Beyond polyethylene glycol (PEG): Novel polymer-lipids replace PEG-lipids in
mRNA lipid nanoparticles (LNPs) to target key organs and improve extrahepatic
efficacy during repeat dosing
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Background: mRNA has been employed as an effective vaccine against infectious
disease (e.g. COVID-19) and cancer (e.g. melanoma). However, mRNA is rapidly
degraded after administration and does not readily enter cells. To address these issues,
mMRNA is encapsulated in lipid nanoparticles (LNPs); self-assemblies of mRNA, lipids, and
a polymer-lipid which gives the LNP a polymeric surface coating. This provides stability in
storage and after administration. Polyethylene glycol (PEG) is the currently polymer of
choice for mMRNA-LNPs. However, PEG reduces the potency of encapsulated mRNA, and
after 2 doses of COVID-19 vaccination patient data shows up to a 69-fold increase in
antibodies (IgG) against PEG. This increased allergic response to PEG reduces the safety
and efficacy of future LNP doses, the latter through the accelerated blood clearance
effect. New polymer-lipids are therefore required to realise the future potential of mMRNA.

Methods: A novel library of chemically varied polymer-lipids has been synthesised and
used to replace the PEG-lipid in clinically relevant mMRNA-LNP formulations. Impact on
particle size and mRNA encapsulation has been characterised ahead of an in vitro screen
in dendritic cells in both high and low protein environments to assess antifouling properties
of polymers. Successful polymer-lipids were taken forward for thorough in vivo (murine)
assessment of biodistribution and mRNA efficacy via various routes of administration —
Intramuscular, intradermal, and intravenous. A repeat dosing regime was conducted to
characterise anti-polymer antibody generation and assess reduced efficacy of mRNA-
LNPs containing PEG or novel polymer-lipid compared to the first dose.

Results: Novel polymer-lipids can be used to replace PEG-lipids with many (~20/30) able
to form stable mMRNA-LNPs with high encapsulation efficacy and low particle size (<200
nm). In vitro results reveal novel polymers can improve mRNA transfection efficacy by up
to 100-fold, or reduce it by up to 200-fold, relative to PEGylated mRNA-LNPs. Key
structural features of polymer-lipids been identified via machine-learning guided analysis
of the in vitro screen. In vivo administration (IM) of lead polymers revealed up-to 3-fold
improved transfection relative to PEG in key organs such as lymph nodes and spleen.
LNPs with novel polymer lipids showed greater transfection in all immune cell types such
as dendritic cells and CD4" T cells (ID administration). Repeat IV dosing showed that
LNPs with either PEG or novel polymers showed reduced extrahepatic efficacy in dose 4
compared dose 1. However, this effect can be mitigated by changing the polymer used in
the formulation of the final dose from PEG to a novel polymer as there are no existing anti-
polymer antibodies against the new polymer. A 3-fold increase in extrahepatic mRNA
efficacy was observed using this dosing strategy, including 25-fold increase in the kidneys.

Conclusions: Novel polymer-lipids can replace PEG-lipids in clinically relevant mRNA-
LNP formulations to produce effective LNPs with either lymph node and spleen targeting,
high immune cell transfection, or kidney targeting depending on route of administration.
Switching the polymer used in mMRNA-LNPs during repeat dosing regimes alleviates the
reduction in extrahepatic mMRNA efficacy caused by the accelerated blood clearance
effect, paving the way future mRNA vaccines with increased efficacy and safety profiles.







