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mantle cell lymphoma 

Background and Objectives. Familial aggregation has been recognized in patients with
several lymphoid neoplasms, but the genetic basis for this familial clustering is not known.
Germ-line mutations in the ataxia-telangiectasia mutated (ATM) and CHK2 genes have
been detected in patients with mantle cell lymphoma (MCL), suggesting a potential role
of these genes in genetic predisposition to these tumors. However, no familial associa-
tion has been previously recognized in MCL.

Design and Methods. To determine the possible existence of familial lymphoid neo-
plasms in MCL, we searched clinical records of MCL patients and identified three fami-
lies in which a MCL, an acute B-cell lymphoblastic leukemia, and a lymphoplasmacytic
lymphoma occurred in a first-degree relative of a MCL patient.

Results. The neoplasms in two daughters appeared at an earlier age and were more
aggressive than that in the respective parent, suggesting that the phenomenon of antic-
ipation may characterize familial lymphomas associated with MCL. No mutations were
detected in the ATM, CHK2, CHK1, and p53 genes.    

Interpretation and Conclusions. Our findings suggest that inactivation of the investi-
gated DNA damage response genes do not account for familial disease aggregation in MCL
patients, although such aggregation may occur and seems to be associated with the phe-
nomenon of anticipation. 
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Mantle cell lymphoma (MCL) is a
malignant lymphoproliferative dis-
order genetically characterized by

the t(11;14)(q13;q32) translocation, which
leads to the rearrangement and overex-
pression of the cyclin D1 gene.1,2 This neo-
plasm accounts for 2.5-10% of all cases of
non-Hodgkin’s lymphoma (NHL) and
appears more frequently in elderly males.
The clinical evolution of MCL is aggressive
with a median overall survival of only 3 to
4 years, and with a low percentage of cas-
es with total remission.

Clinical and epidemiological studies have
identified familial aggregation of some
lymphoid neoplasms, suggesting a potential
role for inherited factors in the develop-
ment of these disorders. Familial clusters of
neoplasms have been described in chronic
lymphocytic leukemia (CLL), follicular lym-
phoma (FL), multiple myeloma (MM), and
Hodgkin’s disease (HD).3-10 However, famil-
ial aggregation in MCL patients has not

been previously recognized. Studies of
familial CLL have shown vertical transmis-
sion of the disease and other lymphoid neo-
plasms, suggesting that this predisposition
may be caused by a inherited genetic fac-
tor with incomplete penetrance and a
pleiotropic effect.3,9 However, the molecu-
lar and genetic bases of these familial
aggregations remain elusive.  One of the
most common genetic alterations in CLL
and MCL is the 11q23 deletion, frequently
associated with mutations of the ataxia-
telangiectasia mutated (ATM) gene.11,12 The
ATM gene plays a central role in DNA dam-
age response pathways and its inactivation
has been associated with increased chro-
mosomal instability.13,14 Ataxia-telangiec-
tasia (A-T) patients have an increased risk
of lymphoid neoplasms and A-T carriers
may have a higher susceptibility to cancer.15

ATM gene mutations have been identified
in the germ-line of some CLL and MCL
patients, raising the question of whether
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this gene may also play a role in the genetic predis-
position to this lymphoma.16-18 CHK1, CHK2 and p53
are ATM down stream genes also involved in the DNA
damage response pathway that participates in the
pathogenesis of different human tumors and heredi-
tary cancer neoplasms.19,20 Particularly, CHK2 germ line
mutations have been reported in Li-Fraumeni families
with wild-type p53 and associated with a subset of
hereditary breast cancer.21-23 Interestingly, we and oth-
ers have identified the presence of CHK2 germ line
mutations in MCL patients, suggesting that this gene
may also play a role in genetic predisposition to this
lymphoid neoplasm.24,25

In this report, we describe the first three families of
patients with MCL in which a first-degree relative
developed a MCL or other lymphoid malignancy. To
determine the possible implication of DNA damage
response elements in the pathogenesis of this familial
aggregation, we analyzed the gene status of ATM,
CHK1, CHK2, and p53 in these families.

