
 

 

Mechanisms of resistance to tyrosin kinase inhibitors in treatment of 

patients with chronic myeloid leukemia 

The introduction of tyrosine kinase inhibitor (TKI) therapy represented 

a breakthrough in the treatment of patients with chronic myeloid leukemia (CML). 

Despite a high success rate of the TKI therapy, 20-30 % of patients develop resistance to 

the treatment. The aim of this work was to study the mechanisms, related to the mutation 

development in BCR-ABL1 kinase domain (KD) or in the other genes responsible for 

TKI resistance, using the in vitro CML models. Furthermore, the effect of interferon alpha 

(IFN-α) and TKI sequential therapy on the presence of clones with multidrug-resistant 

mutations and a role of activation the immune response in achieving the treatment 

response were followed. Lastly, we studied the possibility of using the measurement 

of gene expression of hOCT1 and ABCB1 transporters at the time of diagnosis in CML 

patients as a predictive marker of the imatinib treatment response. 

 KCL-22 CML cell line cells exposed to imatinib were repeatedly able to develop 

BCR-ABL1 kinase domain mutations. We demonstrated the existence of de novo 

mutagenesis in clones derived from the KCL-22 cell line. In four clones, which can 

proliferate in 4µM imatinib, mutations in BCR-ABL1 KD or KRAS were developed. The 

development of mutations was associated with changes of expression of genes involved 

in DNA damage and DNA repair signaling pathways. We observed an increased 

expression of alternative NHEJ pathway genes in clones that were able to develop 

mutations compared to control clones. The alternative NHEJ repair pathway is more error 

prone compare to the canonical NHEJ pathway. We showed a higher expression of DNA 

Ligase I and PARP gene and lower expression of DNA Ligase IV in clones developing 

the mutations.  

The multi-resistant mutation T315I and compound mutations are known therapy 

complication when is not possible to use ponatinib or alloHSCT due to comorbidities. 

Using sequential therapy TKI and IFN-α or its combination together with the next 

generation sequencing (NGS) monitoring of the presence of the mutated clone showed an 

effective possibility for management of these complicated cases. In four of 6 patients, this 

type of therapy resulted in the decrease of mutated BCR-ABL1 transcript to undetectable 

level and achievement of deep molecular response. Immuno-profiling of these patients 



 

 

showed an increased levels of NK cells indicating the immunoactivation, which was the 

most visible in patients with dasatinib as the previous therapy before IFN-α. 

An intracellular concentration of imatinib is affected by the activity of membrane 

transporters. Insufficient function of transporters led to a sublethal intracellulary 

concentration of imatinib, which is not able effectively inhibit BCR-ABL1 protein. The 

decreased expression/activity of hOCT1 and increased expression/activity of ABCB1 

helps to reduce the intracellular imatinib concentration. We measured the expression of 

hOCT1 and ABCB1 in samples of CML patients at the time of diagnosis in relation to the 

ability to achieve an optimal response to the imatinib therapy. Since expression levels of 

hOCT1 and ABCB1 at the time of diagnosis did not predict the achievement of optimal 

therapy response at 6 and 12 months on imatinib therapy, the expression level of hOCT1 

and ABCB1 does not seem to be the appropriate predictive marker of the successful 

imatinib therapy. The total expression of both transporters is affected by the presence of 

immature myeloid cells in peripheral blood, in which is lower than in mature cells.  

  


