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Terapia génica de la hemofilia

Jordi Barquinero

Xll Jornadas farmacéuticas sobre el tratamiento de las
coagulopatias congénitas
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Enfermedades pioneras en la historia de la TG C:-\QE-Hebmn
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» Disease targets

Single gene defect | Gene(s involved) ;Tissues

Severe combined Adenosine Lymphoid tissue
immunodeficiency |deaminase

a-AT deficiency 'u.-Antitrypsin | Lungs,liver(cirrho
Sis)

‘Cystic fibrosis | CFTR | Lungs,pancreas

{Hemophilia A& B | Factor VIII & IX | Blood clotting

*‘

Gaucher disease Acid - Macrophages, liver
glucosidase,gluco |,spleen,lungs
cerebrosidase




La hemofilia es una buena candidata parala TG C \iatebor
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Enfermedad monogénica, gen recesivo, fisiopatologia conocida

FVIII y FIX se secretan, cualquier tejido diana puede ser valido

Expresion transgén no requiere excesiva regulacion

Niveles de correccion modestos (1-5%) son terapéuticos

Existen buenos modelos animales

Tamano del cDNA (FVIII)

No hay ventaja selectiva de las células corregidas
Requiere una terapia in vivo (con vectores no integrativos)

Posibles riesgos de los vectores (oncogenicidad, inmunogenicidad)
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Terapia génica in vivo vs ex vivo \:lr".Eb

Reinfusion of
\ gene-modiﬁed cells

.

Isolation of D
hematopoietic target cells 4

Gene transfer

_

Kaufmann KB et al. EMBO Mol Med (2013)



Virus y vectores
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Adenoc-associatec

52

Retrovirus (=10 k

Lentivirus (9-10 kI

Vectores
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Vectores Adenoasociados (AAV): optimos para la TG
de la hemofilia

Vall d'Hebron

Virus DNA, no integrativos
Parvovirus (virus defectivos)
No producen enfermedades
Escasa inmunogenicidad

Tropismo hepatico

Adecuados para la TG in vivo



El tamano de los vectores limita su capacidad de cargo S
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a Expression cassette Intron
S’ | Transgene [-3'
Promoter Polyadenylation site
b Liposome + plasmid (unlimited sized genome) Expression

cassette

a2
ori ‘

Antibiotic
resistance gene

E1 deleted, replaced

' by expression cassette E} f._Z> li} L4 L5+
FRHHIET—T |
— - -—
7-8kbmax E2B EZA E3 E4
deleted . ..
www.discoverymedicine.org
d Adeno-associated virus (4.7 kb genome) Expression ITR Rep Cap ITR

I 4,680 bp

% Y cassette
4.5 kb max

e Retrovirus (7-10 kb genome) Expression Self-inactivating
W cassette 3’ LR
[ ITR Promoter Transgene
8 kb max
f Lentivirus (9-10 kb genome) cPPT Expression Self-inactivating
v +CTS cassette 3’LTR

B o I

cDNA F8: 9 kb
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Caracteristicas F VIIl y F IX C:'}SEHebmn

Gen Factor IX (~30 kb)

wue s 1| 100 veces mas moléculas de FIX
AR |

1,4 Kb 56 Kda 5 pg/ml

B

Xq27
Cromosoma X
¢ [

[conc. pl.]

Q Xq28

P 234 56 78910111213 14 1516171819202122 232425 26 9 Kb 265 Kda 150 ng/ml

| e w7z 1 \\Nwer \/ |
B | /-

Gen Factor VIII (~186 kb)

tA 8-12 h
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Elementos en terapia génica .::"’*

Gen o secuencia
terapéutica

enfermedad

Vector Tejido diana
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En la hemofilia el tejido relevante és el hepatico \:"-\VQEHebron

Bile nana.ln::uli

L.-..'"a--a.a;- -“"i'nlu‘-’"l ]
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Space of Disse

FVIII (HA) FIX (HB)



La barrera inmunitaria :l"'"
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http://www.mid-day.com/articles/health-special-be-the-immunity-superhero/15523190



El higado es un 6rgano tolerogénico

Institut de Recerca

Blood-borne
pathogens and
host antigens

IL-10
TGF-B

Toxic waste™

Gut antigens



La barrera immunitaria frente a AAVs © i,
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PRE POST
30-50% de 10 gpypppyricoons
2l - ‘50 o', ¢ Ef? ‘»-10.“.
poblacién T RIpe) '5,1%1 2
tiene AcN o

frente a AAVs
Tras una

inyeccion i.v.
el 100% los
desarrollan
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Estrategias para mejorar
la eficaciade la TG en
hemofilia
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Promotores C) Yoaaser

Eukaryote promoter Transcribed sequence
Transcription
| Open reading frame ke
il - - — _&
1 TR AN = Stop
-30

+1

90 -75

e R

CAAT—GGGCGG TATALRD

1

constitutivos vs especificos de tejido

guimeéricos



Promotores especificos de higado e
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Expression

Sv40 hFVllicol  ASV40 cassetie Siza

LP1 intron non-c. pA ITR
B I oo sty
134 145

448 93 4353

mTTR HI hFVllico
mTTR-HI-hFVII-ASVpA 5174 bp

mTTR-HI-hFVIIl-spA 5094 bp

hTTR-HI-hFVIIl-spA 5082 bp

Alb: Albumina
TTR: Transtiretina
AAT: al-Antitripsina

mFibr-MVM-hFVIll-spA 4970 bp

mTTR-HI-hFVIIIAC1-spA 4653 bp

b 140 € 2500-
P<0.05 —15 —

120 2000 4 P<0.001] P<0.001

1001 ]
_ P <005 &
z —_— & 1,500 0 Zus
5 801 s
£ P <0.05 E
= i 2
s 60 ns = 1,000 -

