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BCL10mutation does not represent an important pathogenic mechanism in gastric
MALT-type lymphoma, and the presence of &iel2-MLT fusion is associated
with aberrant nuclear BCL10 expression

Brigitte Maes, Anouk Demunter, Benjamin Peeters, and Christiane De Wolf-Peeters

Two recurrent translocations have been from either whole tissue sections or mi- be demonstrated between the latter and the
associated with mucosa-associated lym- crodissected clusters of tumor cells was presence of BCL10 mutations. In contrast,
phoid tissue (MALT)—type lymphoma, t(11; used. Five polymerase chain reactions all 10 cases carrying t(11;18)(g21;921)
18)(g21;g21) and t(1;14)(p22;9q32). The amplifying the coding exons were per- showed nuclear expression, whereas this
first, t(11;18)(q21;921), results in the fu- formed and were followed by direct sequenc- staining pattern was absent in 21 of 25
sion protein API2-MLT (API2-MALT1). ing of the products. Twenty differences with cases without t(11;18)(g21;g21). These re-
Through t(1;14)(p22;932),the  BCL10gene the published BCLI0 sequence, all single sults demonstrate that BCL10 mutations are
is entirely transferred to the IgH gene, nucleotide substitutions, were detected in rare in gastric MALT-type lymphoma and are
resulting in its overexpression. Wild-type 16 cases. Of these, 12 represented known not related to the aberrant nuclear expres-
BCL10 is implicated in apoptosis, and it polymorphisms, either at codon 8, 213, or 5. sion of BCL10. In contrast, they indicate that
has been suggested that mutated forms Of the remaining 8 substitutions, 2 were the presence of the API2-MLT fusion protein
gain oncogenic activity. The occurrence silent and 6 resulted in amino acid substitu- is associated with aberrant nuclear BCL10
of genomic BCL10 mutations in 35 gastric tions. Mutation analysis results were corre- expression. (Blood. 2002;99:1398-1404)
MALT-type lymphomas with or without lated with the BCL10 expression pattern.

t(11;18)(g21;921) (10 and 25 cases, respec- Aberrant nuclear BCL10 expression was

tively) was investigated. DNA extracted detected in 14 cases. No association could © 2002 by The American Society of Hematology

Introduction

The BCL10gene has recently been cloned from the t(1;14)(p22; In a series of other studies, the occurrenc®6L10mutation
g32), which was found in a B-cell ymphoma of mucosa-associateduld not be confirmed for lymphoma and other hematologic
lymphoid tissue (MALT)! As a consequence of this translocationmalignancies or for a wide range of solid tumb¥% thus, the role

the entireBCL10gene was juxtaposed to tihgH enhancer region, of BCL10 mutation resulting in the loss of tumor suppressor
resulting in its overexpression. The wild-tyB€L10gene encodes function remains controversial. Moreover, the occurrence of the
a protein containing an amino-terminal caspase recruitment domgit; 14)(p22;932) in MALT-type lymphoma is not always associated
and was found to weakly promote apoptosis, to activatexkBF- with the presence dBCL10mutations® This observation contra-
and to suppress malignant transformation in in vitro asays. dicts the possible pathogenic role of loss of proapoptotic BCL10
contrast, truncation of BCL10 beyond the caspase recruitmdonction in view of the overexpression of wild-type BCL10 in these
domain failed to induce apoptosis but retained AB-activation cases. However, the BCL10 expression pattern in tumor cells from
and enhanced transformation by cooperating oncogetigsincat- MALT-type lymphoma with the t(1;14)(p22;932) differ from that
ing BCL10mutations were detected in MALT-type lymphomas andeen in normal marginal zone cells. Although in normal marginal
in follicular lymphoma lacking the 1p22 chromosomal aberratiomone cells BCL10 is expressed only in the cytoplasm, it is
and at a slightly higher frequency in high-grade MALT-typeexpressed in nucleus and cytoplasm in tumor cells from t(1;14)(p22;
lymphoma than in low-grade MALT-type lymphordd.Based on q32)-positive MALT-type lymphoma caséslt was suggested that
these findings, it was suggested that Bl 10gene is implicated the altered cellular localization of BCL10 protein may represent
in the pathogenesis and progression of the lymphoma through tieother mechanism for BCL10-induced lymphomage#fésand

