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Aim of the Work: To determine the relative incidence of pediatric AML specific rearrangements by reverse transcription 
polymerase chain reaction (RT- PCR) and study the impact of these genetic aberrations on survival.
Patients and Methods: Fifty one pediatric patients presented to the Pediatric Oncology Department, NCI, Cairo 
University, were submitted to screening for the major fusion gene transcripts frequently associated with AML namely 
translocations t (8; 21) AML1/ETO, t (15; 17) PML/RARA,  Inv (16) CBFB/MYH11, t (9; 11) AF9/MLL and t (1; 22) 
RBM15/MLK1. According to FAB criteria, patients were categorized as follows: M0: 1 patient (2%), M1: 15 patients 
(29%), M2: 18 patients (35%), M3: 6 patients (12%), M4: 4 patients (8%), M5: 3 patients (6%) and M7: 4 patients (8%). 
Fusion genes were tested by RT-PCR. A further Southern Blot hybridization step using a specific radioactive γ-P32 
labeled probe for each PCR product was done to improve sensitivity and specificity of results.
Results: Seven patients (7/51, 14 %) were found positive for t (8; 21), three patients (3/51, 6 %) for different breaks of 
t (15; 17) and 4 patients (4/51, 8 %) were positive for Inv 16. One patient (1/22, 2%) was positive for the t (1; 22) while 
no case (0/51, 0%) was found to be positive for the t (9; 11). The remaining 36 patients (36/51, 70%) were negative for 
all fusion genes tested.  In the present study, gene rearrangements did not significantly impact on disease free survival 
(DFS) or on overall survival (O,S).
Conclusion: The incidence of specific fusion genes in pediatric AML Egyptian population is relatively comparable to 
that occurring in western countries. RT-PCR is so far one of the most sensitive techniques used to detect fusion genes 
and chimeric transcripts in pediatric AML. Its coupling with southern blot hybridization step increases the sensitivity of 
detection and allows for visualization of weak amplification bands after gel electrophoresis.
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INTRODUCTION                                                   

Chromosomal translocations resulting in specific 
fusion genes are a hallmark of leukemia1. The resulting 
hybrid transcripts provide the essential basis for the 
development of reverse transcriptase polymerase reaction 
(RT-PCR) techniques for the molecular genetic detection 
of such rearrangements2. Several clinical studies have 
shown that chromosomal aberrations in AML can be 
used for risk stratification3.  For instance, t (8; 21), t 
(15; 17), Inv 16 and t (9; 11) are associated with good 
prognosis.4,5 

The t (8; 21) (q22; q22) was first described in 19736.  
The Acute Myeloid Leukemia one gene (AML1) on 
chromosome 21q22 is one of the most frequently mutated 
genes associated with human acute leukemia and fuses 
with the ETO eight twenty one gene forming the fusion 
protein AML1/ETO. It is found primarily in de novo AML 
of FAB M2 subtype. The AML1/ETO fusion transcript 
has been detected in approximately 8 to 12 % of AML 

cases, thus representing a significantly higher frequency 
compared to, albeit historical, cytogenetic incidences.7, 8 

The t (15; 17) is associated with acute promyelocytic 
leukemia, (APL)a distinct AML subset with M3 
cytomorphology which accounts for 10-15% of denovo 
AML in younger adults in southern Europe.9,10

Inv16 (p13; q22) is associated with AML M4 with 
abnormal eosinophils. The t (16; 16) (p13; q22) was 
identified as a variant aberration. These 2 abnormalities 
fuse the CBFB gene (core binding factor B subunit) 
located on chromosome 16q22 to the MYH10,11 gene 
(myosin heavy chain 11 gene) located on chromosome 
16p13. The resulting fusion gene mRNA can be detected 
by RT –PCR and represents a suitable molecular marker 
for both diagnostic and monitoring studies11. Inv 16 is 
generally associated with a good prognosis.12
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Rearrangements of the 11q23 chromosomal region 
occur in approximately 15% of the cases of AML. The 
majority of these abnormalities result from a reciprocal 
abnormality between the Mixed Leukemia Lymphoma 
(MLL) gene at band 11q23 and one of more than 50 
partners gene. Approximately half of the cases have 
the t (9; 11) (p22; q23) AF9/MLL seen primarily in 
AML M513. Previous studies of childhood AML have 
shown that patients whose leukemic cells demonstrated 
this translocation had a better outcome than did other 
patients with AML M55 although in most studies, 11q23 
abnormalities have been associated with an unfavorable 
outcome12. Moreover, studies demonstrated that t (9; 11) 
independently predicted a good outcome for infants with 
AML.14

