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Ex vivo CAR-T Therapy
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In vivo CAR-T Therapy
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Discovery of adeno-associated virus (AAV)
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Hereditary retinal dystrophy (Biallelic RPE65 mutations)

Luxturna (voretigene neparvovec)
AAV2-RPEG65
Spark Therapeutics / Novartis

Approved in US 2017, EU 2018, JPN 2023
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Vector Genome PAMP (pathogen-associated molecular patterns) CpG Content
Determines the Fate of rAAV-Transduced Hepatocytes
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J.F. Wright, Mol. Ther.,, 2020, 1756-1758



Thrombotic Microangiopathy (TMA)
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AAV-mediated gene therapy for hemophilia

Roctavian
(valoctocogene roxaparvovec)
2022 Approved in EU
2023 Approved in US

AAV construct
(AAV5 capsid)

Hemophilia A

Coagulation factor VIII deficiency

Truncated factor VIII variant _CO_don
-optimized

Liver-specific promoter

Low dose: 1 participant
Intermediate dose: 1 participant
High dose: 7 participants

6x10%3 v.g./kg BW l

ss-rAAV5
Sf9 cells (insect)
A Dose-dependent increase in factor VIII activity levels
=

l Reduction in bleeding episodes

Pickar et al., Nat. Med., p121-122, 2018

Ba,

y

Beqvez (US)/Durveqtix (EU)
(fidanacogene elaparvovec) o factor X defic
2024 App ed in US, Canada, EU Coagulation factor IX deficiency

2024 Application pending in Japan 9" actve Ractor X

AAV construct
(AAV-Spark100 capsid)

Hemophilia B

Liver-specific promoter

=
{

Low dose: 10 participants

5x101 v.g./kg BW
ss-rAAV-Spark100 l
293 cells (mammalian)

Sustained high factor IX activity levels

lReduction in bleeding episodes

George, et al., Nat. Med., p2215-2227, 2017
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HREMERZEREAE: Spinal Muscular Atrophy (SMA)
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r Jerry R. Mendell et al., NEJM, 363; 2010
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AAVAR 3 —Z AU f=Duchenne®! O RAMAT4—D B ER

serotype Transgene Promoter Phase Company Dose, route Clinical trials ID Annotation
:::Lizlfniaceutical 2o
AAV2.5 Mini-Dys cmv | . . ’ 2x10'°vg/kg, NCT00428935
Nationwide 1x10™ vg/k
Children’s Hospital g/ke
~
human b . AERPIE  NcT03362502 i
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) e PF-06939926 1-3x104 vg/kg, i.v.
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Increase in empty particles due to changes in manufacturing process

Early development
(Small-scale, Ultracentrifugation)

&
@@

Full-scale manufacturing
(Large scale, Chromatography)

&
@@

Empty particles increase (with abundant ITR fragments)
- ITRs(+/- strands) — dsRNA — innate immunity
- tumorigenicity
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(i.m., local)
rAAV9 injection into normal Beagle IFN-y induction in PBMCs
(8 wks old) by re-stimulation with rAAV
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10
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Kinoh H, Okada T, et al., Mol Ther - Methods Clin Dev (2020)
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Kasahara et al., Stem Cell Research & Therapy. (2021), 12:78 ﬁ*iﬁﬁﬁﬁaﬁ
Kasahara et al., Stem Cell Research & Therapy. (2021), 12:105 (2023~)
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IERRR = 14 51

ex vivo (fiR@ N T &)
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NMAEERORREEETOEABFE (phase appropriate quality)

rAAVELEA i (ERZED2HRE) REBRE. REER. 2ER
1x10"4v.g. >1x10"5v.g. >1x1077v.g. >1x10"9v.g./5

BRRAR O JEERAREER - EREREER |, I, 148 o BERHE  ThiRERAE
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50-200L
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E B 1 5
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(PCIC) (2?21%, mE) QbD (Ai-Gene)
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LE.ZME) (AFER) (MR, 2, 7SAIR, £E. BHR)
FEERFIR—MBEIEA 1oF

CDMO &t DEH, 70t REHHLF - WETEO—EHE, RAFHE (EERE vs. Hm)




Adeno-associated virus (AAV) vector

Pros

- Wide range of cells, including non-dividing cells, can be transduced
- Long-term transgene expression

- Non-pathogenic, non-toxic ?

