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Abstract
Mucosa-associated lymphoid tissue (MALT) lymphoma is specifically associated with
t(11;18)(q21;q21), t(1;14)(p22;q32) and t(14;18)(q32;q21). t(11;18)(q21;q21) fuses the N-
terminus of the API2 gene to the C-terminus of the MALT1 gene and generates a
functional API2-MALT1 product. t(1;14)(p22;q32) and t(14;18)(q32;q21) bring the BCL10
and MALT1 genes respectively to the IGH locus and deregulate their expression. The
oncogenic activity of the three chromosomal translocations is linked by the physiological
role of BCL10 and MALT1 in antigen receptor-mediated NFκB activation. In this study,
MALT1 and BCL10 expression was examined in normal lymphoid tissues and 423 cases
of MALT lymphoma from eight sites, and their expression was correlated with the above
translocations, which were detected by molecular and molecular cytogenetic methods. In
normal B-cell follicles, both MALT1 and BCL10 were expressed predominantly in the
cytoplasm, high in centroblasts, moderate in centrocytes and weak/negative in mantle zone B-
cells. In MALT lymphoma, MALT1 and BCL10 expression varied among cases with different
chromosomal translocations. In 9/9 MALT lymphomas with t(14;18)(q32;q21), tumour
cells showed strong homogeneous cytoplasmic expression of both MALT1 and BCL10. In
12/12 cases with evidence of t(1;14)(p22;q32) or variants, tumour cells expressed MALT1
weakly in the cytoplasm but BCL10 strongly in the nuclei. In all 67 MALT lymphomas
with t(11;18)(q21;q21), tumour cells expressed weak cytoplasmic MALT1 and moderate
nuclear BCL10. In MALT lymphomas without the above translocations, both MALT1
and BCL10, in general, were expressed weakly in the cytoplasm. Real-time quantitative
RT-PCR showed a good correlation between MALT1 and BCL10 mRNA expression and
underlining genetic changes, with t(14;18)(q32;q21)- and t(1;14)(p22;q32)-positive cases
displaying the highest MALT1 and BCL10 mRNA expression respectively. These results
show that MALT1 expression pattern is identical to that of BCL10 in normal lymphoid
tissues but varies in MALT lymphomas, with high cytoplasmic expression of both MALT1
and BCL10 characterizing those with t(14;18)(q32;q21).
Copyright  2005 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

MALT lymphoma is specifically associated with
t(11;18)(q21;q21), t(1;14)(p22;q32), and t(14;18)(q32;

q21) [1]. t(11;18)(q21;q21) fuses the N-terminus of
the API2 gene to the C-terminus of the MALT1
gene and generates a functional API2-MALT1 prod-
uct [2–4]. t(1;14)(p22;q32) and t(14;18)(q32;q21)
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bring the BCL10 and MALT1 genes respectively
to the IGH locus and deregulate their expression
[5–8]. The oncogenic activity of these translocations
is linked by the physiological role of BCL10 and
MALT1 in antigen receptor-mediated NFκB activa-
tion [9–12]. In normal B-cells, in response to antigen
receptor signalling, BCL10 oligomerizes and inter-
acts with MALT1 and mediates its oligomerization,
which leads to NFκB activation. In t(1;14)(p22;q32)-
positive MALT lymphoma, BCL10 is believed to
form oligomers via its N-terminal CARD, while in
those with t(14;18)(q32;q21)/IGH-MALT1, MALT1
oligomerization is thought to depend on BCL10
[13,14]. In MALT lymphoma with t(11;18)(q21;q21),
the API2–MALT1 fusion product is believed to
self-oligomerize via the N-terminal BIR domain of
the API2 molecule [13,14]. Thus, these independent
translocations appear to mediate their oncogenic activ-
ities through a common pathway.

