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David joints his mother’s world in Houston with aid of a
NASA suit and gets a hug (Boston Evening Globe 11/04/77)
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After his gene therapy, he was running around at home
- He is a normal little boy now - (science, 2000)
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M-G stain Spectral Karyotype (science 302, 415, 2003)
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c DAYV - LBRR OB EERER T S1BR2N/NGE
- DEBERHNRIBY 5 & THRRAICHEDDSE

+ BRARAEIR (3R A2 TS < (J/NRHRICRAE

SE = LSD)

- BRETEE FREYOECERREH DD, BBBIC THREIC(EIRIHVERL

TR RIBBETR g 5F0]
MPS | (Hurler) alpha-L-iduronidase Aldrazyme 2006
MPS Il (Hunter) |duronate sulfatase Elaprase 2007
MPS IV (Morquio) N-acetyl galactosamine 6S Vimizim 2015
MPS VI (Maltramy) Arylsufatase B Naglazyme 2008
Gaucherii glucocerebrosidase Cerezyme/VPRIV 1998/2014
Pompef® acid alpha-glucosidase Myozyme 2007
Fabryf® alpha-galactosidase A Fabrazyme/ Repregal 2004/2006
B ) — B RIBSE Lysosome acid lipase Kanuma 2016

MPS |, ll, and VI: mucopolysaccaridosis, Gaucher, Fabry:

sphingolipidosis, Pompe: gycogen storage disease
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van den Hout HMP, et al. Pedlatrlcs 2003 112:332-340.
Kishnani et al. J Pediatr 2006; 148:671-6/6

Hirschhorn R, Reuser AJJ. New York: McGraw Hill,
2001:3389-3420.
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Lentiviral haematopoietic stem-cell gene therapy for early-onset matachromatic leukodystrophy:
Long-term results from a non-randomized, open-label, phase % trial and expanded access

Intention to freat set Natural history cohort

Late infantile (n=16) Early juvenile (n=13) Late infantile (n=19) Early juvenile (n=12)

Cognitive age-equivalent performance (years)

Pre-symptomatic 15 (94%) 5 (38%) 0 0
Early-symptomatic 1 (6%) 8 (62%) 19 (100%) 12 (100%)
Mean age at GT 12-81(4.30) 65-86 (33.4) 20-64 (4.7) 51-98 (19.2)

Mean follow-up

3.04 (0.99-7.51)

3.49(0.64-6.55)

4.54 (1.80-14.19)

6.79 (2.51-16.10)

(Lancet 2020; 399, 372-83)

100
¥ 80- .
]
-
L 60-
g
2]
& 40+ )
£ —— Arsa-cel pre-symptomatic est
§_ 50 - —— Arsa-cel early-symptomatic pvalues
& Natural history p=0-173
* Censored p=0-031
0 — T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

—=— Arsa-cel (n=16/16)
—»— Natural history (n=14/19)
(+/- 1 normal SD)
o 2years after gene therapy
----- Expected normal development

Cognitive age-equivalent performance (years)

T o e e e o e S T N B
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Chronological age (years)

—=— Arsa-cel (n=13/13)

—— Natural history (n=12/12)

(+/- 1 normal SD)

o 2years after gene therapy
Expected normal development
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Chronological age (years)

Pt3, at 90mos, 7 years GT

Libmeldy approved by EMA in 2020
Late infantile or early juvenile cases without
clinical symptoms

Early juvenile cases able to walk without
mental deterioration
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- BF2~3HICTA. XESH, ATP-binding cassette transporters (ABCD1)

s RIVAF VY —LRICHBET DALDPORXIE

- IBRAEFFEBDEEFEEDANRILAF Y —AICBEEINT ., HBIRAICERE

- F0REE T, 1TEIEE. RRE. 7H - BHET. H1THE KREETKRBBAKRIREE
- SMEFHREAE. Lorenzo ol

Hematopoietic Stem Cell Gene “
Therapy with a Lentiviral Vector in bluebirdbio’

