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Background & Objective:  Chronic myeloid leukemia (CML) is a 
myeloproliferative disorder caused by an aberrant BCR-ABL fusion protein. 
Imatinib mesylate (IM) is a tyrosine kinase inhibitor that induces clinical remissions 
in chronic-phase CML patients. The T315I mutation at the gatekeeper residues of 
BCR-ABL confers resistance to both IM and second-generation TKIs, including 
dasatinib and nilotinib. Our objective was to determine the prevalence of T315I 
mutation between two groups of CML patients before and during Imatinib treatment 
in North-East of Iran. 

 Materials & Methods:  This study was conducted on 100 newly diagnosed cases of 
CML (before commencing IM treatment) and 25 IM-resistant CML patients. PCR-
RFLP, ASO-PCR, and direct sequencing were performed to detect T315I mutations.  

Results:  The median age of newly-diagnosed and IM-resistant patients was 48±14 
and 50±12.3 years, respectively. Males/Females ratio was 1 and 1.08 for newly 
diagnosed and IM-resistant patients, respectively. There was no significant difference 
regarding the age and sex between the two groups. During the study, T315I mutational 
analysis was performed for all 125 patients. The prevalence of T315I mutation was 
0% and 4% for newly-diagnosed and IM-resistant patients, respectively.  T315I 
mutation was not detected before IM administration, although it was detected in 1(4%) 
among resistant patients who were at least 6-months on IM treatment. 

Conclusion:  These observations suggest that T315I mutation may be categorized 
as secondary resistance and induce clonal expansion due to BCR/ABL instability. 
Hence, BCR-ABL mutations are less likely to appear before the onset of treatment, 
as presented in our study. 
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Introduction
Chronic myeloid leukemia (CML) accounts for nearly 

20% of all diagnosed leukemia in adults, with similar 
frequency rates worldwide (1). CML is considered a 
myeloproliferative disorder which characterized by 
extensive proliferation and expansion of myeloid cells at 
various stages of maturation and differentiation (2-6). 
BCR-ABL fusion gene is the hallmark of CML, which 
results from reciprocal translocation t(9; 22) (q34;q11), 
creating Philadelphia (Ph) chromosome (6). Ph 

chromosome is observed in more than 95% of CML 
patients (7, 8).  

Substantial evidence indicates that BCR-ABL 
alterations lead to high levels of tyrosine kinase (TK) 
activities and deregulations in leukemic cell growth (2-5, 
9, 10). BCR-ABL tyrosine kinase inhibitors (TKIs) are 
the first-line treatment option for CML patients (1, 7, 11). 
Imatinib mesylate (IM) is the first-generation of TKIs 
currently used as the frontline therapy for CML patients. 
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Since its introduction into clinical practice, this inhibitor 
has become a standard treatment option for CML patients 
worldwide. However, some patients treated with imatinib 
fail to respond, respond sub optimally, or experience 
relapse because of primary or acquired resistance or 
intolerance (7). BCR-ABL mutations interfere with IM 
binding to the ABL kinase domain. Hence, they may lead 
to various levels of resistance. These mutations account 
for up to 33% of patients’ suboptimal response to IM 
therapy (3, 4, 12, 13). 

Among these mutations, the T315I mutation at the 
gatekeeper residues of BCR-ABL confers resistance to 
both IM and second-generation TKIs, including dasatinib 
and nilotinib (5, 14).  

T315I mutation represents the replacement of threonine 
by isoleucine at position 315 in the ABL component of 
BCR-ABL (15, 16). In contrast, Ponatinib is a multi-
targeted oral TKI that overcomes the T315I mutation (17). 
Due to its serious cardiovascular side effects, it is 
prescribed only for special patients. Therefore, the therapy 
of the BCR-ABL1T315I-mutated CML represents a 
serious clinical challenge (18). In addition to resistance, 
the TKIs are disabled to eradicate leukemic stem cells. 
Hence, the disease relapse often occurs when the 
treatment is stopped (19). 

Thus, the despite development in treatment, we need to 
investigate the interventional factors of the treatment. 
Screening of T13I mutation is currently suggested for all 
CML patients, undergoing TKI treatment. Early detection 
of this mutation is paramount for modifying therapeutic 
regimens at the lowest levels of mutant clones (5, 14, 20). 
Otherwise, disease progression towards a fatal blast crisis 
is inevitable (21, 22).    