In general, the above three translocations are dif-
ferentially involved in MALT lymphomas of vari-
ous sites. t(11;18)(q21;q21) occurs most frequently in
MALT lymphomas from the lung (40%) and stomach
(30%), moderately in those from the ocular adnexae
(20%), but rarely in those from the salivary gland,
thyroid, and skin [15–21]. In gastric MALT lym-
phoma, the translocation is significantly associated
with those not responding to Heliobacter pylori eradi-
cation [20,22,23]. However, the translocation is rarely
seen in transformed MALT lymphoma [24,25].

t(1;14)(p22;q32) occurs in 5% of MALT lymphomas
and is described primarily in those from the stom-
ach and lung. Although BCL10 is expressed predom-
inantly in the cytoplasm of normal germinal cen-
tre B-cells, the protein is strongly expressed in the
nuclei of lymphoma cells with t(1;14)(p22;q32) [26].
Moderate nuclear BCL10 expression is also seen in
t(1;14)(p22;q32)-negative MALT lymphomas, includ-
ing nearly all those with t(11;18)(q21;q21) and up to
20% cases without t(11;18)(q21;q21) [20,21,27]. The
remaining t(11;18)(q21;q21)-negative cases express
BCL10 in the cytoplasm.

t(14;18)(q32;q21)/IGH-MALT1 appears to occur
more frequently in non-gastrointestinal MALT lym-
phomas [7,28,29]. However, its true incidence in
MALT lymphoma of various sites remains unclear. In
a previous study of a single case of t(14;18)(q32;q21)/
IGH-MALT1-positive MALT lymphoma, we showed
that both MALT1 and BCL10 were highly expressed
in the cytoplasm of the tumour cells [8]. It is unknown
whether this expression pattern characterizes MALT
lymphoma with t(14;18)(q32;q21)/IGH-MALT1. In the
present study, we examined MALT1 expression in
both normal and malignant lymphoid tissues and cor-
related its expression with that of BCL10 and the
presence of the three translocations in MALT lym-
phomas.

Material and methods

Materials

These included 30 normal lymphoid tissues, 490 B-
cell lymphomas consisting of 423 MALT lymphomas
(Table 1), 22 follicular lymphomas, 18 mantle cell
lymphomas, and 27 diffuse large B-cell lymphomas
(DLBCL). Of MALT lymphomas, six cases were
known to be t(14;18)(q32;q21)/IGH-MALT1 positive
[7,28]. In addition, 86 normal non-lymphoid tissues of
21 types were studied. Local ethical guidelines were
followed for the use of archival paraffin-embedded
and frozen tissues for research and such use was
approved by the local ethics committees of the authors’
institutions where required.

Immunohistochemistry

MALT1 was immunostained with a mouse mono-
clonal antibody to its N-terminus (Genentech, USA)
[8]. Where indicated, MALT1 immunohistochemistry
was also performed with a mouse monoclonal antibody
to its C-terminus, which was generated by immu-
nization of mice with a C-terminal MALT1 recom-
binant protein (amino acids 701–808), followed by
a hybridoma technique in our laboratory. N-terminal
MALT1 antibody recognizes full-length MALT1 but
not the API2-MALT1 fusion product, while C-terminal
MALT1 antibody reacts with both MALT1 and API2-
MALT1 fusion product (Figure 1). BCL10 was stained
with mouse monoclonal antibody clone 151 [26].

Reverse transcription–polymerase chain reaction
(RT-PCR)

t(11;18)(q21;q21) was detected by RT-PCR of the
API2-MALT1 fusion transcripts [23].

Interphase fluorescence in situ hybridization (FISH)

Translocations involving MALT1 were detected by
interphase FISH with LSI IGH/MALT1 dual-colour,
dual-fusion translocation probes and MALT1 break-
apart dual-colour probes (Vysis/Abbott Laboratories
Ltd, UK) [8,21].

Real-time RT-PCR

MALT1 and BCL10 mRNA expression was quantified
by real-time RT-PCR using 18S rRNA as an internal
control. Total RNA was isolated from tumour cells
microdissected from paraffin-embedded tissue sections
[23,31]. cDNA was synthesized using random hex-
amer primers for MALT1/ 18S rRNA and gene-specific
primer for BCL10/ 18S rRNA. Real-time PCR was
performed using an iCycler iQ system (BIO-RAD,
UK) with SYBR Green I. One of each primer pair
was designed to span an exon–exon junction to pre-
vent amplification of any contaminated DNA (Table 2)
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Table 1. MALT 1 expression pattern in MALT lymphomas with different chromosomal translocations

Intensity of MALT1 expression
Site of MALT Number of Translocation Number of
lymphoma cases status∗ cases Strong Moderate Weak/negative

Stomach 185 t(11;18) +ve 40 — 2 38
t(1;14) +ve 8 — — 8
t(14;18) +ve — — — —
Translocation −ve 137 — 7 130

Lung 47 t(11;18) +ve 18 — — 18
t(1;14) +ve 4 — — 4
t(14;18) +ve 3 3 — —
Translocation −ve 22 — — 22

