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Infrequent BCL10 Mutations in B-Cell Non-Hodgkin’s Lymphomas

Hidenobu Takahashi,1, 4 Yoshitaka Hosokawa,1, 5 Ritsuro Suzuki,1 Yasuo Morishima,2 Shigeo
Nakamura3 and Masao Seto1

1Laboratory of Chemotherapy, Aichi Cancer Center Research Institute, 2Department of Hematology and
Chemotherapy, 3Department of Pathology and Clinical Laboratories, Aichi Cancer Center Hospital, 1-1
Kanokoden, Chikusa-ku, Nagoya 464-8681 and 4First Department of Internal Medicine, Niigata Univer-
sity School of Medicine, 1-754 Asahimachi-dori, Niigata 951-8120

The BCL10 gene was recently isolated from the breakpoint region of t(1;14)(p22;q32) in mucosa-
associated lymphoid tissue (MALT) lymphomas. Somatic mutations of BCL10 were found in not
only t(1;14)-bearing MALT lymphomas, but also a wide range of other tumors. To clarify the
actual frequency and spectrum of BCL10 mutations in primary B-cell non-Hodgkin’s lymphomas
(NHL), we examined a total of 139 NHL cases comprising 25 with MALT lymphomas, 54 with fol-
licular B-cell lymphomas (FCL), and 60 with diffuse large B-cell lymphomas (DLBL). Polymerase
chain reaction single-strand conformation polymorphism (PCR-SSCP) and sequencing analyses led
to the identification of four nucleotide changes in FCL and one in DLBL. In contrast, no BCL10
mutations were found in our series of MALT lymphomas. While screening for mutations, we also
found three polymorphic sequence variants at codons 5 and 213 and in intron 1 of the BCL10 gene.
Our results strongly suggest that somatic mutations of BCL10, if they occur at all, are rare in B-cell
NHLs and do not commonly contribute to their molecular pathogenesis.
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Recurrent chromosomal translocations are well recog-
nized and have been extensively characterized in nodal B-
cell lymphomas.1, 2) These translocations were found to
involve and deregulate an impressive list of proto-onco-
genes including BCL1, BCL2, BCL6, and c-myc. In con-
trast, data on the molecular genetic mechanisms under-
lying the pathogenesis of marginal zone B-cell lymphomas
of mucosa-associated lymphoid tissue (MALT) type are
only now beginning to emerge. Recurrent abnormalities
found in MALT lymphomas include trisomies of chromo-
somes 3, 7, 12, and 18, the t(1;14)(p22;q32), and the
t(11;18)(q21;q21).3–9) The t(11;18) translocation is reported
to be one of the most frequent and specific chromosomal
translocations in MALT lymphomas7–9) and a novel gene,
named MALT1 or MLT, has recently been cloned by our-
selves and others from the breakpoint of the t(11;18).10–12)

On the other hand, the frequency of the t(1;14) transloca-
tion is relatively low and this translocation appears to be
characteristic of aggressive MALT lymphomas.13)

The BCL10 gene has been isolated from the breakpoint
region of the t(1;14) in MALT lymphomas.14, 15) BCL10,
also called CIPER or CARMEN, was found to be a cellu-
lar homolog of the equine herpesvirus-2 E10 gene: both
contain an amino-terminal caspase recruitment domain
(CARD), which is homologous to that found in several
apoptotic molecules.14–17) By analogy to BCL2 involve-
ment in follicular B-cell lymphomas (FCL), BCL10 was

expected to be anti-apoptotic. In functional assays, how-
ever, wild-type BCL10 turned out to be pro-apoptotic. It is
noteworthy that BCL10 in t(1;14)-bearing MALT lympho-
mas exhibited a variety of truncating mutations.14, 15) As
expected, the truncated BCL10 was shown to lose its pro-
apoptotic action and display a gain-of-function transform-
ing activity, so that it is conceivable that such mutations
may confer a survival benefit upon MALT lymphoma
cells. Similar truncating mutations were also identified in
a subset of FCL and other tumor cell lines with a loss of
heterozygosity (LOH) in chromosome 1p22.14) However,
several recent studies have reported that BCL10 mutations
are very rare in various human tumors, thus raising ques-
tions regarding the pathological role of the BCL10 gene in
these tumors.18–23) Furthermore, the actual frequency and
spectrum of the involvement of the BCL10 mutations in B-
cell non-Hodgkin’s lymphomas (NHL) remain to be estab-
lished.