loss of its proapoptotic function. In addition, becauB€L10 that this mechanism might be involved in cases without the
mutations were also detected at a high frequency in cell linéd;14)(p22;9q32) because these cases also showed, in part,
derived from male germ cell tumors and mesothelioma withouticlear BCL10 expressiorf. The explanation for the nuclear
chromosomal rearrangements of B@L10locus, it was suggested translocation of BCL10 protein in t(1;14)(p22;q32)-positive and
that BCL10 mutation might represent a common pathogeneti€1;14)(p22;932)-negative MALT lymphoma cases has not been
mechanism involved in a variety of solid tumdrs. elucidated.
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In the current study, we investigated the occurrence of genoni@lowed by 30 cycles in a 4@.L reaction volume (using AmpliTaq
BCL10 mutations in a series of 35 well-characterized cases Bglymerase LD [Applied Biosystems] and a low-salt buffer) at high-
gastric MALT lymphoma and 10 gastric diffuse large B-celptringency conditions. Both PCR reactions contained the UN1-primer
lymphoma (DLBCL). Mutation analysis results were correlatefp"CCCACTCGAGNNNNNNATGTGG-3, with N =A, C, G, or T)
with the expression pattern of BCL10 protein to test a possibfa©Ving universal amplification of genomic DN Reagents, vel

L - . -uUmes, and reaction were previously described by Kuukaisgt all”
association between both. We also investigated the pOSSIElEe product was purified (Qiagen Westburg, Leusden, The Netherlands)

relationship between the expression of BCL10 proteinB@810  .tore further use.

gene alteration in the presence or absence oARER-MLT (also

called API2-MALTY fusion transcript. The latter results from thepolymerase chain reaction analysis
t(11;18)(q21;921) for which all cases were previously anal¥zed

and which represents a more common genetic alteration in MALFCR for the full coding sequence of tBEL10gene consisted of 5 different
reactions amplifying coding exon 1 by a single reaction and coding exons 2
lymphoma than th&CL10gene rearrangement. and 3 by 2 separate overlapping reactions. Primer sequences intth& 5
direction were the following: Bex1lF, GGACCCGGAAGAAGCGC-
CATCTCC,; Bex1R, GATCCTCCTTGTCCTCGGAC TC; Bex2.1F, AA-
GACTGCCAACTAATAGTCACGT; Bex2.1R, CCGAATTTTCCAGCC
CTTTTTCT, Bex2.2F, CCGAAGAAATTTCTTGTCGAACA; Bex2.2R,
AGCATTATTA CATTTAAATTAGCTC,; Bex3.1F, CACAAGATGGA-
CAGTGACTCC; Bex3.1R, TTGA AGAGAAGATGGTATTTTCAGT,
Thirty-five gastric MALT lymphoma cases and 10 gastric diffuse largBex3.2F, GAAGGAGAATCCAGCACGA; Bex3.2R, TGTCATCATTA-
B-cell lymphoma cases, previously analyzed for the presence of tAAAATTAAAAGGCA. PCR was performed in a GeneAmp PCR system
API2-MLT fusion transcript® were used for the current study. All cases9600 (Applied Biosystems) in final volumes of f, containing 10 mM
were documented by a gastrectomy specimen, and at least one represa@mig-HCI (pH 8.3), 50 mM KClI, 2.5 mM MgGJl 200 M each dNTP, 0.2
tive freshly frozen tissue bloc was available for each case. Twenty-tweM each primer, 500 ng DNA (either extracted from tissue sections or
MALT-type lymphomas were determined not to have large cell prolifergurified DOP-PCR material), and 2.5 U Taq polymerase (AmpliTaq Gold;
tion, and the remaining 13 were determined to have large cell proliferatiofpplied Biosystems). Thermal cycle conditions were 10 minutes at 94°C
Large cell proliferation was defined as the presence of sheets or clusterfotibwed by 40 cycles of denaturation (94°C, 1 minute), annealing (20
large cells within the MALT-type lymphoma, with large cells colonizingcycles at 63°C, 1 minute and 20 cycles at 60°C, 1 minute), and extension
pre-existing follicle centers or with a tumor mass composed of large ce([82°C, 1 minute).
associated with a MALT-type lymphoma. As reported in our previous study,
10 of 22 low-grade MALT-type lymphoma cases and none of MALT-type&Sequencing of polymerase chain reaction products and
lymphomas with a large cell proliferation showed the presencBRI2-  mutation analysis
MLT fusion transcripts detected by reverse transcription—polymerase chain
reaction (RT-PCR) in total RNA extracted from frozen tissue secidnsAll PCR products were directly sequenced in both directions using the Big

