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— ABSTRACT N — TREATMENT OPTIONS — — BLOOD-BRAIN BARRIER —

Lysosomal storage diseases (LSD) are a numerous group of diseases, which can present Is th in obstacle t h CNS for CNS di
from mild to very severe clinical profile with implication of many organs. The most severe . s the main ol cle to reac or i-
forms present nervous central system (NCS) implications, that cause mental retardation Enzyme Replacement || Substrate Reduction rected therapies.

and lifespan shortening. There is no curative therapy for this kind of diseases, and existing . Therapy . I T||1era|1py dmi e Isolates the brain from circulating blood.
treatments are not able of successful correction of CNS impairments. Gene therapy is a :!;ls,:'tri‘gnﬁg%rpme 3?:}'?’ i?:tior:ci)negl:d?riomm- » Formed of endothelial cells that present tight
curative treatment option, being now evaluated in preclinical and clinical trials, because of combinant enzyme block undigestible sub- junctions between them

its advantage of correcting CNS cells. ) Not able to cross BBB. strate production.  Function: protecting from potentially dangerous

agents.

Disadvantages & Obstacles

— LYSOSOMAL STORAGE DISEASES —_— * These treatments are no curatives, and

require chronicity.

Main features: It is a group of >50 different diseases:  Successful in small number of LSD. :

» Caused by a specific hydrolase ¢ Mucopolysaccharidosis (MPS types I - VII) * Not able to complete CNS correction
dysfunctionality « Oligopolysaccharidosis

* Cause undigested storage in  Lipoidosis New treatments necessity
lysosomes - Sphingolipidoses (Niemann-Pick disease, Gaucher Some new treatments in trials. The

* Present neurological, renal, disease) ici i nlicat ice
cardiovascular, gastro-intestinal, - Gangliosidosis (Tay-Sachs disease) most promising for NCS implications is:
musculo-skeletal, ophthalmo- - Leukodystrophies, (Krabbe disease, Canavan Gene Thera py
logical and respiratory problems disease, Adrenoleukodystrophies) « Curative treatment

* Severe forms cause mental « Glycoproteinosis (Sialidosis, Fucosidosis, « Introduction of a gene encoding missing
retardation and lifespan Mannosidosis) hydrolase
shortening * Neuronal Ceroid Lipofuscinosis (Infantile NCL,

¢ Two approaches: ex vivo and in vivo
* Able to achieve CNS correction

GENE THERAPY APIPROACH FOR LSD
v A

— EX VIVO GENE THERAPY — IN VIVO GENE THERAPY

Ex vivo gene therapy In vivo gene therapy CSF drain B

. > -
Consists on: 0 ﬁ * Introduction of the gene directly to the patient fothe | irlgmmremns v L P
1. Isolating patient’s cells 0 0 k-\ I‘ ' ' « Exposure to viral elements e A e

Late-infantile NCL)

2. Culturing them and transducing with suitable vector

i A —
3. Selecting of transduced clones ) 0 “‘ nl Mainly used vectors: Adeno asociated § , A
4. Infusing corrected cells back to the patient N vectors (AAV) #,

Mostly used vectors: Lentivirus 4 @ * Low immunogenicity B =

* Capacity of transducing dividing and non-dividing cells * Broad tropism

* Permanent expression * Small vector capacity . -

* Low immunogenicity 3 ! * Many different serotyepes with different tropism . L ;

* Broad tropism . ] [ j‘| 1 o For CNS transduction: AAV1, AAV2, AAVS5, AAV8, AAV9 il £ ) R

£ 4 — e
Main advantage: patient is not exposed to viral capsides \ l,_.’ll “-,J. . ) ' -
and consequently less immune response J Administration routes Bumbis J W o——
- N . Systemic Organ-specific

Proof of principle for correcting NCS: . : .

