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Facilitating Brain Gene Delivery Using
BBB-Interacting Small Molecules

Image obtained from: https://cordancemedical.com/the-problem/blood-brain-barrier/



Synthesis of a Brain-Targeted
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Adjusting microfluidic mixing method for the production of LNPs with Small-Molecule functionalized PEG-lipids
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LNPs formation using microfluidic mixing
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Representative Cryo-TEM images of BT-LNPs
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BT LNPs Transfection Efficiency and Cytotoxicity

5

=

38

200ng FLuc mRNA per LNP treatment [16hrs] %g
Luminescence signal was 58

referred to as formulation transfection efficiency E 5
s¢

=

&

g

%

Cytotoxicity assay using PrestoBlue f,

[an]

o

L

=

O

=

Chen G.*, Sela M.*, Kadosh, H.,* et al. (2025). Under Revision.

hCMEC/D3

hCMEC/D3
g15
g10] s i 1 4 I | z
205 -
&

Normalized RLU
Relative to untreated control

50+

SH-SY5Y
sk k ok ok

—

SH-SY5Y viability
Relative to untreated control

SH-SY5Y

Acetylcholine  and  tryptophan
LNPs showed the best transfection
efficiency in neuronal-like cells



BT LNPs Alter Transfection Efficiency in the Brain
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Targeting Moiety Alters LNP Brain-Cell
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Functional Neuronal Transfection Across a
Human iPSC-Derived BBB
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ACh-LNPs Functionally Engage ACh-Receptors

ACh-LNPs

AChLightG

&
Before After
Untargeted-
LNPs
Free ACh
ACh-LNPs

In collaboration with Dr. Tomer Kagan and Dr. Tal Laviv.
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® AChLightG is based on an
engineered muscarinic
receptor coupled to a
circularly-permuted GFP,
which produces robust
green fluorescence upon
ACh binding
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ACh-LNPs and free ACh significantly
activate the AChLightG receptor
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Live imaging using a two-photon system—
Receptor activation (GFP signal over time, Green)




ACh LNPs Trigger Receptor Binding and Drive Enhanced

MRNA Transfection
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Two-photon-based live imaging of receptor binding

of ACh-LNPs (GFP) and mRNA translation (mCherry)
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ACh LNPs Selectively Transfect Neurons and Astrocytes

Acetylcholine-Cre mMRNA LNPs
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Summary

Small molecule—modified LNPs enable efficient mRNA delivery across the BBB into the brain.

2

Acetylcholine-LNPs show strong neuronal and astrocytic selectivity, while Nicotine-LNPs were
the best to transfect microglia.

Receptor engagement enhances mRNA translation, even without classical internalization.

This modular, ligand-guided LNP strategy offers a scalable and tunable platform for treating
neurological diseases at the cellular level.
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