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Gene based therapies



Consideration of gene therapy
ÅTarget diseases

ÅPurpose:replacement, augmentation, suppression, editing

ÅDelivery methods: viral vectors, non viral vectors, direct delivery

ÅDelivery routes: ex vivo, in vivo, local or systemic

ÅSafety and Challenges



Strategies of delivery

Bulaklak, K., Gersbach, C.A. The once and future gene therapy. Nat Commun11, 5820 (2020).



Arabi F,et al. Biomedicine & Pharmacotherapy 153 (2022) 113324



Agents approved in US/EU markets for genetic diseases

https://bluestarbioadvisors.com/pulse-newsletters/gene-therapy-2023-12/outlook-on-gene-therapy



Spinal muscular atrophy

PATHOPHYSIOLOGY 1 AGE OF ONSET 2 SYMPTOMS 2

Varies 

according to 

subtype: 

neonatal 

period -

adulthood

Varies according to 

subtype

1

in
1

10,000

PREVALENCE 1

Biallelic loss (90-95%)/ 
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SMN1 gene

1. Verhaart IEC, et al. Orphanet J Rare Dis. 2017; 

2. Kolb S. J. et al. Ann Neurol. 2017; 82, 883ï891. 



Annals of Neurology, Volume: 81, Issue: 3, Pages: 355-368, First published: 27 December 2016, DOI: (10.1002/ana.24864) 

Gene therapy for SMA



Characteristics of AAV for Gene Therapies

ÅTransduction and tropism
ÅAAVs can be engineered for transduction of the appropriate cell type
ÅDisplay broad tropisms specific to tissue types

ÅDurability
ÅRobust expression of genes delivered with AAV has been demonstrated in non-

dividing cells such as neurons

ÅVersatility 
ÅAAVs can be engineered for specific functionality in gene therapy applications

ÅSafety
ÅNaturally non-pathogenic 
ÅReplication defective
ÅGenerally nonintegrating



Characteristics of onasemnogeneabeparvovec1,2

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

BGH Poly A, bovine growth hormone polyadenylation; CB, chicken ɓ-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. 

3. Thomas CE et al. Nat Rev Genet. 2003;4(5):346-358. 4. Merkel SF et al. J Neurochem. 2017;140(2):216-230. 5. Onasemnogene abeparvovec. Summary of product characteristics. Dublin, Ireland: 

Novartis Gene Therapies EU Limited, 2021.

Å Onasemnogeneabeparvovecconsists of2:

Å AAV9 vector containing recombinant self-complementary genome 

Å Fully functional copy of the human SMN gene

Å CMV enhancer / CB hybrid promoter

Á AAV vectors 3

ï Not known to cause diseases in humans

Á Packaged in an AAV9 capsid that has the ability 

to cross the BBB and into the CNS4
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Preclinical data:

Systemic Delivery of scAAV9 Expressing SMN Prolongs Survival

Science Translational Medicine 2010: Vol. 2, Issue 35, pp. 35ra42

LƳƳǳƴƻƘƛǎǘƻŎƘŜƳƛǎǘǊȅ ǎƘƻǿƛƴƎ ŜȄǘŜƴǎƛǾŜ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻŦ {ab ƛƴ ƭǳƳōŀǊ ƳƻǘƻǊ ƴŜǳǊƻƴǎ ƻŦ {abɲт ƳƛŎŜ сл Řŀȅǎ ŀŦǘŜǊ 
scAAV-coSMNadministration.



Human data:

AAV9 Vector and Protein Expression in the Motor Neurons

AAV9, adeno-associated virus serotype 9; ddPCR, droplet digital PCR; IV, intravenous; SMA, spinal muscular atrophy.
*As a possible result of mRNA degradation in post-mortem tissue in patient 2, mRNA was extracted only from patient 1; aValuesare calculated as vector genomes (vg) per diploid genome and reported as 
mean with standard deviation from two technical replicates. 

Figures adapted with permission from Thomsen G et al.
1. Thomsen G et al. Nat Med. 2021;27(10):1701-1711.
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Local experience 
First SMA gene therapy in Taiwan 

2017.6 

Review 

synopsis

2019.5

Site 

activate

2019.6

1st patient

2020.4 

5th patient

Case 2 Bayley

0 6 12 18
0

20

40

FM raw score

GM raw score

Age (mon)

S
c
o
re

Case 1 Bayley

0 6 12 18
0

20

40

FM raw score

GM raw score

Age (mon)
S

c
o
re

Figures: Weng WC, et al. Genet Med. 2020 Oct 9. doi: 10.1038/s41436-020-00987-w. 



