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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 The need for natural history data
o Outcome measures
o PROs, PBTs



The pathobiology of the disease

* Genetics
 Animal models and their limits
* Protein function

* Phenotype-Genotype



The Usher syndrome (USH)

First cause of deafness-blindness in humans
(50% of all monogenic deaf-blindness)

Three clinical subtypes : USH1, USH2 and USH3

Hearing Vestibular Retinitis
loss dysfunction Pigmentosa
USH1 Profound_ Severe Prepubertal
(5-6 genes) and congenital onset
USH2 Mild to severe absent Postpubertal
(3 genes) and congenital onset
USH3 Postlingual, mild and _ _
(1+ gene) progressive variable variable



Presenter
Presentation Notes
The Usher syndrome is the first cause of deaf-blindness in humans: three clinical Usher forms are classified according to age of onset & severity of hearing loss, the presence or absence of vestibular defects, and age at onset of Retinitis Pigmentosa.
….
In the past 2 decades, many progress has been made trying to understand the origin of the disease: 




- 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.



Genes responsible for Usher syndrome (USH)

USH1
USH1B (MYO7A, 11g13.5 - OMIM 276903) : myosin Vlla
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USH1D (CDH23, 10g22.1 - OMIM 605516) : cadherin-23
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There at least 10 Usher genes identified: each gene encode a protein, with specific domain structure, some being present in multiple isoforms. 
These proteins have peculiar features, and may have multiple functions: some specific other shared with other Usher proteins…
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Evropean Joumal of Human Genetics (2016) 24, 1730-1732 EJHGW
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An innovative strategy for the molecular diagnosis of
Usher syndrome identifies causal biallelic mutations in
93% of European patients

Crystel Bonnet'?, Zied Riahi'-, Sandra Chantot-Bastaraud™*, Luce Smagghe'-, Mélanie Letexier’,

Charles Marcaillou®, Gaélle M Lefévre'?, Jean-Pierre Hardelin®, Aziz Fl-Amraoui®, Amrit Singh-Estivalet'?,
Saddek Mohand-Said>"®, Susanne Kohl”, Anne Kurtenbach®, Teva Sliesoraityte®®, Ditta Zobor®,

Souad Gherbi'’, Francesco Testa'!, Francesca Simonelli'', Sandro Banfi'>'?, Ana Fakin'4, Damjan Glavac'?,
Martina Jarc-Vidmar'?4, Andrej Zupan'?, Saba Battelino'®, Loreto Martorell Sampol'’, Maria Antonia Claveria'’,
Jaume Catala Mora'”, Shzeena Dad'®, Lisbeth B Meller'®, Jesus Rodriguez Jorge'", Marko Hawlina'?,

Alberto Auricchio'?!?, José-Alain Sahel>”#, Sandrine Marlin'?, Eberhart Zrenner™?, Isabelle Audo®™#

and Christine Petit*!2621

Usher syndrome (USH), the most prevalent cause of hereditary deafness—blindness, is an autosomal recessive and genetically
heterogeneous disorder. Three clinical subtypes (USH1-3) are distinguishable based on the severity of the sensorineural hearing
impairment, the presence or absence of vestibular dysfunction, and the age of onset of the retinitis pigmentosa. A total of

10 causal genes, 6 for USHIL, 3 for USHZ, and 1 for USH3, and an USH2 modifier gene, have been identified. A robust molecular
diagnosis is required not only to improve genetic counseling, but also to advance gene therapy in USH patients. Here, we present an
improved diagnostic strategy that is both cost- and time-effective. it relies on the sequential use of three different techniques to
analyze selected genomic regions: targeted exome sequencing, comparative genome hybridization, and quantitative exon amplification.
We screened a large cohort of 427 patients (139 USH1, 282 USHZ, and six of undefined clinical subtype) from various European
medical centers for mutations in all USH genes and the modifier gene. We identified a total of 421 different sequence variants
predicted to be pathogenic, about half of which had not been previously reported. Remarkably, we detected large genomic
rearrangements, most of which were novel and unigue, in 9% of the patients. Thus, our strategy led to the identification of biallelic
and monoallelic mutations in 92.7% and 5.8% of the USH patients, respectively. With an overall 98.5% mutation characterization
rate, the diagnosis efficiency was substantially improved compared with previously reported methods.

Furopean Journal of Human Ganefics (2016) 24, 1730-1738; doi:10.1038/®-jhg.2016.9%; published onlina 27 July 2016
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What are myosins?

Superfamily of motor proteins
Expressed in all eukaryotes

Properties:
* actin binding
« ATP hydrolysis (ATPase enzyme
activity)
 transduction force

Head
} Motor domain : Lever-am '
: : \ ' Cargo=binding
v ATP hlndlng : : domaun
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Actin blndlng Cumerter
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Kodera, N., & Ando, T. (2014)

IR Divergence

Hodge, T., & Cope, M. J. (2000)



Functions of myosins?

Myosin structure and motility Camgo interactions Actin-based projections
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Understanding Myosin Vlla properties

« Non-conventional myosin

« Multidomain containing protein:
* Motor head domain
« Neck region: 5 IQ (Isoleucine/glutamine) motifs
« C terminal region
« Dimerization domain
« MyTH4 (myosin tail homology)/FERM (4.1, ezrin, radixin, moesin)
* SH3 (Src homology domain)

What function ?
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Cellular and subcellular targets of protein ?

[1 Inner ear: the sensory hair cells & the mechano-sensitive hair bundles
Auditory hair cells OHCs »/ —_—

5.'! 'l.'l'l.‘

IHC N

W H.

e

WL

Myosin Vlla

Auditory sensory organ: organ of Corti

OHCs
(outer hair cells)

Auditory hair bundles

Top view
of the
auditory sensory organ

El-Amraoui A, et al. -> Petit C, HMG 1996
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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.


Cellular and subcellular targets of USH1B protein ?

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

OHCs

g 'I.'l.‘!,' g ‘(/
"mﬁ"

|
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Sound receptlve -hair bundle

Myosin Vlla

Myosin. Vlla

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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RPE  fla |
G
|
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NL 5 K myosin Viia
Reiners et al. 2003 Source: = 2%;:
Liu X et al. 1997 L U. Wolfrum 2000 WA
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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.


