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Abstract

A total of sixty patients affected with acute lymphoblastic leukaemia (ALL), including
thirty children and thirty adults were studied by the conventional cytogenetics and
fluorescence in situ hybridization (FISH) techniques. The TEL, AML1, ABL, and BCR
probes were applied on interphase cells prepared from bone marrow samples. The signal
distribution and the presence of the fused genes, together with the clinical features were
statistically analysed. The age ranged from 16 to 42 years (mean 23=+7.3) in adults and 2
to 15 years (mean 6.943.9) in children. In children 46% had an abnormal FISH pattern,
including 23% having fused ABL/AMLI1, 3% and 7% with deletion and gain in TEL gene
respectively; 3% and 10% having deletion and gain in AML1 gene, respectively. In
adults, out of eight (27%) patients had abnormal FISH pattern, of those only 3%
presented the fused TEL/AMLI1 gene, and the distribution of signal patterns was the same
as found in children. A direct correlation were also found between the presence of fused
TEL/AMLI1 genes and decreased WBC (P<0.05), however this was not significant in
adults. The adults with more than 50000 WBC had a significantly lower survival period
(P<0.05). Our results indicate that the combination of conventional karyotyping and
molecular cytogenetics (FISH), and a long time follow up study could provide clinicians
useful information leading more effective therapeutic management for the ALL patients.

Keywords: Acute lymphoblastic leukaemia; Fluorescence in situ hybridization; TEL/AMLI
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haematopoietic cells of the BM. ALL may be

Introduction distinguished from other malignant lymphoid disorders

Acute lymphoblastic leukaemia (ALL) is a malignant by the immunophenotype of the cells, which is similar
clonal disease of the bone marrow (BM) in which early to B or T precursor cells. Immunochemistry, cyto-
lymphoid precursors proliferate and replace the normal chemistry and cytogenetic markers are also useful for
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categorizing the malignant lymphoid clone [1].

The malignant ALL lymphoid precursor cells are
arrested in an early stage of development. This arrest is
caused by an abnormal expression of genes, often as a
result of chromosomal translocations [2].

In acute lymphoblastic leukaemia at least 81% of all
cases appear to have a clonal chromosome abnormality
by cytogenetic or molecular cytogenetic analysis [2,3].

The most common genetic aberration in childhood
ALL is found to be t(12;21). It is also reported that
TEL/AMLI1 fusion occurs in the B-precursor cells of
approximately 25% of ALL patients. This aberration,
usually, could not be detected by conventional
cytogenetic technique [3-7]. Researchers believe that
this translocation may occur during the fetal
development in some patients [8].

Fluorescence in situ hybridization (FISH) and
molecular studies have shown that the TEL-AMLI
fusion is not found in cases of T-lineage ALL, acute
myelogenous leukaemia (AML), or non-Hodgkin lym-
phoma [9]. The fusion has also been detected in adult
ALL with remarkably low frequencies, i.e., only 0-4%,
compared to those found in childhood ALL [10-12].

TEL/AMLI1 fusion is associated with a favorable
prognosis impact of which exceeds the age and
leukocyte count which are included in the present
standards of risk assessment [13-15]. In childhood ALL,
TEL/AMLI expression identifies a large group of low-
risk patients whose relapse rates revealed to be less than
10% by modern treatment protocols [16-18].

The prognosis in patients with TEL/AMLI1 fusion
seems to vary depending on the therapeutic protocols,
recent studies have reported late relapses in this group
of patients [19-21]. Cytogenetic analysis in ALL is
often hampered by poor chromosome morphology and
few malignant metaphases, and sometimes there are
only normal metaphases found after cell culture [22,23].

Interphase fluorescent in situ hybridization is a
sensitive method for detection of specific chromosomal
aberrations that increases the detection rate of malignant
cells. The development of new molecular cytogenetic
methods has led to a substantial increase in knowledge
concerning genetic aberrations in ALL [24-26].

About 20% of adults and 5% of children affected
with ALL have a genetic abnormality called the
Philadelphia chromosome arising from t(9;22).

