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Outline

• Delivery approaches for saRNA

• Effect of formulation on expression and immunogenicity of saRNA

• Optimization of LNP delivery for mRNA vs. saRNA
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How is saRNA different from mRNA?

Blakney et al. Vaccines. 2021.



RNA Delivery Vehicles
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Preparation of RNA formulations:
Polymeric nanoparticles

Lipid nanoparticles

Nanoemulsion



How is the delivery vehicle sensed 
intracellularly?

5
Pardi et al. Nature Reviews Drug Discovery. 2018.



Goal: head-to-head comparison of polymeric and LNP 
formulations of saRNA

6
Blakney et al. Journal of Controlled Release. 2021.

Phospholipids: DOPE or DSPC
pABOL: bioreducible, cationic, linear 
polymer optimized in Stevens Lab at 

ICL

Cholesterol Phospholipid



pABOL and LNP formulations exhibit similar size and 
encapsulation efficiency, but not surface charge
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Blakney et al. Journal of Controlled Release. 2021.



pABOL formulations result in 100-fold higher protein 
expression of saRNA than LNP in vivo
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Blakney et al. Journal of Controlled Release. 2021.



LNP formulations confer higher immunogenicity of 
saRNA against influenza HA than pABOL
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Blakney et al. Journal of Controlled Release. 2021.



LNPs induce superior Th2 activation and reactogenicity 
compared to pABOL

• Measured systemic 
cytokine levels 4 hours 
after administration

• No detectable levels for 
GM-CSF, IL-1β, IL-2, IL-
13 or IL-18

• Main difference for pABOL
and LNP was IL-6
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Blakney et al. Journal of Controlled Release. 2021.



LNP delivery of mRNA vs. saRNA
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• What are optimal 
formulation parameters for 
maximizing and minimizing 
cellular activation?

• Are optimal parameters for 
saRNA also optimal for 
mRNA?

Ly et al. Molecular Pharmaceutics. 2022.



Design of Experiments optimization of LNP mRNA 
and saRNA formulations
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Ly et al. Molecular Pharmaceutics. 2022.



Optimized formulations for maximizing and minimizing 
cellular activation
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Ly et al. Molecular Pharmaceutics. 2022.



DoE accurately predicts values for CQAs, 
protein expression and cellular activation
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Ly et al. Molecular Pharmaceutics. 2022.

• Changing formulation parameters can impact cellular activation 
(i.e. IL-6 secretion)

• Optimal formulations for saRNA are also suitable for mRNA

• Size of RNA great affects integrity after encapsulation

• saRNA protein expression is 100-1000X higher than mRNA



Conclusions

• Polyplexes = 100X higher intramuscular 
protein expression, LNPs= 100X higher 
immunogenicity

• Tuning LNP formulations can directly impact 
the cellular activation 

• Formulations optimized for saRNA delivery 
and activation are equivalent for mRNA

• Large RNA is highly susceptible to 
degradation during encapsulation

15

OPTIMIZATION 
OF mRNA & 
saRNA LNPs

FORMULATION
STRATEGIES



Acknowledgements

Prof. Robin Shattock
Dr. Paul McKay

Dr. Kai Hu
Karnyart Samnuan

Paul Rogers
Krunal Polra
Hadi Sallah
Zoltan Kis

Simon Daniel

16

Nuthan Bathula
Credo Casmil
Sunny Chen

Allison Dummel
Petya Popova
Josh Friesen

Cynthia Huang
Hannah Ly

Kaye Soriano
George Tang

Elisa Tran

Dr. Andy Geall
Dr. Anitha Thomas

Dr. Nikita Jain
Andrew Brown 



Questions?

anna.blakney@msl.ubc.ca@AnnaBlakney @Anna.Blakney


