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Leveraging the Central Dogma for creating nucleic acid therapeutics to treat
genetic diseases

Overview of Antisense Oligonucleotide (ASO) and short inhibitory RNA
(SIRNA)

Mechanism of action of ASOs & siRNAs
Overview of mRNA therapeutics

Conclusions and Future outlook
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Central Dogma- Overview of Therapeutic Modalities

DNA editing RNA editing
CRISPR ADAR
RNA degradation Protein binding
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What are nucleotide therapeutics?

aka Oligonucleotide Therapeutics

A broad class of genomic medicines
that are designed to target specific RNA
sequences to modulate gene
expression

Synthetic, single stranded DNA or RNA
molecules.

Typically, 14-22nt always <100nt except
MRNAs
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Chemically modified to improve pharmacological properties

Basic Unit of
DNA/RNA
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Different types of oligonucleotide therapeutics

Selection based on underlying genetic defect and disease context

Antisense Oligonucleotides (ASOs)

Splice modulation

RNA degradation (nucleus and
cytoplasm)

Translation modulation

Small interfering RNAI (siRNAs)
RNA degradation (cytoplasm)

LNP mRNA
Gene replacement

Other types
gRNAs, genome editing

saRNAs, tRNAs & aptamers etc.
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Overview of Antisense Oligonucleotides (ASOs)

Single-stranded oligonucleotide ASO Nucleosides
Comprised of ribonucleosides and/or Ribonucleosides Morpholino
deoxyribonucleosides MOE () AL g DNA
14-22 nucleotides long 0 " o o O\ pBase P ot
- - Backbon T - k[ I N—
Synthesized on a machine ackbone N~ @ N )Q‘
N N—P._
® 787 o
Chemically modified to improve
pharmacological properties Backbone linkages
I:E)nhtan(t:i' meta bzllc Stalblllty UC|€OS|d€S Phosphorothioate (PS) Phosphodiester (PO)
rotect from endonucleases
Determine the mechanism of action % o
ASOs are specific to a target RNA S S
antisense oligonucieotice @ O

via Watson-Crick base pairing

target RNA

* Adenine : Thymine/Uracil
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ASO design pipelines are enabled by informatic analysis

Define Gene Region and

e Parameters:

Target Species
. : Homology to H ,
* Regions of interest o e Mo
* Species conservancy ASO Creation
ASOs of defined
¢ Physical parameters ASOs Removed via lengths (14-20mer)
Filtering
Repeat sequences
* Generate a list of potential ASOs for 3’ Guanine

Species Homology Map ASOs to Gene

Hand selected to ensure
representative coverage

screening

* [terative process
Test ASOs
Cell & Animal
Models

Iterations
Design additional ASOs
to Hotspot regions

Target mRNA

3’

5’
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Mechanism of action differentiates the types of ASOs to be
considered for therapeutic purposes

* Gamper ASOs

* Downregulates the target gene expression Gene Expression
* Degrade target mRNA

T
34
« Steric hindrance ASOs <O 7
* Interfere with RNA regulator elements to oo T s X, s 1
upregulates target gene expression mRNA —
» Alters the splicing of a target gene to I e <
generate different RNA or protein -
isoforms Alternative Splicing
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The chemical structure of an ASO determines its mechanism of action

Gapmer ASO Steric Hindrance ASO

Ribonucleosides

Deoxyribonucleosides (Gap) Ribonucleosides/Morpholino

Ribonucleosides

Induces degradation of target RNA Blocks the binding of proteins or RNAs
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Gapmer ASOs induce the degradation of a target RNA

RNase H

S ggogagooaoagaaagaad gaaaaadadadadaddddddyddd 3" Target RNA

3“OH  5-PO,

Approved Gapmer ASO drugs
Kynamro for Homozygous Familial Hyperchlesterolemia
. Tegsedi for Polyneuropathy of Transthyretin (TTR) Amyloidosis
#£* Rare Bootcamp” *  Waylivr for Familial Chylomicronemia
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Approved Gamper ASO drug for Polyneuropathy of Transthyretin (TTR) Amyloidosis

