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Adenovirus Vector

Replication deficient
8 kb foreign DNA
High titer production

Infect variety of tissues

Retroviral Yector

Adenoviral Vector

w
!
9

Therapeutic
Gene

A== = = === =

High expression in non-replicating tissues

Nonviral Yector

lllustration: Sewsard Hung



Adenovirus

(36kb, dsDNA)

(gutted)

Adeno-associated virus (AAV)

(4.7kb, ssDNA)
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FT/I9AIWNARGI—DHHEXR

Replication deficient

dsDNA, 8-30kb foreign DNA

High titer production

Infect variety of tissues

High expression in non-replicating tissues
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AdEasy™ XL

Pac | Encapsidation

Kan

signal
Cloning Gene gene of
of Interest Pac | interest
poly A

linearize with
Pme |
Transform
BJ5183-AD-1 cells,
select for Kan®

Homologous
Recombination Regions of
in vivo in Bacteria Homologous
Recombination
pAdEasy-1
Vector
Amplify recombinant DNA,
Digest with Pac |
Linearized LITR  Promoter poly A RITR
Recombinant Ad P—%-ﬁ gene of inerest i Adenoviral DNA —
Plasmid Pacl Encapsidation Pacl
signal * Transfect AD-293 cells

Virus Production
in AD-293 Cells

Adeno-X™



Efficient directional cloning of recombinant adenovirus vectors

using DNA-protein complex

Xbal NspV
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Nucleic Acids Res., 1947-1950, 1998



Large-scale Production of the Recombinant Ad
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Physical determination
Genome copy (QPCR)
1 OD,gp= 1.1 x 10?2 vp .
Biological determination
Physical characteristics
likelihood of vector and cell meeting
“pfu” = plaque forming unit
“MOI” = multiplicity of infection (pfu/cell)
g.c./pfu = quality index (/NEWE DB EEH)

Functional characteristics
gene expression (marker gene)
gene function
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tissue culture infectious dose
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CAR (coxsackievirus and adenovirus receptor)
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Ad5-mediated Gene Transfer with CAR-SCF fusion protein

Ad5-eGFP Ad5-eGFP + CS a_ I
MOI (%) GFP-positive
25 54% i v
{ = CAR
) SCF
=

. O
50 69% C-Kit
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Clinical trials exploring the use

of oncolytic adenoviruses in PDAC

Title

Adenovirus

Other treatments

Route of administration

Phase Dosage (viral particles)

Maximum tolerated
dose (viral particles)

Safety and feasibility of
injection with an E1B-
55 kDa gene-deleted,
replication-selective
adenovirus (ONY X-
015) into primary
carcinomas of the pan-
creas: a phase I trial

A phase I/II trial of intra-
tumoral endoscopic
ultrasound injection of
ONYX-015 with intra-
venous gemcitabine in
unresectable pancreatic
carcinoma

Tolerability and safety of
EUS-injected adenovi-
rus-mediated double-
suicide gene therapy
with chemotherapy
in locally advanced
pancreatic cancer: a
phase 1 trial

Phase I trial of oncolytic
adenovirus-mediated
cytotoxic and interleu-
kin-12 gene therapy
for the treatment of
metastatic pancreatic
cancer

VCN-O01 disrupts pancre-
atic cancer stroma and
exerts antitumor effects

Phase I, multicenter,
open-label study of
intravenous VCN-01
oncolytic adenovi-
rus with or without
nab-paclitaxel plus
gemcitabine in patients
with advanced solid
tumors

ONYX-015—adenovirus N/A

with a 55 kDa deletion
in the E1B region

ONYX-015—adenovirus Gemcitabine

with a 55 kDa deletion
in the E1B region

AdS5-yCD/mutTKsr-
39rep-ADP

AdS5-yCD/mutTKsr-
39rep-hlIL-12

VCN-01

VCN-01

Gemcitabine, 5-FC, val-
ganciclovir, radiation

5-FC, FOLFIRINOX
or gemcitabine and
albumin-bound pacli-
taxel

Gemcitabine or nab-
paclitaxel with gem-
citabine

Nab-paclitaxel and gem-
citabine

Intratumoural (CT-

guided + intraoperative)

Intratumoural (endo-
scopic ultrasound-
guided transduodenal
and transgastric)

Intratumoural (endo-
scopic ultrasound-
guided transgastric)

Intratumoural (endo-
scopic ultrasound-
guided transgastric)

Intratumoural (endo-
scopic ultrasound-
guided transgastric)

Intravenous

I

[}

L)

6 doses ranging from
2x10% to 2x 10"

2 doses: 2% 10'° and
2x 10!

3 doses ranging from
10" to 10"

3 doses ranging from
10" to 10'?

2 doses: 10'° and 10!

2 doses: 3.3x 10'? and
10"

Not reached

Not reached

Not reached

Not reached

1011

1013




BIEFHRBADIOFUIE, PHEBNETILDTHLH=H,
BEERFHACGEGFARRANA) CEZEET . FREZLEXEERICEKE



Intracellular and membrane bound sensors of Adenovirus
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MRNA and adenovirus vector vaccines elicit immunity to SARS-CoV-2

EeRk
(RCIE. FEMRIG, 1BhE)

Type | interferon,

cytokines,
chemokines l
0 00 _/MHC A

class Il
O 00 O

Pt G

S protein

AdV vaccine

Anti-S protein
antibodies

BARIE
(BURSEF RGN E)

John R. et al., Nature Reviews Immunology volume 21, pages 195-197 (2021)



https://www.ebsco.com/blogs/health-notes/adenovirus-vectored-vaccines-covid-19-how-do-they-work

27



Licensed adenoviral vector-based vaccines for COVID-19 via intramuscular route

Innovator Vaccine Vector Type Phase Formulation
Active Component:
I . Replication-deficient chimpanzee Adenovirus
vector containing S protein gene of coronavirus.
AstraZeneca/ AZD1222 ChAdOx1 Eg%gi;ggzzg Excipients:
University of Oxford (Covishield and Vaxzevria)

NCT05236491 and 14
more trials are ongoing.

