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Frequent clonal loss of heterozygosity (LOH) in the chromosomal region 1p32 occurs
in childhood T cell acute lymphoblastic leukemia (T-ALL) carrying rearrangements of

the TALT gene
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Deletions and chromosomal translocations involving the 1p32
region, are frequently observed in T cell acute lymphoblastic
leukemia (T-ALL). One of the most common genetic changes
is the breakage of the TAL1 gene, which was originally
described to be involved in the T-ALL carrying the
t(1;14)(p32;q11) translocation. Site-specific deletions in the
TAL1 gene are reported to occur in 12-26% of T-ALL with
apparently normal karyotype. In order to investigate the pres-
ence of other subkaryotypic abnormalities involving the 1p32
chromosomal region, where TAL1 gene is mapped, we
assessed losses of heterozygosity (LOH) for microsatellite mar-
kers, in a series of 22 children with T-ALL. Microsatellite poly-
morphic markers flanking the TAL71 gene (D1S211, D1S197,
D1S200 and D1S220) were analyzed to detect LOH. Eight
patients displayed LOH for at least one of the markers, suggest-
ing the existence of hot spot regions at the short arm of chro-
mosome 1. Two out of 11 with no molecular evidences of TAL1
gene involvement, compared to six out of 11 in the group of
TAL1 rearranged gene, showed LOH at 1p32. TAL71 gene
rearrangements and clonal LOH may represent two inde-
pendent events, but could be related to the same causes. For
the first time this study provides evidences that LOH at 1p32
region, occurs in T-ALL in the same region known to be
involved in chromosomal deletions and translocations. LOH
mapping may help to define the location of a new putative
tumor-suppressor gene implicated in the trasformation and
progression of children T-ALL.
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Introduction

A variety of distinct chromosomal translocations are observed
in the malignant cells of patients with T cell acute lymphoblas-
tic leukemia (T-ALL)." In most of the cases different proto-
oncogenes are activated as a result by juxtaposition with
sequences from the T cell receptor (TCR) loci on chromosome
7 or 14.2 The chromosomal region 1p32 is frequently involved
in deletions and chromosomal translocations observed in T-
ALL." One of the most common genetic changes is the break-
age of the TALT gene.>'3 As a consequence of the translo-
cation, the TALT gene, originally described to be involved in
the t(1;14)(p32;q11) translocation, is juxtaposed with
sequences from the TCR «/8 chain locus.>® Although this
translocation occurs in less than 3% of T-ALL patients,? site-
specific deletions in the TALT gene are reported to occur in
12-26% of T-ALL with apparently normal karyotype.®™"3

In order to investigate the presence of other subkaryotypic
abnormalities involving the 1p32 chromosomal region, where
TALT gene is mapped, we evaluated losses of heterozygosity
(LOH) in a series of pediatric T-ALL patients. Our findings
indicate that LOH at 1p32 occurs in T-ALL in the same region
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known to be involved in chromosomal deletions and translo-
cations. Interestingly clonal LOH appears to be more frequent
in T-ALL carrying TALT gene rearrangements.

Materials and methods
Patient samples

Twenty-two childhood T-ALL were selected from a non-
random group of 71 T-ALL screened at diagnosis for the pres-
ence of TALT gene rearrangements, based on the availability
of frozen bone marrow (BM) at diagnosis and during the
remission phase. Main clinical and laboratory data of the
patients are reported in Table 1. Diagnosis was established
according to standard morphologic and immunological cri-
teria. In all the subjects mononuclear cells from each BM sam-
ple were isolated by centrifugation on Ficoll-Hypaque density
gradient and viably frozen in liquid nitrogen until use. At this
stage, all the preparations contained more than 90% of malig-
nant cells. These samples were used for immunophenotyping
and DNA analyses. The immunophenotype according to the
stage of thymocyte maturation was determined using a panel
of monoclonal antibodies (moAbs) including CD1, CD2, CD3,
(either surface -sCD3 and cytoplasmic -cyCD3, CD3), CD5,
CD7. Reactivity with moAbs was assessed by indirect
immunofluorescence as previously described.'

