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Have Questions?

Have Questions?
Type them into questions box!

“Why am | muted?”

Don’t worry. Everyone is muted
except the presenter and host.
Thank you and enjoy the show.

Contact ACS Webinars ® at acswebinars@acs.org

W CAheggy for Life®

@AmerChemSociety

@AmericanChemicalSociety @AmerChemSociety

https://www.linkedin.com/company/american-chemical-society
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Check out the ACS Webinar Library!
An ACS member exclusive benefit

Hundreds of presentations from the best and brightest minds that chemistry has to offer are available to you on-demand.
The Library is divided into 6 different sections to help you more easily find what you are searching.

Professional Development Technology & Innovation Drug Design and Delivery
P View the Collection P View the Collection P View the Collection
Learn how to write better abstracts, deliver more From renewable fuels to creating the materials for The Drug Design Delivery Series has built a
engaging presentatians, and network to your next the technelogy of tomorrow, chemistry plays a collection of the top minds in the field to explain the
dream job. Brush up on your soft skills and set & pivotal role in advancing our world. Meet the mechanics of drug discovery, Discover the latest
new career path by mastering what can not be chemists that are building a better world and see research, receive an overview on different fields of
taughtin the lab. how their science is making it happen. study, and gain insight on how to pessibily

overcome your own med chem roadblocks.

Culinary Chemistry Popular Chemistry Business & Entrepreneurship
P View the Collection P View the Collection P View the Collection
Why does food taste better when itis grilled or what Feeling burdened by all that molecular weight? How do ideas make it from the lab to the real world?
malecular compounds make a great wine? Discover Listen to experts expound on the amazing side of Discover the ins and outs of the chemical industry
the delectable science of your favorite food and current hot science topics. Discover the chemistry of whether you are locking to start a business or desire
drink and don’t forget to come back for a second rackets, how viruses have affected human history, a priceless industry-wide perspective.
helping. or the molecular breakdown of a hangover.

https://www.acs.org/content/acs/en/acs-webinars/videos.html

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars® continue to be available to the general public
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally
be rebroadcast to highlight the value of the content.

www.acs.org/acswebinars
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YOUR CAREER

ChemIDP™

ChemlIDP.org

acsoncampus.acs.org/resources

ACS PUBLICATIONS

Publishing Resources

publish.acs.org
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and over 120 institutions
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ACS Career Navigator:
Your Home for Career Services

Whether you are just starting your journey, transitioning jobs, or looking to brush up or learn new
skills, the ACS Career Navigator has the resources to point you in the right direction.

We have a collection of career resources to support you during this global pandemic:

Professional Virtual Career ACS Leadership Career Navigator LIVE!
Education Consultants Development System
ChemIDP College to Career ACS Webinars Virtual Classrooms

Visit www.ACS.org/COVID19-Network to learn more!

ACS
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Visit www.acs.org/ncw

On
discover how to get a big
reaction out of your community
for National Chemistry Week!

#NCW
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A Career Planning Tool For Chemical Scientists

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org
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ACS Bridge Program

Are you thinking of Grad School?

If you are from an underrepresented racial or ethnic group,
we want to empower you to get your graduate degree!

The ACS Bridge Program offers:
» A FREE common application that will highlight your achievements
to participating Bridge Departments

* Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org -

12
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ACS Department of Diversity Programs

Advancing ACS's Core Value of Diversity, Inclusion & Respect

We believe in the strength of diversity in all its forms, because inclusion of and
respect for diverse people, experiences, and ideas lead to superior solutions to
world challenges and advances chemistry as a global, multidisciplinary science.
Contact Us:

https://app.suggestionox.com/r/DI R
Diversity@acs.org

e
@ACSDiversity ACS %-

Voices
n ACS Diversity

Diversity Podcast

acsvoices.podbean.com/

www.acs.org/diversity
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Join the Division Today!

For $25 membership (510 for students), You Will Receive:

¢ A free digital copy of our annual medicinal chemistry
review volume (over 680 pages, $160 retail price)

e Abstracts of MEDI programming at national meetings

e Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org 15

ORGANIZERS

CO-PRODUCED WITH

2021 Drug Design and Delivery Series

We are continuing the theme of last year's symposium

and will feature more of the most innovative and

revolutionary ideas in drug design and delivery. This

year we have decided to increase the duration of SPEAKERS FROM
each broadcast for an additional 30 minutes in the

hope to dive deeper into each topic as well as

answer more of your questions. The details for

upcoming broadcasts will be posted as they are

finalized.

