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Gene based therapies

Gene Based Therapies
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Consideration of gene therapy

ATarget diseases

APurposereplacement, augmentation, suppression, editing

ADelivery methodsviral vectors, non viral vectors, direct delivery

ADelivery routesex vivo, in vivo, local or systemic

ASafety and Challenges
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Strategies of delivery
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Basic Research Phase

Early Age of
(~60 Years)

Gene Therapy Practice

Approved Gene Therapy Products
(20 Years) T
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Gene Therapy Clinical Trial for oTC

“Gene" Discovery First Clinical Trial

1989 1993

Protein Encoding First successful Clinical
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proteins.

Arabi F,et alBiomedicine & Pharmacotherapy 153 (2022) 113324
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Agents approved in US/EU markets for genetic disease

() NOVARTIS Zolgensma

Orchard

therapeutics

bluebirdbio Skysona

PTC

4 THERAFEUTICS 4.

Upstaza

Csancpra  Elevidys

Indication

SMA

Year First
Approved

2019

All Approved
Geographies ROA

Delivery
Frequency

Packaging

MLD

2020

CALD

2022

Single dose

AADC Deficiency

2022

DMD

2023

bluebirdbio Zynteglo

B:OMARIN Roctavian

Hematologic

Hemophilia B

2022

p-thalassemia

2022

Single dose

Hemophilia A

2023

©Orchard Strimvelis

therapeutics

Metabolic

ADA

2016

Single dose

Luxturna

Ophthalmic

LCA

2017

Single dose

ST

AL Krystal  Vyjuvek

Dermatologic

2 Epidermolysis Bullosa

2023

= Topical | Redosable

Abbreviations: SMA- Spinal Muscular Atrophy, MLD- Metachromatic Leukodystrophy; CALD- Cerebral

Adenoleukodystrophy; AADC- Aromatic l-amino Acid Decarboxylase Deficiency, DMD- Duchenne’s Muscular
Dystrophy. ADA- Adenosine Deaminase Deficiency, LCA- Leber's Congenital Amaurosis

https://bluestarbioadvisors.com/pulseewsletters/genetherapy-202312/outlook-on-genetherapy

Key: @ Orphan & GTx ¥ & Cell-based GTx
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Spinal muscular atrophy

PREVALENCE!?

PATHOPHYSIOLOGY!
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SYMPTOMS?
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Gene therapy for SMA
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Characteristics of AAV for Gene Therapies

ATransduction and tropism
A AAVs can be engineered for transduction of the appropriate cell type
A Display broad tropisms specific to tissue types

ADurability
A Robust expression of genes delivered with AAV has been demonstrated-in non
dividing cells such as neurons

AVersatility
A AAVs can be engineered for specific functionality in gene therapy applications

ASafety
A Naturally norpathogenic
A Replication defective
A Generally nonintegrating
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Characteristics alnasemnogenabeparvovet?

A Onasemnogenabeparvovecconsists of: _ A AAV vectors 3
A AAV9 vector containing recombinant setfmplementary genome : :

A Fully functional copy of the humeéBMNgene . *a - . . .
A CM\); enhancer / C%/h brid bromoter J ‘ \rito oy A Packaged in an AAV9 capsid that has the ability
yrap X Sael to cross the BBB and into the CNS*#

T Not known to cause diseases in humans

Recombinant AAV
capsid shell

Mutated ITR  Promoter/enhancer Transgene Terminator

NG I N/ N N N AN N TN

Modified CMV enhancer SVv40 Human SMN
AAV2 ITR intron transgene

AAV, adeno-associated virus; AAV2, adeno-associated virus serotype 2; AAV9, adeno-associated virus serotype 9; BBB, bloodi brain barrier;

BGH Poly A, bovine growth hormone polyadenylation; CB, chicken b-actin; CMV, cytomegalovirus; CNS, central nervous system; ITR, inverted terminal repeat;

SMA, spinal muscular atrophy; SMN, survival motor neuron gene; SMN1, survival motor neuron 1 gene; SV40, simian virus 40.