The Philadelphia (Ph) chromosome is the most
frequent cytogenetic abnormality known in human
leukaemias and can be detected in more than 95% of
patients with chronic myeloid leukaemia (CML), in a
range of 20% to 40% of adult ALL, 2% to 5% of child
ALL, and in rare cases of acute myelogenous leukaemia
[26-31]. The 9;22 translocation leads to a head-to-tail
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fusion of the abl proto-oncogene from chromosome 9
with the 5 half of the breakpoint cluster region (bcr)
sequences on chromosome 22 [32,33]. Transcription of
ber-abl results either in a 8.5-kilobase (kb) messenger
RNA (mRNA) that codes for a 210-kD protein or in a
7.5-kb mRNA encoding a 190-kD protein [34,35]. For
the p210 protein, exon b2 or exon b3 of the BCR gene
(M-ber region) is coupled to ABL exon 2 (b2a2 or b3a2
junction), whereas the p190-kD protein results from a
break within the first intron of BCR (m-bcr region)
splicing the first exon of the BCR gene to the second
exon of the ABL gene (ela2) [26]. Other fusion products
are observed at much lower frequencies. BCR-ABL
proteins demonstrate enhanced tyrosinase kinase
activity compared to the normal 145-kD ABL gene
product. Moreover, p190 exhibits a higher transforming
potential than p210 in transfection assays and transgenic
mouse models [35,36]. BCR-ABL expression in hemo-
poietic cells is known to induce resistance to apoptosis,
growth factor independence, as well as alterations in
cell-cell and cell-matrix interactions [37-40].

Materials and Methods
Patients

The bone marrow (BM) samples were obtained from
30 children and 30 adults with acute lymphoblastic
leukaemia (ALL) consecutively diagnosed at the
Hematology-Oncology and bone marrow transplantion
research center, and Medical Genetics laboratory (P.
Mehdipour), respectively, between June 1997 and
December 2004 Tehran. ALL cases were morpho-
logically classified according to the French-American-
British (FAB) classification.

Cytogenetic Analysis

Bone marrow samples were processed directly and in
short term culture according to the standard protocol
[41,42]. Chromosomes were stained with trypsin-
Giemsa (GTG) banding technique. Karyotypes were
analysed according to the International system for
Human Cytogenetic Nomencleture (ISCN 1995).The
fixed cell pellets and/or slides were stored at —20°C for
further FISH studies.

FISH Analysis

Previously prepared slides were pretreated with 2X
standard saline citrate (SSC; 300 mmol/L sodium
chloride and 30 mmol/L sodium citrate) for 2 min at
37°C and dehydrated with cold 70%, 85% and 100%
ethanol for 2 min each. After air drying ten microliters
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of probe mixture (probe with hybridization buffer) was
added to each hybridization area, covered with 22x22
mm coverslips and sealed with rubber cement.

DNA and probe were simultaneously denatured for 5
min at 75°C. Slides were hybridized for 24 to 48 h at
37°C incubator.

After hybridization, the coverslips were removed and
the slides washed in 0.4xSSC at 72°C for 2 min and in
2xSSC at room temperature for 30 s. The cells were
counterstained with 10 ul of 4'-6'-diamine-2-
phenylindole dihydrochloride (DAPI) and antifade in a
ratio of 1:4. The image was analysed using a Lieca m-
FISH. One hundred 100 nuclei were scored for
TEL/AML1 and 100 for BCR/ABL probe signals
Nuclei with ambiguous signals and cells with poor
morphology were excluded from the scoring.

TEL and AML1 Probes

AML1/ and TEL gene probes spans the entire AML1
gene including the common breakpoints of t(12;21) and
the TEL gene, respectively. This method with different
colours, directly labeles TEL and AML 1 probes (LSI
TEL/AMLI ES Dual colours translocation probe Vysis
Inc., IL, USA). TEL probe is labeled with the spectrum
Green fluorophore and the AMLI1 probe is labeled with
the spectrum Orange fluorophore. The TEL probe
begins between exons 3 to 5 and extends approximately
350 kb toward the telomere in chromosome 12. Thus the
TEL probe covers the 12pl3 region distal to the
common breakpoints of t(12;21).

TEL/AMLI fusion in cells with t(12;21) (p12;q22)
appears in the abnormal chromosome 21.

ABL and BCR Probes

The LS1 BCR/ABL Dual colour probe is a mixture
of the LS1 ABL probe labeled with spectrum Orange
and the LS1 BCR probe labeled with spectrum Green.
The ABL probe begins between exons 4 and 5 and
continues for about 300 kb toward the telomere of
chromosome 9. The LS1 BCR probe begins between
BCR exons 13 and 14 (major BCR exons 2 and 3) and
extends toward the centromere on chromosome 22 for
approximately 300 kb, extending well beyond the m-ber
region. A nucleus lacking the t(9;22) will exhibit the
two orange, two green signal pattern. In a nucleus
containing a simple balanced t(9;22), one orange, one
green and one orange/green (yellow) fusion signal
pattern will be observed.

