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MRNA'’s 2 deficiencies:

e Half-life: just hours

e Cell-type specificity:
difficult to genetically
control
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Common chronic diseases
produce the
vast majority
of morbidity and mortality
In the developed world
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So why did
It take
20 years?
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e The path to making the first safe & effective DNA-LNPs:
o Making LNPs non-inflammatory (Nature Nano ‘25)
o Enabling DNA loading into LNPs (Nature Biotech ‘25)
o Improving DNA-LNP expression (in revision)

e \Where DNA-LNPs fit into the genetic medicine toolbox
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"We haven't seeh any side effects with our LNPs"




Mechanistic Engineering of Toxicology (MET)

Complement

Wang, Cell, 2025
Zaleski, Advanced Materials, 2024
Wang, Advanced Materials, 2022

for LNPs

Thrombosis

Omo-Lamai, Advanced Materials, 2024
Zamora, Nano Letters, 2024

Inflammation
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Patel, Nature Biotechnology, 2025
Omo-Lamai, Nature Nano, 2025
Zamora, ACS Nano, 2024

Parhiz, J Controlled Release, 2021
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LNPs’ most common toxicity
LNP-associated inflammation (LAI)

FlERCE Biotech Research Medtech v R pecial Reports Trending Topics v  Fierce

Biotech

Verve halts enroliment of lead trial
after grade 3 side effects,
prioritizing next-up PCSK9 editor

Vertex pauses Moderna-partnered

cystic fibrosis trial, takes $379M hit
tied to separate program

By Gabrielle Masson - May 6,2025 12:50pm



De novo
inflammation in
select organs
(ex: inhaled into
lungs)

Exacerbation of
pre-existing
inflammation
occursinall
organs tested

—

LNP-associated inflammation (LAI)

BAL ‘Protein Concentration

t=0: LPS*
t=4hr: LNPs
t=8 hr: harvest

* Also works with
other inflammatory
stimuli (hyperoxia,
oleic acid, HCl)
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Omo-Lamai*, Wang*, Patel*, in press at Nature Nano



The mechanism of LAI: LNPs induce endosomal damage

Adenovirus Polyomavirus Parvovirus Reovirus
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Control

LLOMe (positive
control)

Small, reparable holes are repaired by ESCRT
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We can prevent LAI by blocking galectins,
the primary sensors of endosomal damage

ANl TG (Gal-inhibitor) + cKK-E12 _ 15 0.0001
3 1
cKK-E12 LNP LNP 3 i
o) 10 ®
Qo
g8 o
0
S= 9] ==
- 2 H
o
= 0 aRbBae ‘
O x @
+* 1\0 r\q/ A
(\)]: (@)
B IL-6
- TNF-a IL-1a MCP-1
TN g.o9m3 0.2643 150 0.8247 4000 0.9141
! N\ '_l -
\ ‘ ) ) 5000 0.0326 0.0835 200 0.0031 0.1577 0.1064 0.4193 0.0593 0.2121
—— i 3000 /i
100- ° °
e o

50+

LBl

7.5ug cKK-E12 NP © 100ug TG + 7.5ug cKK-E12 LNP

-
(=3
=
=]
1

Cytokine concentration (pg/ml)
Cytokine concentration (pg/ml)
S
=4
o

Cytokine concentration (pg/ml)

o
I

© Cytokine concentration (pg/ml)

o Control



But can our new LNPs fix severe inflammation, like ARDS?

anti-PECAM
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Is DNA inside an LNP really so toxic?
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https://www.nature.com/articles/s41587-025-02556-5.epdf?sharing_token=0Bu_uaziAk681pFn12_UQtRgN0jAjWel9jnR3ZoTv0NJa48TZrPsnDZNtNnFc6taO7HFh6uj69yjw2h0Psb7XbEu0DVqQII6xCxpefLdTIvhA5bGd_XunjjsgrFTjPjkz1oQsmT_NCCwFSsdCK64px1L1rGPeMnotTa_uzQSwcA%3D

We figured out
the pathway
underlying this
toxicity:
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We figured out

to load STING
Inhibitors into c
LNPS
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NOA-DNA-LNPs inhibit
STING and improve in vitro

expression
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NOA completely eliminates the mortality of DNA-LNPs
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NOA-DNA-LNPs express in vivo for >6 months / dose
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The cell’s barriers to DNA-viruses, and DNA-LNPs