Ocular adnexae 73 t(11;18) +ve 7 — 1 6
t(1;14) +ve — — — —
t(14;18) +ve 5 5 — —
Translocation −ve 61 — 7 54

Salivary gland 59 t(11;18) +ve 1 — — 1
t(1;14) +ve — — — —
t(14;18) +ve — — — —
Translocation −ve 58 — 8 50

Thyroid 12 t(11;18) +ve — — — —
t(1;14) +ve — — — —
t(14;18) +ve — — — —
Translocation −ve 12 — 2 10

Skin 37 t(11;18) +ve — — — —
t(1;14) +ve — — — —
t(14;18) +ve — — — —
Translocation −ve 37 — 9 28

Liver 6 t(11;18) +ve — — — —
t(1;14) +ve — — — —
t(14;18) +ve 1 1 — —
Translocation −ve 5 — — 5

Intestine 4 t(11;18) +ve 1 — — 1
t(1;14) +ve — — — —
t(14;18) +ve — — — —
Translocation −ve 3 — — 3

Total 423 9(2.1%) 36 378

∗ t(14;18)(q32;q21)/IGH-MALT1 and BCL10 break/t(1;14)(p22;q21) were primarily detected by MALT1 and BCL10 immunohistochemistry followed
by interphase FISH with appropriate probes. t(11;18)(q21;q21)/API2-MALT1-positive cases were detected by RT-PCR of the API2-MALT1 fusion
transcript, with the exception of one pulmonary case that was initially identified by interphase FISH with MALT1 break apart probes.
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Figure 1. Western blot analysis of human B-cell lymphoma cells (BJAB) transfected with MALT1 or API2-MALT1 expression
constructs [30], and MALT lymphoma with and without t(11;18)(q21;q21). The mouse monoclonal antibody (mAb) to the
N-terminus of the MALT1 recognizes full-length MALT1, but not the API2-MALT1 fusion product, while the mouse monoclonal
antibody to the C-terminus of MALT1 reacts with full-length MALT1 as well as the API2-MALT1 fusion product (indicated
by arrows)

[32]. The primers for the MALT1 gene target its N-
terminus and therefore will only amplify wild-type
MALT1 but not API2-MALT1 transcripts.

The conditions for real-time PCR were optimized
prior to data collection. The specificity of the RT-PCR

products for each primer set was confirmed by melt-
curve analysis. The standard curves were generated by
twofold serial dilutions of 100 ng/µl MALT1 cDNA
and 1 ng/µl 18S rRNA cDNA prepared from fresh
frozen tonsils, and 100 ng/µl BCL10 cDNA and
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1 ng/µl 18S rRNA cDNA prepared from t(1;14)(p22;
q32)-positive frozen tumour tissues. The average coef-
ficient value (R2) for each standard curve was above
0.99 and the relative efficiency of amplification of
MALT1 and BCL10 was close to that of 18S rRNA
since the absolute value of the slope of log-input
amount of cDNA versus �CT was below 0.1.

Once the experimental conditions had been opti-
mized, real-time PCR was performed in a 25 µl reac-
tion mixture containing 12.5 µl SYBR Green Super-
Mix (BIO-RAD), 200 nM of each sense and anti-sense
primer, and 100 ng (MALT1 and BCL10 ) or 1 ng (18S
rRNA) cDNA. All samples were amplified in tripli-
cate using the following parameters: denaturation at
95 ◦C for 3 min and annealing and extension at 60 ◦C
for 1 min. Real-time PCR of 18S rRNA was run in
parallel for each sample. Melt-curve analysis was per-
formed immediately after the amplification protocol
for each case and only samples that showed specific
amplification were included in the data analysis. The
CT numbers were obtained from each sample and �CT
value was calculated by subtracting the CT value of
18S rRNA from the CT value of MALT1 or BCL10.

Statistical analysis

Mann–Whitney U -test was used to compare MALT1
and BCL10 mRNA expression between MALT lym-
phomas with different translocations. Pearson’s corre-
lation test was used for analysis of the relationship
between MALT1 and BCL10 mRNA expression.

