
 

 

Introduction 
 
Primary ocular adnexal lymphoma accounts for 
approximately 8% of extranodal lymphomas [1], 
and of these about 50-70% are ocular adnexal 
mucosa-associated lymphoid tissue (MALT) lym-
phomas (OALs) [2]. Several chromosomal trans-
locations resulting in activation of the NF-κB 
complex have been described in OALs including 
t(11;18)(q21;q21)/API2-MALT1, t(14;18)
(q32;q21)/IGH-MALT1 and t(3;14)(p14.1;q32)/
IGH-FOXP1 [3]. Occurrences of the aforemen-
tioned translocations in ocular adnexae are rare 
compared to those which occur in the stomach 
and lung [3]. The frequency of the first two 
translocations in OALs is reported to be 10% 
and 7%, respectively [4]. The t(3;14)(p14.1;q32) 
translocation was reported to have been found 
in 4 out of 20 OAL patients [5].  
 
TNFAIP3/A20 is a “global” inhibitor of NF-κB 
pathway. We have shown that OAL has preferen-
tial loss of the 6q23.3 region which includes 
TNFAIP3/A20 [6]. A recent study concerning 

A20 inactivation in OAL showed that there was a 
significant association between A20 mutation 
and heterozygous deletion. A20 mutation/
deletion was also significantly relevant in rela-
tion to increased expression of the NF-κB target 
genes CCR2, TLR6 and BCL2 [7]. Although the 
above studies suggested that A20 deletion/
mutation is involved in lymphomagenesis of 
OAL, the mechanisms responsible for NF-κB 
activity in OAL have yet to be fully delineated. 
 
Recently, much progress has been made in un-
covering the root causes of NF-κB activation in 
non-germinal center (GC) type lymphomas, es-
pecially in the activated B-cell-like (ABC) subtype 
of DLBCL. Mutations of a series of NF-κB path-
way genes including CARD11 [8], CD79B [9], 
and MYD88 [10] in ABC DLBCL have been 
found, which result in activation of NF-κB. Anti-
gen specificity of B-cell-receptor (BCR) is deter-
mined by surface immunoglobulin, but down-
stream signaling to NF-κB is mediated by two 
associated proteins, CD79A and CD79B. The 
CD79 mutants are not loss-of-function mutants, 
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but it has been shown that the mutations cause 
the exaggerated response to antigen, leading to 
tumor development [9]. CARD11 is a cytoplas-
mic scaffolding protein that is involved in the 
antigen receptor-induced activation of NF-κB, 
and is required for the differentiation and/or 
survival of the B cell-subpopulation. In the ab-
sence of BCR signals, CARD11 mutations can 
lead to a gain-of-function by coordinating the 
activation of IκB kinase β (IKK), a positive regu-
lator of NF-κB [8]. MYD88, an adaptor protein 
that mediates signaling of toll-like receptors 
(TLR) and IL-1 and IL-18 receptors (ILR), trans-
duces signals to NF-κB that, in turn regulate the 
production of cytokines and anti-apoptotic mole-
cules. MYD88 L265P is also a gain-of-function 
driver mutation that can promote cell survival by 
inducing constitutive NF-κB activation [10]. 
 
A20 is required for termination of TLR-induced 
NF-κB activation [11] by targeting TRAF6, which 
is a molecule downstream of the CRAD11-
BCL10-MALT1 complex in the NF-κB pathway 
[12]. Given a recurrent deletion of 6q23.3-24.1 
including TNFAIP3 (A20) in OAL (9/ 24; 37.5%) 
in our previous study [6], we aimed to study if 
these mutations of NF-κB pathway genes might 
occur in OAL except A20 loss in this study.  
 
Materials and methods 
 
Patient’s samples 
 
The 24 OAL samples examined for sequencing 
in the present study were identical to cases pre-
viously studied for array CGH [6, 13]. They con-
sisted of 9 cases with A20 loss and 15 cases 
without A20 loss. Lesion sites of these cases 
consisted of conjunctiva (18 cases), orbit (4 
cases), and lacrimal gland (2 cases) [13]. This 
study was performed in accordance with the 
ethical guidelines of Aichi Cancer center. 
 
Genomic DNA extraction 
 
Standard proteinase K treatment and phenol-
chloroform extraction method was used for ge-
nomic DNA extraction for all 24 OAL samples. 
Briefly, after overnight incubation with pro-
teinase K (20mg/ml) at 37°C, phenol-
chloroform (1:1) was added and centrifuged at 
3000rpm for 10min (2 times extraction). 3M 
NaOAc (1/10 volume of the supernatant) and 
2.5 volume of cold 100% ethanol were added 
into the supernatant, swirl gently with hand and 

the genomic DNA will be observed. The genomic 
DNA was washed using 70% ethanol for 2 times 
and dissolved in TE buffer after air dry for 5-
10min. DNA concentration was measured by 
Nanodrop-1000 3.5.1 device (Nanodrop, Inc.). 
 
Polymerase chain reaction (PCR) of CARD11, 
MYD88 and CD79B 
 
The TLR/ILR domain of MYD88 (exons 3, 4, 5) 
and the coiled-coil domain of CARD11 (exons 5, 
6, 7, 8, 9) were amplified using genetic specific 
PCR, while the immunoreceptor tyrosine-based 
activation motif/ITAM domain of CD79B (exons 
5, 6) were amplified using touch-down PCR. In-
formation concerning genomic DNA of the three 
genes and the coding region is shown in Figure 
1. Each exon was tested under the best Tm con-
ditions determined by the gradient PCR method, 
and using 30 cycles in the second round of PCR.  
 