1. Day JW et al. Lancet Neurol. 2021;20(4; Suppl.):284-293. 2. Onasemnogene abeparvovec. Prescribing information. Bannockburn, IL: AveXis, Inc. 2021.
ham a AN DA anago Q024 L W 2 Q Vi ANMo a fa N achaom 0 140 . I () a aalaa
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Preclinical data:

Systemic Delivery of scAAV9 Expressing SMN Prolongs Survival
LYYdzy2 KAaAG2O0OKSYAAGNR aK2gAy3ad SEGSYyarodsS 20SNBELINBaarzy 2F {
scAAYcoSMNadministration.
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Human data:
AAV9 Vector and Protein Expression in the Motor Neurons

AAV9 Vector Copy Number in Laser Captured Motor Neurons SMN Expression in Cervical Motor Neurons
(ddPCR) (immunohistochemistry)

Patient with SMA
treated with AAV9 Non-treated

gene therapy patient with SMA Patient without SMA
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Two copies of AAV vector/ per motor neuron on average reported as mean
with standard error from replicates as indicated by ( ) and (z ) symbols

AAV9, aden@ssociated virus serotype @&lPCRdroplet digital PCR; 1V, intravenous; SMA, spinal muscular atroph#l. o
*As a possible result of mMRNA degradation in{posittem fissue in patient 2, mRNA was extracted only from patief¥dluesare calculated as vector genomes (vg) per diploid genome and reported as
mean with standard deviation from two technical replicates.
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Local experience
First SMA gene therapy in Taiwan
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Clinical trial data

Eventfree survival and milestones
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Baseline CHOP INTEND score before treatment

n=10
n=1

(32.5)

A sitting unassisted
“* Walking independently
t Standing with assistance (new)

@ Early dosing with high baseline
motor function

# Early dosing with low baseline
motor function

M Late dosing

I
24

I I
36 48
Age (Months)

Mean (range) age in years W
Mean (range) time in years since treatment: 5.0 (4.6

LTFU, longterm follow-up; PNCR, Pediatric Neuromuscular Research Network. 1. Mendell JR, et al. JAMA Neurol

. 2021 Jul 1;78(7):834 -841.
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Clinical trial data

Motor and weight gain

Ipresymptomatigatients
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Clinical trial data

Safety and efficacy in Older and heavier patients
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Hepatotoxicity following administration of AVXH. for
spinal musculaatrophy

et AA complementmediated form
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Challenges

APreexisting AAV9 antibodies

AMarkers for outcomes predictions
ADurability and longerm outcomes

AOutcomes improvement
A Better transduction
A Combination therapy
A Multidisciplinary care
A Early detection

AOther applications

SABRERESEL
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Duchenne Muscular Dystrophy

A Duchenne muscular dystrophy (DMD/Duchenne) is a progresdingex! muscular disease with an overall
incidence of 1:5,000 live male births.

A The mean onset ages of DMD were 2.75 years, usually 2 years ahead the diagnosis

A Early intervention is benefit North Star Ambulatory Assessment

Normal .

= Fitted mean and
95% confidence
interval
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1 < -8 Age (years)
@ Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com

BMJ 2020;368:17012 e ; :
= AN EZ = Eg T Department of Medical Genetics
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Design of transgene for AAV viral vector

Dystrophin cONADRMDgene): ~14 kia
AAV CapaCIty ~4_7 kb Sarcolemma

Sarcolemma

*The DMD gene codes for dystrophin protein.
Zhao J, et al. Hum Mol Genet. 2016; 25:36471 3653 ; 2. Blake DJ, et al. Physiol Rev. 2002; 82:291i 329; 4. Davies KE & Vogt J. Neuromuscul Disord. 2024; 39:5i 9

AAV, adeno-associated virus; cDNA, complementary DNA; CR, cysteine-rich domain; CT, carboxyl-terminal domain; Dbr, dystrobrevin; DG, dystroglycan; DMD, Duchenne muscular dystrophy; F-actin, filamentous actin; H, hinge; kb, kilobase; Kda,
kilodalton; nNOS, neuronal nitric oxide synthase; NT, N-terminus; R, repeat; SG, sarcoglycan; Syn, syntrophin.
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Differences between gene therapy constructs targeting
dystrophin in development

AB cr

D R R RS R& RS R R R8 RY RIO RM RI2 RI3 R4 RI5 RI6E RIT RIB RO RO R R2 R3 R

Full -length dystrophin contains an ABD, 24 SLRs (R1 1R24), 4 Hs (H1iH4),aCRand aCT!?

