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Content

Gene and Cell Therapy

. Viral Vectors (AAV, LV, Adenovirus, Oncolytic Virus)
. Non-viral Vectors

. Immunotherapy (CAR-T, NK)

. Stem Cell (HSPC, iPSC, MSC)

. Genome Editing (CRISPR/Cas9, Transposon)

a1 W N,

. Etc. (Nanoparticle, Aptamer, Oligonucleotide)

Pre-Clinical and
Clinical Trials

—_

. Metabolic, Storage, Endocrine, Liver and Gastrointestinal
Disease

. Cardiovascular and Pulmonary Disease
. Neurological Disease

. Musculo-skeletal Disease
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. Cancer

Tools and Technology

1. Cell Engineering and Viral Vector Production (Manufacturing)

2. Development of Upstream, Downstream, Analytics and Supply
Chain

3. Development of Assay System for Viral Vectors

Regeneration Medicine

Regeneration of Injured Tissue
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O A7 AAR] 2A|(ex-vivo) ok
A At A A =AR Hde 2
O CAR-T dA+9 A&, dASZ HEX|sh= ©HARl CD19, CD20, CD22, CD30, CD33,
GD2 59| FUL olgst A7l wust
7WF orokre. - 113 oK(Solid Tumor)S
o] I HE Sl o], do=mo] WX uPFY CAR-T R|=AIeE 7F4o] X)X
off-the-shelf CAR-T R|B2A|Y] SA|= 7|

Pillars of SCRI-CAR19v1 P roduct Manufacturing
Pha 1se 1 Study Objectives
feasibility of ]
aubolugous SCRI-CAR1Y produst
* Determine safety of cryopreserved CD1a
CAR-T cell product infusion

* (CD4* and CD&" defined ratio may increase potency
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O Serotype AAV8i} AAVOQ] F& AGA, U AW, &5 5o&2 AF 580 4T

Serotype?l. olof RARX A SEIL 7P W2 AlA
AAV8I} AAVIE ol &3t Ayt st A= S5

O in vivo SRR &A] 7iEe] ARl 51 2971 AAVE &-&sto] AgAI A
st A7F 7ME 6] o] RofA|aL AL, ol= 2018\ 10€o] AA 2XHoA 7Y
EE 53 R4 A28 (ESGCT) A+ 53 v &otg

Adenovirus
5%

Lentivirus
25% Lentivirus

30% (CAR-T)

2018 ESGCT 2019 ASGCT
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Cystic fibrosis
Influenza

MPS1
al-antitrypsin
deficiency
Pulmonary alveolar
proteinosis

Cystic fibrosis

Glycogen storage
disease type 1
OTC deficiency

Duchenne muscular
dystrophy

Limb Girdle muscular
dystrophy

X-linked myotubular
myepathy (XLMTM)

Danon disease
Peripheral arterial
disease

Barth syndrome
Friedreich's ataxia

Mucopolysaccharidosis
Gaucher disease
Sandhoff disease
Arginase deficiency
Parkinson’s disease
Rett syndrome
Krabbe Disease
Amyotrophic lateral
sclerosis

Giant axonal
neuropathy

GM1 gangliosidosis
Huntington's disease
AADC deficiency
NGLY1 deficiency
Spinal muscular
atrophy

MYo7A usher
syndrome

O 1 Qo= CRISPR/Cas9E o]&st

CPS1 deficiency
Methylmalonic

Acidemia Faconi anemia
Ornithine FA-A
transcarbamylase X-linked

deficiency lymphoproliferative
Maple syrup urine disease

disease Hemophillia

Pompe disease

GSD la

Propionic acidemia
Hereditary tyrosinemia

BETA-thalassemia
Sickle cell disease

SAXR]| 249l 7R, Oncolytic VirusEs o|-&
Aol 7Hgof tfgt A3, RNA, Nanoparticle, Oligonucleotide, Aptamer 52 ©]
RRE Rl wAQ] 7igo] thet A+ 5ol 270= U

Multiple myeloma
Glioblastoma

B cell acute
lymphoblastc leukemia
(B-ALL)