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery.html
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Targeted Delivery of RNA-targeted Therapeutics

PUNIT SETH CHARVI NANAVATI
Vice President, Medicinal Chemistry, Associate Director, Clinical Pharmacology
lonis Pharmaceuticals and Pharmacokinetics,

Presentation slides available now! Today’s recording will be made available to all registrants for 24 hours
before moving to www.acs.org/acswebinars as an exclusive member benefit.

lonis Pharmaceuticals

WWWw.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications.

Delivery of RNA-
targeted therapeutics

Punit P. Seth, Ph.D.
VP, Medicinal Chemistry

July 29t 2021

7/29/2021
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Nucleic acid drugs can work through multiple mechanisms

* Nucleic acid therapeutics which bind RNA by Watson-Crick base pairing and

- Promote degradation of RNA
* RNase H — single stranded (ss) DNAASOs
» siRNA - double stranded (ds) and ssRNAASOs

- Do not promote degradation of RNA
« Splice modulation — ssASOs with variable chemistry
» miRNA antagonists — ssASOs with variable chemistry
* mRNA editing — ssASOs with variable chemistry
« Translational arrest — ssASOs with variable chemistry

* Nucleic acid therapeutics which bind to DNA by Watson-Crick base pairing
« CRISPR/CAS9 for gene editing

* mRNA that are translated to therapeutic proteins

« Vaccines, protein replacement, gene editing

« Aptamers and immuno-modulatory oligonucleotides that bind to protein targets

21
Nucleic acid drugs approved by regulatory agencies —
many targets considered undruggable by traditional drug discovery platforms

Name Disease Target Mechanism Chemistry Sponsor Approved

Vitravene™ CMV retinitis Viral RNA RNaseH1 PS DNA lonis/Novartis 1998

Macugen™ AMD VEGF Aptamer F/OMe Eyetech/Pfizer 2004

Kynamro™ | High cholesterol ApoB100 RNaseH1 PS MOE/DNA lonis/Genzyme 2013

Spinraza™ SMA SMN2 RNA splicing PS MOE lonis/Biogen 2016

Exondys™ DMD Dystrophin RNA splicing PMO Sarepta 2016

Tegsedi™ | TTR amyloidosis Transthyretin RNaseH1 PS MOE/DNA lonis/Akcea 2018

Onpattro™ | TTR amyloidosis Transthyretin siRNA RNA/OMe/LNP Alnylam 2018

Wayliv,a™ | High triglycerides ApoClIl RNaseH1 PS MOE/DNA lonis/Akcea 2019

Givosiran™ | Hepatic porphyria ALAS1 siRNA F/OMe/GalNAc Alnylam 2019

Vyondys™ DMD Dystrophin RNA splicing PMO Sarepta 2019

Viltepso™ DMD Dystrophin RNA splicing PMO NS Pharma 2020

Oxlumo™ Hyperoxaluria Glycolate oxidase siRNA F/OMe/GalNAc Alnylam 2020

Leqvio™ High cholesterol PCSK9 siRNA F/OMe/GalNAc Alnylam 2020

Vaccine CoVvID Virus antigen mRNA RNA/LNP Moderna 2020

Vaccine CoVvID Virus antigen mRNA RNA/LNP BioNTech/Pfizer 2020

>100 nucleic acid-based drugs currently in clinical development
22
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Representative oligonucleotide designs used in the clinic

Gokirmak et al, Trends Pharmacol. Sci. 2021
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Tissue and cellular barriers to effective delivery of nucleic acid
therapeutics
* Nuclease-mediated degradation in
plasma and tissue
* Kidney filtration
* Scavenging by RES
* Passage across the capillary endothelium
* Entry into cells
* Escape from endo-lysosomal
compartments
* Bind to targeted RNA and recruit effector
meChan ism Gokirmak et al, Trends Pharmacol. Sci, 2021, 588
Seth et al, J Clin Invest. 2019,129, 915-925
24
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Strategies for effective delivery of nucleic acid therapeutics

* Delivery using lipid nanoparticles (LNPs)
- Minimally modified siRNA and mRNA

* Delivery of chemically modified nucleic acids therapeutics

- Passive delivery by enhancing association with plasma and cell-surface proteins
* Delivery to the CNS following injection into the CSF
* Delivery to the lung using aerosols

- Active delivery by targeting specific cell-types
+ ASGR-mediated delivery to hepatocytes
* GLP1R-mediated delivery to pancreatic beta cells
» TfR1-mediated delivery to skeletal muscle and heart

