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➢ Lipid nanoparticles for mRNA delivery

Lipid nanoparticle (LNP) is 

the most advanced non-viral 

delivery system for mRNAs

Trends in Molecular Medicine, 2021, 27(6), 616 - 6171



Research Limitation

Traditional trial-and-error experimental methods take

a very long time to design the ionizable lipids and

optimize the LNPs

Accounts of Chemical Research, 2022, 55 (1), 2-12;
Molecular Therapy Methods & Clinical Development, 33 (2), 101463

➢ Ionizable lipids in LNPs

2



Acta Pharmaceutica Sinica B, 2022, 12 (6), 2950-2962; 

➢ Computation-driven development of mRNA-LNPs

⚫ Predicting lipid nanoparticles for mRNA vaccines by machine learning algorithm
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PCT patent application (PCT/CN2024/096356); 
Nature Communication 2024, 15 (1), 10804

⚫ AI-driven rational design of ionizable lipids for mRNA delivery
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⚫ In vivo model of RNA lipid nanoparticle

Acta Pharmaceutica Sinica B, 2024,14,4591–46075



International Journal of Pharmaceutics, 2025, 670, 1251146

⚫ Self-assembly and molecular structure of mRNA-lipid nanoparticles at 
real size from the ultra-large-scale simulation



➢ FormulationLNP —facilitate the mRNA-LNP development in limited datasets

Unpublished7
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⚫ Comparison of data augmentation level 

A. In vivo delivery efficiency task

B. Apparent pKa task

8 Unpublished



⚫ Comparisons of models 
developed by different 
algorithms

⚫ Ablation study on the impact of 
pre-training, data augmentation 
and multi-task learning

9 Unpublished



⚫ Attention weights of an ionizable lipid represented by the SMILES strings 

10 Unpublished



⚫ Top 20 important substructures identified in the delivery efficiency task

11 Unpublished



⚫ Top 20 important substructures identified in the apparent pKa task

12 Unpublished



⚫ Prediction uncertainty quantification based on data augmentation 

13 Unpublished



⚫ External validation

14 Unpublished

193 LNP formulations 
containing different 
ionizable lipid structures 
from 6 papers

93 LNP formulations with 
different ionizable lipids 
from 7 papers

In vivo delivery efficiency Apparent pKa



https://formulationlnp.streamlit.app/

➢ Deploy FormulationLNP with Streamlit

15 Unpublished

https://formulationlnp.streamlit.app/


➢ Summary

• Explore the advanced AI techniques to facilitate the mRNA-LNP development

in limited datasets

• Learn how to enhance mRNA-LNP behavior prediction with correlated

properties and multi-task learning
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Computational Pharmaceutics Group at University of Macau 

PI: Dr. Defang Ouyang

Recent Progress in AI-driven drug delivery

Computational Pharmaceutics Platforms:
• FormulationAI
• FormulatuonMM
• AI-PBPK
• FormulationDT
• FormulationBCS
• PharmDE, ……
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