In this study, we aimed to develop an allele-specific 
oligonucleotide (ASO) polymerase chain reaction (PCR) 
assay to determine the prevalence of T315I mutation in 
CML patients in North-East of Iran. Also, we analyzed 
and compared the clinical findings of newly-diagnosed 
and IM-resistant patients. 

 

Materials and Methods 
Study Population 

This retrospective study was conducted on 100 newly-
diagnosed (before the onset of treatment) and 25 IM-
resistant CML patients from February 2012-December 
2014. BCR-ABL translocation was detected in all 
patients, and the two expert pathologists confirmed the 
disease at the Molecular Pathology Department of Ghaem 
Hospital, Mashhad, Iran. Chronic CML was defined by 
the presence of BCR-ABL translocation as well and < 
10% blasts in peripheral blood or bone marrow, < 20% 
basophils in peripheral blood, and < 30% blasts plus 
promyelocytes in peripheral blood or bone marrow. 
Demographic, clinical, and treatment-related data were 
collected from patients’ archived medical records. The 
ethical committee of Mashhad University of Medical 

Sciences (IRMUMS IMREC 628493) reviewed and 
approved the study protocol. 

Quantitative qRT-PCR for BCR-ABL  
Total RNA was extracted from the aliquots of 125 

peripheral blood leukocytes, using TRIzol reagent 
(Invitrogen, CA, USA). Also, cDNA was synthesized by 
superscript III cDNA synthesis kit (Invitrogen, CA, 
USA), according to the manufacturer's instructions. Next, 
RNA and cDNA qualities were assessed by a NanoDrop 
(Thermo Scientific NanoDrop2000, Finland). Real-time 
quantitative PCR (RQ-PCR) was performed, and 
BCR/ABL transcripts and ABL control gene were 
quantified according to Ipsogen BCR-ABL1 Mbcr IS-
MMR Kits (QIAGEN, Germany). 

ASO-RT-PCR Assay for the Detection of T315I 
Mutation 

ASO-PCR was implemented using three primers 
including a forward primer (5'-CGC AAC AAG GCC 
ATC GTG-3'), a reverse primer (5'- TCC ACT TCG TCT 
GAG ATA CTG GAT-3') and a reverse mutant primer 
(5'-CGT AGG TCA TGA ACT CAA-3'), all primers were 
specific to T315I mutation, according to a previously 
published article (16). The mutants and internal controls 
were analyzed in a single reaction. ASO-PCR was 
optimized by adjusting the annealing temperature (Ta), 
MgCL2 concentration, and primer concentrations. Each 
PCR reaction was prepared at a final volume of 25 µl, 
using 2 μL cDNA, 0.5 μL of F1 and R1 primers, 1 μL of 
Rm primer, and 12.5 μL of Taq DNA Polymerase Master 
Mix Red Kit (Amplicon, Denmark).  

Finally, PCR products were assessed on 2% Agarose 
gel after ethidium bromide staining. The PCR condition 
was as follows: initial denaturation at 94 ºC for 3 min, 
followed by 35 cycles of denaturation at 94 ºC for 10 sec, 
optimized primer annealing at 59 ºC for 20 sec, extension 
at 72 º C for 40 sec, and the final extension at 72 ºC for 5 
min, using a thermal cycler (Applied Biosystems Veriti, 
USA). The mutant T315I allele gave a band of 304bp and 
an 863-bp for the entire ABL domain. However, the wild-
type ABL allele gave a band of 863 bp.  

Restriction Fragment Length Polymorphism 
(RFLP) Assay 

The PCR profile used for amplification was as follows: 
initial denaturation at 94 ºC for 12 min, followed by 35 
cycles of denaturation at 94 ºC for 1 min, annealing at 59 
ºC for 1 min, extension at 72 º C for 1 min, and a final 
extension at 72 ºC for 5 min. Next, primer sequences were 
Primer forward 5ˊ-GAGGGCGTGTGGAAGAAATA-
3ˊand Primer reverse 5ˊ-GCTGTGTAGGTGTCCCCT-
GT-3ˊ. 