The t (1; 22) (p13; q13) is the principal translocation 
of acute megakaryoblastic leukemia FAB M7. This 
chromosomal rearrangement results in the fusion of two 
novel genes; RNA binding motif protein 15 (RBM15) 
and Megakaryoblastic Leukemia 1 gene (MLK1). The 
predicted chimeric protein encompasses all putative 
functional motifs encoded by each gene and is thus 
the candidate oncoprotein of t (1; 22). It results in 
deregulating RNA processing and/or Hox and Ras/MAP 
kinase signaling and alters the normal differentiation of 
megakaryoblasts15. AMKL can also occur as a transient 
phenomenon in newborns with Down syndrome.13

Cytogenetic analysis has been the standard method for 
identifying chromosomal translocations; However, this 
approach is technically difficult and yields uninterpretable 
results in a substantial proportion of cases. Moreover, the 
use of molecular based approaches has revealed cases that 
could lack cytogenetic evidence of these translocations 
but express the encoded chimeric transcript. In addition, 
molecular based assays can be performed successfully on 
a substantial higher number of cases since they require 
minimal tissue and do not require mitotic cells. Thus, 
molecular approaches appear to be ideal for the routine 
identification of risk stratifying translocations and their 
use should result in accurate assignment of a substantially 
higher percentage of patients to the appropriate treatment 
protocols.16

In this study, we focused on four chromosomal 
aberrations with fusion transcripts, frequently occurring 
in AML: t(8;21) (q22;q22) with AML1/ETO fusion gene, 
t(15;17) (q22;q21)with PML/RARA fusion gene, inv 16 
(p13;q22) with CBFB/MYH11 fusion and t(9;11) (p21-
22;q23) with AF9/MLL gene rearrangement, in addition 
to the newly discovered RBM15/MKL1 product of 
t(1;22) in M7.

The purpose of this work is to study the molecular 
genetics of Egyption peadiatric AML and their relative 
frequency in addition to their prognostic impact as 
encountered at NCI, Cairo University, and compare them 
with those reported in other series.

PATIENTS AND METHODS                                        

Patients

This study included 51 patients, 29 male and 22 
female presented to the Pediatric Oncology Department, 
NCI, Cairo University, during the period of January 2004 
to January 2005. Their age ranged from one month to 
18 years (median 9 years). Patients were followed up to 
a maximum period of three years with a median follow 
up of 31 months. Written informed consent was obtained 
from the patients parents and the protocol was approved 
by the Institution Research Board.

Methods

All patients were subjected to a full clinical, 
radiological and laboratory investigation including chest 
X Ray, abdominal Ultrasound, CBC, Bone Marrow 
aspirate, cytochemistry, immunophenotyping, CSF 
examination and a full chemistry profile including liver 
and kidney function tests. RT-PCR was performed on 
all patient samples for detection the four most common 
fusion gene transcripts frequently associated with AML; 
AML1/ETO, PML/RARA, CBFB/MYH11 and AF9/
MLL in addition to the newly discovered RBM15/MLK1 
fusion on 4 M7 patients.

Morphologic analysis

Leukemias were classified morphologically according 
to FAB Cooperative Group Criteria after assessment of 
Leishman’s stains of bone marrow and blood smears and 
performing cytochemical stains as indicated. 

Immunophenotyping

M0 and M7 cases were confirmed by flow cytometry 
using our AML panel. Immunophenotypic analysis was 
performed on peripheral blood or bone marrow samples 
taken at the time of diagnosis using our monoclonal 
antibodies (Mo Abs) panel as previously described17 and 
assessed by multicolor flow cytometry (Coulter Epics 
XL, Hialeah, FL). A wide panel of FITC (fluorescein) 
and PE (phycoerythrin) conjugated MoAbs were used. 
Double and Triple marker labeling was performed, 
including proper isotype controls. MoAbs and isotypic 
controls were supplied from Beckman Coulter Dako 
Cytomation, Becton and Dickinson and Serotec. Myeloid 
associated antigens included MPO, CD 13, 33, 14, 15, 
41, Glycophorin A in addition to CD34 and HLA DR.