Patients were enrolled in 8803/33 and 9103/33 ALL proto-
cols of the Associazione Italiana Ematologia Oncologia Pedi-
atrica (AIEOP) study group, in which a Berlin—Frankfurt-
Munster (BFM) modified strategy was adopted.'”

Molecular analysis of TALT gene rearrangements

High molecular weight DNA was extracted according to stan-
dard procedures.'® Ten micrograms of DNA were digested
with Hindlll, size-fractionated on 0.7% agarose gels and trans-
ferred to nylon membranes (Gene Screen Plus; Biotechnology
System New Research Products, Boston, MA, USA) as
described.'* TALT deletion was studied using a **P random-
labelled SILDB probe."> PCR amplification of the specific
TALT deletion junctions was performed using 1 ug of DNA,
12 pmol of the 5" SILDB primer (5" GGGGAGCTCGTG-
GGAGAAATTAAG 3') and 12 pmol of the 3’ TALT db primers
(tal 1 dbl 5" GCCTCGAAGGGTCCACATCTAC 3'; tal 1 db2
5" TTGTAAAATGGGGAGATAATGTCGAC 3'; tal 1 db3 5’ -
TGCATGCACTCTGATGAGCAGCC3'; tal 1db4 5’ GGA-
TTATAGGTGCCTGTCACCAC3’; tal1db5 5" GTCCTG-
CTAGCCCCATCCAGG 3'),"> 1 U Amplitaq DNA polymerase
(Perkin Elmer Cetus, Norwalk, CT, USA) in 100 ul of PCR
reaction mixture. The PCR amplification was performed in a
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Table 1 Clinical and laboratory features at diagnosis with respect to Tal-1 gene rearrangements

Patient Age/sex WBC Immunophenotype? PDN Clinical follow-up

No (years) 109/ response

TAL-1 not rearranged

429 13.3/M 50.4 mature poor CCR +59 mo (post-BMT)

500 13.3/M 325.7 inter/mature poor relapse +7 mo; death +16 mo
623 13.6/F 121 intermediate good relapse +21 mo; death +33 mo
754 3.4/F 19.8 intermediate good CCR +39 mo

836 8.5/M 112.2 intermediate unknown resistant; death +5 mo

850 6.5/F 15.3 intermediate good CCR +32 mo

870 2.5/M 195 intermediate good relapse +15 mo; death +29 mo
878 4.8/M 14.5 intermediate good CCR +28 mo

918 14.5/M 23.7 intermediate good death +16 mo (post-BMT)

936 9.2/M 34.8 intermediate good CCR +26 mo

954 15.2/M 290 intermediate unknown relapse +12 mo; death +24 mo
TAL-1 rearranged

100 2/4/F 113 not done good CCR +12 mo

341 10.9/F 124 mature good CCR +58 mo

403 5/M 840 early good CCR +62 mo (post-BMT)

548 3.4/M 280 early good death +1 mo

604 12.1/M 300 mature unknown relapse +6 mo; death +14 mo
607 3.9/F 173.6 mature poor CCR +49 mo

637 11.9/M 210 mature poor death +7 mo

792 3.5/M 50.9 intermediate poor relapse +13 mo

813 8.3/M 384 intermediate good relapse +5 mo; death +23 mo
834 7.1/M 760 inter/mature poor relapse +7 mo; death +8 mo
917 14.1/M 144.6 mature good relapse +4 mo; death +13 mo

akarly T-ALL, Tdt-positive, CD7 and cyCD3 positive, CD1 and surface CD3 negative; intermediate T-ALL, Tdt-positive, CD1 and CD7
positive; mature T-ALL, Tdt +/—, sCD3 and CD7 positive, CD1 negative.*

thermal cycler (Perkin Elmer Cetus) for 40 cycles using the
following parameters: denaturation at 94°C for 5 min during
the first cycle, then for 30's, annealing at 60°C for 30 s and
extension at 72°C for 30s. After the last cycle an additional
extension step of 72°C for 10 min was performed. The PCR
products of TALT deletion types were fractionated by 1.6%
agarose gel and visualized by UV lamp after ethidium
bromide staining.