The PCR product was digested with 5 U of Ddel 
restriction enzyme (Fermentase, Canada) and 
electrophoresed on 8% Acrylamide gel. RFLP products 
were as follows: wild-type bands (36 and 171 bp), a 
mutant band (207bp), and an undigested band (412 bp). 
Finally, Direct Sequencing was performed to confirm 
positive results (Figure 1).  
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Figure1. RFLP-PCR electrophoresis gel (Acrylamide)1-6 

and 10,12,13 were wide type,11 was positive, 8 was cut band, 
and 7 was uncut PCR product. 

 

Statistical Analysis 

The statistical analysis was performed using the 
software SPSS version 22 (version 22, SPSS Inc). 
Continuous data were analyzed by independent sample t-

test and Mann–Whitney test. Also, the chi-square test was 
used for categorical data. The statistical level of 
significance was defined as a P-value less than 0.05 . 

 

Results  
Regarding patients undergoing IM treatment, they 

comprised 25 CML patients who were at least 6-months 
under IM treatment (400 mg/day) and showed an 
inadequate response to IM therapy. Regarding newly 
diagnosed cases, they was 100 CML patients before the 
start of the treatment. The median age of newly-
diagnosed and IM-resistant patients were 48±14 and 
50±12.3, respectively. Patients aged at least 17 years 
were considered eligible for the study. In the newly-
diagnosed group, males and females comprised 50% of 
the total cases. However, in IM-resistant patients, males 
were slightly more than females (52% versus 48%). 
There was no significant difference between male and 
female subjects regarding age or gender distribution in 
the two groups. In addition, the clinical characteristics of 
patients are summarized in Table 1.  

 

Table 1. Patients’ complete blood count (CBC) parameters in the two groups (before and after treatment). B (before 
treatment), A (after treatment). RBC: Red Blood Cell, WBC: White Blood Cell, PLT: PLATELET, HCT: Hematocrit, Hb: 
Hemoglobin, MCV: Mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular 
hemoglobin concentration. 

Variables Groups Mean Deviation(±SD) Range 

RBC (x 10^6/µL) 
B 3.77 0.87 6.00-1.78 

A 3.97 0.79 5.40-2.63 

WBC (x 10^3/µL) 
B 117.21 70.45 339.00-15.90 

A 45.07 65.64 253.26-3.30 

PLT (x 10^3/µL) 
B 501.67 101.94 10100.00-62.00 

A 377.28 230.28 894.00-9.00 

HCT (%) 
B 33.42 6.82 49.20-15.70 

A 33.99 6.54 29.80- 23.50 

Hb (g/dL) 
B 10.74 2.09 15.60-6.10 

A 10.96 2.26 15.00-7.40 

MCV (fl) 
B 87.81 7.95 103.90-59.00 

A 87.09 6.79 100.00-65.00 

MCH (pg) 
B 28.5 3.45 38.50-17.20 

A 27.76 2.33 32.30-19.00 

MCHC (g/dl) 
B 32.29 2.4 43.70-28.40 

A 31.78 1.58 34.60-29.10 
 

Splenomegaly and hepatomegaly were reported in 
89.9% and 54.4% of patients, respectively; the 
difference between male and female subjects was 
significant (P<0.04). Moreover, a correlation was 
detected between Hct and Hb levels in both genders 
(P< 0.0001). Also, White blood cell count (WBC), 

hemoglobin (Hb), and hematocrit (Hct) levels were 
significantly different between the two groups. 

In both groups, T315I mutation detection was carried 
out by ASO-PCR and PCR-RFLP. The mutation was 
detected in 4% of 25 IM-resistant patients.  
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Discussion  
In the current study, 125 CML patients (before the 

onset of IM therapy and during therapy) were evaluated 
to determine the frequency of T315I mutation in 
patients from the North-East of Iran. IM resistance due 
to BCR-ABL mutations represents a significant clinical 
problem that may not be overcome by increased IM 
dosage. In previous studies, the frequency of these 
mutations ranged between 2% and 24% worldwide. 
This variation in frequency may be attributed to 
varying sensitivities of different methods used and the 
time of mutation detection and effects of different races 
(23-25). 