All five USH1 proteins are integrated into a protein network, where every USH1 protein can

bind to at least one other USH1 protein

Outside Inside F-actin
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USH1G: Sans ‘

Weil et al., HMG, 2003

Weil D et al. PNAS (1996); Verpy E et al. Nat. Genet. (2000); Kussel P et al. EMBO J (2000); Boéda B et al. EMBO J. (2002); Weil D et al. Hum. Mol. Genet. (2003); Adato A et al. Hum. Mol. Genet.(2005); Michel V et al. Dev Biol.
(2005); Lefevre G et al. Development (2008), Bahloul A et al. Hum Mol Genet. (2010); Bonnet C & EL-Amraoui A, Curr Opin Neurobiol.. 2012; EI-Amraoui A & Petit C, CR Biol, 2014; Geleoc G & EL-Amraoui A, hear. Res. 2020



Myosin Vila cooperates with other USH1 proteins to shape properly the hair bundle

USHER 1 PROTEINS form the apical

inter-stereocilia links

Myosin Vlla (USH1B) ™
Harmonin (USH1C) u
Protocadherin-15 & cadherin-23 //‘,ﬁ
USH1F/USH1D heterodimers ——
SANS (USH1G) R

v' Myosin Vlla (USH1B) is required for the transfer of some USH1 and USH2 proteins into the stereocilia
v' Myosin Vlla (USH1B) and Harmonin (USH1C) anchor the inter-stereocilia fibrous links to actin filaments

v' Myosin Vlla (USH1B) is necessay for normal mechano-electrical transduction in mature hair bundles

Weil D et al. PNAS (1996); Verpy E et al. Nat. Genet. (2000); Kussel P et al. EMBO J (2000); Boéda B et al. EMBO J. (2002); Weil D et al. Hum. Mol. Genet. (2003); Adato A et al. Hum. Mol. Genet.(2005); Michel V et al. Dev Biol
(2005); Lefevre G et al. Development (2008), Bahloul A et al. Hum Mol Genet. (2010); Bonnet C & EL-Amraoui A, Curr Opin Neurobiol.. 2012; EI-Amraoui A & Petit C, CR Biol, 2014; Geleoc G & EL-Amraoui A, hear. Res. 2020



o
MyOSin VI Ia defective shake r_1 m utants Human myosin VIIA responsible for the Usher 1B syndrome: A

Fe predieted membrane-assoclated motor protein expressed in
rg developing sensory epithelia

Vol. 93, pp. 3232-3237, April 1996
[ 1]
haker-1 Myo7a - mi
S a e yo a ce Dossioue WEIL®, Gariis LEVY®, IMAN SAHLYT, FABIENNE LEVI-AC0BAS®, STEFHANE BLANCHARD
Az FL-Anraow®, Fases Crozer®, Herve Privieres, Marc Asreolt, anvo Casistine Perm®S
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Myosin Vila, harmonin and cadherin 23, three

Usher | gene products that cooperate to shape the
sensory hair cell bundle

The EMBO Journal 24 pp. 668966599, 2002
Batiste Boéda, Aziz El-Amracui, Amel Bahloul', Richard Goodyear”,

Isabelle Parfettini, Karl R.Fath®5 Spencer Shorte™, Jan Reiners®, Anne Houdusse'.
Pierre Legrain®, Uwe Wolfrum®, Guy Richardson” and Christine Petit’

Interactions in the network of Usher syndrome
type 1 proteins
Avital Adato’, Vincent Michel', Yoshiaki Kikkawa®, Jan Reiners”,

Kumar M. Alagramam®, Dominigue Weil', Hiromichi Yonekawa®,
Uwe Walfrum?®, Aziz El-Amracui’ and Christine Petit™

Human Molecular Genetics, 20003, Vol {4, Noo 3 IdT-156

Usher | syndrome: unravelling the mechanisms that
underlie the cohesion of the growing hair bundle in
inner ear sensory cells

Aziz El-Amraoui and Christine Petit

2005

Journal of Cell Science 118, 4593-4603

(»]

A core cochlear phenotype in USH1 mouse mutants implicates fibrous links

of the hair bundle in its cohesion, orientation and differential growth
Mutant mice fOI' eaCh Of the ﬁve main USH1 geneS are Gaelle Lefevre’, Vincent Michel', Dominique Weil', Léa Lepelletier’, Emilie Bizard', Uwe Wolfrum?,

. Jean-Pierre Hardelin" and Christine Petit'%* .
all profoundly deaf and display balance defects e e e e Development 135, 1427-1437 (2008)
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I will start with a brief introduction of my master project which aimed at elucidating the mechanisms involved in the neurodegenration observed in multiple sclerosis:





B Inner ear abnormalities in shaker-1 mice (defective myosin Vila)

Ush1 1

control

Splayed and fragmented hair bundles are observed in the absence of a functional myosin Vlia,

already at embryonic stage (E17 in shaker-1 mice)

Self T et al. Development (1996); Leféevre G et al. Development (2008)



Retinal abnormalities in shaker-1 mice (defective myosin Vlla)

+ Decreased outer segment phagocytosis in RPE cells Gibbs Detal, ...> Williams DS, PNAS 2003

< Melanosome mislocalization in RPE cells

Liw, X.. Ondek, B. and Williams, D. 5. (1998). Mutant mvosin VIla causes
defective melanosome distribution in the RPE of shaker-1 mice. Nat. Genet.
19, 117-118.

o Opsin transport delay in photoreceptor cells Liu X et al, ...> Williams DS, 1999, Wolfrum U & Schmitt A, 2000

Connecting cilium

Myosin Vlla Participates in Opsin Transport through The
Photoreceptor Cilium

The Journal of Meuroscience, August 1, 1999, 79(15):6267-6274
Xinran Liu," lgor P. Udovichenko,” Stephen D.M. Brown,” Karen P. Steel,” and David 5. Williams*

L—

Shaker-1
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In retina….


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

<

*

%¢ Retinitis pigmentosa ? ;Z - --
( pig J . C % l\lc:lrg_tlnlts Slgmentola | - _j

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

r‘e.t:lr:?" The outer segment

| " L EETO, o |
fp L L W)

bl ._H .']- 8_ &% ; 3
ILL F_f c T Connecting cilium Iﬁ%

' g ring of (cQ)
F-actin-labelled

calyceal processes

The inner segment

(1S)

No ring of calyceal processes (CPs) in mouse
Sahly et al. J. Cell Biol. (2012) photoreceptor cells

+ 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
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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, 


Modelling USH pathogenesis to determine visual and auditory therapeutic targets
———————————————

++ Unmet fundamental and medical needs:

Identify for each USH gene the defective primary subcellular compartment(s)

> Apart from already available Usher 1 mice, production and characterization of additional mutants, either for new USH genes or
harbouring specific human USH mutations.