Qvarian cancer

Bone metastatic
castrate resistant
prostate cancer
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O A& dide= st fAAA 59 CostE ?%2}0}7] HollM = 19719} vola]s AYLto]

Aolt], o]F gt 179 wvolaiA ABAF

BN b oobel g3t mSeg AU 4 9
= Ve} Lentivirus®] Upstreami} Downstream 37| T2 Aest 247198 74
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O Hiolg{A A4E Al 1H[&af W2 50| ARLf= FAN|Z(Adherent Cell) AR HT=
B o M Z(Suspension Cell)E o] &5t tfzFo & Scale-up & 4 9= Upstream 4
A okn db FAE HAY 4 UAS

O Downstream JA/HoAE rz3o] Wo| ATE = Ultracentrifugation B H =
Affinity ChromatographyS ©o]8s5to #AstE 271ES A1Lst= W&o o5 ATE
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O SAXIR|=AQ] ZF&2Y Viral Vector Manufacturing Market2 201849 7|&o =& 327.8
Million $9|A 2023dof= 815.8 Million $2 AZEF+ AAAES(CAGR) 20.0%0] o]& 7oz

A5t 9

Attractive Opportunities in the Viral Vector Manufacturing Market

20.04

*  The global viral vector manufacturing market is projected to reach
USD 815.8 million by 2023, at a CAGR of 20.0% during the
forecast period.

* The growth of this market is expected to be driven by prevalence
of target diseases and disorders, availability of funding for gene
th develop and ongoing research into viral vector-

L2

based gene & cell therapies

*  Emerging markets to offer growth opportunities for the players in
this market

2023
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O o|¥l srglof|A] 71} ROl =l SARR|EA] Y AlEls 4 2371 9o @ Bluebird
BioE #FA1o& st HXl5o] et &9l  Sickle Cell Disease X|&A| @ University of
California, San Francisco (UCSF)ofA4 7§ %9l Aaromatic L-amino Acid
Decarboxylase (AADC) Deficiency X]|&A] @ Audentes TherapeuticsE HA0 2 HL
7 A8 &9l X-linked Myotubular Myopathy (XLMTM) X|&4] @ Ultragenyx
Pharmaceutical Inc.2] OTC deficiency X &2A] & A

1) Bluebird BioZ FAloz2 s A 1xIS0] /¢ %9l Sickle Cell Disease X]&A)

O Sickle Cell Disease X|&A| HGB-2062 LentivirusE ©]83t ex vivo Gene Therapy A
2033 oAl 1/24to] X8 Zo]tq, Autologous CD34+ A|xzof T87Q = R-globing
dedst= Lentiviruss A7 EAOA TA] FASHE W29 {AAR] &2A1Y

O oY AAA|HA ALASLS Adverse Effect, Occlusive Liver Disease W o,
Replication Competent Lentivirus ¥Ay Sof o]ilo] ¢l&g #9159 11, Transduction
= M| U Viral Genome©] 6~7 copies/cell Y]US =tolstgon, StAS] YaHof R
-globin™’Q0] <¢¥o] Z=Jlst= 1S FolstdS. E3t Medium Dose (2.7x10° CD34*¢

A= J Y
Cells/Kg)E FAME BAlolN 49) 81 g BHoIHS

HGB-208: Refinements to m

anufacturing and cell harvest improved

drug product tharacteristics
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2) UCSFOJA 7] %9l Aaromatic L-amino Acid Decarboxylase Deficiency X|&A]|
O UCSFoA 7let =91 AADC X|gA° ZL AAV2 vio]lgiAHIE S o0]835t9] AADC SA
N RSt QAR RAA. MRIS o §oto] Bxje] Midbraml A5 Atk 4

S Argsto] WA W Titero] wlo]2f AHE|(1.3x10' v or 4.2x10''vg)S A&
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DC RS0 749 28715 Atz Aste] ojAAL 2A] 28 W ofye}, v
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3) Audentes TherapeuticsE $Alog2 17} XIs) £91 XLMTM X|&A|
O Audentes TherapeuticsE $4102 3t AFX 52 AAV8E o]&sto] XLMTM X|&A]9]
e AR A1/2 ANEL AW FY
O o AWl FAASL Y Jl% At stel B e Tokn, SEFORR <stol
] 4