Design and Methods

Case selection
To determine the possible existence of familial lym-

phoid neoplasms in MCL patients, we searched the
clinical records of the 85 MCL patients diagnosed and
followed in the Hospital Clinic of Barcelona from 1988
to 2002 and the clinical and pathology databases of
lymphoid neoplasms of this institution. We identified
two families (2.4%) of MCL patients in which a first-
degree relative had developed a lymphoid neoplasm. In
addition, a third family from the Massachusetts Gen-
eral Hospital, Boston, MA (USA) was also included in
the study. The diagnosis of MCL was established in all
cases by characteristic morphology, immunopheno-
type (CD5+, cyclin D1+) and/or genetic studies demon-
strating the t(11;14) translocation.1,26

Molecular analysis
High molecular weight DNA was extracted from

frozen tissues using proteinase K/RNase treatment and
phenol-chloroform extraction. To determine the VH
gene family used by the clonal MCL populations, 200 ng
of genomic DNA were amplified by polymerase chain
reaction (PCR) using six different consensus primers
(VH1, VH2, VH3, VH4, VH5, VH6) derived from the
framework region 1 (FR1) as sense primers in conjunc-
tion with an antisense consensus JH primer as previ-
ously described.27 PCR products were purified and
directly sequenced, in both directions to avoid mis-
reading errors, with the appropriate specific VH primer
using the Big Dye Terminator Cycle Sequencing 1.1 and
3.1 (Applied Biosystems) in an automated DNA

sequencer (ABI PRISM 3100, Applied Biosystems).  The
sequences obtained were aligned with the published
germ line VH, D, and JH genes segments using DNAPLOT
or VBASE (www.mrc-cpe.cam.ac.uk/imt-doc/ or
www.ncbi.nlm. nih.gov/igblast). JH elements and indi-
vidual DH segments were identified by comparison
with published germline sequences. VH sequences
showing a mismatch of more than 2% from the cor-
responding germline gene were defined as mutated.

Total RNA was isolated from frozen samples using
the Ultraspec RNA extraction kit (Biotecx, Houston, TX,
USA) following the manufacturer’s recommendations.
The reverse transcription was performed using the Taq-
man reverse transcription kit (Applied Biosystems,
Branchburg, New Jersey, USA) with random hexamer
priming and 2.5 µg of the total RNA.  The complete
coding regions of ATM, CHK1, CHK2, and the p53 exons
from 4 to 8 were screened for the presence of gene
mutations. ATM and CHK2 genes were amplified by PCR
from cDNA in partly overlapping fragments using the
primers and conditions previously described.17,28 The
reaction products were directly sequenced using BigDye
terminator chemistry on a Perkin-Elmer ABI-377 auto-
mated sequencer. The changes were confirmed by
sequencing both strands. To examine the prevalence of
the ATM (D1853N) polymorphic variant in normal Span-
ish population, a PCR-single-stranded conformational
polymorphism (SSCP) analysis was performed. DNA
obtained from 50 healthy blood donors was subjected
to PCR reactions flanking the genomic region in which
the nucleotide substitution is located. The ATM gene
variant was amplified using the ATM forward (5’-
TGACTTTTGTCAGACTGTACTTCCA- 3’) and reverse (5’-
CGTTTGCGAGAAGTGTCG- 3’) primers and the following
thermocycling conditions: 35 cycles at 94°C for 45 s,
58°C for 45 s, and 72°C for 1 min 30 s. The PCR prod-
ucts were diluted in formamide-dye loading buffer and
electrophoresed on a 15% non-denaturing polyacry-
lamide gel in both the presence and absence of 5%
glycerol at room temperature or at 4°C. The gels were
developed using a silver staining procedure as previ-
ously described.29

