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Absttact 
The TEL-AMLl translocation was detected in two paediatric cases of acute lymphoblastic leukemia. 
Case 14 was a three year old boy with a WBC of 5.0 x 109 /1 who was diagnosed with ALL-Ll, while 
case 28 was a five year old girl with a WBC of 22.1 x 109 /1 who was also diagnosed with ALL-LL The 
karyotype of case 14 was 46XY[3] and that of case 28 was 46XX:[4]/46X:X, -5,add (9g),+mar[2]. 
Immunophenotyping of case 14 classified the case as CALLA-ALL with co-expression of the CD13/ 
CD33 myeloid antigens. RT-PCR on RNA from both cases generated a 464 hp fusion product which 
sequencing confirmed as the TEL gene joined to exon 2 of the AMLl gene. Case 28 also displayed 
a minor band of the 425 hp shorter fusion product in which the TEL gene is joined to exon 3 of the 
AML1 gene. A less intense band of the reciprocal AMLl-TEL translocation was also detected in 
both cases. The presence of the fusion transcript was also confirmed by Fluorescence In Situ Hybrid­
ization (FISH). In case 14, FISH further revealed that a proportion of the cells with a TEL-AMLl 
fusion signal showed an associated loss of the non-translocated TEL gene. 
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Introduction 
The fusion of the TEL, or ETV6, gene on chromo­
some 12 to most of the AML1, or CBFa, gene on 
chromosome 21 results in the TEL-AMLl t (12; 
21)(p13; q22) translocation (Golub eta/., 1995;Romana 
el al, 1995). This fusion transcript is found in about 
20% of all childhood leukemias (Borkhardt et al, 1999). 
It is exclusively associated with B-lineage acute lym­
phoblastic leukemia (ALL) and in this particular group, 
its occurrence maybe as high as 35% (Garcia-Sanz el 

al., 1999). Thus t (12; 21) is widely accepted as the most 
frequent genetic rearrangement in childhood leukemias. 
Its frequency in Malaysian childhood ALL is unknown. 
But two srudies, one m Spain (Garcia-Sanz etaL, 1999) 
and another in India (Inamdar el al., 1998) revealed 
thatTEL-AMLl incidence in these populations is much 
lower, 2 % and 9 % respectively, than hitherto found 
in most studies. 

The TEL-AMLl translocation segregates with B­
lineage ALL, either C -ALL or B precursor ALL, and is 
associated, to a significant extent, with the co-expres­
sion of myeloid markers CD13/CD33 (Baruchel el aL, 
1997; Borkhardt et al., 1997). It also segregates with 

non-hyperdiploidy that is to say leukemia cells which 
have less than SO chromosomes per cell (Borkhardt et 
al, 1999). Hyperdiploidy is associated with a good prog­
nosis in childhood leukemias (Chessels et aL, 1997). The 
t (12; 21) is generally, but not always, found in patients 
classified as standard risk (Kersey, 1997) that is to say, 
those 1) between 1 and 10 years of age and 2) with a 
total white blood cell count< 50 x 109 /1. Whilst gener­
ally favourable, the above features convey a mixed pic­
ture insofar as prognosis is concerned. Given that ge­
netic translocations per se are important prognostic 
indicators (Ma et aL, 1999), the crucial issue is the prog­
nosis conferred by the TEL-AML1 translocation in­
dependently of the features outlined above. TEL­
AML1 has been reported to confer a good prognosis 
independent of other risk factors (Rubnitz et aL, 1997). 
Furthermore it has been reported that the relapse rate 
in TEL-AML1 positive patients compared to TEL­
AMLl negative patients, is absent i.e. 0% versus 29.6% 
(McLean et aL, 1996) to low ie. 3.0% versus 11.1 % 
(Borkhardt et aL, 1997). However, this has been chal­
lenged by two studies (Harbott el aL, 1997; Seeger et al, 
1998) which showed that t (12; 21) occurs at the same 
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high frequency in relapse cases i.e. about 20 %, tbat it 
does in new cases. 