Five lymph nodes and 5 spleens showing reactive histology were alye Terminator Ready Reaction kit and an ABI PRISM 310 Genetic
included in the study and served as control material. Analyzer, according to the manufacturer's recommendations (Applied

Biosystems). Mutation analysis was performed by comparing obtained
sequences to the germlinBCL10 sequence as recorded in GenBank
DNA samples (accession no. AF097732), using SeqMan 4.00 software (DNAStar,

By evaluation of a hematoxylin and eosin-stained frozen tissue sectionM@dison, W).
was ascertained for all cases that tumor cells accounted for most of the cells ) )
in the tissue section. Thus, for all cases, DNA was extracted from whd@munohistochemistry

frozen tissue sections by using the QlAamp DNA Mini kit according 10 the,, ¢in_embedded sections were used for the analysis of BCL10 expres-
manufacturer _s_recommendatlons (Qiagen Westburg, Leusdgn, Thg Net@%h by immunohistochemistry using a BCL10 monoclonal antibody kindly
lands). In addition, for 18 of 35 MALT-type lymphoma cases in which th?)rovided by M. Dyer (Sutton, United Kingdom). Reactive spleen and
tissue section also comprised an abundant number of normal cells ( ph node tissue sections were also stained as controls.

smooth muscle (_:e_ll_s), tumor cells yverg epriched by microdissection to After deparaffinization, the formalin- or B5-fixed tissue sections were
exclude the possibility of false-negative findings because of the pmpondﬁréubated for 30 minutes in methanol plus peroxide at room temperature,

ance o.f normal alleles. Of these 18 cases, 35 tumor cell clusters Wetflowed by a brief wash in phosphate-buffered saline (PBS). Slides were
mlcrodlssect(_ed and used for. the _anaIyS|s. For 2 cases of MALT'ty_?\%ated 3 times in a sodium-citrate buffer (pH 6) using a microwave oven at
lymphoma with large cell proliferation (cases 25 and 35), one m|crod|§-50 W, slowly cooled in the same solution, and briefly washed in PBS.
sected tumor cell cluster cons_isteq exclusively of large tumor cell_s. In_lﬁcubation with the BCL10 antibody (1:10) was carried out overnight at
cases, normal cells were mlcrodlssec_:ted .from 'the section to 'F‘e”t'iyc, followed by a brief wash with PBS. Staining was performed using the
polymorphisms. For the purpose of microdissection, a hematoxylin arfi%vision system (DAKO, Glostrup, Denmark) according to the manufac-

eosin-stained frozen section was digested by incubation at 40°C for 3 ho{ﬂrcér‘s recommendations and with amino ethyl carbazole. Sections were
in collagenase H (Boehringer Mannheim, Brussels, Belgium). Clusters &;unterstained with hematoxylin

20 to 100 tumor cells were microdissected and aspirated with a sterile glass
needle, transferred to an Eppendorf tube, and resuspendggdis&@ution
containing 1pL of a 10X high-salt buffer (260 mM Tris-HCI, pH 9.5; 65
mM MgCl,) and 7 mg/mL proteinase K (Boehringer Mannheim). SampIeReSU"IS
were incubated overnight at 55°C and then were boiled for 1 minute to
inactivate proteinase K. DNA was amplified using degenerate oligonucledll results are summarized in Table 1.
tide-primed PCR (DOP-PCR).