The primers and conditions of all tested exons 
are described in Table 1. Total PCR reaction vol-
ume was 50.0μl including 5.0μl DNA template 
(100ng), 1.0μl 2.5mM dNTP, 5.0μl 10×buffer, 
2.0μl forward primer(10mM), 2.0μl reverse 
primer (10mM), 0.25μl rTaq DNA polymerase 
(Takara, 5U/μl), 35.0μl ddH2O. DNA templates 
were excluded in negative controls. PCR prod-
ucts were checked by electrophoresis on 2% 
agarose gels. 
 
Sequence PCR of CARD11, MYD88 and CD79B 
 
Purified PCR products were subjected to cycle 
direct sequence reactions for CARD11, MYD88 
and CD79B using a BigDye® Terminator v3.1 
Cycle Sequencing kit (Applied Biosystems, Fos-
ter City, CA, USA). All mutations were confirmed 
on independent PCR products in both orienta-
tions. Total reaction volume of sequence PCR 
was 20.0μl, including 3.5μl 5×sequence buffer 
(ABI 4336697); 2.0μl Primer (1.6pmol/μL); 
2.0μl sample DNA; 11.5μl ddH2O; 1.0μl BigDye 
Terminator v3.1 (ABI 4337455). The standard 
sequence PCR protocol included initial denatu-
ration at 96°C for 5min, and followed by 25 
cycles for 96°C 30s, 50°C 30s, 60°C 4min. 
The final step was performed at 60°C for 5min. 
The ethanol-precipitated sequencing PCR prod-
uct was dissolved at 15μl Hi-Di Formamide (ABI 
4440753) followed by denaturation at 95°C for 
3min, and cooled down on ice before detection 
by capillary electrophoresis in an ABI 3100 se-
quencing apparatus (Applied Biosystems). 
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Results and discussion 
 
NF-κB activation in MALT lymphoma has been 
reported by various investigators [7]. The ge-
netic bases for NF-κB activation in OAL may 
therefore be elucidated by studying the multiple 
genetic alterations converging on the NF-κB 
pathway. We first analyzed MYD88, which had 
been shown to be the most frequently altered 
gene in ABC DLBCL, harboring the highest over-
all frequency of mutations (39%), and the most 
common L265P mutation existed in exon 5 
(29%, 45/155) [10]. This gene might give us the 
highest possibility for finding a mutation in OAL, 
but no mutations in exons 3, 4, and 5 covering 
the TLR/ILR domain were detected in any of the 
examined samples with or without A20 Loss. We 
next examined the ITAM domain of CD79B, the 
motif that initiates signal transduction following 
BCR aggregation. The missense mutations af-
fecting the first tyrosine of the ITAM domain 
were shown to induce the positive signals. The 
mutation was reported in two ABC DLBCL cell 
lines and 18% (29/161) of ABC DLBCL cases 

[9]. Although very specific products could be 
generated by touch-down PCR, the mutations of 
CD79B were not found. Thus, we next deter-
mined the mutation status for the coiled-coil 
domain of CARD11. As a cytoplasmic scaffold-
ing protein, CARD11 is required in normal anti-
gen receptor-induced NF-κB activation. 9.6% 
(7/73) of ABC DLBCL was shown to have mis-
sense mutations at the coiled-coil domain [8], 
but no mutation was found in our OAL samples. 
 
Our results are in accordance with previous mu-
tation studies on MALT lymphoma. In these mu-
tation analyses of MALT lymphoma, no muta-
tions were found in tested cases for CARD11 
(19 MALT cases) [8] and CD79B (16 gastric 
MALT lymphoma cases) [9]. Additionally, Adam 
et al. analyzed genetic aberrations using BAC 
clones for CARD11 in extranodal DLBCL and 
marginal zone B-cell lymphomas of the MALT 
type including 40 OAL cases, and reported that 
CARD11 is not targeted by chromosomal trans-
locations in these lymphoma entities [14]. It 
should be noted that only 9% of gastric MALT 

Figure 1. Coding regions and exons information for MYD88, CARD11 and CD79B. The square frame with gridlines 

indicates tested exons. 
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Table 1. Primers for PCR and sequences.  
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lymphomas (56 tested cases) were shown to 
have the MYD88 L265P mutation [11]. MYD88 
and the TLR pathway play a central role in im-
munity, and deficiency of MYD88 in humans 
results in life-threatening pyogenic bacterial 
infections [15]. It is well known that the vast 
majority of gastric MALT lymphomas are caused 
by infection with Helicobacter pylori, and most 
translocation (API2-MALT1)-negative gastric 
MALT lymphomas can be cured by H. pylori 
eradication alone, which indicates that microbe-
generated immune responses support the sur-
vival of lymphoma cells [16]. This report also 
showed that 30% of cases were resistant to H. 
pylori eradication therapy and half of the resis-
tant cases were shown to have API2-MALT1, but 
the genetic bases for the resistance in the re-
maining half were not clear. It is therefore possi-
ble for such gastric MALT lymphoma cases to 
have the MYD88 mutation. For OAL, the case of 
microbe-mediated lymphomagenesis is contro-
versial based on the reported research [17], and 
we speculated that another unknown mecha-
nism which also targets the NF-κB pathway 
might play a role in OAL.  
 
As an indolent low-grade B-cell lymphoma, OAL 
might be less complex than DLBCL in genetic 
abnormality. It is reasonable that A20 loss 
cases in OAL have NF-κB activation. Therefore, it 
became important to determine if cases without 
A20 loss had genetic alterations in NF-κB-
related genes. The present study failed to find 
any mutation in MYD88, CARD11 or CD79B, 
suggesting that other factors, such as genetic 
abnormality of non-canonical NF-κB pathway 
genes or epigenetic alterations of some genes, 
might have an effect on the lymphomagenesis 
of this group of cases without A20 loss.  
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