Cons

- Limited capacity for foreign genes (4.9kb as an expression cassette)
- Laborious production of pure stocks in high-titer, high-performance

Adenovirus helper plasmid AAV helper plasmid

Wild-type virus
L| E2ZAH E4 H VA }-] ep ap
ITR ITR

3 5 {} «— transgenic — {}
Rep H Cap HEK293 cells
(E1A, E1

DNA replication Capsid proteins

Transcriptional regulation (VP1, VP2, VP3) Eepll(ica.tion Rep78/68
Integration (AAVS1 on Chr.19) Ina;:g?gtlir:)% Replication u
AAV vector * T = %
/ ITR ITR \ Rep52/40
3 5] Assembly
Therapeutic gene a @ @ @
Enhancer and Promoter Packaging Cell lysate
Vector plasmid @
L|.|:|:|.|J Culture supernatant simplified
K / (Okada T, Hum Gene Ther, 2009) good recovery
low HCP
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a Directed evolution Capsid shuffling Error-prone PCR
ya Primer R

C e Teap ) Cmm———)
MBRHTRD —
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c Rational design b Discovering naturally

: | occurring AAV
(BRRI—="

[Receptor ligand]

d

PCR of proviral

cap sequences
Cell-specific

w or tissue-specific PrimerR -
receptor

| cap

7 Primer F

[ B
e —
E%EE - d In silico design

ErTORESE. Ansssirallieconatniction
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RERDAII—0RBRAZISKROONLHFFE

K%ﬁiﬁfi?%i‘iﬁ% ﬁCapacity: 5543-nt DNA genome (800bp larger
- than rAAV)
"‘EL\E{K'E"I‘E ﬁTropism: Discovered in 2005 from human
respiratory samples. highly tropic for airway.
EL RS v |
Safety: Not found to cause disease.
&ﬁﬂ%‘ /)] EIﬁE'IE ErRedosability: Evades neutralizing antibodies.

Re-infection occurs after seroconversion.

RN RE
fRESh = f&ERME

Human Bocavirus 1 (HBoV1)
Carb
QQ: B?;s:i;]nces
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AAVAR Y Z— K EBLED T FE EProcess Analytical Technology

(NILIN—=DY—ZEDBIET YT+ —LDBI)

LRI THRIE
BR/PRISE HiRaprE, FRIE
4% 1 75 BIlL (% 7DNAD;HE L)
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293T (ex vivo D#H) — =
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B#gEa  R—3x b Sy
SR aVHE
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(Critical Quality Attributes; CQA)
$
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(Material Identity Testing)

A
S, AXMERLMDRE(QbD)

Raman/NIR Spectroscopy

SEC/FFF-MALS (ZABEXaEL)
DLS (@ha9XeaEL:%)
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#EHERY In-line Monitoring (CPP)
o
*EFEAIER). CQAICKSHHIE

——
Design space
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RERINMBIZEDAVAMILRER

Pre-packaging cell

ind. r rep

Serotype-specific packaging cell

ind r rep

Producer cell

ind. r rep

rhelper Rl :/ rhe per :;/ r"’?'ﬁt‘r
BISEERBE IS TTGIE T——
(MSC) : _
[E%ﬁ] Tr. Transfection 3§ No helper virus Expansion and
.55 0 (25 () of GOI i Minimal risk of RCV induction
H 'ﬁ: v
fﬂ%"}'@l‘ﬁ Transient productionin Large scale production
early project phases
A EAAV2DBREID DI

R E B (HeLaS3-based)

>

FSRIR-FS5URTxHL 3 (HEK293)
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Sedimentation Coefficient
Burnham et al., Human Gene Therapy Methods, 2015

Sedimentation Coefficient



AAVAR Y Z— K EBLED T FE EProcess Analytical Technology
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AAVR (multi-serotype receptor for AAV)

RY—HKA=4
___________ P = T- oo o
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Yoshida, Okada, et al., Molecular Therapy: Methods & Clinical Development Vol. 31 December 2023



AAVAR Y Z— K EBLED T FE EProcess Analytical Technology

(NILIN—=DY—ZEDBIET YT+ —LDBI)
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(Okada, et al., Hum Gene Ther, 2009)
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Wada M, Okada T, et a/, Gene Ther. 2023
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Global CDMOIZ &k 45 X 4E(Z Rl 1F =5 1l 7

Load AAV titer

Clone Serotype Purity Yield volume [Vg/run]

CloneA AAV5 92% 54% 1L 4.E+13
AAV2 92% 32% 1L 3.E+13
AAV5 94% 55% 1L 1.E+14
CloneC AAV5 92% 77% 1L 1.E+13
AAV5 1.5 M 2.0E+05
ORIE (Z27) Full=90%
1.4 | |DREHH (Z5)
o OFF (RSK04) O 156405 |
E 1.3 %
A < 1.0E+05 |
2 1.2 8
2 <
8 11 L 5.0E+04 | o)
mmég G
i0 b4———t 0.0E+00 oo :_X ......
0 500 1000 1500 2000 1.20 1.25 1.30 1.35 1.40 1.45 1.50
Fraction Volume[mL] Density[g/cm3]

FUJIFILM Holdings Corporation
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Bespoke Gene Therapy Consortium:BGTC (FDA, 2021.10-)
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