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The Rise of Nucleic Acid Based
Therapeutics

... hot just a prophylactic infectious disease vaccine platform
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Acuvitas technology enabled life saving
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Desperately ill baby healed with personalized
gene therapy, doctors say

Baby one of 350 million people worldwide with rare diseases

The Associated Press - Posted: May 15, 2025 1:43 PM PDT | Last Updated: May 15, 2025

B. Listentothisarticle ()
W) Estimated 6 minutes

KJ Muldoon after a follow up dose of an experimental gene editing treatment at the hospital in April 2025.
(Chloe Dawson/Children's Hospital of Philadelphia/The Associated Press)



Why LNP are Important

LNP protect the nucleic acid, enabling its delivery into the patient’s cells

THE CURRENT CHALLENGE

New therapeutic drugs and vaccines based on nucleic acids are only effective
if delivered intfo cells successfully.

Nucleic acids / mRNA are poor drug substances on their own.

An enabling delivery technology that efficiently & safely delivers these drugs is
required.

THE SOLUTION

Utilizing LNPs, the nucleic acid is protected and can be successfully delivered into cells.




Composition of Contemporary LNP
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Typical Characterization:
Apparent pKa RNA content
Encapsulation Lipid content
Particle size (PDS) Nucleic acid integrity/purity

Polydispersity index (PDI)  Lipid adducts
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Specific pKa Required for LNP Activity

In vivo relative activity vs. pKa

Both LNP formation and performance are strongly pH MRNA-LNP
dependent.
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lonizable lipids are key components of

LNPs

lonizable lipid structure drives apparent pKa and
other LNP properties, including encapsulation,
particle size, polydispersity index, activity, and
RNA-adduct formation
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Structural space of ionizable lipids is

complex

Even minimal structural changes can
significantly affect LNP properties and
performance.

Blind combinatorial exploration of vast
chemical space risks missing optimal
ionizable lipids.

How do we explore such a broad

structural space?

Rational design with structural
iterations around proven chemical
matter.
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If A, Band C can have 5
values each and D has 2
possible values, there are
already 250 theoretical
unigue structures.




Lipid Design/library selection

Vaccination schedule ‘%

Lipid

Design/Synthesis

* ALC-315 analogues
* Rational design
» lterative approach

Pilot
Formulation

pKa 5.8-6.8
Encapsulation > 80%
Size < 95nm

PDI < 0.2

Created with BioRender.com

In vivo screening

IgG reporter protein
expression

Influenza A virus (A/Puerto
Rico/8/1934

(HINT)) mRNA
immunization

The search for active ALC-315 analogues



Lipid Design/library selection

four diversification points (A -D)
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ALC-315 analogues:
variations in linker A
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ALC-315 analogues:

° ° ° pKa vs. B
variations in spacerB .
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ALC-315 analogues:
variations in tail C

A fixed at 4, B fixed at 6, C = 8-24
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Will maximizing pKa improve activity?

Should we make off-axis lipidse

Relative activity vs. pKa
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In CO-first series increase in
activity seems to generally
corelate with the increase
in pKa values (6-6.5 pKa
range)

In O-first series activity
seems to peak between 6.1
and 6.30, but no examples
in 6.30 to 6.45 range.

In vivo relative activity vs. pKa
MRNA-LNP




Adjusting pKa
Designing off-axis lipids
pKa vs. A

pKa vs. B
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Adjusting logP

Designing off-axis lipids

Relative activity

Encapsulation, %

(IgG expression)
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Encapsulation vs. logP
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logP

Activity vs. logP

LNP encapsulation efficiency,
particle size and stability depend
on logP.

LNP activity can be influenced by
® CO-first logP.
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Adjusting pKa and logP

Designing off-axis lipids
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New lipids outperformed ALC-315 in

IgG assay
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New lipids outperformed ALC-315 in
immunization efficiency
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COﬂClUSiOnS Encapsulation vs. logP
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