Development of SORT lipid nanoparticles (LNPs)
for genome correction of disease-causing mutations

Daniel J. Siegwart, Ph.D.

Professor
Department of Biomedical Engineering
University of Texas Southwestern Medical Center

ANNUAL MEeTiNe PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025




Conflict of interest disclosures

Co-founder S_cientific Researc_h
Advisory Board collaboration
ReCode Therapeutics O O O
Signify Bio O
Jumble Therapeutics O
Pegasus Bio O

Pfizer ®



Ongoing clinical trials suggest that LNP delivery of nucleic acid-encoded genome
editors in the liver has the potential to create durable therapy for some diseases
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Cystic fibrosis occurs when the CFTR protein is either not made correctly or not made
at all
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For durable gene editing therapy, the ideal editing target are the self-renewing basal
stem cells that can differentiate into other cells in the lungs, including epithelial cells
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Genome editing medicines need help... that comes from self-assembled lipid

nanoparticles (LNPSs)
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Alteration of lipid molar ratios significantly improves delivery of different nucleic acid
cargoes but generally results in hepatic delivery

Traditional LNP Il Cationic lipid

Il Phospholipid

B Cholesterol
DMG-PEG

lonizable cationic lipid

=

Zwitterionic phospholipid

e

Cholesterol

Starting siRNA formulation Optimized mMRNA formulation

ST

I

PEG lipid
=

(fixed internal ratios)

0L 80 90 V¥0 <0

g0LX
0L 80 90 +0 €O

g0 X

siRNA formulations: Kejin Zhou et al. PNAS 113, 520 (2016).
MRNA formulations: Qiang Cheng et al. Adv. Mater. 30, 1805308 (2018).



Selective ORgan Targeting (SORT) allows LNPs to be systematically and predictably
engineered to accurately edit cells in specific organs
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SORT LNPs use an “endogenous targeting” mechanism of action via adsorption of
distinct plasma proteins

PEG lipid partial desorption 4 .
I

1 )3 -
289 _/ % \-V
. oy iy e Distinct plasma protein binding to SORT LNPs
\v " Serum adsorbed proteins bind to targeted
ﬁyh receptors and are endocytosed
i
Binding of adsorbed proteins | ti?
by cognate receptors \:

Endocytosis

Sean Dilliard et al. PNAS 118, €2109256118 (2021).



Extrahepatic delivery of SORT LNPs occurs via an ApoE-independent mechanism
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Intravenously administered LNP therapies may permanently restore CFTR function via
genome correction in stem and progenitor cells
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We employed a systematic workflow to engineer SORT LNPs for non-integrative in vivo
gene correction of CFTR by CRISPR/Cas homology-directed repair and base editing
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We initially evaluated Lung SORT LNPs for homology-directed repair mediated
CRISPR/Cas correction of G542X mutations
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Optimization of encapsulated cargo ratios inside “all in one” LNPs improved
CRISPR/Cas homology directed repair (HDR) correction
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While genome correction could be achieved, the levels reached were not
therapeutically meaningful
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Base editing offers key advantages that could aid genome correction in stem cells
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Improved SORT LNPs were optimized by adjusting the molar ratio of lipid components
to increase potency and decrease toxicity
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Cre recombinase mRNA Lung SORT LNPs edit lung cells across the entire organ

Ail4 tdTomato mice

Y ®
. _ »
| | | ]

Day 0 Day 2 Day 4 3D Tissue Imaging

Td-Tomato
l ~900bp deletion

Cre mRNA
SORT LNPs
Td-Tomato

Jason Miller et al. Angew. Chem. Int. Ed. 129, 1079 (2017).
Published online December 2016.

Inflated left lung lobe imaged at the Whole Brain Microscopy Facility (Denise Ramirez)



Cre mMRNA Lung SORT LNPs were administered IV to Ail4 mice to evaluate the rates
and long-term persistence of genetic changes in the lungs
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Persistent tdTomato fluorescence was quantified throughout the 22 months’ long study

PBS LNP-Cre » _1.00e+0

2 days
7 days EA] 0'0m
E
o
EQ e -e- LNP-Cre
21 days ‘51 ] —3
=
R
S 10°-
42 days % =0= PBS
g ?m-ﬁ—m-‘n—_—
o 10
< 27214260 120 180 270 360 660
60 days S
Days after injection
120 days 10"
Emﬂ'ﬁ"—\/\ o~ LNP-Cre
180 days =
E
[T
T 10°=
270 days =
10°
2721 4260 120 180 270 360
360 days

Days after injection

660 days



A diverse array of lung cell types encompassing endothelial, epithelial, immune, and
stem cells were durably edited
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CFTR function was measured in differentiated human bronchial epithelial (HBE) cells
cultured at an air-liquid interface
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Lung SORT LNPs enabled 70% allelic gene correction via adenine base editing (ABE)
and 54% restoration of CFTR function in R553X/F508del hBEs
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Gene correction via ABE Lung SORT LNPs resulted in functional CFTR-induced
swelling in organoids derived from R553X CF mice
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Gene correction via ABE Lung SORT LNPs resulted in functional CFTR-induced
swelling in organoids derived from R553X CF mice

Mutant CFTR Corrected CFTR

_Tz/\""/\ =

Yok

P <0.0001

= 80- e

40 =

Swelling (%




50% CFTR gene correction was quantified in lung stem cells of R553X CF mice
following 1V administration of ABE Lung SORT LNPs
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If this finding in mice can be translated to humans, it may indeed be possible to
someday realize durable therapies for CF
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Our laboratory utilizes materials chemistry and engineering to enable organ and cell
enriched nanoparticle delivery of genetic medicines

Lipid and Polymer Chemistry LNP Engineering Therapeutic Applications

Cancer therapy
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