This simple probe design detects the 5' BCR /3" ABL
gene fusion useful for detecting samples with a high
percentage of cells possessing this translocation.
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Results

The distribution of patients, sex, age and
haematologic characteristics is presented in Table 1.
The results of the conventional cytogenetics and FISH
are given in Table 2. In the present study, the ALL
patients included 30 adults and 30 children. As far as
sex concerns, adult patients included 70% (21/30) male
and 30% (9/30) female and children.

Karyotypic Analysis

As far as the conventional karyotyping concerns, the
mode of clones and the chromosome abnormalities is
presented in Tables 3 and 4.

FISH Analysis

Distribution of the observed signals is presented in
Tables 5 and 6.

BCR/ABL Probe Analysis

Thirteen per cent (4/30) of adults and 7% (2/30) of
children revealed to present fusion of BCR/ABL genes,
among those two patients were diagnosed as the
mosaics (Fig. 1).

In addition 7% (2/30) of adults patients showed the
deleted ABL gene and 3.5% (1/30) presented the lack of
BCR gene. Children affected with ALL, had an extra
ABL gene and another patient had an extra copy of
BCR gene without BCR/ABL fusion (Fig. 1).

TEL/AML1 Probe Analysis

The occurrence of TEL/AMLI1 fusion was detected
in 3.5% (1/30) of adult and 23% (7/30) in children
affected with ALL (Fig. 1).

The abnormal signal pattern in adult patients
included 1 lacking TEL gene, 2 with an extra copy of
TEL gene, one with lack of AMLI1 and 3 patients with
an extra copy of AML1 gene.

Patients included 57% (17/30) male and 43% (13/30)
female.

The age ranged from 16 to 42 years (mean 23+7.3) in
adults and 2 to 15 years (mean 6.9£3.9) in children. The
ratio of blast morphology in our patients was compatible
with FAB classification (L1/L2) in adults and children
were found to be 13/17 and 14/16, respectively.

The WBC count ranged between 200/ul-96000/ul in
adults with 9 out of 30 patients having over 40000/ul
and 1000/ul-42000/pl in children with 2 out of 30
patients having over 40000/pl.
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Table 1. The clinical description of the children patients
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Patient No. Sex Age at diagnosis (years) Initial WBC count FBA Classification Survival (months)
1 F 14 7100 L, 35
2 M 11 9000 L, 18
3 F 5 7000 L, 70
4 M 4 6700 L, MD*
5 F 15 3600 L, 24
6 F 12 19000 L, 31
7 F 5 12000 L, 28
8 M 3 4500 L, MD
9 F 4 4200 L, 64
10 M 5 5000 L, 58
11 M 5 4300 L, 61
12 F 12 42000 L, 15
13 M 5 7600 L, 38
14 M 18700 L 44
15 M 6400 L, 57
16 F 11 12200 L, 42
17 M 6300 L, 8
18 M 24380 L, 48
19 M 6800 L, 35
20 F 14 17000 L 25
21 F 6600 L, 118
22 M 32000 L, 42
23 F 4000 L, 62
24 M 8400 L, 25
25 M 12 11000 L, 34
26 F 5 6000 L, 5
27 F 4 10200 L, 43
28 M 11 8500 L, 35
29 M 3 11700 L, 44
30 M 4 4200 L, MD

* Missing data

The children patients included 3.3% (1/30) with lack
of TEL gene, 7% (2/30) with gain of TEL, 1 with a
deleted AML1 and 3 with gain of AML1 gene.

Discussion

The conventional cytogenetics and FISH analysis
were performed on a group of 60 ALL patients in order
to study the incidence of t(9;22) (q34;qll.2) and
t(12;21) (p13;922) as well as their correlation with the
clinical findings.

20

Fluorescence in situ hybridization has become a
powerful tool in cytogenetic analysis. Recent reports
have shown that in ALL patients, especially in children,
translocations for instance for chromosomes 12 and 21
occur in high frequency and is easily missed by
conventional cytogenetic methods [43,44].