DOP-PCR was performed on a thermocycler (Perkin Elmer 48@CL10 gene mutation
Applied Biosystems, Lennik, Belgium) in 2 separate phases. Four initial ) .
cycles (preamplification step) were carried out in gOreaction mixture 1N the 5 DNA samples derived from the lymphadenitis cases, 2
(using ThermoSequenase [Amersham Pharmacia, Roosendaal, The Neigtinct differences with the publish&CL10sequence (GenBank
lands] and a high-salt buffer) at low-stringency conditions, which waaccession no. AF097732), both single nucleotide substitutions,

Materials and methods

Cases
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Table 1. Summary of results

BCL 10

NHL subtype Case API2-MLT Expression* Alteration Exon Codon Mutation TSt MD-Tt MD-Nt
MALT 1 + n/c - - - - - - -
2 + nic CTC > CTG 1 8 Silent + - -
3 - c GGA > GAA 3 213 GlyGlu + - -
4 + n/c - - - - - - -
5 + nic - - - - - - -
6 + n/c - - - - - -
7 + n/c GAG > GTG 1 11 Gluval + - -
8 - c - - - - - - -
9 + n/c - - - - - - -
10 - c GGA > GAA 3 213 GlyGlu + - -
11 + nic - - - - - - -
12 - c GCA>TCA 1 5 AlaSer + — -
13 - c CCT > CCG 3 175 Silent - +3 -
ACA > AGA 2 100 ThrArg - +F -
14 - c TTC > GTC 2 94 PheVal + — —
15 - c - - - - - - -
16 - nic - - - - - - -
17 - c - - - - - - -
18 + n/c - - - - - - -
19 + nic CTC > CTG 1 8 Silent + - -
20 - c - - - - - - -
21 - c TCA>TCT 3 227 Silent + - -
CTC > CTG 1 8 Silent + - +
22 - c CTC > CTG 1 8 Silent + - -
MALT + LCP 23 - c CTC > CTG 1 8 Silent + - -
24 - c - - - - - - -
25 - nic CTA > CCA 3 207 LeuPro - +18§ -
AAC > ACC 2 93 AsnThr - +3 -
26 - c - - - - - - -
27 - c - - - - - - -
28 - c GGA > GAA 3 213 GlyGlu + + +
CTC > CTG 1 8 Silent + - +
29 - c GGA > GAA 3 213 GlyGlu + + -
30 - c - - - - - - -
31 - n/c TTG > ATG 2 68 LeuMet + - -
32 - c - - - - - - -
33 - c CTC > CTG 1 8 Silent + - -
34 - nlc - - - - - - -
35 - c - - - - - - -
DLCL 36 - c - - - - - - -
37 - c CCT > CCG 3 195 Silent + - -
38 - c - - - - - - -
39 - c - - - - - - -
40 - c GGA > GAA 3 213 GlyGlu + - -
41 - c CTC > CTG 1 8 Silent + - -
41 - c - - - - - - -
43 - c CTC > CTG 1 8 Silent + - -
44 - c - - - - - - -
45 - c - - - - - - -

*BCL10 expression analyzed by immunohistochemistry. n, nuclear; c, cytoplasmic.

TResults derived from analysis on DNA either from whole tissue sections (TS) or from microdissected tumor cells (MD-T) or normal cells (MD-N).
$Both mutations from the same case were found in two different tumor cell clusters.

§Result on DNA from microdissected large tumor cells.