Liver

ASO Affected Organs

Peripheral nerves

Secretion into Blood Fibrillar

Deposition
g &8
. k-
]

Dissociatiorkﬁ%

Misfolded
Protein

TTR Tetramer

Thyroid gland
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Median % Change From NEURO-TTR Baseline

Time (weeks)
0 35 66 26 52 78 104 130 156

0 1 1 1 | 1 1 1 ]
: -@- Placebo-inotersen
~10 Wﬂ =i Inotersen-inotersen

OLE
Baseline
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Steric hindrance ASOs inhibit RNA-binding proteins and regulatory RNAs

For Therapeutic purposes both for downregulation or upregulation of gene expression

_______________________________________________________________ o
B aarae-amran — SRR Normal Splicing
E1 E3 Exon Skipping
k * Truncated Protein, DMD
W * Upregulation by removing
\\\\./’,’_ \\\\. /’,’

\ poisonous exons, Dravet
ASO

= E2 Exon Inclusion

» Suppress splice altering
mutations, SMA

-DI ASO

Translation Arrest

>'CAP Pathogenic transcript, CMV Retinitis

miRNA i

—"— Protein ASO % Pr?tfm Gene Upregulation
- T %, — ;e o - Haploinsufficiency
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Steric block ASO drug for Duchene Muscularly Dystrophy (DMD)

Eteplirsen-treated
DMD patient DMD patient
Healthy Aex49-50 Aex49-50
DMD

pre-mRNA 4 48 H 49 Hs0 >> 515207 4 a8 | Ss1[{s2>+ | 48 —’—@—//

l J Premature J

® stop codon

DMD
CatremRNA RS- 7+ 48 | >51|52 > ] 48 [52 >

Eteplirsen

Out-of-frame Reading frame restored

| .

Protein ( ::)

Dystrophin No dystrophin Shortened, functional
produced produced dystrophin produced
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Small Interfering RNAs (siRNAs) knockdown target RNA

 Double-stranded oligonucleotide,

dsRNA LT

comprised of ribonucleosides e
siRNA [T TOTON T
. . TS
e Typically, 20-25 nucleotides Guide strand
G02
RISC S \'llmmAl(l;gzmmu
* Downregulates gene expression - BIEE Cytoplasm
e Degradation of target mMRNA / N /
* Reduce protein (S E .
““’ \T S~ ,f'uumrr?rﬂvauAM ———
L2 ' ranscript "scap MRNA | 3 poiya i Translation

Cleavage Protein

e Mechanism of action in the
cytoplasm

~ mRNA
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siRNA requires a delivery vehicle

 Poor metabolic stability

* Rapidly degraded by nucleases
e Fully modified ribonucleosides

e Requires a delivery vehicle to
take to the cell and tissue

e Conjugated with targeting moieties
e GalNac for liver delivery

* Package in a delivery vector
* LNP particles

# £ Rare Bootcamp™
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Passenger
Guide

. PS modification

GalNac conjugated siRNA

e Leqvio for LDL-C
* Amvuttra for TTR Polyneuropathy siRNA
* Givlaar, Hepatic Porphyria
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LNP formulated

siRNA

Onpattro
TTR Polyneuropathy

16



Durable effects of siRNA drug with single injection
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Gapmer ASO vs siRNA