. L-Histidine, L-Histidine hydrochloride
monohydrate, magnesium chloride hexahydrate,
polysorbate 80, ethanol, sucrose, sodium chloride,
disodium edetate dihydrate, water for injections

Active Component:

NCTOLIé40233 . Replication-deficient rAd26 and rAd5 vector with
Gamaleya Research GamCOVID-Vac (frozen) and NCTO04564716 S protein gene of coronavirus.
- . Excipients:
Institute/ Acellena Contract GamCOVIP Vac Lyo rAd26 and rAd5 NCT04530396 xcipients
Drug Research And (lyophl%lzed) NCT04642339 . Tris(hydroxymethyl)aminomethane, sodium
Development (Sputnik V) NCT04656613 chloride, sucrose, magnesium chloride
NCT04954092 hexahydrate, disodium EDTA dihydrate (buffer),
polysorbate 80, ethanol 95%, water
Active Component:
111 ° Replication deficient rAd26 vector, encoding a
NCT05047640 stabilized variant of the SARS-CoV-2
NCT04505722 Spike (S) protein
Janssen Pharmaceutical Ad26Cov2-S rAd26 NCT04614948 Excipients:
(NJ-78436735) NCT04838795
. Ethanol, polysorbate-80,
NCT05220397 and 3 more 2-hydroxypropyl-B-cyclodextrin, citric acid
trials are ongoing. monohydrate, trisodium citrate dehydrate,
sodium chloride
Cans . y 45.nC c L Active Component:
anSino Biologics/Beijing Ad5-nCoV NCT05169008 X X - . .
Institute of Biotechnology (Convidecia) rAdS NCT04540419 ® Rephcafltlon deflc_:lent rAd5 vector with S protein
NCT04526990 gene of coronavirus.
Active Component:
. Replication deficient rAd5 vector with S protein
Gamaleya Research . gene of coronavirus.
i Excipients:
fnstitute/ Acellena Confract Gam-COVID-Vac rAd5 NCT05248373; Phase Il is P
rug wesearc n ongoing L] Tris(hydroxymethyl)aminomethane, sodium
Development chloride, sucrose, magnesium chloride
hexahydrate, disodium EDTA dihydrate (buffer),
polysorbate 80, ethanol 95%, water
Active ingredients:
. Replication deficient rAd26 containing the
Gamaleya Research . SARS-CoV-2 protein S gene
Institute/ Sputnik Light rAd26 NCT04741061 and 5 more ~ EXcipients:
Acellena Contract Drug trial . . Tris (Hyd thyl) . th di
Research And Development rials are ongoing. ris (Hydroxymethyl) amino methane, sodium

chloride, sucrose, magnesium chloride
hexahydrate, EDTA disodium salt dehydrate,
polysorbate, ethanol, water for injection




Safety Concerns of Intramuscular vaccines and Intranasal vaccines

Adverse Event Vaccine Reported Explanation
In the uncommon illness known as GBS, the immune system of the body damages nerve cells,
Guillain-Barré syndrome (GBS) J&] /Janssen leading to muscular weakness and occasionally paralysis. Men 50 years of age and older
make up the majority of GBS cases reported.
The COVID-19 vaccination-related adverse event after immunization (AEFI) known as
Capillary leak syndrome (CLS) mRNA COVID-19 Vaccines capillary leak syndrome (CLS) has recently appeared. Increased capillary permeability in CLS,

arare disorder that mostly affects the upper and lower limbs, causes hypoalbuminemia,
hypotension, and edema.

Anaphylaxis

Pfizer-BioNTech or Moderna (mRNA COVID-19
vaccines),
A tetravalent cold-adapted live-attenuated
influenza vaccine (LAIV) produced by

Medimmune/ AstraZeneca and Nasovac®

Approximately five incidences of anaphylaxis have been reported after receiving the
COVID-19 vaccine for every million doses of the vaccine. Any sort of immunization might
result in anaphylaxis, a severe allergic response.

Thrombosis with thrombocytopenia
syndrome (TTS)

J&J /Janssen, Pfizer-BioNTech or Moderna (mRNA
COVID-19 vaccines)

Approximately four incidences of thrombosis with thrombocytopenia syndrome (TTS)
following J&] /Janssen COVID-19 vaccine have been reported per million doses given. TTS is
an uncommon but dangerous adverse effect that results in low platelets and blood clots in big

blood arteries.

Myocarditis and pericarditis

Pfizer-BioNTech or Moderna (mRNA COVID-19
vaccines)

Pericarditis is an inflammation of the heart’s outer membrane, whereas myocarditis is an
inflammation of the heart muscle. The majority of people who had myocarditis or pericarditis
after receiving the COVID-19 vaccine reacted favorably to treatment, rest, and improved
swiftly. The majority of instances, notably in male teenagers and young adults, have been
linked to Pfizer-BioNTech or Moderna (mRNA COVID-19 vaccinations).

Reports of death

J&] /Janssen

Clinicians from the CDC and FDA examined death reports submitted to Vaccine Adverse
Event Reporting System (VAERS), which may include death certificates, autopsies, and
medical records. Nine deaths that can be directly linked to the J&]/Janssen COVID-19 vaccine
have been found via ongoing surveillance. The CDC and FDA keep track of reports of
fatalities following COVID-19 vaccinations and update data when it becomes available.

Bell’s palsy

(Nasalflu, Berna Biotech, Leiden, The Netherlands)

Bell’s palsy is a disorder that causes the muscles on one side of the face to suddenly weaken.

The weakness often subsides over a few weeks and is only transitory. The weakening makes

the lower portion of the face look sagging. One-sided smiles causes the afflicted eye to resist
closing.