Detection of surface markers by direct staining

The whole blood staining method was performed. In 
short, 10 µl labeled MoAb was added to 100 µl whole 
blood, incubated in dark for 20 minutes then processed 
by the Q prep system (Coulter Corp, Hialeh, Fl) where 
immunoprep reagent A for lysing, B as stabilizer and C as 
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fixative where consecutively added.  The samples were 
analyzed on the flow cytometer.

Detection of intracellular markers (MPO) 

One-hundred µl of whole blood was one ysed using 
lysis solution (Becton and Dickinson) for 10 minutes. 
Cells were washed once and re-suspended in 1ml PBS. 
A mixture of 500 µl 4% paraformaldehyde as fixative, 
500µl PBS and 5µl tween as detergent was added to the 
cells and incubated for 10min. The cells were washed 
and 10µl MoAb was added and incubated for 30 min at 
4°C. Cells were washed, suspended in 500µl PBS and 
analyzed.18

Any antigen was considered positive when ≥ 20% of 
blast cells were stained above the negative control except 
for CD3and Mpo where ≥ 10% was considered positive.

Fusion genes detection by RT-PCR 

RNA Extraction 

RNA was extracted from 300ul peripheral blood or 
Bone Marrow sample19 using a salting out procedure 
(Purescript, Gentra, Minneapolis, MN, USA) according 
to manufacturer’s instructions as follows: 300ul whole 
blood (or Bone marrow) was added to 900ul RBCs 
lysis solution, mixed and incubated for 10 min at RT, 
centrifuged at full speed. The supernatant was then 
removed leaving the visible white cell pellet. Three 
hundred ul cell lysis solution was then added followed by 
100 ul Protein- DNA precipitation solution after which 
vortexing and centrifugation at maximum speed (14000 
rpm) to precipitate proteins was performed. Supernatant 
containing the RNA was pipetted and added to 300 ul 
100% isopropanol mixed and inverted several times then 
centrifuged. A visible, translucent RNA pellet was then 
formed, washed by 70% ethanol and rehydrated for 30 
min in an ice bath. 

Reverse Transcription 

Done using a final concentration of 1x RT-PCR 
buffer, 2.5mM MgCl2, 1mM dNTPs blend, 10 U/ 20 ul 
RNase inhibitor, 10mM DTT, 1.25 uM Oligo dT16 and 
15U/ 20ul  Multiscribe Reverse Transcriptase enzyme in 
a final mix of 40ul volume with a Gold RNA PCR kit ( 
Applied Biosystems, USA) cyclic conditions consisted 
of 10min at 25c and 1hours at 42c. 

PCR for detection of fusion gene transcripts

To detect the four common major fusion genes 
affecting AML patients, PCR20 done at the Molecular 
Pathology department, St Jude Children Research 
Hospital (SJCRH), Memphis, Tennessee, USA, was 
performed with 300 ng DNA using 10x PCR buffer, 
1.25mM of each dNTPs, 25 mM MgCl2, 1ul of 0.075 

ug/ul Forward and Reverse Primers for each fusion gene, 
2.5 U of Amplitaq Gold DNA polymerase enzyme and 
5ul DMSO. DEPC water was added to a total reaction 
volume of 50 ul. The primer/probe used for detection of 
different fusion genes were prepared by SJCRH Center 
of Biotechnology, their sequence is shown in table 1.