The CHK1 gene was examined using a reverse tran-
scription (RT)-PCR-SSCP strategy. PCR reactions of
CHK1 gene were performed in 9 overlapping segments
by RT-PCR as described elsewhere.28 These PCR ampli-
fications were analyzed using a SSCP strategy as
described above. To determine the mutational status of
p53, the individual exons 4 to 8 were amplified from
genomic DNA and screened for mutations using the
SSCP strategy previously described.30,31 PCR products of
cases showing altered mobility were directly sequenced
using BigDye terminator chemistry (Applied Biosys-
tems).
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Results

Description of the families
Family 1. A 43-year old female presented with a clonal
CD19/CD5/CD23 positive lymphocytosis initially diag-
nosed as CLL. One year later the disease progressed to a
more advanced stage with poor response to fludarabine
and CHOP, and she underwent a non-myeloablative allo-
geneic stem-cell transplant. Fifteen months later, she
developed an enlarged right tonsil, which had morpho-
logic and immunophenotypic features of blastoid MCL
(cyclin D1+) (Figure 1). Fluorescent in situ hybridization
(FISH) analysis of the peripheral blood showed a t(11;14)
in B cells. PCR and sequencing analysis of the immuno-
globulin heavy chain revealed a clonal rearrangement
of the VH1-69 gene with no somatic hypermutations.

She was treated with a second allogeneic transplant. A
relapse was detected in the small bowel 6 months later,
treated with resection, ICE chemotherapy, and donor
leukocyte infusion, and one year later there was no evi-
dence of lymphoma. 

Her father was initially diagnosed with CLL at the age
of 77. These slides were reviewed and showed morpho-
logic features identical to those of the patient’s initial
bone marrow. Although the paraffin blocks were no
longer available for cyclin D1 staining or FISH, the neo-
plasm was considered to be most probably a MCL (Fig-
ure 1). There was also a statement in the clinical record
that the paternal grandmother had had CLL but these
slides were not available for review (Figure 2). 

Family 2. A 50-year old female was diagnosed with
a stage IV diffuse typical MCL with lymph node, bone

Figure 1. Hematoxylin-eosin stained sections of the hema-
tologic tumors analyzed in this study. In each family, the left
picture shows the MCL patient initially diagnosed, and the
right the lymphoid neoplasm detected in the first degree rel-
ative. 
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Figure 2. Pedigrees from the families analyzed in this study.
Solid circles (females) and squares (males) indicate affect-
ed individuals with solid tumors (grey) or lymphoid neo-
plasms (black). A numbered rhombus is used to join persons
independently of their sex, with the number indicating the
individual grouped. Arrows point to the individuals in whom
molecular studies were performed. 

 



marrow, and breast involvement (Figure 1). This tumor
showed a clonal rearrangement of the immunoglobu-
lin heavy chain VH4-39 and no somatic hypermutation
of the gene. She received treatment with CHOP, achiev-
ing only a partial response. The patient underwent an
autologous bone marrow transplantation. Three years
after this  procedure she presented with a bone marrow
relapse and was treated with an allogeneic bone mar-
row transplantation from an identical HLA sibling. Three
years later she is in complete response with no molec-
ular evidence of the disease. 

Her 20-year old daughter was diagnosed with an
acute lymphoblastic leukemia in stage B-IV of differen-
tiation (Figure 1). She presented with an increased WBC
count, enlargement of lymph nodes and spleen, and
cutaneous lesions. Blastic cells were TdT+, sIgM+, CD10+,
CD19+, CD24+, whereas CD34 was negative. Cytogenet-
ic analysis showed 49 XX, +X, +8, +20, del(11q13) and
der22q, whereas the BCR-ABL rearrangement analysis
was negative. The patient received induction therapy
followed by three intensification treatments. Finally, she
received an autologous peripheral stem-cell transplan-
tation and remains in complete remission one year after
the diagnosis. Interestingly, a review of the clinical
record of this family revealed that other relatives had
developed different types of non-hematologic neo-
plasms (Figure 2). 