Name (Sponsor) Dystrophin transgene structures tralri]);f;eerr(]eg ?:gpu%es

Sarepta/Roche: 67

Delandistrogene moxeparvovec 12 A R1i R3 (contraction-induced force drop)
(Sarepta/Rc?che) P ABBNHL e R3 A Codon-optimised for human usage

Solid Biosciences: 173
A R161 R17 (nNOS binding domain)

ABD | H1 [[z¥E R24QEH ©3 Pfizer: 8
A 5 R1 domains (mini-dystrophin)

SGT-003%'3
(Solid Biosciences)

- 6,9
Fordadistrogene movaparvovec 2 Genethon: & o
(Plizen) g P ABD " H1 [:4t R23|R24[ald A R1i R3 (contraction-induced force drop)

A Codon-optimised for increased gene
expression and protein levels

GNT-0004*

(Genethon) AEDRTRT B

REGENXBIO:®

A Contains CT domain
RGX-2025 A Codon optimised and reduced
(REGENXBIO) SRR R1 [R2|R3 H3 =Y H4 | CR CpG content

ABD, actin-binding domain; CR, cysteine-rich domain; CT, carboxyl-terminal domain; H, hinge; nNOS, neuronal nitric oxide synthase; R, repeat; SLR, spectrin-like repeats.

1. Duan D. Mol Ther. 2018; 26:1i 20; 2. Deng J, et al. Front Pharmacol. 2022; 13:950651; 3. Parent Project Muscular Dystrophy. https://www.parentprojectmd.org/solid-provides-updates-on-ignite-dmd-and-sgt-003-
pre-clinical-data/ (Accessed July 2024); 4. Wasala NB, et al. Hum Gene Ther. 2023; 34:449i 458; 5. REGENXBIO. https://ir.regenxbio.com/static-files/01c97b49-3b89-438d-866a-91bf49d31f25 (Accessed July 2024);
6. Cooper-Olson G, et al. J Neuromuscul Dis. 2021; 8:489i 494; 7. Cellular, Tissue, And Gene Therapies Advisory Committee. https://www.fda.gov/media/168022/download (Accessed July 2024); 8. Pfizer.
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-open-first-us-sites-phase-3-trial-investigational (Accessed July 2024); 9. Meng J, et al. Mol Ther Methods Clin Dev. 2022; 25:491i 507.
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Insert modification

The MHCKY promoter

Delandistrogene moxeparvovec
transgene

Non-clinical data have shown the
amount of transgenic protein
expression is largely driven by
the strength of the promoter 1!

Highly active in cardiac muscle and specific to Highly active in cardiac and skeletal muscle 23
the design of delandistrogene moxeparvovec
and select LGMD constructs

VAN ES = Eg EES 37 Department of Medical Genetics
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Preclinical data
High micredystrophin expression in mdx rat model

mdx rats treated with delandistrogene moxeparvovec

Delandistrogene Delandistrogene Delandistrogene
moxeparvovec moxeparvovec moxeparvovec

Delandistrogene moxeparvovec micro-dystrophin 12 weeks 24 weeks 52 weeks saline
was expressed and correctly localised in
target tissue up to 52 weeks post-dosing?

At 4 weeks:
A 80% increase in delandistrogene mox
micro-dystrophin production

At 52 weeks:

A Delandistrogene moxeparvovec micre
expression was broadly distributed ag
skeletal and cardiac muscle 1

Scale bar, 100 microns. Red signal indicates micro-dystrophin

DMD, Duchenne muscular dystrophy; HRT, heart; MG, medial gastrocnemius; TA, tibialis anterior; TRI, triceps.

