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delivery to the Central Nervous System
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Specific issues

» the brain is a complex organ: interconnections between neuron, glia
and other cells

» the target areas:
- discrete brain region: Parkinson, Huntington
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» taken up by the cells at the injection site or diffuse away
» anterograde / retrograde transport to distant sites
» volume constraints / number of stereotactic injections
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Voobr' Virion type Particle size Titors (ransducing  Transgene capacity

units mi™)

MoLY Retronius 100 rm 100-10v 7-8kb
FNA)

Lertvirus Retrovirus 100 nm 10010 7-8kb
FNA)

Recorrbnant Adecovius 80-120 nm 10"-10™ 20kd

AdeNOvIUS ONA)

'‘Gutiess’ Adeoovirus 80-120 nm 0 Upto 38 kb

adenovinus (HONA)

Adenor Parvovwus 20-30rm 1010 45kb

s90cHted Virus maTNA)

Sndbis W 6065 rm 10 6’

Poloirus replicon Focmavius 3D nm W 8 x*
(=SANA)

HSV amplicon Hempesvus 120-300 nm 0 Upto 150D
(dSONA)

HSV Herpeavius 120-300 rm 10 500

recombinant vus ONA)
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 Linear s/s DNA genome

e Maximum insert size - 5 kb

 Defective parvovirus dependent on helper virus for replication
» Wild type virus integrates into chromosome 19

* Non-pathogenic

Lytic infection

Integration

Latent infection
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“Potential clinical applications

e stroke

e spinal cord injury

» neurodegenerative diseases (Parkinson, Huntington, Alzheime
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dressed by Gene Therapy Clinical Trials I,i,

WILEY

Cancer diseases §4.6% (n=993)
Cardiovascular diseases 8.9% (n=137)
Monogenic diseases 8.1% (n=124)
Infectious diseases 7.9% (n=121)

Neurological diseases 1.8% (n=27)

Ocular diseases 1.1% (n=17)
Other diseases 2.1% (n=33)

Gene marking 3.3% (n=50)
Healthy volunteers 2.3% [n=35)

The Journal of Gene Medicine, © 2009 John Wiley and Sons Lid

www.wiley.co.uk/ganmed/dinical
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Symptomatic treatments
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Amyotrophic Lateral Sclerosis

* Genetically engineered encapsulated cells producing CNTF
Aebischer et al. (1996) Nat. Med. 2: 696-699

* Zinc finger DNA binding protein (ZPF-TF, transcription factor), naked DNA,
intramuscumlar administration

Huntington’s Disease
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Symptomatic treatments

Parkinson’s Disease

 AAV-hAADC-2 (0307-593) Eberling et al. (2008) Neurology 70: 1980-
1983
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Gene replacement

Canavan (childhood leukodystrophy)

 Cationic liposome containing an ASPA plasmid DNA (9711-
222)
 AAV-ASPA (0001-381) Janson et al. (2002) Hum. Gene Ther. 13:

1391-1412;
McPhee et al. (2006) J. Gene Med. 8: 577-588
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untimited PageS m hematopoietic precursors

v’ present in the bone marrow after hematological reconstitution following BMT
that go into the blood and then penetrate into the brain
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v’ Lack of matched URD or cord blood

v Mortality risk of allogeneic BMT in children remains close to 20%

v Mortality risk of allogeneic BMT in adults is up to 30-40%
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» Development and Production of the clinical grade lenti-ALD vector
(Cell Genesys Inc, USA)

» Viral safety issues: vector and transduced CD34+ cells

» Risk of insertional mutagenesis
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» Development and Production of the clinical grade lenti-ALD vector
(Cell Genesys Inc, USA)

> Viral safety issues: vector and transduced CD34+ cells
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Unlimited Pages and EXpandes gene transfer to CD34" cells followed by autologous

transplantation

5 ALD patients (5-15y) with cerebral demyelination, candidate for
HSCT, without HLA-matched donor or UCB

* CD34+ cells from ALD patients are purified from PBC, transduced ex vivo,
frozen until re-infusion (for RCL assays). Re-infusion of > 4 x 108/kg

--> 3 x 10%/kg non-transduced CD34* cells/kg are preserved (in case of
graft failure
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patient 1. LS score = 2,25

gadolinium +
7 1/2 'y, ALD protein -

patient2: LS score=7
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» Gene marking and transduction of HSC