Production and characterization of reliable USH preclinical animal models

» In addition to mouse models, new cellular and pre-clinical USH non-murine models, suitable for the understanding of the disease

pathogenesis and the preclinical validation of therapeutic interventions.

mouse iPS cells Macaque (NHP) Pig
P USH patient ShRNAs & '3..'.'1:_31"-_‘, CRISPR/ ~
e T VAR 2 Cas9 ey
mediated T X > ,d \
Rl E} &l delivery Z — ‘% ; ,j
. ia b L b [ | usHie o]
> 35 mutated USH \ ‘%
alleles available h o
Challenging Develop and validate Develop and fully characterize USH Develop and fully characterize

\ conditions” in USH mice iPSCs macaque models. USH pig models. /




MAJOR RESULTS Modelling USH pathogenesis to determine visual and auditory therapeutic targets

A series of functional, morphological and molecular analyses enabled us to show that, in the absence of Usher
proteins, the calyceal processes were not correctly maintained around the external segments of the photoreceptors,

leading to defects in the organization and layout of the membrane discs. This disruption of the normal course of

photoreceptor outer segment morphogenesis is the cause of Usher retinopathy. _ _
Shietroma et al. J. Cell Biol. 2017

|dentification of new genes involved in deafness, clarin-2, a tetraspan-like protein, from the
Y same family as clarin-1, involved in Usher syndrome type llla (USH3A) in mice, then also in

v, humans, with the additional characterization of new models in mice and zebrafish
Vona B et al. Hum Genet, 2021

Interdependence between Usher 2 protein, whirlin, and Usher 1 proteins, in particular cadherin-23 (USH1D)

Michel V et al. Sci. Report, 2020

we created 12 various animal models for Usher hearing and vision: namely Ush1F and Ush1D xenopus morphants
(vision), Ush1C and Ush1G albino mice (vision), CIB2/Ush1J defective mice (hearing and vision), Ush3a total and
conditional knock-out mice (audition, Clrn1-- et Clrn1%fl, Myo15-Cre* ), CIrn2 deficient mice (mutation pW4*(stop),

Clrn2del629/delé29  Clrn1--Clrn2-- mice, USH1CAPDZ



Primate cone photoreceptor assymetry

(Verschueren et al. Submitted)



Primate cone photoreceptor planar polarity
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A mechanotransduction machinery to orient the OS-IS
supporting the Stiles-Crawford effect ?
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(Verschueren et al. Submitted)



PHENOTYPE-GENOTYPE : Longitudinal follow-up of a large cohort of USH patients
———————————————

Objective: performing precise phenotyping, genotype/phenotype correlation and longitudinal disease follow-up in
patients affected with Usher syndromes regardless the type (i.e. type 1, 2 and 3). The precise phenotyping is
concentrating on 4 aspects: retinal, auditory, vestibular and neurocognition

v'Multicentric longitudinal study with deep phenotyping of Usher syndromes on 4 aspects:
= retinal, auditory, vestibular and neuro-cognition
v’ Across 8 centers
mCIC1423 CHNO des Quinze-Vingts
="Ophthalmology, ENT and the neurocognitive departments of Pitié Salpétriere Hospital
"ENT department and genetic department of Necker hospital
="ENT department of Robert Debré hospital
= Fondation Hospitaliere Sainte Marie



WP1 : Longitudinal follow-up of a large cohort of USH patients
———————————————

[ INFORMATION AND INCLUSIONS ]

More than 200 patients were informed about the study
March 2021: 152 patients included

Difficulties encountered

- Difficulties with communication and mobility with subjects
experiencing double handicap (hearing and visual impairment)

- Refusal (no treatment involved)

MYO7A BMYO7A
31% m PCDH15

:Ez:i - Burden of the protocol for the patient but also the sites
L USHLG involved
USHIA - March 2020 and the sanitary crisis put a temporary stop in
CDH23 CLRN1 the recruitment of new subjects and the follow-up of others
29 as priority from the health authorities were put to only
Usil-i,m urgent and covid-19 care




Longitudinal follow-up of a large cohort of USH patients
———————————————

[ RETROSPECTIVE STUDY FOR PATIENTS WITH MYO7A MUTATIONS (USH1B) }

Myo7A Medical records of 53 patients (42 families)
Female (% 27/53 (51% H H H H
) 23 (51%) harboring mutations in MYO7A followed in one
Mean age at diagnosis + SD [range; number of subjects] (years) 12.33+11.84 [1-48;33]
center (CHNO)
Mean age at first visit available + SD [range; number of subjects] (years) 29.01+17.43 [2-67; 53]
Follow-up time for BCVA Total number =53
+ + - . . . . . .
Mean £ SD [range] (vears) 4.09+4.34 [0-15] Visual acuity and visual field regression with age
Only one visit n=16
A e = Al —— o
Range 1-5 n=23 ; E
Range 6-10 n=8 L fm
H &
Range 11-15 n=7 L T
Follow-up time for VF Total number = 46 ff f
Mean % SD [range] (years) 2.46%3.58 [0-16] ; E "
Only one visit n=24 : ._ E -
Range 1-5 n=13 : E
Range 6-10 n=7 R B B Y
Range 11-16 n=2 " o e i b
Night blindness as presenting symptom 16/20 (80%) o 1 S it =
BCVA,,(LogMAR) at first visit available 0.54+0.70 [n= 53] £
Annual rate of BCVA decline (LogMAR/year) 0.025+0.54 [n=38] g" ?
VF (degrees) at first visit available 42.74+46.7 [n=43] 8] £..
Annual rate decline of VF (%/year) 10.2 + 15.9 [n=22] E_! :-;f
binocular normal color vision 18/39 (46.1%) i CRL
£
Cataract and/or previous cataract surgery in at least one eye 21/40 (52.5%) % !
r
Bilateral undetectable ffERG 39/44 (88.6%) o o eV ;
Preserved EZ and ONL 28/53 (52.8%) BOR Rae ¥R WoRR am R g A ;
Mono- or bilateral SD-OCT evidence based CME 13/53 (24.5%)
Mono- or bilateral ERM 30/53 (56.6%)

Katheb et al, RETINA, 2020



WP1 : Longitudinal follow-up of a large cohort of USH patients

Structural parameter alterations do not correlate with age
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Improvement and new developments of diagnosis and functional exploration tests for USH patients

Retinal imaging

High speed Adaptive Optics platform with high performance innovative instruments.
1-Implementation of structured illumination imager 2-multiangle AO

Image processing and analysis softwares
A software for multiangle processing of OCT scans (Rossant et al, in revision) enables color display of photoreceptor anisotropy

Reference scan

Control

Acute macular neuroretinopathy
Diseased eyes -




WP2 : Improvement and new developments of diagnosis and functional exploration tests for USH patients
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WP2 : Improvement and new developments of diagnosis and functional exploration tests for USH patients
R ——»—,—,—,,,~.s.

Progressing toward extensive clinical exploitation
-Clinical research:
Agreement with ANSM for the high speed imagers and its declinations
Multiangle OCT of RP

Angiography Dark field imaging

S, GBENL
e . —

Fig.1 (a)Average imaj
d capill

ge (b)NIR AOFA angiography image, arrows
aries

show revealed ca

Gofas-Salas et al, Biomedical optics express, 2019

-Software
New version of multiangle OCT analysis to increase the angle span (up to 14°)
Design of a software for multiangle AO

Color coding of multiangle OCT over -7° to +7°



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
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= The Usher syndrome & potential treatment solutions ?