X-Linked Adrenoleukodystrophy — _
Territories  Program Area Preclinical  Phase 11l Phase lIAIl Status
Nathalie Cartier,?* Salima Hacein-Bey-Abina,>*>* Cynthia C. Bartholomae,® Gabor Veres,”

Manfred Schmidt,® Ina Kutschera,® Michel Vidaud," Ulrich Abel,® Liliane Dal-Cortivo,*® Lenti-D CNS Diseases
Laure Caccavelli,®>® Nizar Mahlaoui,® Véronique Kiermer,’ Denice Mittelstaedt,'® Worldwide « IND Active
Céline Bellesme,? Najiba Lahlou,** Frangois Lefrére,® Stéphane Blanche,® Muriel Audit,*? Childhood Cerebral ALD - Starbeam Study* (Global) o Study Initiated

Emmanuel Payen,*®>* Philippe Leboulch,****> Bruno |'Homme,* Pierre Bougnéres,?
. 6 . o 4,8 . = 3,4,5% O 1,2%.
Christof Von Kalle,” Alain Fischer,™* Marina Cavazzana-Calvo, Patrick Aubourg™“*t Hematologic Diseases

Pt1 Pt 2 b =) = « CTA Acti
ik ! ' e

i o * IND Active
B L 0-Thalassemia - Northstar Study** (U.S./Aus/Thai) « Study Intiated
Sickle Cell Disease - HGB-206 Study (U.S.) * IND Active

Oncology
’ CAR T Cells
127 Atk Global Hematolog gnancie
Celgene
SCIENCE 326,2009 Collaboration M
Research
185 Btk Ear
Pipeline
245 Bk * The Phase IVl Starbeam Study is our first clinical study of our current Lenti-D viral vector and product candidate

** The Phase W4l HGB-205 and Northstar Studies are cur first clinical studies of our cument LentiGlobin viral vector and product candidate
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Lentiviral hematopoietic stem-cell gene therapy for cerebral adrenoleukodystrophy:
a single-group, open-label, phase II/1ll safety and efficacy study  (NEJM 2017; 377, 1630)

Baseline characteristics of the patients and the drug product
Patients Drug Product
No. enrolled 17 VCN 1.0 (0.5-2.5)
Age at enrollment 6 (4-13) Dose (CD34+ cells/kg) 10.5x106 (6-19.4x10¢)
Follow up 29.4m (21.6-42.0)
Loes score 2.0 (1.0-7.5)
Score on neurological Fx 0 (0)
Time from consent to infusion 67.0 (58.0-89.0)

One patient, who had had rapid neurologic deterioration, had died from disease progression.
Another patient, who had had evidence of disease progression on MRI, had withdrawn from the study to undergo allogeneic stem cell
transplantation and later died from transplantation-related complications

Long-term follow-up of hematopoietic stem cell
Neurologic Function gene therapy for cerebral adrenoleukodystrophy
207 strategies (Human Gene Therapy 2022:32,19)

Patient

2018 However, the neurological degradation observed in three

out of four patients mitigates as the benefit of this therapy,
calling for an earlier intervention, more potent vectors, and
additional therapeutic options

—
w
1

Score on the Neurologic Function Scale
o
1

g ot Skysona approved by EMA in 2021
Patient Patient  Patient Patient
o NP8 2003 C der 18 f ith ear
N I —— N i ases under 18 years of age with early
01 6 12 18 24 30 36 cerebral adrenoleukodystrophy (CALD)