Results

MALT1 expression in normal lymphoid tissues

Immunohistochemistry with both N-terminal and C-
terminal MALT1 antibodies showed that the protein
expression pattern was identical to that of BCL10 in
both B-cell follicles and thymus [26]. In B-cell fol-
licles of tonsil, lymph node and spleen, both MALT1
and BCL10 are differentially expressed in various ger-
minal centre B-cells, strong in centroblasts, moder-
ate in centrocytes, and weak/negative in mantle zone

Table 2. Primers used for real-time quantitative PCR of MALT1
and BCL10 mRNA

Genes Primer sequence
Amplicon size

(bp)

MALT1∗ sense 5′ ctc cgc ctc agt tgc cta ga 104
anti-sense 5′ caa cct ttt tca ccc att aac ttc a

BCL10 sense 5′ gaa gtg aag aag gac gcc tta g 80
anti-sense 5′ aga tga tca aaa tgt ctc tca gc

18SrRNA sense 5′ tga ctc aac acg gga aac c 114
anti-sense 5′ tcg ctc cac caa cta aga ac

∗ The primers for the MALT1 gene were designed to target its N-
terminus (nucleotides 363–466 according to its cDNA sequence
AF130356), and therefore will only amplify the wild-type MALT1 but
not the API2-MALT1 transcripts.

B-cells (Figure 2). In thymus, MALT1 was weakly
positive, while BCL10 was moderately expressed in
medullary T-cells. Irrespective of different cell types,
both MALT1 and BCL10 are predominantly expressed
in the cytoplasm.

MALT1 protein expression appeared to be restricted
to lymphoid tissues. It was not found by immuno-
histochemistry in 21 types of normal tissue, includ-
ing tongue, oesophagus, duodenum, rectum, liver,
gall-bladder, pancreas, bronchus, heart, lung, thyroid,
breast, adrenal gland, kidney, bladder, uterus, cervix,
ovary, placenta, testis, and skin.

MALT1 expression in malignant lymphoma

MALT1 expression in malignant lymphomas was
investigated with the N-terminal MALT1 antibody.
As reactive lymphoid follicles are commonly seen in
MALT lymphoma, MALT1 and BCL10 expression in
B-cells of reactive germinal centres provides an excel-
lent internal control. The level of MALT1 and BCL10
expression in lymphoma cells was therefore recorded
with reference to that in centroblasts (strong), centro-
cytes (moderate), and mantle zone B-cells (weak) of
reactive lymphoid follicles.

In a previous study of a single case of t(14;18)(q32;
q21)/IGH-MALT1-positive MALT lymphoma, we
showed that both MALT1 and BCL10 were highly
expressed in the cytoplasm of the tumour cells [8].
To examine whether strong cytoplasmic expression of
both MALT1 and BCL10 characterizes MALT lym-
phoma with t(14;18)(q32;q21)/IGH-MALT1, we stud-
ied the expression of these proteins in 423 cases of
MALT lymphoma. Among these cases, 364 had data
for BCL10 expression, t(1;14)(p22;q32), and t(11;18)
(q21;q21) from previous studies [21]. For the remain-
ing cases, these data were collected during the
present study. t(11;18)(q21;q21) was detected by RT-
PCR of the API2-MALT1 fusion transcript, while
t(1;14)(p22;q32) or variants were screened by BCL10
immunohistochemistry followed by interphase FISH
[21].

In total, 12 cases showed strong BCL10 nuclear
staining, and 10 of them showed evidence of t(1;14)
(p22;q32) by conventional cytogenetics or interphase
FISH. None of these cases showed BCL10 gene
amplification. Tumour cells in each of the above
cases showed weak/negative MALT1 cytoplasmic
staining (Figure 2, Table 1). Sixty-seven cases were
t(11;18)(q21;q21) positive and tumour cells in these
cases showed moderate or weak BCL10 nuclear stain-
ing (Figure 2, Table 1). Of the remaining 344 cases
lacking t(1;14)(p22;q32) and t(11;18)(q21;q21), nine
cases (ocular adnexae five, lung three, and liver one)
showed strong homogeneous cytoplasmic expression
of both MALT1 and BCL10 in virtually all tumour
cells. The intensity of MALT1 staining was similar
to that seen in centroblasts of the reactive germinal
centre (Figure 2). Of the remaining cases, 33 showed
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t(14;18) in MALT lymphoma of different sites 297
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t(14;18) +ve

