e e e e o S P (S P
CONTRIBUTI SCIENTIFICI SCIENTIFIC PAPERS

Chromosomal translocations in acute lymphoblastic leukemia

Mohammed Talat Abdel Aziz*, Hany Hussein**, Dawlat El-Meligy*, Hanan Hassan Fouad*, Nagwa Kamal *, Iman Sidhom**
*Medical Biochemistry Department, Faculty of Medicine, Cairo University
**Pediatric Oncology Department, National Cancer Institute, Cairo University

This work was technically supported by Unit of Biochemistry and Molecular Biology, Faculty of Medicine, Cairo University. This work
was funded through the Project Upgrading a Research and Diagnostic Center for Diagnasis of Infectious Diseases in ARE. Principle
Investigator. Prof. M.T. Abdel Aziz

ABSTRACT

In this study, RT - PCR was used to identify chimeric transcripts encoded by the major risk - stratifying translocations
of pediatric acute lymphoblastic leukemia (ALL). This assay identifies all types of BCR - ABL transcripts encoded by the
t(9; 22), all described variants of the E2A - PBX1 transcripts encoded by the t (1; 19), the MLL - AF4 transcripts encoded
by the t(4;11) and all variants of TEL - AML1 encoded by the t(12;21). Also, This study points out bone marrow immuno-
phenotyping and clinical features associated with these translocations as well as their initial response to therapy.
Application of this molecular technique to the analysis of 70 leukemic patients resulted in the detection of t(12;21) in 18
patients (25.7%) and £(9;22) in 2 patients (2.8 %). However, neither t(1;19) nor t(4;11) were detected. The 18 patients
who were positive for t(12;21) had their age ranging between 1 and 10 years with a peak between 2 and 4 years. The
18 positive patients were B-lineage ALL (9 C-ALL and 9 Pre-B). Their total leukocytic counts (TLC) had a median of 9
x 10%/L and only one of the 18 patients had organomegaly. None of the cases showed CNS infiltration. As regards the
response to induction therapy, all positive patients achieved complete remission (CR) following induction therapy while
none showed slow response to therapy. All of the 18 patients did not show recurrence after 2 years follow up. On the
other hand, one of the 2 positive cases for t (9; 22) had an age >10 years. Both were Pre-B ALL and had a median TLC
of 51 x 10%1. Following induction therapy, one patient achieved CR, while the other one was resistant. Both (9,22)
showed recurrence within 2 years follow up. In conclusion, in this study TEL-AML1 positive patients showed features
for good prognosis and achieved complete response to induction therapy , whereas, cases with t (9; 22) showed weaker
response to therapy and bad prognosis. On the other hand , t(1,19) and t(4,11) are rare variants among Egyptian ALL
cases. Thus, this technique should be justified for accurately risk stratifying pediatric ALL patients.

RIASSUNTO

Traslocazioni cromosomiche nella leucemia linfoblastica acuta

Inquesto studio RT - PCR é stata usata per identificare | transcrittti chimerici codificati dalle maggiori traslocazioni associate a rischio
di leucemia linfoblastica acuta (ALL) pediatrica. Questo esame identifica tutti i tipi di trascritti BCR - ABL codificati da t(9; 22), tutte le
varianti descritte di E2A - PBX1 codificate da t(1; 19), i transcritti MLL - AF4 codificati da t(4;11) e tutte le varianti di TEL - AMLA1
codificate da (12;21). In aggiunta, questo studio evidenzia l'immuno-fenotipizzazione del midollo osseo e gli aspetti clinici associati
a questi traslocazioni come pure alla loro risposta iniziale alla terapia. L'applicazione di questa tecnica molecolare allanalisi di 70
pazienti leucemici ha rivelato 1(12;21) in 18 pazienti (25.7 %) e1(9;22) in 2 pazienti (2.8 %). Peraltro non & stata evidenziata la presenza
né dit(1;19) né dit(4;11). | 18 pazienti positivi per t(12;21) erano di eta compresa tra 1 e 10 anni con un picco tra i 2 e 4 anni; erano
dilinea-B ALL (9 C-ALL e 9 Pre-B). | loro conteggi leucocitari totali avevano una mediana di 9 x 109/L e solo uno degli 18 mostrava
organomegalia. Nessuno dei casi mostrava infiltrazione del SNC. Per quanto conceme la risposta alla terapia di induzione tutti i
pazienti positivi raggiungevano una remissione completa (RC) in seguito a terapia diinduzione ma nessuno mostrava risposta lenta
alla terapia. Nessuno dei 18 pazienti mostrava recidiva dopo due anni di sorveglianza. D'altro canto uno dei due casi positivi per t
(9; 22) era di eta > ai 10 anni. Entrambi eranc Pre-B ALL e avevano conteggi leucocitari mediani di 51 x 109/L. In seguito a terapia
di induzione un paziente raggiungeva RC mentre I'altro era resistente. Entrambi i £(9,22) mostravano recidiva entro due anni di
sorveglianza. In conclusione, in questo studio i pazienti TEL-AML1 positivi mostravano una buona prognosi e raggiungevano una
risposta completa alla terapia di induzione, mentre i casi con t (3;22) mostravano una risposta pil debole alla terapia ed una cattiva
prognosi: Peraltro t(1,19) e t(4,11) sono varianti rare tra i casi di ALL egiziani. Pertanto la tecnica qui studiata sarebbe giustificata ai
fini di un accurata stratificazione di rischio nei pazienti di ALL pediatrici.
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INTRODUCTION