Aspiratoro] &Esto] Ajakatn], s12) s 7hex

O @A 1x10"vg/Ke FART TR AT £Ajo] MY Folo], o] FxIS] 2ExA]
ot IHC 23, ol’4g Hold 2849 TA7} AAVE-Des-hMTM1 ufol2] A%l FA}
F VIRRE Yy g 1x2 *6}71 ARSI O, RAF 5 12 Aol
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O AAV8-Des-hMTM19] gil= H|GRE F5lo B} BASHA AAIEQI=0|, Aspirator?]
g go] 352 AsPste A vEg Hol R, 299 AL 5 &} 7pRo] 1t
SAS] Holl oFA UAAY FH QU= BFoA tSAR] BS off slgle 2FAAY A4
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4) Ultragenyx Pharmaceutical Inc.== OTC Deficiency R|&A] 7|

O OTC Deficiency= Ornithine Carbamylase?] ZHo] ¥9lojt{, @4 3J|& o]iAt ZofA

71 &5174 2HAE] 7 X-linked Dominant€!

O Ultragenyx Pharmaceutical Inc.&= OTC DeficiencyS *|&5t7] s Codon-
optimized Human OTC §AXIS AAV HIE0] Al9J OO0 Serotype AAV8Z HIO|ZHAE
24t Z(DTX301)

7+7t 399 shxpo]| A 2x10%gc/kg (Cohort 1)@t 6x10'%gc/kg (Cohort 2)2] Hlo|g]

At & RS 125 B 40] 3 ¢ @AL  AFstel  Alanine

Aminotransferase (ALT) Levels®] &7} of¥& &QIs5tgi1, 52F =0 A|&£Ao0g Y
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DTX301: Gene Therapy for OTC Deficiency - || DTX301 CAPtivate Study Design

+ OTC gene transfer may address underlying biological deficiency, anabling * Global, multi-center, open-label Phase 1/2 dose-escalation trial
long-term durable response, reducing dietary restrictions, chronic medication
use, and risk of hyperammonemic crises, thus improving patient's quality of life

Baseline; Day 0-2
48-hour in-patient sta

i isk of I i Screening Single IV infusion of
ing the risk of life-threatening consequences ingle
and decreasing th g qf (Day 2 100) e
» DTX301 g Dosi
P i opulation: Dosing
— Codon-optimized human, wild type OTC gene with a liver-specific promoter :é‘;ﬂ: \Zitr': bt Cohort 1: 2x10% GClkg
and enhancer OOV Cohort 2: 6 x10% GClkg
§ X T stable OT? deficiency Cahort3: 1 101 6Chg
— Adeno-associated virus serotype 8 (AAV8) ve N =6-12
» in standardgEK293 cell platform ; N=3) and cohort 2 (N=3)
Manufactured. e e infusion ants have been enrolled and dosed in COhon. 1 (N=3) . Rl
— Dosed as a single 3 P el R A&m 2 additional patients will e
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51 AAV Serotype Engineering

O Al W AAV HE9 AT g5 FIAIZI7] Hsll A710lA 71=ssh
AAV Serotype Engineeringof tist H15o] XIsiE] 9l&
2E) 7 9l wiHo (Cgpsid SXAIS ¥ 7102 DNA Family

silico Reconstruction ¥%¥-3 A5t de

(A1) Capsid HIHZ

she} Zol Az

L ANE F2 7Y ol Al

Shufflingo|4 in
wEshe 31

O 2|0 Capsid FAAPE HPE=S AHAE HYPSH $ polyA UHO| Barcode
Sequenceg '2o] Library2 43 § uo]2iAg AAtstel in vivo (BA] LoIA HM
A AT &8 oty NGSZ Capsid DNA E7|AE ¥ xS BEAMsto Ho &

