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Abstract 

Breakpoint cluster region-abelson (BCR-ABL) leukemic fusion gene types in chronic myeloid leukemia (CML) 

correlate with the disease clinical course and outcome. There are variations in the reports of previous studies about the 

frequencies and distribution of BCR-ABL transcripts in chronic myelogenous leukaemia among Sudanese patients. This 

research aims to determine the frequencies of BCR-ABL fusion transcript variants in Sudan. One hundred (informed 

consent) Philadelphia positive chronic myeloid leukaemia patients, in chronic phase, were enrolled in this study. EDTA 

anticoagulated peripheral blood samples were collected from each participant, RNA was extracted from mononuclear cells 

by (TRIzol) reagent. BCR-ABL transcripts were detected by qRT-PCR technique with specific primers forP190 and P210 

BCR-ABL transcript variants. The typical p210 BCR-ABL transcripts (b3a2 or b2a2) were detected in all patients (100%) 

the b3a2 transcript was detected in 96/100 (96%) and the b2a2 transcript was detected in 4/100 (4%).co-expression of 

p210/p190 (b2a3/e1a2) was detected in 6/100 (6%). p190 variant was not detected independently.   
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1. Introduction 

Chronic myelogenous leukaemia (CML), is 

amyeloproliferative neoplasm. CML is a multi-stage 

disease that progresses from chronic phase (50% of patients 

are asymptomatic while others have symptoms, e.g., weight 

loss). Untreated cases shift to an accelerated phase which is 

characterized by clinical symptoms such as Organomegaly, 

and laboratory diagnostic features including Leukocytosis 

and Basophilia. In about75% of patients, accelerated phase 

shift to ablastic phase which is similar to acute leukaemia 

and leading to death within 3-6 months[1]. CML was the 

first neoplasm to be associated with a specific chromosomal 

rearrangement called the Philadelphia chromosome (Ph'). 

The Ph' chromosome is an abnormal chromosome 22 that 

results from reciprocal translocations between 

chromosomes 9 and 22 [t (9; 22) (q34; q11)] [2]. This 

translocation of Abelson gene (ABL) located on 

chromosome 9 and breakpoint cluster region (BCR) located 

on chromosome 22 lead to the creation of BCR-ABL fusion 

gene [3]. This BCR-ABL fusion gene activates proto-

oncogene tyrosine kinase, which is responsible for 

dysregulation of cell differentiation, proliferation and 

apoptosis[4,5]. The BCR-ABL genomic breakpoint location 

is highly variable[6]. Break points in the ABL gene are 

relatively consistent, typically in the intron before exon 2. 

According to the breakpoints in the BCR gene, three BCR-

ABL genes can be formed. The first typical BCR-ABL gene 

that is seen in more than 99% of Ph'-positive CML patients 

is derived from a disruption of the major break-point cluster 

region (M-bcr) either between b2 and b3 or b3 and b4 

which results in (b2a2) or (b3a2) transcripts. This result in 

translation of a 210 kDa fusion protein designated as (p210 

BCR-ABL). The second breakpoint in BCR gene has been 

identified in Ph'-positive ALL and in sporadic cases of 

CML and is located in intron 1 within the minor break-point 

cluster region (m-bcr). Consequently, only BCR exon 1 (e1) 

is joined to ABL exon 2 (e1a2) transcript, the translation 

results in (p190 BCR-ABL) protein.  The third break-point 
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is located in the micro break-point cluster region (µ-bcr) 

between exon 19 and exon 20 and results in an (e19a2) 

BCR-ABL transcript and a (p230 BCRABL) protein. 

Another rare transcript (b2a3, b3a3) that occurs within the 

(M-bcr) region can also be seen in CML. Co-expression of 

the transcripts in the (M-bcr) or in the (m-bcr) with one of 

(M-bcr) have also been reported[7-9]. 

The types of the fusion gene in CML are thought 

to be related to the disease clinical course and outcome. 