Similarly, in another study from Iran, Chahardouli 
and coworkers assessed T315I mutation in 60 resistant 
CML patients by ASO-PCR and reported this mutation 
in 4% of their patients (18). Also, Elias et al. evaluated 
125 CML patients from Malaysia and found that 22.4% 
of those had resistant mutations. Of these, 7.2% were 
T315I. The mean age of T315I emergence was reported 
to be 42.1 in Malay patients (26). However, it was 48.1 
in the North-East of Iran and 48 years in a study by 
Nicolini FE et al. on 222 CML patients with different 
nationalities (23). 

In our study, a significant correlation was observed 
between the emergence of T315I mutation and disease 
progression, with a shift in disease severity. Also, our 
finding was confirmed by the study of Chahardouli et 
al.(14). Also, Nicolini FE et al. observed a strong 
association between the presence of the T315I 
mutation and disease progression (23). In contrast, in 
Goranova-Marinova V et al. study, there was no 
significant difference in the phase; it may be due to 
using the different method for detecting mutation (27). 

Besides, Nicolini et al. concluded that the survival 
rate of patients with T315I mutation is affected by the 
disease phase and the time of the mutation detection 
(22). Moreover, in a study by Elias et al 2014, they 
reported that the frequency and type of BCR-ABL 
mutations varied among different races (26).  

Overall, early detection of T315I mutation can 
facilitate the identification of CML patients and may 
help clinicians to define the mode of therapy before the 
emergence of resistance in the patients (14). 
Determination of T315I frequency before the onset of 
treatment for screening CML patients and predicting 
their IM resistance was a part of our current study. 
However, no positive cases were found among these 
patients. According to our study, the application of 
T315I mutation as a screening test before the onset of 
treatment for selecting the best therapy may not be 
suggested (13, 14, 28). 

Generally, it has been suggested that cells affected 
by CML show an increased genomic instability, as it is 
more clearly evident in blast crises where a range of 
secondary chromosomal changes are frequently 
observed (16). Therefore, BCR-ABL mutations are less 
likely to appear before the onset of treatment, as 

presented in our study. Furthermore, the success of IM 
therapy for CML has led to its prevalent use. Screening 
for T315I mutation is now recommended for all CML 
patients undergoing TKI treatment and should be 
performed promptly to detect the lowest levels of clone 
(13, 16). Overall, according to previous studies, the 
emergence of T315I mutation may be due to the 
increased clonal instability and proliferation rate in the 
advanced phase disease (23, 29, 30). 

Currently, Ponatinib is the only TKI available and is 
successfully used in patients with BCR-ABL1 T315I+ 
CML. Although it is associated with a high risk 
cardiovascular side effects, it is not optimal for all 
patients (17). Therefore, current studies aim to find 
founding additional therapeutic strategies to control 
BCR-ABL1T315I Ph+ CML.  However, this mutation 
couldn’t be detected in any of the 100 newly diagnosed 
patients, suggesting the hypothesis that the emergence 
of T315I mutation may be due to the increase in clonal 
instability and proliferation rate in the advanced phase 
disease. One of the limitations of this report was the 
small sample size. Therefore, we recommend 
investigating the frequency of this mutation in more 
samples, especially in patients before treatment to 
prove that it can be used as a screening test for patients 
before treatment.  

 

Conclusion 
In conclusion, the T315I mutation was not detected 

before IM administration. However, it was detected in 
CML patients who were under IM therapy. These 
observations indicate that T315I mutation may be 
categorized as secondary resistance and induce clonal 
expansion due to BCR/ABL instability. Therefore, 
BCR-ABL mutations are less likely to emerge before 
the commencing of treatment, as shown in our study. 

 

Acknowledgments 
None.  
 

Conflict of Interest 

Authors declare that they have no conflict of interests. 
 