Several approaches:

Gene and/or mutation-specific therapies
_ Adeno Associated Virus v Gene replacement therapies P
@ ) (AAV) -
e F'j : - v Mutation specific therapies e
.. Anti-Sense Oligonucleotide (ASO)-based RNA interference (RNAI)

Genre editing-based: e.g. ZFNs, CRISPR/Cas9

Gene-independent” approaches, as a common strategy for several forms of deafness
v/ Sensory restoration: Cochlear implants, retinal prostheses, optogenetics, ...
v/ Local protective therapies  (RDCVF, Taurin, Trophic factors: e.g. NT3, BDNF, ...)

v/ Sensory cells regeneration

... new auditory hair cells, or trans-differentiation from support cells


Presenter
Presentation Notes
Now, just so that we can be on the same page: The therapy can be either gene specific, or gene independent; targeting « selected » cellular pathways irrespective of the causal source of the disease, be it genetic or other ? 
Gene therapy is not be limited to the administration of a healthy copy of the defective gene in a given target organ or cell, but may be extended to other Nucleotide-based strategies such as the administration of small interfering RNAs, antisense oligonucleotides or microRNAs. 
During my talk, I will illustrate some of these approaches, using the Usher Syndrome as a model system…


Gene therapy for Usher syndrome: The inner ear

MOUSE MODEL

THERAPEUTIC APPROACH

DELIVERY

REFERENCE

Usher syndrome type

Gene replacement (AAV-Anc80L65)

RWM injection (P1, P10)

Pan et al. 2017

Ush1c c.216G>A Knockin : L
_ Intra-peritoneal injection
mice . _ _ P3. P5, P10, P13, P16) Lentz et al. 2013
USH 1C (Acadian mutation) Antisense Oligonucleotides (ASO-29) (P3, P5, ’ ’
Intra-amniotic injection (E13) Depreux et al. 2016
p.R31X HEK293 cells ZFNs Lipofectamine Overlack et al. 2012
USH 1G Ush1g 7~ mice Gene replacement (AAV-1, -2, -5, -8) RWM injection (P2.5) Emptoz et al. 2017
Usher syndrome type I
USH2A ¢.2299delG patient -Garci
USH 2A c.2e9vael patien CRISPR/Cas9 RNP Lipofectamine Fuster-Garcia et al
dermal fibroblasts 2017
RWM injection (P1-P5) Chien et al. 2015
USH 2D Whirler mice Gene replacement (AAV-8)
Posterior semicircular canal injection (P4) Isgrig et al. 2017
Usher syndrome type llI
Clrn1N48K/N48K mice x Atoh1- . L Alagramam et al.
enhancer-Clrn1 Small molecule (BF844) Intra-peritoneal injection (P10 to P45) 2016
USH 3A Clrn17- & KO-TgAC1 mice Gene replacement (AAV-2,-8) RWM injection (P1-P3) Geng et al. 2017

Clrn1ex4f Myo15-Cre*~ mice

Gene replacement (AAV-8)

RWM injection (P1-P3)

Dulon et al. 2018

Clrn17- mice

Gene replacement (AAV-9 PHP.B)

RWM injection (P0-P1; P30)

Gyorgy et al. 2019



Presenter
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This table summarises all recent gene therapy MAIN achievements regarding USH genes: Gene replacement studies were carried out essentially for Usher genes whose size is compatible with inclusion into AAVs…
Here the example of USH1G/Sans


.

e.g. example of USH1G AAV8-mediated gene replacement in sans/Usher type 1G mutant mice
USH1G (USHIG: 1?q25-1 - OMIM 60?696) . Sans Lot AAV8-Sans-IRES-GFP restores SANS/Ush1g expression and
C targeting in Ush1g~/~auditory hair cells
a=nh : Control Ush1g -I- Ush1g-/- injected

ORF = 1383 bp

.

Emptoz A et al. PNAS 2017

A single local injection of USH1G enabled the mice to recover, in a durable way, partially the hearing and
completely the balance functions

Hearing sensitivity: Auditory Brainstem Responses (ABR)s Exploratory behavior: Video-tracking in an open-field chamber
Open Field Test
Auditory Brainstem Wild type (non injected) Ush1g -/- (non injected)
Responses (ABRs) o _
Y . e 120 : — Ushig * : o
._ﬂ_.;h'f_.;. - .\ s E : e 1... - - 1 = 4l
m‘*'\'. P O : = b Ush TU o
= ra 2 B0 / I'l_l‘{f'_r'-f'."-
°
% 60
E L
& 40 '\‘_.,———//Wi!d'wpe Ezﬁ
& 20 uninjected & 15
"I E‘ 1 ns ng
5 10 15 20 32 % s
Frequency (kHz) 2 a = O v

* Partial recovery Of hearing SenSitiVity Fu" recovery of balance behavior



Presenter
Presentation Notes
What about gene replacement in Re-expression of intact Sans into the inner ear, lead to expression of the protein that properly target the stereocilia, and corrects or blocks the hair bundle fragmentation I mentioned earlier.
As regards the hearing & balance deficits, Audiometric and vestibular functional & behavioral tests were performed to compare treated and non-treated ear:
The injected ear ;
But quiet interesting, a durable functional recovery, partially for hearing and completely for balance, were observed after one single local injection of USH1G in affected Usher 1 mice. 


USH1
USH1B (MYO7A, 11q13.5 - OMIM 276903) : myosin Vlla

:mutclr haad IMIE m FERM mm FERM

USH1C (USH1C, 11p15.1 - OMIM 605242) : harmonin

ORF = 6645 bp
2215 aa, 254 kDa

ORF = 2697 bp
899 aa, 98 kDa

o T

USH1D (CDH23, 10g22.1 - OMIM 605516) : cadherin-23

o 11234 [5 [FE121122]23124125[26( 27 H B

USH1F (PCDH15,10g21.1 - OMIM 605514) : protocadherin-15

___________ I

USH1G (USH1G, 17925.1 - OMIM 607696) : Sans

ORF = 10 062 bp
3354 aa, 369 kDa

ORF = 5865 bp
1955 aa, 216 kDa

ORF = 1383 bp
461 aa, 51 kDa

=
cenD E

Atypical form

ORF = 561 bp

DFNB48/USH1J (CIB2, 15g25.1 - OMIM 605564) :
187 aa, 21 kDa

calcium integrin binding protein 2

Ca* Ca®

FEM

ORF = 15 606 bp
5202 aa, 575 kDa

ORF = 18 918 bp
6306 aa, 693 kDa

ORF = 2721 bp
907 aa, 96 kDa

ORF = 696 bp
232 aa, 25 kDa

Only 5 USH genes

fit into a single AAV

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

USH2
USH2A (USHZ2A, 1g41 - OMIM 608400) : usherin

«transmembrane form:

s
(=7
o

|
S N MEER VVNSANESHENSNSE SNSNSESEEREEEEE g

USH2C (GPR3J8, 5q14.3 - OMIM 602851) : ADGVR1
(adhesion G-protein coupled receptor V1)
Bz

il O AN iﬁ

S

USH2D (WHRN, 9g32 - OMIM 607928) : whirlin

Long isoform (L)

hrive] _proren J P05

USH3

USH3A (CLRN1, 3g25.1 - OMIM 606397) :
clarin-1

[ R ™ Y T
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Not all USH genes are eligible for single AAV gene therapies ????