The human leukemias arise from blood cell progenitors
developing in the lymphoid or myeloid pathways or from
primitive stem cells with multilineage potential. Careful
analysis of clonal chromosomal abnormalities in blast cells
from leukemia patients has had a profound impact on our
understanding of the molecular changes involved in leu-
kemogenesis [1]. Most striking has been the finding of
non-random, somatically acquired chromosomal translo-
cations in up to 65 % of acute leukemias. These structural
rearrangement affect gene expression in ways that sub-
vert normal programs of cell proliferation, differentiation
and survival and they likely act in multistep pathways that
culminate in leukemic transformation [2]. Chromosomal
translocations in leukemias rearrange the regulatory and
coding regions of a variety of oncogenic transcription
factor genes. The resultant protein products can interfere
with regulatory cascades that control the growth, differen-
tiation, and survival of normal cell precursors.

Molecular biology has a great impact in the diagnosis
and treatment of childhood ALL, in which long- term sur-
vival exceeds 70% [3]. Risk-based therapy, which relates
treatment intensity to the risk of relapse, is routinely used
in an attempt to improve outcome for high-risk patient and
limit the complications of therapy in lower-risk patients.
Although many different strategies of risk assessment are
in vogue, most current systems rely on ploidy and the
identification of specific chromosomal translocations [4].
Chromosomal translocations carry important prognostic
implications in ALL and have been used for more than a
decade to assign patients to risk directed therapy. It has
been shown that the presence or absence of a transloca-
tion per se has little prognostic value, while specific rear-
rangements have a great impact [5].

Despite the overall improvement in the outcome of
children with ALL, patients with Philadelphia-positive di-
sease [t (9; 22)] continue to have an extremely poor
prognosis, with worse outcomes than their Philadelphia-
negative counterparts in all recent studies [6, 7]. Clearly
this group of patients must be identified early so that they
can be assigned to effective alternative treatment, such as
allogeneic bone marrow transplantation in first remission.

Thet(1; 19) fuses the E2A gene to PBXI [8). Patients with
E2A-PBXI fusions exhibit poor response on non intensive
therapies, with survival rates of only approximately 50% [9].
By contrast, survival for this group of patients is increased to
nearly 80% by the use of intensive chemotherapy [5]. These
data highlight the importance of detecting the E2A-PBXI
fusion and suggest that its adverse prognostic impact can be
overcome with more effective chemotherapy [10].

The TEL gene, located on chromosome 12, is involved
in several different leukemia-associated translocations. In
pediatric ALL, the t(12;21) fuses TEL to the AMLI gene. It
is seen by karyotyping in less than one out of 1000 cases
[11]. Using molecular techniques, the TEL-AML1 fusion
was detected in one-fourth of pediatric ALL cases, making
it the most common genetic lesion in this disease [12].
Moreover, non of these cases had cytogenetic evidence