Hurdle to expression

)l
@ endocytosis 1) DNA sensors
&
9 endosomal
scape 2) DNases

3) Nuclear import

DNA
cargo \ ==

Nucleus

Nong*, Gong*, in revision, biorXiv
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1

Compactify the DNA !
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The cell’s barriers to DNA-viruses, and DNA-LNPs

Hurdle to expression
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1

Multi-Stage Mixing (MSM) microfluidics: A new paradigm to control
the supramolecular arrangement of LNP components
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1

Core-then-shell (CTS) LNPs
massively improve protein expression for DNA-LNPs.
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1
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Nong*, Gong*, in revision, biorXiv
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Core-then-shell (CTS) LNPs
massively improve protein expression for DNA-LNPs.
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1

Core-then-shell (CTS) LNPs can load diverse drugs
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https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1

Core-then-shell (CTS) DNA-LNPs can ameliorate disease
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Targeted DNA-LNPs show better cell-type-specificity than mRNA-
LNPs, even before adding cell-specific promoters

A anti-PECAM Fab

o
1 DNA-LNPs EU
e Pulmonary -
4 vasculature g
A 5
o0
C
-}
L - . - J
IV injection

aPECAM Fab
DNA-LNPs

t=14d

Control 3 %

L]
Lungs Liver Spleen

,,,,,,,,,,,,
S Y

N
o
o

(expression)

Day 1 mCherry+ cells:

Bl >75% are endothelial

Marzolini & Brysgel, under review



: \
Outline §(i§,é_f
/

-

e The path to making the first safe & effective DNA-LNPs:
o Making LNPs non-inflammatory (Nature Nano ‘25)
o Enabling DNA loading into LNPs (Nature Biotech ‘25)

o Improving DNA-LNP expression (in revision)

e \Where DNA-LNPs fit into the genetic medicine toolbox




The niche for DNA-LNPs: Common chronic diseases

e Common chronic diseases constitute the vast

majority of morbidity and mortality in the
developed world:

@)

atherosclerosis, obesity, fibrosis, cancer...

e Common, chronic diseases are perfectly suited

to DNA-LNPs’ attributes:

Confidential
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6 months expression / dose. Redosable.
Expression or knockdown (by expressing
shRNA) of any protein.

No cargo size limitation

DNA-LNPs’ promoter regions enable truly
cell-type-specific expression and titration of
dose via doxycycline pills

—

Healthy Liver Fatty Liver

ol o

Liver Fibrosis Cirrhosis



Advantages of DNA-LNPs for common chronic diseases

B

Integration: DNA-LNPs do not integrate into the genome like AAV
Cargo size: DNA-LNPs enable cargo >10 kb, c.t. 4.4 kb for AAV
Immunogenicity: DNA-LNPs << AAV, and can be redosed
Promoters: DNA-LNPs can have cell-type-specific promoters

Cargo: DNA-LNPs can encode shRNA which is ~siRNA
Promoters: DNA-LNPs can have cell-type-specific promoters

Duration: mRNA ~ hours, DNA-LNPs ~ 6 months
Promoters: DNA-LNPs can have cell-type-specific promoters

Duration: For non-monogenic diseases, permanence is risky
Targets: Common chronic diseases don’t have knockout targets
Genomic instability risk: High with CRISPR, very low w DNA-LNPs
Every mutation is a new drug: DNA-LNPs replace whole gene
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APPENDIX






AAV: Initial promise has faced limitations

Well-known problems with AAV:

e Small cargo size (<4.4 kb)

e Cell tropism cannot be rationally
engineered

e Promoters / enhancers must be very small,
limiting cell-type-specificity

e Pre-formed antibodies: 30-60% have anti-
AAV Abs

e One dose per lifetime, due to antibody
formation

o Insertional mutagenesis (low)




AAV: New problems emerged with new uses

“Newer problems”

Endothelial injury
Genomic integration far
higher than thought
DNA damage
Senescence

