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INTRODUCTION 

              Chronic myeloid leukemia (CML) is a neoplasm disease 

distinguish by single expansion of hematopoietic stem 

cells, leading to an increase in peripheral blood myeloid, 

erythroid, and platelet cells, with bone marrow (BM) 

change  a myeloproliferative condition characterized by 

chromosomal change t (9; 22) (q34; q11),
[1]

 also 

sometimes called Philadelphia chromosome.  The result 

of this translocation case is a bcr-abl oncogenic fusion 

gene that resulting bcr-abl protein which lead to tyrosine 

kinase activity. More medical information’s knowledge 

about CML and the discovery of the pathogenesis of 

tyrosine kinase has led to the creation of a good drug 

called imatinib mesylate (IM) that binds at the ATP 

binding site and specifically stopped bcr-abl kinase 

action. The Imatinib treatment of CML gives high rate of 

cytogenetic and molecular attenuation in the majority of   

patients. Treatment protocol of CML patients whom in  

chronic phase is 400 mg IM per day that including  the 

bcr-abl transcript level using real time quantitative PCR 

(RQ-PCR) and  Philadelphia chromosome positive cells 

percentage using cytogenetic techniques farther more, 

some leukemic  patients not  respond to IM therapy. One 

of the real causes for that are ABL kinase mutations 

actually represent more than 50% of Imatinib 

unsuccessful in CML patients.
[3] 

 

Over the world Chronic myeloid leukemia (CML) 

patients   representive 15%–20% of all adult 

leukemia’s.
[4]

          

                     

               METHODS 

              A cross-sectional hospital based study conducted from 

June 2017 to Oct 2020 at Alneelain University, faculty of 

Medical Laboratory Sciences, Khartoum, Sudan.  All 

CML patients were diagnosed Positive of Philadelphia 
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ABSTRACT 

Background and Objectives:  Chronic myeloid leukemia (CML) is disease that    differentiated by gene called 

the bcr-abl fusion gene which produced bcr-abl fusion protein. The detection of tyrosine kinase inhibitor (TKI), 

imatinib, enhancement the treatment of CML patients, some patients resistant to the Imatinib resulting in increased 

bcr-abl level. Our general objective is to determine the frequencies and prognostic value of T3151and F317L 

resistant mutations in Sudanese patients with chronic myeloid leukemia, the specific objectives to generate 

strategies for improving treatment choices and detect resistant to therapy. Methods: Across-sectional hospital base 

study conducted from June 2017 to October 2019 at Alneelain University, faculty of Medical Laboratory Sciences, 

Khartoum, Sudan.  All CML patients were diagnosed Positive of Philadelphia chromosome from Hematology 

oncology at Radio and Isotope Center at Khartoum, Sudan after the approval of study. Patients were included both 

sexes, Philadelphia chromosome result, bone marrow report, clinical feature, WHO criteria for phases of disease 

and treatment. Results: Tow patients (2%) were found positive for both T315I mutant gene and F313L mutation 

and only one patient was positive for T315I mutant gene. Interpretation & conclusions: 3% positive T315I 

mutation and 2% positive F315L mutation are rare among the African population and very important to discover 

that. Screenings for bcr-abl mutations test for T315I and F317L mutations in CML patients give a good choice of 

specific treatment after resistant to Imatinib. We plan for future to investigate CML patients to screening tyrosine 

domain for other mutations before treatment as strategies. 

 

KEYWORDS: Allele – specific oligonucleotide polymerase chain reaction, Chronic Myeloid Leukemia, 

Imatinib, Myeloproliferative disease, Resistance. 
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chromosome from Hematology oncology at Radio and 

Isotope Center at Khartoum, Sudan after the hospital 

approved the study. Patients were included both sexes 

with their clinical data such as Philadelphia chromosome 

result, bone marrow report, clinical features, WHO 

criteria for phases, age, sex, occupations, duration of 

disease and treatment . 