Fusion Genes Primers/Probe sequence

t(8;21)  
AML1/ETO

3’oligo:   5’-AGGCTGTAGGAGAATGG-3’
5’oligo:  5’-AGCCATGAAGAACCACC-3’
ETO Probe:5’GTCTTCACATCCACAGGTGA
GTCT-3’

t(15;17) 
PML/RARA

APL B3’:    5’-ATGCAGTTCTTGTCCCGGTGA 
-3’
APL B5’:    5’-GATGGAGTCTGACGAGGG - 3’ 
APL C5’:5’GCGGTACCAGCGCGACTACGAG
GAGAT- 3’
RARA Probe:5’CCCATAGTGGTAGCCTGAG
GACT - 3’

Inv(16) 
CBFB/MYH11

M1: 5’-CTCTTCTCCTCATTCTGCTC-3’
M2: 5’- ACTGCAGCTCCTGCACCTGC - 3’
C1:  5’-GCAGGCAAGGTATATTTGAAGG - 3’
Inv16 Probe: 
5’CTGGAGTTTGATGAGGAGCGA- 3’

t(9;11) 
AF9/MLL

AF9 3’:  5’- TATGCCTTGTCACATTCACC - 3’
MLL5’: 5’-CGCCTCAGCCACCTACTACA - 3’
11q23 Probe : 5’-AAAGCAGCCTCCACCACC 
- 3’

Table 1:  Primer/Probe sequence for different fusion genes.

Thirty five cycles of amplification were performed 
in a thermocycler with a step program consisting of an 
initial denaturation step of 95ºc for 11 min 30 sec, 15 
cycles of 94ºc for 30 sec, 54ºc for 1 min and 72º c for 
one min followed by 20 cycles of 94ºc for 30 sec, 54º 
for one min & 72ºc for two min. A final extension step 
of five min at 72ºc was added. A housekeeping gene, 
Glyceraldehyde Phosphate Dehydrogenase Enzyme 
(GAPDH) was run with every PCR reaction to check 
DNA integrity and exclude any PCR failure (Figure 1A). 
The cell lines Kasumi, NB4, Lane/ Inv 16 (synthetic), 
Mondi and (9; 11) synthetic were used as positive controls 
for translocations t(8; 21) AML1/ETO, t(15; 17) PML/
RARA, Inv16 CBFB/MYH11 and (9; 11) AF9/MLL, 
respectively and were included in each run in addition 
to the negative cell line HL60 and a non template control 
(NTC).  All PCR products obtained through individualized 
RT-PCR reactions were separated on a 1.2% ethidium 
bromide agarose gel for two hours21. Fragments size was 
determined by calibrating the gel and running a molecular 
weight marker of known size and comparing the distance 
of unknown fragment in relation to the ladder (Ф, Phi 
X DNA- Hae III, 500ug/ml; Cat. 302-6l, New England 
Biolab). Products size was as follows: AML1/ETO: 
338bp, PML/RARA Short isoform: 402- 529 bp while 
Long isoform; 700- 900 bp. CBFB/MYH11 varied from 
162- 982 bp according to splicing and AF9/MLL: 870 bp 
but may also vary depending on splicing. 
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Southern Blot: DNA on gels was denatured, neutralized 
and transferred in a high salt buffer solution by either 
capillary action or positive pressure. A Southern blot 
technique22 was used to transfer DNA from its position on 
agarose gel to a nitrocellulose or nylon membrane (Nytran; 
Schleisher & Shuell, Keene, NH, USA). Denatured 
single-single stranded DNA was permanently bound to 
the membrane by UV crosslinking (UV stratalinker 2400, 
Stratagene) and was then hybridized to a specific radio 
labeled nucleic acid probe specific for the individual 
chimeric transcripts encoded by the risk stratifying 
translocations to detect hybridizing DNA species after 
a prehybridization step to reduce non specific binding. 
Single stranded probes were labeled utilizing a 5’ DNA 
end labeling kit (RPN 1509, Amersham Biosciences, 
USA). The enzyme T4 polynucleotide kinase was used 
to specifically transfer the γP32 phosphate from ATP to a 
5’OH group of DNA. After hybridization, the membrane 
was washed and labeled to remove unbound or weakly 
bound probes and then exposed to an autoradiographic 
film. Results for fusion gene expression were expressed 
as positive or negative according to the presence or 
absence of the specific band on the autoradiographic 
film (Figure. 1 A, B, C, D and E). Definitions of end 
points: The criterion for achievement of CR (complete 
remission) was a normocellular BM aspirate containing 

Fig.1 B: Auto radiographic film showing AML1/ ETO positive fusion 
gene in 2 AML patients in addition to the positive control cell line 
Kasumi.