Family 3. A 61-year old male presented in 1988 with
atypical lymphocytosis, anemia and thrombocytopenia.
The patient was initially diagnosed as having an acute
B-cell lymphoblastic leukemia and was subsequently
treated with an intensive regimen containing doxoru-
bicin. Although a complete response was achieved, the
patient relapsed six months later with generalized lym-
phadenopathy. At that time a lymph node biopsy was
diagnostic of diffuse blastoid MCL with a BCL-1
rearrangement and cyclin D1 overexpression (Figure 1).

The initial diagnostic sample was reviewed and recon-
sidered to show a leukemic phase of a blastoid MCL. The
tumor cells had a blastic morphology with expression of
B-cell markers and CD5, but TdT was negative. Salvage
therapy with CHOP was given, but the patient had a
poor response and died 22 months after the diagnosis
due to progression of the disease.

His brother, a 69-year old male, presented with an
ulceration of the hard palate. Biopsy of this lesion was
diagnostic of lymphoplasmacytic lymphoma (Figure 1).
All the staging procedures (CT scan, bone marrow biop-
sy and aspirate) were normal. Protein serum elec-
trophoresis disclosed a small M spike that was of IgM-
kappa subtype. The patient was subsequently treated
with intermittent doses of chlorambucil and, one year
after the diagnosis, there is no evidence of lymphoma.
In addition, as for the other families, a review of the
clinical records showed that other relatives had been
affected by different types of solid tumors (Figure 2).

Molecular analysis
To determine the potential role of DNA damage

response genes in the pathogenesis of this familial
aggregation, mutational analysis of the ATM, CHK1,
CHK2, and p53 genes was performed in the three fam-
ilies. These studies were performed in the MCL and ALL
of the second generation of families 1 and 2 and the
germ line samples of patient 1 and 2 in family 3.  No
nucleotide changes in CHK2, CHK1, and p53 genes were
detected in any of the patients analyzed. The unique
ATM gene change found was a previously described
nucleotide substitution A→G at position 5557
(Asp1853Asn). This variant was observed in the germ
line of family 3, in homozygosity in patient 2 and in het-
erozygosity in patient 1 (Table 1). Previous studies sug-
gested that this ATM variant may confer a modest can-
cer risk.32 We had previously found this change in 15%
of MCL patients.17 To elucidate whether this variant
could be a genetic factor contributing to MCL, we ana-
lyzed 50 Spanish healthy blood donors. The frequency of
the variant was 15%, which is similar to that in other
healthy populations and in our previous series of
patients with MCL.17,32

Discussion

Several studies have documented familial aggrega-
tion of different types of lymphoid neoplasms includ-
ing CLL, follicular lymphomas, Hodgkin’s lymphoma,
and multiple myeloma.3-10 In this study we describe
the first families of MCL patients in which a first-
degree relative developed a MCL or other lymphoid
neoplasms. The patients in family 1 had been initially
diagnosed as having CLL but were reclassified as hav-
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Table 1. Familial lymphoid neoplasms in relatives of MCL
patients.