       

Specimen Collection and Preparation 
Using sterile DNA free vacutainers, 3 ml of venous 

blood were collected from the vein under aseptic 

conditions. DNA was extracted from EDTA blood 

samples; and stored at -20 C for the Allele Specific 

Oligonucleotide -Polymerase Chain Reaction (ASO-

PCR) for two mutant genes; T315I and F317L. 

 

PCR Amplification 

ASO-PCR 
DNA was extracted using Guanidine Chloroform 

method; ASO-PCR was done in 30μl reaction (iNtRON 

BIOTECHNOLOGY KOREA). Three master mixes 

were prepared, one for T315I mutation detection, the 

second for F317L mutation detection and the for wild 

type bcr-abl detection (WT). PCR master mixes were 

prepared as following (per one reaction): 6μl of 5X PCR 

buffer, 1.5μl of 200μm dNTPs (iNtRON 

BIOTECHNOLOGY KOREA), 2μl of T315I mutation 

forward primers: (5'-gcccccgttctatatcatcat-3') or F317L 

mutation forward primer: (5- ccgttctatatcatcactgagttg-3), 

or normal bcr-abl specific forward primers: (5`- gcc ccc 

gtt cta tat cat cac -3`) and 2μl of common reveres primer: 

(5'-ggatgaagtttttcttctccag-3') (iNtRON 

BIOTECHNOLOGY KOREA), 1.5 Units of Go Tag 

DNA polymerase (iNtRON BIOTECHNOLOGY 

KOREA) and 12.2μl of dH2O. Two microliters of 

patient’s DNA was added for each mutation reactions 

and WT reaction.  

 

The ASO-PCR was optimized by annealing temperature 

(Ta) (52° to 69°C). The PCR profile was as follows: 

initial denaturation at 94°C for 5 min, then followed by 

30 cycles of denaturation at 95°C for 1 min, annealing at 

57.5°C for 1 min, extension at 72°C for 1min, and final 

extension at 72°C for 5 min. The products were assessed 

on 2.0 % agarose gel and staining with ethidium 

bromide. Molecular size of PCR products of T315I 

mutant, F317L mutation, and WT were 158 bp, 167 bp, 

and 158bp, respectively. Analysis of each sample was 

repeated at least twice in separated ASO-PCR reaction. 

 

Gel Electrophoresis: 2% agarose was prepared  

 

Visualization of PCR productsMolecular size of PCR 

products ofT315I mutant, F317L mutation, and WT were 

158 bp, 167 bp, and 158bp, respectively .DNA from 100 

bp to 10 kb.Sample was considered positive if a sharp 

band appeared at the running way from the well to the 

positive pole. 

 

When a sharp band was noticed; a quick comparison was 

made regarding the DNA ladder to identify the 

approximate length. 

 

Statistical Analysis SPSS software version 20was used. 

 

RESULTS 

The numbers of male patients were 67 (67%), while the 

numbers of females were 33 (33%) as can be seen in 

Fig.1. Ages of the studied patients ranged from 10 to 70 

years. The mean ages of the population were 43.89 years. 

The mean ages of males were 46.22years; and that of 

females were 41.75 years. The ratio of male to female is 

2:1. 

 

Two patients (2%) were found positive for both T315I 

mutant gene and F317L mutation as can be seen in 

(Figures I, II. III and IV), and only one patient (1%) was 

positive for T315I mutant gene. Those patients were 

showed the most severe criteria such as spleenomegaly 

or accelerated phase criteria or thrombocytosis. 
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Figure (I) Frequencies of Sex Among Population. 
Figure (II) Frequencies of BCR-ABLT315I and F317L 

Mutations Against Wild Type. 
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Figure (III): Frequencies of BCR-ABL T315I Plotted 

against Wild type BCR-ABL.                     

Figure (IV): Frequencies of F317L Mutation against 

Wild Type. 

 

DISCUSSION 

This study focus in T315I and F317L as resistant 

mutation to Imatinib treatment and prevalence of these 

mutations among CML patient in Sudan.  

