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Abstract of Thesis
Drug candidates for the treatment of neurological pathologies tend to have higher failure rates at

the “bench—to-bedside” transition than any other drugs, ™

which is partly explained by the lack of
reliable human equivalent 7n vitro models to effectively screen potential therapeutic molecules
especially the brain. The permeation mechanism and the delivery efficiency of intravenously injected
drugs to the brain are also poorly understood. The implementation of biologically relevant models of the
brain vasculature is thus highly needed to simulate the passage of anti-cancer drugs from the bloodstream
to the brain.

Notably, the 7n vitro blood-brain barrier (BBB) models can provide a valuable tool for investigating
the transport of drugs into the brain. '™ The BBB is a selective barrier located between the circulatory
system and the central nervous system. It prevents potentially harmful substances to penetrate the brain,
including therapeutics. Current models fail to replicate the structural complexity of the native BBB and
thus do not exhibit enough functionality for drug assessment. The transferrin receptor (TfR), one of the

main routes for iron transport in the brain, ¥

shows great potential for drug transport due to its high
expression level by both brain microvascular endothelial cells (BMEC) and brain cancer cells, ™ but is
poorly investigated in the current BBB models. Assessing the functionality of TfR-mediated transcytosis
in three—dimensional (3D) BBB models is therefore highly desired, as it could create opportunities for
the screening of novel treatments for brain cancers treatment.

The validation of a BBB model usually relies on the assessment of barrier function properties and
the functionality of specific transport systems. It can respectively be checked by measuring the
permeability of the dextran or specific substrates. To evaluate the transportability of these molecules
or candidates drugs, the capillary network formed by the BMEC needs to have an open structure to make a
connection with the outside so that molecules can be perfused inside the capillary lumen. The perfusion
inside capillary lumen is important for inm vitro transport assays using 3D models as it can better
represent the 7n vivo situation when a drug is injected intravenously.

In this study, a 3D BBB capillary network model was fabricated using BMEC, astrocytes and pericytes
which constitute the BBB. Capillary openings were observed at the bottom of the hydrogel for enabling the
perfusion of the tested molecules in the lumen of the self-assembled capillary network. This 3D BBB model
displayed size—selective permeation and highly functional TfR-mediated transcytosis, similar to the native
BBB. This model could be used for the screening of drug—loaded nanocarriers transported using the TfR
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