t(1;14) +ve

t(11;18) +ve

trans -ve

MALT1 BCL10

Figure 2. MALT1 and BCL10 expression in reactive tonsil and MALT lymphomas with and without chromosomal translocations.
Both MALT1 and BCL10 are similarly expressed in the cytoplasm of various B-cells in reactive tonsil, high in centroblasts,
moderate in centrocytes and weak/negative in the mantle zone B-cells. In MALT lymphoma with t(14;18)(q32;q21)/IGH-MALT1,
all tumour cells show strong MALT1 and BCL10 cytoplasmic expression. In MALT lymphoma with BCL10 break/t(1;14)(p22;q32),
tumour cells express weak MALT1 but strong nuclear BCL10. In MALT lymphoma with t(11;18)(q21;q21)/API2-MALT1, tumour
cells generally show lack of MALT1 expression but moderate nuclear BCL10. In MALT lymphoma without the above chromosomal
translocations, tumour cells show weak MALT1 and moderate BCL10 expression in the cytoplasm. FC, follicle centre

moderate and 302 displayed weak/negative MALT1
cytoplasmic staining (Table 1).

Of the nine cases that showed strong homogeneous
cytoplasmic expression of both MALT1 and BCL10,
six were t(14;18)(q32;q21) positive, as shown in
previous studies [7,28]. For the remaining three cases,
we performed interphase FISH using IGH/MALT1
dual-colour, dual-fusion translocation probes. In each

case, signal patterns indicating the presence of the
translocation were detected (Figure 3).

To investigate further that t(14;18)(q32;q21)/IGH-
MALT1 was truly negative in MALT lymphoma
lacking high cytoplasmic expression of MALT1 and
BCL10, we performed interphase FISH using MALT1
break-apart dual-colour probes. The reliability of
the MALT1 break-apart assay for the detection of

J Pathol 2005; 205: 293–301
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Figure 3. Detection of t(14;18)/IGH-MALT1 by interphase FISH
with dual-colour, dual-fusion translocation probes. An ocular
MALT lymphoma with strong cytoplasmic expression of both
MALT1 and BCL10 shows co-localization of green and red
signals in interphase nuclei, suggestive of t(14;18)/IGH-MALT1

chromosomal translocations involving MALT1 was
first validated in 34 t(11;18)(q21;q21)-positive, 5
t(14;18)(q32;q21)/IGH-MALT1-positive MALT lym-
phomas and five negative controls. The MALT1 break-
apart assay showed translocations involving MALT1
in 39/39 positive cases but not in any of the negative
controls.

The MALT1 break-apart assay was performed in 174
cases of MALT lymphoma (salivary gland 48, ocular
adnexae 45, lung 23, stomach 31, thyroid 12, skin 12,
liver two and small intestine one) lacking evidence
of t(11;18)(q21;q21) and t(1;14)(p22;q32) or variants.
With the exception of one case, none of the remaining
cases displayed evidence of a breakpoint affecting the
MALT1 gene. The only case that showed a breakpoint
at the MALT1 locus was from lung and subsequently

confirmed to be t(11;18)(q21;q21) by interphase FISH
with API2/MALT1 dual-colour, dual-fusion transloca-
tion probes. This case was not detected by RT-PCR
on RNA samples prepared from paraffin-embedded
tissues. It is known that the RT-PCR protocol used
misses 7% of rare breakpoints on the API2 gene
[21,23]. Nonetheless, 28 cases showed three copies of
the MALT1 gene in more than 80% of tumour cells,
but only three of them displayed moderate MALT1
expression, with the remaining cases exhibiting weak
MALT1 expression. There was no evidence of MALT1
gene amplification in all the cases examined. Figure 4
summarizes the frequencies of t(14;18)(q32;q21)/IGH-
MALT1, t(11;18)(q21;q21), and t(1;14)(p22;q32) in
MALT lymphomas from various sites.

Of the 22 follicular lymphomas examined, 17
showed moderate to strong cytoplasmic MALT1 stain-
ing, and the remaining five displayed weak staining. In
mantle cell lymphoma, MALT1 expression was weak
in 14 and moderate in four cases. Among the 27 DLB-
CLs studied, 20 showed moderate to strong MALT1
expression and the remaining seven displayed weak
staining.

Correlation of MALT1 and BCL10 protein
expression with their mRNA expression

In keeping with MALT1 protein expression, MALT1
mRNA expression was the highest in MALT lym-
phomas with t(14;18)(q32;q21)/IGH-MALT1, signif-
icantly higher than those with t(11;18)(q21;q21) or
without any of the chromosomal translocations studied
(Figure 5). Interestingly, MALT1 mRNA expression
was also significantly higher in MALT lymphomas
without any of the chromosomal translocations than
in those with t(11;18)(q21;q21) (Figure 5).