Postural orthostatic tachycardia syndrome
(POTS)

mRNA-based vaccines

After standing or sitting up, a condition known as postural tachycardia syndrome (PoTS)
causes an unnatural rise in heart rate. Consistent signs include fainting and dizziness.
Postural orthostatic tachycardia syndrome (POTS) is another name for it.
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Discovery of adeno-associated virus (AAV)

19655 7T/ OMILABRDEBBEBIH THROIVAILAFMFELTHERER (AAVI)
NILRIAIARF, TRURIALILVAR. ssDNADS /L, TT /I A ILADAJLIN—

AAVAR S —MiER ERERIG A

FREREEE XMREE, oH
&, LGMD, BMD, R~ ¥,
1 B, LPL/Ri8, PPCAR IR
2 i LGMD, L—/x—5% X EW4E, DMD, AD,
N—FYV %, AADCRIE, & J%B, CF
5 BigeEh mA#A, MimHB
6 BishEh, HhiE LPL/ 38, SanfillipofiEf% &, HSPC, CD4/8
. LGMD, If1%&7%B,
8 REHEL, AT, B R R¥&, Crigler NajarfiE i 8%
O BiRARFF. B, OFF R, SanfillipofE&EE, SMA, DMD

Science 149: 754-6, 1965

1966-7 AAV2~4 ODRR., Fv TR, /A, BFEORE(EMCADIRERMELL)
1985 AAVSORER

1989 AAV2ARH&—DBF(Samulski)

2002- AAV7-9IZHhS#HoMmFERMEA (100LL1E)



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

ITR ITR

3 5
k Rep H Cap # HEK293 cells
(E1A, E1

DNA replication Capsid proteins

LFEZA—HE4|-|VAy-] L1Rep|—|CapyJ

{} «— transgenic — J}

Transcriptional regulation (VP1, VP2, VP3) Repll(ica_tion Rep78/68
Integration (AAVS1 on Chr.19) Packaging -
Integration Replication @
AAV vector * L =0 %
/ ITR ITR \ Rep52/4D
3 5 Assembly
Therapeutic gene a @ @ @
Enhancer and Promoter Packaging Cell lysate

Vector plasmid @
L|.|:|:|.|.I Culture supernatant simplified
K / (Okada, Hum Gene Ther, 2009) good recovery
low HCP

00 ©



AAVA 53— A{fiAIZE (gPCR vs. dd/ndPCR)
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AAVAR3—DHIBRATUAA . RBITE B FREETTODIRTE

Cell membrane
(endocytosis)

Receptor .
bindin Internalization microtubule organizing center
g (MTOC, rAAV) [[

Nuclear entry

@ AAVR (muti-serotybe) nuclear pore complex
Early (NPC, wt)
Coated Coated
@ 1 pit vesicle endosome Lysosome U " |
Q) —(®)— ©—
FGFR (AAV-2) U IV
Secondary PDGFR (AAV-5) / |
c-Met (AAV-2,3)

laaa
@ = avp5 integrin (AAV-2) N dsDNA
| synthesis
| HSPG (AAV-2,3,6) Microtubule 4 or
Sialic acid (AAV-1,4,5,6) Hybridization

Primary H Galactose (AAV-9)

Gi'ne_
Low pH expression
Dynamin  PI3K

Racl Ubiﬁﬁ

Proteasome

(BLDIK 5 18)




AAVR (multi-serotype receptor for AAV)

=mH endocytic sorting

054 9/12, 010-5

Three-fold axis

A
VR VR PKD2 .
E
B N ]
c cF A B E D
Capsid AAVR PKD1 PKD5 o
Capsid

Interior Capsid

1. Attachment (entry) 2. Endocytosis (trafficking)
multimeric receptor complex at cell surface : escape into the cytoplasm

1y

Multimeric

AAV serotypes 1-9

complex v
Homo-/ glycans |1—V|
hetero-
dimer

Monomer

) pH-dependent extrusion of AAV
Vp1 phospholipase A2 domain
\Q > /
4/ \} Ca*-dependent phospholipase
— @ activity for escape to cytoplasm
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Vector Genome PAMP (pathogen-associated molecular patterns) CpG Content
Determines the Fate of rAAV-Transduced Hepatocytes

unmethylated CpG motifsIC&kDBHRREZRDEFHIL
— T/ LBECRIDOIINUNE (CpGRE)

HFEE
A REfES

J.F. Wright, Mol. Ther., 2020, 1756-1758



Self-complementary adeno-associated virus (ScCAAV)
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Genomic organization of AAV
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a Directed evolution Capsid shuffling Error-prone PCR
ya Primer R
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CREATE (Cre recombination—-based AAV targeted evolution)

Generate
library fragment

!

Assemble into

—

Repeat 1-2x

NLS-GFP

ACAP-in-cis

!

Generate and purify
capsid virus library

|

Administer to Cre
transgenic animal

l

Collect DNA from
tissue of interest

!

Selectively recover
sequences from
Cre™ cells

Characterize
novel variants
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Q588 A596

CAA NNK NNK NNK NNK NNK NNK NNK GCA
MHCK?7 Promoter Intron

DELIVER (Transcript-based In Vivo Selection)

_7-mer insert
\ e

Purification of diverse

& RG D motlf capsid virus library

%,
b
5

Transfection into H293 cells along
with the adenovirus helper and AAV2 Rep plasmids
Transcript-based In Vivo Selection

First Round of Selection From
>5,000,000 Capsid Variants

——

Systemic Injection

Identification of highly expressed capsid variants in the muscle
Second round library generated to include:
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CK8 Promoter

MHCK7 Promoter
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I
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--------------------- + e =
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Encoded by a

Synonymous DNA codon
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used for second round
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Identification of the Top Muscle-Tropic Variants

HHERENTOE—2—/RNASMYyoAAV



CapsidMap™ Platform (Dyno Therapeutics)

Al-powered gene therapy

machine-guided approach to engineering AAV vector capsids
with improved tissue tropism and manufacturability
— eye diseases, muscle diseases



Ag presenting cell-mediated immune response toward rAAV

cross-presentation of

rAAV capsids on MHC class |
(proteasome-dependent
cytosolic pathway)

[Strategies against immune cells]

* proteasome inhibitors (MHC-I presentation blocking)