The Usher syndrome type IB & viral-mediated therapy

USH1B/Myosin VIla/MYO7A: actin based motor protein

MYO7A ORF: 6645 bp
Too big for a single AAV (max packaging capcity: 4.7 kb)

Alternatives: v' Qversized AAVs ?
v Dual/Hybrid AAVs ?

v' Other vectors ?

Target Cell
Virus Size (nm) Celis Infected Genome Immune Response
Integration
Lentivirus Stable RNA <8 Kb 80-130 Dividing/Non-dividing Yes Low
AAV Transient or Stable* single stranded linear ~4.5 Kb 18-26 Dividing/Non-dividing No* Very Low
DNA
Adenovirus Transient double stranded linear >8 Kb 105 Dividing/Non-dividing MNo High
DNA
y-Retrovirus Stable RNA <8 Kb 80-130 Dividing Yes Moderate

https://www.addgene.org/viral-vectors/



Gene therapy for Usher syndrome: The retina

Comparison of different strategies for viral delivery of MYO7A
Lentivirus Adeno-associated virus
AAV2 AAV2
HIV-based ElAV-based AAVS AAVS AAVE AAVE
Myo7a cDNA encapsulation  Single Single Single® Dual overlapping Dual Dual
trans-splicing hybrid
Genome integration Yes Yes No No No No
Retinal cell layer targeted RPE mainly RPE RPE  RPE RPE RPE
PR PR PR PR PR “Lopes et al. (2013).

Phenotype correction mouse dColella et al. (2013).

RPE Mosaic” Unknown Yes®®  Mosaic™ Mosaic® Mosaic® “Trapani et al. (2014).

PR Yes® Yest Yes©d  Yes©e Unknown Unknown "Zallocchi et al. (2014).

Lentiviral- and Equine Infectious Anemia Virus (EIAV)- Oversized and/or dual/hybrid AAV vectors
MYO7A expression in the retina

Hashimoto T, Gibbs D, Lillo C, Azarian SM, Legacki E, Lopes VS, Boye SE, Louie CM, Boye S, Dyka E Chiodo V,
Zhang XM, Yang X]J, Williams DS. 2007. Lentiviral gene Fofo H, Hauswirth WW, Williams DS. 2013. Retinal gene
replacement therapy of retinas in a mouse model for therapy with a large MYO7A cDNA using adeno-associ-
Usher syndrome type 1B. Gerne Ther 14: 584—594. ated virus. Gene Ther 20: 824—833.

Zallocchi M, Binley K, Lad Y, Ellis S, Widdowson P, Igball S, Trapani I, Colella P, Sommella A, lodice C, Cesi G, de Si-
Scripps V, Kelleher M, Loader J, Miskin JP, et al. 2014. mone S, Marrocco E, Rossi S, Giunti M, Palfi A, et al.
EIAV-based retinal gene therapy in the shaker! mouse 2014. Effective delivery of large genes to the retina by dual
model for Usher syndrome type 1B: Development of ;i ¢ AAV vectors. EMBO Mol Med 6: 194—211.

UshStat. PLoS ONE 9: e94272. mmp clinical trial
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Presentation Notes
Mutant retinal phenotypes of Myo7ash1-4626SB mice could be rescued both in the RPE and photoreceptors.




A Phase I/lla Dose Escalation Safety Study of Subretinally Injected SAR421869

(UshStat) Administered to Patients with Retinitis Pigmentosa Associated with
Usher Syndrome Type 1B

* Obijectives:  Sites (Primary Investigator):
* Primary: To evaluate the safety and * Casey Eye Institute, Portland, Oregon
tolerability of SAR421869 in USH1B patients (Richard Weleber, MD)
* Secondary: To evaluate for possible * Centre Hospitalier National d’'Ophtalmologie des
biological activity of SAR421869 Quinze-Vingts, Paris, France
(José-Alain Sahel, MD)
* Design:
* Phase I/lla dose escalation study
* Sponsor:
* Vector: :
e Sanofi

 SAR421869, a non-primate MYO7A lentiviral
vector based on EIAV

Delivery:
e Subretinal injection



UshStat (SAR421869) — Study Design

Cohort 5
n=6

I I I I I o I I I I I I

DSMB Review

Age: >18 years >18 years >18 years >18 years >6 years

1.4x105TU
Lowest

Rod ERG: Undetectable | Severely decreased

Visual Field:  Legal Blindness | <30% normal

Following the subretinal injection of SAR421869 patients are assessed on Day 1, and weeks 1, 2, 4, 8, 12,
16, 20, 24, 36 and 48 post-treatment. Subjects then enter long term follow up study (LTS13619) for 15 years.




Safety Summary: SAR421869 Program
(TDU13600 & LTS13619)

* To date, 9 patients have been treated with SAR421869. A pooled analysis of the AEs reported in the studies
TDU13600 and LTS13619 showed a total of 67 AEs, of which 4 were SAEs and 63 were non-serious.

* 4 SAEs have been reported in 3 patients treated with SAR421869
» 2 SAEs reported in 2 patients (Severe Panuveitis and Visual acuity reduced) both related to IMP and surgical procedures
» 2 SAE reported in 1 patient (Road traffic accident and ligment rupture) were unrelated to IMP or surgical procedure.

* The AE profile for the eye was common to any intraocular surgery and no significant systemic reactions were
observed

e A total of 63 non-serious AEs were reported in both the TDU13600 and the LTS13619 studies
* Majority of the AEs (84%) were mild in severity and 3 AEs were severe and 8 AEs were moderate in severity.
* Two of single events were related to IMP only by the investigators

Note: No safety concern was identified so far in the long term follow-up of patients treated with SAR421869
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MAJOR RESULTS WP4 : Recovery of hearing and visual functions in USH preclinical models

2- Gene-dependent and gene-independent therapies to restore normal vision

After photoreceptor degeneration, light responses can be restored using optogenetics in the remaining other cell types of the retina.

Chaffiol et al. Mol. Therapy 2017
Khabou et al. JCI Insight 2018
Garita-Hernandez et al., Int J Mol Sci. 2020

2.2: Optogenetics to restore vision in gene-independent manner:

v" Using AAVs in mouse models, organoids derived from induced pluripotent human stem cells, post-
mortem human retinal explants and live monkeys, new vector-promoter combinations were
identified to overcome the limitations associated with the transduction of foveal cones.