Similarly, BCL10 mRNA expression was the high-
est in MALT lymphomas with t(1;14)(p22;q32), sig-
nificantly higher than in those with t(14;18)(q32;q21)/
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Figure 5. MALT1 and BCL10 mRNA expression in MALT lymphoma with different chromosomal translocations. (A) Examples of
real-time quantitative RT-PCR with SYBR Green I using an iCycler iQ system. This was carried out in triplicate using RNA samples
extracted from tumour cells microdissected from paraffin-embedded tissue sections. For simplicity, reference control 18S rRNA
is not shown in the figure. y-axis, relative fluorescent units; x-axis, number of PCR cycles; trans. −ve, translocation-negative case.
(B) Comparison of MALT1 and BCL10 mRNA expression in MALT lymphomas with different chromosomal translocation status.
Asterisk indicates statistically significant difference. The medians are indicated by horizontal bars in the rectangular boxes

IGH-MALT1 or t(11;18)(q21;q21) or without any of
these translocations (Figure 5). There was no corre-
lation between MALT1 and BCL10 mRNA expres-
sion in individual groups with different chromosomal
translocation status or in all groups combined together.

Discussion

Mounting evidence indicates that BCL10 and MALT1
specifically transduce antigen receptor signalling to
activate NFκB and play a critical role in the biology
of B- and T-cells [33]. This is best demonstrated in
BCL10-and MALT1-deficient mice, which are charac-
terized by impaired B-cell development and function,
showing a reduced number of marginal zone B-cells
and poor humoral responses to both T-cell-dependent
and -independent stimulation [9–12]. It is believed
that, in normal B- and T-cells, upon antigen recep-
tor stimulation, Carma1 is activated to recruit BCL10
via CARD–CARD interaction and induces BCL10
oligomerization. BCL10 then binds the Ig-like domain
of MALT1 and induces MALT1 oligomerization, sub-
sequently leading to NFκB activation [13,34]. The
finding of identical expression pattern of MALT1 and
BCL10 in B-cell follicles is in line with their roles in
B-cell activation and maturation.

One of the remarkable findings of the present study
is the characteristic expression pattern of MALT1 and
BCL10 in MALT lymphoma with different translo-
cations. In those with t(14;18)(q32;q21)/IGH-MALT1,
the tumour cells are characterized by strong cyto-
plasmic expression of both MALT1 and BCL10,
while MALT lymphoma cells with t(1;14)(p22;q32)
or t(11;18)(q21;q21) show strong or moderate BCL10
nuclear expression respectively, but generally weak
MALT1 cytoplasmic expression. Such differential
MALT1 and BCL10 expression patterns in MALT
lymphoma with various translocations may reflect not
only the consequence of these translocations but also
the molecular mechanisms involved.

In MALT lymphoma with t(14;18)(q32;q21)/IGH-
MALT1, strong cytoplasmic MALT1 expression is
expected given the strong transcriptional activity of
the IGH enhancer. The strong cytoplasmic BCL10
expression is, to some extent, a surprising finding,
but this could well be explained by the molecular
mechanism of MALT1-mediated NFκB activation.
MALT1 lacks structural domains that are capable of
mediating its self-oligomerization and over-expression
of MALT1 alone in fibroblasts does not activate
NFκB [13,14,34]. However, MALT1 is synergistic
with BCL10 in NFκB activation and it is believed
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that the oligomerization and activation of MALT1
depend on BCL10 [14]. Thus, it is likely that, in
lymphoma cells with t(14;18)(q32;q21)/IGH-MALT1,
MALT1 interacts with BCL10 and stabilizes it in the
cytoplasm, consequently leading to its accumulation.
In line with this notion, no alteration in BCL10
mRNA expression was seen in MALT lymphoma
with t(14;18)(q32;q21)/IGH-MALT1 as compared with
other MALT lymphomas lacking a BCL10-associated
translocation.

