implicated in gastric EMZL based on association with chromosomal translocations
targeting genes regulating this pathway, gene expression analyses of primary gastric tumors
and in vitro studies following overexpression of the translocation constructs[21, 42, 43].
Consequently, without direct demonstration of the NF-kB signaling activation in OAEMZL
tumors, the role of this pathway in pathogenesis of these tumors is proposed but not
confirmed. We have attempted to analyze presence of nuclear p50 and p52 by
immunohistochemistry, as was previously reported[40]. Despite usage of the reported
methodology and antibodies, the observed immunohistochemical staining was not
reproducible in control and tumor tissues (not shown), thus preventing direct demonstration
of the NF-kB activation on OAEMZL tumors. Development of better antibodies for
immunohistochemistry or other techniques that can be applied to small tumor biopsies will
be needed to confirm the role of the NF-kB signaling activation in pathogenesis of
OAEMZL tumors.

In summary, herein we demonstrate that while deletion of A20 and mutations of A20 and
MYD88 are observed in C. psittaci negative OAEMZLs, they most probably contribute to
NF-kB activation in only a minority of cases. Therefore, further studies are needed to
demonstrate NF-kB signaling activation and its underling molecular mechanisms in C.
psittaci negative OAEMZLs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Translocation sequences detected by long-distance inverse PCR
A. Translocation t(6;14)(p21.1;q32.33). B Translocation (14;17)(q32.33;p13.1).
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