 

 One hundred participants enrolled in this study, all CML 

patients were diagnosed Positive of Philadelphia 

chromosome Patients were included both sexes with 

male/female ratio about 2.1 with their clinical data such 

as Philadelphia chromosome result, bone marrow report, 

clinical features, WHO criteria for phases, age, sex, 

occupations, duration of disease and treatment.   In this 

study two patients (2%) were found positive for both 

T315I mutant gene and F317L   mutation and only one 

patient (1%) was positive for T315I mutant gene.  First 

patient was a female 45 years old complain from 

abdominal pain and fever and in accelerating phase and 

bone marrow result show blast cells less than 6.0%, 

TWBS count was (5.4x 10
3
/uL), Platelet count was 

(599x 10
3
/uL), Haemoglopin concentration was 12.5 

g/dl. Second patient was a male 45 years old complain 

from back pain, fatigability and fever and was in chronic 

phase and bone marrow result show blast cells more than  

6.0%, TWBS count was(3.3x 10
3
/uL), platelet count was 

(121x 10
3
/uL),Haemoglopin concentration was 11 g/dl.  

Third patient was a male 23 years old complain from 

spleenomegally, fatigability and fever and was in chronic 

phase and bone marrow result show blast cells less than  

2.0%, TWBS count was(4.2x 10
3
/uL),Platelet count was 

(278x 10
3
/uL),Haemoglopin concentration was 13.2 g/dl. 

 

 T315I in this study was found 3% (3 patients), and this 

may be similar to Study done by Rahem, Adel and Luaa 

in 2017 at the Oncology-Hematology center in Al-Najaf 

city of Iraq T315I mutation was found in two of 

resistance patients to treatment of fifty patients eligible 

for study have been investigated, dividing into resistance 

group taken into consideration as a cases (24/50) and 

responding group (26/50) considered as a control. 

 

Also considered almost the same and similar to study 

done by Yuslina Mat Yusoff and other   in Malaysia 

2016 Fifteen out of 285 samples (5.26%) were positive 

for T315I mutations after amplification with real-time 

PCR assay. From the total number of positive samples, 

six patients were in accelerated phase (AP), four in 

chronic phase (CP) and five in blast crisis (BC).Also 

study same result in study of Elnahass et al., (2013) 

reported that 3.57% (1/28) T315I mutation was detected 

in IM resistant patients. The findings from Dhahi et al., 

(2013) showed the frequency of T315I mutation was 

detected in 1 of 34, 3.03% CML patients in accelerated 

phase after IM failure. Both studies were performed 

using allele-specific oliogonucleotide-PCR for mutation 

screening (Elnahass et al., 2013). 

 

On other hand this study disagree with study done in 

Thailand ,China and Korea by Hawk Kim et al. (2018) in 

study Comparison of Frequency and Sensitivity of BCR-

ABL1Kinase Domain Mutations in Asian and White 

Patients With Imatinib-resistant Chronic Phase Chronic 

Myeloid Leukemia.In the nonstudy cohort, 80 mutations 

were identified;the most frequent was T315I (15%), 

followed by phosphate-binding loop mutations E255K 

(11%), G250E (10%), Y253H (10%). Asian patients had 

a greater proportion of T315I and phosphate-binding 

loop mutations compared with the white patients. The 

non study cohort was less likely to have multiple 

mutations compared with either study cohort. In the 

white study cohort, 152 P-loop mutations (36%) were 

identified. The G250E mutation was also the most 

common in this group (12%). 

 

 The variation in mutation detection between this study 

and other different studies may be due to ethnic group, 

technical or biological reasons. Therefore, it is possible 

that the frequency of positive results would increase with 

more sensitive assays covering more types of mutations. 

 

Recently, the study on IM-resistant CML patients 

showed two of twenty-two patients had T315I mutation 

(Yap et al., 2017). Our finding is in concomitant with a 

study conducted by other researchers in different 

population and different result (Elias et al., 2014) may be 

from different ethnic group. In their study, 7.2% (9/125) 

T315I mutations were detected in Malaysian CML 

patients whom undergoing IM therapy. 