Analysis of LOH at 1p32

Analysis of LOH at 1p32 was performed by PCR amplification
of microsatellite sequences using primer pairs encompassing
the following loci: D1S211, D1S197, D1S200 and D15220."7
The microsatellite sequences were selected according to the
high degree of constitutional heterozygosity and to the
location tightly linked to the TALT gene. The relative position
from telomere to centromere was the following: D1S211,
D1S197, TAL1, D1S200 and D1S220. The relative distance
from D1S211 and D1S220 was calculated to be approxi-
mately 15 cm.

PCR amplification for microsatellite analysis was performed
in a total volume of 50 ul and included 100 ng DNA, 25 pmol
of each primer, 200 um/l of each dNTP and 0.2 U of Amplitaq
DNA polymerase. The conditions used were the following:
initial denaturation at 95°C for 5 min was followed by 28
cycles of PCR: 1 min at 95°C (denaturation), 45 s at 55°C
(annealing) and 45 s at 72°C (extension). Microsatellite analy-
sis was performed on a 10% polyacrylamide gel followed by
detection by silver staining detection, as previously
described.’® LOH was assessed by densitometric laser scan-
ning on the stained gels and was defined as a reduction of

more than 50% in the signal intensity of one allele in the leu-
kemic DNA relative to its counterpart in constitutional DNA.

Results

Screening of 71 T-ALL by Southern blot analysis revealed
TALT gene rearrangements in 16 cases (22.5%); the exact
location of the deletions was determined by PCR amplification
using SILDB and TALDB specific primers (see Materials and
methods) and resulting in the identification of 13 type 1 and
one type 2 TALT deletions." In one case extensive molecular
analysis revealed the presence of a new coding sequence jux-
taposed 3’ to the first SIL exon (R Amaru, personal
communication). Eleven patients with TALT gene rearrange-
ments and the same number without, were selected for the
present study, based on the availability of frozen BM samples
during the remission phase. As previously reported in other
series,'21° TALT rerrangements did not seem to confer a dis-
tinct clinical phenotype, with the exception for a higher white
blood cell count in the cases with TALT gene rearranged as
compared with those without detectable TALT alterations
(Table 1).

To determine the presence of subkaryotypic abnormalities
involving the same cytogenetic region (1p32) where the TALT
gene is mapped, polymorphic markers spanning this band
were analyzed by PCR. Results obtained with samples pre-
pared from BM at diagnosis were compared with correspond-
ing matched samples obtained during remission. Figure 1
illustrates the results of allelic losses in representative cases.
As summarized in Table 2, analysis of LOH allowed the detec-
tion 1p changes in eight patients with at least one examined
marker. LOH was more frequently observed in cases of T-ALL
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Figure 1 Loss of heterozygosity in pediatric T-ALL. Microsatellite

band patterns in DNA extracted from bone marrow mononuclear cells
at diagnosis (T) were compared with those seen in DNA from bone
marrow of the same patient during remission phase (P).

Table2  Allelic losses of markers located at chromosome 1p32

Patient No. D1S211 D1S5197 D1S200 D1S220 cent

429 — — NI —
500 — — — —
623 — NI — —
754 — — — LH
836 NI NI — —
850 — — — —
870 — — — —
878 NI — — NI
918 — — — LH
936 — — — —
954 — — — —
100 — — LH LH
341 NI — — —
403 LH NI NI —
548 LH LH — —
604 — — — NI
607 LH — LH LH
637 LH NI LH —
792 — — — —
813 — — — —
834 — — — NI
917 LH NI LH LH

—, heterozygote; NI, non-informative; LH, loss of heterozygote.

carrying TALT rearrangements, with allelic losses detectable
in six out of 11 cases with TALT alterations as compared with
two out of 11 cases without evidence of TALT gene involve-
ment. Comparison of LOH among different patients permitted
the definition of two of the most commonly deleted regions
of LOH as defined by D1S220 and D1S211.