« capsid modification (tyrosine mutants)

» cell-type specific promoter (inactive in APC)

« miRNA-mediated de-targeting (miR-transgene fusion)
» viral peptides interfering with Ag presentation (VIPRS)



RGNR

icosahedron = 60 VPs

3 VPs per face

MG132

Tyr -> Phe

Zhong et al., Mol Ther
1323-1330, 2007

phosphorylation
sites

¥

ubiquitination

Zhong L et al. PNAS 2008;105:7827-7832
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Takahashi, Igarashi, et al. Mol Ther, 2017
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ICH guideline on Biodistribution (ICH S12)

« guideline on Non-clinical Biodistribution Studies for Gene Therapy Products
* nonclinical studies with biodistribution and/or dosing in early clinical trials

« guidance on the design of the studies

« streamlined development of the gene therapy products

 minimising the unnecessary use of animals

2018% International Pharmaceutical Regulators Programme(IPRP)®
Gene Therapy Working Group (GTWG) A%, “Expectations for Biodistribution (BD)
Assessments for Gene Therapy (GT) Products” (J2L93avR—/R—) &N K

2019411 R HARSAUER D= DExpert Working Group(EWG)A % B
202146 A~7H Step2; HAFSAVRDKR

20218 EEFEBENSStep2HARSAUEICDNTOD/NTYyOarA NEE
20224E1R B TD/IRNTYYIAANEENKRT
20234 Step 3, 4, BERICKBBIE. FIFSM1VRKREE

5t Step 5; BRER3MBIZH THERBHAOIMAN
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ADVISORY COMMITTEE MEETING

Cellular, Tissue, and Gene Therapies
Advisory Committee September 2-3,
2021 Meeting Announcement

SEPTEMBER 2 - 3, 2021
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Condition | Vector Dose (vg/kg) Severe Adver se Event
Serotype
SMA1 AAV9 6.7 x 10" to Elevated liver enzymes, acute liver injury,
1.1 x 10* thrombocytopenia, TMA

DMD AAV9 5x 10" to Thrombocytopenia, anemia, complement activation,

3 x 10™ acute kidney injury, cardiopulmonary insufficiency,
persistent vomiting

XLMTM AAVS 1 x 10%to Gastrointestinal infection, elevated troponin,

3 x 10™ hyperbilirubinemia, liver failure, sepsis, death




AAVRI3—DHIBATUAA . RBITEELFHRE

AAV2 Br/ME
AAV9 #%H

Wang, Phillip W. L. Tai & Guangping Gao
Nature Reviews Drug p358-378(2019)



U.S. FDA Placed a Clinical Hold B:OMARIN
on BMN 307 Phearless Phase 1/2

Gene Therapy Study in Adults

with PKU Based on Interim Pre-

clinical Study Findings

BioMarin Also Pausing Further Enrollment of Additional Participants
Outside the U.S. in Phearless Phase 1/2 Study

BioMarin is Working with FDA and Other Health Authorities and Will
Communicate Next Steps When Available

NEWS PROVIDED BY
BioMarin Pharmaceutical Inc. —
Sep 06, 2021, 02:00 ET

phenylketonuria (PKU)
AAV5-phenylalanine hydroxylase (PAH) gene therapy
2el13 vg/kg or 6el3 vg/kg

pre-clinical, non-GLP pharmacology study with immunodeficient mice

highest dose group (2el14 vg/kg) had tumors on liver necropsy (adenomas, HCC)
52 weeks after dosing

integration of portions of AAV vector into the genome

translatability of these findings to humans is uncertain




Adeno-associated virus (AAV)-mediated transduction of
male germ line stem cells results in transgene
transmission after germ cell transplantation

. . +
Ali Honaramooz,*'*?> Susan Megee,*’1 Wenxian Zeng,* Margret M. Destrempes,*

Susan A. Overton,* Jinping Luo,* Hannah Galantino-Homer,* Mark Modelski,*
Fangping Chen,* Stephen Blash,” David T. Melican,* William G. Gavin,* Sandra Ayres,>
Fang Yang,” P. Jeremy Wang," Yann Echelard,* and Ina Dobrinski*"

*Center for Animal Transgenesis and Germ Cell Research, Department of Clinical Sciences, New
Bolton Center, and "Department of Animal Biology, School of Veterinary Medicine, University of
Pennsylvania, Kennett Square, Pennsylvania, USA; *GTC Biotherapeutics, Framingham,
Massachusetts; and STufts Cummings School of Veterinary Medicine, North Grafton, Massachusetts,

uea FASEB J. 2008 Feb;22(2):374-82.

In vitro sperm transduction
(AAV2-eGFP)
!
transplantation to mice testes
(busulfan treatment)

!

mated to wt-female

!
resulting pups (F1) F2 transduction
PCR (+), 26/260 jl> PCR (1) REBREICEBATBMRRS

Southern (+), 4/11 0/5, 10/33, 17/48 ANDIGEVRIIFTEELRRE
western(+), 6/7




REHRECHIBIRKCOBRE(FREMEFHZERAEDIEEEREER)

Severe Toxicity in Nonhuman Primates and Piglets Following
High-Dose Intravenous Administration of an Adeno-Associated

Virus VeCtor ExpreSSing Human SMNHinderer C., Wilson J., et al., Hum. Gene Ther., 2018

I e $)L, 184 A
G AAVhu68 (AAV9 variant)-hSMN
o) - 2 x 10 v.g./kg BW, i.v.
“;: 1000 | SMEFFHEERES(1/3, day 4)
500 : RIBHERGESE
gﬂ:::::::::;:'.‘:li::::: :IZ:::!'
0 10 20 30
Day
ALT; alanine aminotransferase
NDEREHPLA
@ FH&. 7-308%
AAVhu68 (AAV9 variant)-hSMN
B SR G TR DE AL 2 x 10" v.g./kg BW, i.v.
(€2 ; ZIN CE
B A A
GRADKER ) EE K
(A= (S gEisEE, SNPs IR
%LE% ( in house)Z2 ——Enn( o
AEFHE (PCRZO :l)b)
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Astellas' Audentes reports 3rd death in gene
therapy trial

by Nick Paul Taylor | Aug 21,2020 8:10am

XEEESAF 1T T SANF—ERRETHEGCTFARARGDOE1/248F 5%
(#Audentes Therapeuticstt., ASPIROEH EX)

