Ferroptosis-Mediated Liver Graft Injury During Machine Perfusion: Identifying Biomarkers and Therapeutic Targets
to Prevent Early Allograft Dysfunction

Background

The growing burden of chronic liver disease has intensified reliance on extended criteria donor (ECD) organs.
Although machine perfusion strategies, normothermic (NMP), hypothermic oxygenated (HOPE), and sequential
HOPE-to-NMP, have improved preservation, ECD livers remain highly susceptible to ischemia—reperfusion injury (IRI)
and early allograft dysfunction (EAD). IRl is driven by a cascade of mitochondrial dysfunction, ROS generation, lipid
peroxidation, and DAMP-mediated innate immune activation, perpetuating hepatocellular injury and rejection risk.
Ferroptosis, an iron-dependent, regulated cell death pathway driven by glutathione depletion and lipid peroxide
accumulation, is emerging as a critical mechanistic bridge between oxidative stress, sterile inflammation, and
immune reshaping in the graft. Its contribution across parenchymal and non-parenchymal populations during
machine perfusion remains poorly characterized, representing a key opportunity to identify predictive biomarkers of
EAD and targets for therapeutic intervention during the ex vivo perfusion window.

Aims: This project aims to (1) characterize ferroptotic cell death signatures across hepatic cell populations, including
hepatocytes, cholangiocytes, liver sinusoidal endothelial cells (LSECs), myofibroblasts, and Kupffer cells, during
machine perfusion; (2) delineate the crosstalk between ferroptotic signaling and innate immune activation across
NMP, HOPE, and sequential HOPE-to-NMP modalities; and (3) identify ferroptosis-derived biomarkers that predict
EAD and inform therapeutic strategies to improve liver transplant outcomes.

Methodology
Serial wedge biopsies and paired blood, perfusate, and serum samples will be collected before, during, and after
machine perfusion. Core analyses include:
- Multiplex immunohistochemistry and proximity ligation assays to spatially resolve ferroptotic markers in
liver tissue
- Spectral flow cytometry (Aurora) on blood, perfusate, and freshly isolated liver cells to profile immune
activation and ferroptosis-associated phenotypes
- MDA assay and FerroOrange staining as functional readouts of lipid peroxidation and intracellular iron
accumulation
- Single-cell RNA sequencing of isolated non-parenchymal cells (cholangiocytes, LSECs, myofibroblasts) to
resolve cell-type-specific ferroptotic programs

Budget

All consumables for the duration of the fellowship will be covered by the host department, including: plastics
(1000€), reagents (buffers, 1500€), cell culture (2000€), FACS/IF antibodies (5000€), ELISA/PLA/MDA kits (3500€),
single-cell RNA sequencing (5000€). The stipend from IHPBA will be used to fund salary.

Timeframe

Existing biobank samples enable immediate initiation of tissue-based and functional assays, while prospective
collection will support flow cytometry and single-cell sequencing as the cohort expands.

Months 1-3: optimization and pilot experiments, including panel setup for multiplex IHC/PLA and spectral flow
cytometry. QC and pilot for scRNA sequencing.

Months 4-9: parallel data acquisition (IHC, cytometry, MDA/FerroOrange assays) and full scRNA-seq library
preparation.

Months 7-12: progressive data analysis, including scRNA-seq interpretation and integration with the other results.

Significance: By defining ferroptosis as a mechanistic driver of graft injury during machine perfusion, this project will
establish a clinical framework for predicting EAD and opens a targeted therapeutic window to improve outcomes in
liver transplantation.