Cancer risk

Death

Molecular Therapy @E
Original Article

High-dose systemic adeno-associated
virus vector administration causes liver
and sinusoidal endothelial cell injury

Juliette Hordeaux,' R. Jason Lamontagne,' Chunjuan Song,! George Buchlis,’ Cecilia Dyer,' Elizabeth L. Buza,'
Ali Ramezani,' Erik Wielechowski,' Jenny A. Greig,' Jessica A. Chichester,' Peter Bell,' and James M. Wilson'



AAV: New problems emerged with new uses

“Newer problems”

Endothelial injury
Genomic integration far
higher than thought
DNA damage
Senescence

Cancer risk

Death

nature biotechnology

Article https://doi.org/10.1038/s41587-023-01974-7

Integrated vector genomes may contribute
tolong-term expressionin primateliver after
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Goal: A platform technology for
gene therapy of hematological diseases

Design Specifications
e Safe:

AAV?
o Minimal acute side effects
o Non-immunogenic (no adaptive immunity)
o No off-target DNA-damage
o Effective
o Disease remission that is durable
o Efficacy similar to non-gene therapy alternatives

e Dosing:
o Repeat dosing is safe & effective
o Dosing must be infrequent and convenient

e ENgineerable
o Modular components
o Well-understood mechanisms
o Any size gene
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AAV: Initial promise has faced limitations

Well-known problems with AAV:

e Small cargo size (<4.4 kb)

e Cell tropism cannot be rationally
engineered

e Promoters / enhancers must be very small,
limiting cell-type-specificity

e Pre-formed antibodies: 30-60% have anti-
AAV Abs

e One dose per lifetime, due to antibody
formation

o Insertional mutagenesis (low)




AAV: New problems emerged with new uses

“Newer problems”

Endothelial injury
Genomic integration far
higher than thought
DNA damage
Senescence

Cancer risk

Death

Molecular Therapy @E
Original Article

High-dose systemic adeno-associated
virus vector administration causes liver
and sinusoidal endothelial cell injury

Juliette Hordeaux,' R. Jason Lamontagne,' Chunjuan Song,! George Buchlis,’ Cecilia Dyer,' Elizabeth L. Buza,'
Ali Ramezani,' Erik Wielechowski,' Jenny A. Greig,' Jessica A. Chichester,' Peter Bell,' and James M. Wilson'



AAV: New problems emerged with new uses

“Newer problems”

Endothelial injury
Genomic integration far
higher than thought
DNA damage
Senescence

Cancer risk

Death

nature biotechnology

Article https://doi.org/10.1038/s41587-023-01974-7

Integrated vector genomes may contribute
tolong-term expressionin primateliver after
AAV administration

Received: 9 March 2022 Jenny A. Greig'?, Kelly M. Martins*?, Camilo Breton', R. Jason Lamontagne®’,
Yanging Zhu', Zhenning He', John White', Jing-Xu Zhu', Jessica A. Chichester®’,
QiZheng®’, Zhe Zhangd', Peter Bell', Lili Wang ®' & James M. Wilson®"

Accepted: 29 August 2023



AAV: New problems emerged with new uses

m

nature communications A

Article https://doi.org/10.1038/s41467-025-58778-3

“Newer problems” AAV vectors trigger DNA damage response-
o dependent pro-inflammatory signalling in
e Endothelial injury human iPSC-derived CNS models and
mouse brain

e (Genomic integration far

. Received: 26 March 2024 Helena Costa-Verdera®'2, Vasco Meneghini ®"2, Zachary Fitzpatrick?,
h I g h e r th an th O u g ht : > Monah Abou Alezz®’, Emily Fabyanic?, Xin Huang®?2, Yulia Dzhashiashvili?,
Accepted: ] Aprit 2025 Avantika Ahiya?, Elisabeth Mangiameli', Erika Valeri', Giovanni Crlwcich@ M
Published online: 18 April 2025 S;lvua Piccolo®', Ivan Cuccovillo®', Roberta Caccia®', Ying Kai Chan*?,
gére Bertin ®5®, Giuseppe Ronzitti® >, Esteban A. Engel?, lvan Merelh

Y D N A d am ag e %) Check for updates Federico Mingozzi?, Angela Gritti ® ', Klaudia Kuranda? &