The importance of clonal chromosome aberrations,
either, by the conventional or molecular cytogenetic
analysis has been previously reported in ALL patients
[45]. Among these, hyperdiploidy and presence of
Philadelphia  chromosome were considered as
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Table 2. The clinical description of the adult patients

Patient No. Sex Age at diagnosis (years) Initial WBC count FBA Classification Survival (months)
1 M 24 50000 L, 24
2 F 28 86000 L, 15
3 M 19 52000 L, 29
4 M 21 200 L, MD*
5 M 42 34000 L, 31
6 M 17 14000 L, 35
7 M 18 11800 L, 38
8 M 18 11000 L, 24
9 M 28 4200 L, 28
10 M 19 5800 L, 30
11 F 21 8800 L, 29
12 M 17 13000 L, 21
13 F 24 5900 L, 36
14 M 21 10300 L, 22
15 F 22 43000 L, 17
16 M 37 50000 L, 21
17 M 40 67000 L, 25
18 M 21 36000 L, 36
19 M 23 47000 L, 33
20 F 16 32000 L, 41
21 M 33 96000 L, 17
22 F 18 13300 L, 32
23 F 23 42000 L, 37
24 M 16 19000 L, 43
25 F 23 20800 L; 31
26 M 20 22200 L, 36
27 M 16 8600 L, 29
28 M 16 3800 L, 34
29 F 16 84000 L, 21
30 M 33 45000 L, 27

* Missing data

Table 3. Frequency of different karyotypic clones among 30 adults and 30 children affected with ALL

Patients Karyotypic mode

Diploidy (%) Hyperdiplpidy (%) Hypodiploidy (%) Polyploidy Total
Adults 7(23) 14(47) 9(30) - 30(100)
Children 3(10) 18(60) 6(20) 3(10) 30(100)

21
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Table 4. Frequency of type of chromosome aberrations

Patients Type of aberration
Numerical Structural
Gain (%) Loss (%) total P arm Q arm total
Adults 19(63)* 11(37)** 6(21)%** 24(79)kx*
Children 21(70) 9(30) 7(23) 23(77)

* Chromosomes involved: 2, 12, 16, 19 and 21; ** Chromosomes involved: 16, 17 and 22; *** Chromosomes involved: 2, 3 and X;
**** Chromosomes involved: 3, 6, 9 and 22

Table 5. Summary of the signal patterns of the TEL/AMLI Table 6. Summary of the signal patterns of the BCR/ABL

probe by FISH analysis probe by FISH analysis

TEL/AML1 probe  Adults (n=30) Children (n=30) BCR/ABL probe Adults (n=30) Children (n=30)
Frequency (%) Frequency (%0) Frequency(%) Frequency(%)

Normal 22(73)* 16(54) Normal FISH 21(70)* 26(87)

Abnormal 8(27) 14(46) Abnormal FISH 9(30) 4(13)

TEL/AML1 fusion 13) 7(23) BCR/ABL fusion 4(13) 13)

TEL deletion 1(3) 1(3) ABL deletion 2(7) 1(3)

TEL gain 2(7) 2(7) ABL gain 1(3) 1(3)

AMLI deletion 1(3) 1(3) BCR deletion 1(3) 0(0)

AMLI gains 3(10) 3(10) BCR gains 1(3) 1(3)

* Statistical analysis normal/abnormal FISH (p<0.02) * Statistical analysis normal/abnormal FISH (p<0.02)

BCR/ABL fusion

@ +—— TEL/AML1 fusion /

v,
-

Figure 1. a) TEL/AMLI fusion in bone marrow cells in a patient affected with ALL; b) BCR/ABL fusion in bone marrow cells in a
patient affected with ALL.

prognostic markers, especially, in childhood ALL [35].
In this study 60 patients with ALL (30 adults and 30
children) were investigated for BCR/ABL and

Alterations of Signal Patterns and Fusion of
TEL/AML1 and BCR/ABL

TEL/AMLI1 fusion genes using Interphase FISH. The Translocation of chromosomes 12 and 21 using FISH
correlation between these findings and patients’ clinical was found in 3.3% and 23% in adult and child patients,
features were studied. respectively while the conventional cytogenetic
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technique revealed a normal karyotype. However, our
result is in concordance with 1-4% as previously
reported [44-46].

The presence of the both fused genes, either as a sole
anomaly, or accompanied by ancusomies of signals,
including the gain or loss of the genes are important to
be considered.

