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Summary 

The human multidrug resistance protein ABCG2 belongs to the ABC protein superfamily, which 

is one of the largest groups of membrane proteins found in all living organisms. In humans the 

ABCG2 protein functions as a transporter for many substances of physiological importance -

metabolites, dietary compounds, drugs. Its activity is important for the pharmacokinetics of 

drugs and other xenobiotics, in pharmacological drug-drug, food-drug and food-food 

interactions, and especially in the function of barrier tissues (which prevent toxins from 

reaching particularly sensitive areas of the body). In addition, the ABCG2 protein is one of 

three transporters from the ABC superfamily, involvement of which is postulated in the 

phenomenon of multidrug resistance of cancer. While its expression is essential for the proper 

functioning of healthy barrier tissues, its pathological overexpression in neoplastic cells may 

be responsible for making them less sensitive to chemotherapeutic agents and consequently 

for treatment failure. 

Although the literature on the subject is rich in data on substrate specificity and mechanism of 

ABCG2 protein activity, many important natural substrates still remain unidentified, and we are 

unable to formulate general rules for predicting the interactions of ABCG2 with small molecule 

compounds. Relatively little is also known about its biogenesis, intracellular fate and 

mechanisms of regulation of localization within the cell. Identification of these gaps in 

knowledge, as well as in the repertoire of research methods necessary to expand it, was the 

impulse for undertaking research described in this doctoral dissertation. The research effort 

focused on creating innovative tools necessary to study the activity of the ABCG2 protein; on 

the development and validation of methods using these tools and modern measurement 

techniques (mainly microscopic ones); and on the verification of detailed hypotheses regarding 

the interaction of specific substrates and inhibitors with ABCG2. In the course of this work, it

was possible to significantly expand the range of available methods for studying the biology of 

the ABCG2 protein, to considerably increase the number of known substrates and inhibitors of 

this protein, and to make interesting scientific observations that increased the knowledge base 

on ABCG2 and membrane transporters in general. 

Among the most important foci of interest were: determination of protein substrate specificity 

in relation to known and new polyphenolic compounds with potential pharmacological activity; 

researching the mechanism and kinetics of ABCG2 interaction with selected substrates and 

inhibitors; and investigation of subcellular redistribution of the ABCG2 protein in response to 

conformational changes and pharmacological stimuli. 

The described work led to development a number of spectroscopic and biological imaging 

techniques, largely based on confocal microscopy, as well as self-prepared model materials 

(expression plasmids, cell lines). They were used to develop new, original research methods, 



 

 
 

without which it would not be possible to experimentally test the assumed hypotheses in 

relation to the three areas of interest: substrate specificity, activity and subcellular localization 

of ABCG2. 

As a result of conducted work, it was possible to adapt the method of fluorescent derivatization 

of flavonoids using diphenylboronic acid 2-aminoethyl ester (DPBA) to study the transport 

activity of the ABCG2 protein in mammalian cells. This made possible the identification of 

several dozen flavonoids, natural compounds of plant origin present in food, as previously 

unknown substrates of the ABCG2 protein, with significant implications for their 

pharmacokinetics in the human body. The flavonoid luteolin has been identified and described 

as a good newly identified model substrate for studying the activity and inhibition of the ABCG2 

transporter. Fluorescence lifetime imaging (FLIM) was used for time-resolved deconvolution 

of the image, which was used to measure the activity of the ABCG2 protein. A method based 

determine the affinity of the substrate for the transport protein in a living cell. Using FRET-FLIM 

measurements, it was also possible to experimentally prove the protein-protein interaction 

between ABCG2 molecules. 

Thanks to the use of advanced imaging techniques based on confocal microscopy, it was 

possible to discover and characterize a new interesting phenomenon: antibody binding-

stimulated endocytosis of the human multidrug resistance protein ABCG2. As a result of 

conducted research, it was possible to explain that the stabilization of one of possible 

conformations of the protein by the antibody is followed by rapid internalization of the protein-

antibody complex, which occurs by endocytosis with a mixed mechanism, partly dependent on 

clathrin, partly on cholesterol. It was also possible to explain that the internalized complex goes 

to the endosomal system, where it is partly directed to lysosomes and digested, and partly 

retained in the endosomal compartment and recycled back to the plasma membrane. 

  