In the present study, we examined 25 cases with MALT
lymphomas, 54 with FCL, and 60 cases with diffuse large
B-cell lymphomas (DLBL) for somatic mutations of the
BCL10 gene by means of polymerase chain reaction sin-
gle-strand conformation polymorphism (PCR-SSCP) anal-
ysis. Our analysis suggests that BCL10 may not be a major
target for mutations in B-cell NHLs.

MATERIALS AND METHODS

Patients’ samples  A total of 139 tumor DNA samples
obtained from patients with B-cell NHL (25 with MALT
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lymphomas, 54 with FCL, and 60 with DLBL) were ana-
lyzed in this study. The pathologic diagnosis was estab-
lished according to the REAL classification.24) Involved
lymph nodes and extra-nodal lesions were used for tumor
samples. Four of 25 MALT lymphoma cases were known
to carry the t(11;18), but the cytogenetic abnormalities of
the remaining 21 were unspecified.
PCR-SSCP  Tumor DNA samples were screened by
means of PCR-SSCP for mutations in the coding region of
exons 1–3 of BCL10. Genomic DNA was isolated from
the samples with the standard method. For the SSCP anal-
ysis, the coding region of BCL10 was divided into five
fragments (exon 1, exon 2.1, exon 2.2, exon 3.1, and exon
3.2) as described elsewhere.14) The primers used were
designed as described elsewhere.14) Each 20 µl of PCR
reaction mixture contained 100 ng of genomic DNAs, 1×
PCR buffer, 100 µM of each dNTP, 0.2 µl of [α-32P]dCTP,
1 µM of each primer and 0.5 unit of Taq polymerase
(Takara, Kyoto). For exon 1, the following touchdown
protocol was used: 2 cycles at 94°C for 30 s, at 65°C for
45 s and at 72°C for 45 s, 2 cycles at 94°C for 30 s, at
63°C for 45 s and at 72°C for 45 s, 2 cycles at 94°C for 30
s, at 61°C for 45 s and at 72°C for 45 s, followed by 30
cycles each at 94°C for 30 s, at 58°C for 45 s and at 72°C
for 45 s. For the other exons, the PCR parameters were: at
94°C for 30 s, at 60°C for 45 s, and at 72°C for 45 s for 35
cycles. The PCR products were electrophoretically sepa-
rated at 40 W on 6% non-denaturing polyacrylamide gels
both at 4°C without glycerol and at room temperature in
the presence of 5% glycerol. Gels were dried at 80°C and
exposed to autoradiographic film at −80°C for 6 to 18 h.
Sequencing analysis  The PCR products that revealed
mobility shifts in SSCP analysis were confirmed by
sequencing analysis. The bands were excised from the gels
following autoradiography and suspended in 50 µl of TE
buffer overnight at room temperature. One microliter of
the eluted DNA was used for PCR under conditions identi-
cal to those described above for SSCP analysis, except
that radiolabeled dCTP was omitted. Each PCR product
was purified from the 2% low melting-point agarose gel
and subcloned into the pBluescript SK(−) vector. The
inserts were then sequenced in both directions using an
ABI PRISM Dye Terminator Cycle Sequencing Ready
Reaction Kit (Perkin Elmer, Foster City, CA) on an ABI
373 DNA automated sequencer (Applied Biosystems, Fos-
ter City, CA).
Southern blot analysis  Ten micrograms of genomic
DNAs from 25 MALT lymphoma samples and normal pla-
centa were digested with EcoRI or HindIII and loaded on
each lane. A human BCL10 cDNA fragment (nucleotide
number 601–1212, GenBank accession number AJ-
006288) was RT-PCR amplified, radio-labeled by using a
random primer DNA labeling kit (Nippon Gene, Tokyo),
and used as a probe for Southern blot analysis. Hybridiza-

tion and washing were performed as described else-
where.25)

RESULTS

We first searched for somatic mutations in the coding
region of BCL10 in 139 primary B-cell NHLs by using
genomic PCR-SSCP and sequencing analyses. The primers
used were designed as described by Willis et al.14) For the
genomic PCR-SSCP analysis, the coding region of BCL10
was divided into five fragments (exon 1, exon 2.1, exon
2.2, exon 3.1, and exon 3.2). PCR products were electro-
phoresed under two different conditions to facilitate the
detection of SSCP variants. PCR-SSCP variants in exons 1
and 3.2 were noted with high frequency and the vast
majority of them could be subgrouped into the same elec-
trophoretic patterns (data not shown), suggesting that these
variants were most likely derived from genetic polymor-
phisms. The variants were then excised from the gel and
subjected to sequencing analysis. This analysis revealed
the nucleotide changes, which in turn were found to corre-
spond to the genetic polymorphisms (G/T at codon 5, G/A
at codon 213, and G/C at nucleotide 58 in intron 1)
recently reported by two groups.18, 19)