1. Baine S, et al. Presented at WMS 2023; 2. Potter RA, et al. Presented at ASGCT 2019. SX% B?'EE % %%ﬂ 3:&’:;;7'.;?&:: w;eg::tf:gf;:f;l




Human data:
Protein Expression arsdrcolemmalocalization in muscle
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Annals of Neurology, Volume: 94, Issue: 5, Pages: 955-968, L E i Department of Medical Genetics
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National Taiwan University Hospital

(mean £ SD)
8 8
Baseline

w
[=]

Protein intensity,
% normal (mean = SD)

Baseline Week 12 Baseline Week 12
Change from baseline: 48.3 £ 25.4 Change from baseline: 66.5 * 64.1

o

Post-baseline




Clinical trial data

Motor functions improvement

a Delandistrogene
moxeparvovec Placebo Favors delandistrogene moxeparvovec LSM difference (95% CI) P value

Primary 63 61 0.65 (-0.45, 1.74), points 0.2441

Key
secondary

-0.64 (-1.06, -0.23), seconds

-0.42 (-0.71, -0.13), seconds

Standardized test statistics (95% CI)

o

—&— Delandistrogene moxeparvovec (n = 63) € = Delandistrogene moxeparvovec (n = 63) d = Delandistrogene moxeparvovec (n = 63)
—e— Placebo (n = 61) —o— Placebo (n=61) —e— Placebo (n = 61)
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doi: 10.1038/s41591-024-03304-z.

Mendell JR, et al. AAV gene therapy for Duchenne muscular dystrophy: the EMBARK phase 3 randomized trial. Nat Med . 2024 Oct 9. £ EZ = E=Z kvi Department of Medical Genetics
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Unsolved parts:

Arn @SIFNBR 2F | 3S

A Has pathogenic variant in the DMD gene fully contained between exons 18 and 79 (inclusive) , and
contraindicated for use in patients with any deletion in exon 8 and/or exon 9 in the DMD gene

A Has rAAVrh74 antibody titers of less than 1:400
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Mendell JR, et al. AAV gene therapy for Duchenne muscular dystrophy: the EMBARK phase 3 randomized trial. Nat Med . 2024 £ - EE = E® E83 311 | Department of Medical Genetics
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Systemic delivery of felkngth dystrophin in

a

Dp140

H
FL [ABD1 [ CEBEEEEEEEEEEEEEREEHEEEEEEHE D8O [sepjcc]

D)is-N Dys-C
ABD1 5|2}z 3?2?3]/[@

" \H[5[2[=[=]E] DBD [sBD[CC]
10F9(N) Dys-M

RIRIRlRIRIRIRIRIRIRIR
L R0Y RRY RE2 RED RYY RET RE3 REd RE RL
=
6A9(M)

Split site 1 le260

"Split site 2

Zhou, Y., Zhang, C., Xiao, W. et al. Systemic delivery of full-length dystrophin in Duchenne muscular

dystrophy mice. Nat Commun 15, 6141 (2024).
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Genomic medicines for Duchene muscular dystro

Truncated
Dystrophin

u-Dystrophin

Stop Codon
Read Through

\

D

ystrophin
Transcripts

2022

Phase-ll clinical trial of SRP-5051 is active l

(|

2020

FDA approved Viltolarsen (Viltepso) .

2016

FDA approved Eteplirsen (Exondys-51) .

2011

Long-term treatment with PMO reported ‘

2007

First CPP-PMO conjugate (RXR),XB reported .

2003

PMOs induce exon skipping in mdx mouse

with leash

P

2021
FDA approved Casimersen (Amondys-45)

2019

FDA approved Golodirsen (Vyondys-53)

2012
Pip6 peptides conjugates with most
effective cardiac dystrophin restoration

2009
Muscle homing peptide conjugates of PMO
& Vivo morpholino explored in mdx mice

2006
Naked PMOs showed better efficacy in exon
skipping in mdx mouse

1997

nomenclature

Transgéne

Missing domain

Origin Drug candidate

sponsors

ADysM3, AR2-23

Micro
dystrophin

R2-R24, H2 and H3

Takeda Lab [19]