40 £

500 =
20

0
LP1 LP1 mTTR mTTR mFibr mFibr mFibr Naive LP1 LP1 mTTR mFibr
FVllico non-co  HI MVM  MVM HI No Int Fvill FVillco



Institut de Recerca

Optlmlzacmn de los transgenes C) Yo

F VI II

1
B domain Light chain

B domain deleted (BDD) FVIII

Meulien P et al, Prot Eng 1988



Optimizacién de las secuencias codificantes :l"",;b
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Optimizacion de codones

ChY oo s Aug

Il
0—C—CHR—— Amino acid
NH3

Ester bond

tRNA
molecule

Intramolecular
base-pairing

mRNA, 5 G-C-(

Arg Arg

— €66 [— =— (GC |—

5.4% 22.3%




Variantes hiperactivas

F IX

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

X-Linked Thrombophilia with a Mutant
Factor IX (Factor IX Padua)

Paolo Simioni, M.D., Ph.D., Daniela Tormene, M.D., Ph.D., Giulio Tognin, M.D.,
Sabrina Gavasso, Ph.D., Cristiana Bulato, Ph.D., Nicholas P. lacobelli, B.A.,
Jonathan D. Finn, Ph.D., Luca Spiezia, M.D., Ph.D., Claudia Radu, Ph.D.,
and Valder R. Arruda, M.D., Ph.D.

B Proband, II-1

Nucleotide 31134

e iE ST AT € F

Vall d'Hebron
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D Factor IX-Specific Activity

Factor IX-Specific Activity (U/mg)

450+
400
3504
300
250
2004
150+
100+

504

B -ahFIX [ +ahFIX

.

0
Wild-Type Factor IX Factor IX-R338L



Vectores AAV y tropismo

Mouse

AAV3

AAV4

AAVS5

AAV6

Vall d'Hebron
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skeletal

muscle

eart
and muscle

Heart, lung,

eletal
muscle

eart, O
(Liver Jkeletal

brain, Lung,
skeletal
muscle

muscle brain, muscle

AAV Capsid Chimeras

AAV-DJ

AAV-HAE1L

AAV1 AAV2 AAY3 AAV4

AAVS5 AAV6

AAV-HAE2

AAVE AAV9

AAV2.5

Drouin and Agbandje-McKenna, 2013
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Pseudotipado de vectores C) Yo

Adeno-Associated Viral vector

Virus w I ITR I Rep. I Cap | ITR |

7N .
Vector @ o =g Therapeutic Gene

AAV7 AAVS AAV9

AAV2/8



Eficiencia de transduccion: raton vs humano e
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% hepatocitos
80_90 transduciollos < 5






Ensayos clinicos
en hemofilia



1¢" ensayo clinico de TG HB, Shanghai, China, 1993 l::'mﬁebron
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|Hagula1:adpmm|:mat | Therapeutic Gene | Transgene

Recombinant

o mm =R ) hermanos con HB moderada

production in cell nes

Retrovirus, promotor CMV

Fibroblastos piel autologos




Inyeccion i.p. de fibroblastos transfectados con pFVII| \:I'X;.Hebmn
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A Se obtienen fibroblastos
del paciente mediante
biopsia de piel

D Las células se
inyectan
I.p. en el paciente

P Se introduce el
. gendel FVlll en
~ las células

. mediante
electroporacion

C ¢ Las células
- genéticamente
modificadas se

expanden in vitro




Ensayoe Chirons Inyeccion v, de retrovirus = EVII| C:—ﬁwebron
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LTR BDD-FVIII LTR

Ensayo F. I/11 (1999-2002)
Vector Retroviral

U. North Carolina (Chapel Hill)

13 pacientes HA grave

P inyeccion i.v. hasta 8,8x108/Kg

Inyeccion &l .
: actividad >1% en 6 pacientes (max 6%)

1.V
j /99 d requerimientos FVIII
A
i —
_ _

nivel FVIII g
15-20% \? Science For
Powell JS et al. Blood 2003

Life

"

—




Ensayo Avigen (Children’s Hospital Filadelfia), 1999 e
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Habia funcionado en perros
8 pacientes con HB grave
inyeccion i.m. (10-72 dosis)
actividad > 1% transitoria

e requerimientos FIX




InVEcCIion intraarteria hepaticarde AAV-EIX vatlHabron
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LETTERS
m“““gedicme dosis: 8 x 1019-2 x 102 gc / Kg
1 paciente: niveles FIX 12%

Exon 1 ITR

- SERFINAT [I Intron | F9exons 2-8 ‘ PA l

—

Successful transduction of liver in hemophilia by
AAV-Factor IX and limitations imposed by the host
immune response