[AT132] AAVS, TARSVTOE—E— SXFaITSIVUMIMHELTF. ER#BIKREE
FDA: BEERLLELE (RMAT), F/NRER., D7 ANV HVOKEFAEESR
EMA:B%EZ (PRIME) . VK FBRAEES

S LILIEER., SR FADXLMTME REEF240% B 1E
EAEGBXx10"v.g/ke). EAEN x 10 v.g./kg). B6HIRE
FEEFECHR 2R AR NE

EHAERCHTETFBEETR 2. FE1=H (202048 AFDAZELIL® . 12 A B S EER)
{EFAE3 TSAE(20214F9A . BE®IICHiE, FDAZELILS)

=_=

YRIRR T4y DFIBICHAAZmETEL A REMORAES LR

- AR (£ A, WE+Fin/ R, PEE, BER), EH@RGE. BIEHRE

- REREEEEE, HTUF, TOE—4— 5/ LREMR, Bl) >0 T O ER
- REROERL (REEETHEE. REDH. BRENRE. CORREOREORE)

FierceBiotech




Astellas' Pompe disease gene therapy placed on hold by FDA

BERERERORBORAEBE
51/240ER RSB (FORTISEER)

[AT845]
AAVS8-GAA

A TRERE 120, EEEFE
{ERAEB X101 v.g./kg), PAEG X103 v.g./kg). BHAE(N x10"%v.g./kg). EH120¥ &5

bR CERENRE —1—0/\F— (SAE. £ 515, 85)
(20226 AFDAZL L&)

==

BoRERS. AHERBOMEE), BEE. SAICONTHES



Pre-existing humoral immunity to rAAV restricts
the treatable patient population and efficacy

Humans carrying NAb against each serotype NADb Titer
(relatively low in AAV5,8,9)

.

hinATaRREINZ I T ShY, RITELISAKITERE, PHIEIEDHIEDRIETE
FERIEGDERAETNTUVRVWAIEENE (SAEEZDESE)

— RRELARIRCKSREFEZHMICHATFE (15/52021-167826)
ANZA>EZEE UTRA (RS EFER)



AAVIZ X5 EEIE

[t EE 1T X3 2 BRRE )

- fH{KBHEAI (anti-C5 Ab)
ch ¥4 4K O ZE & Hll fE)(rituximab, rapamycin)
C3#lI#| (PEGylated cyclic peptide)

Eﬁﬁfﬁ‘éﬂi Rk REEL
l
REEAN FREDS TV =21k
MmERNREE

(fm/rMe aHUS)

[:\'—'\’j“/FﬁrkﬁTéﬁﬁmﬁ]
R HHEIF| (rituximab, rapamycin)
- MAPFERIGHOIEFEATIE (IdeS, NAb—free windows)
- AAVERMNMIFR®HS L
« IEF—TFTRXX24% (lipids, exosome)
hfindZEET 5= DEERZE EMmEEIL)

Z Dt (serotype switching, route, saline flushing, empty capsids as decoys, ...)



Thrombotic Microangiopathy (TMA)

Endothelial Cells

I'd

_____—__I

—

Plasma//
Blood< Platelet
Red Blood Cell

slocdflon = (D) @D.... @ — >
.v Zﬁ -

Damaged Red

Blood Cell Damag:g Endothelial Cells

Vessel blocked by platelets
and damaged red blood cells

Figure 1: Diagram of a healthy capillary

Figure 2: Diagram of a capillary damaged
by TMA




LMf=Duchenne®! 7

SZAAD4—D

serotype Transgene Promoter Company Dose, route Clinical trials ID Annotation
:::Lizlr?niaceutical 2 Bl
AAV2.5 Mini-Dys cmv | . . ’ 2x10'°vg/kg, NCT00428935
Nationwide 1x10™ vg/k
Children’s Hospital g/ke
E E [ =]
AAV9 Mini-Dys :‘uun:;: ® Pfizer, 2 cohorts NeTh33e2s02 ‘I'
) e PF-06939926 1-3x104 vg/kg, i.v.
specific m g NCT04281485 C5FRE Al
Sarepta, Stable dose of
AAVrh74  puDys MHCK7 i/ Nationwide 2x10* vg/kg, i.v. NCT03769116 corticosteroids
Children’s Hospital NCT04626674 throughout trial
2 cohorts :
. . 2.5x10%%vg/kg/leg,
AAVrh74  GALGT2 MCK yua  Nationwide 5x10%vg/kg/leg, NCT03333590
Children’s Hospital 1+ avascular limb I /4 gk
infusion 1
clinical protocol
Solid Biosci., 14 . manufacturing (EP/F)
AAV9 uDys CKS8 i/ SGT-001 2x10* vg/kg, i.v. NCT03368742 changed
(C5/C1REE#A)
EudraCT:
AAV8 D i/i/m G th > 1.0x10%3/kg, i.v.
AR n enethon x10%/kg, i.v 2020-002093-27
Audentes Cohort 1, minimal
U7-snRNA Therapeutics, effective dose,
AAV3 (ACCA) \/lia Nationwide peripheral limb vein NCT04240314
Children’s Hospital inj.
AAV3b U7-snRNA- /i Genethon, Institute NCT01385917 AAV—l:nedlated Exon53
E53 of Myology skipping

[£HXEREICHSEIERANRE. ATOAFICEDVRVEI#RIFFHRF+5]
A FE (csitkT V) X< T CIBEEHA . AT 0O KR & MH FZ 6 F
CMC. kxR (gGH fR). BAR/MREREDHE., BRIVIVEODRERS —» R5EEER



AAV Empty Capsids: For Better or for Worse?

