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Is mRNA 

the only way?



mRNA’s 2 deficiencies: 

● Half-life:  just hours

● Cell-type specificity: 

difficult to genetically 

control 



mRNA leaves behind 

common

chronic

diseases











Common chronic diseases 

produce the 

vast majority

of morbidity and mortality 

in the developed world



mRNA leaves behind 

common

chronic

diseases



Solution Obviously!

So why did 

it take 

20 years?



RNA → DNA

Obviously!

Just change 

1 frickin’ 

letter!#@!



Your mouse will explode !!!
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● The path to making the first safe & effective DNA-LNPs:

○ Making LNPs non-inflammatory (Nature Nano ‘25)

○ Enabling DNA loading into LNPs (Nature Biotech ‘25)

○ Improving DNA-LNP expression (in revision)

● Where DNA-LNPs fit into the genetic medicine toolbox
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“We haven’t seen any side effects with our LNPs”



Mechanistic Engineering of Toxicology (MET)

for LNPs
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Inflammation
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LNPs’ most common toxicity

LNP-associated inflammation (LAI)



LNP-associated inflammation (LAI)

Omo-Lamai*, Wang*, Patel*, in press at Nature Nano



The mechanism of LAI:  LNPs induce endosomal damage

Confidential Omo-Lamai*, Wang*, Patel*, in press at Nature Nano



Small, reparable holes are repaired by ESCRT
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We can prevent LAI by blocking galectins, 

the primary sensors of endosomal damage



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

naive

neb-LPS + vehicle 

neb-LPS + IL-10 

LNPs + galectin 

inhibitor

anti-PECAM

mRNA = IL-10

Omo-Lamai*, Wang*, Patel*, in 

press at Nature Nano
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Your mouse will explode !!!



Is DNA inside an LNP really so toxic?

Patel & Tiwari, Nature Biotech 2025, link

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:  

cGAS-STING



We figured out 

to load STING 

inhibitors into 

LNPS



NOA-DNA-LNPs inhibit 

STING and improve in vitro 

expression

Patel & Tiwari, Nature Biotech 2025, linkConfidential

https://www.nature.com/articles/s41587-025-02556-5.epdf?sharing_token=0Bu_uaziAk681pFn12_UQtRgN0jAjWel9jnR3ZoTv0NJa48TZrPsnDZNtNnFc6taO7HFh6uj69yjw2h0Psb7XbEu0DVqQII6xCxpefLdTIvhA5bGd_XunjjsgrFTjPjkz1oQsmT_NCCwFSsdCK64px1L1rGPeMnotTa_uzQSwcA%3D


NOA completely eliminates the mortality of DNA-LNPs  

Patel & Tiwari, Nature Biotech 2025, linkConfidential

https://www.nature.com/articles/s41587-025-02556-5.epdf?sharing_token=0Bu_uaziAk681pFn12_UQtRgN0jAjWel9jnR3ZoTv0NJa48TZrPsnDZNtNnFc6taO7HFh6uj69yjw2h0Psb7XbEu0DVqQII6xCxpefLdTIvhA5bGd_XunjjsgrFTjPjkz1oQsmT_NCCwFSsdCK64px1L1rGPeMnotTa_uzQSwcA%3D


NOA-DNA-LNPs express in vivo for >6 months / dose

Patel & Tiwari, Nature Biotech 2025, linkConfidential

https://www.nature.com/articles/s41587-025-02556-5.epdf?sharing_token=0Bu_uaziAk681pFn12_UQtRgN0jAjWel9jnR3ZoTv0NJa48TZrPsnDZNtNnFc6taO7HFh6uj69yjw2h0Psb7XbEu0DVqQII6xCxpefLdTIvhA5bGd_XunjjsgrFTjPjkz1oQsmT_NCCwFSsdCK64px1L1rGPeMnotTa_uzQSwcA%3D
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The cell’s barriers to DNA-viruses, and DNA-LNPs

Nong*, Gong*, in revision, biorXiv Confidential

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Compactify the DNA !

Confidential



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

Nong*, Gong*, in revision, biorXiv Confidential

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

Nong*, Gong*, in revision, biorXiv Confidential

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Core-then-shell (CTS) LNPs 

massively improve protein expression for DNA-LNPs.

Nong*, Gong*, in revision, biorXiv Confidential

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Nong*, Gong*, in revision, biorXiv

Core-then-shell (CTS) LNPs 

massively improve protein expression for DNA-LNPs.

Confidential

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Core-then-shell (CTS) LNPs can load diverse drugs

Nong*, Gong*, in revision, biorXiv

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Core-then-shell (CTS) DNA-LNPs can ameliorate disease

Nong*, Gong*, in revision, biorXiv

https://www.biorxiv.org/content/10.1101/2024.11.12.623321v1


Targeted DNA-LNPs show better cell-type-specificity than mRNA-

LNPs, even before adding cell-specific promoters

Marzolini & Brysgel, under review
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The niche for DNA-LNPs:  Common chronic diseases

● Common chronic diseases constitute the vast 

majority of morbidity and mortality in the 

developed world:

○ atherosclerosis, obesity, fibrosis, cancer...

● Common, chronic diseases are perfectly suited 

to DNA-LNPs’ attributes:

○ 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

Confidential



Advantages of DNA-LNPs for common chronic diseases

● 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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Questions?



APPENDIX





AAV:  Initial promise has faced limitations

Well-known problems with AAV:

● Small cargo size (<4.4 kb)
● Cell tropism cannot be rationally 

engineered
● Promoters / enhancers must be very small, 

limiting cell-type-specificity
● Pre-formed antibodies:  30-60% have anti-

AAV Abs
● One dose per lifetime, due to antibody 

formation
● 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
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Goal: A platform technology for 
gene therapy of hematological diseases

Design Specifications

● Safe:
AAV?

○ Minimal acute side effects No
○ Non-immunogenic (no adaptive immunity) No
○ No off-target DNA-damage No

● Effective
○ Disease remission that is durable Maybe
○ Efficacy similar to non-gene therapy alternatives Maybe

● Dosing:
○ Repeat dosing is safe & effective No
○ Dosing must be infrequent and convenient Yes*

● Engineerable
○ Modular components No
○ Well-understood mechanisms Some
○ Any size gene

No
○ Express only in desired cell type No
○ Reversible

Confidential



Think outside the capsid (box)



Outline

● Goal: A platform technology for gene therapy of hematological diseases

● Unmet need in gene therapy: problems with current approaches

● The path to making the first safe & effective DNA-LNPs:

○ Making LNPs non-inflammatory

○ Enabling DNA loading into LNPs

○ Improving DNA-LNP expression

● Summary of DNA-LNPs’ benefits & applications

● Proposed CSL Project, with Pilot Data

● Expanding beyond rare hematological diseases, within CSL’s portfolio
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