
 

 

  



 

 

  



 

 



Institute of Biophysics
Biological Research Centre 
of Szeged
www.brc.hu

1Institute of Biophysics, Biological Research Centre, Eötvös Loránd Research Network (ELKH), Temesvári krt. 62, H-6726 Szeged, Hungary
2Doctoral School of of Biology, University of Szeged, Dugonics tér 13, H-6720 Szeged, Hungary

3Biological Research Centre, Institute of Plant Biology, Eötvös Loránd Research Network (ELKH), Temesvári krt. 62, H-6726 Szeged, Hungary
4Luxembourg Centre for Systems Biomedicine (LCSB), Developmental and Cellular Biology, University of Luxembourg, 4365 Belvaux, Luxembourg

5Department of Chemical Engineering, National Cheng Kung University, Tainan 70101, Taiwan

Triple ligand-targeted nanoparticles cross the blood-brain barrier in vitro
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Nanoparticles targeting transporters of the blood-brain barrier (BBB) are

promising candidates to increase the brain penetration of biopharmacons. Solute

carrier (SLC) transporters show a specific pattern at the BBB and are highly expressed

in brain endothelial cells, which makes them potential targets for drug delivery. We

hypothesize that an optimal combination of different SLC ligands would lead to better

docking of NPs to the surface of brain endothelial cells resulting in the shuttle of NPs

and their cargo across the BBB and increased brain delivery. Therefore, we designed

nanoparticles with a new triple combination of BBB transporter ligands. We selected

leucine, the ligand of LAT1, vitamin C, the ligand of sodium-ascorbate cotransporter

(SVCT2/SLC23A2) and glutathione to label the surface of NPs. As model biomolecule

cargo, we used bovine serum albumin labeled with Texas Red (TR-BSA).

Nanoparticles: non-ionic surfantants an cholesterol based nanovesicles – niosomes.

Preparation and characterization of niosomes: Lipid film hydration, extrusion,
ultracentrifugation and characterization (transmission electron microscope, JEM-
1400 Flash; dynamic light scattering, Malvern Zetasizer Nano ZS).

Cells: Cultured primary rat brain endothelial cells (RBEC), pericytes (RPC), astroglia and
midbrain organoids derived from healthy or Parkinson’s disease patients (PD).

Cellular uptake: Measurement of cargo fluorescence from cell lysates by
spectrophotometry (Fluorolog 3, Horiba Jobin Yvon), visualization by confocal laser
scanning microscopy (Leica TCS SP5).

Permeability: Measurement of TR-BSA fluorescence from the acceptor compartment of
the BBB model by spectrophotometry and visualization of BBB passaged cargo in
midbrain organoids by confocal laser scanning microscopy.

Here, we show that the transporter ligands ascorbic acid, leucine and glutathione used as targeting molecules on the surface of nanoparticles can increase the uptake of a 67 kDa

protein cargo in cultured brain endothelial cells. Moreover, we demonstrate the ability of our triple-targeted nanovesicles to deliver their cargo into human midbrain organoids after

crossing the BBB model. Finally, using a combination of techniques, we reveal that the cellular uptake of nanoparticles is temperature- and energy-dependent, is mediated by both

endocytosis and fusion with the plasma membrane and is dependent on brain endothelial surface charge. Our data indicate that labeling nanoparticles with ligands of multiple SLCs

can potentially be exploited to deliver drugs across the BBB and into the brain.
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