Empty virions negatively impact on Empty AAV capsids retain IgG

. EGFP expression o« o .
rAAV transduction (Pixel2/visual field) more efficiently than full capsids
P N W A 001 O N © —
583888338 SHMAEREHASLADIEA
O O O O O O o o
O O O © O © O © o -
80 1 | |
rAAVBEGFP (3 x 10'1) a b IVIg
rAAVBEGFP A o il < AAVS empty
© 60 1 5‘ - AAVS full
rAAVBEGFP PE g E
& 40 2 1.0
rAAVS8EGFP + rAAVBEGFP PE ¥ 35% ‘g 1 8 o
® 20 - ’
* 20
rAAVShALAT PE BT R TR PR Chpy®
04
Empty AAV  Full AAV (dilution 1:x)
rAAVSEGFP + rAAVShALAT PE ¥ 69%
AAVS CE (REV: /5%) F. Mingozzi et al, Scientific Reports (2020)
CE AAVS ¢
Efficient Capsid Antigen Presentation
rAAVBEGFP + CE AAVS8 ¥ 76% .. .
From AAV Empty Virions /In Vivo
a b P <0.01
120
100 >k HH
=5 100
g 80 5 P <0.05
< z P =0.09
g ° % 60 e -
é 40 ';( *x HH *k . #
< 40 *k
20 #t
20
0 3 7 14 21 28 35
Days
PBS PBS
rAAVBEGFP (3 x 10™) rAAVBEGFP (3 x 10™)
rAAVBEGFP PE (9 x 10™) rAAVBEGFP PE (9 x 10™)
rAAVBEGFP (3 x 10™) + rAAVBEGFP PE (9 x 10™) (REV: 75%) rAAVBEGFP (3 x 10™) + rAAVBEGFP PE (9 x 10™) (REV: 75%)

rAAVBhALAT PE (9 x 10™)

rAAVBEGFP (3 x 10™) + rAAVBhA1AT PE (9 x 10*") (REV: 75%)
AAVS8 CE (9 x 10M)

rAAVBEGFP (3 x 10™) + rAAV8 CE (9 x 10™") (REV: 75%)

rAAVBhALAT PE (9 x 10)

rAAVBEGFP (3 x 10™) + rAAVBhALAT PE (9 x 10™) (REV: 75%)
AAVS CE (9 x 10™)

rAAVBEGFP (3 x 10™) + AAV8 CE (9 x 10™) (REV: 75%)

G.Gao et al, Molecular Therapy — Methods & Clinical Development (2014) X.Pei et al, Front. Immunol. (2018)



https://www.fiercepharma.com/pharma/sareptas—dmd—gene—therapy—finally-makes—it-accelerated—approval—finish—line—restricted
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Ho A. et al., Adeno-associated virus 2 infection in children with non-A-E hepatitis. Nature 2023 May;617(7961):555-563.



Adeno—associated virus 2 infection in children with non—A—-E hepatitis
Ho A. et al,
Nature 2023 May;617(7961):555-563

28 E&328 5264 (81%) DM H XU IFIEIR{ATAAV2(D B
BEEORETIE 714485548 (7% H BN

HLA-DRB1*04:01% 3B FIEAF 2 HE 274 254 (93%) THERH
BEEDRIATIL 642250104 (16% P =5.49 x 10-12)A G

FF 2 B E Z# (T HHLA-DRB1%04:01 3% 3 & {=-FHH REE(X0.54, {5 H TI30.08
(A v X L(OR) of 13.7 (95% CI of 5.5-35.1), P = 5.49 X 10—12)

BENAANVHODEBEEER

HLA-DRB1%04:01% 3B {5 FHE B (30.11

(29,379 3 BIzFH12,942, v XLE(OR) of 112.3 (95% CI of 26.6-474.5), P
=327 x 10—23)

BE7AILSVRIEEI—OVAAEH
HLA-DRB1*04:01%f 3 :B{nF 4 (0.11



Adeno—associated virus type 2 in US children with acute severe hepatitis
Servellita V. et al,
Nature 2023 May;617(7961):574-580

20224F LURE , T E A0 KEZ E3SHETIREFBAD /MR 25310004 LL_EEH &
HREZLELTHIEEDHFRPLFETH S

KXEOFREFHOSEFEEF XD E R MBERE (144) TIX. 93% (134F) TAAV2H U H
BRU4AANEZE. . EN7T/O01IIVR G
XTEREE (113.A) TIEX3.5% (44)

AAV2[ZREEZELTWV=EBIR(13AN) [E. EBOAILAPERNILR XD A JLA D [F R
AAV2ENJLIS— A JLAD BEIRFREEEA/NR BT 96 D EAERE L8 E

Genomic investigations of unexplained acute hepatitis in children
Morfopoulou S. et a/.
Nature 2023 May;617(7961):564-573

INRBT 2% /85284 B 274 THFHR. &, Mm3%, PRICAAV2#RH (high titer)

INRIF#EEINZH23ZTER 7T /94 ILAEH (low titer)
23812684 TER—EAN LR A A JLA6B(HHV-6B) #&H (low titer)
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Guidance for Industry (US FDA; 2020)

Statement from FDA Commissioner Scottlieb, M.D.
on agency’s efforts to advance development of gene therapies

Guidances on Manufacturing Gene Therapies

® Chemistry, Manufacturing, and Control (CMC) Information for Human Gene Therapy
Investigational New Drug Applications (INDs)

B FHEE B, ZEM

oAV L - F+TROERL. #E. BIEREER
MBS DFE. BIFYA X, R F/RE R FDLF
e (= BE S 30 PESHE AR ERAL

SLHETIEHXAEY SV40 Large T antigen (BBAR1E. R ME)

® Testing of Retroviral Vector-Based Human Gene Therapy Products for Replication
Competent Retrovirus During Product Manufacture and Patient Follow-up

® Long Term Follow-Up After Administration of Human Gene Therapy Products

FREFEDEL

Disease Specific Gene Therapy Guidance (Process Analytical Technology:PAT)

