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COMBINATION OF ALANINE AND GLUTATHIONE AS
TARGETING LIGANDS OF NANOPARTICLES ENHANCES CARGO
DELIVERY INTO THE CELLS OF THE NEUROVASCULAR UNIT

Gergo Porkolab!-, Maﬂa Meszaros!, Aniko Szecsko!, Szilvia Veszelkal,
Maria A Deli!

'Biological Research Centre, Institute of Biophysics, Szeged, Hungary.
*University of Szeged, Doctoral School in Biology. Szeged, Hungary

The treatment of neurological diseases 1s hindered by inefficient drug
delivery across the blood brain barrier (BEB). A promising strategy to
increase the brain penetration of drugs is to encapsulate them into
nanoparticles that target highly expressed transporters at the BEB. Our aim
was to design nanoparticles that can both cross the BBB and interact with
multiple brain cell types to reach their therapeutic targets. Vesicular
nanoparticles were prepared with a protein cargo (EBA, 67 kDa or
mCherry, 27 kDa) and functionalized with the combination of alanine and
glutathione. Nanoparticles were characterized by their size, surface charge
and shape by dynamic light scattering and atomic force microscopy. We
used a real-time, impedance-based cell analysis to monitor the effects of
nanoparticles on the viability of cultured brain endothelial cells, penicytes,
astrocytes and neurons. We used fluorescent spectrophotometry and
confocal microscopy to quantify and visualize cargo taken up by these cell
types. To test the mechanism of uptake, mhibitors of cell metabolism and
endocytosis were used. Alanine-glitathione dual-targeted nanoparticles
enhanced cargo delivery into all brain cell types tested compared to non-
targeted particles. The cellular uptake of nanoparticles was energy-
dependent and was partially mediated by endocviosis. Dual-targeted
nanovesicles also increased cargo delivery into astrocytes after crossing
layers of brain endothelial cells and pericytes in a co-culture model of the
BBB. Our data indicate that alanine-glutathione dual labeling of
nanoparticles can potentially be exploited to deliver dmgs, even
biopharmacons, across the BBB and into therapeufically relevant cell types
in the brain.
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Combination of alanine and glutathione as targeting ligands of nanoparticles
enhances cargo delivery into the cells of the neurovascular unit

Gergo Poriolab™ Maria Meszaros! Aniko Szecsko!, Szilvia Veszelka!, Maria A. Delil e —

— 0] ELKH

! Instiute of Blophysics, Bloiegical Research Cenire, H-0720 Szeged, Hungary \ )
? Doctoral School in Blolgy, Unhersity of Szeged, H-0720 Szeged, Hungary WA e
Introduction Methods

& promising sirateqy to Increase the braln penetration of dugs s
to encapsuiate them Inte nanoparticies (MPs) that tanget highiy
expressed anspones & the blood-brain bamer (BEE). Howevear,
peneiration of MPs across ihe BEB might not be enough for
therapeutic sucoess by Rsef. The endothellal layer of cercbral
microvess2ls s cowerad with paricytas, ensheatned by astrogial
endfes! and all these calls are In communication with neurons and
other gilal calls. That means drugs must ravel through muttiple c2il
layers 0 reach thelr therapeutc targets, typlcaly i neurons or
gla. Our aim was 1o test whether our previously described alanine-
glutathione dua-targeted WP capabie of crossing the BEB can
potentially gellver thelr cango fo mubiple cedl types In Me brain.

Results

= Call culture: primary rat brain endotmelial celis (REEC), pericytas (RPC), asirocyls
|RAL) and differentiated human SH-5Y5Y neuronal celis, as well a5 BBE co-culture moded
|pimary RBEC, RPC, RAC) characienzation: phase-conirast  MICIOSCOpY,
mmunogytachemlsoy

- Expresalon of alaning tranaporters: gRT-PCR

Manoparticies: non-ionlc  swfactant and  cholestarpd-based

characterization: measuremant of size, Zeta potential and stablity

Cellular uptaks of nanoparticlas: uarescent spectrophodometry from cell lysates after

4 h Incubation {10 mgimL}, Ive-cel confocal Imaging (miCherry cargo)

Mechanism of cellular uptaks: Inhioiory condifions (see above Sgure), fluorescent

spectrophotometry

= Uptake after crossing the BEB: permeability across the BSE model (24 h, fluorescent
spectrophotametry from lowar compariment); Ive-cell confocal Imaging In astrocytes

vesicles  (niosomes);

L
Expreasion of ganss eancoding alaning transporters
In cultured RBECs, RPCa, RACE 3H-5Y5Y cells
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1.
Uptaks of the cargo of NP2 In pericytes, astrocytes
and nesuronal cells
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V.
Machanksm of callular uptake: energy-depandsnt, partially mediated by sndacytosls
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