Researchers have been, however, unsuccessful in locating 

any significant correlation[7, 10]. There are variations in 

the reports of previous studies about the frequencies and 

distribution of BCR-ABL transcripts in chronic 

myelogenous leukaemia among Sudanese patients [11-13]. 

The aim of this study was to determine the frequencies of 

BCR-ABL fusion transcript variants in Sudan. 

 

2. Materials and methods 

One hundred Ph positive CML patients were 

enrolled in this study. Following informed consent, 3 ml of 

peripheral blood samples were collected in EDTA from 

each patient. Haematological and molecular analyses were 

performed at RICK and Alzahrawi Medical laboratories, 

Khartoum, Sudan.  

2.1 RNA extraction  

Leukocytes were prepared from peripheral blood 

samples after the addition of red blood cells lysis buffer 

(0.1mM EDTA and 1mM KHCO3, 150mM NH4Cl) pH7.3. 

Total RNA was extracted from mononuclear cells by 

TRIzol reagent. Extracted RNA integrity was determined 

by gel electrophoresis (agarose).  

2.2 cDNA synthesis  

For cDNA synthesis, 5µl of total RNA were first 

incubated with 9.5 ml of RNAase free distilled water  at 

70°C for 10 minutes, cooled  on ice and reversely 

transcribed in a reaction mixture containing (Reverse 

Transcriptase (RT) buffer: 20 mM Tris HCl, 50 mM KCl, 

pH 8.3; 5mM MgCl2,  10 mM DTT, 5mM random 

hexamers, 20 units RNAase, 10 units RT enzyme, 1mM 

dNTP and H2O to a total volume of 20 µl) at 42°C for 60 

minutes. RT enzyme was denatured by incubating the 

reaction at 99°C for 5 minutes.  

2.3 qRT-PCR  

Primers and probe sequences were obtained from 

(Eurofins genomics) company as follows: (BCR2) b2 sense: 

TGCAGA TGC TGA CCA ACT CG; (BCR3) b3 sense: 

CGT CCA CTC AGC CAC AT; and a2 (ABL) antisense: 

TCCAAC GAG CGG CTT CAC. TaqMan probe for e14a2 

and e13a2 was: CAG TAG CAT CTG ACT TTG AGC 

CTC AGG GTC T, which is derived from ABL exon 2 and 

lies within the fusion region of the b2a2 and b3a2. The 

ABL Primers and probe were: ABL antisense, GGC CAC 

AAA ATC ATA CAG TGC A; ABL sense, GTC TGA 

GTG AAG CCG CTC GT; and TaqMan probe, TGG ACC 

CAG TGA AAA TGA CCC CAACC. Sequences were 

contained in ABL exon 2. 

Reaction mixtures of 25 µlcontained MgCl2 5 

mM, TaqMan buffer A with the ROX dye as the passive 

reference 12.5 µl, 400μM dUTP, 200μMdATP, dCTP, 

dGTP, AmpliTaq Gold DNA polymerase 1.25 U, 

AmpErase Uracil N-glycosylase (UNG) 0.5 U, forward and 

reverse primers 300 nM, specific TaqMan probe 200 nM 

and cDNA 6µl (1:3) dilution.Mixture was incubated at 

50°C for 2 minutes and 95°C for 10 minutes, with 50 

amplification cycles of15 seconds at 95°C and 60 seconds 

at 65°C. Agarose gel was used to determine the P210 and 

P190 transcript variants by differences in fragment size of 

PCR product. 

2.4 Ethical consideration 

The participants were informed by simple 

language about the aim of the research, the disease and the 

benefit from the study. Patients consent were taken if they 

agreed to participate. The blood samples were collected 

under aseptic technique by a professional technician to 

protect the participants from infectious hazards. 

 

3. Results 

One hundred CML-Ph positive Sudanese patients’ 

samples were examined by qRT-PCR for BCR-ABL 

transcript variants. (59/100; 59%) were male with mean age 

46.56 years, and (41/100; 41%) were female with mean age 

46.51 years.  