§ 15 F.IX infusion ~—FIX 600 g

‘6 =
Catherine § Manno>*'5, Glenn F Pierce™!’, Valder R Arruda'>!%, Bertil Glader®!®, Margaret Ragni’, v 3
John J E Rasko®, Margareth C Ozelo’, Keith Hoots®, Philip Blatt®, Barbara Konkle'?, Michael Dake?, I £
Robin Kaye!?, Mahmood Razavi*, Albert Zajko!’, James Zehnder?, Pradip K Rustagi'!, Hiroyuki Nakai?, g E
Amy Chew!?, Debra Leonard®!?, J Fraser Wright?, Ruth R Lessard?, Jiirg M Sommer?, Michael Tigges?, o E
Denise Sabatino!, Alvin Luk, Haiyan ]iang3, Federico Mingozzil, Linda Couto3, Hildegund C Ertl}13, ¢« k_sJ

Katherine A Highl'z'14 & Mark A Kay4

E.IX infusion _ —_
§15 Subject F ——F.IX _2$ 5
B Py
@ 10 400 o
x L300
=5 r 200 E

+100 g

g Ny
o 0 T T T T T T 0 —
0 2 4 6 8 10 12 14 Weeks

Mark Kay, U. Stanford '

d 2 15 E X infusion ~—FIX 150 &

Nat Med 2006; 12: 342 £ = ALT 5
@ = AST 100 2

% g

€ 50 E

: :

o T + T T T + 0 3

4 6 8 10 12 14 Weeks

Weeks after vector injection



PrRMEr ensayo clinico exiteso en HB cl"".;b
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The NEW ENGLAND JOUBRENAL of MEDICINE

ORIGINAL ARTICLE ‘

Adenovirus-Associated Virus Vector—

Mediated Gene Transfer in Hemophilia B

Amit C. Nathwani, M.B., Ch.B., Ph.D., Edward G.D. Tuddenham, M.B., B.S., M.D.,
Savita Rangarajan, M.B., B.S., Cecilia Rosales, Ph.D., Jenny Mcintosh, Ph.D.,
David C. Linch, M.B., B.Chir., Pratima Chowdary, M.B,, B.S,,

Anne Riddell, B.5c., Arnulfo Jaquilmac Pie, B.5.N., Chris Harrington, B.S.N.,
James O’Beirne, M.B., B.S., M.D., Keith Smith, M.Sc., John Pasi, M.D.,
Bertil Glader, M.D., Ph.D., Pradip Rustagi, M.D., Catherine Y.C. Ng, M.S.,
Mark A. Kay, M.D., Ph.D., Junfang Zhou, M.D., Yunyu Spence, Ph.D.,
Christopher L. Morton, B.S., James Allay, Ph.D., John Coleman, M.S.,
Susan Sleep, Ph.D., John M. Cunningham, M.D., Deckumar Srivastava, Ph.D.,
Etiena Basner-Tschakarjan, M.D., Federico Mingozzi, Ph.D.,
Katherine A. High, M.D., John T. Gray, Ph.D., Ulrike M. Reiss, M.D.,
Arthur W. Nienhuis, M.D., and Andrew M. Davidoff, M.D.

N Engl J Med 2011; 365: 2357



Resultadoes (6’ pacientes)
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A Participant 1 B Participant 2 A Participant 1 B Participant 2
VI Vb ]
7! A A 30 600 600
e 20 ??I A g so0, g‘" 500-|
5 °f 3 g B
10 400 400
IS 4 5 &
2 2 s = E
x x 6 g 00 g 200
[T ™
4 2 2004 . 2 2004
14 2 @ w
° 0 1|(} ZID 3ID 4|0 5‘0 6‘0 70 ’ (‘] 10 ZIO 30 40 50 ] il
PE— . - -—-—-FJ— Ofil—-r—!—!—!—'!'—'!'—!—%
Weeks after Vector Infusion Weeks after Vector Infusion 0 1 2 3 4 5 6 7 0 5 6 7 & 9 10
Weeks Weeks
C Participant 3 D Participant 4
C Participant 3 D Participant 4
Fix FVI‘X * 700+ 1700
WAARAR/ \ 9
8 3 600 600~
— & 7 g 500 g 500
2 z ¢ g £
=) o 5 & 4004 a2 4004
= 4 = 4 ] ‘é
B o - il = i
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wv w
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0 10 20 30 40 0 10 20 30 100 100
. . o 0-
Weeks after Vector Infusion Weeks after Vector Infusion 0 e 7 & 9 11 12 33 0 3 4 5 & 7 3 9 12 28
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E Participant 5 F Participant 6
Pred Pred — .
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FIX [ - 700~ 700~
200 200 600 600
. 15 g oo g 5001
= F150 3 - 150§ B F
3 2 s = 400 400+
=y = 5 10 = £y 1)
= =) 2 = = 2
= 100 2 = 100 2 = 3004 = 3004
% g 3 = 2 &
w a w 5 - 5 =)
50 < 50 << h 200+ h 2004
» 2 100 = 100
0 o : 0
30 0 10 20 0- 0-
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Weeks after Vector Infusion Weeks Weeks

Weeks after Vector Infusion




Respuesta inmune celular frente al vector © o
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( : I I e Vector uptake
Hepatocytes

by antigen-
presenting cells

CD8* T cell

d Immune
response

| AAV vector o Activation
— ¢ Capsid &\ 0. %. 9 %o of CD4* T
cleavage and \ / o %o 00 helper cells
MHC loading 7 N/ Capsid

—_ o
/ oo :
0® %0 Cytokines
o©
(&)



Tumorigenicidad hepatica

AAVs integrados en céls tumorales
Solo en periodo neonatal

Soblo con dosis altas de vector

t de Recerca

oncogenicidad) © ..

