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The chromosomal translocation t(12;21) (pl12;922)
which results in the TEL-AMLL1 fusion gene is the most
frequent genetic rearrangement in childhood B-lineage
acute lymphoblastic leukemia (ALL). The
rearrangement in this locus, however, is only rarely
observed by routine karyotypic analysis. We
established a nested-reverse transcriptase-polymerase
chain reaction (nested-RT-PCR) technique for the
detection of the TEL-AML1 transcript, and used this to
investigate the incidence of the rearrangement, and to
characterize the disease present in TEL-AML1-positive
B-lineage ALL patients. The TEL-AML1 fusion
transcript was detected in nine of fourteen patients.
These patients were relatively homogeneous in that
they were young and had low presenting leukocyte
counts, both features of which are associated with a
favorable prognosis. Furthermore, we could detect the
TEL-AML1 transcript in the peripheral blood of
t(12;21)-positive patients and we used this to assess
minimal residual disease (MRD) in patients during
chemotherapy. The data demonstrate that nested-RT-
PCR is a suitable tool for diagnosing t(12;21)-positive
ALL, that these patients constitute a clinically distinct
subgroup of ALL patients, and that the method could
also be used to monitor MRD in these patients.
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Introduction

Numerous cytogenetic studies have demonstrated that most
human neoplasms carry chromosomal aberrations. Recent
developments in molecular biological techniques have
permitted an understanding of the pathological
consequences of such genetic events, including the
chromosomal translocations which are a common
characteristic of leukemias (Nucifora and Rowley, 1995).
One such translocation, the TEL-AML1 fusion associated
with 1(12;21) (p13;922), occurs in approximately 25% of
pediatric acute lymphoblastic leukemia (ALL), making it
the most common gene rearrangement in childhood
leukemia. TheAML1 gene was originally identified at the
breakpoint of t(8;21), the chromosomal translocation
associated with acute myeloid leukemia (AML, subtype
M2). AML1 was found to encode the DNA-binding subunit
of the protein PEBP2 (also called CBF) (Bseal, 1993;
Miyoshi et al, 1993). The non-DNA binding component of
this protein, PEBPRZCBF3 (Ogawaet al., 1993), has also
been found to be rearranged in acute myeloid leukemia
with inv(16) (Liu et al, 1993). SubsequenthAML1 was
found to be involved in several other chromosomal
translocations, such as t(3;21) in therapy-related AML of
myelodysplastic syndrome (MDS) and chronic myeloid
leukemia at the blastic phase. The translocations involving
AML1 produce chimeric proteins: AML1-Evil, AML1-
MDS1 or AML1-EAP (out of frame fusion) in t(3;21)
(Mitani et al, 1994; Nuciforaet al, 1994), and AML1-

Abbreviations: ALL, acute lymphoblastic leukemia; BM, bone
marrow; MRD, minimal residual disease; PB, peripheral blood;
RT-PCR, reverse transcriptase-polymerase chain reaction.
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ETO in t(8;21) (Ericksoret al, 1992; Miyoshiet al, RT-PCR known as nested-RT-PCR, and used this method
1993). An additional AML1 chimera is made with the TEL to investigate the frequency and clinical impact of t(12;21).
protein. The TEL gene is a member of ETS gene familyWe also applied this technique to detect MRD in children
and it was initially identified at the breakpoint of t(5;12) with t(12;21)-positive ALL during chemotherapy so as to
(934;p13) which generated TEL-PDGERGolub et al, evaluate the clinical value of this diagnostic tool.

1994). The amino terminal part of the TEL protein, which
contains a putative protein-protein dimerization domain
was found to be fused ®WML1 by t(12;21) and the fusion Materials and Methods
transcript is expressed from the TEL promoter (Gadtib

] . Sample preparation Bone marrow (BM) and/or peripheral
al., 1995; Romanat al, 1995a; 1995b). ) ) lood (PB) samples were obtained from fourteen B-lineage ALL
The mO_IeCl_Jlar structure of thes? fusion prOte'nS_ andEatients diagnosed at Chungbuk National University Hospital and
their contributions to leukemogenesis have been reviewedeoy| National University Children’s Hospital from September
previously (Bae and Ito, 1999; Ito and Bae, 1997). In1996 to September 1998. Three of the patients were relapse cases.
addition, transgenic mice heterozygously knocked-in withDiagnosis of ALL was made by standard procedures. Immuno-
chimeric genes have been shown to be defective iphenotyping was performed by flow cytometry (Chenal,
definitive hematopoiesis (Castiliet al, 1996; Yergeawt  1986). Complete remission was defined by clinical and
al., 1997). These observations have led to the generdnorphological criteria. All children were treated according to the
notion that the formation of chimeric genes is primarily treatment protocol of the Children’s Cancer Group. BM and/or

responsible for leukemogenesis. Accurate detection of thEB were collected before and during chemotherapy. Mononuclear
chimeric genes could thus provide a highly usefulce”s (MNC) obtained from BM and/or PB samples were isolated