LCP, large cell proliferation.

were observed in coding exons 1 and 3. These included C/Gdnces with the published sequence in 14 cases. Twelve cases
codon 8 (CTC> CTG) (exon 1) and G/Ain codon 213 (GGA showed 1 difference, and 2 cases exhibited 2 differences. All were
GAA) (exon 3). The presence of these substitutions in normal DNgingle nucleotide substitutions, and 11 of 16 were identified as one
suggests they represent polymorphisms. The polymorphism dadithe polymorphisms described above for the lymphadenitis cases:
codon 213 caused an amino acid substitution (GEYGLU), the polymorphisms at codon 8 and codon 213 were detected 7 and 4
whereas the polymorphism in codon 8 was silent. Both polymatimes, respectively. One case exhibited 2 polymorphisms at codons
phisms were reported previoushy:'? 8 and 213 (case 28). The remaining 5 single nucleotide substitu-
As analyzed on the DNA extracted from whole tissue sectionspns were present in codons 5, 11, 68, 94, and 227, and all caused
the 35 MALT-type lymphoma cases showed a total of 16 diffemamino acid substitutions except for the substitution in codon 227,
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which was silent (Table 1). The substitution in codon 5 was G toWe could confirm that the codon 8 and codon 213 alterations found
(GCA > TCA) (exon 1), causing an amino acid substitutionn cases 21 and 28 were polymorphisms given that they were also
(ALA > SER) and was previously described by others as faund in normal cells derived from the same specimen. No
polymorphisnt5:12 significant difference was found between the frequency of muta-
Analysis on DNA derived from microdissected tumor celtions in MALT-type lymphoma with and without large cell
clusters revealed 2 additional differences with the publishe®mponent.
BCL10 sequence, both single nucleotide substitutions. One of theseOf the 10 gastric DLBCL cases, 4 exhibited a single difference
was found in a tumor cell cluster of case 13. It comprised no largéth the publishedBCL10sequence. Cases 41 and 43 showed the
cell component, and it was silent (codon 175). The other wascadon 8 polymorphism, and case 40 demonstrated the codon 213
nucleotide substitution (codon 207) in the large tumor cell clustpolymorphism. The remaining difference found in case 37 was a
microdissected from case 25, causing an amino acid substitutgingle nucleotide substitution, which occurred in codon 195 and
(Table 1, Figure 1). In contrast, the substitutions in codons 68, 94s silent (Table 1). None of the potentially pathogenic mutations
(Figure 1), and 227—detected in the total DNA of cases 31, 14, andcurred more than once, and no apparent clustering of these
21 and described above—were not found in the correspondingutations within a specific region of théCL10 gene
DNA sample from the microdissected tumor cell clusters. Twas observed.
further investigate these discrepancies, 3 extra tumor cell clusters
(all composed of small tumor cell) were microdissected from ea&CL10 expression by immunohistochemistry

of these 5 cases and analyzed separately. Cases 13 and 25 showed Ia is of | spl dql h node ti . d
single nucleotide substitution in 1 of the 3 additionally analyze’éna ysis of normal spleen and lymph node tissue sections demon-

clusters (codons 100 and 93, respectively) that was not found in ﬁ{éated expression of BCL10 protein. It was abundantly expressed

whole tissue DNA. Both mutations were different from the one'd the cytoplasm of follicle center cells and in the cytoplasm of

detected in the DNA from the first tumor cell clusters (Table 1), TH@rginal zone cells compared with the expression of BCL10 in the
substitutions found in the DNA from whole tissue sections in cas phocytic corona, where it was gbsent or yveak and never
14, 21, and 31 were not found in the 3 additionally investigat ‘4”_0'3”‘- In none _Of the normal tissue sections was nuclear
tumor cell clusters. Analysis on DNA derived from normal cells iptaining observed (Figure 2).

the latter cases could not demonstrate these mutations. In contr_asl’,A‘II MALT-type Iymphoma cases showed cytoplasmic s_tf':unlng
in the tumor cells, ranging from weak to abundant. In addition, 14

cases also displayed nuclear staining (Figure 2). All gastric DLBCL
cases showed cytoplasmic expression, but no nuclear BCL10
expression, in the tumor cells.