References 
1. An X, Tiwari AK, Sun Y, et al.BCR-ABL tyrosine 

kinase inhibitors in the treatment of Philadelphia 
chromosome positive chronic myeloid leukemia: a 
review. Leuk Res. 2010; 34(10):1255-68. 
[DOI:10.1016/j.leukres.2010.04.016] [PMID] 

2. Zhang H, Zhu M, Li M, et al. Mechanistic insights 
into co-administration of allosteric and orthosteric 
drugs to overcome drug-resistance in T315I BCR-
ABL1. Front Pharmacol. 2022; 13: 862504.  
[DOI:10.3389/fphar.2022.862504] [PMID]  
[PMCID] 

https://doi.org/10.1016/j.leukres.2010.04.016
https://www.ncbi.nlm.nih.gov/pubmed/20537386
https://doi.org/10.3389/fphar.2022.862504
https://www.ncbi.nlm.nih.gov/pubmed/35370687
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8971931


248   T315I Mutation in Chronic Myeloid Leukemia Patients 

       Volume 31, May & June 2023       Journal of Advances in Medical and Biomedical Research 

3. Oaxaca DM, Yang-Reid SA, Ross JA, Rodriguez 
G, Staniswalis JG, Kirken RA. Sensitivity of 
imatinib-resistant T315I BCR-ABL CML to a 
synergistic combination of ponatinib and forskolin 
treatment. Tumour Biol. 2016;37(9):12643-54. 
[DOI:10.1007/s13277-016-5179-7] [PMID]  
[PMCID] 

4. Mat Yusoff Y, Abu Seman Z, Othman N, et al. 
Prevalence of BCR-ABL T315I mutation in 
Malaysian patients with imatinib-resistant chronic 
myeloid leukemia. Asian Pac J Cancer Prev. 2018; 
19(12): 3317-20. [PMID] [PMCID]  
[DOI:10.31557/APJCP.2018.19.12.3317] 

5. Wongboonma W, Thongnoppakhun W, 
Auewarakul CU. A single-tube allele specific-
polymerase chain reaction to detect T315I 
resistant mutation in chronic myeloid leukemia 
patients. J Hematol Oncol. 2011;4:7.  
[DOI:10.1186/1756-8722-4-7] [PMID] [PMCID] 

6. Hochhaus A, Kantarjian HM, Baccarani M, et al. 
Dasatinib induces notable hematologic and 
cytogenetic responses in chronic-phase chronic 
myeloid leukemia after failure of imatinib therapy. 
Blood. 2007;109(6):2303-9. [DOI:10.1182/blood-
2006-09-047266] [PMID] 

7. Karimiani EG, Marriage F, Merritt AJ, Burthem J, 
Byers RJ, Day PJ. Single-cell analysis of K562 
cells: an imatinib-resistant subpopulation is 
adherent and has upregulated expression of BCR-
ABL mRNA and protein. Exp Hematol. 2014; 
42(3):183-191. 
[DOI:10.1016/j.exphem.2013.11.006] [PMID] 

8. Khorashad JS, Kelley TW, Szankasi P, et al. BCR-
ABL1 compound mutations in tyrosine kinase 
inhibitor-resistant CML: frequency and clonal 
relationships. Blood. 2013 17;121(3):489-98.  
[DOI:10.1182/blood-2012-05-431379] [PMID] 
[PMCID] 

9. Gorre ME, Ellwood-Yen K, Chiosis G, Rosen N, 
Sawyers CL. BCR-ABL point mutants isolated 
from patients with imatinib mesylate-resistant 
chronic myeloid leukemia remain sensitive to 
inhibitors of the BCR-ABL chaperone heat shock 
protein 90. Blood. 2002 15;100(8):3041-4.  
[DOI:10.1182/blood-2002-05-1361] [PMID] 

10. Verma M, Karimiani EG, Byers RJ, Rehman S, 
Westerhoff HV, Day PJ. Mathematical modelling 
of miRNA mediated BCR.ABL protein regulation 
in chronic myeloid leukaemia vis-a-vis therapeutic 
strategies. Integr Biol (Camb). 2013;5(3):543-54. 
[DOI:10.1039/c3ib20230e] [PMID] 

11. Yamamoto M, Kurosu T, Kakihana K, Mizuchi D, 
Miura O. The two major imatinib resistance 
mutations E255K and T315I enhance the activity 
of BCR/ABL fusion kinase. Biochemical and 
biophysical research communications. 2004; 

319(4):1272-5. [DOI:10.1016/j.bbrc.2004.05.113] 
[PMID] 