The TEL-AML1 translocation is a cryptic translo­
cation. _The sim.ilar banding patterns of tbe chromo­
somal segments involved make it difficult to detect by 
conventional cytogenetic techniques. Consequently, tbe 
first reports of t (12; 21), in tbe middle of tbe last 
decade (Romana et aL, 1994, Golub et aL 1995, Romana 
et aL, 1995), employed FISH and/or RT-PCR in the 
detection of this translocarion. This is part of a study 
to determine the frequency of this translocation in 
Malaysian ALL patients and in this paper we describe 
the detection of the TEL-AMLl translocation, by RT­
PCR and FISH, in two Malaysian paediatric ALL pa­
tients. 

Materials and Methods 

RT-PCR Assay 

Total RNA was extracted from fresh bone marrow or 
blood samples with the Rn easy Mini Blood Kit (Qiagen, 
Germany) as recommended by the manufacturer. First 
strand cDNA was synthesised with 1µg of total RNA 
using Superscript TM II R.nase H· Reverse Transcriptase 
(Gibco BRL, USA) and random hexamers (Promega, 
USA) incubated at 42°C for 60 min. 

PCR amplification to detect the TEL-AMLl fusion 
transcript was carried out as described by Nakao et aL 
(1996) using the TL667 and 3HO combination of 
primers. Essentially, cDNA corresponding to 40ng of 
RNA was amplified in a 50µ1 reaction containing 
200µM of each dNTP, 1 x PCR buffer, 2 U of 
AmpliTaq DNA Polymerase (Perkin Elmer, USA), 4% 
DMSO and 40pmol of each primer. The cycling con­
ditions were as follows: 94°C for 5 min, followed by 
40 cycles of 20s at 61 °C, 60s at 72°C, 30s at 94°C, 
with a 10 minute final extension at 72°C. Detection of 
the reci.proca!AMI..1-TEL fusion transcript, using the 
l H  and ETS primers (Nakao et al., 1996), was carried 
out under the same conditions as that for the TEL­
AML1 transcript, except that DMSO was omitted from 
the reaction mix. 

RNA integrity was ascertained by amplification of 
an exon 5-6 fragment of the AMLl gene, under 
identical conditions using primers SH and 6H (Nakao 
el aL, 1996). Both negative and positive controls were 
used in all assays. S. Moore (Institute of Medical & 
Veterinary Sciences, Adelaide) kindly provided the RNA 
from the PER-145 cell line, raised from an 11 year old 
boy with ALL (Kees, 1987) which carries tbe t (12; 21) 
and was used as a positive control. Rigorous precau-
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tions were taken to prevent cross contamination. 
PCR products (7.2µ1) were resolved on a gel of 2.5 

% Nusieve Agarose (FMC, USA), which was stained 
with ethidium bromide and then photographed under 
ultraviolet light 

Sequencing of the PCR product 
The TEL-AMLl PCR product obtained using TL667 
and 3HO primers was diluted 1 :1,500 and cycle 
sequenced in both the forward and reverse directions 
with CyS labelled nested primers, TL841 and 3HI. 
Cycling was carried out using the Thermo Sequenase 
fluorescent labelled primer cycle sequencing kit with 
7-deaza-dGTP (Amersham Pharmacia Biotech). The 
cycling conditions were as follows: 94°C for 120s, 
followed by 25 cycles of 95°C at 30s, 60°C at 30s, 72°C 
at 30s. The resulting products were processed accord­
ing to the manufacturer's instructions and sequenced 
on Long Ranger gels (FMC, USA) in a Pharmacia Alf 

Express sequencer. 

Cytoge.netic study 
Chromosome analysis was performed on trypsin-Gi­
emsa banded bone marrow spreads harvested after 24 
hours of culture. The analysis of the metaphases was 
done in accordance witl1 the International System for 
Human Cytogenetic Nomenclature (ISCN 1995). 

FISH study 
FISH analysis was carried out on stored cell suspen­
sions (-20°C) using the LSI TEL-AMLl extra signal 
(ES) dual colour probe (Vysis Inc., Downers Grove, 
IL, U.S.A.). The rapid method of the Birmingham's 
Womens Hospital, witb minor modifications, was used 
in the hybridization and detection of the TEL & AML1 
genes. Slides were countcrstained with 4', 6-diamidino-
2-phenylindole dihydrochloride (DAPI) and visualised 
on an Olympus fluorescence microscope. The FISH 
images were acquired, digitised and analysed using the 
Cytovision Ultra (Applied Imaging). 