Discussion

In the present study we were able to demonstrate that LOH
at the 1p32 chromosomal region is a recurring event in pedi-
atric T-ALL. LOH of a marker in tumor DNA may reflect the
presence of a putative tumor suppressor gene (TSG) in the
deleted fragment whose inactivation or loss accounts for
tumor initiation and progression.2° Different types of event can
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lead to TSG inactivation with the most frequent being loss of
the entire chromosome, deletion, mutation or disruption by
translocations. According to Knudson’s hypothesis, at least
two ‘hits’ are required to inactivate a TSG.2' One of them
usually involves gross chromosomal rearrangements and leads
to LOH. Although the number of patients limited any defini-
tive conclusions on the rate of frequency of LOH in childhood
T-ALL, our findings indicate that LOH occurs in a region 1p32
known to be involved in translocations and site-specific
deletions.?>~'* The two most useful markers in identifying LOH
have been D15200 and D1S211 suggesting the existence of
hot spot regions of deletion.

The demonstration of subkaryotypic abnormalities occur-
ring in T-ALL is not limited to the 1p32 region. Several groups,
including ours, have demonstrated that genetic deletions of
different extension occur on the short arms of the 9 chromo-
some pairs, in most of the cases of pediatric T-ALL (>90%),
even in the absence of cytogenetically detectable 9p aber-
rations.?>=27 The p15™48 deletion involved at least two puta-
tive TSGs (p15'NK48 and p16'NK44) codifying for highly homo-
logous small problems able to specifically inhibit two cyclin
dependent serin-threonine kinases (CDK4 and CDK6).28-3% Of
interest a new number of the p16N%* gene, namely p18
gene,>! has been isolated and mapped on chromosome 1p32.
Even the p18 gene loss may occur in T-ALL, although detect-
able in a minor but significant percentage of cases (14%)*” as
compared to p16 and p15 homozygous deletions.?*™”

Inactivation of multiple cell cycle-related TSG may occur
more frequently than previously considered in patients with
lymphoid tumors and may possibly result in predominant
growth of the clones with multiple defects of the genes.*?
Whether inactivation of a TSG affects inactivation of the
others, or alternatively multiple defects may occur almost inci-
dentally, is still unknown.

The recurrence of LOH in the T-ALL subgroup carrying the
TALT rearrangements, indicates that multiple genetic lesions
may occur at the chromosomal breakpoint cluster region. The
relationships between the two events are still intriguing, with
the site-specific deletions involving the TALT and SIL genes
possibly mediated by the same V (D)) recombinase system
involved in immunoglobulin/T cell receptor (TCR) gene
rearrangements.'®?* Of interest LOH occurring at the region
12p12-13 partially overlaps with the region containing the
t(12;21) translocation breakpoints, and both events are very
common in childhood ALL of B lineage.>*3® More recently
Pabst et aPP” showed that LOH is a very common event occur-
ring in adult leukemias and that it involves different chromo-
somes.?” It is noteworthy that 25% of the cases displayed LOH
at D15209, which were mapped in the investigated area by
the present study.

Finally, it should be considered that the region 1p32
explored by the polymorphic markers used in the present
study, has been indicated for the presence of TSG involved in
other neoplasias.*® The identification of the smallest deleted
region and the subsequent identification of new putative
genes may help to define other genetic lesions relevant for
tumor transformation and progression of pediatric T-ALL.

Acknowledgements

This work is supported by Associazione Italiana per la Ricerca
sul Cancro (AIRC); by MURST 40%; by Consiglio Nazionale
delle ricerche (PF.ACRO, grant no. 9202140, PF39) ‘Progetto

361



Loss of heterozygosity in T-ALL
A lolascon et al

362

oncologia pediatrica’ by CISO (ltaly) and by Fondazione Tet-
tamanti. A Moretti is a fellow of CARSO.