En >100 ensayos clinicos con
AAVs no se han observado

casos de oncogenicidad



El “mercado” de la TG en hemofilia vl dHebron

HA/B AAVBF1/2 &
, >

Shi

_ ﬁe% Baxter/

{ Chatham

e P> Bazzalta
S Nt

F1/2

o

=S

Do
il

BiOMARIN 'S a-r-k W/

THERAPEUTICS

HA/B

F1/2

HA AAVS5 F1/2 @

9
)
% a»

Wik,




AAV5-FVIII (BMN 270) gene transferin HA € Garwon

SHOIMVARN R&D Day 2017

BMN 270: AAV5-hFVIII-SQ

In vivo transfer of a functional FVIIl gene into hepatocytes

< 4970 nt »
ITR < hFVIII-SQ (4314 nt) > ITR
A1 ¢ | c2 .U{]
sPA

<+ 251 nt»

SFSQNPPVLKRHQR

Leader Seq. (57 nt)

« Recombinant, replication-incompetent AAV5 vector

* Hybrid liver-specific promoter
» Codon-optimized human B domain-deleted (BDD) coagulation factor VIII
with 14 amino acid “SQ” linker sequence



AAV5-FVIII (BMN 270) gene transferin HA ~ © Warwsn
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B:OMARIN R&D Day 2017

BMN 270: Proof of Concept with First-in-Human Study

Phase 1/2 Study Design

* Subjects enrolled sequentially into one of up to four cohorts based on
FVIII activity at 3 weeks:

1. 6E12 vg/kg given as a single IV dose
2. 2E13vg/kg
3. B6E13vg/kg
4, A4E13 vg/kg

* Dose escalation occurred in cohorts 1-3 if the resulting FVIII activity at
the Week 3 visit was < 5 IU/dL and gated by safety assessment

 Endpoints

» Safety of a single IV administration of a recombinant AAV5-human FVIII vector
* Change from baseline FVIII activity level

* Annualized FVIII replacement therapy infusion rate

* Annualized bleed rate

* Change in health-related quality of life
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AAV5-FVIII (BMN 270) gene transfer in HA E:—ZEHP_W

SHOIMVRN R&D Day 2017

BMN 270 4E13 vg/kg Update: Approaching/In Normal Range

Baseline FVIII activity for all subjects at study start was <1% of normal level

Results from 4E13 vg/kg cohort
(September 14, 2017 datacut)

140 _|150 UL +  Mean a
Median Normal
g 1907 FVIII
2 100- - Range:
3 50-150
5 80
< IU/dL
‘;6 60 —50 IU/L - . i
5 40
(3]
(s
= i
0 T T [ I [ I I I T 1
0 4 8 12 16 20 24 28 32 36
Weeks
N: 6 6 6 6 6 6 6 3 3

113
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AAV5-FVIII (BMN 270) gene transferin HA ~ © Warwsn

BMN 270: FVIII Levels Sustainably Normalized After 52 Weeks

Baseline FVIII activity for all subjects at study start was <1% of normal level

Results from 6E13 vg/kg cohort
(May 31, 2017 datacut)

360
33| > Mean
Median _
300 -
-
T 270
% 240 -
£ 210
Q -]
2 180 — Normal
= 150
2 1 | FVIII
g 90 . Range:
= 60 oL 50-150
30 ; 1 lU/dL
da 0 | ? | I | 1 | 1 [ [ [ [ [ [
ey 0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
o N7 7 7 7 7 7 7 6 7 7 1 71 7
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SPARK (SPK-9001) gene transfer in HB \:ﬂﬁﬁebm

‘Prellmmary SPK-9001 Phase 1/2 data in hemophllla B Con5|stent and =
sustained FIX activity within target range in initial 10 participants

90% -
= 79%*
g 75% -
o
c
S 60% -
®
£ a4%
,% 45% - ‘ . l- 43%
2 I ‘§ / ‘ * 38%
S 30% - .’"; ‘ %]\ __,"‘ </ — * 33%
Fra t\ - :"" =

R A 25% 24%
{ ——
—e 18%
15% - /" A‘m . - 16%*
100 IU/kg 0%

Bonorxor ™0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Moncing Months post vector administration
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¢ CUANTOS PACIENTES OPTARAN POR LA TG? ::'l"’”
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En contra

A favor

Inmunizacion (AcN)
Pérdida de expresion
¢Riesgos a largo plazo?

Un Unico tratamiento
< coste economico

Bioseguridad alta
No veta futuras opc.

Admin. periodicas
> coste econOmico




Modelos de éxito en TG
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—

Bone Anatomy

= Spongy bone Blood vessels in

S p in a I C O I"d (contains red bone marrow

. marrow) Blood stem
3 ce

—Foramen magnum

Cervical enlargement Red blood cells

®

White blood cells

Spinal cord

marrow N

Vertebral canal

Lumbar enlargement
Conus medullaris

Caude equina
il Platelets
N MedicosNotes.com “®
-~ ¥
-
e

»

Meedle injects
replacement gene

Pigment layer rejuvenated
in treated area

Tumor
) antigen

B\

CD28

\

Proliforation,

cytokine production,
T cell CTL function
tumor lysis

4-1BB (CD137)

Optic nerve Photoreceptor cells CD3 zeta

S0URCE: Moorfields Eye Hospital




Modelos de éxito en TG
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Retinal pigmented epithelium
Cones
Rods

Horizontal cell
Muller glia
Bipolar cells

Blood stem cell

Myelond stem cell Lymphoid stem cell

‘ \
@ o
Myeloblast Lymphoblast
\ B lymphocyte ¥
‘ Eosmophﬂi{@ /
b » \
Redblood ' "

Amacrine cell

————— Ganglion cells

cells o Neutrophil
A
" oomaimng
Kupfter cells iment ot Platelets

distributing vein
inlet venule
intralobular arteriole

® 2003 Encyclopadia Britannica, Inc.