Results 

Patients 

Case 14 
Case 14 is a 3 year old Malay boy who presented with 
pallor (1 month) and fever (2 weeks). He had a 
hepatomegaly of 7 cm and a splenomegaly of 4 cm. 
The Hb was 5.2 gm %, WBC 5.0 x 109 /1, platelets 30 x 
109 /I and 55% blasts in peripheral blood. The bone 
marrow aspirate showed a hypercellularity with 98% 
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blasts. The leukemia was classified as acute lympho­
blas t ic  leukemia with Ll morphology. The 
immunophenotyewas CDlO+, CD19+, CD22+, HLA­
DR +, CD13+, CD33+ and CD 34+. The karyotype 
was that of a normal male i.e. 46XY[3]. The patient 
was placed on chemotherapy for standard nsk ALL 
and is presently in the maintenance phase after 
receiving induction, two blocks of tntensification and 
high dose methotrexate for central nervous system 
prophylaxis. Remission was achieved after the 
induction phase, and the patient will undergo a two­
year treatment regimen. 

Case 28 

Case 28 was a 5 year old Malay girl, who presented 
with fever, pallor and easy bruising, which she had 
suffered for a week. She had a hepatomegaly of 4 cm 
and a splenomegaly of 2 cm. Haematological data was 
as follows: Hb 3. 9 gm%, WBC 22.1 x 109 /1, platelets 3 
x lQ? /I and 88% blasts in peripheral blood. The case 
was classified as acute lymphoblastic leukemia of the 
Ll type. Immunophenotyping was not possible as the 
sample was inadequate. The karyotype analysis revealed 
two clones, an apparently normal 46.XX[2), and 
abnormal clone showmg 46XX, -5,add (9g), +mar (2]. 
The child was placed on induction chemotherapy 
comprising prednisolone, vincristine, L-asparaginase 
and mtrathecal methotrexate. Unfortunately, the 
patient acquired a Klebsie//a septicaemia 1n the second 
week of therapy, which progressed, despite 

ij 
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Fig. 1. Detecaon of TEL-,\J\,1Ll, .i\l\,1LJ-TEL & Al\1Ll 
lranscnpts by RT-PCR fn both the cases, 14 & 28, & the 
PER-145 cell line the TEL-AN□Jl product detected 1s the 
long 464 bp product. The 1\J\,O..l-TEL product detected tn 
cases 14 & 28 1s the shorr 272 bp product. Both cases also 
display a faint band for the long311 bpAMLl-IBL product. 
An exon 5-6 fragment (286 bp) of Afv1Ll was amplified to 
check the integrity of the RNA. 
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appropriate antibiotics, and died three weeks after 
diagnosis. 

RT-PCR Detection of the TEI.rAMLJ translocation 

The 11,667 and 3HO primers generate a long 464-bp 
TEL-AMLl fusion product in which the TEL gene is 
fused to exon 2 of the AML 1 gene. However, a shorter 
fusion product of 425 bp is found in a minor subset 
of cases, in which the TEL gene 1s fused to exon 3 of 
the AML 1 gene (Nakao et aL, 1996, Aguiar et aL, 1996) 
. Fig. 1 shows that PCR generated the same product in 
the two cases, 14 & 28, and the PER-145 cell line. This 
was shown to be the long product by sequencing (see 
below). Both cases were positive for the reciprocal 
AML1-TEL, although both bands were less intense 
then those for the TEL-AMLl product. The recipro­
cal translocation was absent in the PER-145 cell line. 
Fig 2 which gives a more detailed picture of case 28, 
shows an interesting phenomenon in that while the 
major product for the TEL-AMLl transcript is of the 
464 bp type, there is also a minor band of the shorter 
425 bp product. Both cases also display the same phe­
nomenon for the reciprocal translocation ie. a major 
band for the shorter product and a minor band for the 
longer product (Fig. 1). cDNA from case 14 was sent 
to S. Moore, at the HvfVS in Adelaide, to confirm the 
presence of the fusion transcript. S Moore confirmed 
that case 14 was positive for t(12;21) us1ng the TELa 
and AMLl a primers of Aguiar et al. (1996) which gen­
erated a long 269 bp product. 

