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What we (don’t) know

« The pathobiology of the disease : * The development of efficient gene therapies
o gene discovery What vectors (size, tissue diffusion)

What promoters
When is it too late ?

The development of gene independent
o Stages of the disease approaches
Neuroprotection

o Animal models

O O O

o Protein function

* The implications of multisensory impairment
Optogenetics

o Communication issues :
Prosthetics

o Impact of visual loss on balance

O O O O

Cell replacement

o Holistic care * The demonstration of a therapeutic benefit
o natural history data
o Outcome measures
o PROs, PBTs



- First identification of an USH gene

1995. The Usher Syndrome type IB gene, USH1B/MYO7A, encoding for myosin Vlla
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I am Clara Mendia, …
which aimed at developing a molecular strategy to activate Pomc in the mouse hypothalamus using artificial transcription factors and lentiviral vectors. 
My Application details my academic parcours & achievements, and so I will not go into the details of all the work I have done, but I will highlight some points on interest to my PhD proposal…
before introducing my PhD project on hearing and the impact of noise, here is a brief description of the senses I will be …
I will start with a brief introduction of my master project which aimed at developing a molecular strategy to activate Pomc in the mouse hypothalamus using artificial transcription factors and lentiviral vectors.



= Cellular and subcellular targets of USH1B protein ?

% Inner ear: the sensory hair cells & the mechano-sensitive hair bundles
Auditory hair cells OHCs

IHCs

)=
.

-

( — Sound receptlve -hair bundle

g

w% - A
b N M

e

Auditory sensory organ: organ of Corti El-Amraoui A, et al. -> Petit C, HMG 1996

** Retina: Photoreceptors (PhR) & retinal pigment epithelial cells (RPE)
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Pour déterminer la cible du défaut myosine VIIa, nous avons regardé son expression, et montrer que l’origine primaire menant au dysfonctionnement auditif se situerait au niveau des cellules sensorielles auditives : ici les CCI et CCE  
Dans ces cellules : la protéine est présente partout dans le corps cellulaire, mais aussi : au niveau des stéréocils qui composent la touffe ciliaire.


Phenotype discrepancy between USH1 patients and related mouse models ?

s Whilst USH1 mutant mice do reproduce the inner ear-related symptoms, differences exist as to

expressivity of retinal dysfunction?

Human Mouse
¢ Congenital deafness 3¢ Congenital deafness
2¢ Circling behavior s Circling behavior
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%¢ Retinitis pigmentosa ? ;Z - --
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USH1 mouse models display no visual defects
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Strikingly, unlike the USHER1 affected patients, none of the USHER1 mice displays a retinal phenotype, and this lack of phenotype has made it difficult to elucidate the roles of the USHER1 proteins in the retina.
before addressing the question to understand Why? let’s see how the eye works?


Molecular and structural differences between mouse and primate photoreceptors

Primate Mouse ‘.
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+ Loss of USH1 function leads to defective calyceal processes & impaired outer segment disks morphogenesis

Morpholino-Based approach in Xenopus to study USH1 role in the retina

! wild-type X. tropicalis pcdh15 morphant

rod photoreceptor

rod photoreceptor cone photoreceptor

Schietroma C et al. J. Cell Biol. (2017)
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All Usher 1 proteins are associated with F-actin finger-like membrane projections, which are present in photoreceptor cells of many species, like primates and humans, but not mice. We have then proposed that a defect of USH1 proteins in the calyceal processes probably causes the retinal dystrophy in USH1 patients?
We have now confirmed this proposal using a morpholino-based approach in frog, with USH1 deficiency being shown to lead to impaired function and shape of photoreceptor outer segments, correlated with alteration in the calyceal processes, virtually absent in morphant cones. All the data calls for more pertinent preclinical models, 
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WP1 : Longitudinal follow-up of a large cohort of USH patients

Vertical vs, Horizontal Diameter of EZ, SWAF and NIRAF
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Therapies in development

* The development of efficient gene therapies
oWhat vectors (size, tissue diffusion)

oWhat promoters

oWhen is it too late ?

* The development of gene independent approaches
oNeuroprotection

oOptogenetics

oProsthetics

oCell replacement




GENE THERAPY FOR VISION RESTORATION
IN ROD-CONE DYSTROPHIES

Stage Stage IV
Loss of rods egment Loss of cones
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Restore normal vision or preserve remaining vision
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USH1
USH1B (MYO74, 11g13.5 - OMIM 276903) - myosin Vlla
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USH1C (USH1C, 11p15.1 - OMIM 605242) - harmonin

ORF = 6645 bp
2215 aa, 254 kDa

mm Pnz'e Fnzz | 7 ORF = 2697 bp
2o 899 aa, 98 kDa
USH1D (CDH23, 10g22.1 - OMIM 605516) : cadherin-23
. 3 — ORF = 10 062 bp
Bt 3354 aa, 369 kDa
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USH1F (PCDH15,10g21.1 - OMIM 605514) : protocadherin-15
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ORF = 5865 bp
1955 aa, 216 kDa
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USH1G (USH1G, 17¢25.1 - OMIM 607696) : Sans

ORF = 15 606 bp
5202 aa, 575 kDa

ORF = 18 918 bp
6306 aa, 693 kDa

ORF = 2721 bp

ORF = 1383 bp
461 aa, 51 kDa
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907 aa, 96 kDa

Atypical form

ORF = 561 bp

DFNB48/USH1J (C/B2. 15025.1 - OMIM 605564) :
187 aa, 21 kDa

calcium integrin binding protein 2

ORF = 696 bp

232 aa, 25 kDa
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Only 5 USH genes

fit into a single AAV

The Usher syndrome (USH) genes & AAV-mediated therapy

USH2
USH2A (USH2A, 1g41 - OMIM 608400) : usherin

«transmembrane form:
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USH2C (GPR38, 5q14.3 - OMIM 602851) : ADGVR1
(adhesion G-protein coupled receptor V1)
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USH2D (WHRN, 9932 - OMIM 607928) : whirlin

Long isoform (L)
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USH3
USH3A (CLRN1, 3g25.1 - OMIM 606397) :
clarin-1 ﬁ
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Not all USH genes are eligible for single AAV gene therapies ????


The implications of multisensory impairment
Communication issues

Impact of visual loss on balance
Holistic care




Major gaps

* Relevant large animal models

* Large capacity vectors

* Better understanding of natural history and outcome measures
* Integrating the multisensory dimension

* Integrating patient perspectives at all stages
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