» Neurological outcome
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» Re-infused with:
4.6x10° CD34+/kg (P1), 7.2x10°CD34+/kg (P2), 8x10°CD34+/kg (P3)

 Procedure was well tolerated without complications

» Hematological recovery at day 15, complete for immune functions at 12 months
(P1, P2 & P3)

» normal cellularity of bone marrow aspirate
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Any detectable signs of genotoxicity ?

v'Lentiviral vector integrates into the genome like murine gamma retrovirus

v'Insertion of any DNA fragment into, close to or even at distance of gene may
modify gene expression (proto-oncogenes, miR, SNPs acting in cis or trans
on gene expression) etc..) resulting in the emergence of « dominant clones »
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PL[#] PL1[%] P2[#] P2[%]

Unique exactly mappable IS 2217 1380
pre-transplant cells 501 486
post-transplant cells 1719 898

IS in Refseq Genes 1612 72.71 1046 75.80

IS in Refseq Genes +/- 10 kb 1774 80.02 1144 82.90
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Objectives

» safety
» expression of recombinant ALD protein in leucocytes ?

correction of stem cells ?
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% of ALDP+ % of ALDP+ nb of vector nb of RNA
before after copy/cell copy/cell
freezing thawing

P1 50,6 o1 0,72 5400

endogenous: 1320
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» Expression in cells with short half-life ?
monocytes et granulocytes (3-4 days)

» Expression in bone marrow CD34+ cells ?
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Patient P1 (M36)

* developed mild right hemiparesis and aggravated frontal syndrome at M7

o partial regression of hemiparesis at M12 with nearly complete reversal at M16
« improvement of frontal syndrome from M12 to M24, stable since

* no changes in verbal 1Q (108); decrease of performance 1Q (99 -> 75)

Patient P2 (M30)

* N0 neurologic signs, excepting bilateral inferior quadranopsia without decreased
visual acuity

* NO cognitive deficits, excepting moderate decrease of visuo-spatial performances
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« very similar to that observed after allogeneic HCT
(100% chimerism, uncomplicated)

— No progression of the lesions after M12

MRlH HCT or GT

evolution | 12-15 mopths

of the disease

No clinical symptoms
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« first demonstration that lentiviral vector efficiently transduces HSC in the
absence of selective advantage

* no safety concern with respect to HIV infection
(mobilization of the vector and recombination)
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letachromatic Leukodystrophy (MLD)

Lysosomal storage disease due to the deficiency of ArylSulfatase A (ARSA)
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rationale of brain gene therapy in MLD

The benefit of allogenic hematopoietic stem cell transplantation is limited to
late juvenile (> 6 years) and adult forms of MLD

Enzyme replacement therapy ?
lysosomal enzymes do not cross the blood-brain-barrier

Delivering rapidly ARSA enzyme into the brain appears the only
— potential therapeutic approach to have chance to result in a clinical
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N\
Antero- Mean VGC Diffusion % @1 the injected
Momley pf)ster.ior (and maximum Volurgle* her.ni.sphere
diffusion value at (cm”) containing AAV
(mm) injection site) vector**
Prim1 32 8.0+2.3(138) 12.1 37.2 %
Prim2 38 4.0+0.9 (137) 13.3 40.8 %
Prim3 45 2.3+0.6 (86) 14.1 433 %
Prim4 45 1.7+ 0.5(47) 12.0 36.9 %
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recombinant ARSA Volume (cm3) Hemisphere %
activity of ARSA overexpression(pf ARSA overexpressio
Prim1| 1.38 £+ 0.01 (0,013) 18.1 55.7 %
Prim2 | 1.21 £+ 0.05 (0,027) 16.3 50.2 %
Prim3 | 1.24 £ 0.06 (0,029) 19 \ 58.5 %
Prim4 | 1.14 + 0.04 (0,042) 21.1 \ 64.9 %
Prim5| 1.12 £ 0.03 (0,027) 18.1 57.7 %
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Three genes identified
in the familial forms of AD:

Amyloid plagues - APP (Amyloid Precursor Protein)

- Presenilin 1 et 2 (PS1, PS2)