286--. 
464 

1===425 

Fig. 2. Detection of TEL-A}.1LJ & Al\,IT..1 transcripts by 
RT PCR. Case 28 shows a ma1or band for the long 464 bp 
TEL-Al\fLl product & a minor band for the TEL-Ai.\Q.1 
short 425 hp product (P = PER-145 cell lioe, N = Negative 
Control) . .t\n exon 5-6 fragment (286 hp) of i\!>1L1 was 
amplified to check the integrity of Lhe RNA. 
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Sequencing of the product 

Se9uence analysis of Lhe TEL-AMLl chimeric prod­
uces revealed, Fig. 3, that in both cases 14 and 28, the 
TEL nucleotide 1033 (Accession no. NM001987) was 
fused to the nucleotlde 503 on exon 2 of the AML 1 C 
(Accession no. D43969) sequence. The motif at the 

A 

TEL 

B 

TEL 

G1u HKETA1. 

breakpoint therefore was GGGAGAATACAG/ 
AATGCATACTT with nucleotides to the left of the 
breakpoint being part of the TEL gene and nucleotides 
to the right being part of the AMLl gene (Nakao et al., 

1996; Aguiar el al., 1996). 

t 
----,>� AMLI 

t 
---)� AMLl 

Fig. 3. Sequence analysis of the IBL-AMLl transcripts of case 14 (A) and case 28 (B). Both sequences show that the 
TEL gene (nt 1033) ioms exon 2 of the AMLl gene. 

FISH 

In case 14, FISH analysis of 3 metaphase spreads 
showed fusion of the LSI TEL-AMLl translocation 
probe on one chromosome 21q, with absence of the 
other TEL signal on the normal chromosome 12 (Fig. 
4a). Ten metaphases displayed separate TEL and AlvfL1 
signals indicating the absence of the TEL-AMLl rear­
rangement. Fifty- four percent, of 300 nuclei screened, 
displayed the TEL-A1v1L1 fusion signal and a normal 
TEL signal (Fig. 46), 25% showed the fusion signal 
with an absent TEL. and 21 % showed separate TEL 
and Ai\.1Ll signals. These results tndicate that the non­
translocated TEL allele was deleted ln a proportion of 
the TEL-Atv1Ll fusion positive cells. In case 28, FISH 
analysts on 10 metaphases showed a TEL signal on the 
normal 12, a native ,\tv1Ll signal on the normal 2 L, a 
smaller AMLl translocated signal on the der (12), and 
a yellow TEL-AMLl fusion signal on the der (21) (Fig. 
Sa). Eighty- eight per cent, of the 200 nuclei screened, 
displayed the TEL-M,1Ll fusion signal (Fig. Sb). 

Discussion 

In terms of age and cell count, both cases 14 and 28 
would be classified as standard risk patients. Both cases 
also have leukemia cells with non-hyperdiploid 
chromosomal content. Case 14 has a CALLA-positive 
immunophenotype with co-expression of the myelo1d 
antigens CD13/CD33, wh1ch is not uncommon in 
patients with the TEL-AMLl translocation (Baruchel 
et al., 1997; Borkhardt et al., 1997). Thus, case 14 and 
28 appear to be quite characteristic of cases with the 
TEL-AlvfLl translocatlon. 

When amplified by PCR, both cases generated the 
long product, in wb1cb the TEL gene 1s fused co exon 
2 of the AMLI gene. Interestingly, whilst the major 
band 111 case 28 was the long 464 bp product, a mmor 
band of the shorter 425 bp product was clearly v1S1ble. 
Tlus phenomenon was also observed by Borkhardt et 
al. (1997) and Seeger et al. (1998) who explained it as 
alternate splicing of the AMLl gene. Most studies 
report that maiority of TEL-AMLl positive patients 
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Fig. 4. Detecnon of the ·n�L- AMLl fusion transcnpt tn Case 14 by FlSJ I. 4a depicts a meraphase spread with a yellow TEL­
t\ML I fusion signal, a native AMLl signal and a residual MU.1 signal 4b depicts a normal mterphase nucleus with two TEL 
(green) signals and two AML1 (red) �ignak The ad1acent fu,;1on-pos1ove nucleus shows one TEL-AML1 (ydlow) fusion 
�ignal, one TEL signal, one large nanve AML1 signal and one smalJer residual AML 1 signal. 