WDYsH2, A4-23/ACTD

Micro
dystrophin

R4-R23, H3, CTD

Chamberlain Lab [ GALGT2, SRP-9001, GNT

21] 0004

Nationwide, Sarepta,
Genethon

uDys-5R, AR2-15/AR18-22/
ACTD

Micro
dystrophin

R2-R15, R18-R22,
CTD

Duan Lab [20] SGT-001

Solid Biosciences

R2-15/AR18-19/AR20-23/CTD

Micro
dystrophin

R2-R15, R18-R23,
CTD

Duan Lab

A3990, AR3-19/AR20-21/ACTD

Micro
dystrophin

R3-R21, H2, CTD

Xiao Lab [22] PF-06939926

Pfizer

A17-48

Mini dystrophin

R4-R18, half R19, H2

Davies Lab

AH2-R19

Mini dystrophin

R4-R19, H2

Chamberlain Lab

AH2-R15

Mini dystrophin

R4-R15, H2

Duan Lab

AR2-23

Mini dystrophin

R2-R24, H2 and H3

Takeda Lab

Meyers TA and Townsend DW. Int. J. Mol. Sci. 2019, 20(17), 4098; Gupta S, et al. J Biosci (2023) 48:38;
Cedric Happi Mbakam & Jacques P. Tremblay. Expert Review of Neurotherapeutics, 23:10, 905920,
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Local injection o
AAVZ2nRPEG5V2 fgr S 0 Edhleaital Amaurosis

FDA approves Luxturna gene
therapy for rare form of
Subretinal Inherited vision loss

N Injection
% The Food and Drug Administration has approved Spark Therapeutics’
Luxturna.

The treatment would help those with Leber congenital amaurosis, a rare

genetic retinal disease. It's specifically approved for people who have a
mutated RPEG5 gene.

FDA Commissioner Scott Gottlieb said in a statement the approval marks
another first in the field of gene therapy.

Angelica LaVito
Published 11:37 &AM ET Tue, 19 Dec 2017 | Updated 4:01 PM ET Tue, 19 Dec 2017
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Aromatic EAmino Acid Decarboxylase Deficiency

Neurotransmitter deficiency
Incidence in Taiwan: ~1 in 30 000 newborns
Severe Growth deficiency, lack of motor development

' Dopaminergic neuron (Stimulatory) Medium spiny neuron B Ody We I g ht M oto r fu n Ctl 0 n

N ™
Tyrosine hAADC 75t 50t 25higth 3w

THl
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- / —_ th i
Vit B6 — AADC % IVSE+4AST Dopamine ; 52, percentl_le
oS — 5™ percentile
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Cholinergic stimuli (inhibitory
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degradation \jaq T DR Anticholinergics
N, 4

MAO COMT Dopamine
Putamen agonists

MAOI
Dopamine
degradation

(4]
o

I
o

W
[=]

Body weight (Kg)

AMIS score

N
o

l Age (year)

Substantia nigra pars compacta

5-HT, serotonin; DA, dopamine; Epi, epinephrine; NE, norepinephrine. : Department of Medical Genetics
1. Wassenberg T, et al. Orphanet J Rare Dis.2017;12(1):12. 2. Hwu WL, et al. JIMD reports. 2017. 3. Lee NC, et al. Am J Med Genet National Taiwan University Hospital

C Semin Med Genet. 2019 Jun;181(2):226-229.




AADC Gene therapy

rAAV2-hAADC

Putamen medium Poly A
spiny neurons 1

@ ITR L R
| AAV2-hAADGC H‘-m ‘_ Human DDC cDNA

ot = DOPA ITR AAV?2 inverted terminal repeat

CMV IEP Human cytomegalovirus immediate early promoter
HBG2/3 Human beta globin partial intron 2/partial exon 3
cDNA Complementary DNA

Poly A Polyadenylation-containing sequence

Improvements in

Om 6m
D . > Motor Autonomic Body Cognition

Increased dopamine production in putamen el S L i

Chien YH, et al. Lancet ChildAdolesc Health 2017. 5 Department of Medical Genetics
Tai CH, et al. Mol Ther. 2021 Nov 8:5S1525-0016(21)00576-1 National Taiwan University Hospital




Human data:
Functional metabolites expression in patients with Parkinson's

disease aftehAAD@ene therapy

FMT PET

Muramatsu et al. Molecular Therapy 2010 Sep;18(9):1731-5
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