Multi-stage mixing to create a core-
then-shell structure lipid

nanoparticle enables safer and more
effective DNA delivery
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Lipid Nanoparticles (LNPs): A Game-Changer

1 Development

Rapid formulation by mixing lipids and nucleic acid
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DNA'’s benefits over mRNA

Protein

« Duration: mRNA decays in hours, DNA-LNPs
could provide expression for 6 months per
dose. Opening up opportunities for chronic
diseases.

* Promoters: cell-type-specific promoters and £
promoters that can be regulated by small
molecule drugs like doxycycline




Problems of delivery DNA

o Toxicity
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* Low transfection using LNPs
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Rapid Mixing

Aqueous Nucleic Acid
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Challenges in LNP Nucleic Acid Delivery
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1.

Empty LNP

without payload

More than half of
formulated LNPs are
empty

Empty LNPs are more

immunogenic and
cytotoxic
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Challenges in LNP Nucleic Acid Delivery
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2. Low Endosome
Escape Rate

* <2% of RNA payload
can escape endosome
and enter cytosol
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Challenges in LNP Nucleic Acid Delivery
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3. DNA delivery
barriers

 DNA is much larger
than RNA

e Cytosolic release and
stability
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Nanostructure of RNA-LNP affects endosome

membrane fusion efficiency
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Design of Multi-Staging Mixer (MSM)

1) Core Components
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Design of Multi-Staging Mixer (MSM)

1) Core Components
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Unique core-shell structure of CTS LNP
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CTS LNPs improve DNA expression in vitro
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Internal core structure is critical for improved

transfection

Standard Bulk Mixing
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Biological Mechanism of better CTS LNP transfection

Std LNP

CTS LNP

DNA Fluorescence

LNP Scattering

1. Better DNA packaging and less empty
LNPs
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2. Better cytosolic protection of
DNA from degradation
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However, more DNA delivery leads to more toxicity
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CTS LNPs are capable to load small molecule drugs

Hydrophilic

drugs

drugs
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— Drug loading of

STING pathway inhibitors
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Loading inhibitors into CTS LNPs reduce inflammation,

maintain expression and improve survival
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CTS LNPs enhance DNA expression in vivo
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CTS LNPs treating hemophilia A
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CTS LNPs treating genetic epilepsy

CTS LNP co-load mRNA and 4-Phenylbutyric acid o
* Effective in treating epilepsy in pediatric patients
e Significant Gl problem when taking PBA orally OH
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CTS LNPs loaded with functional

protein enhance T cell transfection
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Conclusion

* Microfluidic design controls over LNP assembly kinetics and enables
unigue core-shell particle architecture

e CTS structure massively improves DNA transfection efficiency by
tackling multiple biological barriers

* CTS LNPs’ capability of loading small molecule drugs and proteins
greatly broaden its application

* This innovation opens new possibilities for treating numerous
common chronic diseases
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