Fig. 1 A: Auto radiographic film showing House keeping gene 
(GAPDH) for AML patients.

Fig 1. C: Auto radiographic film showing Positive PML/ RARA fusion 
gene in an AML M3 patient in addition to the positive control cell line 
NB4.

Fig.1 D: Auto radiographic film showing two positive patients for 
CBFB/ MYH11 fusion gene in addition to the positive control cell line 
Lane.

Fig 1. E: Auto radiographic film showing RBM15/MKL positive fusion 
gene in an M7 patient in addition to the synthetic positive control.
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less than 5% blast cells and showing evidence of normal 
maturation of all other marrow elements. OS (overall 
survival) was calculated from the first day of therapy to 
death and EFS (Event Free Survival) to non response, 
relapse or death.12 

Statistical Methods

 Statistical Analysis System (SAS) version 8.1 was 
used23. Quantitative variables were summarized using 
median minimum and maximum values. Qualitative data 
were summarized using frequencies and percentages.
The relation between quantitative variables was tested 
by Spearman Correlation. Chi or Fisher’s exact tests 
were used whenever appropriate to test the association 
between the different qualitative variables. The Kaplan 
Meier method was used to estimate the distribution of 
CR duration, event free survival (EFS), and overall 
survival. Comparisons of survival and EFS data between 
the different groups were performed with the log rank 
test. The level of significance was evaluated at the 5% 
level with two sided tests.

RESULTS                                                                 

The study included fifty one pediatric patients, 29 
male and 22 female. Their age ranged from one month 
to 12 years (median 9 years). Their median TLC at 
presentation was 18.2 x 109/L (1.46-335 x 109/L). 
The median hemoglobin was 6.8 gm/dl (3.1-14.8). The 
median platelet count was 27 x 109/L (5-517 x 109/L). 
The median duration of follow up was 31 months (1 
month-36 months).

By FAB criteria for AML classification; one patient 
was diagnosed as M0 (2%), 15 patients M1 (29%), 18 
patients M2 (35%), 6 patient M3 (12%), 4 patients as 
M4 (8%), 3 patients M5 (6%) and 4 patients M7 (8%). 
Regarding organ involvement at presentation; 64% of 
patients suffered from hepatomegaly while 68% suffered 
from splenomegaly. Lymphadenopathy was encountered 
in 53% while CSF infiltration was encountered in 10% 
of patients. The stem cell marker CD34 was positive in 
20 patients (20/51, 39%) while negative in three patients 
(3/51, 6%).Seven patients (7/31, 14%) were positive for 

No.
(n=51)

%

Gender
Males
Females

29
22

43
57

Age (median, years)* 9 (0.1-18)

FAB: 
M0
M1
M2
M3
M4
M5
M7

1
15
18
6
4
3
4

2
29
35
12
8
6
8

Hb g/dl (median)* 6.8 (3.1-14.8)

Platelets (median x10^9/L)* 27 (5-517)

TLC (median x10^9/L)* 18.2 (14.6-335)

Organ Involvement
Liver
Spleen
Lymph Nodes
Mediastinal lymph node
CSF

30
32
23
12
3

64 
68 
53 
26 
10 

Genetic group
t (8; 21) AML1/ETO fusion
t (15;17) PML/RARA fusion
Inv (16) MYH11/CBFB fusion
t (9;11) AF9/MLL fusion
t (1; 22) RBM15/MLK1 fusion
Negative

7
3
4
0
1
36

14 
6 
8 
0 
2 
70 

CD 34 expression
+ve
-ve
Not done

20
3
28

39 
6 
55 

Table 2: Pretreatment clinical and hematological characteristics 
of pediatric AML patients.

Patient
No.