References

Raimondi SC. Current status of cytogenetic research in childhood
acute lymphoblastic leukemia. Blood 1993; 81: 2237-2251.
Rabbits TH. Chromosomal translocations in human cancer. Nature
1994; 372: 143-149.

Chen Q, Cheng J-T, Tsai L-H, Schneider N, Buchanan G, Carroll
A, Crist W, Ozanne B, Siciliano MJ, Baer R. The tal gene
undergoes chromosome translocation in T cell leukemia and
potentially encodes a helix-loop—helix protein. EMBO J 1990; 9:
415-424.

Chen Q, Yang CY-C, Tsan JT, Xia Y, Ragab AH, Peiper SC, Carroll
A, Baer R. Coding sequences of the TALT gene are disrupted by
chromosome translocation in human T-cell leukemia. J Exp Med
1990; 172: 1403-1408.

Bernard O, Guglielmi P, Jonveaux P, Cherif D, Gisselbrecht S,
Mauchauffe M, Berger R, Larsen C-J, Mathieu-Mahul D. Two dis-
tinct mechanisms for the SCL gene activation in the t(1;14) translo-
cation of T-cell leukemias. Genes Chromos Cancer 1990; 1:
194-208.

Finger LR, Kagan J, Christopher G, Kurtzberg ], Hershfield MS,
Nowell PC, Croce CM. Involvement of the TCL5 gene on human
chromosome 1 in T-cell leukemia and melanoma. Proc Natl Acad
Sci USA 1989; 86: 5039-5043.

Begley CG, Aplan PD, Denning SM, Haynes BF, Waldmann TA,
Kirsch IR. The gene SCL is expressed during early hematopoiesis
and encodes a differentiation-related DNA-binding motif. Proc
Natl Acad Sci USA 1989; 86: 10128-10132.

Carrol AJ, Crist WM, Link MP, Amylon MD, Pullen DJ, Ragab AH,
Buchanan GR, Wimmer RS, Vietti T). The t(1;14)(p34;q11) is non-
random and restricted to T-cell acute lymphoblastic leukemia. A
Pediatric Oncology Group Study. Blood 1990; 76: 1220-1224.
Brown L, Cheng J-T, Chen Q, Siciliano MJ, Crist W, Buchanan G,
Baer R. Site-specific recombination of the TALT gene is a common
occurrence in human T cell leukemia. EMBO J 1990; 9: 3343—
3351.

Bernard O, Lecointe N, Jonveaux P, Soury M, Mauchauffe M,
Berger R, Larson CJ, Mathieu-Mahul D. Two site-specific deletions
and t(1;14) translocation restricted to human T-cell acute leuke-
mias disrupt the 5’ part of the TALT gene. Oncogene 1991; 6:
1477-1488.

Aplan PD, Lombardi DP, Reaman GH, Sather HN, Hammond GD,
Krisch IR. Involvement of the putative hematopoietic transcription
factor SCL in T-cell acute lymphoblastic leukemia. Blood 1992;
79: 1327-1333.

Bash RO, Crist WM, Shuster JJ, Link MP, Amylon M, Pullen J,
Carrol AJ, Buchanan GR, Smith RG, Baer R. Clinical features and
outcome of T-cell acute lymphoblastic leukemia in childhood
with respect to alterations at the TAL1 locus: a Pediatric Oncology
Group study. Blood 1993; 81: 2110-2117.

Breit TM, Mol EJ, Wolvers-Tettero IL, Ludwig W-D, van Wering
ER, van Dongen JJM. Site-specific deletions involving the TALT
and sil genes are restricted to cells of the T cell receptor a/B lin-
eage: T cell receptor & gene deletion mechanism affects multiple
genes. | Exp Med 1993; 177: 965-977.