* Microglia derives form hematopoietic stem cells (HSC) : Sgﬁm\gés,: l:equltfi)rggoss BBB : iguae?zrgg:: ymal Intracisternal Intraventricular

+ Cross-correction in brain « Important immunogenic « Cerebrospinal fluid possibilities vector distribution and gene

problems correction

— PRECLINICAL AND CLINICAL TRIALS
T ———— apy with AAV in LSD — PRECLINICAL AND CLINICAL TRIALS

Disease | Animal model Cells type Gene Most outstanding results Reference
MPS T S Erythroids IDUA g:grrt:‘lgrgr:gal improvements but not totally cure of locomotory activity’ Pan et al, 2009 =
iy Disease ] Serotype Gene Administration Most outstanding results Reference
ea GUSB serum levels restoration to 40%. 4 month (study duration time)

MPS VII mouse hMsC GUSB o by " Sands et al, 2008

MSC persistence and enzyme expression. No tumor formation observed. omi | mouse| Awvi Beta, Intra, Thalamus correction, distribution to cerebrum. | Beak et al,
MLD TS HsC Arysulfutase A |EN2yme activity full reconstruction. Prevention of motor learming and| pycs ot 41, 2004 galactosidase | thalamic | Storage amelioration. Lifespan increment 2010

neuropathological impairments. e

Intramuscular: enzyme production in muscle,
IDUA-a-L GUSB - B MLD - L MPS IIIA | mouse AW1, Sulfamidase Intramuscular | but not secre/on into bloodstream. Intravenous Bosch et
— AVV8 Intravenous | (AAVS) GAG storage correction in all /ssues inc- | al, 2011
Results of clinical trial of ex gene therapy for LSD luding CNS. Lifespan increment.
rtier et al, 2009 .
Beta, Intra, Prevention of thalamic neurons loss. Also in con- | Sargeant

Disease: X-linked Adrenoleukodystrophy (ALD) Sandhoff | mouse | AW2 | ocaminidase|  stratium | tralateral thalamus. Local immune response etal, 2011

Vector: SIN-lentiviral vector, under MSV promoter

Adjuvant treatment: full myeloablation regimen Efficient transduction of all brain. Owning to the [, .

Patients: 7 and 7.5 years old boys with ALD. MSP IIIA |MOUSe, | avvg Sulfamidase Intra,CSF | AAV9 capacity of cross BBB, storage correction o zgu 5

A dog was achieved in the rest of organs. 2

Clinical trial Clinical trial inistrati Gene Principal i
Tay Sachs Phase IT Intracranial a, B hexosaminidase Timothy Cox
Metachroma/clLeukodystrophy | Phase /Il | No data Arylsulfatase A INSERM
Galactosialidosis Phase I Intravenous Protective Protein Cathepsin A | Arthur Nienhuis
patients who develop cerebral demyelinati
P— P 10 patients aged 8,12, presented from mild to severe forms.

. . ) . ] ] Administration Gene Prindipal investigator Results: many serious adverse events (60), among them seizure, incre-
Figure A: Transduced cells percentage in both patients; Figure B: Enzyme expression levels in one of the - P P —— ased myoclonus, anemia. And non,serious (94), such as thrombocytosis,
patients; Figure C: Demyelination progress in two patients (1, 2) and one non-treated control (3). ntraparenchymal Al Ey seizure, vomiting, etc). Authors suggest that these effects are not une-

quivocally atributed to the vector. But this safety trial outiine the multiple
No data Arylsulfatase A INSERM adverse effects that should be taken into consideration with this therapy.
Results:
o stabilization of transduced cells number ~10% k /

 stabilization of ALD protein expression in different cell types (average ~10%)

* slower progression, stabilization and even regression of impairment — CONCLUSIO NS R

d / ongoing al trials for LSD e 0g erap Gene therapy is a curative therapeutic option for many diseases that involve CNS and that have

Disease Clinical phase Cell type Gene Principal investigator no treatment at the moment. Although still many obstacles have to be overcome and many ad-

Metachromatic Leukodystrophy Phase I/IT Autologous CD34+ ARSA Biffi, Alessandra vancements in this field must be scaled up to humans and tried in clinical trials before gene
e o R T Phase 111 Autologous CD34+ AD Inserm therapy can become conventional treatment it is very promising therapy for many diseases that

have no curative treatment at the moment, such as LSD.