These vectors allow expression of microbial opsins at levels compatible with restoration of vision by

optogenetics.

EN""ME v" To overcome the risk of light toxicity using a blue-sensitive microbial opsin, we have targeted retinal

g
g
-

ganglion with the red-sensitive microbial opsin, ChrimsonR.  Ferrari et al., PLoS Comput Biol. 2020
Gauvain et al., Commun. Biol., 2021

— \_\x\:%::;;
S asisiiabananss

\ o Data obtained in rodents and non-human primates have allowed Gensight biologics to file for clinical

""" trials in France, England and USA. The first patient has been injected in 2019 (NCT03326336).




Make artificial photoreceptors from specific cell types
within the retina using optogenetic tools
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Four different kinds of optogenetic therapy

Sahel et al, Nature Medicine, 2021

Cones Bipolar cells All amacrine cells Ganglion cells

O O O O

Lz%ﬁzi HIz] (Hs
5 5 &

UL
UL

HHO

Institute of Molecular
aaaaa inical .
Ophthalmology Basel G en S | g ht

SI0LOGICS




Translational path

e e

|
|- | ‘
| =
| | ——
. BF | o ].r-'r S ) ..ﬂh nu |
ChR2 NpHR
1. Restoration of 2. Restoration of 3. Restoration of 4. Primate studies: 5. Clinical trial
retinal and cortical visual behavior function ex vivo specificity, efficacy
function in mice in mice in human retina and safety
|OB &2 Gonsidls s
E rl Ig BI0LOGICS v Pl tts})ll rgh |_,!'\ V I S.I GN;




GS030 optogenetic therapy:
Combined gene therapy and medical device to restore retinal light sensitivity

Mechanism of Action of GS030 Combined

Retinal Ganglion Cells Degenerating

Therapy |
Intravitreal injection of $ : )._'_.?a;;’
@ viral vector and RGC il /_\ o e )——49!-.3“-—'-33
transfection GS030-DP
Expression of light- " D g ’:—:?ﬁ-—"‘"
Qz sensitive ChrimsonR on = & W&
RGC surface e

photostimulation of
bioengineered RGCs

: _ GS030-MD )
Induction of neuronal signal by =g L r— o
3 ' [ Light Stimulation I = | LR 'ﬁ_'

Neuronal
signal

» Restore light sensitivity of the retina by modifying and training RGCs to act as
photoreceptors

OB 527 considl e
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GS030 optogenetic therapy:
Combined gene therapy and medical device to restore retinal light sensitivity

Light Projector

Drug Product
| GS030-DP

ChriimjonR gene
..{-J
v#’\

AAV2.7m8 vector i

______________________

I GS030-MmD Medical Device

The product of
research collaboration
with

l - Massachusatls
Instilute of

Event-based camera

Technology
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PIONEER: First-in-human clinical trial of GS030 optogenetic oot
therapy it o

9o
L T

Phase |/lla, open label, unmasked, non-randomized, dose-escalation study (NCT03326336)

3 sites: UK (Moorfields Eye Hospital, London), France (H6pital des XV-XX, Paris), USA (University of Pittsburgh
Medical Center)

Study population: end-stage non-syndromic RP

Single intravitreal injection in the worst-affected eye

Primary endpoint: SAFETY and TOLERABILITY at Year 1

Secondary endpoints: visual function, orientation and mobility, OCT, quality of life, immune response
Dose Escalation

Cohort 1 (N =3) Cohort 2 (N = 3) Cohort 3 (N =3) Extension Cohort
Highest Best-
5E10 vg/eye 1.5E11 vg/eye 5E11 vg/eye o Do

[ Data Safety Monitoring Prior to Dose Escalation ]

4 weeks post-injection of 37 (last) patient of each cohort

vg: viral genomes
ssﬁfi,ﬁ i1
LAVISION

Institute of Molecular
and Clinical .
Ophthalmology Basel G E r'l S I g ht
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PIONEER: Nine patients treated with combined therapy
GS030

Recruitment update:

— First cohort of 3 patients was injected with lowest dose (5E10 vg/eye) as of March 2019.
— Second cohort of 3 patients was injected with medium dose (1.5E11 vg/eye) as of February 2020.
— Third cohort of 3 patients was injected with highest dose (5E11 vg/eye) as of June 2021.

» Completion of extension cohort planned before end of 2021.

First use of GS030 goggles post-injection was performed 8 weeks later, at hospital under medical
supervision.
Combined therapy is well tolerated up to 2.5 years after IVT:

o No adverse events leading to study discontinuation

o Most common ocular adverse event : anterior chamber or intermediate intraocular inflammation
responsive to corticosteroid treatment (5/9 subjects)

o No systemic issue

o Institute o f Molecular =
d Clinical el
I B Ophthalmology Basel G e r.ISI g h t & “s] University of
IOLOGICS

<7 Pittsburgh

PIONEER



Case report published in Nature Medicine
Partial recovery of visual function in a blind RP patient after optogenetic

treatment

Following optogenetic therapy, a 58-year-old
patient with a genetic form of blindness was
able to detect cups on a table.

a4 N\
A 58-year-old blind patient:

o Diagnosed with RP 40 years ago

o Had light perception when enrolled in the study

o Partially regained vision after GS030 optogenetic therapy:
» Could locate and count objects on a table
» Could identify crosswalks in the street

Credits: Sahel et al., Nature Medicine

Available on www.gensight-biologics.com:

v" Video of the patient performing the tests

v Interview of the patient

> Key milestone on the path to restore vision

Sahel J.A. et al., Nature Medicine, May 2021
https://www.nature.com/articles/s41591-021-01351-4

Credits: Sahel et al., Nature Medicine

The experimental set-up where the patient was asked to
say whether the cup was present on the table. Behavioral
responses and brain activity were recorded simultaneously
during this test.
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https://www.nature.com/articles/s41591-021-01351-4
http://www.gensight-biologics.com/

Case report published in Nature Medicine :
Partial recovery of visual function in a blind RP patient after optogenetic

treatment Brain activity was recorded during behavioral test:
* Eyes open » Eyes open 5t * %
+ Stimulation with goggles  Stimulation with goggles l .
* No object on table » Object on table 4r N .

