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		Transcriptional Regulation and Signaling Pathways in Hepatocytes and Liver Cancer Cells
	



	

			
	










With more than 700.000 new cases each year, hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death. Its risk factors are well defined (e.g., chronic viral hepatitis, alcoholic and non-alcoholic steatohepatitis) and are detectable in up to 90% of all cases. However, genetic heterogeneity of HCC severely complicates the development of effective drugs, which is reflected by the current lack of efficient systemic therapies.
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		Liver cancer development is a multi-step process. 
	



	

			
	










Different aetiologies lead to chronic hepatitis characterized by continued cycles of hepatocyte death and tissue regeneration. Hepatic stellate cell activation and production of extracellular material mark progressed liver disease with fibrosis and cirrhosis. Mitotically active hepatocytes acquire somatic mutations and copy-number alterations that promote the formation of early HCC. Additional acquisition of epigenetic changes and alterations in molecular signalling pathways characterize HCC progression.

 

















	

								
					
			

	











		
				
						
								
		
	








								
								

	

	










		
	


		
				
	

				
	

			
	










Transcriptional regulators (TRs) such as transcription factors or transcriptional co-activators represent cellular bottlenecks in the process of signal transduction. In carcinogenesis, many TRs as well as upstream regulators have been described as deregulated, which is leading to tumor cell proliferation and apoptosis resistance. Therefore, TRs are discussed as promising target structures for the development of innovative therapeutic strategies. In our group, we are focusing on the regulation and function of different TRs involved in regenerative processes as well as HCC development and progression. We want to understand how TRs support tumorigenesis and if they could serve as biomarkers for patient stratification. For our interdisciplinary approaches, we utilize techniques ranging from cell and molecular biology to bioinformatic methods. We investigate suitable in vitro model systems, in vivo models, and confirm findings in well-characterized human patient cohorts.

















	

								
					
			

	











		
				
						
								
		
	








								
								

	

	










		
	


		
				
	

				
	

			
	










The Hippo signaling pathway is a sensor for cell density and negatively regulates its transcriptional coactivator yes-associated protein (YAP). In case of hepatocarcinogenesis, YAP represents an oncogene as inactivation of Hippo pathway constituents (e.g. Mst1/2) or overexpression of YAP rapidly induce liver tumor formation in mice. We showed that YAP is overexpressed in a subgroup of human HCCs and that this factor supports tumor cell proliferation and invasion. Using cross-species comparison, the Notch receptor ligand Jagged-1 (Jag-1) was identified as central downstream target gene not only in HCC, but also in other gastrointestinal tumor types (Tschahargeneh et al., 2013 Gastroenterology). In addition, YAP induces a gene signature that characterizes HCC patients with chromosomal instability (CIN) (Weiler et al., 2017 Gastroenterology; Wei et al., 2019 Oncogene; Tóth et al., 2021 BMC Cancer).
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Scheme of Hippo signaling pathway. The Hippo kinase cassette consists of kinases (MST1/2, LATS1/2) and scaffold proteins (e.g., SAV1, NF2). Kinase-dependent YAP/TAZ phosphorylation is associated with their cytoplasmic retention and degradation (black arrows). Pathway inactivation leads to nuclear translocation of both transcriptional co-activators, where they interact with different TFs (e.g., TEAD1-4; red arrows).  Binding of YAP/TF or TAZ/TF complexes in gene promoter regions stimulates the expression of factors controlling cell cycle and chromosomal segregation (blue arrow). Due to the negative impact of the kinase cassette on nuclear YAP/TAZ enrichment, the Hippo pathway is considered as tumor-suppressive, while its downstream effectors YAP/TAZ act as oncogenes in different model systems.

 

















	

								
					
			

	











		
				
						
								
		
	








								
								

	

	










		
	


		
				
	

				
	

			
	










Moreover, our recent studies illustrate that YAP not only supports carcinogenesis via tumor cell-endogenous mechanisms but also via the regulation of heterologous communication networks. For example, overexpression of YAP in HCC cells controls the cellular secretome with direct impact on tumorous and non-tumorous cells (Thomann et al., 2020 Cancer Res; Marquard et al., 2020 Cell Commun Signal; Thomann et al., 2021 Liver Int).

In addition, we aim to implement methods from systems biology to better understand how the Hippo pathway affects the biology in tumorous and non-tumorous liver cells. For example, we recently showed that the painkiller acetaminophen controls the dynamic shuttling process of YAP via nuclear phosphorylation processes. This was possible by using sensitive live-cell imaging technology in combination with mathematical pathway modeling (Wehling et al. 2022 eLife).  

Another aspect of our research is how molecular 'upstream' mechanisms control the aberrant enrichment of YAP in hepatocytes and HCC cells. In this context, we demonstrated that target genes of the YAP paralogue TAZ are important regulators of YAP activity in HCC cells (illustrated for integrin-αV; Weiler et al., 2020 Cancer Lett). In addition, we showed that cell junction proteins such as α‐catenin cooperate with Hippo/YAP signaling to control factors associated with cell migration and CIN (Tang et al., 2023 Cell Commun Signal).
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We continuously welcome applications from persons with external funding sources.
 For ambitious medical students we offer experimental projects that require two semesters full-time commitment.
 We offer the possibility to perform the experimental part of Master's Thesis in our group. Supervision by experienced scientists or PhD students is ensured.
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