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INTRODUCTION 

Leukemia’s are the most common cancers affecting 

children accounting for 32% of all cancers in children 

younger than 15 years. Of this Acute Lymphoblastic 

Leukemia (ALL) accounts for 73%. Acute 

Lymphoblastic Leukemia (ALL) is a clonal disease of the 

hematopoietic system characterized by unique genetic 

characteristics, mutations and chromosomal 

translocations.1 The main cause of the disease remains 

largely unknown, but it has been shown that various 

factors, including environmental factors, viral infections, 

and genetic changes, and association with syndromes 

such as Down, Bloom and Congenital immune deficiency 

disorder like Wiscott Aldrich syndrome have been shown 

to occur.2,3 However, chromosomal translocations and 

related molecular variations have been shown to play a 

major role in pathogenesis and therapeutic response in 
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patients. Most of these changes occur in genes that play 

essential roles in lymphoid development, cell cycle, or as 

tumor suppressors or oncogene. Genetic changes and 

clinical symptoms can be useful in the classification of 

ALL to subtypes as well as diagnostic and prognostic 

factors for patients monitoring.1,4 Identifying 

chromosomal translocations and related molecular 

changes not only identify leukemia cells pathogenicity, 

but also optimize therapeutic approach to increase patient 

survival. In 80% of pediatric Acute Lymphoblastic 

Leukemia (ALL) cases, specific genetic alterations can be 

found in leukemic blasts using routine karyotype analysis 

and molecular techniques, such as Fluorescence in Situ 

Hybridization (FISH), Reverse Transcriptase-Polymerase 

Chain Reaction (RT-PCR), and Southern blot analysis. 

Molecular studies identify translocations more rapidly 

and those not detected on routine karyotype analysis and 

distinguish lesions that appear cytogenetically identical 

but are molecularly different. Important diagnostic, 

therapeutic, and prognostic implications are associated 

with the abnormalities described. Therapeutic approaches 

are usually based on the prognostic characteristics of 

chromosomal translocations and their classification based 

on standard, intermediate or high-risk groups.   

B-lineage ALL has a variety of chromosomal 

abnormalities, which in almost half of cases confer 

favorable outcomes like t(12;21)TEL/AML 1 (ETV6-

RUNX1). Presence of MLL (KMT2A) Gene 

Rearrangement e.g. t(4;11) (q21;q23) and Philadelphia 

chromosome positivity t(9;22) results in poor prognosis. 

MLL (KMT2A) Gene Rearrangement seen in 80% of 

Infant ALL and it has poor prognosis.5 t(12;21) (p13;q22) 

TEL/AML1 fusion observed in 25% of common ALL  is 

associated with favorable prognosis. Presence of 

t(9;22)BCR-ABL1 fusion in precursor B ALL is 

associated with poor prognosis. Many other cytogenetic 

and molecular aberrations were observed in ALL. For 

example, recent studies have shown t(1; 19) (q23; p13) 

associated with the formation of TCF3-PBX1 fusion was 

associated with a poor prognosis in childhood B-ALL, 

although new anti-metabolic drugs used in chemotherapy 

increased patients survival due to appropriate therapeutic 

response.6 Several chromosomal translocations decrease 

therapeutic responses and increase mortality in patients. 

Studies showed t(9; 22) (q34, q11.2) translocation leads 

to BCR and ABL1 genes fusion, and ultimately leads to 

the formation of the Philadelphia chromosome (Ph).7  The 

resulting fusion gene BCR/ABL1, encodes for chimerical 

oncoprotein which leads to uncontrolled  cell 

proliferation and reduced apoptosis. Therefore, the 

detection of t(9; 22) (q34, q11.2) BCR/ABL 1 

translocation in ALL patients can increase the survival of 

patients before developing the disease by employing 

optimal therapeutic strategies.8 

Genome-Wide Association Studies (GWAS) use techniques 

that are not widely available to define genetic abnormalities 

in the 20% of B-lineage ALL cases where routine testing is 

unrevealing, demonstrating changes associated with poor 

outcome like "Ph-like" ALL (10-15% of cases) with gene 

expression similar to Ph+ ALL and Increased CRLF2 

(cytokine receptor like factor 2) expression, which may have 

an underlying CRLF2 mutation (5-7% of cases). 

Interestingly, increased CRLF2 expression is also seen in 

50% of the patients with Down syndrome and ALL, where 

its prognostic value is uncertain. 

Therefore, in this study, authors assessed the frequency of 

select molecular genetic abnormalities in children with B 

lineage ALL. 

METHODS 

Department of Pediatric Hematology, Institute of Child 

Health, Chennai, Tamil Nadu, India. Study design was 

hospital based Retrospective observational study. Study 

period was January 2018 to September 2019 (21 months). 