Family Patient Tumor Age at Mutational
Type diagnosis Analysis

ATM, CHK2, 
CHK1, p53

1 Grandmother CLL NA ND
Father MCL 77 ND

Daughter MCL/B-MCL− 43 WT
2 Mother MCL 50 ND

Daughter B-ALL 20 WT
3 Brother B-MCL 61 ATM D1853N*

Brother LPL 69 ATM D1853N+

MCL: mantle cell lymphoma, B-MCL: blastoid MCL, ALL: acute lymphoblastic
leukemia, LPL: lymphoplasmacytic lymphoma, ND: not done;
NA: not available; WT: wild type. *: heterozygous substitution,
+: homozygous substitution; −: started with a lymphocytic variant and
went on to a blastoid variant.
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ing MCL upon review of the tissue biopsies. Many CLL
families were reported before MCL was recognized as
a distinct entity and some of these familial studies do
not identify the specific subtypes of non-Hodgkin’s
lymphomas diagnosed in different family members. In
addition, many epidemiological studies are only based
on the review of the pathology reports without a re-
assessment of the diagnostic samples. Therefore, it is
possible that familial lymphoid neoplasms associated
with MCL may be more frequent than could be previ-
ously suspected. The lymphoid neoplasms which devel-
oped in the relatives of these MCL patients included a
blastoid MCL, an acute B-cell lymphoblastic leukemia,
and a lymphoplasmacytic lymphoma. This heterogene-
ity in the lymphoid neoplasms diagnosed in familial
clusters has been well recognized in CLL and other
hematologic neoplasms, suggesting that the potential
genetic event involved in hereditary transmission may
have a pleiotropic effect acting during an early phase of
hematopoietic development.3,9,33,34 Interestingly, in the
two families with involvement of the second genera-
tion, the second generation patients developed a more
aggressive tumor and at earlier age than their respec-
tive parents (Table 1).  In family 1, the father had a typ-
ical MCL diagnosed at the age of 77, whereas the
daughter was diagnosed with a blastoid MCL when she
was 43 years old, an early age for MCL in which the
median age at diagnosis is usually from 54 to 68.1 In
family 2, an ALL was diagnosed in the 20 year-old
daugther, whereas the MCL in the mother was detect-
ed at the age of 50, again a relatively early age for diag-
nosing MCL. This phenomenon of earlier onset and more
severe phenotype in successive generations is known as
anticipation and has been described in other familial
hematologic neoplasms.35-38

Although the mechanism of this phenomenon is not
understood, different observations suggest that it may
be due to a genetic alteration.9,38 The observations in
our study indicate that anticipation also occurs in
familial lymphoid neoplasms in MCL patients. Various
studies have attempted to elucidate the genetic and
molecular mechanisms underlying the phenomenon of
familial aggregation in lymphoid neoplasms, particu-
larly in Hodgkin’s lymphoma and CLL families. These
studies have examined the potential role of HLA genes,
CD79b mutations, pseudo-autosomal regions, and
immunoglobulin gene usage without clear evidence of
linkage for familial clustering in non-Hodgkin’s lym-
phoid neoplasms.3 Germ-line inactivation of different
genes involved in DNA damage response pathways such
as ATM and NBS1 have been associated with the devel-
opment of malignant lymphomas.39 Li-Fraumeni
patients with constitutional mutations of p53 gene,
also develop malignant lymphomas albeit less fre-

quently than other neoplasms.40 Recent studies have
identified alterations of ATM and CHK2 genes in spo-
radic malignant lymphomas including CLL and
MCL.11,17,24,25,41-44 Interestingly, some of these patients
carry germ-line mutations of these genes suggesting a
potential susceptibility role in the development of these
lymphomas.11,17,24,25,41

Based on these observations, we analyzed the poten-
tial inactivation of the DNA damage response genes
ATM, CHK2, CHK1, and p53 in our three families with
MCL. However, no mutations were observed in these
genes indicating that their inactivation does not account
for familial aggregation with MCL. These results are con-
cordant with recent studies on ATM and p53 in familiar
CLL and other hematologic malignancies in which inac-
tivation of these genes did not represent major suscep-
tibility targets for familial aggregation.7,16,18 In our study,
the ATM gene mutational analysis revealed the pres-
ence of the known polymorphic variant D1853N in one
of the MCL families analyzed. This nucleotide substitu-
tion was detected in the two individuals of this family,
in homozygosity in one case and in heterozygosity in the
other (Table 1). A previous study had suggested that this
ATM genetic variant could be associated with an
increased risk of cancer in hereditary non-polyposis col-
orectal cancer.32 However, we have now observed that
the frequency of this polymorphism in a healthy popu-
lation is 15%, similar to the frequency detected in our
previous series of sporadic cases of MCL.17 This ATM sub-
stitution was also present in a subset of familial CLL, but
the change did not segregate with the disease.18 Taken
together, these data indicate that this variant is a com-
mon ATM polymorphism not associated with a suscep-
tibility to these tumors.   In conclusion, this study shows
that familial aggregation of lymphoid neoplasms may
occur in MCL patients. As in other familial lymphoid
clusters, the tumors may be heterogeneous and are
associated with the phemomenon of anticipation. The
absence of mutations in ATM and other DNA damage
response elements indicates that these genes do not
represent major susceptibility targets in these families.   