In addition to these polymorphic SSCP variants, we
were also able to identify SSCP variants whose electro-
phoretic patterns could not be ascribed to these genetic
polymorphisms. Representative examples of the SSCP
variants identified in the analysis of DLBL and FCL are
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Fig. 1. Representative results of PCR-SSCP analysis of the exon
3.1 of BCL10. Arrows indicate aberrant SSCP patterns in patient
FCL9 (A) and patient FCL29 (B). PCR-SSCP was performed as
described in “Materials and Methods.” 
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shown in Fig. 1. The results of sequencing analyses of the
distinct variants are summarized in Table I. A total of four
nucleotide changes of BCL10, one of them silent, was
identifed in our series of FCL. One nucleotide change was
also found in a DLBL patient. No truncating mutations
were identified in our series. In contrast to FCL and
DLBL, no mutations of BCL10 were identified in 25 of
our MALT lymphomas. This observation is in agreement
with the results of a recent report showing that no muta-
tions were detected in 15 MALT lymphomas.19)

We also performed Southern blot analysis of the 25
MALT lymphoma DNA samples with a BCL10 cDNA
fragment, but did not find any gross BCL10 gene rear-
rangements (data not shown). Because the breakpoints of
the t(1;14)(p12;q32) translocation were typically found in
the upstream flanking region of the BCL10 gene and were
readily detectable by conventional Southern blot anal-
ysis,14, 15) it is likely that our series of MALT lymphomas
did not carry the t(1;14) translocation.

DISCUSSION

MALT lymphoma is now regarded as a distinct clinico-
pathological entity.26) Cytogenetic studies have shown that
recurrent abnormalities in MALT lymphomas are trisomies
of chromosomes 3, 7, 12, and 18, the t(1;14)(p22;q32),
and the t(11;18)(q21;q21).3–9) The BCL10 gene, a novel
apoptotic signaling gene that encodes an amino-terminal
CARD, has been isolated by two groups from the break-
point region of the t(1;14).14, 15) In contrast to other lym-
phomagenic genes, wild-type BCL10 does not appear to
confer a growth advantage. It is noteworthy that BCL10
from t(1;14)-bearing MALT lymphomas was found to
exhibit a variety of mutations, most of which resulted in
truncations. Such mutations were also observed in a subset
of FCL and non-hematopoietic tumors.14) However, these
findings have been challenged by a series of recent studies
raising questions regarding the pathological role of BCL10
as a tumor suppressor gene in various human tumors.18–23)

The present study aimed to investigate the actual fre-
quency and spectrum of mutations of the BCL10 gene in

various primary B-cell NHLs. Our results suggest that
nucleotide changes at codon 162 of BCL10 may occur in a
small subset of DLBL and FCL. This is somewhat at vari-
ance with the results of Fakruddin et al., who found no
BCL10 mutations in 15 FCLs.18) This slight discrepancy
between their results and ours can be explained by the dif-
ference in the number of FCL samples (15 versus 56).
Another possible explanation is that the discrepancy
reflects epidemiological differences of FCL. Since normal
genomic DNAs were not available for this study and the
same change at codon 162 was found in four out of
five FCL cases, it is equally possible that this change may
represent a rare Japanese-specific genetic polymorphism.
If this is a genetic polymorphism, then the frequency of
BCL10 mutations is very rare in our series of Japanese
NHLs. In any cases, it will be interesting to examine
whether this change is associated with the pathogenesis of
FCL. On the other hand, our analysis did not identify any
nucleotide changes in the 25 MALT lymphomas. This
observation is in agreement with the results of Fakruddin
et al., who did not find any mutations in 15 MALT lym-
phomas.18)

Recently, Dyer et al. suggested that some BCL10 muta-
tions may be found only in RNA and not in genomic
DNA, which raises the possibility that BCL10 may
undergo posttranscriptional sequence modification.27, 28)

They reported that nucleotide insertions or deletions were
common within the two homopolymeric runs of eight A’s
and seven T’s in the BCL10 gene. In some cases, these
abnormalities were observed as a result of direct cDNA
sequencing. In contrast, only four out of 500 genomic
DNA sequences were found to exhibit such insertions or
deletions within the homopolymeric runs, suggesting that
such changes are largely nontemplated and may constitute
an unusual form of RNA editing.27, 28) Careful re-evalua-
tions are required to clarify this important issue. If Dyer et
al.’s findings are confirmed, then the frequency of BCL10
mutations identified in our study by means of genomic
PCR-SSCP analysis would presumably be an underesti-
mate.