® Human Gene Therapy for Hemophilia l
® Human Gene Therapy for Rare Diseases Quality by DeS|gr1(QbD)77 O—7F

® Human Gene Therapy for Retinal Disorders mE S5, YR/ [EE




' : Alllancefor
PTOJECt A-GENe 7 pesmmersive
A case study-based approach

tointegrating QbD principles NEMBL b
in Gene Therapy CMC programs Biopharmaceuticals

NHEROERZEA. WENMEEZER

Identify qu§llty. attributes that |mpa.ct potency, QbDU)%ijﬁ’&féﬁl:ﬁﬂkéﬁ'éf:y)':'i
pharmacokinetics/pharmacodynamics, o con - %
immunogenicity, or safety (i.e., those that EF- QE%'FEQE;M(E%%T&‘ ﬁ'ﬁﬁﬁ)b Eg
affect the drug recipients). — KUYi#{EL=enhanced QbD
Control Strategy Process
- Release testing Characterization

- Stability testing

- In-process control testing

- Control of material attributes

- Control of process parameters

Understanding functional relationships
between process and CQA provides for
an enhanced approach

BEERFHAME. EHLCLMBOMEENTRE
REECHENELEEANSVNEER TR ECOAZBEICHEY 2 LA HEE

RN MOBRAREBRDATEET HDTIETLL,
QbDDZEZFZMYAN, FEHMHEE, TERREE PR MEHERICL ST
ZHOELDEFTE=FY T -HIFIL. BEDT FA O AR—RZHER




AAVAR Y Z— K EBLED T F8 EProcess Analytical Technology

(NILIN—=DY—EDBET 5V T+ — LD BI)

LRITE F/RrAAVESIHIRE D15
BA/FlER #E R ERHEK293 iR ERHEK293 3+ HSF9
a2 11 AL
293, MSC "
M 5 . EEEER  KBAEE
293T (ex vivoD#) || p | - £ENE (=> ABER) (FAF2OIAVR)
< =
AT R — b
NS RT oA B - - BEARRIRRASE R,
Producer line(TG4t) ] _ ) _ - R FOREBEA
MR ER | R | o HEHR . pReesoset
N | BEESRCIX | BEASAEYAN || amn
s =1
iCELLis, STR, XDR
< =
HBER AR
sk K S~

ENMABICHR T AR5 - EHRPSEE

‘IVIN O AT A(MCB,WCB;ICH-QSB/QS5D)
VMWV ABERR, SISV EERAR, BESR

MEREEIEE R BR ., 1ETERIER




MM LTRSS RE (BEFRBIH+7 / LIGE, £an-EFREH)

Founda T-only panel
Potentially Actionable SF Gene e | ton [ uj;é
List neopane One BE Germline
CDx testoO B
Gene Major Phenotype == tumor | germline | tumor | %1 E2
APC FAP @) O O AAA JAN
ATM Breast Ca O O A ©
BAP1 Malignant Mesothelioma etc. O O B
BMPRI1A |Juvenile Polyposis AA
BRCAI HBOC O O O AAA ©
BRCAZ |HBOC O O O AAA ©
BRIP1 Ovarian Ca O A ©
CDH1 Diffuse Gastric Ca O AA O
CDK4 Melanoma O O B O
(MR B . BIEFHE. IALRIUTIVR) H— SO I
(EABYES . EREEAESE. BfEORE) S I
T/ L—DI R 5
EI9)—L—PIR O | raa O
—iG E ZXI(SNP) O o | s
I 740 P LL E DSNP DR O O O | ara ©
OB B £ D45 A )R YELELFI(STR) .

(ZREIFTR. 13‘!1:73'7/'&')/7’&10 an‘fz:T*#ﬁﬂ)FaﬁmJ—’rﬁﬁnkJ:of1 bNf-#EREDRA])
BEETELCEZEAHICEALERRBANVE GEFETICEKHSG—EEFEHRFLDIRY)
— MBREF. MLV TNHEH (EREHREORELS B R) AMED 7/ LRIREBHEETRER 7'/ LB EE AR

IERBRIBTOT / LIEBROBEGERTO=H DG ZRICET H87381 (MZEE 2019)




RERINMBIZEDAVAMILRER

BAFRERBICIECTTGIE

(MSC)
- No helper virus

[ﬁﬁil - Minimal risk of RCV

IR A 8 (514 [B158E)

KN BA % ks

HEEAAV2DBERDDHT
REHRBEM(HeLaS3-based) TSRAIR-FSURTH 3> (HEK293)
A 1. B 1 - T
AY—LERE

@ 0384 928 ® 08 645 l

© LM FDOEAASBL O thZe 4 7O ch & D
B 06- : <] T 06 BA

N N i

g 0.4 - g 0.4 - 94S

5 = 76S

z 02 Z 0.2 84S

63S 75S [\ /\
O N\ : /\/\ N . O : |/\ A A .
0 50 100 150 0 50 100 150
Sedimentation Coefficient Sedimentation Coefficient

Burnham et al., Human Gene Therapy Methods, 2015



AAVAR Y Z— K EBLED T FE EProcess Analytical Technology
(ANINN=D)=EZDORET SV TA—LDH)

EtRIE
BE/ PEEE
8% 1fn ;5 Bl{L
293, MSC
293T (ex vivo D)
<
B#EEa R—FR b
PSR EE
Producer line(TG4Lt)
MR AER
- [hRr—1]
R ER RN oH/iBEE/DO/ /(AT R
eI 1 B A
iCELLis, STR, XDR $HRa 3 T=Y OO W0 3
v HEEHEEE
B E Y - B R [(RF—1LT7vT])
gz ; BRBPBTERB KkLa
®LA REBAABEBEERY
T2 EAFME
REFIES A

REBICEKIMEHAIN R

withaOFEBRICE[FIERE, ST I A—ADFTS5AFz—0BHE
« FEIyIERIE~AOHE. BitE/ v h— KRB AL
o HERERROMIERNE=2)2T



AAVAR Y Z— K EBLED T F8 EProcess Analytical Technology
(ANINR=D)=FEZDORET SV TA—LDH)

