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INTRODUCTION 

Cellular mechanisms contributing to the therapy resistance of cancer cells significantly 

reduce the efficiency of chemotherapy. Of these, the expression of the multidrug transporter 

ABCB1 has an outstanding significance. ABCB1 is expressed in the plasma membrane of 

cells and is capable of removing a wide range of molecules with different structures and 

mechanisms of action, thereby conferring the so-called “multidrug resistance” phenotype 

(MDR) to cancer cells. ABCB1 is expressed not only in cell lines used for modeling 

chemotherapeutic resistance established by in vitro drug selection, but also, as evidenced by 

numerous clinical reports, in vivo, in human cancer cells. Clinical studies have proven the 

correlation between the expression of the protein and the decreased therapeutic response to 

the effect of transporter substrate chemotherapeutics, especially in the case of acute myeloid 

leukaemia, breast cancer, and small cell lung cancer.  

The current approach of cancer therapy is the selective elimination of cancer cells by 

targeting specific characteristics or molecular resistance mechanisms of cancer cells. 

Unfortunately, clinical trials that supplemented cytostatic treatment with very efficient in 

vitro transporter inhibitors have not lead to increased efficiency of chemotherapy so far.  

 The paradoxical hypersensitivity of resistant cells, termed collateral sensitivity, was first 

described in the 1950s. In principle, this approach would allow selective targeting of drug 

resistant cancer cells. Our aim was to eliminate MDR cells by exploiting, instead of inhibiting 

the function of ABCB1.  

 

OBJECTIVES OF THE WORK 

The general aim of my work was to identify and characterize MDR-selective compounds that 

have the potential to eliminate multidrug resistant tumor cells expressing ABCB1. My 

specific aims were the followings: 

 Investigating collateral sensitivity caused by ABCB1 function by analyzing the 

correlation of the ABCB1 mRNA expression and drug sensitivity patterns of the NCI-

60 cell panel. 

 In vitro testing and validation of the toxic activity of MDR-selective compounds 

identified by in silico methods. 

 Clarifying the role of ABCB1 transporter in MDR-selective toxicity. 
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 Investigating the effect of ABCG2 transporter on the toxicity of MDR-selective 

compounds. 

 Identifying further MDR-selective compounds on the basis of structural similarity. 

 Investigating the long-term effect of MDR-selective compounds in cell cultures. 

METHODS 

The compound library of the Developmental Therapeutics Program (National Cancer 

Institute, NIH), containing 43.000 molecules, was analyzed in silico. MDR-selective 

candidates were identified by calculating the Pearson’s correlation coefficient of the ABCB1 

mRNA expression and drug sensitivity patterns of the NCI-60 cell panel. The cytotoxicity 

profile of the compounds was downloaded from DTP’s public database (July, 2007). The 

expression data of ABCB1 was previously published by our research group.  

For the in vitro validation of the MDR-selective compounds, most of them were supplied by 

the DTP, some of the remaining compounds were either purchased or supplied by our 

collaboration partners. ABCB1 and ABCG2 expressing cell lines were created by drug 

selection or retroviral transduction. The MDCKII cell lines expressing wild-type or Walker A 

(loss-of-function) mutant ABCB1 were established by the Sleeping Beauty transposon-based 

gene delivery system. Walker A mutations into the ABCB1 cDNA were introduced by site 

directed mutagenesis. MDCKII cells were transfected with the transposon and transposase 

vectors using Lipofectamine2000. ABCB1 positive cells were sorted by flow cytometry 

based on MRK16 antibody labeling. 

The cytotoxic effect of the compounds were determined after a 72-hour-long incubation by  

the MTT assay, using either parental cells or those expressing wild-type or loss-of-function 

mutant ABCB1 or ABCG2 transporters. MDR-selective toxicity was determined based on 

IC50 drug concentrations of parental and transporter overexpressing cells. Compounds were 

considered as MDR-selective, if the selectivity ratio (IC50
parental/IC50

MDR) was higher than 1. 

Structural congeners of MDR-selective compounds were identified by screening the DTP 

dataset based on Tanimoto-coefficients.  

The stoichiometry of complexes between NCS73306 and Fe(II), Cu (II) and Zn(II) was 

determined by ionization mass spectrometry in 1:1 methanol:water carrier solution. 

Long-term effects of MDR-selective compounds were investigated by culturing ABCB1 

overexpressing cells in the IC25 concentrations of the compounds for 3 weeks. The total 



4 
 

ABCB1 protein amount of the cells was determined by Western blot analysis; cell surface 

expression was detected  by flow cytometry using the extracellular epitope-specific MRK16 

antibody. The function of the transporter was measured by flow cytometry monitoring the 

ABCB1 substrate calcein-AM uptake in the cells. Relative ABCB1 mRNA content was 

determined after total RNA isolation and cDNA synthesis by quantitative real-time PCR 

method.  

RESULTS 

 We identified 21 new MDR-selective compounds from the DTP library by calculating 

the Pearson correlation coefficients between ABCB1 mRNA expression and the drug 

sensitivity patterns of the NCI-60 cell panel. 

 We established and characterized MDCKII cell lines expressing the wild type or non-

functional variants of ABCB1. 

 Using cytotoxicity assays we showed that the function of ABCB1 is responsible for 

the elevated toxicity of the MDR-selective agents.  

 We showed that preferential toxicity of the MDR-selective compounds is independent 

of the cellular background.  

 We confirmed that the presence of the multidrug transporter ABCG2 did not sensitize 

cells to the toxic effects of MDR-selective compounds. 

 We identified 15 further MDR-selective agents based on structural similarity search. 

 We demonstrated the strong relationship between MDR selective activity and the 

thiosemicarbazone moiety by the characterization of 13 MDR-selective compounds 

containing this characteristic structural motif. 

 We showed that long-term treatment with MDR-selective agents results in a 

significant decrease of ABCB1 mRNA and protein levels, sensitizing MDR cells to 

the toxic effects of ABCB1 substrate chemotherapeutics. 

CONCLUSIONS 

The identification of 36 new MDR-selective compounds by the systematic, in silico screening 

method confirms that the function of the ABCB1 transporter is able to sensitize cells to the 

cytotoxic effects of certain drugs. Although the mechanism of the MDR-selective 

cytotoxicity is not known, the prevalence of chemical structures with known metal chelating 

properties and the abundance of  metal complexes among the identified compounds suggests 

the role of metal-binding in selective toxicity. The identified MDR-selective agents may be 
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suitable for the selective killing or resensitization of multidrug resistant cancer cells , leading 

to an increase in the therapeutic efficiency of the ABCB1 substrate chemotherapeutics.   
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