of the t(12;21) indicating that molecular analysis is abso-
lutely essential to detect this lesion. Expression of TEL-
AMLI fusion seems to be a new prognostic factor in ALL
patients. It has a 5-year event-free survival of greater than
90%, surpassing that associated with hyperdiploidy [13].
Moreover, in a multivariants analysis, the presence of TEL
gene rearrangement carried prognostic significance be-
yond that provided by age and leukocyte count, the gold
standards of risk assignment in pediatric ALL [14, 15].
Thet (4; 11) results in the formation of a chimeric gene
consisting of a variable amount of the 5’portion of the MLL
gene, located on chromosome 11923, fused to the 3’
portion of the AF4 gene from chromosome 4q21 [16]. The
t(4; 11) or other 11g23 translocations identifies a subgroup
of patients with a high probability of failing standard treat-
ment protocols [14]. In fact, current treatment protocols for
infants with t (4; 11) ALL depends on bone marrow
transplantation when a suitable donor is available [2].

Aim of the study:

To detect the presence of the most common reported
risk stratifying translocations t (4; 11), t (1; 19), t (9; 22) &t
(12; 21) in 70 cases with acute lymphoblastic leukemia at
the molecular level by RT-PCR. Also, to identify the inci-
dence of different chimerism among Egyptian leukemic
children and their relation to response to therapy, progno-
sis and recurrence. This helps the clinician to risk stratify
the patients & choose the ideal therapy for each patient.

SUBJECTS AND METHODS

The present study included 70 newly diagnosed pedia-
tric patients from the National Cancer Institute (NCI), Cairo
University, during the period between April and October
2001. Patients were diagnosed as having ALL by bone
marrow analysis and immunophenotyping. Blood sam-
ples; to detect the presence of translocations t(4;11),
t(1;19), t(9;22) & t(12;21); were obtained from the patients
after having an informed consent from their legal guar-
dians. Positive and negative controls were routinely inclu-
ded in all RT-PCR analysis.

Patients were treated according to the NCI treatment
protocol modified from the study XIll BH of St. Jude
Children’'s Research Hospital. In this study, patients were
evaluated for response to therapy following 6 weeks of
induction therapy which consisted of prednisone, Vincristi-
ne, Daunorubicin, Asparaginase, Etoposide and Aracytin.

Good response to therapy was reported when the bone
marrow (BM) blast percentage was <5% following induc-
tion i.e. complete remission (CR). Slow responders inclu-
ded patients with partial remission whose BM showed 5-25
% blasts and resistant patients whose BM showed >25%
blasts after induction therapy. Bone marrow and peripheral
blood were examined after 2 years follow up for the pre-
sence of blast cells and chromosomal translocations.

A-RNA extraction:
Total RNA was extracted from peripheral whole blood
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by using a Rneasy kit (Qiagen Gmbh, Hilden, Germany)
according to the manufacturer's recommendations. RNA
was pelleted in an eppendorf centrifuge at 13000 rpm for
30 minutes, washed with 80 % ethanol, and resuspended
in 25 ul Rnase free water. Five microliters were withdrawn
for quantification. Subsequantly, RNA was diluted to 0.1
ug/ul using-Rnase free water and was stored at -80°C in
10ul aliguots.

B-RT-PCR experiments:
t(12;21):

RT-PCR was performed using the kit supplied by EX-
PERTEEM DI DE BORTOLI ANGELD & C.S.A.S. ITALY-
t(12-21) translocation kit.; according to the manu-facture-
I's recommendations.

t(9;22):

RT-PCR was performed using the kit supplied by SYM-
BIOSIS. Quanti- kit © Detection system for BCR/ABL presen-
ce; according to the manufacturer's recommendations.
t(1;19) & t (4;1):

RT-PCR for these translocations was performed as
follows [17]:

One ug of RNA was reverse transcribed with 110 units
of Moloney murine leukemia virus reverse transcriptase
(BRL,Caithersburg,MO, USA) in 1x PCR reaction buffer
(Perkin-Elmer - Cetus, Norwalk, CT, USA) containing 10.5
ng/ul random hexamers, 132 uM each dNTPs, 10.5 mM
DTT, and 1.05 U/ul Rnasin. Standard PCR amplification
was performed in 100 ul of 1x PCR reaction buffer (Perkin-
Elmer- Cetus) containing 112 umol/l dNTPs (Perkin- El-
mer- Cetus), 5% dimethylsulfoxide (DMSO), 2.5 U of Taq
polymerase, and oligonucleotide primers (table 1) at a final
concentration of 0.075 umol/100ul. Thirty-five cycles of
amplification were performed in a thermocycler with a step
program consisting of 1 cycle of 94°C for | min., 54°C for
1 min., and 72°C for 1 min.; 14 cycles of 94°C for 30 s,
54°C for 1 min., and 72°C for 1 min; 19 cycles of 94°C for
30 s, 54°C for 1 min., and 72°C for 2 min., and one cycle
of 94°C for 30 s, 54°C for 1 min., and 72°C for 7 min.