12. Bhamidipati PK, Kantarjian H, Cortes J, 
Cornelison AM, Jabbour E. Management of 
imatinib-resistant patients with chronic myeloid 
leukemia. Ther Adv Hematol. 2013;4(2):103-17. 
[DOI:10.1177/2040620712468289] [PMID]  
[PMCID] 

13. Nicolini FE, Chabane K, Tigaud I, Michallet M, 
Magaud JP, Hayette S. BCR-ABL mutant kinetics 
in CML patients treated with dasatinib. Leuk Res. 
2007;31(6):865-8. 
[DOI:10.1016/j.leukres.2006.12.003] [PMID] 

14. Chahardouli B, Zaker F, Mousavi SA, et al. 
Evaluation of T315I mutation frequency in 
chronic myeloid leukemia patients after imatinib 
resistance. Hematol. 2013;18(3):158-62. [PMID] 
[DOI:10.1179/1607845412Y.0000000050]  

15. Hayette S, Michallet M, Baille ML, Magaud JP, 
Nicolini FE. Assessment and follow-up of the 
proportion of T315I mutant BCR-ABL transcripts 
can guide appropriate therapeutic decision making 
in CML patients. Leuk Res. 2005;29(9):1073-7. 
[DOI:10.1016/j.leukres.2005.02.006] [PMID] 

16. Shah NP, Nicoll JM, Nagar B, et al. Multiple 
BCR-ABL kinase domain mutations confer 
polyclonal resistance to the tyrosine kinase 
inhibitor imatinib (STI571) in chronic phase and 
blast crisis chronic myeloid leukemia. Cancer 
Cell. 2002;2(2):117-25. [PMID]  
[DOI:10.1016/S1535-6108(02)00096-X]  

17. Cortes JE, Kim DW, Pinilla-Ibarz J, et al. A phase 
2 trial of ponatinib in Philadelphia chromosome-
positive leukemias. New Eng J Med. 2013; 
369(19):1783-96. [PMID] [PMCID]  
[DOI:10.1056/NEJMoa1306494]  

18. Breccia M, Pregno P, Spallarossa P, et al. 
Identification, prevention and management of 
cardiovascular risk in chronic myeloid leukaemia 
patients candidate to ponatinib: an expert opinion. 
Ann Hematol. 2017;96(4):549-58.  
[DOI:10.1007/s00277-016-2820-x] [PMID] 

19. Mahon FX, Réa D, Guilhot J, et al. 
Discontinuation of imatinib in patients with 
chronic myeloid leukaemia who have maintained 
complete molecular remission for at least 2 years: 
the prospective, multicentre Stop Imatinib (STIM) 
trial. Lancet Oncol. 2010;11(11):1029-35.  
[DOI:10.1016/S1470-2045(10)70233-3] [PMID] 

20. Roche-Lestienne C, Soenen-Cornu V, Grardel-
Duflos N, et al. Several types of mutations of the 
Abl gene can be found in chronic myeloid 
leukemia patients resistant to STI571, and they can 
pre-exist to the onset of treatment. Blood. 2002; 
100(3):1014-8. 
[DOI:10.1182/blood.V100.3.1014] [PMID] 