Amyloid plaques
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AL STEREOTACTIC INJECTION OF AAV5-CYP46A1

APP23 mouse
ADENO ASSOCIATED VECTORS
- AAV5-wiCYP46A1 (AAV-CYP)
- hAPP5, containing the swedish double mutation - AAV5-mtCYP46A1 (AAV-control)

- First cognitive deficits as soon as 3 months of age

- First amyloid deposits at 6 months

(Sturchler-Pierrat et al. 1997)
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OVEREXPRESSION OF CHOLESTEROL-24-HYDROXYLASE IS
ASSOCIATED WITH:

> Decreased AR40/42 production

> Decreased amyloid plaques and AR oligomers in APP23 mice  (preventive and
curative)

> Decreased inflammation

» Improvement of cognitive deficits



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

oIS s A THERAPEUTIC TARGET FOR AD :
_— Further steps

Click Here to upgrade to '
Unlimited Pages and Expak

» Proof of concept
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in vivo : microarray APP23/APP23 CYP

in vitro : N2A-APP-CYP subcellular localisation of the different key actors
coll MC Potier, C Duyckaerts

» Therapeutic potential
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pour Alzheimer ?

« Marche actuel : medicaments peu efficaces

« Médicaments en phase Il et Ill prévisionnels connus

« Nouveaux medicaments dans le pipeline connus
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=~ Gene therapy isn't going to suitable for every genetic disease in
Where am 17 > HOME > NEWS > SCIENCE » Eureka Zone the near future. The problems of carrying replacement genes to
: _ v the many cells affected by systemic conditions such as cystic

- - A,/ ' fibrosis are still extremely challenging. It is making considerable
progress, though, and it deserves better support from the
pharmaceutical industry and other research investors.

Eureka Zone

« Unflinching Alzheimer's account wins top medicine writing

prize | All Posts | Who would you choose as Britain's science Your writers POSTED BY MARK HEMDERSON ON NOVEMBER &, 2009 IN GEMETICS
envoys? » . ; £ BoCkMARE o 20 57
Mark Henderson is MEDICINE | PERMALIMNK | POST TO TWITTER L _res
11/06/2009 Science Editor of The
Time to take gene therapy seriously VEUR, A6 A Sodw vinone

of the Norwich Union /

After Setbacks, Small Successes for Gene Therapy

By GINA KOLATA, .

Published: November 5, 2009 Ehﬂ' ..:.\ﬂ"lll‘ ﬂl!lﬂ{ Eimt‘.'ﬁj
Mot long ago, gene therapy seemed troubled by insurmountable

difficulties. After decades of hype and dashed hopes, many who once

embraced the idea of correcting genetic disorders by giving people
new genes all but gave up the idea.

@, Enlarge This Image DBut scientists say gene therapy may be

on the edge of a resurgence. There

were three recent, though small,

successes — one involving children

with a fatal brain disease, one with an

eve disease that causes blindness and

one with children who have a disease that destrovs the
immune system.
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» Underlying mechanism of the role of CYP on amyloid pathology
in vivo : microarray APP23/APP23 CYP

in vitro : N2A-APP-CYP subcellular localisation of the different key actors
coll MC Potier, C Duyckaerts

» Therapeutic potential
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009 recent progresses in gene therapy

Parkinson

Déficit en ADA, DICS-X

Patient non traité

Au momem_ 2ans plus tard|
du diagnostic
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Patient traité
par thérapie génique
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Gene therapy deserves a fresh chance
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RESEARCH HIGHLIGHTS

Nerve repair

Solance 328, HB-B23 (2004)

Reseanchans herve showed B fatal bl

dizease by Inserting 8 pane Into stam calls

and then tranaplaniing them into two patieris.

Melinked ad ranole wodystrophy (ALD) l2a

nawrodegenarathve diseasa caused by 8 mutation

intha ABCTH pena. Patrick Aubaurg of the French

National Ingtihute for Health and Medical Resaarch
(IMSERM]) in Parls and his collsagues enginserad a virug

o Insart a funciloning copy of the gene i the genome of

the patianis” hong-marmow stem cells. The team then depleted
thie pertbants of thedr bone marrow befare infusing them with
the repained cells. Shean months later, neural degene ration had
slopped I bothpatiends. Two years after thengy, 18% of bana-

maorw St cells in one pathent (fowr calls pletared) carriad tha
warkinggens (cell with rad daots).
Fora longerstory on this reseanch, ses porature.com/AZPIGE
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DE NOUVEAUX ESPOIRS
EN THERAFIE GENIQUE

S MOVEMBRE

Deux miadecins francais publient dans

la revue «f Science w Les résultats positifs
du premier traitement d une maladie
neuradegeénerative par thérapie génigue.

