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A need to increase the extra-hepatic delivery of RNA therapeutics

Hepatic delivery



Status quo: Apparent pKa-mediated extra-hepatic delivery

Nat Nanotechnol. 2020; 15(4): 313–320.
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The structure of lipid tails affect LNP’s extrahepatic delivery

Unpublished data



The structure of lipid tails affect LNP’s extrahepatic delivery
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• Alternative mechanism might affect LNP’s tissue tropism



Construct a library of structurally diverse dendrimer-based ionizable lipid (dIL)



Construct a library of structurally diverse dendrimer-based ionizable lipid (dIL)
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Design of dendrimer-based LNP (dLNP) library with diverse structural properties

• Size

• Zeta-potential

• Polydispersity index

• Encapsulation efficiency
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dLNP tissue-selectivity is associated with the percentage of lipid grafting

Unpublished data



Sister formulations with different lipid grafting levels showed distinct tissue tropism

Unpublished data



The percentage of lipid grating and the apparent pKa synergistically regulate the dLNP tissue tropism 

Unpublished data



The percentage of lipid grating affects the hydrophobicity/lipophilicity of the dLNPs 

100 series 50 series

Lipid-grafted dendrimer accounts for 50% of 

the lipid component (molar ratio) in dLNP  

Probe LNP lipophilicity using hydrophobic fluorescent dyes

PRODAN assay DPH

Characteristic peak

Unpublished data

• The surface hydrophobicity of a nanoparticle has significant effects on its stability, biological 
absorption, transport, and distribution 



The percentage of lipid grating affects the hydrophobicity/lipophilicity of the dLNPs 

dLNP lipophilicity 

based on PRODAN assay

Unpublished data



The percentage of lipid grating affects the hydrophobicity/lipophilicity of the dLNPs 

Unpublished data



Protein
Abundance (%) 

C1G1-L8-100

Abundance (%)

C1G1-L8-50
Functional Class

Apolipoprotein A-I 21.5 21.4 Apolipoprotein

Vitronectin 16.5 20.9 Tissue Leakage

Albumin 14.3 10.5 Other

No difference in the relative abundance of Apos for both 50% and 100% series dLNPs 



The hydrophobicity of dLNPs affects the quantity of plasma protein adsorption

The absolute abundance of Apos is higher in 100% series than 50% series dLNPs

Unpublished data



The liver hepatocyte uptake of dLNP is dependent on the Apos adsorption and LDLR density

Unpublished data



The 50% series dLNPs are associated with higher levels of complement proteins and immunoglobulins

Unpublished data



Construct Quaternary amine (QA) dendrimers for lung-specific mRNA delivery 

Unpublished data



QA series dLNP QA dendrimers enabling lung-specific mRNA delivery through a 

mechanism independent of total protein abundance. 

Unpublished data



Summary

➢ Lower lipid grafting on dendrimers reduces dLNP 

hydrophobicity and plasma protein adsorption, thereby 

limiting liver uptake

➢ Lower hydrophobicity also enriched complement proteins in 

the dLNP corona, promoting high splenic uptake

➢ In vitro and in vivo screening identified 11 lead mRNA 

formulations with distinct tropism for liver, spleen, and lung;

➢ QA modification of dendrimer reduced dLNP hydrophobicity 

and increased their apparent pKa.

➢ While overall protein adsorption was unchanged, the higher 

apparent pKa enriched vitronectin in the corona, promoting 

uptake by lung uptake.
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