https://doi.org/10.1007/s13277-016-5179-7
https://www.ncbi.nlm.nih.gov/pubmed/27444277
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5080333
https://www.ncbi.nlm.nih.gov/pubmed/30583336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6428553
https://doi.org/10.31557/APJCP.2018.19.12.3317
https://doi.org/10.1186/1756-8722-4-7
https://www.ncbi.nlm.nih.gov/pubmed/21303525
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3045387
https://doi.org/10.1182/blood-2006-09-047266
https://doi.org/10.1182/blood-2006-09-047266
https://www.ncbi.nlm.nih.gov/pubmed/17138817
https://doi.org/10.1016/j.exphem.2013.11.006
https://www.ncbi.nlm.nih.gov/pubmed/24269846
https://doi.org/10.1182/blood-2012-05-431379
https://www.ncbi.nlm.nih.gov/pubmed/23223358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3548169
https://doi.org/10.1182/blood-2002-05-1361
https://www.ncbi.nlm.nih.gov/pubmed/12351420
https://doi.org/10.1039/c3ib20230e
https://www.ncbi.nlm.nih.gov/pubmed/23340812
https://doi.org/10.1016/j.bbrc.2004.05.113
https://www.ncbi.nlm.nih.gov/pubmed/15194504
https://doi.org/10.1177/2040620712468289
https://www.ncbi.nlm.nih.gov/pubmed/23610618
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3629755
https://doi.org/10.1016/j.leukres.2006.12.003
https://www.ncbi.nlm.nih.gov/pubmed/17208297
https://www.ncbi.nlm.nih.gov/pubmed/23540562
https://doi.org/10.1179/1607845412Y.0000000050
https://doi.org/10.1016/j.leukres.2005.02.006
https://www.ncbi.nlm.nih.gov/pubmed/16038734
https://www.ncbi.nlm.nih.gov/pubmed/12204532
https://doi.org/10.1016/S1535-6108(02)00096-X
https://www.ncbi.nlm.nih.gov/pubmed/24180494
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3886799
https://doi.org/10.1056/NEJMoa1306494
https://doi.org/10.1007/s00277-016-2820-x
https://www.ncbi.nlm.nih.gov/pubmed/27686083
https://doi.org/10.1016/S1470-2045(10)70233-3
https://www.ncbi.nlm.nih.gov/pubmed/20965785
https://doi.org/10.1182/blood.V100.3.1014
https://www.ncbi.nlm.nih.gov/pubmed/12130516


Omalbanin Mokhlesi et al. 249 

      Volume 31, May & June 2023       Journal of Advances in Medical and Biomedical Research 

21. Nicolini FE, Basak GW, Soverini S, et al. 
Allogeneic stem cell transplantation for patients 
harboring T315I BCR-ABL mutated leukemias. 
Blood. 2011 17;118(20):5697-700. [PMCID]  
[DOI:10.1182/blood-2011-07-367326] [PMID]  

22. Nicolini FE, Ibrahim AR, Soverini S, et al. The 
BCR-ABLT315I mutation compromises survival 
in chronic phase chronic myelogenous leukemia 
patients resistant to tyrosine kinase inhibitors, in a 
matched pair analysis. Haematologica. 2013; 
98(10):1510-6. [PMID] [PMCID]  
[DOI:10.3324/haematol.2012.080234]  

23. Nicolini FE, Mauro MJ, Martinelli G, et al. 
Epidemiologic study on survival of chronic 
myeloid leukemia and Ph(+) acute lymphoblastic 
leukemia patients with BCR-ABL T315I 
mutation. Blood. 2009;114(26):5271-8. [PMID] 
[DOI:10.1182/blood-2009-04-219410] [PMCID] 

24. Cortes J, Jabbour E, Kantarjian H, et al. Dynamics 
of BCR-ABL kinase domain mutations in chronic 
myeloid leukemia after sequential treatment with 
multiple tyrosine kinase inhibitors. Blood. 2007; 
110(12):4005-11. [DOI:10.1182/blood-2007-03-
080838] [PMID] 

25. Kim SH, Kim D, Kim DW, et al. Analysis of Bcr-
Abl kinase domain mutations in Korean chronic 
myeloid leukaemia patients: poor clinical outcome 
of P-loop and T315I mutation is disease phase 
dependent. Hematol Oncol. 2009;27(4):190-7.  
[DOI:10.1002/hon.894] [PMID] 

26. Elias MH, Baba AA, Azlan H, et al. BCR-ABL 
kinase domain mutations, including 2 novel 
mutations in imatinib resistant Malaysian chronic 

myeloid leukemia patients-frequency and clinical 
outcome. Leuk Res. 2014;38(4):454-9.  
[DOI:10.1016/j.leukres.2013.12.025] [PMID] 

27. Goranova-Marinova V, Linev A, Ivanov HJ, 
Zheljazkov I, Stoyanova V, Grudeva-Popova Z. 
Clinical characteristics, disease evolution and 
survival in patients with chronic myeloid 
leukemia, BCR-ABL1 (+) and T315I mutation. 
Folia Medica. 2021;63(5):670-5.  
[DOI:10.3897/folmed.63.e63366] [PMID] 

