% UMC Utrecht

Extracellular vesicle-inspired carriers
for therapeutic RNA delivery

Delivering on the potential
p of RNA therapeutics

Dr Pieter Vader i ; };, }

pvader@umcutrecht.nl

WU S = o

Vs Bt ST gl

g
.
(SRS Wﬂ"ﬂ.kr'j- +3 'i
-
£
= a2l
.".';'" g ]

&.u.::;..- P
*”Hr PR P

{l&; University Medical Center Utrecht



mailto:pvader@umcutrecht.nl

RNA-based therapeutics

« Typically require delivery to site of action
« Delivery systems:

— Immunogenic, dose-limiting toxicity
Inefficient uptake/endosomal escape

Science, 2020; Ernesto del Aguila IlI/NHGRI



Extracellular vesicles

30-1000nm
<€ >

Tetraspanins
CD9, CD63

EVs: membrane surrounded
structures released by cells

Natural carriers of biomolecules

Capable of functionally
transferring cargo to recipient
cells

cell-specific

receptors

Lipid rafts




Extracellular vesicles for RNA delivery

Potential advantages over synthetic systems:

No/low immunogenicity
Stable

Utilize native mechanisms for targeting,

uptake and intracellular trafficking

Intrinsic therapeutic efficacy
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Research questions

e (Can we measure/quantify EV-mediated RNA delivery?
« How efficient is EV-mediated RNA delivery?
* How can we apply EVs for therapeutic RNA delivery?



EV-mediated RNA delivery

Cas9 target

CMV promoter mCherry F2A E e
=

: +1nt frameshift

= F2A eGFP2 E +2nt frameshift

expression

~1 sgRNA per 10-10° EVs

De Jong et al., Nature Commun, 2020



Isolation of sgRNA-carrying EVs
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EV-mediated sgRNA transfer

Transmitted

mCherry

Merged

% eGFP+ reporters

0.12+

0.104

0.084

0.06

0.04

0.02

o.oo--;

% eGFP+ reporters

0.12+

0.10+

0.08+

0.064

0.04-

De Jong et al., Nat Commun, 2020

*




B B L B U B B B B B B B
Research questions

e (Can we measure/quantify EV-mediated RNA delivery?
« How efficient is EV-mediated RNA delivery?
* How can we apply EVs for therapeutic RNA delivery?



Functional comparison:
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mCherry+ GFP+ %

Functional comparison: EVs vs LNPs

30-1000nm
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EVs are internalized more rapidly
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Research questions

e (Can we measure/quantify EV-mediated RNA delivery?
« How efficient is EV-mediated RNA delivery?
* How can we apply EVs for therapeutic RNA delivery?



EV-mediated RNA delivery: cargo loading
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EV-liposome hybrids

siRNA/EVs

in
Citrate buffer (pH 5.5)
1. Addition of lipids Il. Preparation of lipid film 11l Hydration of lipid film IV. Extrusion
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into a hybrid structure? %’%

Evers et al., Adv Healthc Mater, 2022



Characterization of hybrids
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Functional evaluation of hybrids
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Hybrid targeting/uptake is mediated by EV components

Evers et al., Adv Healthc Mater, 2022
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Hybrids retain regenerative properties

pAkt/Akt - ratio
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Towards scalable hybrid production....

Scale bar: 200 nm
5 nm: Alexa-NHS
10 nm: Biotin
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Conclusions/perspectives

« EVs can outperform synthetic carriers in terms of delivery efficiency

« EV-based hybrids or mimetics may be employed to delivery
therapeutic RNA and/or CRISPR/Cas RNPs

Y

Improve therapeutic RNA loading of EVs
Improve synthetic delivery systems through EV-inspired engineering
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