Biondi A, Champagne E, Rossi V, Giudici G, Canti-Rajnoldi A,
Masera G, Mantovani A, Mak TW, Minden MD. T-cell receptor
delta gene rearrangement in childhood T-cell acute lymphoblastic
leukemia. Blood 1989; 73: 2133-2138.

Conter V, Arico M, Valsecchi MG, Rizzari C, Testi A, Messina C,
Mori PG, Miniero R, Colella R, Basso G, Rondelli R, Pession A,
Masera G. Extended intrathecal methotrexate may replace cranial
irradiation for prevention of CNS relapse in children with inter-
mediate-risk acute lymphoblastic leukemia treated with BFM-
based intensive chemotherapy. / Clin Oncol 1995; 13: 2497—
2502.

Maniatis T, Fritsch E, Sambrook J. Molecular Cloning: A Labora-
tory Manual. Cold Spring Harbor Laboratory: Cold Spring Harbor,
NY, 1982.

Weissenbach ], Gyapay G, Dib C, Vignal A, Morissette ], Millas-

20

2

—_

22

23

24

25

26

2

~N

28

29

30

32

33

34

35

36

seau P, Vaysseix G, Lathrop M. A 2nd generation linkage map of
the human genome. Nature 1992; 359: 794-801.

Serra A, Gottardi E, Della Ragione F, Saglio G, lolascon A. Involve-
ment of the cyclin-dependent kinase 4 inhibitor (CDK41) gene in
the pathogenesis of lymphoid blast crisis of chronic myelogeneous
leukemia. Br ) Haematol 1995; 91: 625-629.

Borkhardt A, Repp R, Harbott J, Keller C, Berner F, Ritterbach J,
Lambert F. Frequency and DNA sequence of TALT rearrangement
in children with T-cell acute lymphoblastic leukemia. Ann Hema-
tol 1992; 64: 305-307.

Lasko D, Cavence W, Mordenskjold M. Loss of constitutional het-
erozygosity in human cancer. Annu Rev Biochem 1991; 25:
281-314.

Knudson AG. Mutation and cancer: statistical study of retinoblas-
toma. Proc Natl Acad Sci USA 1993; 90: 10914-10921.

Ogawa S, Hirano N, Takahashi T, Hangaishi A, Tanaka K, Kuro-
kawa M, Tanaka T, Mitani K, Yazaki Y, Hirai H. Homozygous
loss of cyclin-dependent kinase 4 inhibitor (p16) gene in human
leukemias. Blood 1994; 84: 2431-2435.

Hebert J, Cayuela JM, Berkerley J, Sigau F. Candidate tumor-
suppressor genes MTST (p16'NK4A) and MTS2 (p15"™K4B) display
frequent homozygous deletions in primary cells from T but not
from B cell lineage acute lymphoblastic leukaemias. Blood 1994;
84: 4038-4044.

Quesnel B, Preudhomme C, Philippe N, Vanrumbeke M, Dervite
I, Lai JL, Bauters F, Wattel E, Fenaux P. p16 gene homozygous
deletions in acute lymphoblastic leukemia. Blood 1995; 85:
657-663.

Hatta Y, Hirama T, Miller CW, Yamada Y, Tomonaga M, Koeffler
KP. Homozygous deletions of pl15 (MTS2) and pl16
(CDKN2/MTS1) genes in adult T-cell leukemia. Blood 1995; 85:
2699-2704.

Okuda T, Shurthleff SA, Valentine MB, Raimondi SC, Head DR,
Behm F, Curcio-Brint AM, Liu Q, Pui CH, Sherr CJ, Beach D, Look
TA, Dowing JR. Frequent deletion of p16 INK4/MTS1 and p15
INK4B/MTS2 in pediatric acute lymphoblastic leukemia. Blood
1995; 85: 2321-2330.

lolascon A, Faienza MF, Coppola B, della Ragione F, Schettini
F, Biondi A. Homozygous deletions of cyclin-dependent kinase
inhibitor genes, p16™*** and p18, in childhood T cell lineage
acute lymphoblastic leukemias. Leukemia 1996; 10: 255-260.
Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K, Tav-
tigian SV, Stockert E, Day RS I, Johnson BE, Skolnick MH. A cell
cycle regulator potentially involved in genesis of many tumor
types. Science 1994; 264: 436—440.