Inclusion criteria 

• All Children with confirmed diagnosis of B lineage 

Acute Lymphoblastic Leukemia with Genetic 

Molecular studies report were included. 

Exclusion criteria 

• Children with Leukemia other than B lineage Acute 

Lymphoblastic Leukemia, B ALL relapse cases and 

B ALL children without molecular studies were 

excluded. 

Parameters studied 

BCR/ABL 1 translocation assay, TEL /AML 

1(ETV6//RUNX1) translocation assay, MLL (KMT2A) 

Gene Rearrangement assay. 

Procedure 

Case records of all confirmed ALL cases were analyzed. 

In those case sheets, all suspected Leukemia cases 

underwent Bone marrow aspirate. ALL was diagnosed by 

bone marrow morphology with significant blast count. 

After that Immune Phenotyping by Flowcytometry was 

done in either Bone marrow sample or if possible, in 

peripheral blood itself to identify the subtype of ALL. A 

volume of 5 mL of BM sample or Blood was collected 

from each patient in falcon tubes containing heparin and 

EDTA anticoagulants for performing cytogenetic and 

molecular genetic analyses, respectively.  

Patients has received treatment based on ICiCLe protocol. 

This study was approved by the Local Ethics Committee. 

Molecular genetic analysis was done using Fluorescent in 

Situ Hybridization [FISH] technique. FISH technique was 

performed on BM or blood samples according to the 

guidelines of kit manufacturer for each patient. 



Senthilprabhu R et al. Int J Contemp Pediatr. 2020 Mar;7(3):511-515 

                                                International Journal of Contemporary Pediatrics | March 2020 | Vol 7 | Issue 3    Page 513 

Data collection and analysis 

Data was collected from the case records of study period 

and recorded in the pro-forma and data was entered in 

Microsoft excel. This study was an epidemiological 

analysis. Descriptive data analysis was conducted using 

SPSS software. 

Ethical consideration 

No invasive procedure was involved. Only case records 

were analyzed. Confidentiality of the information was 

maintained. Consent was obtained from the parents. 

RESULTS 

Out of total 199 cases confirmed ALL 163(82%) were B 

lineage (Males 85(52%) and Females 78(48%)) (Table 1). 

79(48%) cases of B lineage ALL (Males 37(46%) Females 

42(54%)) underwent genetic molecular analysis by FISH 

method. The age group for 79 ALL cases ranged from 

5months to 14 years Median age: 5 years (Males 6 months 

to 14 years Median age 5 years; Females 5 months to 12 

years Median age 4 years). 6(8%) cases of infantile ALL 

were present (Males 1(17%); females 5(83%)). 

Table 1: Immunophenotyping of acute                      

leukaemia patients. 

Sub Type of ALL Male  Female Total n=199 

B lineage  85(52%) 78(48%) 163(82%) 

T lineage  25(69%) 11(31%) 36(18%) 

Cytogenetic and molecular analysis 

Out of 79 cases of B lineage ALL, Translocation t(9;22) 

BCR/ABL1  was positive in 2(2.5%) cases (Male 1(50%); 

Female 1(50%)), 77(97.5%) cases (Males 36(47%); Females 

41(53%)) were tested negative (Table 2). 

Table 2: Frequency of t(9;22) BCR/ABL1 abnormality 

in  B -Acute Lymphoblastic Leukemia patients. 

Cytogenetics 
Male 

n=37(46%) 

Female 

n=42(54%) 

Total 

n=79(100%) 

t(9;22) 

Positive 
1 (2.7%) 1(2.4%) 2(2.5%) 

t(9;22) 

Negative 
36 (97.3%) 41(97.6%) 77(97.5%) 

Out of 79 cases of B lineage ALL, Translocation t(12,21) 

TEL/AML1  was positive 9(11%) cases  (Male 3(33%); 

Female 6(67%)),  and 70(89%) cases (Males 34(67%); 

Females 36(33%)) were tested negative (Table 3). Out of 

79 cases of B lineage ALL, MLL Gene Rearrangement 

was seen in 6(7.6%) children.  All the positive children 

were females 6(100%) (Table 4). Out of 79 cases of B 

lineage ALL, 6(7.6%) were Infantile ALL (Males 

1(17%); Females 5(83%)). 4(67%) cases were positive 

for MLL Gene arrangement, all of them were female 

children (Table 5). 

Table 3:  Frequency of t (12;21) 

TEL/AML1(ETV6/RUNX1) abnormality in  B  acute 

lymphoblastic leukaemia. 