A D

&=

Correlation of results:  BCL10 mutation, BCL10 nuclear
expression, API2-MLT fusion.

No obvious relation betwedBCL10mutation and BCL10 nuclear

) expression could be deduced from the results summarized in Table
AG ATCTACAGIIGAACGT CCTG 1. Of 14 cases displaying nuclear BCL10 expression, only 3
B E - revealed a potentially pathogenic mutation (excluding known
polymorphisms and silent mutations). In contrast, all 10 cases
known to containAPI2-MLT fusion transcripts showed BCL10
nuclear staining (Table 1). Four other cases withABi2-MLT
fusion transcripts also expressed BCL10 in the nucleus.

= Discussion
AG ATCTAC AG|| GAACTT CCTG
C F Initial studies on the involvement oBCL10 mutation in the
pathogenesis of lymphomas and other malignaf@idmve re
ported splice variants and deletions and insertions within homopoly-
meric runs, resulting in truncated BCL10 protein. These truncated
forms demonstrated loss of proapoptotic function but retained the
capacity to activate NkB and showed enhanced malignant
transformatior:2 These findings led to the suggestion tB&L10
is an important tumor suppressor gene, of which the truncating
AGATCCACAGI|IGAACTT CCTG mutation is commonlyllnvolved |n.tumorogene§%.

_— We analyzed a series of gastric MALT-type lymphomas for the
Figure 1. BCL10 mutations in MALT-type lymphomas. (A-C) Direct sequencing  gccurrence of BCL10 mutations. We detected 3 Common]y re-
results from case 25. (A) Normal DNA derived from whole tissue sections. (B) Normal . 12 . .
DNA derived from a small tumor cell cluster obtained by microdissection. (C) ported polymorphlsni_’s‘i th_at occurred 12 times in 11 cases (1’ 7,
Substitution at position 620: T > C in DNA derived from large tumor cell cluster. ~ and 4 times, respectively, in codons 5, 8, and 213). The polymor-
Residual peak of T indicates the presence of normal alleles. (D-F) Direct sequencing  phic nature of codon 8 and 213 alterations was further confirmed by
results from case 14. (D) Substitution at position 280: T > G in DNA derived from the analysis of reactive tissues and matched normal cells of the
whole tissue sections. Residual peak of T indicates the presence of normal alleles. .
(E) Normal DNA in normal cells. (F) Normal DNAin a cell cluster microdissected from lymphoma Ca_ses' Apart_from these pglymorphlsm_s, we further
the tumor. detected 8 differences in 6 cases with the published BCL10

I
C
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Figure 2. Immunohistochemical staining for BCL10 protein

| expression. (A) Reactive spleen with strong cytoplasmic BCL10
expression in the marginal zone and in the germinal center and
absent to weak expression in the lymphocytic corona. Original
magnification X 400. (B) High magnification of splenic reactive
marginal zone cells, expressing BCL10 in the cytoplasm and not
in the nucleus. Original magnification X 1000. (C) Cytoplasmic
u BCL10 expression in the tumor cells of case 20 (MALT-type
lymphoma without the API2-MLT fusion). Original magnification X
1000. (D) Aberrant nuclear BCL10 expression in case 4 (MALT-
type lymphoma with the API2-MLT fusion). Original magnifica-
tion X 1000.

sequence (GenBank accession no. AF097732) not previously The significance of these mutations in the pathogenesis of
reported, all of which represented single nucleotide substitutionsMALT-type lymphoma is unclear. Two of 8CL10 mutations