25

25
Delivery of minimally modified siRNA and mRNA using LNPs
DNA, RNA, OMe, PO backbone
Onpattro™ is a minimally stabilized siRNA
encapsulated in a lipid nanoparticle for delivery L MEreRERTE
to liver hepatocytes P (LNFF’))
Akinc et al, Mol. Ther. 2010, 1357-64
* LNPs used to deliver mRNA vaccines for COVID
* LNPs also used to deliver chemically modified sgRNA and Cas9 mRNA for gene
editing in the liver
Schoenmaker et al, Int. J. Pharmaceutics, 2021, 120586
Yin et al, Nat. Biotechnol. 2017, 1179
26
26
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Quiz

* Which modifications are used to enhance the drug-like properties of therapeutic
siRNA

- 2’-O-Methyl
-2-F
-PS

» Correct answer — all of the above

27

27
Delivery of chemically modified nucleic acid therapeutics
1. Passive delivery by enhancing association with plasma and cell-surface
proteins
2. Active delivery by targeting specific cell-types
28

7/29/2021
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The phosphorothioate (PS) modification — essential component of
nucleic acid therapeutics

* Phosphorothioate (PS) backbone
- Improves metabolic stability for all classes of nucleic :
acid therapeutics
- Supports RNaseH1 activity
- Enhances binding to proteins
. ASO #PS
+ Plasma, cell surface and intra-cellular Go"CoAoToGoToToMCoToMCoAO"COAGTOTOA 0
Gs"CoAoToGoToTo™CoTom™CoAo™CoAoToTsA 2
. . . . . . Go"CsAoToGoTsTomCoTomCsAo™CoAoTSToA 4
* Proteins interact with anionic sulfur in PS by GSTCoASToGoTsTonCsTomCoAsTCoAsToToA | 6
electrostatic and hydrophobic interactions Gs7CsA0ToGsToTsTCSTomCsAOTCSASTOTSA 8
Gs"CsAoTsGsToTsm™CsTomCsAs™CoAsTsToA 10
- Often times with the same amino acid Gs"CsASToGSTsTs"CoTsCsASTCOASTSTSA 12
Gs"CsAsTsGsTsTsmCsTsmCsAs™CoAsTsTsA 14
Gs"CsAsTsGsTsTsmCsTsm™CsAs™CsAsTsTsA 15
* Protein binding is directly proportional to PS IC50 (M
content
- Suggests an avidity model where each PS contributes
a small percentage to overall binding affinity

Hyjek, JACS 2020; Vickers, JACS, 2020; Crooke, JACS, 2020

29

PS ASOs bind to plasma proteins which facilitates distribution in
animals

ASO Design and Sequence Ky (uM)

Albumin | Transferrin 19G Fibrinogen A2M HRG
CTGCTAGCCTCTGGATTTGA 38 23 0.9 0.4 0.015 0.002
CTGCTAGCCTCTGGATTTGA 10.4 7.3 0.9 0.3 0.044 0.009
CTGCTAGCCTCTGGATTTGA 26.9 11.6 3.6 1.8 0.051 0.10 o
CTGCTAGCCTCTGGATTTGA 81.6 34.2 5.9 42 0.072 0.014 K@*B*
TTTTTTTTTTTTTTTT T T 0.94 2.6 1 0.26 0.019 0.017 ?‘
AAAAAAAAAAAAAAAAAAAA 204.5 2776 742 13.4 3.0 0.041 oA
CTGCTAGCCTCTGGATTTGA
GACGAUCGGAGACCUAAACU 762.9 460 >500 >75 >1 >1 %LO .

B

CTGCTAGCCTCTGGATTTGA L
GACGAUCGGAGACCUAAACU 130.2 34.4 1.8 07 >1 0.045 H RNAOH

MOE, DNA, RNA, AllASOs have PS backbone except underlined letters which are PO

Gaus, et al (2018) Nucleic Acids Res., 47, 1110-1122.
30
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PS ASOs distribute broadly after systemic injection (but accumulate
preferentially in the liver and the kidney)

Geary et al Adv. Drug Delivery Rev. 2015, 87, 46.