FT and EC performed the molecular study of the ATM, CHK2, CHK1
and p53 genes in these cases and drafted the first version of the arti-
cle. FB and EM review the series of MCL patients of our institution,
selected the families, and reviewed all the clinical characteristics of
these patients, and drafted the clinical aspects of the manuscript.
NLH studied and reviewed the clincial and pathological characteris-
tics of the family from Boston. EC reviewed all the pathology samples
of the two families from Barcelona, supervised the molecular study,
and wrote the final version of the manuscript. EM and EC designed
the whole study. All authors reviewed critically the final version of the
manuscript. The authors reported no potential conflicts of interest. 

The paper was funded by the Comision Interministerial de Ciencia
y Tecnologia (CICYT) SAF 02/3261, and European Commission con-
tract QLRT-2000-00687. 

Manuscript received June 26, 2003. Accepted December 18, 2003.

 



haematologica 2004; 89(3):March 2004 319

Familial mantle cell lymphoma

References

1. Campo E, Raffeld M, Jaffe ES. Mantle-cell
lymphoma. Semin Hematol 1999;36:115-
27.

2. Bosch F, Jares P, Campo E, Lopez-Guiller-
mo A, Piris MA, Villamor N, et al. PRAD-
1/cyclin D1 gene overexpression in
chronic lymphoproliferative disorders: a
highly specific marker of mantle cell lym-
phoma. Blood 1994;84:2726-32.

3. Houlston RS, Catovsky D, Yuille MR.
Genetic susceptibility to chronic lympho-
cytic leukemia. Leukemia 2002;16:1008-
14.

4. Ishibe N, Sgambati MT, Fontaine L, Goldin
LR, Jain N, Weissman N, et al. Clinical
characteristics of familial B-CLL in the
National Cancer Institute Familial Reg-
istry. Leuk Lymphoma 2001;42:99-108.

5. Last KW, Goff LK, Summers KE, Neat M,
Jenner M, Crawley C et al. Familial follic-
ular lymphoma: a case report with mole-
cular analysis. Br J Haematol 2000; 110:
744-5.

6. Lynch HT, Sanger WG, Pirruccello S,
Quinn-Laquer B, Weisenburger DD. Famil-
ial multiple myeloma: a family study and
review of the literature. J Natl Cancer Inst
2001;93:1479-83

7. Potzsch C, Schaefer HE, Lubbert M. Famil-
ial and metachronous malignant lym-
phoma: absence of constitutional p53
mutations. Am J Hematol 1999; 62:144-
9.

8. Siebert R, Louie D, Lacher M, Schluger A,
Offit K. Familial Hodgkin's and non-
Hodgkin's lymphoma: different patterns
in first-degree relatives. Leuk Lymphoma
1997;27:503-7.

9. Yuille MR, Matutes E, Marossy A, Hilditch
B, Catovsky D, Houlston RS. Familial
chronic lymphocytic leukaemia: a survey
and review of published studies. Br J
Haematol 2000;109:794-9.

10. Capalbo S, Trerotoli P, Ciancio A, Battista
C, Serio G, Liso V. Increased risk of lym-
phoproliferative disorders in relatives of
patients with B-cell chronic lymphocytic
leukemia: relevance of the degree of
familial linkage. Eur J Haematol 2000;
65:114-7.