No significant correlation was found between the
presence of Ph+ and the survival period, either in adults,
or in children. However a child (#13) presenting
aneusomies of signals as the sole anomaly, i.e., without
any fusion and with the loss of AML1 and ABL as well
as additional copies of TEL, AMLI, and ABL,
presented with a normal WBC count and L1 FAB
classification, revealed to have a survival period of 235
months from the time of diagnosis.

The presence of a Ph chromosome in adults was
accompanied by high WBC, L2 FAB-classification and
old age.

Clinical Implications

Previous studies have frequently stated that the t(12;
21) is a marker related to a good prognosis [24-28].

In our series, most patients with the translocation
were disease free during the follow-up studies. This is
due to the presence of t(12;21). In this study all patients
with the t(12; 21) (p13; q22) had pre-B ALL and all of
them remained at the first remission and no relapse has
occurred. The number of TEL/AMLI1 fused genes
signals for one adult patient (#9) was 75 (out of 100
cells), whereas the number of signals for TEL/AMLI1 in
7 child patients with ALL was 33 to 48 (out of 100
cells). In this study, seven children patients with
t(12;21) were characterized with age ranging between 2
and 8 years (only one patient was 15 years old), having
less than 50 chromosomes, and WBC ranging from
1000/ul to 13500/ul. Five had similar immuno-
phenotypes, positive for DR, CD10, CD13, CD19, while
the other two patients had a CD10, CD19 immuno-
phenotype, negative for DR and CD13. These results are
in concordance with the previous reports [15-19].

The abnormalities of ABL and BCR genes
(aneusomies and translocation) were found in 18%
(11/60) of ALL patients including adult and children.
The ph chromosome was detected in 13% (4/30) of
adults and 3.3% (1/30) of children by FISH techniques.
However, 3.3% (1/30) of children and 10% (3/30) of
adults had the ph chromosome by conventional
cytogenetic analysis. The application of FISH has
confirmed the results observed by the conventional
cytogenetic technique except in one patient.

One adult and 1 child patient had extra copy of BCR
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gene. Another child patient was lacking the BCR gene.

The incidence of BCR/ABL fusion, and the signal
distribution of ABL and BCR in the present Iranian
ALL patients, regarding chromosomal gains and losses,
are in concordance with previous reports. However,
there is lower incidence of hyperdiploidy with more
than 50 chromosomes in ph-positive ALL in this study,
compared with other reports [45-48]. In adults and
children, the incidence of the fused BCR/ABL gene in
our patients were in concordence with the previous
studies, but, the incidence is lower than that reported
from Hong Kong and CALGB studies [25].

There was a significant inverse correlation between
the increased age of ALL children and a higher survival
period (P<0.05, Table 1); and also a direct correlation
between the presence of fused TEL/AMLI1 genes and
decreased WBC (P<0.05), but this was not significant in
adults. The adults with more than 50000 WBC had,
significantly, a lower survival period (P<0.05), of
whom, the patient #9 had the fused TEL/AMLI,
accompanied by additional materials, including TEL,
ABL, and BCR genes with 43000 WBC and survival
time of 55 months.

The combination of conventional karyotyping and
molecular cytogenetics (FISH), and a long time follow
up study could provide the Haematologists/oncologists a
valuable package of information which could lead to
appropriate therapeutic management for the benefit and
a better style of life for ALL patients.

Acknowledgement

We would like to thank the patients and their family
for help in providing the bone marrow samples. This
work was supported by the department of medical
genetics of the Tehran University of Medical Sciences.

References

1. Karen S. General information about Acute Lymphoblastic
Leukaemia. Medicine, (2004).

2. Romana S.P., Le Coniat M., and Berger R. t(12;21): A
new recurrent translocation in acute lymphoblastic
leukaemia. Genes Chromosomes Cancer, 9: 186 (1994).

3. McLean T.W., Ringold S., Neuberg D., Stegmaier K.,
Tantravahi R., Ritz J., Koeffler H.P., Takeuchi S., Janssen
JW.G., Seriu T., Bartram C.R., Sallan S.E., Gilliland
D.G., and Golub T.R. TEL/AML-1 dimerizes and is
associated with a favourable outcome in childhood acute
lymphoblastic leukaemia. Blood, 88: 4252 (1996).