PS ASOs bind to plasma and cell-surface proteins which facilitates their distribution into tissues in animals

31

31

PS ASOs interact with several classes of cell-surface proteins which
can facilitate cellular uptake

1. Clin, Invest.

© The American Society for Clinical Investigation, Inc.
0021-973895/04/1814/10  32.00

Volume 95, April 1995, 18141823

Binding, Uptake, and Intracellular Trafficking of Phosphorothioate-modified
Oligodeoxynucleotides

Crooke, (2017) Cellular uptake and trafficking of antisense oligonucleotides. Nat Biotech, 35, 230-237.
32

32
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Passive delivery by enhancing association with plasma
and cell-surface proteins

1. Delivery of Gen 2 ASO to CNS following injection into the CSF
2. Delivery of Gen 2.5 ASOs to lung following aerosol delivery

33

33

Protein binding properties of PS ASOs facilitate ASO distribution and
uptake into the CNS following delivery into the CSF

Mazur, et al. (2019) JCI Insight, 4.

Jafar-nejad, et al. Nucl. Acids Res. 2021, 49, 657-673. 34

34
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Quiz

* What are the key determinants for interaction of PS oligonucleotides with
proteins

- Number of PS
- Flexibility
- Lack of bulky 2’-modifications

* Correct answer is all of the above

Active delivery by targeting specific cell-types

1. ASGR-mediated delivery to hepatocytes
2. GLP1R-mediated delivery to pancreatic beta cells
3. TfR1-mediated delivery to skeletal muscle and heart

35

36

7/29/2021
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PS ASOs distribute to all cell-types in the liver but accumulate
preferentially in non-parenchymal cells

Rat Mouse

Proportion of Total Drug in Liver Cells

Dose (mg/kg)

Graham et al Biochem. Pharmacol. 2001, 62, 297
Butler et al Lab. Invest. 1997, 77, 379.

Bijsterbosch et al Nucleic Acids Res. 1997, 25, 3290.
Donner et al Nucleic Acid Ther., 2017, 27, 209-220.

]
]
.
|
I
a

NPC’s constitute <10% of liver mass
Hepatocytes account for 80% of liver mass

Dose-dependent reduction of
hepatocyte expressed targets

PS ASOs are internalized into different cell types in the liver via receptors such as Stabilins, EGFR and ASGR

37

ASGR mediated delivery into hepatocytes enhances ASO potency 10-

60 fold for gene targets expressed in hepatocytes

Cummings et al Essentials of Glycobiology. 2nd
Ed. Cold Spring Harbor Laboratory Press; 2009.
Chapter 31.
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Prakash, et al. (2014) Targeted delivery of antisense oligonucleotides to hepatocytes using triantennary N-acetyl galactosamine improves potency 10-fold in mice. Nucleic Acids Res., 42, 8796-
8807 — NAR Breakthrough Article; Ostergaard et al (2015) Bioconjug. Chem., 26, 1451-1455; Prakash, et al. (2015) Bioorg. Med. Chem. Lett., 25, 4127-4130; Migawa, et al (2016) Bioorg.
Med. Chem. Lett., 26, 2194-2197; Yu, et al. (2016) Mol Ther Nucleic Acids, 5, €317; Prakash, et al. (2016) J. Med. Chem., 59, 2718-2733; Shemesh, et al. (2016) Mol Ther Nucleic Acids, 5,
e319; Prakash et al (2016) Bioorg. Med. Chem. Lett., 26, 2817-2820; Yu, et al. (2016) Nucleic Acid Ther., 26, 372-380; Kinberger, et al. (2016) Bioorg. Med. Chem. Lett., 26, 3690-3693;
Schmidt et al (2017) Nucleic Acids Res., 45, 2294-2306; Tanowitz et al (2017) Nucleic Acids Res. 45, 12388-12400.

38
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ASGR mediated delivery enhances ASO potency up to 30-fold in man
for gene targets expressed in hepatocytes

O

5'-THA-GalNAc
Prakash, et al. (2016) J. Med. Chem., 59, 2718-2733 Crooke et al. Nucleic Acid Ther. 2019, 29, 16-32

39

39
lonis LICA Platform Continues to Expand
Multiple Tissues Multiple Ligands
* Liver » Carbohydrates
* Pancreas * Peptides
* Muscle » Antibodies and FAB
« Many others in research fragments
stage « Small molecules
40
40

20



7/29/2021

Quiz

* What classes of receptors can be used for transport of oligonucleotides into cells

- Lectins

- GPCR

- Nutrient

- Scavenger

» Correct answer is all of the above

M

Targeted delivery of PS ASOs to pancreatic beta cells accomplished
by targeting the GLP-1 receptor

Islets expand when insulin demand increases
and when islets fail to adapt, diabetes develops

Diabetes and obesity are global issues
Majority of  cells destroyed when
symptoms appear

Blood glucose abnormalities = t cell 1 50% {7 Isletcells @ ASO uptake (IHC) ® Malat1 gene expression (ISH)

Ammala, et al. (2018) Targeted delivery of antisense oligonucleotides to pancreatic beta-cells. Sci Adv, 4, eaat3386.