Tejidos postmitoticos Tejidos proliferativos



el futuro c.”’*

Institut de Recerca







90000000000 6
90900000000&

"090@900@0@0

'PQGWHDGGHDQQNW.

PowerGREP
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Vall d'Hebron
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a Results Library Undo History ﬁ Forum
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39 16. Rename Audm_HIes Using Meta Data 51227 matches in D:\Office\PowerGREPS. pdf
40 17. Search and Edit EXIF and IPTC Image Meta Data... N 4 "PowerGREP" and "Just Great Software” are trademarks of Jan Goyvaert
41 18, Search (and Replace) through RTF and HTML as Plain Text. 10 How to Use PowerGREP 1
42 19, Searc_h Through MaﬂtzoxesA.nd Email Mgssages".....H....H.....H....‘ PE Introducing PowerGREP. ©
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Nucleasas en dedos de zinc TALEN

Right ZFP (D) Cleavage
Left TALE domaln
N-CTT T T T — @GP <
N % f # CTCCAACCAGGTGCTAActgtaaaccatggaaaaggaTTAGCACCTGGTTGGA
GAGGTTGGTCCACGATTgacatttggtaccttttcctAATCGTGGACCAACCT
CIGIGITIGICIT[AJAICITIG] taaacc [CIAIGITITIAIGICIAICICIG] Key: C- N
GIGIGIAICIGIAITITIGIAIC] at ttgg [GITIGIAIAITICIGITIGIGIC] B NG Cloavags Right TALE
o . NI domain
L4 L4 L4 el >
& []HD
[ ] HN or NK

CRISPR/Cas9

NGG

L LA insertion

ouble stran i
_’. —’ gene correction

5 . Cas9 break by Cas9 deletion

AMA for crifMA
gene modification
s
® Vall

Modificado de X. Anguela



Utilizacion del locus de la albumina (1) l:ﬂjambm
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Proteina plasmatica mas abundante

[ ]: 35-50 g/L: se sintetizan 15 g/dia

albumina
1. ZFN cleavage —
NHEJ 1 /_/,//// 1 \?\-\\\
2. Donor targeting via | oR /_/./f‘:/ N \-\_\_\
HOR A |[ e o] partial cDNA (e.g. hF9, hF8)

Targeted albumin locus

Intron 1 m partial cDNA (e.g. hF9, hF8) Exon 2 —
G /

3. mRNA “fusion transcript”
generated through splicing
mRNA
Alb Exon 1 partial cDNA (e.g. hF9, hF8)
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__ 5,000~ -100 100,000
T g
E 4,000- 2 E A
2 75 2 10,000 Al
> 3.000' © >
= 50 E T 1,000 o
< 2,000- g =
E : —@— mAlb-targeted ZFN ra E
B o o | et
& 1,000- —¢— control ZFN 23 - 8 100 '-H— """""""""""""""
0 0 = 10
L] L] L L]
% 1% 1x1010  1e11  5x10™ 1x10™
Vesle: Featinjaction AAV8-ZFN Dose (vg / mouse)

GENE THERAPY

In vivo genome editing of the albumin locus as a platform for protein
replacement therapy

Rajiv Sharma,'* Xavier M. Anguela,”®* Yannick Doyon,®* Thomas Wechsler,® Russell C. DeKelver,® Scott Sproul,® Sa n am m
David E. Paschon,” Jeffrey C. Miller,? Robert J. Davidson,' David Shivak,” Shangzhen Zhou," Julianne Rieders,’ -
Philip D. Gregory,® Michael C. Holmes,” Edward J. Rebar,” and Katherine A. High'* THERAPEUTICS

"Division of Hematology, Children's Hospital of Philadelphia, Philadelphia, PA; *Howard Hughes Medical Institute, Philadelphia, PA; and "Sangamn

e Blood 2015: 126: 1777
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Cambio de paradigma C) Yo

TG convencional TG mediante edicion
vectores muy eficientes vectores muy eficientes
expresion transgén a largo plazo expresion transitoria de los

elementos de edicion

“hit & run”

® Vall
0+ d’Hebron
Barcelona Campus Hospitalari
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3)
4)

5)

Resumen C) Yo
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= »7‘\\ - =
‘»\\\“h — —

La TG mediante AAVs dirigidos a higado parece segura y esta
funcionando razonablemente en ensayos clinicos en HA y HB.

La respuesta inmune celular solo se produce con dosis altas de vector
pero puede controlarse con inmunosupresion convencional. La
respuesta humoral no se evita, pero no perjudica a la terapia actual
(aunque podria vetar futuras opciones). ¢ Pacientes con AcN?

Quedan dudas sobre |la expresion de los transgenes a largo plazo.

Coste econdmico, quien podra y querra tratarse con TG.

