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INTRODUCTION

Lipid nanoparticles (LNPs) have emerged as effective carriers for mRNA 

delivery in vaccine and therapeutic applications. This study systematically 

screened PEGylated lipids for intramuscular mRNA delivery, optimized 

formulation composition, and investigated structure-activity relationships 

to improve delivery efficacy and elucidate mechanisms driving differences 

in protein expression.

OBJECTIVE

–To identify key factors influencing transfection efficiency and provide 

guidelines for designing more effective next-generation LNPs for mRNA-

based vaccines and therapeutics.

METHODS

(a) Structures of the ionizable lipid and PEGylated lipids used in this 
work. (b) Timeline of the in vivo studies. (c) PEG-lipid screening, LNP 
composition optimization, and Structure-Activity Relationship (SAR) 
investigation with advanced characterization techniques. 

RESULTS: Figure 1, PEG-Lipid Screening (hEPO expression)

RESULTS:  Figure 2, DOE Optimization

RESULTS:  Figure 3, Lipid Packing
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Longer acyl chains (C16-C18) 

decreased protein expression

RESULTS:  Figure 4, Internal Structure

CONCLUSIONS

• Identified DMG-PEG5k as optimal PEGylated lipid for mRNA delivery

• Key factors for enhanced transfection:

✓High mRNA encapsulation (>90%)

✓Strong membrane integrity at low Ph

✓Ordered internal structures

• Balanced lipid ratios critical for LNP performance

• Findings provide framework for rational design of next-generation mRNA-LNPs
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Glyceride PEG Phosphoethanolamine (PE) PEG Ceramide PEG

SAXS and Cryo-TEM revealed:

–Multilamellar structures

–Inverted hexagonal phases

Optimized formulation showed:

–More pronounced ordered structures

–Enhanced stability at low pH

Lower GP7.5/GP4.5 ratio 

correlated with higher 

expression

• 20 formulations yielded 

expression range of 

0.1-1.3× vs benchmark

• Optimized formulation 

achieved 1.5× higher 

expression

• Strong negative 

correlation with 

Ionizable lipid fraction 

& PEG-lipid fraction

• Strong positive 

correlation with 

encapsulation 

efficiency
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