C-Agarose gel electrophoresis:

PCR products were electrophoresed on 1.5% Agarose
gel (Sigma) with size marker and were UV visualized by
ethidium bromide staining.

Table 1
Oligonucleotide primers for t(4;11)&1(1;19)

Name Oligonucleotide sequence Length
(bp)

4;11)8' 5-AAAGCAGCCTCCACCACC-3 18
4;11)3 5-GGTTACAGAACTGACATGCTG-3' 21
(4;11)8' 5-GCGCTGGCCTCAGGTT-3' 17
4113 5TAACTCCTCTTTGGCTTCCTC-3 21
RT nucleotides

(4;11) 5-TTTTGGTTTT-3 10
(1,19) 5-CTTATTTCCA-3 10

RESULTS

In the present study, RT-PCR results of 70 pediatric
ALL patients presented to NCI showed that 18 patients
were found to have t(12;21) (25.7 %) (Fig. 1) and 2 patients
had t(9;22) (2.8%) (Fig. 2). However, no patient had t(1;19)
or t(4;11).

The eighteen patients who were positive for TEL-AMLA1
included 13 males and 5 females. Their age ranged be-
tween 1 and 10 years with a peak between 2 and 4 years
and a median of 4 years. The 18 positive patients were B
lineage ALL (9 C-ALL and 9 Pre-B). Their total leukocytic
count (TLC) had a median of 9 x 10%1. None of the cases
showed CNS infiltration. One of the 18 patients had mas-
sive organomegaly i.e. hepatosplenomegaly. As regards
the response to therapy, all positive patients achieved
complete remission following induction therapy while none
showed slow response to therapy. None of the patients
with t(12,21) showed recurrence as evident by examining
bone marrow and peripheral blood for the presence of
blasts and translocation.

On the other hand, one of the 2 positive cases for
t(9;22) had an age >10 years. Both were Pre-B ALL and
had a median TLC of 51 x 109 Following induction
therapy, one patient achieved CR, while the other one was
resistant. Tables 2&3 summarize the clinical and labora-
tory features of t(12,21) and t(9;22) positive cases.

Table 2
Clinical and laboratory features TEL-AML1 positive cases

360

biochimica clinica, 2002, vol. 26, n. 4

Feature TEL-AML1 +ve
No. %
patients
Gender Females 5 27.8
Males 13 72.2
Age (years) 8 100
0
Total leukocytic count
TLC ( 1091)
<50 14 77.8
<50 4 22.2
Immunophenotyping
(IPT)
B lineage -ALL 18 100
(9 C-ALL , 9 Pre-B ALL)
Hepatomegaly <5¢cm 17 87.5
=5¢cm 1 12.5
Splenomegaly <5cm 17 87.5
>5cm 1 12.5
CNS infiltration -ve 18 100
+ve 0 0
Response to induction ~ Good 18 100
therapy Slow 0 0
Died 0 0
Recurrence 0 0




SCIENTIFIC PAPERS

CONTRIBUTI SCIENTIFICI

Table 3
Clinical and laboratory features of t (9,22) positive cases

Figure 1

1. 5% gel electrophoresis of PCR products of #(12;21).
M: Nucleotide marker (1000, 750, 500, 300, 150, 50 bp).
Lanes 1,2,5: Negative cases.

Lanes 3,4: Positive cases (316 bp).

Lane 6: Negative control.

Lane 7: Positive control

Figure 2

1.5% gel electrophoresis of PCR products of (9;22).
M: Nucleotide marker (1000, 750, 500, 300, 150, 50 bp).
Lane 1: Negative cases.

Lane 2,3: Positive cases (194 bp).

Lane 4: Negative control.

Lane 5: Positive control.