. . . by RNeasy blood kit (QIAGEN) and frozen a70°C until use.
diagnostic tool for leukemia. . . PB mononuclear cells (PBMC) from a healthy child and BM
Currently,_ treatme_nt of Ch'ldren with acute mononuclear cells (BMMC) from a patient of idiopathic
lymphoblastic leukemia (ALL) is dependent on the {hrompocytopenic purpura (ITP) were used as negative controls,
presence of distinct prognostic factors. Thus, the disease ighile Reh cells bearing t(12;21) served as a positive control.
treated with a therapy either with reduced toxicity in low
risk patients, or with an intensive approach in high riskCytogenetic studies Cytogenetic studies were systematically
patients. In newly diagnosed ALL, the patient's age andperformed on BM cells at initial presentation or relapse.
white blood cell (WBC) counts are the most importantMetaphases were obtained from short-term unstimulated cultures
criteria for risk assessment (Smigh al, 1996), but the (24 and 48 h). Chromosomes were identified using RHG and/or

patient's response to therapy subsequently also plays a rOli@psin-Gimesa banding techniques and classified according to
in determining the treatment required (Steinhetzal the International System for Cytogenetic Human Nomenclature

1996). Until 1995, genetically defined risk factors could (Mitelman, 1991).

gccount for 0”'¥ 35% of (_:h'ld_ho_Od ALL patients. These Nested RT-PCR Total RNA was extracted from cryo-preserved
included hyperdiploidy, which is identified as a subset ofcejis with the RNeasy blood kit (QIAGEN) according to the
ALL with a favorable prognosis, and the (9;22), t(1;19), manufacturer’s instructions, and the quality of RNA was checked
t(4;11) translocations associated with a poor prognosisby agarose gel electrophoresis. cDNA was synthesized frogn 1
The recent identification of TEL-AML1 from the of total RNA using oligo-dT primers (Gibco-BRL, Superscript
breakpoint of t(12;21) (p13;g22) of childhood B-lineage kit). The first PCR amplification was performed with primers p4
ALL has expanded this genetically characterizable groug>-CCCTGGACAACATGATCC-3) and m0 (5GCTGGCAT-

to 60%. It appears that t(12;21) is associated with specifiE GTGGACGTC-3) and 0.5 units offaq polymerase (Perkin-
presenting features, namely young age and low presentirigMe") In the buffer recommended by the supplier (Kitral,
WBC count, and that patients with this translocation 99). The reaction mixtures were placed in a thermal cycler

. . (Perkin-Elmer Cetus model-9600). An initial 2 min denaturation
appear to have a favorable prognosis (Ruletied, 1997). at 95C was followed by 30 cycles of 15 s af@540 s at 5%,
Although the TEL-AML1 fusion associated with

> ~and 1 min at 72. One hundredth of the reaction product from
t(12;21) is the most common gene rearrangement ifhis PCR was subjected to a second PCR amplification performed
childhood leukemia (occurring in approximately 25% of as before except that the p5-(EAGGAGAGCACACGCGTG-
pediatric B-lineage ALL), t(12;21) is rarely detected 3') and mO primers were used. The PCR products were analyzed
(0.05% of patients) by routine cytogenetic methodson 2% agarose gel. A schematic diagram of the TEL-AML1
(Romanaet al, 1995b). Since the fusion transcript is only protein and the relative positions of the oligonucleotide primers
present in leukemic cells, reverse transcriptase-polymeragésed are shown in Fig. 1.

chain reaction (RT-PCR) might be a better method for the

molecular characterization of leukemia and for monitoringgoumern t;llotttirr]]gbqréglysl:_is PCR dpmd.ll’)mj gverg anslyf)i:: by
minimal residual disease (MRD) during treatment (Satake outhern blot hybridization as described by sambrebrat 0
t al, 1997). In this study, we analyzed newly diagnosed(lggg)' Briefly, PCR products were electrophoresed on 2%
et al, ) ’ agarose gel and transferred to Hybon8-Membrane

