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What have we learned?

Many lipids are unexplored.
Keep LNP structure as simple as possible.

You find what you look for, so run predictive assays.




Non-hepatocyte delivery will be important




Liver physiology promotes delivery

The Onpattro story and the clinical translation
of nanomedicines containing nucleic acid-based
drugs

The regulatory approval of Onpattro, a lipid nanoparticle-based short interfering RNA drug for the treatment of
polyneuropathies induced by hereditary transthyretin amyloidosis, paves the way for clinical development of many
nucleic acid-based therapies enabled by nanoparticle delivery.

Akinc A et al., Nat Nano 2019.



The field looked for hepatocyte delivery for a decade
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History lesson from hepatocyte RNA drugs:

By iteratively quantifying how hundreds of
nanoparticles delivered RNA to hepatocytes in vivo,
the field found clinically relevant delivery to
hepatocytes.




Our hypothesis:

By iteratively quantifying how thousands of
nanoparticles deliver RNA to any combination of
desired cell types in vivo, you may find clinically
relevant delivery to other cell types.

Is this an assay problem?




We study / optimize the nanoparticle discovery pipeline

Thousands <10 One or two One
Celllines » Mice » Rats » NHPS m—
Delivery relationship: Tolerability tends to decrease Efficacy and tolerability tend to

poor in rats; otherwise unknown. decrease in NHPs; otherwise unknown.

Paunovska, Loughrey, Dahlman, Nat Rev Genetics 2022. ‘



We optimize the pipeline with DNA barcoded LNPs

These assays are:

(1) High throughput (up to ~300 LNPs / mouse)

(2) In vivo (mice)

(3) Functional (MRNA [ protein, siRNA [ silencing protein)
(4) lterative (data from LNPs 1-200 inform LNPs 201-400)




We label individual LNPs with barcodes, then pool / administer
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We study many LNPs / animal

Tissues and cell types



Testing many LNPs matters: chemical space is very large
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Lokugamage et al., Current Opinion BME 2018.



You find what you look for: in vitro / in vivo, mouse Vvs.
NHP, and route of administration




LNPs are typically screened in vitro

In vitro




Does in vitro delivery predict in vivo delivery?

EC/Mac ::
cell line
w 1 ’
\ 1°EC J Compe_lre In v_itro
P d and in vivo delivery
‘: ® ,:;.;.3 ) L ' ,wl 3 l'
U Invivo —> @ —> raf ot N
A2 - FACS b
Barcoded LNP EC

library

Paunovska*, Sago®, et al., Nano Letters 2018.



Control: in vitro delivery predicts in vitro delivery
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Paunovska*, Sago®, et al., Nano Letters 2018.



In vitro delivery does not predict in vivo delivery
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Paunovska*, Sago®, et al., Nano Letters 2018.



This is an opportunity to meaningfully improve LNP discovery

In vitro




We designed assays to readout functional delivery

Sago et al., PNAS 2018.



We can screen for Cre mRNA delivery in vivo
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Fast Identification of Nanoparticle Delivery (FIND)
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FIND identified piperazine-based LNPs for immune delivery
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Ni H, Hatit MCZ, et al., Nat Communications 2022.



FIND also identified LNPs that deliver across lung

Cell type Delivered mRNA

Radmand A et al., Nano Letters 2023.



You find what you look for: in vitro / in vivo, mouse Vvs.
NHP, and route of administration




The species probably matters
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Paunovska, Loughrey, Dahlman, Nat Rev Genetics 2022.



We built a species-agnostic barcoding system
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Hatit*, Lokugamage®, Dobrowolski*, et al., Nat Nano 2022.



We observed species-dependent delivery
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Hatit*, Lokugamage®, Dobrowolski*, et al., Nat Nano 2022.



Delivery in primate cells predict human > mice

NHP
Mouse

Hatit*, Lokugamage®, Dobrowolski*, et al., Nat Nano 2022.



Mouse LNP readouts can give false positives / negatives

Hatit*, Lokugamage®, Dobrowolski*, et al., Nat Nano 2022.



Mouse LNP readouts can give false positives / negatives
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Hatit*, Lokugamage®, Dobrowolski*, et al., Nat Nano 2022.



Mouse gives you false positives and false negatives
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An ideal LNP screen would tell you...

1) Where did (many) LNPs go?
2) Where did (many) LNPs work?

... and it would do so with single cell resolution.




Single-cell RNA-sequencing gives you cell identity
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Stuart, Satija, Nat Rev Genetics 2019.



SENT-seq gives you barcode, protein, transcriptome
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Dobrowolski*, Paunovska®*, et al., Nat Nano 2022.



scRNA-seq = transcriptionally defined cell subtypes
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Dobrowolski*, Paunovska®*, et al., Nat Nano 2022.



Overlay protein delivery and barcodes onto single cells
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This lets us measure LNP tropism in any single cell(s) you want

LNP-12

LNP-10

Dobrowolski*, Paunovska®*, et al., Nat Nano 2022.



Looking at on / off-target in cell subtypes
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We can measure delivery distributions in single cells
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Transcriptional signatures in LNP79" vs LNP-°" cells

60 — Dpp8
e®e Srf
Gm10837 -
! * & 4ol Lin28beEohhe
E Slco3ald .oThg]e%tln3
Trim30b e o Vwe2| o 7 d’f: =
Trim12 2% Barhl2
rtJrTl;ap(él.in> 20 Thx
0
Olfr650-ps1 ® &
' | ! | |
21 1

Dobrowolski*, Paunovska®*, et al., Nat Nano 2022.



Finally, we screen across wide chemical spaces
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Lokugamage®, Vanover*, Beyersdorf*, Hatit*, et al., Nat BME 2022.



After a wide LNP screen, we “zoom Iin”
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This approach led us to nebulization LNP design rules
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Nebulized LNPs designs is not the same as systemic LNPs
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NLD1 can deliver mRNA protecting against fatal influenza
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Lokugamage®, Vanover*, Beyersdorf*, Hatit*, et al., Nat BME 2022.



What have we learned?

Most lipids are unexplored.
Keep LNP structure as simple as possible.

You find what you look for, so run predictive assays.
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Two additional delivery papers

nature chemistry

Article https://doi.org/10.1038/s41557-023-01138-9

Nanoparticle stereochemistry-dependent
endocytic processing improvesin vivo mRNA

delivery
pawre ARTICLES
biomedical cNEINCering https://doi.org/10.1038/541551-022-00847-9

i%) Check for updates

Augmented lipid-nanoparticle-mediated in vivo
genome editing in the lungs and spleen by
disrupting Cas9 activity in the liver