In 5 cases, we observed a discrepancy between results obtaidetécted in the MALT-type lymphoma cases were silent, whereas
on DNA extracted from whole tissue sections and those obtained e remaining 6 resulted in amino acid substitutions that might have
DOP-PCR—amplified DNA derived from 4 microdissected tumaaltered the structure of the protein. The functional importance of
clusters from the corresponding case. In 2 of these 5 casesth latter should be investigated, but it is probably low because the
different alterations, not present in the whole tumor DNA, werpotentially pathogenic mutations were detected at only a low
found in a different cluster. In contrast, the 3 other cases showeérequency, were nonrecurrent, and did not show a clustering within
mutation in the whole tumor DNA not present in the analyzed cedl specific domain of th8CL10gene. In addition, none of these
clusters. Based on a hematoxylin and eosin-stained serial sectiomittations has been reported. Finally, as discussed above, it is
was ascertained for all cases that most cells present in the analygessible that not all tumor cells from the same case exhibited the
tissue section represented tumor cells. Nevertheless, it is likelygarticular mutation, indicating that it might be secondarily ac-
assume that the amount of normal DNA is higher in the wholguired, precluding its role in the development of the lymphoma. In
tissue sections than in a microdissected tumor cell cluster, precledntrast, the codon 207 mutation in the large cell component of one
ing the detection of a mutation occurring in the tumor cellsase might have caused the acquisition of the high-grade morphol-
Amplification-related errors may cause these discrepancies. dgy. However, ongoing mutation was not restricted to cases with a
particular, DOP-PCR may have induced technical artifacts wherebigh-grade component. Moreover, no significant difference was
the DOP-PCR-amplified DNA may not perfectly represent thiwund between the frequency of mutations in MALT-type lym-
genotype of the microdissected tumor cells. Finally, the mutatiophioma with and without large cell proliferation. Finally, of the 10
may not be present in all tumor cells, precluding their detection gastric DLBCL cases—at least some of which might have evolved
some samples by the abundance of tumor cells lacking tbat of MALT-type lymphoma—only one case showed a mutation,
mutation. The latter implicates the presence of subclones with aadd that mutation was moreover silent.
without a particular mutation. This hypothesis is attractive because Based on all these arguments we concludeB@it10genomic
the same phenomenon has been described for other genesnirations do not play an important role in the pathogenesis or the
lymphoid malignancies, such as tbéMycand theBCL6genes, in progression of gastric MALT-type lymphoma. This conclusion is in
which it has been indicated as ongoing mutati&i8.Discrepant line with the interpretation of some recent repdtd®11 but it
results between different DNA samples from the same tumoontradicts that of the initial studies &CL10mutation?-3
specimen also indicate that these substitutions are not geneticThe discordance between the findings of the latter studies and
polymorphisms, as additionally confirmed for cases 14, 21, and 80irs might be attributable to the occurrence of posttranscriptional
by the analysis on DNA derived from corresponding normal cellmodification because those studies were conducted on single
(codons 94, 227, and 68). cDNA clones in which the mutation frequency was higher than in

¥20z dunr g0 uo 3sanb Aq Jpd'86E L 0Z0Y08U/¥ZH089L/86E L/+/66/)Pd-al0ie/po0|q AU sUOlEDlgNdysE//:d}y Wwouj papeojumog