B-lineage childhood ALL cases by a modified method Of(Amersham) by the alkaline blotting method recommended by the
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278 bp were positive for TEL-AML1 are shown in Table 1.
¢ ) ‘ Karyotype analysis was not available for patient No. 9. The
t(12;21) could not be detected by conventional banding
pd pS ml techniques in any of our patients. The Philadelphia
> > <« chromosome and its resulting BCR-ABL fusion transcript
was detected in two out of 14 patients, both of whom were
TEL-AML1 HLH negative for TEL-AMLL.
t(12;21)
TEL AMLI Clinical Data _o_f TEL-AML1-positive pat_ients_ All
TEL-AML1-positive cases (four boys and five girls) were
—> aged between 3.2 and 15 years (median, 5 years) old at
attgggagaatagcaghatgcatacttggaaty presentation (Table 2). Eight cases were aged between 2
I 6 R I AECTITIL G M and 10 years old. The presenting leukocyte counts were
1.29-109.8x 10°L (median 5.44x 10°/L). In eight of the
T nine cases, the presenting leukocyte counts were below 10
breakpoint X 10°/L. B cells of all patients had a precursor phenotype

(HLA-DR+CD19+CD10+). The myeloid marker CD13
Fig. 1. The structure of the TEL-AMLL fusion protein resulting Was expressed in one case. The TEL-AML1 transcript was
from t(12;21). Nucleotide and amino acid sequences around thBOt found in the one surface membrane Ig+ B-ALL patient.
junction region are indicated. Relative positions of the p4, p5 andAll patients achieved complete remission after induction of
mO oligonucleotide primers used for PCR are shown. The runthemotherapy, including the two relapsed patients. Since
domain of AML1 and the HLH domain of TEL protein are then, six patients remain in continuous complete remission
marked by boxes. for a median of 22 months. Two patients, one in CNS and

one in BM, relapsed, and two patients died from sepsis due

to intensive multiagent chemotherapy.
manufacturer. Probe DNA was prepared from TEL-AML1 cDNA

and radioactively labeled witfP]dCTP (3,000Ci/mmole) by the
random primer labeling kit (Amersham). Unincorporated
nucleotides were removed by Sephadex G-50 spun columns
(Sambrooket al, 1985). Southern hybridization was performed
for 16 h at 68C. The membrane was washed three times ix 0.1
SSC, 0.1% SDS at 86 for 15 min and exposed to Kodak XAR- 12 3 45
5 film for 2 h.

Results A

Detection of TEL-AML1 transcripts by nested-RT-
PCR TEL-AML1 transcripts were detected in nine of
fourteen B-lineage ALL patients, namely in the bone
marrow aspirate before induction of chemotherapy in three
cases, in the peripheral blood before induction of
chemotherapy in two cases, in the bone marrow aspirate
after induction of chemotherapy in two cases, and in the
bone marrow aspirate in two relapse cases. An RNA B
extract from Reh cells was used as a positive control for all
amplifications, while PBMC from a healthy child and
BMMC from an ITP patient were used as negative
controls. The nested-RT-PCR products were checked by
]%?Jli]tgetrc? é:lr?; ?gtluilz'?ltilit],&l\ati i:ﬁl)l\ﬁ)zsglr\(l)ebebaég?gs vzv)e I’eFig. 2. Detection of Fhe TEL-AMLl transcript in BM or PB

oo "~/ samples from leukemic patient 2 by nested-RT-PCR. Testing was
That. RT-PCR "?‘mp“f'Ed the _CorreCt sequence was furthernitiated after induction of chemotherapy. 1, BM sample
confirmed by direct sequencing of the PCR products (datgnmediately after chemotherapy began; 2, PB sample 5 months
not shown). after diagnosis; 3, PB sample 6 months after diagnosis; 4, PB

sample 15 months after diagnosis; 5, PB sample 18 months after

Cytogenetic analysis of TEL-AML1 positive  diagnosis. The TEL-AML1 transcripts could be detected in PB
patients The cytogenetic data of the nine patients whosamples up until 5 months after obtaining complete remission.
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Table 1. Cytogenetic Data of TEL-AML1 positive patients and remission of CNS disease was achieved by
craniospinal irradiation. Remission of the BM in this
patient was confirmed by light microscopy of the BM three