SHAl Al Capsid HlE|E U= ¥4+ ofy2} Evolution A+% 7Fsst &F

O E£3|, 25= “Directed Evolution of AAV Vector II" AAMoA Z=2 AAVS8I AAVIE
dgde=z ol2fst Y-S 0|85t 44t AAV Serotypes H=sto A W AF ze&s
0] 943 A7 B FA it Ao wa HYS
a b c 441 571

1 484 604 735
AAV-Serotype-VBCLIb e | Bst GI AAVE VP IZEHS Mvégsﬁif)vm o
Im [Gap (AR J{pAH FBS1 |ItVEC [PBS27 [nVEC | PESA ] (736 a.a.) i m“. e :yl 2 E‘%’:;Q;;ggﬁ‘: :
 AAVBCL wiape Vo, .« + 5 BGC + + L7 Ferfk i
8 i B e vz e o T .| | Empvsor:
AAVZASE5E-HP-VBCLID M::M o '; *ETA M:::m 5 . - CEREARTNTPSGTT «
E] i + o LG 3Ce + L Mutani 6 » » .
Castistot oy s Juvee esen Jnvoe] b | MAEE 1A -+ LaSARGE T Mott 7 - v1 [T oS0 - -
Mutart 8: o« VL[ THRRVT INTPSGTT » »
Mutant : o « YL RAUS INTPSGTT » o
Mutant 10: « » YLTRRVG NTESGTT » »
DNAs-barcoded AAY Eorary slock SBC-atiached primers
- - - P .- -
w‘g%}@ = - :’I PBS! |waos[wma*|nvacg| PosE —
/ : Viral gename DNA = Hiurmina sequoncing
CO000PB0 | § oaron | T
\ el [ miens  momens (M s eeone ) 6 G |
. CO0BTTO6 -~ ClsoeTl el o= Capandat
m-5  mb6  mi7 mi-g DA extiaction = [
B il EEETE TR l:lmia'l:l—gﬁ :
{ Samples: U:ml:uu:mm el [EEEs o : |
- o s, bod, b, E:l@l:u— io
Q : v soon G At
<&A] : Nature Communications, vol. 5, p3075 (2014)>

O Multiplexed-CREATE Selection Yields AAV Vectors Targeting Different Cell Types
of the Central Nervous System Following Systemic Delivery : Neuron Cello] £o]
Aoz ZFASH= AAV

O Engineering a Humanized AAVS8 Capsid through Iterative Structure Guided

Evolution : |23 3]a]sto] HAYI2AH S &

9] Humanized AAVS8 (AAV hum.8) H
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O Engineered AAVs for Enhanced Transduction of Submucosal Cells within the

Lung Following Intravenous Delivery : H&xAo] =& f{&=2 ZJ¥st= AAV9
(AAV.DT-L)

Engineering AAVS for CNS Transduction and Pheripheral Organ
de-targeting Across Species after Systemic Delivery : BBBS Eutsto] k] xAlof 7FHs)
= AAV (AAV PHP. V1)

AF7]1 71&5t Al w25 AAV Serotype2 =2 Viviana Gradinaru Group©of|A] 4385}
Aoo], @Al AddgenedA] WIS 11 Qlof APAISO A7 Ao wha} pojsto] AL
aF
=

4 92 ZoR g

4

https://www.addgene.org/Viviana_Gradinaru/
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AAV PHP.eB

apsid (also known os targeted auolulion) has been artennively and
sirable charactenstics. Chan K et ol dedsed 8 new
o thes Blood Brain Barner (BEE) to infect
generate the PHP-cB variant (£

Recenlly i vivo selection of large librares of «.
successfuly used lo generate novel AAV capsids with more de
targeted evolution approach to identify novel AAVD variants that e;!fsmf:ml?r A0
neural cells, thus the PHP.B capsid was selected, P wan than further irnprenied 16
that:

+ Crosses the BBB.

+ Has high tropism for CNS (Central Nervous System).

