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Despite the significant progress in recent years, the efficiency of anticancer therapy is still 

complicated by drug resistance. This phenomenon can be mediated by pharmacokinetic 

mechanisms such as efflux via ATP-binding cassette (ABC) transporters and biodegradation of 

parent drug to inactive metabolites via metabolizing enzymes. These proteins also play a key 

role in absorption, distribution and excretion of drugs. When two or more interacting substances 

are administered simultaneously, the pharmacokinetic drug-drug interactions may occur. Since 

the targeted protein kinase inhibitors are becoming more common and important component of 

modern anticancer therapy, the aim of this study was to elucidate interactions of selected drugs 

of this novel therapeutic group with ABC transporters and also drug metabolizing enzymes by 

in vitro approaches. We further examined relevant substances ex vivo using mononuclear cells 

isolated directly from the blood of patients de novo diagnosed for acute myeloid leukemia 

(AML). 

Regarding the cyclin-dependent kinase (CDK) 4/6 inhibitor ribociclib, we showed its ability to 

inhibit ABCB1 and ABCG2 in accumulation assays. Moreover, ribociclib modulated 

transporter mediated resistance to daunorubicin and mitoxantrone. The transport assays across 

MDCKII monolayers determined ribociclib as high affinity ABCB1 substrate. On the contrary, 

with other two tested CDK inhibitors AZD5438 and R547, we did not observe any effect on 

daunorubicin resistance modulation, despite strong ABCC1 inhibition by the first of the two 

compounds. Nevertheless, these investigational compounds inhibited aldo-keto reductase 

(AKR) 1C3, the enzyme that converts daunorubicin to its inactive metabolite. This inhibition 

sensitized AKR1C3 transfected HCT-116 cells to daunorubicin. 



We further exploited the ability of two tyrosine kinase inhibitors alectinib and brivanib to 

enhance accumulation of daunorubicin and mitoxantrone in ABCB1-, ABCG2- and in the case 

of brivanib also in ABCC1-expressing cell lines. These two drugs also appeared to be drug 

resistance modulators, even though brivanib potentiated the effect of conventional drugs only 

by ABCG2 inhibition. Both drugs also exhibited interactions with several cytochrome P450 

isoforms. 

We further aimed to exploit the knowledge on protein kinase inhibitors, that we have gained in 

our in vitro experiments throughout the past few years in clinically more relevant settings. 

Therefore, we isolated peripheral blood mononuclear cells from patients with de novo 

diagnosed AML to verify, whether the interactions observed in cell lines could be also 

confirmed ex vivo. We showed, that CDK4/6 inhibitors selected for these experiments increased 

accumulation of ABCB1 and ABCG2 substrate mitoxantrone in patient cells positive for CD34 

expression and negative for FLT3-ITD mutation. This effect was related to the ABCB1 gene 

expression and it led to increased apoptosis of CD34+ leukemia cells. Contrary, no such 

correlation could be observed in other patients. 

Using in vitro methods, we demonstrated that majority of the tested drugs acts as inhibitors of 

ABC transporters and can serve as modulators of transporter-mediated drug resistance of cancer 

cells. Furthermore, we showed that inhibition of carbonyl reducing enzymes can become a 

potential additional target for overcoming multidrug resistance of cancer cells to anthracyclines. 

The experiments conducted in leukemic cells of AML patients indicate that the combination 

therapy involving protein kinase inhibitors can be beneficial when personalized based on 

transporter expression and markers that are related to it, such as CD34-positivity. 


