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@5 Nanoparticles targeting glioblastoma:

LDL-like Lipid nanoparticles

Imaging: Therapy:

-  Fluorescence
- PET
- MRI (1H, 19F)

- Peptide delivery
- CAR-T therapy

- mRNA, siRNA

- Cytotoxic Drugs




Introduction N@BEL

BBB blocks the transport of cholesterol into the brain.
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Brain Endothelial Cells Do Not Transport but Degrade Low-Density Lipoproteins via Both
LDLR and ALK1

Cholesterol in the brain is synthesized de novo through the mevalonate pathway.
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Gliblastoma cells rely on cholesterol uptake for survival, mostly provided from astrocytes. LXRU&gamS X
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Cholesterol-depleted astrocytes can upregulate LDL receptor expression at the BBB, v’
enhancing LDL transcytosis. This suggests that cholesterol levels in the brain can influence & 2 X7
the efficiency of LDL transport \_ y. N )
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Clinical evidences of LDL uptake by Glioblastoma N@BEL

a) CTscan
b) °°™Tc-HSA SPET
c) 2°™Tc-LDL SPET

SPET performed 20 h after
injection.

Untreated GBM Recurrent anaplastic oligodendrioma 4
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@s Lipid Nanoparticles for peptide delivery

Structural Lipids : Phospholipids, triglycerides, cholesterol,

Synthetic Lipids: PEG, BBB-targeting peptides, Extracellular Matrix targeting peptides
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New peptides targeting:—

— Glioblastoma Extracellular Matrix
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@s Blood Brain Barrier targeting peptides NOBEL
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Laboratory of Precision and Nanomedicine. University of Tartu.
Tambet Teesalu

Phage display screening of GBM: identify new targets

T7 bacteriophage display of random peptides

1. 10°different peptides /library

2. Random (NNK-encoded), linear and cyclic (CX7C,
CX8C, CX10C, X7, X8, X10)

3. Peptides fused to the C-terminus of the major coat
protein and displayed at ~200 copies/phage particle
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a) Peptides targeting the LDLR in brain
endothelial cells

hage lbrary b) Peptides targetlr?g extracellular
ampnm components of brain tumors
select

Tumor-homing peptide

Lung-specific peptide Tumor-specific peptide
Pasqualini R, Ruoslahti E. Nature. 1996
Teesalu T, Sugahara KN, Ruoslahti E. Methods Enzymol. 2012



Characterization

Size Distribution by Volume

Peptides targeting the
extracellular matrix
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Release profile
Particle Size: DLS and TEM
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In vitro studies

Brain tissue isolated Neuroblasts Glioblastoma
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In vivo studies
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In vivo GL261 glioblastoma model

Tumor model
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Biodistribution Study: ex vivo

Biodistribution
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Biodistribution

liver
ns
8_
§ =N
< 7-
©
=
O 6-
(&) =0
o
3 5 4
i
s
4 T T
S
KK

brain to liver

%k %k

Brain
BBB-targeted
3
0.6 [
(1
=
<
o 0.4+
c
(@]
(@] _—_
Q 0.2+
(@) )
BBB-NP E ==
PEG-NP i 2
0.0 T T
NS L
&
PK NS &
150
0.15-
(D)
3
100-¢
o T -
= S 0.10
Q 7
8 5
£ 50+ o 0.054
=3
0 , , | 0.00
0 10 20 30

time (h) g

MFI over control/ Area

2.5-

2.0-

1.5+

1.0+

0.5+

kidney

.{.4

0.0



Immunohistochemistry

Blue: Hoesch (Tumor cell nuclei); Red: Peptides 14



: 1) Transporter-mediated transycytosis  2) Receptor-mediated transcytosis  3) Cell-mediated transycytosis

E 4) Liphophilic pathway  5) Efflux pumps 6) Adsorptive transcytosis  7) Paracellular aqueous pathway '

........................................................................................................
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= Intravital Microscopy
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Exposure of the brain Window implanted

Gray AL, Schiessl I, Dyer DP. Chronic cranial window implantation for high-resolution intravital imaging of the
endothelial glycocalyx in mouse cortex. STAR Protocols 2023;4(4):102712.




BBB-NP 1 h after injection

Magenta: LNP

Blue: collagen
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BBB-NP 24 h after injection

Magenta: LNP

Blue: collagen




BBB-NP 96 h after injection

Magenta: LNP

Blue: collagen
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Intravital Images

BBB-NP

1 h after injection 24 h after injection 48 h after injection 96 h after injection

Magenta: LNP

Blue: collagen 20



Nanoparticle stain

8 um diameter

Dextran stain

The presence of leukocytes at the endothelium
was confirmed by dextran labelling
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Leukocyte labelling

Rhodamine 6G Leukocyte labelling



BBB-NP + Rhodamine 6G

Rhodamine 6G Leukocyte labelling
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Synthetic Lipid nanoparticles could be an effective drug delivery system targeting glioblastoma

0.34 mm3 224 mm3  2.44 mm3

Biodistribution studies confirmed the presence of
Nanoparticles in the brain

We observed both transcytosis and cell-mediated transcytosis.
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