Power amplitude (dB)
o=

4 »
J2 g 1 s L )
1 2 8 l 4
, % ol 1 . | 2
{1 8 L
s -1 1 o
d E
I.g ol
+ .
4
-3
Eyes open Eyes open
L Goggles stimulation Goggles stimulation
Significant power decrease / No object Object

desynchronization of occipital 14-Hz alpha
oscillations

Credits: Sahel et al., Nature Medicine

https://www.nature.com/articles/s41591-021-01351-4
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https://www.nature.com/articles/s41591-021-01351-4

Activity in the visual cortex predicts the presence of visual objects
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«® PIONEER

Interim results of PIONEER trial 00, o0

* Patients generally tolerate the light projected by the goggles, most patients tolerate high intensities well

« Clinical site in France reports visual improvement after training in real-life conditions (Sahel et al.
2021, Nature Medicine)

« Some patients in France and US are now able to come for follow-up and training

* New tests have been implemented and existing tests have been modified to avoid ceiling/flooring effects,
and to detect improvements observed in real-world scenarios.

e Cohort 3 (highest dose of gene therapy):
o First patient treated 1 year ago
o The other 2 patients treated in June 2021 have not been evaluated after injection yet.
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The implications of multisensory impairment
oCommunication issues

olmpact of visual loss on balance
oHolistic care



Homelab

e Laboratory apartment of 45 m? which reproduces a real residential environment

* Equipped with various monitoring and recording systems




Example Oculo manual coordlnahon

.1

-

* Choice of task => the loss of the central visual field due to AMD reduces the ability to plan

the trajectory of the hand and the anticipation of the pinch movement (oculo-manual
coordination).

* Instructions : Locate and grasp the pen corresponding to the provided lid, put the lid on
the pen and then place it in the pot.

* 8 trials

* Photopic condition (500 lux)

 Use of a glove equipped with inertial units

* Measurement of the kinematic parameters of the grasping phase (grasping speed,
accuracy of the « pinch » movement, number of trajectory corrections,...)

* Observation of implemented strategies (sensory compensations)

* Subjective participant feedback for each trial
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CAVISION Artificial Street / Streetlab (1) 68treet|ab

Indoor platform simulating urban environment

v Realistic street elements and dimensions (60 m?)

v Controlled environment / reproducible experimental
conditions

v’ Integrated measurement tools

Auditive and visual immersion

v Adjustable scenery
v 3-D sound system
v Light control (intensity, color)
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INSTITUT DE

AVISION Artificial Street / Streetlab (2) 68”96“8b

v Motion capture system (Vicon®) with passive markers
v Inertial sensors

v’ Eye-tracker
v" Surveillance cameras

—

Control room

v Monitoring and recording
v" Post-processing
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LAVISIQN Objective behavioral measurements

Gait analysis allows measure and analysis

v'Movement patterns Obstacies RP
v'Kinematics and kinetics a
v'Forces produced by movements

Ex.2: Trajectory
variability modified
in « tunnel vision »
RP patients

T %

&

Ex.1: Walking cycle affected by: -
- aging (e.g. shorter stride length) I -
- low-vision (e.g. longer stance duration) T oedion

Ex.3: Head direction modified in RP
patients
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Leftward Rightward

LAVISION Objective behavioral measurements
Gaze behavior (head + eye orientation)
v'fixations / saccades (#, amplitude...) Ex.1: Rotations of the eye
v'Eye-head coordination (e.g. VOR gain) s b CONTROL(S1) . Resa
v'Fixation location S I B I l.f“lI
v'Gaze sampling strategy (adaptation) Py Hﬂwﬁ-w-,]' ',f"h v 9T ‘ W 1 I
g a0 | I B f / M
Ty E 2 Ilﬁl,-" L/ |..,-'l l'... 21] l" 1_' fl-"vf’) v ll,J fl
Head reference Laboratary reference T Al F] 3 ] g -3 i z 3 i B 2
frame {(Ry trame (K] oL
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streetlab

]
Our approach
Develop:
e Set of standardised tasks inspired by daily life situations
e In controlled real and virtual environments C |
— immersive head mounted display (immersion in a complex controlled world)
— cutting edge motion capture tools (measure sensorimotor abilities)
Advantages:

e Reliable, robust, ergonomic, and can be rapidly deployed on a large scale
e Coupled with standardized tasks, ensure same experimental constraints for each patient and

investigation center
e With virtual reality, possible to quantify the behaviour of patients in circumstances that are very

difficult to evaluate in the real world


Presenter
Presentation Notes
Notes à mettre peut-être dans le texte:
“The project is structured in two parts. Part 1 will involve standardized evaluation methods applied to relevant daily life tasks; they will include widely available testing devices, applicable in dedicated laboratories worldwide. Part 2 will focus on the development and evaluation of objective assessment tools based on leading edge eye-tracking and motion capture systems, to characterize and evaluate visually guided gestures commonly performed in daily life. Specific parameters, providing a strong correlation with the level of visual handicap should thus be identified.”

Solution peu coûteuse au niveau matériel et progrès constant du matériel (champs de vision, définition de l’écran, légèreté, confort, etc.)


~ MOST® Mosrt

Mobility Standardized Test in Virtual Reality

A behavioral endpoint to assess the performance of patients with visual deficit in daily-life

I

(1) Task: natural walking in a maze @street !
& | | 3 mebes mete |

° No arrow to guide the path

° Standardised routes (difficulty,
length...)

° 6 normalized light conditions

° Custom VR contrast sensitivity
(CS) test

Exact same mobility test in Virtual Reality
(actual walking) and IRL

(2) Multiple performance measurements wstreet ol

e Trial duration / walking speed

e Errors (collisions, interventions,
obstacle avoidance)

e Head and feet movements

e Eye-tracking




Vision-vestibular interactions and rehabilitation

Development and Validation of Integrative Behavioral Tasks to Assess Visual Loss Impact on Daily Life of Usher

Patients

ﬁ)istance perception in virtual reality (VR)
10 RP, 4 Usher 1, 12 controls (simulated visu: "
constriction)

Preliminary results\
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Movement perception in VR
10 RP, 4 Usher 1, 8 controls (with simulated VF constriction)

Time to collision with a pedestrian Time to collision with a car
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Posture and mobility in real situations to identify adaptive gaze strategies \
- 9 RP, 8 controls, with full body motion capture + eye movements
- Goal directed locomotion and trajectory reproduction

-> |arger visual exploration -
-> floor fixation to enhance spatial localisation -
-> adaptive exoloratorv strateev

\

/équmbrlo
Development of serious mini-games for patients with vestibular
disorder
- vestibulo-ocular reflex
- saccades
- inter-segmental coordination
Study with Institut Départemental Gustave Baguer (12 patients)
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Reproducing paths with closed eyes

/ Usher type 2
N\ '. Vestibule normal
\\\‘ ;l
\
Open eyes Closed eyes
o
.J x..._k
R\
:. Usher type 1
i /f' Vestibule areflexia
7




Finding your keys : pathfinding (Subtest BADS)

Usher type 1 Usher type 2



Vision-vestibular interactions and rehabilitation

Vestibular rehabilitation for Complete Bilateral Vestibular Loss (CBVL) for Usher patients (vibrotactile belts)

* Protocol under study to prove the effect of the belt by a double-masked trial before proposing the prolonged wearing of
the prosthesis (Department of Epidemiology R Debré).