Age
(yrs)

sex Blood Bone Marrow RBM15/MLK1 liver spleen fate

Hb
(g/dl)

WCC
(x10^9/L)

Blasts
(%)

Plat.
(x10^9/L)

Blasts
(%)

Chrom.
analysis

4651 - F - - 5 75 ND -VE - - LFU

4835 2 F 8.8 4.3 10 27 22 ND +VE + + DIED

4911 3 M 4.5 7 16 12 25 +21 -VE + + DIED

4926 14 F 2.9 4.4 20 22 58 ND -VE N N CR

t(8;21) AML1/ETO, three (3/51, 6%) for t(15;17) PML/
RARA, 4 (4/51, 8%) for Inv16 CBFB/MYH11, one  
(1/51, 2%) for t(1;22) RBM15/MLK1 while no patients 
(0/51, 0%) were found to be positive for the t (9;11) AF9/
MLL and 36 patients (36/51, 14%) were found negative 
for fusion genes tested.  The pretreatment clinical and 
hematological characteristics of patients are shown in 
table 2 while data of M7 patients are presented in table 
3. Prognostic factors evaluated were age with high age 

Table 3:  FAB M7 patient characteristics.

ND: Not done
LFV:lost follow up
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risk (<2yrs & >10yrs), low age risk (2-10 yrs), male to 
female gender, FAB classification, TLC below and above 
50 x 109/L, percentage of blood blasts, CD 34 positivity, 
presence or absence of abnormal fusion gene transcript 
by RT-PCR and  organ involvement, (Tables 4- 7).

Disease Free Survival and Overall survival of the 
whole group was 62% and 66% respectively, at two years 
(Figures. 2,3). 

Disease free survival data showed no statistically 
significant difference between studied groups in term of 
age; gender distribution and TLC, (Table 4). The Overall 
survival data showed almost comparable results to those 
of disease free survival. (Table 5). 

Disease free survival and Overall survival data showed 
no statistically significant correlation to organomegaly 
or lymphadenopathy, (Tables 6,7) although patients 
without spleen enlargement showed a better DFS and 
OS (Tables 6,7 p=0.3 & 0.4 respectively) than those with 
splenomegaly.  Regarding fusion genes, patients with 
positive t (8; 21) AML1/ETO, t(15;17) PML/RARA and 
Inv 16 CBFB/MYH11 comprised a group with better OS 
than negative patients, (Figure 4), although the difference 
did not reach statistical significance (p=0.4) while DFS 
did not differ between both groups, (Figure 5).

Factors Disease Free Survival (%) P value

6 months 12 months 24 months

Age
 high risk

(<2yrs &>10yrs)
low risk

(2-10 yrs)

94

83

83

73

60

62

0.732

Gender
female 
male

93
89

77
85

54
69

0.650

TLC 
<50x10^9/L 
>50x10^9/L

86
100

81
87

52
87

0.438

Blasts<20% 80 80 27
0.190Blasts>20% 92 83 65

Table 4: Disease free survival data in 51 pediatric AML 
patients according to risk factors.

Factors
Overall Survival (%)

P value6 months 12 months 24 months

Age 
high risk
(<2yrs 
&>10yrs) 
low risk
(2-10 yrs)

78

65

74

65

74

52 0.732

Gender 
female   
male

73
77

68
73

57
73 0.645

TLC 
<50x10^9/L 
>50x10^9/L

76
74

70
74

63
74 0.438

Blasts<20% 56 45 45
0.089Blasts>20% 82 78 72

Table 5: Overall survival data in 51 pediatric AML patients 
according to risk factors.

Factor
Disease Free Survival (%)

P 
value

6 months 12 months 24 months

Liver enlargement 89 76 57
0.760Liver free 92 90 64

Spleen enlargement 90 79 57
0.367Spleen free 90 85 68

+ve L.N 88 81 60
0.990-ve L.N. 93 84 57

Chest X Ray +ve 100 100 100
0.055Chest X Ray free 88 80 54

Table 6:  Disease Free Survival in relation to different 
prognostic clinical parameters in 51 pediatric AML patients.

Factor
Overall Survival (%) p 

value6 months 12 months 24 months

Liver enlargement 75 67 60
0.839Liver free 76 67 76

Spleen enlargement 76 70 62
0.499Spleen free 72 72 72

+ve L.N 77 73 67
0.752-ve L.N. 79 74 68

Chest X Ray +ve 66 66 66
0.744Chest X Ray free 81 75 70

Table 7: Overall survival in relation to different prognostic 
clinical parameters in 51 pediatric AML patients.