42
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GLP1-peptide ASO conjugates behave as partial agonist of GLP1R
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Ammala, et al. (2018) Targeted delivery of antisense oligonucleotides to pancreatic beta-cells. Sci Adv, 4, eaat3386.

43
ASOs conjugated to GLP1 peptides show excellent potency for down
regulating Islet Amyloid Polypeptide mRNA in pancreatic beta cells
Knerr et al, JACS, 2020, 3416

44
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Enhancing delivery to skeletal muscle tissues — traversing the

capillary endothelium

+ Albumin and lipoproteins are efficiently
transported across the capillary endothelium
and 60% of total albumin is extra-vascular

+ Albumin and lipoproteins bind lipids

* Hypothesis — Can lipid conjugation enhance
ASO association with albumin and lipoproteins
and improve ASO potency in muscle tissues?

45

Lipid-conjugation enhances ASO activity in skeletal muscle and heart
by facilitating ASO transport across the capillary endothelium

45
HuSA LDL
ION# ASO (5 to 3’) Kd [nM]| Kd [nM]
862342 GCATTCTAATAGCAGQ 51,700 | . N‘.’
binding
863775 | Tocopherol-GCATTCTAATAGCAG( 23.8 0.5
863776 Palmitoyl-GCATTCTAATAGCAG(Q 217.9 4.6
863777 | Cholesterol-GCATTCTAATAGCAGC{ 227.1 0.6
Ostergaard, et al. (2019) Nucleic Acids Res., 47, 6045-6058.
Prakash, et al. (2019) Nucleic Acids Res., 47, 6029-6044.
46

mRNA (% UTC)
g

3
—

mRNA reduction by IV dosing

"1 Parent ASO

}

0.

I SR E®

@@ Quadricep
@l Heart

@6:'9%'8& LA R N RS s‘;’w
ASO (10 mg/kg/wk for 4 wks)

ION No Lipid
486178 none
819733 5'-TEG-Cholesterol
819734 5'-TEG-Tocopherol
853212 5'-TEG-C16
853213 5'-hexylamino-C16

Chappell et al (2020) Nucleic Acids Res., 48, 4382

46
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Targeting Transferrin receptor 1 for enhancing potency in skeletal
muscle and heart tissues
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Nucleic acid therapeutics need to traverse the capillary endothelium
before uptake into parenchymal cells

Figure adapted from J Clin Invest. 2019,129, 915-925.
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Summary

* PS ASOs can be delivered to specific tissues and cell types by passive or active
targeting strategies

* Protein binding properties of PS ASOs facilitates distribution and cellular uptake in
animals

- Plasma proteins that bind PS ASOs have been characterized
- Several cell-surface proteins that internalize PS ASOs have been identified

* Targeted delivery to specific cell-types can be achieved using targeting ligands

- GaINAc/ASGR; GLP1/GLP1R; antibodies/TfR1

- Several additional receptors investigated for delivery of oligonucleotide cargo with promising
initial results

* Actively advancing GLP1- and TfR1-targeting platforms into preclinical and late-stage
drug discovery at lonis

49

DON’T GO ANYWHERE, THE LIVE Q&A IS ABOUT TO BEGIN!

7/29/2021
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Join the Division Today!

For $25 membership (510 for students), You Will Receive:

¢ A free digital copy of our annual medicinal chemistry
review volume (over 680 pages, $160 retail price)

e Abstracts of MEDI programming at national meetings

e Access to student travel grants and fellowships

Find out more about the ACS MEDI Division! www.acsmedchem.org 51
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Targeted Delivery of RNA-targeted Therapeutics

PUNIT SETH CHARVI NANAVATI
Vice President, Medicinal Chemistry, Associate Director, Clinical Pharmacology
lonis Pharmaceuticals and Pharmacokinetics,

lonis Pharmaceuticals

Presentation slides available now! Today’s recording will be made available to all registrants for 24 hours
before moving to www.acs.org/acswebinars as an exclusive member benefit.

WWWw.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications. 53

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars® continue to be available to the general public
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally
be rebroadcast to highlight the value of the content.
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www.acs.org/acswebinars

ACS Webinars does not endorse any products or services. The views
expressed in this presentation are those of the presenter and do not
necessarily reflect the views or policies of the American Chemical Society.
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Contact ACS Webinars ® at acswebinars@acs.org
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