In summary, the present study describes the actual fre-
quency and spectrum of the involvement of BCL10 muta-
tions in primary B-cell NHLs. Our results suggest that
somatic mutations of BCL10, if they occur at all, are rare
in B-cell NHLs and do not commonly contribute to their
molecular pathogenesis. Further studies are warranted to
screen a wider range of human malignant disorders for
mutations at both DNA and RNA levels.

ACKNOWLEDGMENTS

We wish to thank Mss. Yumiko Maeda and Hiroko Suzuki for
their valuable technical assistance. This work was supported in
part by a Grant-in-Aid for the 2nd Term Comprehensive 10-Year
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Patient No. Codon Base change Coding change

DLBL26 162 ACG→ATG Thr→Met
FCL3 162 ACG→ATG Thr→Met
FCL9 162 ACG→ACA Silent
FCL29 162 ACG→ATG Thr→Met
FCL50 162 ACG→ATG Thr→Met

DLBL, diffuse large B-cell lymphoma; FCL, follicular lym-
phoma.



Mutational Analysis of BCL10

1319

Strategy for Cancer Control from the Ministry of Health and
Welfare, a Grant-in-Aid for Science on Primary Areas (Cancer
Research) from the Ministry of Education, Science, Sports and
Culture, Japan, a Grant-in-Aid from the Japanese Foundation for
Multidisciplinary Treatment of Cancer, and contributions from

the Bristol-Myers Squibb Unrestricted Biomedical Research
Grants and Uehara Memorial Foundation Research Grants.

(Received August 9, 1999/Revised September 24, 1999/Accepted
September 29, 1999)

REFERENCES

1) Croce, C. M.  Molecular biology of lymphomas.  Semin.
Oncol., 20, 31–46 (1993).

2) Rabbitts, T. H.  Chromosomal translocations in human can-
cer.  Nature, 372, 143–149 (1994).

3) Dierlamm, J., Pittaluga, S., Wlodarska, I., Stul, M.,
Thomas, J., Boogaerts, M., Michaux, L., Driessen, A.,
Mecucci, C., Cassiman, J. J., De WolfPeeters, C. and Van
den Berghe, H.  Marginal zone B-cell lymphomas of differ-
ent sites share similar cytogenetic and morphologic fea-
tures.  Blood, 87, 299–307 (1996).

4) Dierlamm, J., Michaux, L., Wlodarska, I., Pittaluga, S.,
Zeller, W., Stul, M., Criel, A., Thomas, J., Boogaerts, M.,
Delaere, P., De WolfPeeters, C., Mecucci, C., Cassiman, J.
J. and Van den Berghe, H.  Trisomy 3 in marginal zone B-
cell lymphoma: a study based on cytogenetic analysis and
fluorescence in situ hybridization (FISH).  Br. J. Haematol.,
93, 242–249 (1996).

5) Wotherspoon, A. C., Pan, L., Diss, T. C. and Isaacson, P.
G.  Cytogenetic study of B-cell lymphoma of mucosa-asso-
ciated lymphoid tissue.  Cancer Genet. Cytogenet., 58, 35–
38 (1992).

6) Wotherspoon, A. C., Finn, T. M. and Isaacson, P. G.  Tri-
somy 3 in low-grade B-cell lymphomas of mucosa-associ-
ated lymphoid tissue.  Blood, 85, 2000–2004 (1995).

7) Auer, I. A., Gascoyne, R. D., Connors, J. M., Cotter, F. E.,
Greiner, T. C., Sanger, W. G. and Horseman, D. E.
t(11;18)(q21;q21) is the most common translocation in
MALT lymphomas.  Ann. Oncol., 8, 979–985 (1997).

8) Horseman, D., Gascoyne, R., Klasa, R. and Coupland, R.
t(11;18)(q21;q21): a recurring translocation in lymphomas
of mucosa-associated lymphoid tissue (MALT)?  Genes
Chromosom. Cancer, 4, 183–187 (1992).

