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Design considerations for LNPs
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Formation of lipid nanoparticles.
From: The 60-year evolution of lipid nanoparticles for nucleic acid delivery

https://www.nature.com/articles/s41573-024-00977-6
https://www.nature.com/articles/s41573-024-00977-6
https://www.nature.com/articles/s41573-024-00977-6
https://www.nature.com/articles/s41573-024-00977-6
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Our research question? 

Formulation? 

Manufacture?

Tools and technologies?

Predictive models?

Develop next-
generation LNPs? 



Slide on what is a digital twin
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Design

• Characterisation

• In vitro Testing

• In vivo Testing

Experiment

• Manufacturing

Analysis

Applying QbD Principles: 
Use DoE to Define a Design Space for LNP Manufacture ?



Modelling 

Production 
Process

Potency

✓ We can model the 

manufacturing 

process



Manufacture dominates LNP CQAs

Easy to model

Cellular interactions dominate potency

Challenge

Successful down-selection?
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Key Drivers in 

Formulation?
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LNP physico-chemical attributes:

Size (nm) PDI Zeta (mV) %EE 

mRNA Fluc OVA Fluc OVA Fluc OVA Fluc OVA

SM102 97 ± 7 99 ± 1 0.07 ± 0.02 0.07 ± 0.02 9 ± 4 8 ± 5 94 ± 2 95 ± 1

ALC-0135 85 ± 6 90 ± 2 0.09 ± 0.02 0.11 ± 0.02 -2 ± 3 -2 ± 5 85 ± 5 90 ± 2

MC3 93 ± 3 99 ± 2 0.05 ± 0.02 0.11 ± 0.02 7 ± 2 0 ± 2 92 ± 1 93 ± 3

C12-200 73 ± 2 85 ± 9 0.08 ± 0.03 0.14 ± 0.02 -4 ± 4 -7 ± 3 98 ± 2 97 ± 3

1. Formulation makes no notable difference

2. Type of mRNA makes no notable difference

Manufacturing Process is driving the Particle characteristics



In Vitro & In Vivo 

ALC-0315 
LNPs

SM-102 
LNPs

MC3 
LNPs

C12-200 
LNPs

HEK-293 HeLa THP-1 

In vitro testing In vivo testing

IM 
injection

IVIS 
(In Vivo Imaging System)

Direct ELISA

In vivo expression profile

Fluc mRNA LNPs

OVA mRNA LNPs

Immune response profile

Created by Biorender

In vitro Cell Uptake 
in vitro expression Profile

S Linday, B Binici, M Hussain et al., 2025;



Vaccine Protocol



Cell expression Protein expression Antibody responses
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HEK293s HeLa THP-1
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Cell expression Protein expression Antibody responses
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SM-102

DSPC

DMG-PEG(2000)

C
h

o
le

st
er

o
l

Io
n

is
ab

le
 li

p
id

H
el

p
er

 li
p

id
P

EG
yl

at
ed

 li
p

id

?

50 %

38.5 %

10 %

1.5 %

Key Drivers in 

Formulation

Sterols?



Which is dominant - ionisible or helper lipid?

11 ionisable lipids

6 sterols

Caitlin McMillan et al., 2025 Influence of Ionisable Lipid and Sterol Variations on Lipid Nanoparticle Properties and Performance (under review) 



Sterols can influence responses, 
but ionisable lipids are the key driver

Cholesterol 

β-sitosterol 

Campesterol

Lanosterol

Stigmasterol

Delta 5-avenasterol 



HTS Automated Screening – bigger dataset

Automated pipette mixing to produce 
the lipid blends and LNPs

Automated characterisation 

(DLS size, PDI, encapsulation efficacy)

Semi-automated cell culture 

(viability and expression)

Data capture and visualisation

Developed and run  by CPI as part of IDDC Programme



HTS: Predictive in vitro

LNPs produced in 96 well plate format:

CQAs less controlled

In vitro testing in 96 well plate format:

transfection and viability predictive



HTS formulations are predictive in vivo
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In vivo is not HTS



•Manufacture tends to drive LNP CQAs

•Lipid selection dictates biological function.

• Ionisable lipids dominate 

• In vitro assays alone are not predictive.

What we know

• HTS Strategies provides power discovery 
engine but how to we correctly down 
select?

•Predictive, translatable models with 
biologically relevant in vitro systems

What we need
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