En el futuro habra vectores mas seguros y eficientes. TG convencional
vs TG con edicion génica.
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Clinica: hemorragias C) Yo

Grave (<1% de actividad): 60%

hemorragias espontaneas
traumatismos minimos

Moderada (1-5% de actividad): 15%

traumatismos leves o moderados

Leve (6-30% de actividad): 25%

asintomatica

estudio familiar

estudio de la hemostasia
sangrado post quirdrgico
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Lowe purity pdFVII High-purity
Subfraction O concentrates concentrates
Cryo- Intermediate-purity rEV I rFIx
precipitates concentrates available available
L L] - el » . . L L
T
Late Mid Early Late Early Mid Late Early Late

1950s 19605 1970s 1970s 1980s 1980s 1980s 1990s 1990s

Heat treatment HIVHCY
of pdFVII sCreening
Plasma Donor/plasma Heat-treated Immunoafhnity, Qualification of
fractionation screening for HEY concentrates  treatingwith donors, imventory hold,
widely solrentor detergent, nucleic acid testing,

available on exchange nanchltration
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Normal coagulation
process
Injury
IXa Xla
Vila Villa
TF
W
activation
PrOthl'ombin Thrombin

Fibnnogen ann clot

Fibrin
Schematic model of coagulationin vivo Hemophilia
“haima” = blood, “philia” = love
In,uy.o::iamage

Incidence: 1/6000 males (HA), 1/25.000 (HB)

200-300.000 people affected in the world (E.'_"E i
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Coagulation Cascade

lrﬂﬁrﬂcﬂpiﬂl‘aﬁy _____________ E:ct_r:insic pathway
b i Deficiencia de FVII (HA) o FIX (HB)
Vil
Common \
aPartial pathway Prothrombin
Thiosioboplestin ) Time 1/5000 — 1/10.000 hombres
| Uipids

Prothrombin (Il) —— Thrombin

| Ligada al cromosoma X
Fibrinogen () — Fibrin clot (XIlI)



HemophiliatA

Queen Victoria (i
(1819-1901) 1 ’:21

II)

‘Roya

1 o é

o o

§ o

3 [0
|

o

é,)tl éa)"‘DO‘ 7 O

q

ol

©
D

i é(‘)é]_rhbfléé ééoééé.ﬂé

v 454

Victorta (1819-1901)

Queen
Prince Albert

Vi non-carrier, mother of Kalser Wihelm 1l
Edward VlI, healthy
Alice, carrier, m. Ludvig IV of Hesse
Alfred ( of Coburg, healthy
Helene, non-carrier
Louise, non-carrier
Arthur of Connaught, healthy
id of Albany. hemophikiac, d. cerebral
hemorrhage. aged 31
Beatrice, carrier

Heatthy children of Victoria and Frederick 11
(H:1, Kaiser Withelm 11)

King George V

RBR380 & © wNowAWNS N

Queen Maud of Norway
15 Vietoria. non-carrier
6

17 Wene, carmar, m. Hunry of Prussia
16 Emesr healthy so
18 Frederick, nemophiiac, d. cerebral
hemorrhage a: ree
20 Alexandra, carser, m. Nicholas Il
Tsar of Russia
21 ry, d. at the age of for
22-27 Neither nemophivac nor carrier
2

Crown Princess Margareta. m. Gustav VI Adolf
34 Arthur, healthy
35 Patricia Ramsay
36 Alice, Princess ol Teck, ¢:
37 Charies-Edward of Saxe-Goburg, healtny
(father of Princoss Sibylia)
ophitiac

38

39 Maurice, -

40 Victoria Eugenie. carrier.
m. Altonse Xill of Spain

od OMA 500, 000000000 O HO B O

a

e

2

CON OMAGNS

MOOOOm NOOHO

@1

a

l[ 5};

Duke of Windsor, healthy
George VI

Mary”

Henry, Duke of Gloucester
George. Duke of Kent
Princess Alice, non-carrier,
m. Andrew of Greece
Queen Louise of Sweden

Lord Ge Mountbatten
wammar. hemophiliac, d. 56 years of age,

0 progeny
Stgremond, non- hemopni
Henry, hemophiliac, d. Pt e age of four
ol

. b. .c

Alexis, b. 1904, d. 1918, amooh-hac

Nelther hamophitac nor carrier

Prince Gustav Adolf, m. Princess Sibyha
igVi

Quoeen Ingrid of Denmark

Prince Bertil

Carl Johan

Name not knowrn,

Aupe d. cerebral
at the age of 28

Princess Sibylla

Alfonso, hemophiliac, d. at the age of 31
Juan, heattty

Hampmnmﬁ

uny
Gonzalo, hernophlnae, d. at the age of 20

Vi1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
7
18
19
vi: 1
2
a
4
s
&
7
8
9
10
$1-13
14-16
17-10
2
24
2t
26
27
28-30
31-35
36-38
Vi1 -2
3-4

56

0.