9) Ott, G., Katzenberger, T., Greiner, A., Kalla, J., Rosenwald,
A., Heinrich, U., Ott, M. M. and Muller, H. H.  The
t(11;18)(q21;q21) chromosome translocation is a frequent
and specific aberration in low-grade but not high-grade
malignant non-Hodgkin’s lymphomas of the mucosa-associ-
ated lymphoid tissue (MALT-) type.  Cancer Res., 57,
3944–3948 (1997).

10) Akagi, T., Tamura, A., Motegi, M., Suzuki, R., Hosokawa,
Y., Nakamura, S., Morishima, Y., Seto, M. and Taniwaki,
M.  Molecular cytogenetic delineation of the breakpoint at
18q21.1 in low-grade B-cell lymphoma of mucosa-associ-
ated lymphoid tissue.  Genes Chromosom. Cancer, 24,
315–321 (1999).

11) Akagi, T., Motegi, M., Tamura, A., Suzuki, R., Hosokawa,
Y., Suzuki, H., Ota, H., Nakamura, S., Morishima, Y.,
Taniwaki, M. and Seto, M.  A novel gene, MALT1 at

18q21, is involved in t(11;18)(q21;q21) found in low-grade
B-cell lymphoma of mucosa-associated lymphoid tissue.
Oncogene, 18, 5785–5794 (1999).

12) Dierlamm, J., Baens, M., Wlodarska, I., Stefanova-
Ouzounova, M., Hernandez, J. M., Hossfeld, D. K., De
WolfPeeters, C., Hagemeijer, A., Van den Berghe, H. and
Marynen, P.  The apoptosis inhibitor gene API2 and a novel
18q gene, MLT, are recurrently rearranged in the
t(1;18)(q21;q21) associated with mucosa-associated lym-
phoid tissue lymphomas.  Blood, 93, 3601–3609 (1999).

13) Hussell, T., Isaacson, P. G. and Spencer, J.  Proliferation
and differentiation of tumour cells from B cell lymphoma of
mucosa associated lymphoid tissue in vitro.  J. Pathol., 169,
221–227 (1993).

14) Willis, T. G., Jadayel, D. M., Du, M.-Q., Peng, H., Perry,
A. R., Abdul-Rauf, M., Price, H., Karran, L., Majekodunmi,
O., Wlodarska, I., Pan, L., Crook, T., Hamoudi, R., Isaac-
son, P. G. and Dyer, M. J. S.  Bcl10 is involved in
t(1;14)(p22;q32) of MALT B-cell lymphoma and mutated
in multiple tumor types.  Cell, 96, 35–45 (1999).

15) Zhang, Q., Siebert, R., Yan, M., Hinzmann, B., Cui, X.,
Xue, L., Rakestraw, K. M., Naeve, C. W., Beckmann, G.,
Weisenburger, D. D., Sanger, W. G., Nowontny, H.,
Vesely, M., Callet-Bauchu, E., Salles, G., Dixit, V. M.,
Rosenthal, A., Schlegelberger, B. and Morris, S. W.  Inacti-
vating mutations and overexpression of BCL10, caspase
recruitment domain-containing gene, in MALT lymphoma
with t(1;14)(p22;q32).  Nat. Genet., 22, 63–67 (1999).

16) Koseki, T., Inohara, N., Chen, S., Carrio, R., Merino, J.,
Hottiger, M. O., Nabel, G. J. and Núñez, G.  CIPER, a novel
NFκB-activating protein containing a caspase recruitment
domain with homology to Herpervirus-2 protein E10.  J.
Biol. Chem., 15, 9955–9961 (1999).

17) Thomas, M., Martinon, F., Hofmann, K., Rubio, V., Steiner,
V., Scheider, P., Mattmann, C. and Tschopp, J.  Equine
Herpervirus-2 E10 gene product, but not its cellular
homologue, activates NF-κB transcription factor and
c-Jun N-terminal kinase.  J. Biol. Chem., 15, 9962–9968
(1999).

18) Fakruddin, J. M., Chaganti, R. S. K. and Murty, V. V. V. S.
Lack of BCL10 mutations in germ cell tumors and B cell
lymphomas.  Cell, 97, 683–684 (1999).

19) Apostolou, S., Rienzo, A. D., Murthy, S. S., Jhanwar, S. C.
and Testa, J. R.  Absence of BCL10 mutations in human
malignant mesothelioma.  Cell, 97, 684–686 (1999).