Similarly, in view of the direct interaction between
BCL10 and MALT1 in their mediated NFκB activa-
tion, one may expect to see MALT1 protein accumula-
tion in lymphoma cells with t(1;14)(p22;q32). Intrigu-
ingly, this is not the case: MALT1 is only weakly
expressed in the cytoplasm of t(1;14)(p22;q32)-posi-
tive cells, in contrast to strong BCL10 expression in
the nuclei. Such differential expression of the two pro-
teins in terms of both level and subcellular localization
suggests that MALT1 may not be required for BCL10
function. This is supported by knockout mice stud-
ies. While BCL10 is essential for antigen receptor
mediated NFκB activation in both B- and T-cells, defi-
ciency of MALT1 expression does not critically affect
BCL10-mediated NFκB activation in B-cells as it does
in T-cells [9,12]. It is believed that there is an alter-
native pathway in BCL10-mediated NFκB activation
in B-cells, which is MALT1 independent. In addition,
BCL10 plays an extra role during neurodevelopment,
indicating that BCL10 has additional biological activ-
ity compared with MALT1 [9].

Similar to t(1;14)(p22;q32)-positive MALT lym-
phoma, tumour cells with t(11;18)(q21;q21) generally
show weak/negative MALT1 cytoplasmic expression
but moderate BCL10 nuclear expression. Given that
oligomerization of the API2-MALT1 fusion product is
most likely mediated by the N-terminal BIR domains
of the API2 molecule, API2-MALT1-mediated NFκB
activation is unlikely to require BCL10 or MALT1.
In addition, only one allele of the intact MALT1 gene
remains in MALT lymphoma with t(11;18)(q21;q21)
and the level of MALT1 mRNA is much lower in
these tumours than in those without this translocation.
Hence, weak MALT1 staining in MALT lymphoma
with t(11;18)(q21;q21) is expected. However, moder-
ate BCL10 nuclear staining is a surprising finding. The
mechanism underlying BCL10 nuclear expression is
unclear. Nonetheless, this is unlikely to be related to
the level of BCL10 mRNA expression since there was
no significant difference in its transcript expression
between cases expressing nuclear BCL10 (excluding
those with BCL10-involved chromosomal transloca-
tion) or those expressing cytoplasmic BCL10.

As shown previously, strong nuclear BCL10 stain-
ing is highly indicative of the presence of t(1;14)
(p22;q32) or variants. In the present study, we fur-
ther showed that high levels of cytoplasmic expres-
sion of both MALT1 and BCL10 characterize MALT
lymphoma with t(14;18)(q32;q21)/IGH-MALT1. This
characteristic MALT1 and BCL10 expression pattern

was seen in 9/9 MALT lymphomas with t(14;18)(q32;
q21)/IGH-MALT1. The absence of t(14;18)(q32;q21)/
IGH-MALT1 in MALT lymphoma lacking strong
MALT1 and BCL10 cytoplasmic expression was
further confirmed by interphase FISH analyses of
174 t(11;18)(q21;q21)- and t(1;14)(p22;q32)-negative
cases. Based on MALT1 and BCL10 immunohisto-
chemistry, followed by interphase FISH analysis, we
have demonstrated t(14;18)(q32;q21)/IGH-MALT1 in
MALT lymphoma of the lung (6%), ocular adnexae
(7%), and liver (17%) but not in those of the stomach,
salivary gland, thyroid, and skin. These findings are
in line with previous reports [7,28,29,35]: the translo-
cation is mutually exclusive from t(11;18)(q21;q21)
and BCL10 break/t(1;14)(p22;q32), and occurs more
frequently in extra-gastrointestinal sites.

In view of the characteristic BCL10 and MALT1
expression patterns in MALT lymphoma with differ-
ent translocations, BCL10 and MALT1 immunohisto-
chemistry may be used for screening for these translo-
cations. Since both BCL10 and MALT1 expression
patterns in MALT lymphomas with t(1;14)(p22;q32) or
t(14;18)(q32;q21)/IGH-MALT1 are characteristic and
the incidence of both translocations is relatively infre-
quent in MALT lymphoma, it would be rational to
screen for these translocations first by BCL10 and
MALT1 immunohistochemistry, followed by confir-
mation with interphase FISH. For MALT lymphoma
with t(11;18)(q21;q21), BCL10 and MALT1 immuno-
histochemistry does not provide a strong indication
for the presence of the translocation as up to 20% of
t(11;18)(q21;q21)-negative cases also show moderate
BCL10 nuclear expression. Detection of this translo-
cation is best carried out by RT-PCR or interphase
FISH.

In summary, we have shown that MALT1 expres-
sion pattern is identical to that of BCL10 in nor-
mal lymphoid tissues but varies in MALT lym-
phomas, with high levels of cytoplasmic expression
of both MALT1 and BCL10 characterizing those with
t(14;18)(q32;q21)/IGH-MALT1.
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