Lol

Ll
17 [0

1L

{1 Healthy male

O Healthy female

B Hemophilic male
Princess Margaret D Female carrier

Queen Elizabeth 11

rg:
Edward, Duke of Kent
Alonndra

Prlrlee DUl Pt BBl
Non-car

Princess Margaretha

Queen Anna-Maria

King Juan Carlos of Spain
(m. to Queen Saphia)
Name not known

Name not known

Pﬂnee chanea (m. to Princess Diana)

Prince Androe
Prince Edward
David

Lady Sarah

Helen
James
Marina
Princess Margaratha s children
Princess Birgitta’s childres
rincess Desirée s children
Princess Christina’s chikiren
incess Victoria
Prince Carl-Philp
cess Madelsine
Croarn Prinas Feosiarik
Prince Joachim
Princess Benedikte s children
Queen Anna-Maria’s children
King Juan Carlos’s childron

Prince Charles’ children
Princes Anne s children
Prince Andrew’s children

disease
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Identificacion de la mutacion t:lr".Eb

Sequenciacié

DNA
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Gen Factor IX (~30 kb)
PA 23 4 5 6 7 8

HB: F IX

TR
xq 2 7 ‘ . Rec!ssive Dominant
Cromosoma X
Xq28
‘ i
i i
HA: F VIII
. Unaffected child Unaffected child g:r?i‘;?cgﬁﬁd Affected child
P1 234 56 789101112 13 14 151617181920 2122 232425 26
I i i/ | “N\l/zz— \ |/ I
= 1| | | [T [1] | |

Gen Factor VIII (~186 kb)



HEMO-IPS

2011

Use of patient-specific induced pluripotent stem cells
(iPSCs) to improve diagnosis and treatment of
hemophilia A
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HEMO-iPS e
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o
PARIS

A%Bﬂﬁaw&%ygl;ber (INSERM)
¢—Hepatocyt ' gLenti;:{tion _
I

/" BARCELONA %
F. Vidal & R=sParra (BST). n%
Motecul&r diagnosis of hemop 'Iiil?

'ﬁemophilia Unit
J. Barquinero, LL. Martorell (VHIR).

,.,R_r,eeHﬁTcaLgene_ﬂ:@@y&
A. Raya (IBEC). k L
Control of stem cell potency I
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Seleccion y reclutamiento de pacientes c:m.Heb,on
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&« C M [ www.hemobase.com/EN/Base_de_datos_HA.htm
i Aplicaci = izacién de se. Q] Neuroscience &3 PubMed A, Configuracién || BIBUAB ) ROM Manage:

Hemobase

W HA mutations ! HB mutations Contributions

) - -.'
5 (i
4 £\ 7
] A 5

o - T e e Unidad de Hemofilia / BST / VHIR

Mutation Nonsense

Sustitutio

® i type
# of patients 3 4
& Se decide incluir también el

paciente con HB y su madre

7 pacientes (HA) reclutados
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HEMO-iPS: generacion de iPSCs e
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Biopsia de piel Oct 4

P Sox 2 #
: J“l ! ! @

c-Myc
Klif4

Cultivos primarios

Queratinocitos
y fibroblastos ),
E—Rar‘e’ﬁﬁj
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Protocolo de diferenciacion a hepatocitos (HLCS) € \aueon
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Do D2 D4 D5 D6 D8 D 1TSS i ey s S [ D 27
Activin A CHIR9901 ActivinA  Activin A BMP4 Passage HGF (20 ng/ml)
(100 ng/mil) B uM) (100 ng/ml) (50 ng/ml) (20 ng/ml) on Dex (0,1 mM)
FGF2 Sl FGF2 FGF10 OSM (20 ng/ml)
(80 ng/ml) Ly294002 (10 uM) (80 ng/ml) (1o ng/miy  Collagen |
Activin A (100 ng/
ml)
BMP4 (10 ng/ml)
FGF2 (100 ng/ml)
“ ~ J — /- ~ J
CDM-PVA RPMI/B27 HCM ,
: < >< >< >
DO iPSC (HB-16) Endoderm Hepatic progenitors Hepatoblast maturation D27 HLCs (HB-16)
DO D5 D10 D19 DO D5 D10 D19

Hannan et al. Nat Protoc 2013; 8: 430



HEMO-iPSC: RESULTADOS c,""”
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HLCs Nonsense-

. o
mutacion de splicing ] e .
mediated decay
()
IVS3 -3A<G S 4o
\ Region C ()
- | Region B -l ?2: 304
Region A polyA <
- > v )
["T 2 B4]s] & J7] 8 | < 20
- : : o — g
200 400 ‘690 _____ 800 1000 2600 2800 E
____________ = 10
____________ >
............ o i
Hep DO D10 DO D10 D28

D5
Madre /
%

mutado

Martorell L et al. 2017 %
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Journal of Thrombosis and Haemostasis, 15: 2188-2197 DOI: 10.1111/jth.13808

ORIGINAL ARTICLE

Advanced cell-based modeling of the royal disease:
characterization of the mutated F9 mRNA

L. MARTORELL,*ff E. LUCE,§9** J.L. VAZQUEZ, 77 Y. RICHAUD-PATIN, ¥
S.JIMENEZ-DELGADO,T7 1. CORRALES,¥ N. BORRAS,T S. CASACUBERTA-SERRA,* A. WEBER, §q**
R. PARRA,#fi C. ALTISENT,if A. FOLLENZI,§§ A. DUBART-KUPPERSCHMITT,§9**

A. RAYA,+199*** F. VIDALTf{t+t andJ. BARQUINERO*

*Gene and Cell Therapy Laboratory, Vall d’Hebron Research Institute, Universitat Autonoma de Barcelona; tCongenital Coagulopathies
Laboratory, Blood and Tissue Bank (BST),; $Molecular Diagnosis and Therapy Unit, VHIR-UAB, Barcelona, Spain; §INSERM Unité Mixte de
Recherche (UMR_S) 1193; YUniversité Paris-Sud; **Département Hospitalo-Universitaire Hepatinov, Paul Brousse Hospital, Villejuif, France;
t+Center of Regenerative Medicine in Barcelona (CMRB); 1iHemophilia Unit, Vall d'Hebron University Hospital, Barcelona, Spain;
§§University of Piemonte Orientale, Novara, Italy; §YCatalan Institution for Research and Advanced Studies (ICREA), Barcelona;
***Biomedical Research Networking Center on Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN), Madrid, Spain; and
tttBiomedical Research Networking Center on Cardiovascular Diseases, Madrid, Spain
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Jerapia genica: ensayos clinicos (2017) \:ﬂjﬁﬁebron