Clinical trial data

Event-free survival and milestones

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

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

START* cohort 1

PNCR study 2

Mean (range) age in years : 5.2 (4.7 - 6.1)
Mean (range) time in years since treatment: 5.0 (4.6 - 5.6)

In the therapeutic dose cohort, no previously 
achieved motor milestones were lost during the 
LTFU*



Clinical trial data

Motor and weight gain in presymptomaticpatients

. Each line in the graph represents data from an individual patient. The gray shaded area denotes the normal range of raw Bayley-III Gross Motor scores mean ǰ2 Ȗ
SD)2. Bayley-III, Bayley Scales of Infant and Toddler Development, Version 3; SD, standard deviation; SMN, survival motor neuron.

Strauss KA, et al. Nat Med. 2022 Jul;28(7):1381-1389. Strauss KA, et al. Nat Med. 2022 Jul;28(7):1390-1397.  

SMN2=2 SMN2=3



Clinical trial data

Safety and efficacy in Older and heavier patients

McMillan HJ, et al. Neurology. 2024 Dec 30;104(2):e210268.



Hepatotoxicity following administration of AVXS-101 for 
spinal muscularatrophy

ÅA complement-mediated form 
of thrombotic microangiopathy 
(TMA)- atypical hemolytic 
uremic syndrome (aHUS)

ÅLiver cancer post-gene therapy

ÅOther complications?

J Hepatol. 2021 Mar;74(3):560-566. 



Challenges
ÅPre-existing AAV9 antibodies

ÅMarkers for outcomes predictions

ÅDurability and long-term outcomes

ÅOutcomes improvement
ÅBetter transduction
ÅCombination therapy
ÅMultidisciplinary care
ÅEarly detection

ÅOther applications



Duchenne Muscular Dystrophy 
Å Duchenne muscular dystrophy (DMD/Duchenne) is a progressive X-linked muscular disease with an overall 

incidence of 1:5,000 live male births. 

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

Å Early intervention is benefit

BMJ 2020;368:l7012
Muntoni F, et al. PLoS One. 2019; 14:e0221097
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Design of transgene for AAV viral vector

*The DMD gene codes for dystrophin protein.

Zhao J, et al. Hum Mol Genet. 2016; 25:3647ï3653 ; 2. Blake DJ, et al. Physiol Rev. 2002; 82:291ï329; 4. Davies KE & Vogt J. Neuromuscul Disord. 2024; 39:5ï9

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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Dystrophin cDNA (DMDgene): ~14 kb
AAV capacity: ~4.7 kb



Full -length dystrophin contains an ABD, 24 SLRs (R1 ïR24), 4 Hs (H1ïH4), a CR and a CT 1

Differentiating 

transgene features

Sarepta/Roche: 6,7

Å R1ïR3 (contraction-induced force drop)

Å Codon-optimised for human usage 

Solid Biosciences: 1ï3

Å R16ïR17 (nNOS binding domain)

Pfizer: 8

Å 5 R1 domains (mini-dystrophin)

Genethon: 6,9

Å R1ïR3 (contraction-induced force drop)

Å Codon-optimised for increased gene 

expression and protein levels

REGENXBIO:5

Å Contains CT domain

Å Codon optimised and reduced 

CpG content

Differentiating 

transgene features

Sarepta/Roche: 6,7

Å R1ïR3 (contraction-induced force drop)

Å Codon-optimised for human usage 

Solid Biosciences: 1ï3

Å R16ïR17 (nNOS binding domain)

Pfizer: 8

Å 5 R1 domains (mini-dystrophin)

Genethon: 6,9

Å R1ïR3 (contraction-induced force drop)

Å Codon-optimised for increased gene 

expression and protein levels

REGENXBIO:5

Å Contains CT domain

Å Codon optimised and reduced 

CpG content

Name (Sponsor) Dystrophin transgene structures

Delandistrogene moxeparvovec 1,2

(Sarepta/Roche)

SGT-0031ï3

(Solid Biosciences)