4. Raynaud S., Cavé H., Baens M., Bastard C., Cacheux V.,
Grosgeorge J., Guidal-Giroux C., Guo C., Vilmer E.,
Marynen P., and Grandchamp B. The 12; 21 translocation
involving TEL and deletion of the other TEL allele: Two
frequently associated alterations found in childhood acute



Vol. 17 No. 1 Winter 2006

10.

11.

12.

13.

14.

15.

16.

lymphoblastic leukaemia. Blood, 87: 2891 (1996).
Cayuela J.M., Baruchel A., Orange C., Madani A.,
Auclerc M.F., Daniel M.T., Schaison G., and Sigaux F.
TEL/AML1 fusion RNA as a new target to detect minimal
residual disease in pediatric B-cell precursor acute
lymphoblastic leukaemia. Blood, 88: 302 (1996).

Liang D.C., Chou T.B., Chen J.S., Shurtleff S.A., Rubnitz
JE., Downing J.R., Pui C.H., and Shih L.Y. High
incidence of TEL/AMLI1 fusion resulting from a cryptic
t(12;21) in childhood B-lineage acute lymphoblastic
leukaemia in Taiwan. Leukaemia, 10: 991 (1996).
Kobayashi H., Satake N., Maseki N., Sakashita A., and
Kaneko Y. The der(21)t(12; 21) chromosome is always
formed in a 12;21 translocation associated with childhood
acute lymphoblastic leukaemia. Br. J. Haematol., 94: 105
(1996).

Nakao M., Yokota S., Horiike S., Taniwaki M., Kashima
K., Sonoda Y., Koizumi S., Takaue Y., Matsushita T.,
Fujimoto T., and Misawa S. Detection and quantification
of TEL/AML1 fusion transcripts by polymerase chain
reaction in childhood acute lymphoblastic leukaemia.
Leukaemia, 10: 1463 (1996).

Fears S., Vignon C., Bohlander S.K., Smith S., Rowley
J.D., and Nucifora G. Correlation between the
ETV6/CBFA2 (TEL/AMLI) fusion gene and karyotypic
abnormalities in children with B-cell precursor acute
lymphoblastic leukaemia. Genes Chromosomes Cancer,
17: 127 (1996).

Borkhardt A., Cazzangia G., Ludwig W.-D., Mangioni S.,
Burci L., Schrappe M., Valsecchi M.G., Riechm H.,
Lampert F., Basso G., Masera G., Harbott J., and Biondi
A. Does the TEL/AMLI1 expression define a subgroup of
good prognosis? The results of the German (BFM) and
Italian (AIEOP) ALL study group. Blood, 88(abstr.,
suppl. 1): 451a (1996).

Chambost H., Michel G., Thuret I., Toiron Y., Brunet C.,
Capodano A.M., Sainty D., Maraninchi D., and Gabert J.
TEL/AML1 transcript in childhood acute lymphoblastic
leukaemia: A new candidate for minimal residual disease
study rather than a new prognosis factor? Br. J.
Haematol., 93(abstr.): 55 (1996).

Rubnitz J.E., Shuster J.J., Land V.J., Link M.P., Pullen
D.J., Camitta B.M., Pui C.-H., Downing J.R., and Behm
F.G. Case-control study of children with acute
lymphoblastic leukaemia confirms the favorable impact
of TEL gene rearrangements: A Pediatric Oncology
Group Study. Blood, 88(abstr., suppl. 1): 450a (1996).
Kurzrock R., Gutterman J.U., and Talpaz M. The
molecular genetics of Philadelphia chromosome-positive
leukaemias. N. Engl. J. Med., 319: 990-998 (1988).
Maurer J., Janssen J.W.G., Thiel E., et al. Detection of
chimeric BCR-ABL genes in acute lymphoblastic
leukaemia by the polymerase chain reaction. Lancet, 337:
1055-1058 (1991).

Schrappe M., Arico M., Harbott J., et al. Philadelphia
chromosome-positive (Ph") childhood acute
lymphoblastic leukaemia: good initial steroid response
allows early prediction of a favorable treatment outcome.
Blood, 92: 2730-2741 (1988).

Westbrook C.A., Hooberman A.L., Spino C., et al.
Clinical significance of the bcr-abl fusion gene in adult

24

Rahmani et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

J.Sci. . R. Iran

acute lymphoblastic leukaemia: a cancer and leukaemia
group B study. Blood, 80: 2983-2990 (1992).