11. Bullrich F, Rasio D, Kitada S, Starostik P,
Kipps T, Keating M, et al. ATM mutations
in B-cell chronic lymphocytic leukemia.
Cancer Res 1999;59:24-7.

12. Starostik P, Manshouri T, O'Brien S, Freire-
ich E, Kantarjian H, Haidar M, et al. Defi-
ciency of the ATM protein expression
defines an aggressive subgroup of B-cell
chronic lymphocytic leukemia. Cancer
Res 1998;58:4552-7.

13. Shiloh Y. ATM and ATR: networking cel-
lular responses to DNA damage. Curr Opin
Genet Dev 2001;11:71-7.

14. Lavin MF, Shiloh Y. The genetic defect in
ataxia-telangiectasia. Annu Rev Immunol
1997;15:177-202.

15. Rotman G, Shiloh Y. ATM: from gene to
function. Hum Mol Genet 1998;7:1555-
63.

16. Bevan S, Catovsky D, Marossy A, Matutes
E, Popat S, Antonovic P, et al. Linkage
analysis for ATM in familial B cell chron-
ic lymphocytic leukaemia. Leukemia
1999;13:1497-500.

17. Camacho E, Hernandez L, Hernandez S,
Tort F, Bellosillo B, Bea S, et al. ATM gene
inactivation in mantle cell lymphoma
mainly occurs by truncating mutations
and missense mutations involving the
phosphatidylinositol-3 kinase domain
and is associated with increasing num-
bers of chromosomal imbalances. Blood
2002; 99:238-44.

18. Yuille MR, Condie A, Hudson CD, Brad-
shaw PS, Stone EM, Matutes E, et al. ATM
mutations are rare in familial chronic
lymphocytic leukemia. Blood 2002; 100:
603-9.

19. Zhou BB, Elledge SJ. The DNA damage
response: putting checkpoints in per-
spective. Nature 2000;408:433-9.

20. Bartek J, Lukas J. Mammalian G1- and S-
phase checkpoints in response to DNA
damage. Curr Opin Cell Biol 2001; 13:
738-47.

21. Bell DW, Varley JM, Szydlo TE, Kang DH,
Wahrer DC, Shannon KE, et al. Heterozy-
gous germ line hCHK2 mutations in Li-
Fraumeni syndrome. Science 1999; 286:
2528-31.

22. Meijers-Heijboer H, van den OA, Klijn J,
Wasielewski M, de Snoo A, Oldenburg R,
et al. Low-penetrance susceptibility to
breast cancer due to CHEK2(*)1100delC
in noncarriers of BRCA1 or BRCA2 muta-
tions. Nat Genet 2002;31:55-9.

23. Vahteristo P, Bartkova J, Eerola H, Syr-
jakoski K, Ojala S, Kilpivaara O, et al. A
CHEK2 genetic variant contributing to a
substantial fraction of familial breast
cancer. Am J Hum Genet 2002;71:432-8.

24. Hangaishi A, Ogawa S, Qiao Y, Wang L,
Hosoya N, Yuji K, et al. Mutations of Chk2
in primary hematopoietic neoplasms.
Blood 2002;99:3075-7.

25. Tort F, Hernandez S, Bea S, Martinez A,
Esteller M, Herman JG, et al. CHK2-
decreased protein expression and infre-
quent genetic alterations mainly occur in
aggressive types of non-Hodgkin lym-
phomas. Blood 2002;100:4602-8.

26. Jaffe ES, Harris NL, Stein H, Vardiman JW,
editors. World Health Organization. Clas-
sification of tumors: Pathology and
Genetics of Tumors of Haematopoietic
and Lymphoid Tissues. IARC Press, Lyon;
France. 2001.

27. Langerak AW, Wolvers-Tettero ILM, van
Gastel-Mol EJ, Oud MECM, van Dongen
JJM. Basic helix-loop-helix proteins E2A
and HEB induce immature T-cell receptor
rearrangements in nonlymphoid cells.
Blood, 2001;98:2456-65.