Fordadistrogene movaparvovec 2

(Pfizer)

GNT-00044

(Genethon)

RGX-2025

(REGENXBIO)

ABD H1H1 R1 R2 R3 H2 R24 H4 CR

ABD H1H1 R1 R16 R17 R23 R24 H4 CR

ABD H1H1 R1 R2 H3 R22 R23 R24 H4 CR

ABD H1 R1 R2 R3 H2 R24 H4 CR

ABD H1 R1 R2 R3 R24 H4 CR CTH3

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; 26:1ï20; 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; 34:449ï458; 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; 8:489ï494; 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; 25:491ï507.
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Differences between gene therapy constructs targeting 
dystrophin in development 



Highly active in cardiac and skeletal muscle 2,3

Ŭ-MHC enhancer
MCK 

enhancer
MCK promoter

Delandistrogene moxeparvovec 

transgene

ITR

5ô

ITR

3ô OH
MHCK7 PolyA

Highly active in cardiac muscle 1 and specific to 

the design of delandistrogene moxeparvovec 

and select LGMD constructs

Non-clinical data have shown the 

amount of transgenic protein 

expression is largely driven by 

the strength of the promoter 1

Ŭ-MHC, alpha myosin heavy chain; DMD, Duchenne muscular dystrophy; ITR, inverted terminal repeat; LGMD, limb-girdle muscular dystrophy; MCK, muscle 

creatine kinase; OH, hydroxyl; PolyA, polyadenylation. 

1. Potter RA, et al. Presented at MDA 2019; 2. Asher DR, et al. Expert Opin Biol Ther. 2020; 20:263ï274; 3. Salva MZ, et al. Mol Ther. 2007; 15:320-329.
22

Insert modification

The MHCK7 promoter



At 4 weeks:

Å 80% increase in delandistrogene moxeparvovec 

micro-dystrophin production

At 52 weeks: 

Å Delandistrogene moxeparvovec micro-dystrophin 

expression was broadly distributed across 

skeletal and cardiac muscle 1

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

mdx rats treated with delandistrogene moxeparvovec 

Delandistrogene moxeparvovec micro-dystrophin 

was expressed and correctly localised in 

target tissue up to 52 weeks post-dosing1

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.
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Preclinical data

High micro-dystrophin expression in mdx rat model



Annals of Neurology, Volume: 94, Issue: 5, Pages: 955-968, 

Human data:

Protein Expression and sarcolemmallocalization in muscle



Mendell JR, et al. AAV gene therapy for Duchenne muscular dystrophy: the EMBARK phase 3 randomized trial. Nat Med . 2024 Oct 9. 
doi: 10.1038/s41591-024-03304-z.

Clinical trial data

Motor functions improvement



Unsolved parts: 
Åғп ȅŜŀǊǎ ƻŦ ŀƎŜ

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

ÅHas rAAVrh74 antibody titers of less than 1:400 

Mendell JR, et al. AAV gene therapy for Duchenne muscular dystrophy: the EMBARK phase 3 randomized trial. Nat Med . 2024 
Oct 9. doi: 10.1038/s41591-024-03304-z.



Systemic delivery of full-length dystrophin in 
Duchenne muscular dystrophy mice

Zhou, Y., Zhang, C., Xiao, W. et al. Systemic delivery of full-length dystrophin in Duchenne muscular 
dystrophy mice. Nat Commun 15, 6141 (2024).



Genomic medicines for Duchene muscular dystrophy

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, 905-920,  



Local injection 
AAV2-hRPE65v2 for [ŜōŜǊΨǎCongenital Amaurosis



Aromatic L-Amino Acid Decarboxylase Deficiency

Neurotransmitter deficiency

Incidence in Taiwan: ~1 in 30 000 newborns

Severe Growth deficiency, lack of motor development

5-HT, serotonin; DA, dopamine; Epi, epinephrine; NE, norepinephrine.
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 
C Semin Med Genet. 2019 Jun;181(2):226-229.

Body weight Motor function



AADC Gene therapy

Chien YH, et al. Lancet Child AdolescHealth 2017.
Tai CH, et al. Mol Ther. 2021 Nov 8:S1525-0016(21)00576-1

ITR = AAV2 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



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

FMT PET

Human data:

Functional metabolites expression in patients with Parkinson's 
disease after hAADCgene therapy