Gapmer ASO ASO GalNAc-siRNA LNP iRNA
/ \ AN S00000T 0 / > >
Q0 RCAGAAAIGIAGIUTSTUBTUTETATUTC LT Al

Passenger

“eeset Guide  3-@EEOENONEOBLELELEONOEOLDY
SIRNA - /

[
RNA DNA (Gap) RNA H - ApoE — RNA
e Single stranded DNA RNA 7;‘ r"’”\'(\s Double stranded RNA, 20-25nt

hybrid, 14-21nt PS PO mixed backbone
e PSbackbone

e RNAse H1 knockdown

Argonaute knockdown

Cytoplasm only

Target I’;IENA
* Both nucleus & cytoplasm cleavage

* Cell uptake naked ASOs o\ @D G G ey,

Requires delivery formulation or
* Micromolar (uM) potency y Nanomolar (nM) potency

conjugation
. . AT NN NN S .
* High dosing frequency e * Low dosing frequency
v

/& Rare Bootcamp™ 18




Routes of Administration of Oligonucleotide Therapeutics

Intravitreal
Vitravene for
CMV retinitis (ASO)

Intraventricular
» (Pre-clinical studies)

Intranasal
{Pre-clinical studies)

. 8
u! Intrathecal
{ Spinraza for
J SMA (ASO) g
e Kynamro for HoFH, Liver
* Tegsedi for TTR, Liver ASO
» Waylivr for FCS, Liver Subcutaneous Intravenous

* Exondys 51

* Vyondys 53 | AsO for DMD, Muscle
* Amondys 45

* Viltepso

* Givlaar for Porphyria, Liver
* Oxlumo for PH1, Liver SiRNA
e Amvuttra for TTR, Liver
* Leqviofor LDL-C, Liver

* Onpattro for TTR (siRNA LNP), Liver

o~
Yy
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Tissue and Cell Specific Delivery

Conjugate ASO or siRNA to
targeting moiety

Antibody

Peptide
O %Oj

» Tissue & cell specific deIiverN

g * Reduce Toxicity
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ASOs are clinically validated modalities, but they are limited by
tolerability issues

Hypersensitive

SRS,  Toxicity associated mechanisms are
Defibrotid .
Seohsg not clearly defined
Eteplirsen . . . .
/ Coliatn Plasma proteins binding
/ » Off-target hybridization
Liver Toxicity
Kidney Toxici . .
Mipomersen | o . e Minor changes in ASOs can have
Inotersen Nusinersen .
Inotersen massive effects
Golodirsen
Viltolarsen
Casimersen

e Evaluate multiple ASOs to find
optimal clinical candidate

Alhamadani F, et al. Adverse Drug Reactions and Toxicity of the Food and Drug Administration-Approved Antisense Oligonucleotide Drugs. Drug Metab

y Dispos. 2022 Jun;50(6):879-887. doi: 10.1124/dmd.121.000418.
/£ Rare Bootcamp
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Tiny lipid-based particles designed to
encapsulate and deliver therapeutic RNA to
cells and tissues.

Pivotal role in COVID vaccine development.

One FDA approved rare genetic disease drug
* Onpattro- siRNA to treat polyneuropathy of
hereditary transthyretin-mediated amyloidosis

(hATTR)

Potential alternative to gene therapy to restore
functional copy of mMRNA
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Lipid nanoparticles (LNPs) mRNA therapeutic modality
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Current limitations of LNP mRNA therapy

* No limitations on gene size

* Transient in nature
e Rapid mMRNA turnover impact durability
* Requires chronic dosing

* |mmunogenicity

* Appealing delivery vehicle for editing
applications

e Off-target toxicity
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Oligonucleotide therapeutics have evolved and grown in number

over decades

1960

Solid Phase Synthesis *
2’-F-, OMe & PS Chemistry =

1980 &90

PMO & MOE chemistry =
RNAi & LNA Chemistry- 1998 «
First ASO approved, Vitravene, CMV Retinitis-1998 *

2010 —

Kynamro, Familial Hyperchlesterolemia ASO-2013 »

Exondys 51 DMD & Spinraza SMA ssASO-2016 »

Tegsedi ASO & Onpatro siRNA, TTR Polyneuropathy-2018 «
Vyondys53, DMD ssASO; Waylivr, Chylomicronemia ASO-2019 »
Givlaar, Porphyria siRNA-2019 «