28. Haruki N, Saito H, Tatematsu Y, Konishi H,
Harano T, Masuda A, et al. Histological
type-selective, tumor-predominant ex-
pression of a novel CHK1 isoform and
infrequent in vivo somatic CHK2 mutation
in small cell lung cancer. Cancer Res 2000;
60:4689-92.

29. Pinyol M, Hernandez L, Cazorla M, Balbin
M, Jares P, Fernandez PL, et al. Deletions

and loss of expression of p16INK4a and
p21Waf1 genes are associated with
aggressive variants of mantle cell lym-
phomas. Blood 1997;89:272-80.

30. Hernandez L, Fest T, Cazorla M, Teruya-
Feldstein J, Bosch F, Peinado MA, et al.
p53 gene mutations and protein overex-
pression are associated with aggressive
variants of mantle cell lymphomas. Blood
1996;87:3351-9.

31. Pinyol M, Hernandez L, Martinez A, Cobo
F, Hernandez S, Bea S, et al. INK4a/ARF
locus alterations in human non-
Hodgkin's lymphomas mainly occur in
tumors with wild-type p53 gene. Am J
Pathol 2000; 156:1987-96.

32. Maillet P, Chappuis PO, Vaudan G, Dobbie
Z, Muller H, Hutter P, et al. A polymor-
phism in the ATM gene modulates the
penetrance of hereditary non-polyposis
colorectal cancer. Int J Cancer 2000; 88:
928-31.

33. Pottern LM, Linet M, Blair A, Dick F,
Burmeister LF, Gibson R, et al. Familial
cancers associated with subtypes of
leukemia and non-Hodgkin's lymphoma.
Leuk Res 1991;15:305-14.

34. Shpilberg O, Modan M, Modan B, Chetrit
A, Fuchs Z, Ramot B. Familial aggrega-
tion of haematological neoplasms: a con-
trolled study. Br J Haematol 1994;87:75-
80.

35. Horwitz M, Goode EL, Jarvik GP. Antici-
pation in familial leukemia. Am J Hum
Genet 1996;59:990-8.

36. Deshpande HA, Hu XP, Marino P, Jan NA,
Wiernik PH. Anticipation in familial plas-
ma cell dyscrasias. Br J Haematol 1998;
103:696-703.

37. Yuille MR, Houlston RS, Catovsky D.
Anticipation in familial chronic lympho-
cytic leukaemia. Leukemia 1998; 12:
1696-8.

38. Wiernik PH, Ashwin M, Hu XP, Paietta E,
Brown K. Anticipation in familial chronic
lymphocytic leukaemia. Br J Haematol
2001;113:407-14.

39. Hall J, Angele S. Radiation, DNA damage
and cancer. Mol Med Today 1999; 5:157-
64.

40. Varley JM, Evans DG, Birch JM. Li-Frau-
meni syndrome-a molecular and clinical
review. Br J Cancer 1997;76:1-14.

41. Stankovic T, Weber P, Stewart G, Beden-
ham T, Murray J, Byrd PJ, et al. Inactiva-
tion of ataxia telangiectasia mutated
gene in B-cell chronic lymphocytic
leukaemia. Lancet 1999;353:26-9.

42. Schaffner C, Stilgenbauer S, Rappold GA,
Dohner H, Lichter P. Somatic ATM muta-
tions indicate a pathogenic role of ATM in
B-cell chronic lymphocytic leukemia.
Blood 1999; 94:748-53.

43. Schaffner C, Idler I, Stilgenbauer S, Dohn-
er H, Lichter P. Mantle cell lymphoma is
characterized by inactivation of the ATM
gene. Proc Natl Acad Sci USA 2000; 97:
2773-8.

44. Tavor S, Takeuchi S, Tsukasaki K, Miller
CW, Hofmann WK, Ikezoe T, et al. Analy-
sis of the CHK2 gene in lymphoid malig-
nancies. Leuk Lymphoma 2001;42:517-
20.