Cytogenetics 
Male 

n=37(46%) 

Female 

n=42(54%) 

Total 

n=79(100%) 

t(12;21) 

Positive 
3(8%) 6(14%) 9(11%) 

t(12;21) 

Negative 
34(91%) 36(86%) 70(91%) 

Table 4: Frequency of MLL(KMT2A) gene 

rearrangement abnormality in B-Lineage acute 

lymphoblastic leukaemia. 

Cytogenetics 
Male 

n=37 

Female 

n=42 

Total 

n=79(100%) 

MLL Positive 0(0%) 6(14%) 6(7.6%) 

Negative 37(100%) 36(86%) 73(92.4%) 

Table 5: Frequency of molecular abnormalities in 

Infantile B -Acute lymphoblastic leukemia. 

Total n=6 

(7.6%) 
BCR/ABL1 TEL/AML1 MLL(KMT2A) 

Male n=1 

(17%) 
0 0 0(0%) 

Female 

n=5 (83%) 
0 0 4(100%) 

Total 0 0 4(67%) 

Over all 17(22%) cases (Males 4(24%); Females 13(76%)) 

were positive for molecular abnormalities. In this study, 

t(12;21)TEL/AML1 was the highest frequency of molecular 

genetic abnormalities in patients with B-Lineage ALL. 

MLL(KMT2A) Gene Rearrangement was the frequent 

molecular abnormality observed in Infantile ALL. 

DISCUSSION 

ALL is a hematological malignancy develops as a result 

of the increased proliferation of lymphoid precursors and 

impairment of their differentiation. A series of genetic 

and molecular changes that are associated with certain 

clinical features cause this impairment.9 Studies showed 

the frequency of genetic and molecular changes in 

different parts of the world is different. Forestier et al, in 

2000, showed that frequency of translocation t(9; 22) (q34; 

q11) was found in 2.2% of  their study population.10 It is 

comparable to this study, which recorded 2.5% positivity for 

t(9;22), which is least common compared to t(12;21) and 

MLL Gene Rearrangement. 

Chopra et al, study showed that BCR/ABL1 was the 

frequently detected molecular abnormality in pediatric B-

AL.11 This is in contrast to this study, BCR/ABL1 was 

the least detected molecular abnormality even though 
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both studies are done in Indian children. Similarly a study 

by Arash et al, found translocation t(9;22) was the most 

common molecular abnormality in childhood B ALL.12 

However, Andreasson et al, in 2000 showed that del (9p) 

was the most common chromosomal structural 

abnormality in children with preB ALL.13  

In this study, abnormal t(12;21)TEL/AML1 was the highest 

percentage of molecular genetic abnormalities in patients 

with B lineage ALL(Table 3). These results are comparable 

to the to the results of De Braekeleer et al, study, which 

showed that t(12;21) (p13;q21) was the most frequent 

structural rearrangements  in children with B ALL even 

though t(9;22) (q34;q11) was the most frequent structural 

rearrangements among adults with B-ALL.14    

In contrast to this study, the low frequency of 

translocation t(12;21)TEL/AML1 among B ALL patients 

(Table 3) was observed by Arash et al, and Chebihi et 

al.12,15 In this study MLL(KMT2A) Gene Rearrangement 

was the most commonly found molecular aberration in 

infantile B ALL which is comparable to the study done 

by Vijayanarasimha et al.5 

Few limitations of this study are, Karyotyping and 

translocation t(1;19) were not performed. Karyotyping 

might have helped to detect few other abnormalities like 

Hyper diploidy and Hypodiploidy which have prognostic 

value. Hyper diploidy (>50 chromosomes/cell) observed 

in 25% of children with B ALL children, associated with 

non-random trisomies X, 4, 6, 10, 14, 17, 18 and 21. 

Trisomy 4, 10 and 17 [‘triple trisomy”] has been found to 

confer benefit.16 Extreme hypodiploidy with <44 

chromosomes/cell confer poor prognosis observed in 1% 

of children with B lineage ALL. 

In this study, t(1;19) (q23;p13) or TCF3-PBX1 was not 

tested in these children. Translocation t(1;19) is known to 

cause inferior survival outcome, usually it is observed in 

around 5% of children with B ALL. 

CONCLUSION  

t(12;21) TEL/AML1(ETV6/RUNX1) was the frequent 

molecular abnormality observed in B lineage ALL in 

south India and MLL(KMT2A) Gene Rearrangement was 

the frequent abnormality in Infantile B ALL. Genetic and 

molecular variations were different in comparison to 

other studies, authors concluded environmental, 

geographic, and population factors caused these 

differences among different populations.  

This study has limitations since Karyotyping and 

translocation t(1;19) (q23;p13) were not performed. On 

the other hand, the evaluation of these molecular changes 

can be used as diagnostic and prognostic factors along 

with other clinical parameters in monitoring the patient 

and this hypothesis requires further studies in the future. 
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