20) Gill, S., Broni, J., Jefferies, S., Osin, P., Kovacs, G.,
Maitland, N. J., Eeles, R., Edwards, S. M., Dyer, M. J. S.,
Willis, T. G., the MPT Collaborators, the St. George’s

query?uid=8211206&form=6&db=m&Dopt=b     
query?uid=7969446&form=6&db=m&Dopt=b     
query?uid=8547655&form=6&db=m&Dopt=b     
query?uid=8611468&form=6&db=m&Dopt=b     
query?uid=1728948&form=6&db=m&Dopt=b     
query?uid=7718871&form=6&db=m&Dopt=b     
query?uid=9402171&form=6&db=m&Dopt=b     
query?uid=1373320&form=6&db=m&Dopt=b     
query?uid=9307277&form=6&db=m&Dopt=b     
query?uid=10092129&form=6&db=m&Dopt=b     
query?uid=10523859&form=6&db=m&Dopt=b     
query?uid=10523859&form=6&db=m&Dopt=b     
query?uid=10339464&form=6&db=m&Dopt=b     
query?uid=8445487&form=6&db=m&Dopt=b     
query?uid=9989495&form=6&db=m&Dopt=b     
query?uid=10319863&form=6&db=m&Dopt=b     
query?uid=10380920&form=6&db=m&Dopt=b     
query?uid=10380921&form=6&db=m&Dopt=b     
query?uid=10408398&form=6&db=m&Dopt=b     


Jpn. J. Cancer Res. 90, December 1999

1320

Hospital Collaborators and Cooper, C. S.  BCL10 is rarely
mutated in human prostate, carcinoma, small-cell lung can-
cer, head and neck tumours, renal carcinomas.  Br. J. Can-
cer, 80, 1565–1568 (1999).

21) Stone, J. G., Rowan, A. J., Tomlison, I. P. M. and Houlston,
R. S.  Mutations in Bcl10 are very rare in colorectal cancer.
Br. J. Cancer, 80, 1569–1570 (1999).

22) Schothorst, E. M., Mohkamsing, S., van Gurp, R. J. H. L.
M., Oosterhuis, J. W., van der Saag, P. T. and Looijenga, L.
H. J.  Lack of BCL10 mutations in testicular germ cell
tumours and derived cell lines.  Br. J. Cancer, 80, 1571–
1574 (1999).

23) Lambers, A. R., Gumbs, C., Ali, S., Marks, J. R., Iglehart,
J. D., Berchuck, A. and Futreal, P. A.  BCL10 is not a tar-
get for frequent mutation in human carcinomas.  Br. J. Can-
cer, 80, 1575–1576 (1999).

24) Harris, N. L., Jaffe, E. S., Stein, H., Banks, P. M., Chan, J.
K., Cleary, M. L., Delsol, G., DeWolf-Peeters, C., Falini, B.

and Gatter, K. C.  A revised European-American Classifica-
tion of lymphoid neoplasms: a proposal from the Interna-
tional Lymphoma Study Group.  Blood, 84, 1361–1392
(1994).

25) Seto, M., Yamamoto, K., Iida, S., Akao, Y., Utsumi, K. R.,
Kubonishi, I., Miyoshi, T., Ohtsuki, T., Yawata, Y., Namba,
M., Motokura, T., Arnold, A., Takahashi, T. and Ueda, R.
Gene rearrangement and overexpression of PRAD1 in lym-
phoid malignancy with t(11;14)(q13;q32) translocation.
Oncogene, 7, 1401–1406 (1992).

26) Isaacson, P. G. and Spencer, J.  The biology of low-grade
MALT lymphomas.  J. Clin. Pathol., 48, 395–397 (1995).

27) Dyer, M. J. S., Price, H. P., Jadayel, D. M., Gasco, M.,
Perry, A. R., Hamoudi, R. A., Willis, T. G., Peng, H., Du,
M.-Q. and Isaacson, P. G.  In response to Fakruddin et al.
and Apostolou et al.  Cell, 97, 686–688 (1999).

28) Dyer, M. J. S.  Bcl10 mutations in malignancy.  Br. J. Can-
cer, 80, 1491 (1999).

Note added in proof: After acceptance of this manuscript, normal PBLs from a patient FCL50 have been
analyzed by PCR-SSCP. The base change (ACG/ATG) at codon 162 has been found to represent a rare genetic
polymorphism.
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