Preti H.A., O'Brien S., Giralt S., Beran M., Pierce S., and
Kantarjian H.M. Philadelphia-chromosome-positive adult
acute lymphocytic leucemia: characteristics, treatment
results, and prognosis in 41 patients. Am. J. Med., 97: 60-
65 (1992).

Bartram C.R., de Klein A., Hagemeijer A., et al.
Translocation of c-abl oncogene correlates with the
presence of a Philadelphia chromosome in chronic
myelocytic leukaemia. Nature, 306: 277-280 (1983).
Shtivelman E., Lifshitz B., Gale R.P., and Canaani E.
Fused transcript of abl and ber genes in chronic myeloid
leukaemia. Nature, 315: 550-554 (1985).

Chan L.C., Karhi K.K., Rayter S.I., et al. A novel abl
protein expressed in Philadelphia chromosome positive
acute lymphoblastic leukaemia. Nature, 325: 635-637
(1987).

Ben-Neriah Y., Daley G.Q., Mes-Masson A.M., Witte
O.N,, and Baltimore D. The chronic myeloid leukaemia-
specific p210 protein is the product of the ber/abl hybrid
gene. Science, 233: 212-214 (1986).

Lugo T.G., Pendergast A.M., Muler A.J., and Witte O.N.
Tyrosine kinase activity and transformation potency of
ber-abl oncogene product. Science, 247: 1079-1083
(1990).

Bedi A., Zehnbauer B.A., Barberand J.P., and Sharkis S.J.
Inhibition of apoptosis by BCR/ABL in chronic
myelogenous leukaemia. Blood, 83: 2038-2044 (1999).
Sirard C., Laneuville P., and Dick J. Expression of
BCR/ABL abrogates factor-dependent growth of human
hematopoietic MO7E cells by an autocrine mechanism.
Blood, 83: 1575-1585 (1994).

Verfaille C.M., McCarthy J.B., and McGlave P.B.
Mechanisms underlying abnormal trafficking of
malignant progenitors in chronic myelogenous leukaemia.
J. Clin. Invest., 90: 1232-1249 (1992).

Kurzrock R., Gutterman J.U., and Talpaz M. The
molecular genetics of Philadelphia chromosome-positive
leukaemias. Ibid., 319: 990-998 (1988).

Maurer J., Janssen J.W.G., Thiel E., et al. Detection of
chimeric BCR-ABL genes in acute lymphoblastic
leukaemia by the polymerase chain reaction. Lancet, 337:
1055-1058 (1991).

Bloomfield C.D., Goldman A.Il., Alimena G., et al.
Chromosomal abnormalities identify high-risk and low-
risk patients with acute lymphoblastic leukaemia. Blood,
67: 415-420 (1986).

Schrappe M., Arico M., Harbott J., et al. Philadelphia
chromosome-positive (Ph") childhood acute
lymphoblastic leukaemia: good initial steroid response
allows early prediction of a favorable treatment outcome.
Blood, 92: 2730-2741 (1988).

Westbrook C.A., Hooberman A.L., Spino C., et al.
Clinical significance of the bcr-abl fusion gene in adult
acute lymphoblastic leukaemia: a cancer and leukaemia
group B study. Blood, 80: 2983-2990 (1992).

Preti H.A., O'Brien S., Giralt S., Beran M., Pierce S., and
Kantarjian H.M. Philadelphia-chromosome-positive adult
acute lymphocytic leucemia: characteristics, treatment
results, and prognosis in 41 patients. Am. J. Med., 97: 60-



J. Sci. . R. Iran

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

65 (1994).

Bartram C.R., de Klein A., Hagemeijer A., et al.
Translocation of c-abl oncogene correlates with the
presence of a Philadelphia chromosome in chronic
myelocytic leukaemia. Nature, 306: 277-280 (1983).
Shtivelman E., Lifshitz B., Gale R.P., and Canaani E.
Fused transcript of abl and ber genes in chronic myeloid
leukaemia. Nature, 315: 550-554 (1985).

Chan L.C., Karhi K.X., Rayter S.I., et al. A novel abl
protein expressed in Philadelphia chromosome positive
acute lymphoblastic leukaemia. Nature, 325: 635-637
(1987).

Ben-Neriah Y., Daley G.Q., Mes-Masson A.M., Witte
O.N., and Baltimore D. The chronic myeloid leukaemia-
specific p210 protein is the product of the ber/abl hybrid
gene. Science, 233: 212-214 (1986).