BLOOD, 15 FEBRUARY 2002 - VOLUME 99, NUMBER 4 BCL10 MUTATION AND BCL10 GASTRIC MALT LYMPHOMA 1403

genomic DNA?° We cannot preclude that our cases exhibitedownstream #B kinase complex, leading to the induction of
additional mutations at the RNA level because we used genonN&-«kB.2> Moreover, it was shown that the API2-MLT fusion
DNA. The possibility of posttranscriptional RNA modification is,protein also activates NkB through the same pathway.The
however, contradicted by others who did not find truncatingctivation of NFxB by either overexpressed BCL10-mediated
mutations in cDNA or in matched genomic DNA from malignanMLT oligomerization or by API2-MLT may represent the major
mesothelioma and colorectal carcinoma, which were also reporfgathogenic mechanism involved in MALT-type lymphoma, prefer-
to exhibit similar truncating mutatiorfd Alternatively, the discrep entially above the loss of proapoptotic function of BCL10. This is
ancy between results might have been caused by cloning or Pl@Rine with the observation that BCL10 only weakly promotes
artefacts? though similar truncating mutations were found byapoptosig.2.26.27
direct sequencing of PCR products, and their occurrence waslt is unclear whether BCL10 might directly interact with
confirmed in different studies at varying frequencies ranging fromPI2-MLT, explaining the aberrant nuclear expression of BCL10.
109¢° to 459 of non-Hodgkin lymphoma cases. A third explanaBinding of BCL10 to MLT requires the presence of the immuno-
tion for discrepant results may be the ongoing nature of thglobulinlike domains of MLT2® present in the API2-MLT fusion
mutations, which might lead to an underestimation of mutatiogrotein in only some cases. Moreover, the expression of API2-MLT
frequency by the direct sequencing of PCR products and notledis not been observed in the nuclétsyaking it unlikely that
individual clones® Of 18 cases analyzed on both types of DNAdirect binding of BCL10 to API2-MLT results in nuclear colocaliza-
only 5 showed discordant results between matched DNA samplgisn of both. Alternatively, if API2-MLT represents a gain-of-
and none of the mutations in these cases resulted in BCLfifhction mutant in inducing NkB, independent of BCL10-
truncation. Thus, we have no arguments in favor of this explanarediated oligomerization, BCL10 might take on other functions
tion; the reason for the discrepancy between different studiegerted in the nucleus and, until now, unknown. It was indeed
remains unclear. shown that caspase recruitment domain—containing proteins may
Other important findings resulting from the current studyave unexpected functions. For instance, the caspase recruitment
concern the expression of BCL10 and its cellular localization, amain of pro-caspase-2 mediates nuclear trandpohis hypoth
identified by immunohistochemistry. Although control tissues onlgsis may also be supported by the fact that all cases with t(1;14) and
revealed cytoplasmic BCL10 expression, we found that 14 of 3ansequent BCL10 overexpression, show nuclear stafiifige
gastric MALT-type lymphoma cases displayed, apart from thgbundance of the protein in these cases might result in the discharge
cytoplasmic expression, nuclear BCL10 expression, confirming tBe other (nuclear) functions, apart from NéB activation. An
findings of Ye et ak* Our results clearly demonstrate that genomigxplanation for aberrant nuclear BCL10 expression, not based on
BCL10mutation cannot be responsible for the nuclear localizatiafirect interaction between API2-MLT and BCL10, may also apply
of BCL10 protein in MALT-type lymphoma cells. Neither can thefor cases without the API2-MLT fusion protein. Indeed, 4 of 25
latter be entirely explained by the occurrence of the t(1;14) as Ye&p|2-MLT fusion transcript-negative cases included in our study
al'* found aberrant nuclear expression not only in 4 MALT-typghowed nuclear staining.
lymphomas with the t(1;14) but in 20 of 36 cases without the |n summary, our results show thBCL10 mutation does not
translocation. Of interest, we found nuclear expression of BCL¥lay an important role in the development or the progression of
to be highly associated with the occurrence of #HRI2-MLT  gastric MALT-type lymphoma and that BCL10 nuclear expression
fusion, comparable to what was recently reported by Liu &tAll s not related to the occurrence BEL10mutations. In contrast,
10 t(11;18)-positive cases included in the current study showqq;14) and t(11;18), both resulting in NEB activation, are

nuclear expression. Based on these findings, it is tempting 4@sociated with an aberrant nuclear expression of BCL10.
speculate on a possible interaction between the API2-MLT fusion

protein and BCL10, resulting in the altered subcellular localization

of the latter. In view of our results, the finding that BCL10

specifically interacts with MLT is intriguing*?>BCL10 and MLT Acknowledgment

form a tight complex that serves to oligomerize the caspaselike

domain of MLT. The latter appears to subsequently activate the thank Miet Vanherck for excellent technical assistance.
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