Oxlumo Hyperoxaluria siRNA, Viltepso, DMD ssASO-2020 «
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1950

* DNA Double Helix
* DNA: RNA Hybridization

1970

* 1978-Antisense inhibition
* DNA/RNA synthesizers

2000
* Pre-clinical & clinical testing ASO and siRNA

» 2004-Macugen, Maculardegeneration Aptamer

2020
*2021- Amondys DMD ssASO & Leqvio, LDL-C siRNA
* 2022- Amvuttra, TTR Polyneuropathy siRNA
*>100 ASOs in Clinical Testing
* Editing applications ”



Conclusions

Oligonucleotide- based drugs (ASO and siRNA) have revolutionized rare
genetic disease space as transformative therapies.

Chemical modifications of oligos have been pivotal in improving metabolic
stability, tissue uptake and tolerability.

Disease biology, target gene, and tissue determine oligonucleotide
therapeutic modality choice and fit

The oligonucleotide therapeutics landscape is rapidly growing, with 18
approved drugs and many more in late-stages of clinical development
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Future Outlook

* |mprove prediction models to enhance pharmacological and toxicology

profiles
e Bioinformatics and mechanize learning tools for ASO design
* Gap between cell culture, animal models and clinical outcomes

 Continuous chemistry advancements to develop more potent drugs
* Increase half life, reduce dosing frequency and toxicity

e Extra-hepatic and cell specific delivery remains a major challenge to broaden

the scope and reduce off-target toxicity
* Field testing a variety of targeting moieties

 High drug development costs and limited access.
* Enhance knowledge-sharing efforts between patient advocacy, academia, and industry.

# & Rare Bootcamp™ 26



/7 o

S0 e Bootcamps

ILER LA
@




	Slide 1: Therapeutic Modalities: Nucleotide  Therapeutics
	Slide 2: Outline
	Slide 3: Central Dogma- Overview of Therapeutic Modalities
	Slide 4: What are nucleotide therapeutics? aka Oligonucleotide Therapeutics
	Slide 5: Chemically modified to improve pharmacological properties
	Slide 6: Different types of oligonucleotide therapeutics Selection based on underlying genetic defect and disease context 
	Slide 7: Overview of Antisense Oligonucleotides (ASOs)
	Slide 8: ASO design pipelines are enabled by informatic analysis
	Slide 9: Mechanism of action differentiates the types of ASOs to be considered for therapeutic purposes
	Slide 10: The chemical structure of an ASO determines its mechanism of action
	Slide 11: Gapmer ASOs induce the degradation of a target RNA
	Slide 12: Approved Gamper ASO drug for Polyneuropathy of Transthyretin (TTR) Amyloidosis 
	Slide 13: Steric hindrance ASOs inhibit RNA-binding proteins and regulatory RNAs For Therapeutic purposes both for downregulation or upregulation of gene expression
	Slide 14: Steric block ASO drug for Duchene Muscularly Dystrophy (DMD)
	Slide 15: Small Interfering RNAs (siRNAs) knockdown target RNA 
	Slide 16: siRNA requires a delivery vehicle 
	Slide 17: Durable effects of siRNA drug with single injection
	Slide 18: Gapmer ASO vs siRNA 
	Slide 19: Routes of Administration of Oligonucleotide Therapeutics
	Slide 20: Tissue and Cell Specific Delivery
	Slide 21: ASOs are clinically validated modalities, but they are limited by tolerability issues
	Slide 22: Lipid nanoparticles (LNPs) mRNA therapeutic modality
	Slide 23: Current limitations of LNP mRNA therapy 
	Slide 24: Oligonucleotide therapeutics have evolved and grown in number over decades 
	Slide 25: Conclusions
	Slide 26: Future Outlook
	Slide 27: Thank You