28. Soverini S, De Benedittis C, Papayannidis C, et al. 
Drug resistance and BCR-ABL kinase domain 
mutations in Philadelphia chromosome-positive 
acute lymphoblastic leukemia from the imatinib to 
the second-generation tyrosine kinase inhibitor 
era: The main changes are in the type of mutations, 
but not in the frequency of mutation involvement. 
Cancer. 2014;120(7):1002-9.  
[DOI:10.1002/cncr.28522] [PMID] 

29. Markose P, Chendamarai E, Balasubramanian P, 
et al. Spectrum of BCR-ABL kinase domain 
mutations in patients with chronic myeloid 
leukemia from India with suspected resistance to 
imatinib-mutations are rare and have different 
distributions. Leuk Lymphoma. 2009;50(12): 
2092-5. [DOI:10.3109/10428190903332486]  
[PMID] 

30. Mauro MJ. T315I, more or less, predicts for major 
molecular response: the devil is in the details! 
Haematologica. 2013;98(5):665-6. [PMCID]  
[DOI:10.3324/haematol.2013.084251] [PMID]  

 

 

 

 

 

How to Cite This Article:  

Mokhlesi O, Sadeghian M H, Shajiei A, Sheikhi M, Siyadat P, Kooshyar M M, et al. Frequency of T315I 
Mutation in Patients with Chronic Myeloid Leukemia Before and During Imatinib Treatment: A Study in North-
East of Iran. J Adv Med Biomed Res. 2023; 31(146): 244-9.  

Download citation:  
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks 
 
Send citation to:  

 Mendeley      Zotero    RefWorks 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4916555
https://doi.org/10.1182/blood-2011-07-367326
https://www.ncbi.nlm.nih.gov/pubmed/21926354
https://www.ncbi.nlm.nih.gov/pubmed/23716543
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789454
https://doi.org/10.3324/haematol.2012.080234
https://www.ncbi.nlm.nih.gov/pubmed/19843886
https://doi.org/10.1182/blood-2009-04-219410
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4916939
https://doi.org/10.1182/blood-2007-03-080838
https://doi.org/10.1182/blood-2007-03-080838
https://www.ncbi.nlm.nih.gov/pubmed/17785585
https://doi.org/10.1002/hon.894
https://www.ncbi.nlm.nih.gov/pubmed/19274615
https://doi.org/10.1016/j.leukres.2013.12.025
https://www.ncbi.nlm.nih.gov/pubmed/24456693
https://doi.org/10.3897/folmed.63.e63366
https://www.ncbi.nlm.nih.gov/pubmed/35851200
https://doi.org/10.1002/cncr.28522
https://www.ncbi.nlm.nih.gov/pubmed/24382642
https://doi.org/10.3109/10428190903332486
https://www.ncbi.nlm.nih.gov/pubmed/19925053
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640107
https://doi.org/10.3324/haematol.2013.084251
https://www.ncbi.nlm.nih.gov/pubmed/23633541
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6845-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6845-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6845-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6845-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6273-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6845-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6845-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6845-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6845-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6845-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	Frequency of T315I Mutation in Patients with Chronic Myeloid Leukemia Before and During Imatinib Treatment: A Study in North-East of Iran
	Omalbanin Mokhlesi1, Mohammad Hadi Sadeghian1, Arezoo Shajiei1, Maryam Sheikhi1,  Payam Siyadat2,3, Mohammad Mehdi Kooshyar4, Hossein Rahimi4, Nafiseh Amini1,  Maliheh Dadgar Moghadam4, Hossein Ayatollahi1*, Seyyede Fatemeh Shams1,  Zahra Khoshnegah5
	1. Cancer Molecular Pathology Research Center, Mashhad University of Medical Sciences, Mashhad, Iran
	2. Dept. of Hematology, School of Allied Medical Sciences, Iran University of Medical Sciences, Tehran, Iran
	3. Dept. of Internal Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
	4. School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
	5. Dept. of Hematology and Blood Banking, Faculty of Medicine, Gonabad University of Medical Sciences, Gonabad, Iran
	Introduction
	Materials and Methods
	Study Population
	Quantitative qRT-PCR for BCR-ABL
	ASO-RT-PCR Assay for the Detection of T315I Mutation
	Restriction Fragment Length Polymorphism (RFLP) Assay

	Results
	Discussion
	Conclusion
	Acknowledgments
	References