Patient No. Karyotype

1 27-44, XX, months after the CNS relapse. At this time, the TEL-AML1
—4,~5,—10,~15—16,—21,—22[cp8]/46, transcript became negative. This patient is in continuous
XX[2] complete remission for 10 months at present.
2 46,XY[2]/44,XY[1)/43,XY[1]/40,XY[1]
3 43,XY[1]/42,XY[2]/46,XY[2] . ,
4 46.XX Discussion
5 46,XY,add(8),del(9),t(9;17),del(22)[2]/46, Identification of fusion genes has enabled us not only to
der(9)t(9;17),del(22)[9V/ study the molecular mechanisms of leukemogenesis but
45,der(9)t(9;17)-17,del(22)[7] also to develop molecular tools for the diagnosis of
6 46, XY leukemia. The TEL-AML1 fusion associated with the
7 44-45 XX ~X4],add(10)[5],222[4],2m2-3[1]/ t(12,21) (p13,q22) translocation is SDECifiC for B Iineage
46,XX[5] ALL. It is the most common gene rearrangement in
8 46,XX
9 NA (months)
NA, not available. 0123456 12 16 20
I O I N T I ] | |
1 I i 1 1 1 I I | 1
CR
#1 B
Detection of MRD in patients with TEL-AML1 using CR
nested RT-PCR MRD was evaluated in BM or PB  #2 —e - —L} LH
samples collected from four TEL-AML1-positive patients CR L -
during chemotherapy. Results of the nested-RT-PCR stud#s o - t
and the clinical course of patients are summarized in Tablggs @ R AL N

2 and Fig. 3. Patient 1 became negative for the TEL-AML1
transcript immediately after obtaining complete remission. _ _
In chemotherapy. In patients 2 and 3, TEL-AML1 Flg._ 3. Testing for the presence of the TE_L-AMLl transcript
. . . during the long term follow-up of ALL patients. BM or PB

transcripts were still detected in BM samples after . )

hievi | .. Th . ined .samples were obtained from patients No. 1, 2, 3 and 5 and the
achieving ComP et.e rem|§5|on. ese patle.nts rema.lne IBresence of TEL-AML1 transcripts were analysed by nested-RT-
complet.e rem|§5|0n which were maintained untll. thePCR. Closed circle, TEL-AML1-positive BM; open circle, TEL-
completion of this study, for 2 and 15 months, respectivelyamL1 negative-BM; closed rectangle, TEL-AML1-positive PB;
After this, the TEL-AMLL transcripts could no longer be open rectangle, TEL-AML1-negative PB; closed triangle, CNS R
detected. In patient 5, an isolated CNS relapse occurregsolated craniospinal relapse); CR, complete remission.

Table 2. Clinical data of TEL-AML1 positive patients.

No.  Age(yr)/Sex WBC Immunophenotype Disease Clinical Survival
(10°/L) status course* (months)
1 4.3/F 5.44 DR, CD19, CD10 D CCR 20
2 3.8/M 5.6 DR, CD19, CD10, CD13 D CCR 23
3 3.2IM 6.5 DR, CD19, CD10 D CCR 23
4 7.6/F 109.8 DR, CD19, CD10 D CCR 18
5 5/M 3.2 DR, CD19, CD10 D CRCNS R-CR 22(10)
6 5.7M 1.29 CD10 R CCR 23
7 15/F 1.7 DR, CD19, CD10 R CRDeath 3
8 9.4/F 4.15 DR, CD19, CD10 D CRBM R- CR- Death 12(10)
9 3.5/F 1.65 DR, CD19, CD10 D CCR 17

D, diagnosis; R, replapse; CCR, continuous complete remission; CR, complete remission; CNS R, isolated craniospinal relapse; BM
R, bone marrow relapséNumbers in parentheses indicates months from diagnosi to the first relapse.
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childhood ALL and is predictive of a favorable treatmentany of our cases, confirming previous reports of the
outcome (Borkhardeét al, 1997; Lianget al, 1996). In this  inadequacy of this method for this purpose. While
study, we have established a nested-RT-PCR techniquaetection of antigen-receptor gene rearrangements is also a
which allows detection of the TEL-AML1 fusion in specific and sensitive tool for the diagnosis of B-lineage
pediatric B-lineage ALL patients. The modification of the ALLs, this method is quite tedious and cumbersome.
standard RT-PCR method (see Materials and Methodspiven that we can detect the TEL-AML1 fusion reliably
significantly improved the results in that nonspecific bandsand easily with the nested RT-PCR method, we believe this
were removed and the authentic band was intensified. Witlsould be a powerful diagnostic tool which could simplify
this method, we were able to calculate that 64% of oudiagnosis and evaluation of MRD in childhood B-lineage
pediatric ALL patients (9 of 14) were TEL-AML1-positive. ALLSs, thus leading to more effective therapeutic strategies.
This incidence is quite high compared to previous reports
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