LE SENS

~Equipe mense par Nathalie Cartier et
fatrick Aubowrg vient d emperter un
ranc succes dans la lulle contre ladre-
wleucodystraphie, une maladie géné-
igue du cerveau oul bauche un nouweay-
w2 sur 2000 on France. En aglssant swr

e géne responsable, cette thérapie nova-
ricea permis d enrayer, enun pew plus
funan, la progression de La maladie

| 7

PARITE HOMMES-FEMMES -
FAUT-IL VRAIMENT UNE LOI !

& NOVEMERE

Le ministre du Travail, Xavier Darcos,
Incite Les partenaires sociaux anagacier
sur Uegalité professionnelle hommes-
fernmes et promet une iei powr 2010

LE SENS

M en jeter plus | Les entreprises doivent
deja négocier 4 el le 1= janvier un plan
d’actian en faveur das senlars, sous
peine de sanclions financidres. A catte
date, les pénalités pour celles qui n'em-
ploient pas assez de salariés handicapés
seran! durcies. Depuis quelgues
semaines, les ORH des arands grovpes
sunt egalement presses d'agir contre le

TRANSPORT AERIEN : LA
COURSE A LATAILLE CONTINUE

12 NOVEMBRE

Ibaria ef British Airways concluant un
accord de lusion qui signe la mnaissance
du troisiame opérateur adrien europeon
dans un cantexte de crise du sectaur.

LE SENS

Apris de langues fiangailles, las deux
partenairas esgagnol et britannique
cnt finalement décidé da se marier
saus Le régime de la communauté.
Mais il faudra encore un an pour border
définitivement le cantrat et célébrar

la nace : doici & La fin 2000 5§ tout

5B passe bien. Sur le Vieux Canlinont,
ce mariage conclut la longue phase
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Ardipithecus
[Image & 2005 J

Science's list of the nine other
groundbreaking achievemenis 20 moeths
rom 2009: ="
ALD patisnt

Pulsars Detected by Fermi: (lipid storage disorder)
MASA's Farmi Gamma-Ray
Space Telescope helped 1o
identify previously unknown
pulzars—highly magnetized
and rapidly rotating neutron
stars—and shed light onto their
Unigue gamma-ray emissions.

Ligtid storage
relbel

Rapamycin: Researchers
found that tinkering with a key
signaling pathway produces
life-extending benefits in
mice—the first such result ever
achieved in mammals. The
discovery was particularly
remarkable because the

treatrment did not start until the HIV-based wector with
mice were middle-aged. lhﬂmﬂt -llat'ﬂ-T gene

Graphene: In a string of
ragid-fire advances, materials
scientists probed the properies
of graphene—nhnighly
conductive sheets of carbon
atoms—and staried fashioning
the material into experimental

electronic devices. Progeny of HECs that were engineered to carry the correci version
of a gene (through the integration of a leniiviral wector) distribute
Plant ABA Receptors: throuwghout the body. Cartier et al. show that some cells replaced
Solving the structure of a diseased microglia in the brain and relieved lipid storage in palients
critical molecule that helps suffering from ALD. This image relates to an article that appeared in
plants survive curing droughts the & Movember 2009 issue of Sciance, published by AAAS. The

may help scientists design new  study, by Dr. Nathalie Cartier-Lacave of INSERM in Paris, France
ways o protect {"r'!:'ps against and colleagues, was titled, "Hematopoietic Stem Cell Gene Therapy
prolonged dry periods, with a Lentviral Vector in X-Linked Adrenaleukodystrophy.”



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.

¥ C om plete Thank you for using

PDF Complete.

Click Here to upgrade to
Unlimited Pages and Expandecs

du gene thérapeutigue permet la diminution

europathologiques et du phénotype clinique
dans le modele animal

Ce gene est une cible thérapeutique ++++

1 Tissue %
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