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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 III/NHGRI
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• EVs: membrane surrounded 

structures released by cells

• Natural carriers of biomolecules

• Capable of functionally 

transferring cargo to recipient 

cells



Vrijsen et al., Adv Healthc Mat, 2016; 
Mol et al., Nanomedicine NBM, 2017;
Maring et al., J Cardiovasc Transl Res, 2019

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 

• 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

De Jong et al., Nature Commun, 2020

~1 sgRNA per 104-106 EVs



Isolation of sgRNA-carrying EVs

De Jong et al., Nature Commun, 2020
Murphy et al., Nano Letters, 2021



EV-mediated sgRNA transfer

De Jong et al., Nat Commun, 2020



Research questions 

• Can we measure/quantify EV-mediated RNA delivery?

• How efficient is EV-mediated RNA delivery?

• How can we apply EVs for therapeutic RNA delivery?



 

 Murphy et al., Nano Letters, 2021

Functional comparison: EVs vs LNPs

0.1-10 fM sgRNA



 

 Murphy et al., Nano Letters, 2021

Functional comparison: EVs vs LNPs

versus

0.1-10 fM sgRNA



EVs are internalized more rapidly

Murphy et al., Nano Letters, 2021



Research questions 

• 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

Zickler A, EL Andaloussi S, Nat Biomed Eng, 2020 



EV-liposome hybrids

Can we combine biological (EV) and synthetic (liposome) properties 

into a hybrid structure?

Evers et al., Adv Healthc Mater, 2022



Characterization of hybrids

Evers et al., Adv Healthc Mater, 2022
Liposomes Hybrids (1:100) Hybrids (1:50)



Functional evaluation of hybrids

Evers et al., Adv Healthc Mater, 2022
Hybrid targeting/uptake is mediated by EV components



Hybrids retain regenerative properties

Evers et al., Adv Healthc Mater, 2022



Towards scalable hybrid production….

Scale bar: 200 nm

5 nm: Alexa-NHS

10 nm: Biotin 



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

➢ Improve therapeutic RNA loading of EVs

➢ Improve synthetic delivery systems through EV-inspired engineering
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