+ Has low tropism for peripheral organs. 10" vglmousc
Hoptame AV PHE B \A-PHP 6B
A Posluonsug mt-.:f;:::::;n B AAVE ANCEL 2
AAVO SAQ Y A
PHP.S SAQOAVRTSLA §&
PHP.B  SAQTLAVPFKA ®

PHP.eB SDGTLAVPFKA
\ Adapted from Chan KY et al., 2017
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B Virus Vector Manufacturing
O AAV HlogA WIEL & obEAT AR Ul AV SHAL BRe R4KoR I 4 9
Che ZAR|olA] 7 GHAR A Tool2H ZHae Wi 9e

O St. Juded]AME E9H &%} X2 A] 107ge/kg AAVE FARSHLL Ql%loH, o]+ Ho &
b 199 5x10 go7b @ LE]= Zio]1, "io]a]A ABAF & Quality Control EA71x] &g
stei® oF 1x10™ gc wlolgjas =S

O olof Hefsh= 2o M= vjta}; vpol2iA AJibs Ho8ttd® 10-layer Cell Factory
(10CF) 5077} 5~7 Batch(250~350 10CF)7} T @sti, o]2 Qs ke u| &} A3}
o] oitjet =53 Qs &Y

B
AAV Gene Therapy at St. Jude

Previous AAV products 3
made using 2937/17
cells in 10-layer cell
stacks

* 5-7 batches of 50 cell
stacks

O 7]& RAAEZ(Adherent Cell)E ©o]&35t AAV Ait2 =2 H|& ¥ ofye}t =3 o
ol Ao, =2 9719 AAVE 9 Aot v]gof AistaAl R5-AZ(Suspension Cell)
2 o]8slel wo] o]2ojX| 1L QPG HONZ 293 (Suspension 293 Cell)S ©]&5}0]
B o27] 41 8|8 AAEE vpolgia A 3AS JHsts o] @&, ol2gt
A+ W&ol BuEY A=

O dto]2{A9] GMP A4t sl ”O”% o2 Fujste RRAIEL 2932 UL v oL,
NZE o]&sto] AAV HIEE AJibstal wujstr] QdsiAe gt Ao oigh

25 F50for & o] HsiA= Vendoroﬂ W2 v&S Al=dfoF stH, uid 2to]

= Hl&2 F7t2 AZdfof st2g AAV HE 9] AH7LE Eolv ZiaE

A = ™ebA a7t AAV HE] A4to] 7Hs9t Suspension 293 A9 EARA O

o]

=
Yok 2ol EEUAS vERe U 2 AYAS R 2 Yk J1F I 2 IS

ol

o
rOl‘
r* i)

uju rz 1A
ol mlm

|~

34

ol

ol

dor o8
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O A|A|A el Pharma&Biotech A+Z3AF01 Lonzatx o]of &

»S

LV)E 3 & 4 9t NEZRS 2ol A7 2959

Takeda®} St. Jude Children Hospital®= Z-& &9 AL

Low Low
attachment attachment

001-GFP

108% 3.7%

Vendor clone

Lonza-5B8 clone

Viral genome per ml culture (vg/ml)

AAV/Anc80

O Lonza (Suspension LV293 Screening)

_13_
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7 JIEl
O 7|4l A5t AMojyrt ogsiAl 71RERen 7|
1 AFREOAl s A, Ao Hagh AREo| Oisho

(PALL, GE, AUDENTES, Maxcyte, MACS etc)
e

O AP L AP & d

U TGN = HIHQ

rlo
J

O FAAKREA] A+ H=1F, Hiol A #HE Pk CMO Au]A AE=7|Y, #@
ol o
=

7|10 A= AAV HE]Q] Genome TiterS ddPCRE ARg-ohil

O AAV HIE 9] Genome Titere} #zs5td ddPCRI}F qPCR ZutE vH|w st TAE 4 1HEr
570l ddPCRE ol gkt 297}

S AAV HE|Q] Genome Titer &4

B AT 4 9oe X 0
A7 2 AL e & AR
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B &8 &
O ASGCTE 0|2 SRt X AlEA|BA] shel2A] 201749 & of £ 374e] QAR 27}
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