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Cancer remains one of the most serious challenges in modern medicine, and despite advances in 

chemotherapy, radiotherapy, and immunotherapy, there remains a need to develop therapies that are 

selective, less toxic, and capable of overcoming tumor cell resistance. One of such methods is 

photodynamic therapy (PDT), a promising minimally invasive approach. PDT uses light-activated 

drugs (so called photosensitizers, PS) to produce cytotoxic reactive oxygen species. However, the 

success of PDT depends fundamentally on the structure and photophysical properties of the PS, its 

intracellular localization and ability to penetrate tumor tissue, and the possibilities for its targeted 

delivery.  

 

Therefore, this dissertation thesis focuses on a comprehensive study of new porphyrinoid- and 

BODIPY-based derivatives, including the formation of PS complexes with cucurbit[7]uril (CB[7]) 

using supramolecular interaction. Among other things, photodynamic activity, localization in the 

cell, and type of cell death were evaluated. The aim was also to create a 3D cell model that more 

accurately mimics the structure and microenvironment of solid tumors, thus providing a more 

relevant and reliable platform for evaluating the efficacy of new PSs.  

 

Supramolecular interaction with CB[7] leads to complete monomerization in an aqueous 

environment and improvement of photophysical parameters, but at the same time reduces cell 

internalization and thus the photodynamic efficacy of most complexes with phthalocyanines. In 

contrast, complexation with BODIPY derivatives led to an increase in photodynamic activity, 

especially with compounds bearing single aminoadamantyl moiety. 

   

The work also included an extensive comparative study of more than forty phthalocyanines studied 

under identical conditions. This confirmed that the most effective PSs are axially substituted silicon 

and cationic zinc derivatives with bulky peripheral substituents that prevent aggregation. 

Localization in cells across all studied PSs demonstrated predominant accumulation in lysosomes, 

while more lipophilic or axially substituted derivatives were found also in the cytoplasmic 

membrane or mitochondria. 

 

A major part of the work was focused on photochemical internalization (PCI), which is a light-

controlled approach that enables the targeted release of therapeutic agents from endosomes into the 

cytosol. This approach overcomes the lysosomal degradation of biologically active molecules and 

significantly increases their efficacy, making PCI a valuable therapeutic approach. The 

photoimmunoconjugate EITC-atezolizumab showed significantly increased phototoxicity 

selectively in cells with high PD-L1 expression. Confocal microscopy demonstrated its time-

dependent internalization across the cell membrane into lysosomes. PCI with the anti-PD-L1-SAP 

immunotoxin eliminated lung cancer cells with high PD-L1 expression even at picomolar 

concentrations. 



The aim was also to establish and optimize 3D spheroid tumor models, particularly heterotypic ones 

(composed of tumor cells, endothelial cells, and fibroblasts), which better mimic the tumor 

microenvironment. These models were used to evaluate the efficacy of the photosensitizers studied 

in this work and showed lower sensitivity compared with their monolayer equivalents. Cytotoxicity 

assessment revealed that very low PS concentrations effective in monolayers did not reduce 

viability in spheroids after irradiation. Therefore, higher doses were needed to achieve comparable 

effect. The distribution of PS within the spheroid was examined in tissue sections using confocal 

microscopy. To assess the safety of PSs with potential applications in antimicrobial PDT, a 3D 

dermal equivalent composed of fibroblasts and HUVECs embedded in an extracellular matrix was 

developed.  


