
ABSTRACT IN ENGLISH LANGUAGE 

Candidate: Mgr. Josef Škoda 

Supervisor: Prof. PharmDr. Petr Pávek, PhD. 

Title of the doctoral thesis: Bioinformatical aspects of nuclear receptors in pharmacotherapy  

 

The liver plays a central role in energy homeostasis via processing post-prandial excess 

energy into storage molecules and reusing stored energy via gluconeogenesis during the fasting 

period. This tight energy balance is maintained by a myriad of regulating processes. 

Dysfunction of metabolic control is a key event of severe diseases in today’s population, 

starting with obesity, insulin resistance, and metabolic syndrome, proceeding to end-stage 

complications in type 2 diabetes, whole organ malfunctions, or even tumor diseases. Master 

players in metabolic regulation are nuclear receptors (NR) activated by endogenous stimuli or 

scavenging for nutritional or toxicological signals. NRs regulate gene transcription activation 

and therefore maintain liver metabolic plasticity. 

In this thesis, modern molecular biology approaches were used to study ligands of NRs 

and the effects of their treatment. After the typical activation of a NR, hundreds of genes are 

regulated, which is beyond the ability to study with conventional biology methods. For this 

purpose, omics methods are an ideal solution. They are characterized by untargeted and 

comprehensive analysis of a large structural or functional group of molecules, e.g., 

transcriptome, proteome, or metabolome.  

Constitutive androstane receptor (CAR) is a key regulator of the liver metabolism 

having a significant impact on a high-fat diet or leptin-deficient obese mice by improving 

insulin sensitivity and ameliorating fatty liver disease. However, most studies were performed 

with the mouse CAR ligand TCPOBOP, which exerts CAR off-target effects in CAR null mice. 

Therefore, we performed lipidomic and transcriptomic experiments after TCPOBOP treatment 

in wild-type and humanized CAR mice. Human CAR is not activated with TCPOBOP and thus 

maintains the basal physiological role of CAR. In humanized CAR mice, TCPOBOP elevated 

serum triglycerides, cholesterol, and glucose, increased liver triglycerides, and significantly 

altered liver transcriptome. On the other hand, TCPOBOP treatment and CAR activation in 

wild-type mice resulted in decreased serum triglycerides, cholesterol, and liver triglycerides. 

These divergent outcomes of TCPOBOP treatment between wild-type and humanized CAR 
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mice warrant the use of appropriate target-specific ligands in biological studies and suitable 

humanized animal or human 3D-organoid models in drug or chemical testing. 

In the next part of this thesis, I studied experimental molecules and drugs reported as 

CAR ligands. I used in silico approaches for molecular docking, studied ligand-protein 

interaction, performed different gene reporter assays, and studied affected gene expression in 

primary human hepatocytes or humanized mouse models. I identified the drug diazepam as a 

weak-affinity CAR ligand interacting with the CAR ligand-binding cavity via hydrophobic 

interactions. Following experiments showed interaction of diazepam with CAR only in supra-

physiologic concentrations in primary human hepatocytes and no activity in CAR humanized 

mice. 

In summary, this work brought novel insights into testing NR ligands for their potential 

off-target and disruptive effects. Moreover, I characterized the impact of the widely used drug 

diazepam in liver regulations via CAR interaction. 