 

Our study different from study  conducted by Elias et al., 

(2012) reported that T315I mutation was detected in 8 of 

40 cases (20%) in Philadelphia chromosome (Ph) 

positive CML patients who showed resistance to IM. In 
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addition, Roche-Lestienne et al., (2002) revealed that 

12.5% (3/24) of IM-resistant patients showed positive 

T315I. The T315I mutation was detected in 5.2% 

(10/191) CML patients in the current study.  

 

T315I in this study was found 3% (3 patients), and this 

may be considered almost the different ; when compared 

to results obtained by Willis83 and colleagues; who used 

cDNA sequencing and allele-specific oligonucleotide–

polymerase chain reaction (ASO-PCR) assay in imatinib-

naive CML patients. They detected T315I in 8 patients 

out of 66 (12.1%). Roche64 et al screened for T315I 

using reverse transcription polymerase chain reaction 

restriction fragment length polymorphism (RT-PCR-

RFLP) technique, and ASO-PCR. T315I was 12.5% (3 

patients. 

 

F317L in this study was found 2% (tow patients), and 

this could be considered somewhat the same as results of 

study done by AbdallahAwidi and Nidda Ababneh2012 

in Jordan University Hospital adult CML patients The 

finding of study concerning ABL gene mutation in CML 

is in line with what has been described in the literature 

(Soverini et al., 2006; Lewandowski et al., 2009). 

Mutations were found in 21 of 185 chronic-phase 

patients (11.35%) treated with imatinib. 4 patients have 

T315I; 3 patients have L248V; 3 patients have G250E; 

and 3 have F317L; two patients with each of the 

following mutations: M244V, T277A, and H396R, and 

one patient with each of the following mutations: 

M318T, Y326H, Q252H, F311I, F359A, and F359I. 

Three of the above 21 patients had more than one 

mutation, one of them had M244V with G250E; the 

second patient had F317L, M318T, and Y326H, and the 

third one had T277A and F359A.  Both mutations T315I 

and F317L were found in two patients to gather and one 

mutation (F315I) was found in one patient as single 

mutation.Finding of two mutations in one patient agree 

with study reported by (Jamshid S. Khorashad., et al 

2018) in Europe at University o Utah, Oregon Health & 

Science University, University of Leipzig, Hammersmith 

Hospital, Imperial College London, and the University of 

Bologna was used for analysis. a total of 1700 samples 

harboring BCR-ABL1 kinase domain mutations 

detectable by direct sequencing at the 5 participating 

centers Study sequenced a total of 583 colonies  and 

identified 218 different mutations, 167 (77%) of which 

were missense mutations encompassing 157 residues in 

the kinase domain .The remaining 51 nucleotide changes 

(23%) were silent mutations. The residues most 

frequently involved in missense mutations were F317 

(5.4%), T315 (4.9%), G250 (3.5%), M351 (3.2%), F359 

(2.7%), and V299 (2.4%). Thirty different compound 

mutations were detected among the 33 patients shown to 

harbor compound mutations, the T315I/F359V, 

Y253H/F317L, and G250E/V299L mutations were each 

detected in more than one patient.  

 

The study found significant relationship (Pvalue 0.037) 

between phases and age, also show significant 

relationship (Pvalue 0.00) betweenT315I mutation , 

F317L mutation and Wild Type and found insignificant 

relationship (P >0.05) of sex among phases, T315I 

mutation, F317L mutation and Wild Type. Also the 

study found insignificant relationship (Pvalue 0.4) of age 

among T315I mutation, and age among F317L mutation 

(Pvalue 0.4). 

 

Study divided occupation for five groups, first was field 

included (farmers, drivers), second groups was 

professionals included(engineers, teachers), third groups 

was wife included wives only and forth groups included 

students and the last one whom no work, so the study 

found significant relationship (pvalue 0.00) between 

occupation and phase, also found significant 

relationship((pvalue 0.00) between occupation and age 

but study found an insignificant relationship((pvalue 0.3) 

between occupation and T315I mutation and found 

insignificant relationship (pvalue 0.08) between 

occupation and F317L mutation. 
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