DISCUSSION

Current therapy for pediatric ALL requires the asses-
sment of both clinical and laboratory features to accurately
assigns patients to specific subgroups. Foremost among
the laboratory features used to assign patients to individual

Age/Sex IPT TLC x10%1 Hepatomegaly  Splenomegaly CNS Response to induction  Recurrence
13/F Pre-B 65 =3 cm 22 cm -ve Resistant +ve
2/F Pre-B 38 =3cm =2 cm -ve CR +ve
M 1 2 3 4 5 6 7M risk groups are the presence of the translocations t(12;21),

t(9;22), t(1;19) and t(4;11) [17]. In the present study, we
detected the presence of these translocations using mo-
lecular biology technique (RT-PCRY) in the peripheral blood
of 70 pediatric cases. Our results showed that 25.7 % of
cases had t(12;21), 2.8 % of cases had t(9;22) and no
cases had t(1;19) or t(4;11).

In the present study, TEL-AML1 positive patients sho-
wed features for good prognosis. None of the cases had
CNS infiltration. As regards the response to induction
therapy, all positive cases achieved complete remission
(CR) following induction therapy while none showed slow
response to therapy. None of these cases showed recur-
rence after 2 years follow up.

This agrees with Scurts et al., [17] who demonstrated
that t(12;21) (p13;922) identifies a clinically distinct patient
population with a favourable prognosis. This translocation
is the most frequent genetic lesion in childhood ALL occur-
ring in approximately 20- 25% of the cases. In this translo-
cation, the HLH domain of the TEL gene located on
chromosome 12 is fused to the AML1 gene located on
chromosome 21. Children whose leukemic blasts contain
this genetic lesion have an excellent prognosis to standard
therapy with average 5- year event - free survivals (EFS)
estimates of 91+£5%. Recent results, however, suggest
that the prognosis may be influenced by the treatment
used [18].

Patients having t(9;22) in this study were 2 (2.8%).
Following induction therapy, one patient achieved CR,
while the other one was resistant. This translocation is
found in the leukemic blasts of 3-5% of pediatric ALL
patients [19]. This translocation identifies subgroup of
pediatric ALL patients with an extremely poor prognosis.
Four-year EFS of less than 10% have been observed and
few long-term survivals have been reported [17]. Therefo-
re, patients whose leukemic blasts contain the t(9;22) are
typically offered the option of bone marrow transplantation
soon after remission is achieved.

The present study detected no patients with either
t(1,19)or t(4;11). Translocation t(1;19) represents a high
risk group of ALL pediatric patients as reported by Crist
et al,, [19]. This translocation is seen in 5-7% in overall
cases of pediatric ALL [19]. Although this rearrangement
is associated with poor prognosis in patients treated with
standard chemotherapy, results indicate that its adverse
prognostic impact may be nullified with more aggressive
therapy.

The last group of chromosomal translocations known
to confer a poor prognosis in pediatric ALL patients are
translocations involving chromosome 11923 [20]. Rear-
rangements of the 11923 gene have been detected in
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7-10% of ALL 17. Over 20 different reciprocal chromoso-
me bands participate in balanced 11g23 translocations,
however, the t(4;11) (q21;923) is the most common of
these cases [21].

Cytogenetic analysis has been the standard method
used for identifying these translocations; however, this
approach is technically difficult and yields uninterpretable
results in a substantial proportion of cases. Moreover, the
use of molecular - based approaches to identify these
genetic lesions has revealed cases that lack cytogenetic
evidence of these translocations but express the encoded
chimeric transcripts. This is most prevalent with the
t(12;21), which is not visible by routine cytogenetics in the
majority of patients expressing TEL - AML1 [14]. In addi-
tion, the molecular - based assays can be performed
successfully on a substantially higher percentage of cases
than can cytogenetics, since they require minimal tissue
and do not require mitotic cells [22].

From the results of the present study, it could be conclu-
ded that TEL-AML1 fusion represents high incidence among
Egyptian leukemic patients (25.7%). It shows good prognosis
and achieve perfect response to induction therapy with no
recurrence for 2 years following therapy. On the other hand,
1(9,22) represented 2.8% of our cases and showed poor
response to therapy and bad prognosis. t(4,11) and t(1,19)
variants were not detected in the group of our study. Further
studies are required using molecular techniques to identify
the other types of chimerism among Egyptian patients. Mo-
lecular approaches should be justified for the routine identi-
fication of these risk - stratifying translocations, and their use
should result in the accurate assignment of a substantially
higher percentage of patients to the appropriate treatment
protocols when compared to traditional diagnostic methodo-
logies.
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