Lugo T.G., Pendergast A.M., Muler A.J., and Witte O.N.
Tyrosine kinase activity and transformation potency of
ber-abl oncogene product. Science, 247: 1079-1083
(1990).

Bedi A., Zehnbauer B.A., Barberand J.P., and Sharkis S.J.
Inhibition of apoptosis by BCR/ABL in chronic
myelogenous leukaemia. Blood, 83: 2038-2044 (1999).
Sirard C., Laneuville P., and Dick J. Expression of
BCR/ABL abrogates factor-dependent growth of human
hematopoietic MO7E cells by an autocrine mechanism.
Blood, 83: 1575-1585 (1994).

Verfaille C.M., McCarthy J.B., and McGlave P.B.
Mechanisms underlying abnormal trafficking of
malignant progenitors in chronic myelogenous leukaemia.
J. Clin. Invest., 90: 1232-1249 (1992).

Faderl S., Talpaz M., Estrov Z., O'Brien S., Kurzrock R.,
and Kantarjian H. The biology of chronic myeloid
leukaemia. N. Engl. J. Med., 341: 164-172 (1999).
Hoelzer D. Acute lymphoblastic leukaemia-progress in
children, less in adults. Ibid., 329: 1343-1344 (1993).
Martinez-Ramirez A., Urioste M., Contra T., Cantalejo
A., Tavares A., Portero J.A., Lopez-Ibor B., Bernacer M.,
Soto C., Cigudosa J.C., and Benitez J. Fluorescence in
situ hybridization study of TEL/AMLI fusion andother

25

Rahmani et al.

43.

44,

45.

46.

47.

48.

Vol. 17 No. 1 Winter 2006

abnormalities involving TEL andAML1 genes.
Correlation with cytogenetic findings and prognostic
value in children with acute lymphoblastic leukaemia.
Haematologica, 86(12): 1245-1253 (2001).

Zaza G., Yang W., Kager L., Cheok M., Downing J., Pui
C.-H., Cheng C., Relling M.V., and Evans W.E. Acute
lymphoblastic leukaemia with TEL-AMLI1 fusion has
lower expression of genes involved in purine metabolism
and lower de novo purine synthesis. Blood, 104(5): 1435-
1441 (September 1, 2004).

Morrow M., Horton S., Kioussis D., Brady H.J.M., and
Williams O. TEL-AML1 promotes development of

specific  hematopoietic  lineages  consistent  with
preleukemic activity. Blood, 103(10): 3890-3896 (May
15, 2004).

Zuna J., Ford A.M., Peham M., Patel N., Saha V., Eckert
C., Kochling J., Panzer-Grumayer R., Trka J., and
Greaves M. TEL Deletion Analysis Supports a Novel
View of Relapse in Childhood Acute Lymphoblastic
Leukaemia. Clin. Cancer Res., 10(16): 5355-5360
(August 15, 2004).

Sinclair P.B., Sorour A., Martineau M., Harrison C.J.,
Mitchell W.A., O'Neill E., and Foroni L. A Fluorescence
in Situ Hybridization Map of 6q Deletions in Acute
Lymphocytic Leukaemia: Identification and Analysis of a
Candidate Tumor Suppressor Gene. Cancer Res., 64(12):
4089-4098 (June 15, 2004).

Morrow M., Horton S., Kioussis D., Brady H.J.M., and
Williams O. TEL-AML1 promotes development of

specific  hematopoietic  linecages  consistent  with
preleukemic activity. Blood, 103(10): 3890-3896 (May
15, 2004).

Konrad M., Metzler M., Panzer S., Ostreicher 1., Peham
M., Repp R., Haas O.A., Gadner H., and Panzer-
Grumayer E.R. Late relapses evolve from slow-
responding  subclones in  t(12;21)-positive  acute
lymphoblastic leukaemia: evidence for the persistence of
a preleukemic clone. Blood, 101(9): 3635-3640 (May 1,
2003).



	Introduction
	Materials and Methods
	Patients
	Cytogenetic Analysis
	FISH Analysis
	TEL and AML1 Probes
	ABL and BCR Probes

	Results
	Karyotypic Analysis
	FISH Analysis
	BCR/ABL Probe Analysis
	TEL/AML1 Probe Analysis

	Discussion
	Alterations of Signal Patterns and Fusion of TEL/AML1 and BCR/ABL
	Clinical Implications

	Acknowledgement
	References

