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ASO Overview

ÅSingle-stranded oligonucleotide
ÅComprised of ribonucleosides and/or 

deoxyribonucleosides

Å14-22 nucleotides long

ÅChemically modified to protect the 
molecule from nucleases and enhance its 
pharmacological properties.
ÅSynthesized on machine

ÅFDA considers an ASO a drug (not biologic)
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ASO Overview

 

ÅBinds to a target RNA via Watson-Crick 
base pairing
ÅHighly specific

ÅFunction
ÅDownregulates or upregulates the expression 

of a target gene 

ÅAlters the splicing of a target gene to 
generate different RNA or protein isoforms
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ASOs have been around for decades
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1978 - ASO approach proposed

1989 - ASO Medicinal Chemistry

1990 ς Optimal ASO length identified

1996 ς нΩah9 /ƘŜƳƛǎǘǊȅ

1998 ς LNA chemistry

1998 ς Formiversen Approved

2001 ς IT, ID, and aerosol dosing

2011 ς SMA Clinical Trials

2016 ς Nusinersen Approved 2016 ς Eteplirsen Approved

2013 ς Mipomersen Approved

2019 ς FDA allows N-of-1 (Milasen)

2020 ς Angelman Syndrome Clinical Trials
(GeneTx/Ultragenyx, Roche, Ionis)

2018 ς Inotersen Approved

2019 ς Valenosorsen Approved

2019 ς Golodirsen Approved



ASOs are chemically modified versions of RNA/DNA
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ASOs

Å Determine the 
mechanism of action

Å Increase stability 

Å Enhance 
pharmacological 
properties

Chemical Modifications
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ASOs are specific to a target RNA via Watson-Crick 
base pairing
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Watson-Crick Base Pairing

Adenine : Thymine/Uracil
Guanine : Cytosine

Bioinformatic analyses, likely replaced by artificial intelligence



The chemical structure of an ASO determines its 
mechanism of action
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Ribonucleosides

Ribonucleosides

Deoxyribonucleosides (Gap) Ribonucleosides/Morpholino

Gapmer ASO Steric Hindrance ASO

Induces degradation of target RNA Blocks the binding of proteins or RNAs



Gapmer ASOs induce the degradation of a target 
RNA
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Steric Hindrance ASOs inhibit RNA-Binding Proteins and RNAs
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The mechanism of action of an 
ASO can vary in many ways
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ASO-Mediated Repression of Gene Expression
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ASO-Mediated Upregulation of Gene Expression
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ASO Pharmacokinetics: The Basics

ÅASOs are water soluble and do not require a lipofection agent to enter the cell.
Å gymnosis = naked delivery

ÅASOs are taken up by all cell types via the endocytic pathway.

Å IV administered ASOs distribute throughout the body, following the flow of blood.
Å ASOs do not cross the blood-brain barrier.  

ÅCNS-targeted ASOs are delivered directly to the cerebral spinal fluid.

ÅASOs can be conjugated for targeted organ delivery (GalNac [liver], Transferrin receptor - brain).

ÅASOs have a relatively long half-life (weeks ς months [chemistry dependent]).
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ASOs can be administered by different routes
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Crooke ST, Baker BF, Crooke RM, Liang XH. Antisense technology: an overview and prospectus. Nat Rev Drug 
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Developing an ASO is a journey
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The pharmacological properties of an ASO are dependent on many factors and largely unknown.



Designing ASOs is complicated by an exponential 
number of sequence and chemistry combinations 
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Nucleosides

Backbone Linkages

Dindot SV, et al. An ASO therapy for Angelman syndrome that targets an evolutionarily conserved region at the start of theUBE3A-AStranscript. Sci TranslMed. 2023 
Mar 22;15(688):eabf4077. doi: 10.1126/scitranslmed.abf4077. Epub2023 Mar 22. PMID: 36947593.


