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Metabolism as a key target for immmune modulation

Cell type-specific metabolic traits
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Metabolic modulation in dendritic cells
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The link between cell function and metabolism is
also crucial in dendritic cells

« During maturation, antigen presentation, migration,
and cytokine expression primarily rely on glycolysis

« Efficient regulation of glucose metabolism and
energy supply can enhance vaccine efficacy

Can we modulate dendritic cell metabolism
using LNPs for mRNA vaccine?
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Lipid nanoparticles (LNPs) for mRNA vaccine delivery
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LNPs are the most clinically advanced delivery vehicle for vaccines

The transfection potency of LNP is critically dependent on the ionizable cationic lipid component
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Crosslinked ionizable lipids for metabolic regulation

lonizable lipid library design
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Reaction between imidoester crosslinkers
and amine compounds followed by C12 lipid
conjugation created amidine incorporated
ijonizable lipids

The rapid and straightforward reaction
generated a library of novel ionizable lipids
in a high throughput manner.
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Crosslinked ionizable lipids for metabolic regulation

In vitro LNP screening in BMDCs
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Impact of crosslinkers on lipid structure and mRNA delivery

Lipid characterization

Bent

fChalr . _structure 20 +
conformation : ¢ < P<0.0001
kv, V. % E 10 -
...1):5...).; ‘ A C__G
s =
xXe Y —
11.6 A 129A° T % 0 7.50
, S
©-10
- )
G A "N N | L6
“\& '20 T T
Low mmssm High Low mmssm High $Q $Q
MEP MEP KR
C12-N C12-2aN O O\‘V

Intramuscular injection of LNP
Untreated C12-NP C12-2aNP

! | g 61p<0.0001 - Untreated
o NE @ C1l2-NP
[ | O O 4+
: o9 @ C12-2aNP
]
S o
T 9
| g2 2
o
Radiance Q
B S0
e 0 24 48 72
Time (h)

Kim et al., in revision

Cl12-2aN has a bent structure, adopting
conical shape, which may promote the
hexagonal phase transition of the lipid bilayer

The insertion of amidines resulted in a
positive surface charge of the C12-2aN

based LNP (C12-2aNP)

The 2a-based ionizable lipids improved in vivo

MRNA transfection
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Crosslinked LNP induces a metabolic switch to glycolysis in
dendritic cells
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Crosslinked LNP induces a metabolic switch to glycolysis in
dendritic cells
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Selective stimulation of glycolysis in dendritic cells by

crosslinked LNP

Single-cell RNA sequencing of CD45* immune cells
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In the APC clusters, cells from the C12-
2aNP group exhibited significantly higher
expression levels of glycolysis-associated
genes compared to those from the ALC-
0315 group

On the other hand, the expression of acute
inflammation-related genes was notably
elevated in both APC and neutrophil
clusters in the ALC-0315 group, whereas it
was significantly reduced in the C12-2aNP

group
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Increased glycolysis induced by crosslinked LNPs leads to
enhanced antigen presentation in dendritic cells

MRNA expression
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resulted in comparable mRNA transfection efficiency
compared to C12-NP alone, it significantly enhanced
OVA antigen presentation, indicating that glycolysis
stimulation is critical for effective antigen presentation
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Increased glycolysis induced by crosslinked LNPs improves
vaccine efficacy in a cancer vaccine model
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Co-administration of C12-NP with C12-2aNP(-)—thereby
selectively promoting glycolysis—enhanced both humoral
and cellular immune responses in OVA cancer vaccine
model

Increased glycolysis led to a substantial reduction in tumor
size

As observed with C12-2aNP treatment, achieving optimal
vaccine efficacy requires the simultaneous induction of
efficient mMRNA delivery and metabolic reprogramming.
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Summary & Future direction
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High-throughput synthesis of ionizable lipids with
an imidoester crosslinker enabled the discovery of
a multifunctional ionizable lipid, C12-2aN

C12-2aNP-mediated stimulation of glycolysis
enhanced antigen presentation, leading to
improved vaccine efficacy

Overall, the integration of mRNA delivery and
metabolic reprogramming presents significant
potential for next-generation mMRNA LNP vaccines

® The rational design of ionizable lipid chemistry to modulate immune cell metabolism may open new avenues in immune

engineering beyond vaccines.
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