Fig .2: Disease free survival of the 51 AML pediatric patients.
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Fig. 3: Overall survival of the 51 AML pediatric patients.

Fig. 4:  Overall Survival of AML patients with positive and negative 
fusion genes.

Fig. 5:  Disease free survival of AML patients with positive and 
negative fusion genes.

DISCUSSION                                                          

Hematopoiesis is a complex process regulated by 
the coordinated expression of several transcription 
factors which are activated or inhibited as hematopoiesis 
proceeds. The deregulated expression of transcription 
factors and their resulting functional imbalance is 
believed to be required for malignant transformation24. 
Genetic analysis of pediatric AML provides clues to both 
normal hematopoiesis and leukomogenesis. 

Current therapy for AML requires the assessment 
of both clinical and laboratory features as TLC count, 
immunophenotypic profiles, specific chromosomal 
abnormalities and aberrant fusion genes to accurately 
assign patients to specific subgroups according to 
WHO classification13,25. Foremost among the laboratory 
features used to assign patients to individual risk groups 
and therapy stratification are the presence of the recurrent 
translocations and resultant fusion genes; t (8; 21) AML1/
ETO, t (15; 17) PML/RARA, Inv 16 CBFB/MYH11, t (9; 
11) AF9/MLL. 

In this study, we performed an RT-PCR technique 
followed by additional Southern Blot membrane 
hybridization to radio labeled nucleic acid specific 
probe for each fusion gene transcript. The design of the 
oligonucleotide primers and detection probes allowed 
for an accurate identification of patients with molecular 
genetic lesions.

AML1/ETO fusion transcripts are found by RT-PCR 
in virtually all cases of t (8; 21) positive AML. They 
generate predominant PCR products of a constant size, 
corresponding to an in-frame fusion of AML1 exon 
five to ETO exon two. AML1 breakpoints are located 
between exons 5 and 6 while ETO breakpoints are 
located upstream to exon two. Primers set used with the 
additional oligonucleotide probe on ETO region gave high 
resolution detection of this fusion. In the present study, 
seven patients (14%) were found to be positive for the t 
(8; 21) AML1/ETO fusion. All of them were categorized 
M1/M2 according to FAB criteria. This percentage 
positivity was found almost comparable to others who 
reported almost the same incidence of this fusion in 
pediatric AML population13,26,27. Four of them are in CR 
24 months after admission, while two of them died from 
infection and myelosuppression and one patient relapsed 
hematologically post 4th course consolidation therapy. 
Two recent medical research council (MRC) treatment 
protocols have yielded five year survival rates exceeding 
80% in children with this subtype of AML.28

The two genes involved in t (15; 17) are PML and 
RARA. The existence of different breakpoint regions 
in the PML locus and the presence of alternative 
splicing of PML transcripts are responsible for the great 
heterogeneity of PML/RARA junctions observed among 
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APL patients10. Two sets of primers with an additional 
oligonucleotide probe have been initially defined to 
allow the amplification of PML/RARA junctions in all 
APL patients. The first set was able to define the long 
(L) PML/RARA transcript (including PML bcr1 and 
bcr2); the second set was able to detect the short(S) 
transcript (PML bcr3). The PML/RARA fusion gene was 
encountered in three patients (3/51, 6%) and three out 
of 6 M3 patients. The frequency of occurrence of this 
fusion 11,23 gene in AML was almost comparable to 
others13 and 27. Two M3 patients negative for PML/
RARA died.  All positive patients entered in CR post 
induction and were disease free after a follow up of two 
years since admission which reflects the good response to 
ATRA therapy. The molecular testing of this fusion gene 
is useful to monitor response and identify the needs for 
change in therapy.13