The typical p210 BCR-ABL transcripts (b3a2 or 

b2a2) were detected in all patients (100%) the b3a2 

transcript was detected in 96/100 (96%) and the b2a2 

transcript was detected in4/100 (4%). co-expression of 

p210/p190 (b2a3/e1a2) was detected in 6/100 (6%). p190 

was not detected independently.   

 

4. Discussion 

In this study, we explored the frequencies and of 

major and minor BCR-ABL transcript variants among Ph-

positive Chronic Myelogenous Leukaemiain Sudanese 

patients. P210 transcript variantswere detected in all 

patients.Which is in agreement with data derived from 

similar studiesin KoreaSyriaand Sudan [11,14,15].  

The distribution of p210 transcript variants (b3a2 

& b2a2) show an increase in b3a2 compared to b2a2. Our 

result is in agreement with previous study done in 

Sudan[12]. Our study also in agreement with otherstudies 

inTunisia[16] and Japan[17]. Our result is in disagreement 

with a study in Ecuador which described an increase in 

b2a2 compared to b3a2 transcripts [16]. The differences 

between studies maybe due to the differences in the 

technique sensitivity[15], or ethnicity [12]. Some studies 

have also shown that b3a2 had a rapid complete cytogenetic 

response than b2a2 which may be due to higher BCR-ABL 

tyrosine kinase inhibitors [18]. Co-expression of p210/p190 
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transcripts was detected in 6% of the patients. This is in 

agreement with a  local study that found 5.4%[12]. Recent 

reports have described an association between p190 and 

rapid disease prognosis[19]. In this study, high frequency of 

p190 were detected in comparison to internationally 

reported cases[20], for this reason, more research is needed 

in this field. 
 

5. Conclusion   

P210 transcript variants were detected in all CML-

Ph positive patients, while co-expression (b3a2/e1a2) was 

detected in6%. This study reported differences in the 

frequencies and distribution of BCR-ABL fusion transcript 

variants compared to previously studied populations in the 

same field among Sudanese patients. These variations could 

be due to multi-ethnicity in the Sudanese patients included 

in the study.  
 

Acknowledgement 

We acknowledge Mugtabelsammani Ahmed 

Abdelsalam and Elham Ramadan Khrif Alaminfor their 

valuable support. Special thanks to the Staff of Alzahrawi 

Medical laboratories.  
 

References 

[1]. Faderl S, Kantarjian HM, Talpaz M. Chronic 

myelogenous leukaemia: update on biology and 

treatment. Oncology-Williston Park Then Huntington. 

1999;13:169-80. 

[2]. Nowell P, Hungerford D. A minute chromosome in 

human chronic granulocytic leukaemia. Landmarks in 

Medical Genetics: Classic Papers with 

Commentaries. 2004;132(51):103. 

[3]. Collins S, Groudine M. Rearrangement and 

amplification of c-abl sequences in the human chronic 

myelogenous leukaemia cell line K-562. Proceedings 

of the National Academy of Sciences. 

1983;80(15):4813-7. 

[4]. Kalmanti L, Saußele S, Lauseker M, Müller M, Dietz 

C, Heinrich L, et al. Safety and efficacy of imatinib in 

CML over a period of 10 years: data from the 

randomised CML-study IV. Leukaemia (08876924). 

2015;29(5). 

[5]. Kantarjian H, O'Brien S, Jabbour E, Garcia-Manero 

G, Quintas-Cardama A, Shan J, et al. Improved 

survival in chronic myeloid leukaemia since the 

introduction of imatinib therapy: a single-institution 

historical experience. Blood. 2012;119(9):1981-7. 

[6]. Score J, Calasanz M, Ottman O, Pane F, Yeh R, 

Sobrinho-Simoes M, et al. Analysis of genomic 

breakpoints in p190 and p210 BCR–ABL indicate 

distinct mechanisms of formation. Leukaemia. 

2010;24(10):1742. 

[7]. Adler R, Viehmann S, Kuhlisch E, Martiniak Y, 

Röttgers S, Harbott J, et al. Correlation of BCR/ABL 

transcript variants with patients’ characteristics in 

childhood chronic myeloid leukaemia. European 

Journal of Haematology. 2009; 82(2): 112-8. 