Indications Addressed by Gene Therapy Clinical Trials (\5/)

A\
WILEY

-
i1

Cancer diseases 64.5% (n=1554)
Monogenic diseases 10.3% (n=248)
Infectious diseases 7.5% (n=180)
Cardiovascular diseases 7.4% (n=178)
Neurological diseases 1.8% (n=43)
Ocular diseases 1.4% (n=33)
Inlammatory diseases 0.6% (n=14)
Other diseases 2.3% (n=56)

Gene marking 2.1% (n=50)

Healthy volunteers 2.2% (n=53)

2060000000

The Journal of Gene Medicine, @ 2016 John Wiley and Sons Lid www.wiley.co.uk/genmed/clinical

5 i http://www.wiley.com/legacy/wileychi/genmed/clinical/
eefe dHebron



lerapia genica: vectores utilizados (201.7) clrmm
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Adenovirus 21.2% (n=535)
Retrovirus 18.3% (n=462)
Naked/Plasmid DNA 17.1% (n=431)
Adeno-associated virus 7.3% (n=183)
Vaccinia virus 6.8% (n=172)
Lentivirus 6.3% (n=158)

Lipofection 4.6% (n=116)

Poxvirus 4.2% (n=106)

Herpes simplex virus 3.6% (n=90)
Other vectors 7.7% (n=195)
Unknown 3% (n=76)

09000 O0OGOOS

The Journal of Gene Medicine, © 2017 John Wiley and Sons Ltd www.wiley.co.uk/genmed/clinical

5 i http://www.wiley.com/legacy/wileychi/genmed/clinical/
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In GI: explolting natural tropisms ot Vectors = " .
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Retina:

Skeletal Muscle

Systemic Gene
Transfer:

Heart:

AAY genome plasmid Packaging plasmid Virion rget Ti

R EETER [ @ AAv2 | musce
—ETE-EETEL - | ©AAV22 | Muscle, Liver, Retin
T B | @aaves | e
M e T 2| R [©aavzu | swe. s
| - [Saner o
AR [© aavor | sce
MR- R | aavzs e
- | AAVZE | wueg.ons
e S |- (o]

Karen Kozarsky (ReGenX

DincAainanmQrnc)
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Astrocytes

Ubiquitous

promoters
Astrocytic
promoters

gfa2  gfa2
miRT
detargeting PGK-

miR 124T

® Vall
eag® d’Hebron

na Campus Hospita
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TG: adicidon vs. edicidn :ln’ﬁb

Homologous recombination

— ——

g } 2\
l |—\| , |
| — I

Gene Disruption

(+) Endogenous gene regulation

Guide RNA T
(-) Generally low efficiency \ ][ “

Can be stimulated through induction of >< Targef DNA N caco pmtein><
Double Strand Breaks (DSBs)

® Vall Gene Replacement

*Heb
o+ d’Hebron
Barcelona Campus Hospitalari




Retos en TG para enfermedades minoritarias © vaiaweron
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- Hay mas de 7000
- Modelo de mercado

alipogene

1 i /7 ]
ti 7
= e
S
G Chiesj )

UniQure

1.4 millones de €



Retos en TG para enfermedades minoritarias © vaiaweron
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scAAV vectors t::—"'
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Adeno Associated Virus (AAV)

:@:’ - ss-DNA

i N

scAAV LP1-FIXco

Alternative serotype (AAV8) with lower serum Codon optimisation of the FIX transgene
prevalence than wild type and a high tropism to increase expression

for the liver Self-complementary from of the virus to over
Liver specific promoter a rate limiting second strand synthesis

ss-DNA sc-DNA



Hemofilia: modelos animales clr'”
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Murino
Hemofilia A: disrupcion exén 16 6 17 (neo) <

Hemofilia B: disrupcién promotor o exdn 8 (neo) - p—

Canino

- Hemofilia A

- Perro Chapel Hill: setter irlandés

- Perro U. Queen’ s: Schnauzer miniatura

- Hemofilia B
- Perro Chapel Hill: Keagle
- Perro U. Auburn: Lhasa Apso




Primary
receptor

Secondary
receptor

rAAV6

rAAV7
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rAAV4 rAAV5
N-linked
N-linked O-linked | N-linked |53 N-linked
i v - . -linke
sialic acid iSFS BB sialic acid | sialic acid AaC; UnKAEWN; || URknewr galactose
HSPG
;%FF‘;L FGFR1,
unknown integr’ins HGFR, unknown |PDGFR EGFR unknown |LamR LamR
'~ | LamR

CD9, LamR
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1000 nm
100 nm
10 nm
Human fenestrae size
Onm (107nm)
DNA vectors AAV Adenoviral vectors
(<1 nm) (22 nm) (150nm)

Lentiviral vectors
(150 nm)

Herpes simplex vectors
(180 nm)
—

Liposomal vectors
(50-1000 nm)