Regarding Inv16 MYH11/CBFB, two sets of primers 
with a complementary oligonucleotide probe were used 
to detect all types of fusion. The expected size of the 
product depended on splicing of CBFB and MYH11. Of 
the 4 patients (4/51, 8%) carrying CBFB/MYH11 fusion, 
one patient was categorized M5 and relapsed one year 
after admission during maintenance therapy, two patients 
were diagnosed as M4; one of them died before treatment 
due to respiratory distress and CNS infiltration while  the 
other is in CR two years after admission . The rate of 
mortality in AML with Inv16 CBFB/MYH11 can be as 
high as 10% due to multiple organ failure resulting from 
the release of leukemic cell contents29. These data can 
classify this fusion gene as intermediate prognosis and 
are in agreement with previous studies 5 but differ from 
those of other reports that suggest a favorable outcome 
of CBFB/MYH11 fusion12. Again, the relative incidence 
of this fusion gene is almost comparable to others who 
reported almost the same percentage positivity (6-8%) of 
CBFB/MYH11 in pediatric AML5.13  

Data from the present study supported that patients 
with positive fusion genes; AML1/ETO, PML/RARA and 
CBFB/MYH11 comprised a group of relatively favorable 
prognosis characterized by superior OS than patients 
with negative fusions (Figure 4). Virtually all patients 
(100%) with positive AML1/ETO achieved CR post 2nd 
ADE (Adryamycin, Daunorobucin, Etoposide) induction 
course while patients with positive PML/RARA achieved 
CR post 1st ADE and 2/4 patients with CBFB/MYH11 
entered in CR post 1st ADE with the striking finding 
that the other two patients died on admission before 
starting treatment reflecting the associated propensity 
to high TLC at presentation and CNS infiltration in 
monocytic leukemias. These data support that response 
to initial therapy provides a further prognostic marker, 
in particular the O.S. presence or absence of blasts in 
the bone marrow. Although this analysis was based on 
small numbers and the difference did not reach statistical 
significance (p=0.4), it is in accordance with previous 

reports concerning the prognostic significance of these 
abnormalities4 and on line with a recent study which 
proved that evaluating combined data together could 
be highly predictive of the outcome30. Previous studies 
suggest that up to 15% of AML cases with evidence 
of an underlying AML1/ETO or CBFB/MYH11 gene 
fusion lack typical respective cytogenetic abnormality31, 
thereby providing an important rationale for molecular 
screening of such rearrangements. This could not only 
serve to increase the numbers of patients with a fusion 
gene target who could be monitored for MRD, but also 
to identify those who would be suitable for tailored 
therapeutic approaches including molecular targeted 
strategies, which are likely to play an increasing role in 
the management of leukemia patients in the future. 

No patients (0/51, 0%) were proved to be positive for 
t (9; 11) AF9/MLL fusion in contrast to other studies who 
found a high percentage of patients expressing this fusion 
gene especially associated with FAB M5 and carrying a 
good prognosis 5. This may be due to the low number of 
M5 patients tested. 

In this study, the relative distribution of patients 
among different FAB categories was comparable to 
others with the exception of M5 which accounted for just 
6% in Egyptian population in contrast to 21% in western 
countries.5  

The abnormal RBM15/MLK1 chimeric gene transcript 
was found in one patient (2%) out of 51 AML and out of 4 
FAB M7 patients. This patient relapsed hematologically 
while on maintenance and died. The prognosis of 
children with M7 is considered poor. Only those who had 
received BMT have been long term survivors. Recent 
report suggests that intensive chemotherapy is effective 
in M7 patients32.  Due to the fact that one patient only was 
carrying the abnormal RBM15/MLK1 chimeric gene 
transcript, its effect on prognosis could not be assessed 
although the relative incidence of this fusion gene was 
also comparable to its incidence in western countries.13,33

CONCLUSION                                                       

The relative incidence and frequency of occurrence 
of fusion genes in pediatric AML Egyptian patients 
is comparable to that found in western countries 
with the exception of AF9/MLL which needs a 
larger series of M5 patients to accurately identify its 
incidence in Egyptian patients.

Larger groups of patients have to be tested by 
molecular methods to define subgroups of AML 
patients carrying abnormal fusion transcripts and to 
identify the effect of these genetic abnormalities on 
prognosis of Egyptian pediatric population.

Coupling of RT-PCR with an additional Southern 

•

•

•
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blot hybridization step increases the sensitivity of the 
assay and allows for detection of PCR products with 
weak amplification bands after gel electrophoresis 
and permits to exclude any non specific priming 
during the PCR process. 
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