[8]. Pane F, Frigeri F, Sindona M, Luciano L, Ferrara F, 

Cimino R, et al. Neutrophilic-chronic myeloid 

leukaemia: a distinct disease with a specific molecular 

marker (BCR/ABL with C3/A2 junction)[see 

comments]. Blood. 1996; 88(7): 2410-4. 

[9]. Melo JV. The diversity of BCR-ABL fusion proteins 

and their relationship to leukemia phenotype 

[editorial; comment]. Am Soc Hematology; 1996. 

[10]. De Lemos J, de Oliveira CM, Scerni A, Bentes AQ, 

Beltrão AC, Bentes I, et al. Differential molecular 

response of the transcripts B2A2 and B3A2 to 

imatinib mesylate in chronic myeloid leukaemia. 

Genet Mol Res. 2005;4(4):803-11. 

[11]. Muddathir A, Kordofani AA, BarbAny G. BCR-ABL 

fusion transcripts frequencies by QRT-PCR in 

Sudanese CML patients. 2015. 

[12]. Mahdi hussein A. abdalla MEAa, Ahmed Modawi 

Musa, Eltahir Awad Gasim Khalil frequency of BCR-

ABL transcripts among Sudanese patients with 

persistent myeloid leukocytosis: A diagnostic aid for 

chronic myeloid leukemia in low -income countries. 

International Journal of Current Research. 

2013;5(5):1291-3. 

[13]. Osman E-AI, Hamad K, Elmula IMF, Ibrahim ME. 

Frequencies of BCR-ABL1 fusion transcripts among 

Sudanese chronic myeloid leukaemia patients. 

Genetics and Molecular Biology. 2010;33(2):229-31. 

[14]. Goh H-G, Hwang J-Y, Kim S-H, Lee Y-H, Kim Y-L, 

Kim D-W. Comprehensive analysis of BCR-ABL 

transcript types in Korean CML patients using a 

newly developed multiplex RT-PCR. Translational 

Research. 2006;148(5):249-56. 

[15]. Walid Al-Achkar FM, Nagham Youssef, Abdulsamad 

Wafa. Correlation of p210 BCR-ABL transcript 

variants with clinical, parameters and disease outcome 

in 45 chronic myeloid leukemia patients. JBUON. 

2016;21(12):444-9. 

[16]. Bennour A, Ouahchi I, Achour B, Zaier M, Youssef 

YB, Khelif A, et al. Analysis of the clinico-

haematological relevance of the breakpoint location 

within M-BCR in chronic myeloid leukaemia. 

Medical oncology. 2013;30(1):348. 

[17]. Ito T, Tanaka H, Tanaka K, Ito K, Kyo T, Dohy H, et 

al. Insertion of a genomic fragment of chromosome 

19 between BCR intron 19 and ABL intron 1a in a 

chronic myeloid leukaemia patient with μ‐BCR‐ABL 

(e19a2) transcript. British Journal of haematology. 

2004;126(5): 752-3. 

[18]. Lucas CM, Harris RJ, Giannoudis A, Davies A, 

Knight K, Watmough SJ, et al. Chronic myeloid 

leukaemia patients with the e13a2 BCR-ABL fusion 

transcript have inferior responses to imatinib 

compared to patients with the e14a2 transcript. 

Haematologica. 2009; 94(10):1362-7. 

[19]. Jain P, Kantarjian H, Patel KP, Gonzalez GN, Luthra 

R, Shamanna RK, et al. Impact of BCR-ABL 

transcript type on outcome in patients with chronic-

phase CML treated with tyrosine kinase inhibitors. 

Blood. 2016;127(10):1269-75. 

[20]. Verma D, Kantarjian HM, Jones D, Luthra R, 

Borthakur G, Verstovsek S, et al. Chronic myeloid 

leukaemia (CML) with P190 BCR-ABL: analysis of 

characteristics, outcomes, and prognostic significance. 

Blood. 2009;114(11):2232-5. 