Fig. 5. Detecoon of the TEL-AM.L1 fusion tmnscnpt LO Case 28 by FISH. Sa depicts a metaphase spread with a TEL-AMI.I 
fusion signal, a native AMLI signal, a residual -\ML! signal and a nam·e TEL signal. Sb depicts a nucleus with a TEL-AM.LI 
fusion signal. a nath-c A!'.il.l signal, a residual ,\ML! signal and a native TEL signal. 
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carry the long amplified product where the TEL gene 
is fused co exon 2 of the AMLl gene (Nakao al al., 

1996; Seeger et al., 1998). The significance of this 
remains unclear. While both the cases in this study 
generated the reciprocal AMLl-TEL product, most 
authors reported that this product was not always found 
in TEL-AMLl positive cases (Nakao et a., 1996; 
McLean et al., 1996). The general consensus regarding 
the reoprocal product is that it is not biologically 
relevant and that it is the TEL-AMI..1 fusion protein 
that is responsible for lcukemogenesis. 

A very striking feature of t (12;21) is its very strong 
association with the loss of heterozygosity in the TEL 
gene. Whilst both cases display an AML1-TEL 
reciprocal translocauon band, it is very much less 
mtense than the TEL-AMLl band. Whilst, a smaller 
translocated AML1 signal on a der(12) was observed, 
the reaprocal fusion per se was not observed by FISH. 
However FISH idenafied a loss of TEL in 25 % of 
the nuclei in case 14. This loss of heterozygosity of 
the TEL gene was observed in the first four cases in 
which the TEL-A11Ll translocation was detected 
(Golub et al., 1995; Romana et al., 1995). This was 
studied further by Raynaud et al. (1996) who showed 
that 1 S of 16 t (12:21) positive cases had an associated 
allelic loss of TEL. They further postulated that this 
allelic loss of TEL is secondary to the t (12; 21) 
translocauon as 1t 1s only seen in a minor subset of 
leukemic cells. 

The value of a geneuc translocation lies not only in 
the prognosis it confers but also in the clues it 
provides on leukemogenesis. Both TEL (Wang el al, 
1998) and AMLl (Okuda el al., 1996) code for tran­
scription genes which are important in hematopoiesis. 
They feature recurrently m an increasing number of 
translocations with a vanety of partners e.g. t (3;12), t 
(7;12), t (9;12) (Wlodarska et al., 1998), t (12;22) (Buijs 
et al., 1995), t (3;21) and t (5:21) (Golub et al., 1996), 
which are associated with a cross section of leukerruas. 
Given tbac they both code for transcription factors, 
leukemogenesis could conceivably be explained by 
altered transcription 10 the chimeric TEL-AML1 gene 
(R.abbitts. 1994). However, it is also unportant to con­
sider the role that the allelic loss of TEL may play U1 

leukemogenesis. Whilsc leukemogenesis following a loss 
of a gene implies a suppressor function, the TEL gene 
does not function as a suppressor gene 1n the classical 
sense. A study by McLean el aL (1996) showed that tbe 
fusion gene TEL-Atv!Ll and the normal TEL gene 
form heterodimers vin the HLH domrun on 5' end of 
the TEL gene. They postulate that this 
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heterodimerization suppresses the transcription of the 
fusion gene. The loss of the TEL gene is therefore 
seen as a permissive event in leukemogenesis. 

We agree witb Borkhardt el al. (1997) that t (12;21) 
testing should be integrated into routine patient care. 
The case for this rests on the following arguments. 
Firstly, TEL-AMLl is  the most common genetic 
rearrangement found in childhood leukemias. Whilst 
the frequency of this translocation in ALL cases in 
Malaysia is unknown, the work by Thong et al. (manu­
script in prep.) at the University Hospital, Kuala 
Lumpur and our work at the Kuala Lumpur Hospital 
indicate that it is found in paediatric cases here. Sec­
ondly, t(12;21) defines a group of patients whose prog­
nosis, while leaning towards favourable, needs to be 
ascertained. This is particularly important for treatment 
(R.uboitz et al., 1997). Lastly, the TEL-AMI..1 translo­
cation is a cryptic translocation that is, nevertheless, 
easily detected by RT-PCR. 
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