Cholangiocyte response to euthanatica; understanding the biological pathways resulting in increased biliary complication rates in DCD-V liver transplantation

Background: Despite shorter donor warm ischemia in DCD-V compared to the standard DCD type III  a recent observation from the Dutch liver transplant centers brought caution for the use of DCD-V liver grafts due to an unexpectedly high incidence of biliary complications: 
Between 2013 and 2023 74 DCD-V liver transplant procedures were performed. Outcome data were compared with a cohort of 353 DCD-III liver transplants. One-year graft survival rates were comparable in the DCD-V and DCD-III groups (81% vs 86%), however at 1-year post-transplant the overall biliary complication rate was 54% in the DCD-V group vs. 38% in the DCD-III group. Furthermore 31% of DCD-V livers developed a post-transplant cholangiopathy vs only 15% of DCD-III livers. At the Eramus MC all DCD-V livers undergo viability assessment via DHOPE-COR-NMP. 30-40% of DCD-V liver grafts are subsequently declined for transplantation based on biliary viability criteria. 
One of possible explanations for the higher rate of biliary complications after DCD-V liver transplantation is the toxicity of euthanatica. Some of the euthanatica, such as rocuronium bromide, undergo hepatic metabolism and could thus potentially be responsible for the inferior outcomes of DCD-V liver transplantation.
Hypothesis: Euthanatica exert cholangiocyte toxicity impairing post-transplant cholangiocyte regeneration and resulting in the development of biliary complications. This study aims at assessing the impact of euthanatica on cholangiocytes to understand the underlying pathological mechanisms and identify potential therapeutic targets.
Objective 1: Tissue samples from DCD-V and DCD-III liver grafts subjected to viability assessment via dHOPE-COR-NMP at the Erasmus MC will be analyzed. Furthermore, cholangiocyte organoids will be extracted from protocol liver and bile duct biopsies, cultured in vitro and characterized on a genomic, proteomic and functional level. The organoids will be exposed to euthanatica in vitro to identify pathways associated with a decreased regenerative capacity. Findings will be correlated with the clinical outcome.
Objective 2: Identified pathways (objective 1) will be targeted in vitro to mitigate the negative impact of euthanatica on cholangiocyte regeneration. Functional studies (proliferation, differentiation, migration, rhodamine assays) will be performed. Mitochondrial function will be assessed using the Seahorse analyser. Production of reactive oxygen species (ROS) will be evaluated using Glutathione and malondialdehyde (MDA) assays.  All proposed techniques are in routine use in the HPB lab at the Erasmus MC. 
With the overall objective of improving organ quality and patient and graft survival this study is anticipated to be of clinical benefit in the field of liver transplantation and beyond. Understanding the biological mechanisms underlying the impaired cholangiocyte regenerative capacity in DCD-V liver grafts can pave the path for novel therapeutic strategies. Available therapeutic or preventive strategies will additionally allow for re-definition of acceptance criteria for DCD-V liver grafts resulting in higher acceptance rates which in turn will lower waitlist mortality. This is especially relevant in the context of the novel perfusion technologies, as those can offer the vehicle for early organ modulation. 