Anna Kajaste-Rudnitski® "’

nature communications
e Senescence

e Cancer risk Double-strand break repair pathways
e Death differentially affect processing and
transduction by dual AAV vectors

Received: 20 November 2023 Anna C. Maurer®'2 , Brian Benyamini®’, Oscar N. Whitney', Vinson B. Fan®",
Claudia Cattoglio"??, Djem U. Kissiov®'?, Gina M. Dailey ®*, Xavier Darzacq'?,
Matthew D. Weitzman® & Robert Tjian®3*

Accepted: 29 January 2025



AAV: New problems emerged with new uses

“Newer problems”

e Endothelial injury

e (Genomic integration far
higher than thought

e DNA damage

e Senescence

e Cancer risk

e Death

Confidential

Cell Reports Medicine @ CelPress

OPEN ACCESS

Senescence and inflammation are unintended
adverse consequences of CRISPR-Cas9/AAV6-mediated
gene editing in hematopoietic stem cells

Anastasia Conti,’ Kety Giannetti,’ Federico Midena,':? Stefano Beretta,’ Nicolo Gualandi,’ Rosaria De Marco, >
Edoardo Carsana,’ Angelica Varesi,® Teresa Tavella,' Laura Alessandrini,’-? Parinaz Zarghamian,** Alessandra Weber,'
Samuele Ferrari,’ Chiara Brombin,® Diego Gilioli,"-? Lucrezia della Volpe,'? Stephanie Z. Xie,® Ivan Merelli,"-”

Toni Cathomen,*# Luigi Naldini,’-? and Raffaella Di Micco-9:1%:*



AAV: New problems emerged with new uses

“Newer problems”

e Endothelial injury

e (Genomic integration far
higher than thought

e DNA damage

e Senescence

e Cancer risk

e Death

Confidential

Molecular Therapy g%
Original Article

Ectopic clotting factor VIII expression and
misfolding in hepatocytes as a cause
for hepatocellular carcinoma

Audrey Kapelanski-Lamoureux,>!'* Zhouji Chen,"!* Zu-Hua Gao,**!! Ruishu Deng,! Anthoula Lazaris,’
Cynthia Lebeaupin,'® Lisa Giles,” Jyoti Malhotra,™'? Jing Yong,' Chenhui Zou,” Ype P. de Jong,” Peter Metrakos,®
Roland W. Herzog,” and Randal J. Kaufman'>%10



« Sarepta tries to quell concerns over
¢ DMD gene therapy Elevidys as
patients delay treatment after
death report

By Angus Liu - May7,2025 8:03am

FIERCE

Biotech

BIOTECH

« ASGCT: Neurogene details new

¢ safety measures after young
patient's death in AAV gene therapy
trial  BiotecH

in

om0, . Rocket crashes as gene therapy
patient dies, FDA imposes hold

By Nick Paul Taylor - May 27,2025 9:49am

Confidential qunetherapy) (FDA) <Rocket Pharmaceuticals>

=y




Goal: A platform technology for
gene therapy of hematological diseases

Design Specifications
e Safe:

AAV?
o Minimal acute side effects
o Non-immunogenic (no adaptive immunity)
o No off-target DNA-damage
o Effective
o Disease remission that is durable
o Efficacy similar to non-gene therapy alternatives

e Dosing:
o Repeat dosing is safe & effective
o Dosing must be infrequent and convenient

e ENgineerable
o Modular components
o Well-understood mechanisms
o Any size gene
No
Confidential o Express only in desired cell type

o~ DAavinavei A




Think outside the capsid (box)




2

Outline 225

-

e Goal: A platform technology for gene therapy of hematological diseases
- I — " I
—e—Thepath-to-making-the-firstsafe-&eHeetive BNAHENPS:
o Making LNPs non-inflammatory
o Enabling DNA loading into LNPs

o Improving DNA-LNP expression
o Summary of DNA-LNPs’ benefits & applications
e Proposed CSL Project, with Pilot Data
o Expanding beyond rare hematological diseases, within CSL'’s portfolio

Confidential



x
@)
O
=)
7))
qv]
o
()
O
7
()
=)
)
il
-]
@)
'
=
L
T