Nobori T, Miura K, Wu DJ, Lois A, Takabayashi K, Carson DA.
Deletions of the cyclin-dependent kinase 4 inhibitor gene in mul-
tiple human cancers. Nature 1994; 368: 753-756.

Hannon GJ, Beach D. p15'™Nk48 is a potential effector of TGF-g-
induced cell cycle arrest. Nature 1994; 371: 257-261.

Guan KL, Jenkins CW, Li Y, Nichols MA, WU X, O’Keefe CL,
Matera AG, Xiong Y. Growth suppression by p18, a p16NK4A/MTs1
and p14NK4BMTS2_related CDK6 inhibitor, correlates with wild-
type pRb function. Genes Dev 1994; 8: 2939-2952.

Hangaishi A, Ogawa S, Imamura N, Miyawaki S, Miura Y, Uike
N, Shimazaki C, Emi N, Takeyama K, Hirosawa S, Kamada N,
Kobayashi T, Takemoto Y, Kitani T, Toyama K, Ohtake S, Yazaki
Y, Ueda R, Hirai H. Inactivation of multiple tumor-suppressor
genes involved in negative regulation of the cell cycle,
MTS1/p16™**4/CDKN2, MTS2/p15™**®, p53, and Rb genes in pri-
mary lymphoid malignancies. Blood 1996; 87: 4949-4958.
Schatz DG, Oettinger MA, Schlissel MS. V(D)) recombination:
molecular biology and regulation. Annu Rev Immunol 1992; 10:
359-383.

Sato Y, Suto Y, Pietenpol J, Golub TR, Gilliland DG, Davis EM,
Le Beau MM, Roberts JM, Vogelstein B, Rowley JD, Bohlander SK.
TEL and KIP1 define the smallest region of deletions on 12p13 in
hematopoietic malignancies. Blood 1995; 86: 1525-1533.

Cavé H, Gérard B, Martin E, Guidal C, Deveaux I, Weissenbach
J, Elion J, Vilmer E, Grandchamp B. Loss of heterozygosity in the
chromosomal region 12p12-13 is very common in childhood
acute lymphoblastic leukemia and permits the precise localization
of a tumor-suppressor gene distinct from p27*"*'. Blood 1995; 86:
3869-3875.

Raynaud S, Cavé H, Baens M, Bastard C, Cacheux V, Grosgeorge



Loss of heterozygosity in T-ALL
A lolascon et al

J, Guidal-Giroux C, Guo C, Vilmer E, Maryen P, Grandchamp B. breakpoint cluster regions in adult leukemias. Blood 1996; 88: 363
The 12;21 translocation involving TEL and deletion of the other 1026-1034.
TEL allele: two frequently associated alterations found in child- 38 Arlt MF, Herzog TJ, Muten DG, Gersell DJ, Liu H, Goodfellow PJ.

hood acute lymphoblastic leukemia. Blood 1996; 87:2891-2899. Frequent deletion of chromosome 1p sequences in an aggressive
37 Pabst T, Schwaller ), Jotterand Bellomo M, Oestreicher M, Muhle- histologic subtype of endometrial cancer. Hum Molec Genet

matter, Tichelli A, Tobler A, Fey MF. Frequent clonal of hetero- 1996; 5: 1017-1021.

zygosity but scarcity of microsatellite instability at chromosomal



	Frequent clonal loss of heterozygosity (LOH) in the chromosomal region 1p32 occurs in childhood T cell acute lymphoblastic leukemia (T-ALL) carrying rearrangements of the TAL1 gene
	Introduction
	Materials and methods
	Patient samples
	Molecular analysis of TAL1 gene rearrangements
	Analysis of LOH at 1p32

	Results
	Discussion
	Acknowledgements
	References


