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Nucleic Acid Therapies

AAAVmMediated gene therapy
AMessenger RNA (MRNA) therapy
AAntisense oligonucleotide (ASO)
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Antisense Oligonucleotides (ASOs)

A Singlestranded oligonucleotide
A Comprised of ribonucleosides and/or deoxyribonucleosides

A 14-22 nucleotides long RNA Degradation
A Chemically modified to protect the molecule from ASO <L
nucleases and provide drlige properties. T — — G A4
A Synthesized on machine ~
A FDA considers ASO a drug (not biologic) Target RNA N — <: [ .
A Binds to a target RNA via Wats0rick base pairing. Alternative Splicing

A Function
A Downregulates or upregulates the expression of a target gene

A Alters the splicing of a target gene to generate different RNA or
protein isoforms
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ASOs have been studied for decades

1978- ASO approach proposed
1989- ASO Medicinal Chemistr
1990¢ Optimal ASO length identified
A&l NE
1998¢ LNA chemistry

1996¢H Qa h9 /[ K

1998¢ FormiverserApproved
2001¢ IT, ID, and aerosol dosing

2011¢ SMA Clinical Trials
2013¢ MipomersenApproved

2016¢ Nusinersen Approved 2016¢ EteplirsenApproved

2018¢ InotersenApproved
2019¢ Valenosorsei\pproved 2019¢ FDA allows Mf-1 (Milasen)

2019¢ GolodirserApproved 2020¢ Angelman Syndrome Clinical Trials
(GeneTx/Ultragenyx, Roche, lonis)
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ASQOs are an emerging drug modality

A 12 ASQS hgve been approved by the US Fpod and Drug FDA or EMA ASO Approvals by Year
Administration (FDA) or the European Medical Agency (EMA)
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ASO Overview




ASQOs are chemically modified

Nucleosides Chemically Modified ASOs Chemical Modifications
A Increase stability

Ribonucleosides Morpholino  Deoxyribonucleoside _
A Enhance pharmacological
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ASQOs are specific to a target RNA via Wdtsark
base pairing

WatsonCrick Base Pairing

Hydrogen bonds

Thymine \Hzgjg‘denme
Target RNA O N*ﬁ
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Sugar-phosphate Bases Sugar-phosphate
backbone backbone

Bioinformatic analyses, likely replaced by artificial intelligence

Adenine : Thymine/Uracil
Guanine : Cytosine
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The chemical structure of an ASO determines Its

mechanism of action

Gapmer ASO

Ribonucleosides

Deoxyribonucleosides (Gap)

Ribonucleosides

Induce RNase-hhediated
degradation of target RNA

Steric Hindrance ASO

Ribonucleosidesdorpholino

Blocks the binding of proteins or
RNAs to a target RNA



Gapmer ASOs induce the degradation of a target RN

A ASO binds to target RNA via Wat§lick
basepairing

A RNA/DNA hybrid recruits the RNase H1
enzyme, which cuts the RNA through its
endonuclease activity

3" RNA transcript

A RNase H1 mediated cleavageucleus

A Premature transcriptional termination WW Wm
A RNase H2 mediated cleavageytoplasm

A mRNA degradation
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Steric Hindrance ASOs inhibit RBIAding Proteins and
RNAS

Splicing Motif

MRNA 1 3 4 |

Splicing Splicing

Gene — 1

Intron

Exon
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The therapeutic approach of an
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ASOMediated Repression of Gene Expression

Cytoplasm

AGO2-mediated Nonsense-mediated
degradation mRNA decay
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CrookeST BakerBF,CrookeRM,LiangXH Antisenseechnology an overviewand prospectus Nat RevDrugDiscov 2021
Jun20(6):427-453. doi: 10.1038s41573021-00162z. Epub2021Mar 24. PMID 33762737
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ASOMediated Upregulation of Gene Expressior

Inhibition of
miRNA function
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CrookeST BakerBF,CrookeRM,LiangXH Antisenseechnology an overviewand prospectus Nat RevDrugDiscov 2021

Epub2021Mar 24. PMID 33762737
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ASOs can be administered by different routes

Intrathecal: CNS

Py, e oo p— ASO Pharmacokinetics
Nusinersen for e A IV administered ASOs distribute throughout
ZLPRLY st the body, following the flow of blood.
N A ASOs do not cross the blebthin barrier.
lung (alveoli)
IONIS-ENAC-2.5 A ASOs are water soluble and do not require a

for cystic fibrosis

lipofection agent (gymnosis [naked delivery]).

Enema: ;E/:;)/f OB
Rgctal colon & R
administration o 5 .
Alicaforsen e A ASOs are taken up by all cell types (endocytic
e ‘ pathway).
In‘Fradermal: )
4 SKin Intradermal A ASOs can be conjugated for targeted organ
aaministration . .
PF-06473871 delivery (GalNadliver]).

for skin scarring

A ASOs have a relatively long Hiff (weeks;
months [chemistry dependent]).

Crooke ST, Baker BF, Crooke RM, Liang XH. Antisense technology: an overview and prospectus. Nat Rev Drug
Discov 2021 Jun;20(6):42453.doi: 10.1038/s4157821-00162z.Epub2021 Mar 24. PMID: 33762737.
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ASO Overview Summary

AASOs are a powerful modality for developing diseasgifying
therapies.

AEvery gene and approach is different.

AThe ASO research and clinical enterprise is expanding.

AThe landscape of ASO therapies is rapidly evolving, with the number o
both approved and developing ASO therapies increasing at an
exponential rate.




ASO Nuances & Challenges




Developing an ASO Is a journey

The pharmacological properties of an ASO are dependent on many factors and largely unknov

Homer

The Odyssey

Translated by W.H.D. kouse
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Designing ASOs is complicated by an exponent
number of sequence and chemistry combinatior

Nucleosides

Backbone Linkages

Dindot SV, et al. An ASO therapy for Angelman syndrome that targets an evolutionarily conserved region at the stdBB8A#Stranscript. SciransMed. 2023
Mar 22;15(688):eabf407doi: 10.1126/scitransIimed.abf407Epub2023 Mar 22. PMID: 36947593.