TiRIE

Wik, EBL =N
(B 7DNAD;HE L) 9/13, 011-1

@

TFFE#E a N

<ﬂ

< =
AF >3
or BiE.L(KBEEXG)
— \ J
TFFNy77—EBE#a
< = VyH#n&
I 4G — R SOTEEM (S, TIVISHE)
/5iE/BHE BEATFOEHENE., BVESHE. BEORICRTE
REEE. BERZEICHF

SEE AL F LR BRI T D57 B X R



AAVAR Y Z— K EBLED T F8 EProcess Analytical Technology

(NILIN—=DY—EDBET 5V T+ — LD BI)

TiRIE

#Aa kR, FEIE
(BR7FDNADHIL)

TFFNXy 77 —B#

@

Z1NVI—BE
/5ix/8iHEE

Empty

particles

Isoglectric p

-~ A —

int (pl)

Empty
particles

. )
% |
excess of + k. }
\ |
Y

Packagqd
rAAV

ss of -

—

CIM™"E/UX

pH

Packaged
rAAV

Anion-exchange (Q)

AVRT7(HFIZBEL., REERARZRBREICESE
MEOBE LB RIERIEFLIZL
BHEIIBREESICHRICIBELHEER

l

ERETTaRGEARE

RZERFEREDSOP, IyhT UV MHERRE



ZonalBiIZID R BEICKBAAVAR Y 2—H &

AT ER -5 8L
(2782) otk
TTEWR | WETRRHEE | XBEAD -

_I
a
Hd
35

(R

FILZTA | hRHTF D
(JEEESY) | oETEE

A | DRT—
H®ywy) | IZRE

Zonal
iR
(RUw245)

78




HEDREORBELE

REN - EWEE) ERE BT D FHFE

FrESU—BRKESH € g5 300))
o < 3—tier UC
(K&, EEFED
(o]

E (3 3%)
CsCI-UC
[ it K& E AEEED] (hEE. KFE)
- EYEEOHE R )
- FZERFORIERE EMEEDET
-2, FEtomtL
FH
HRAEEY. REEELR [HBEY—FILEDE] 9/12, 05-6
! 9/13, S TR L9
TI24=T4—FRH(DLIRIIVT I R) - TFREFREAN1/10LLTF
) — ROA—5EWYEEDOHRF
5SS AR AT RES
KREEE DB -JAbWE
(FASHR. &iH/N\)T—23>—>GMP) RiEE&EI/2LUT
) EHE1/5UTF
SYEEOB SR F EEE1/3LLTF

Wada M, Okada T, et a/, Gene Ther. 2023
Wada M, Okada T, et a/, Mol Ther, 2022:30(4S1):194
BHEI[EA.PCT/JP2022/17762



BEFARAREMOSITRREMEEHE

HERNE

JR B e R F NGS (ICH-Q5A)
Hh R A B4 FF. CQA QbD (FBIRE. BRIk TF)
JRZE 5VE]. FlE . Afli(in vitro/in vivoEWETE) PEHRIF. FEEHITF
BB EA Y -BEEYME 4/ L (¥R, TS RSK, Km')
BE T IEHEARHY rcAAV
S BB EA Y -BEEYME. REM hZEHF. FEERF

SRR

BeOME&E HhITR. T/ A
(E=. 2. FH—1%)
BB EYE BHEME D%, BIERREMm
B 89K Ze | INSEE R F(dsRNA. HCP).
R/ EY)
A ETIERAREAHY) BREMERF. TSAZR,
MRS B SEDNA/RNA/ A /N 'E

BKE), BEE7HT(VPHERKLL)
dd/ndPCR. NGS. & ¥)=F 84 1 i

WESHAEAT . SRR ST
AUC., /87, cryoTEM,
B=H

DAIARI)VT SR,
ELISA. PCR, NGS. HPLC

BARPDARE S S [INAAEERZ/N\VRTVI ] RE



Analytical Ultracentrifugation (AUC)
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Single-molecule counting by mass photometry

imaging

mass distributions

scatter plot

monomer/dimer ratios
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Hemophilia A
Coagulation factor VIII deficiency
Truncated factor VIII variant .CO.don
-optimized
AAV construct I LT HY
(AAVS5 capsid) [}Q‘

Liver-specific promoter

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

6x10%3 v.g./kg BW

ss-rAAV5
Sf9 cells (insect)

A Dose-dependent increase in factor VIl activity levels

i Reduction in bleeding episodes
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Liver-specific promoter

Low dose: 10 participants

ss-rAAV-Spar
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Sustained high factor IX activity levels

iReduction in bleeding episodes

Pickar et al., Nat. Med., p121-122, 2018 George, et al., Nat. Med., p2215-2227, 2017
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(i.m., local)
rAAV9 injection into normal Beagle IFN-y induction in PBMCs
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Luxturna, a copy of the RPEG65 gene (rAAV2)

Leber hereditary optic neuropathy
voretigene neparvovec (AAV2-hRPEG5v2)

BCVA (best-corrected visual acuity)
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ﬁCapacity: 5543-nt DNA genome (800bp larger
than rAAV)

ﬁTropism: Discovered in 2005 from human
respiratory samples. highly tropic for airway.

ﬁSafety: Not found to cause disease.

ErRedosability: Evades neutralizing antibodies.
Re-infection occurs after seroconversion.

Human Bocavirus 1 (HBoV1)

Carbon
Biosciences
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Great expectations

EREMEF-TRRORERT

= H 20254 7R 21H-24H
= 5 RERAFE ZTHEEEH,
z kK FHMHE (RERXFE)
b J. Fraser Wright (Stanford, USA)
(F3E) Philip J. Brooks, PhD (NIH NCATS, USA)

Robert Kotin (MIT/Carbon Biosciences, USA)
Silviu Itescu, MBBS, FRACP (Mesoblast, Australia)
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