* Establishment of a database of Usher patients without vestibular deficit and with visual deficit to distinguish the effects of
visual and vestibular deficits on responses with:

v" Multisensory Framiral Platform

Postural
instability index

O B N W & U O

—usher1  © ¥ %
——usher2 5 [l o o
I Controls 1
4 -
3 -
T 2 -
'1 -
T D - T T
EO EC OPT EO EC OPT
R 8 8
s | W | @ | & % @

Stable platform

EO: Eyes opened; EC

Unstable platform

: Eyes closed; OPT: Optokinetic

3 USHER 1/USHER 2 significative difference
3k USHER 1/Control significative difference
3K USHER 2/Control significative difference

_, The Pl can discriminate
USHER 1, USHER 2 patients
and controls



Subjective visual vertical (VVS)

(Mesurée avec MTT Framiral)

VS towards right VS towards left

Controls _ﬂ
USHER 2
s

USHER 1
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Psychological, anthropological and sociological approaches

.

WP leaders : R. POTIER, S. MARLIN j




CONTEXT Psychological, anthropological and sociological approaches
-______________________________________---——..O0202........._ .

Social science’ research on deaf-blindness is an emerging field. The literature shows that deafblind people constitute a
population at risk for mental health and emotional difficulties. This would be related to deafblindness’ consequences on
communication, access to information and mobility conditions. These difficulties lead to a social isolation’s risk (or,
conversely, over-protection) and loss of control (or fear of losing control) over the environment and events. Those
consequences could be exacerbated by communication difficulties in care relationships, the fear that those relationships
create misunderstandings or lead to interventions that do not correspond to patients' care or life choices.

Those studies generally focus on a "deaf-blind" population that is not well defined. They seldom articulate quantitative
and qualitative approaches; and they often covers only a dozen individuals. There are also methodological pitfalls
concerning interviews’ accessibility. The literature also focuses, too often, on the negative aspects and does not explore
enough resources and processes of resilience as well as new technologies’ place or collective initiatives place. Moreover
there is no social science study on Usher syndrome in France.

This human science research on Usher Syndrome focuses on the perception and self-presentation of Usher People, and the
exploration of the links between identity processes and their life course, their professional choices, their communication
practices, the social networks they invest as well as their displacement strategies, the use (or non-use) of the diversity of
available technical aids (cane, braille, equipment, digital tools, etc.), their psychological coping strategies, and so one.
This research crosses the analysis of the daily lives of patients, children and adults, with the analysis of the daily life of
their loved ones and of the diversity of professionals interacting with them. This research crosses sociological,
psychological and medical perspectives and uses both qualitative and quantitative methods (deep interviews, observations
/ summaries data sheets, questionnaire, medical data)



MID-TERM RESULTS WPS : Psychological, anthropological and sociological approaches
=

v The work on the study design and on a psycho-social questionnaire, and on their accessibility for Usher Patients (available in

text contrast and in French Sign Language, conditions of an interview related to the diversity of patients profiles) are part
of the research results. What is at stake is not only methodological, but ethical and theoretical issues.

v The most advanced analysis concerns data sheets and interviews with adult Usher patients, and with professionals.

There is a need to improve the conditions of diagnosis and medical monitoring with better information for non-specialists,
teachers, occupational therapists, and medical staff on :

Usher syndrome, and for non-specialist about the long-terme evolution and the great diversity of situations

the concept of blindness from medical, legal and patient perspectives

talking about genetics and syndrome transmission in a more neutral way (less negative)

the fact that from patient perspectives there is not one but several diagnosis (evolution steps)

discrimination and psychologic violence as a result of inaccurate anticipation of vision evolution by teachers, parents etc.
the living conditions of these patients, in the diversity of their strategies

the fact that French Sign Language and Tactile FSL are full national languages

the profession of “intermediator” (deaf professionals of socio-linguistic mediation)

the variability of what one defines as “autonomy” or “social integration”, and “quality of life”



Psychological, anthropological and sociological approaches
-
Regarding the expectations of Usher patients about genetic research :
- A great majority want to halt the degenerative process and visual field loss. Only a minority hope to restore the lost vision.
- The conditions, reliability and eligibility of therapies are not clear. Information is not always available in FSL.
- Restoring hearing is out of place for the overwhelming majority of people we met. 1/2 are opposed. % can’t consider it without an
“on/off” function and % would accept it if associated with an intervention on the vision.

This first analysis also shows general needs for :

- More sharing of clinical knowledge between the professionals of different specialties (related to limits and recommendations
criteria for cochlear implant, to sporting practices in prevention of patients balance disorders, etc.)

- Specialized psychological support of patients, in the long term, but also for their spouses or parents and siblings. Help is needed
about the management of emotions and verbal aggression, the limits of a caregiver's posture, the way of expressing or taking
into account difficulties which are not visible.

- Information on social aids and the facilitators the daily life related to deaf blindness, in a neutral, complete and understandable
comprehensive way (rights, help for commuting to work, trained daily activities support staff, etc.).

- Contacts with Usher peers-referrers to share common feelings, to project themselves on the evolution of their situation and
identify the solutions associated for daily life and work.

- The need to support the use of the cane, braille, tactile FSL and haptic coordination when Usher people want to do it and not
according to the level of visual complexity. Indeed, these usages are context-dependent (urban, social, lightening and familial
context).

What is at stake is positive anticipation. It consists of exploring different benchmarks (including tactile ones), places and activities,
gaining experience, becoming familiar with a variety of approaches, that can be used alternately, depending of location, time, fatigue
or environment and not exclusively in extreme situations “last resort” (e.g. very complex environments, blindness).



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



	USHER 1b�Works in progress and knowledge gaps
	What we (don’t) know
	The pathobiology of the disease
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Cochlear defects in Usher
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Therapies in development
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	A Phase I/IIa Dose Escalation Safety Study of Subretinally Injected SAR421869 (UshStat) Administered to Patients with Retinitis Pigmentosa Associated with Usher Syndrome Type 1B
	UshStat (SAR421869) – Study Design
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	GS030 optogenetic therapy:�Combined gene therapy and medical device to restore retinal light sensitivity
	GS030 optogenetic therapy:�Combined gene therapy and medical device to restore retinal light sensitivity
	PIONEER: First-in-human clinical trial of GS030 optogenetic therapy
	PIONEER: Nine patients treated with combined therapy GS030
	Case report published in Nature Medicine : �Partial recovery of visual function in a blind RP patient after optogenetic treatment
	Case report published in Nature Medicine : �Partial recovery of visual function in a blind RP patient after optogenetic treatment
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Homelab
	Example : Oculo-manual coordination
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Our approach

	Slide Number 65
	Slide Number 66
	Reproducing paths with closed eyes
	Finding your keys : pathfinding (Subtest BADS)�
	Slide Number 70
	Subjective visual vertical (VVS)�(Mesurée avec MTT Framiral) 
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Major gaps 

