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STUDYING DRUG TRANSPORT AT THE BLOOD-BRAIN BARRIER

Valerio's main research interest is the study of transport mechanisms across the Blood-Brain
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Barrier (BBB), more specifically, the function of uptake transporters. The BBB, a highly selective  Awarded the Doctorate
semipermeable border between the central nervous system (CNS)and the bloodstream, protects —programme grant 2022
the CNS from potential harmful compounds, while permitting the passage of nutrients."Its efflux

transporters present a major obstacle for brain-targeting drugs.
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WHY HUMAN-RELEVANT MODELS MATTER

Between 2020 and 2022, 45 PubMed-indexed manuscripts on the Blood-Brain Barrier (BBB) using animal
models were published. The species included mice, rats, Yucatan swine, pigs and dogs. Across these studies, an
average of about 53 animals was used per study. Replacing such animal models with a human in vitro BBB model
can substantially reduce the number of animals needed for BBB research. Because BBB studies often involve
procedures in the higher severity degrees, this replacement would contribute to ease the pain, suffering and

constraint experienced by research animals.

NEW BBB MODEL TO STUDY TRANSPORTERS

Model performance: Functional OATP2B1 transport activity was
observed in the hBMEC cell line, whereas no such activity was detected
in the hCMEC/D3 cell line.’ These results support the use of hBMEC
human cell line for OATP2B1-related BBB transport studies.

Localisation: Subcellular localisation studies indicated apical (blood-
facing) membrane localisation of overexpressed OATP2B1, consistent
with uptake from blood into BBB endothelial cells.
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Schematic cross-section of the BBB showing OATP2B1localised at the apical
membrane of endothelial cells.

IMPACT FOR THE 3Rs

In 2024 in Switzerland,
around 58 000 animals
were used in research
on neurological and
mental disorders across
all severity degrees.?
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THERAPEUTIC RELEVANCE

Bidirectional permeability assays indicated OATP2B1 does not
contribute tothetranscellulartransport of the sulphated neurosteroid
pregnenolone sulphate (PregS) across the human BBB.*

OATP2B1 has not influence in the permeation
of PregS into the brain.
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hBMEC as a BBB cell model

A competitive counterflow screen in an MDCKII-OATP2B1 cell system
identified additional OATP2B1 substrates among clinically relevant
compounds, including statins (for cholesterol management) and anti-
HIV drugs.

Valerio developed and validated a human cell-based in vitro BBB model for functional transporter studies. The model uses an adenovirus-based
method to increase expression of the uptake transporter Organic Anion Transporting Polypeptide 2B1(0OATP2B1)in the human brain microvascular

endothelial cell line (hBMEC).

Replacement: This model can replace certain animal
experiments in BBB transporter research. Valerio further
demonstrated, via an in vivo rodent study, that OATP2BTis
not expressed at the rodent BBB, illustrating a concrete
interspecies difference.*

APPLICATIONS BEYOND THE PROJECT

@d & Reduction: When animal studies are still necessary, the
* ~ model can be used for in vitro pre-screening to fine-tune
the experimental design and reduce animal numbers.

Within neuroscience, pharmacology, and toxicology projects which aim at both fundamental and applied BBB research, the model can be used as a
resource to support drug screening workflows by providing early-stage, human-relevant data on transporter-mediated uptake of drugs and endogenous
compounds. This is particularly relevant for pharmacokinetic and safety studies, where transporter interactions can be characterised in a controlled
setting. This supports more targeted compound selection before in vivo testing, and to reduce the number of animals needed.

iy To support reproducibility and adoption, training resources and SOP materials were produced as part of Valerio's project, available
9._. at: Inside the lab: standardised methods for a human in vitro Blood-Brain Barrier model.
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