Donor Serum FMN Reflects Mitochondrial Injury and Predicts Outcomes after Liver
Transplantation: A Metabolic Donor Signature of Graft Quality
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Introduction: Liver acceptance and allocation is guided by traditional donor factors and surgical
experience, remaining somewhat subjective considering donor sand organs as unsuitable
despite the lack of objective quality metrics. Viability tests during machine perfusion assess
injury very late to tailor preservation and guide decisions.

Methods: Donor serum, liver tissue and perfusates were analyzed together with outcomes after
liver transplantation with normothermic machine perfusion (NMP). Discarded livers preserved
with hypothermic oxygenated perfusion (HOPE) served as controls. Mitochondrial injury and
function were assessed in donor serum, liver tissue, perfusate and bile through Flavin
mononucleotide (FMN), NADH, Complex I/Il levels. Liver tissues underwent NanoString gene
profiling and anti-NDUFS1-staining. Results from donors and NMP were correlated with post-
transplant outcomes, including 6-month Comprehensive Complication Index (CCl) and biliary
complications.

Results: Forty-one donors and liver transplants (10/2022-7/2025) were divided in two groups
based on serum FMN: low (<1ug/mL) and high (>1ug/mL). Mitochondrial injury markers
including Complex I/l and NADH were significantly lower in low FMN Donor serum. Healthy
human controls showed significantly lower FMN serum values and mitochondrial injury. Donor
serum FMN correlated with perfusate FMN levels during NMP and HOPE (NMP-4h perfusate:
p=0.0379; HOPE-2h perfusate: p=0.0010, Figure 1) and bile FMN during NMP (p=0.0293). High
FMN Donors expressed significantly more profibrotic, pro-senescence, pro-inflammatory and
pro-immunogenic genes and those related with regeneration-, mitochondrial metabolism- and
ATP production- were downregulated. This high risk group also showed higher complex-| tissue
injury assessed by anti-NDUFS1 expression. More biliary, vascular and overall complications
were seen with high FMN donor livers (6-month CCI>40 points).

Conclusion: Donor serum FMN represents the metabolic quality of organs providing an
objective assessment before procurement. Such upfront mitochondrial analysis in organ donors
correlates with tissue inflammation, fibrosis and senescence at donation. Donor FMN-
quantification could serve as a rapid, objective biomarker to guide organ acceptance, allocation,
and tailor preservation strategies, decreasing the upfront donor decline rate.



Figure 1:
A. Donor serum and FMN levels in transplant and healthy cohorts

B. FMN correlation between donor serum, perfusate, and bile during NMP and HOPE

C-D. FMN concentration in donor serum and during NMP stratified by p
complications and CCI

E. NanoString gene expression profiling of donor livers
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