Months since Infusion of Lenti-D



Ex vivOrig{inFoE

EEL ZEELT - YVIND R A — BIALE B8R - BB
L ~O BU RIC Strimvelis
L kO Mel. BU RIC
V3 =% ADA
ADARIRIE (adenosine deaminase) L kO BU RIC
LYF BU RIC Phase 1/11
O P A B ST A IL2RG .
X EHBFESREANEE &) LYF BU RIC
L kO BU/Flu RIC
D4RV - WASP .
7ILRY v FEERR (WASp) il BU/Flu FMC
LYF BU/Flu/aCD20ab FMC Phase 1/11
L kO BU RIC
" L kO BU RIC
ISP RBSE CYBB
(gp91phox) L kO BU RIC
LYF BU RIC
BBE8EY RO 17— ?ELCD%) LYF BU/Flu FMC Skysona
MBI RNO T 1 — ARSA LyYF BU RIC Libmeld
- - (Arylsulfatase A) y
HthopiaE M/ HBB .
ﬁqﬁﬁmiiﬁ (B globin) l/ > 9: BU RIC Zynteglo

BU: Busulfan, Mel: Melphalan, RIC: reduced intensity conditioning, FIC: full myeloablative conditioning

CAR-THERREE :  BH#BRREEZE (kymliah, Yescarta, Tecartus, Breyanzi)
ZHEMEEHIE (Abecma, Carvykti)
BEfiEs (1BRZE GD2, NEJM 388, 2023. & &)
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BREMEBZEMRAE: Spinal Muscular Atrophy (SMA)
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Single-Dose Gene-Replacement Therapy for Spinal Muscular
Atrophy

J.R. Mendell, S. Al-Zaidy, R. Shell, W.D. Arnold, L.R. Rodino-Klapac, T.W. Prior, L. Lowes, L. Alfano, K. Berry,
K. Church, J.T. Kissel, S. Nagendran, J. L'ltalien, D.M. Sproule, C. Wells, J.A. Cardenas, M.D. Heitzer, A. Kaspar,
S. Corcoran, L. Braun, S. Likhite, C. Miranda, K. Meyer, K.D. Foust, A.H.M. Burghes, and B.K. Kaspar
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Hemophilia A
Coagulation factor VIII deficiency
Truncated factor VIII variant .Co.don
-optimized
AAV construct T i LT HY
(AAV5 capsid) DI%‘

Liver-specific promoter

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

A Dose-dependent increase in factor VIl activity levels

i Reduction in bleeding episodes

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

Hemophilia B

Coagulation factor IX deficiency

Highly active factor IXR338L

@ S (Padua)

Liver-specific promoter

AAV construct
(AAV-Spark100 capsid)

Low dose: 10 participants

5x10'! v.g./kg BW
ss-rAAV-Spark100
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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In vivo B FHlRa85 | AGRE
ES= B IBLF YA — IR
In CV;'TVO LPLRIBSE LPL AAV1 AR
2 GM-CSF I AR MEHSV 5
HILFREE (ICP34. 5,ICP47/i8 P
SERMEERNE RPE&5 AAV2 7GR
IS4 BHAREAZ=AE HGF TSRZR FEER
ERE 4 ZEHBAE SMN1 AAV9 7GR
IS AREMEHSV
22
TN |‘£E*$%:tﬂ HE LOCZ (9345, |CP6, O47k£§) E‘Ulb\
AADCRIERE AADC AAV2 7GR
MAFRA FVII AAV5 7GR
MR FIX AAV5 E:;,
AhfEIE R BB tE IFNa-2b Ad5 FEER
RBEERIR KRB COL7A1 HSV1
BmYZAKO7 14— =TZyz2k070YV AAVrh74 FEER
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AAVAR O S —DZEZ e

AAV . E RTOREERGDR L, . 28585 TE2HEDOBRIH D
BEEERFHDDVWIIRERFOT L ZHEIET DINENDH D

- SMA (AAV2/9 vector)
AFERERR S, NMBRAAME, MAVRBIAME. MigHERUNDERSIE (TMA)
- DMD
S L. MIMREAME. B, AHiE - OlsfES
FEHELAM M4 PREEMERSEE (aHUS)
- Diabetic macular edema (DME)
SEDHENEE (1282FP5%8 AAV.7m8 with 5x1011/kg)
- FETH
3% X-linked myotubular myopathy (XLMTM) : FH&EEFE=E (GH{LE L M/ 8UIME)
AAVS8 of 3x10'4/kg (Audentes Therapeutics)
445 SMA : RSO A )L RIRZE + BEAKEERES
AAV9 of 1.1x10'%4/kg (Novartis)
1%l Mucopolysaccharidosis [IIA (MPSIIIA) : 4<88
AAVrh10 of 5x10'2 or 1x10'3/kg (Lysogene)
+ Germ-line transmission

