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Endothelial and blood-brain barriers play a fundamental role in maintaining homeostasis by
selectively regulating the passage of solutes, fluids, and immune cells. However, when pathological
conditions arise, particularly in neurodegenerative and autoimmune diseases, barrier permeability
can be compromised by inflammatory stimuli, including cytokines (TNF-a, IL-1B). One of the goals of
the COBALT project is to develop a barrier digital twin capable of simulating the impact of
inflammatory stimuli on key permeability biomarkers (ZO-1, vascular endothelial cadherin, claudin-
5).

aizoOn has developed a digital twin based on a biochemical model. The digital twin is designed to
predict barrier integrity across different cytokine concentrations, providing a potential tool to assess
the inflammatory state of patient barriers. The validity of this model will be confirmed via results
obtained with Organic Electrochemical Transistor (OECT) technology, integrated with a customized
multiwell system and data mining approaches. The whole system has already proved that it can
detect permeability variations in in vitro barrier cell cultures (biological twin).

Future work will focus on validating the pathways in the biochemical model with molecular data,
and correlating permeability data arising from the biological twin with the digital twin’s output. The
collected molecular and electrochemical data will be integrated with patient clinical information to
explore the possibility of training other kinds of digital twins and improving the accuracy for
addressing clinical questions in precision and personalized medicine.