(Immunogenicity and toxicity of AAV gene therapy. Front Immunol 13:975803, 2022% 6 & [CRFREN T EHZHD)
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2. FIRFAENEY : CDAOLKISAE

CRISPR/Cas9 KEBERBEF O BRI IBADIEA

Enhancer HSC :DZB11LL 'f& /,Z\g
— tracrRNA -I- Ce” E =)
crRNA
5’

Promoter Enhancer

3. Dominant Negative®! : STAT3ZE
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TALENZ UL\ /=CAR-TEE DS AR &R

CANCER

- , o + TALENIC TTCRa & CD527% k1%
Molecular remission of infant B-ALL after infusion of |.g2oe-ALL™E (1158, 165 8)

universal TALEN gene-edited CAR T cells - B (OIS MEHHBAIRIE

=50 —

Waseem Qasim,"** Hong Zhan,' Sujith Samarasinghe,” Stuart Adams,? Persis Amrolia, - BESREFICU

Sian Stafford,’ Katie Butler,’ Christine Rivat,’ Gary Wright,? Kathy Somana,” Sara Ghorashian,' | . SNEBEMDOSL\CAR-TEE
Danielle Pinner,? Gul Ahsan,” Kimberly Gilmour,? Giovanna Lucchini,? Sarah Inglott,? -
William Mifsud,? Robert Chiesa,” Karl S. Peggs,® Lucas Chan,* Farzin Farzaneh,’

. \ -—-—-FFI RQR8 7-41BB-CD3 |—-
Adrian J. Thrasher,' Ajay Vora,® Martin Pule,® Paul Veys' ool 4o s
CMVpS'LTR RRE CPPT Promoter  2A CAR19 WPRE 3'ALTR
(SCITM 9: 1-8, 2017)
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CRISPR/CasZ R L\7c SCD D ER R SR

chri1: Hb gene cluster

o
LCR VHBE’ _l_ :HBG2/1 HBD/HBB
Embryonic Fetal Adult
LR - Switn Q
HOF (coys) Reversal HbA (coBy)
chr2: BCL11A gene BCL11A
BCL11A I ” protein
5' T o 3'
Erythr0|d N\NNN
enhancer mRNA
SCD Pts Hb:&{&FZCRISPR/Cas THgiZE L. o7 o 7
R0y \\ - N Disrupti Di ti o
BIREINESIOEY (HbF)Z#HE VaNHE or  BCL1AShRNA
base editing lentiviral vector
Trends in Genetics, 38: 1286, 2022.
Patient 1 Patient 2
A Hemoglobin Fractionation D Hemoglobin Fractionation
[ HbF [ HbA M HbA2 [JHD, other [l HbF W HbS [OHbA MW HbA2 [JHb, other
CTX001 Iinfusion 142 141 CTX001 Ilnfu5|on
144 . 14- ;
' 12.1 12.3 - . 12.0
12 : 12.0 11.6 12.0 11.9 = 124 !
10-{[0.3]! .‘g 10 .
% 8- E 6.6 %I 8 E
® | [0.1] , o1 R ot
| : T Ml
-:E & ! s ° X
4| % 48,
| ) |
2 ! I 24 !
0 ' 0 '
1 3 9 12 15 18 B
Months aﬂer CTX001 Infusion Months after CTX001 Infusion

NEJM, 384: 252, 2021.
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Gene & Cell Therapy Promotion Center
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