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Human Usher syndrome (USH)

 USH Is the most common form of combined
hereditary deaf-blindness.

* Prevalence: ~ 1:6,000

* Autosomal recessive disorder
e Symptoms:
- Hearing impairment
- Vestibular dysfunction
- Vision loss - Retinitis pigmentosa

* 3 clinical types (USH1-3) based on severity,
age of onset and progression of symptoms.

« 10 USH causing genes are identified.
« USH proteins are members of different protein families.
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Diagnosis and treatment of USH patients

Hearing impairment: Vision loss:

newborn screening diagnosed in puberty
fundus photography autofluorescence
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N\ Becker et al., in prep

| A‘i\@ Currently no therapy for
» vision loss in USH.

http://www.shv-muenchen.de/technik/allgemeine-infos/ci
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Currently evaluated gene based strategies
by therapy team JGU Mainz:

« Gene addition via adeno-associated virus
Mirjana Becker (AAV)
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- Gene editing/correction via homologous recombination mediated by
zinc finger nucleases (ZFN) and transcription activator-like effector
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Successful gene therapy approaches
in LCA2 patients using AAV

Effect of Gene Therapy on Visual Function

Gene Therapy for Leber Congenital Amaurosis in Leber’s Congenital Amaurosis

Caused by RPE65 Mutations
James W.B. Bainbridge, Ph.D., F.R.C.Ophth., Alexander ). Smith, Ph.D.,

Safety and Efficacy in 15 Children and Adults Followed Up to 3 Years , ,
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Gene addition for RP in USH have some hurdles:
- several USH genes are large in size and
most are expressed in different isoform.
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Sizes and isoforms of USH genes

USH type Locus Gene CcDNA Protein
USH1B 11913.5 MYO7A R 6.6 kb Myosin Vlla
USH1C 11p14-15 USH1C I 2.6 kb; isoforms Harmonin
USH1D 10g21-g22 | CDH23 g 10.8 kb; isoforms Cadherin 23
USH1E 21g21 - -
USHI1F 10g11.2-g21 | PCDH15 § 9 kb; isoforms Protocadherin 15
USH1G 17g24-25 SANS 1.3 kb; isoform SANS
USH1H 15922-23 -- -
USH1J 15923-g25.1 | CIB2 561 bp; isoforms CiB2
USH2A 1g41 USH2A ¥ 15.6 kb; isoforms USH2A (Usherin)
USH2C 5q13 GPR98 g 18.9 kb; isoforms GPR98 (VLGR1b)
USH2D 9q32-q34 DFNB31 § 4 kb; isoforms Whirlin
USH3A 30925 CLRN1 ¥ 699 bp; isoforms Clarin-1

atypical USH 20032.3 CEP250 § 7.3 kb; isoforms Cep250
atypical USH 2p23.2 C2orf71 || 3.9 kb C2orf71 el
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Harmonin (USH1C) in human retina

a NH,—PDZ1 PDZ2—-¢cc1—PDZ3— COOH

b NH,—PDZ1 PDZ2—/cc1—lcc2-« PsT  —PDZ3- COOH

¢ NH,—PDZ1 PDZ2—-¢cc1 — COOH

PDZ-domain: protein-protein interaction; coiled coil domain: dimerization;
PST domain: actin bundeling

RT-PCR next generation sequencing Western blot analysis
kDa
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Becker et al., in prep

USH1C is expressed in various isoforms in human retina.




Alternative gene-based
therapy strategy?

12-20% disease causing nonsense
mutations in USH genes.

Strategies for targeting nonsense
mutations are promising.

(see Poster # 17 and # 33)



Read-through of nonsense mutations by
translational read-through inducing drugs (TRIDs)

normal translation
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nonsense mutation induces premature stop codon
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Sy Usher syndrome

read-through mediated by TRIDs
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TGA/STOP

X nonsense mutation @ TRIDs (aminoglycosides, PTC124)

Nagel-Wolfrum et al. (2014)



TRIDs example advantage - disadvantage
Aminoglycosid | Gentamyicin |- clinically applied as antibiotics
antibiotics Paromomycin | - high read-through efficacy
- oto- and nephrotoxizitat
Designer NB30 - Improved biocompatibility
aminoglycosids NB54 - continues improvement resulted in
NB84 Increased read-through
NB124 efficacy
- not tested in humans
Chemical - well tolerated in human
compound PTC124 - Phase Il for patients suffering

Duchenne/Becker Muscular
Dystrophy and cystic fibrosis

- unknown if PTC124 pass blood-
retina barrier
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Proof of principle: p.R31X nonsense
mutation in USHIC

85 9_71 EMBO 3 @
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p.R31X ... GTG CTG|TGA ATG TAT A comparative evaluation of NB30, NB54
and PTC124 in translational read-through
efficacy for treatment of an USHIC
nonsense mutation

Tobias Goldmann™', Nora Overlack®, Fabian Méller®, Valery Belakhou?, Michiel van Wyk™?,
Timor Baasou?, Uwe Wolfrum™S, Kerstin Nagel-Wolfrum™**
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p‘R31x Val LeU StOp PTC124-Mediated Translational Readthrough

of a Nonsense Mutation Causing
Usher Syndrome Type 1C

T. Goldmann, N. Overlack, U. Wolfrum,” and K. Nagel-Wolfrum*

. Beneficial Read-Through of a USHI1C Nonsense
Wt @ @.—r‘ 4L Mutation by Designed Aminoglycoside NB30

in the Retina
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Goldmann et al. (2012) EMBO Mol Med 4:1186-99




TRIDs induced read-through of USHIC
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Recovery of harmonin’s scaffold function
following TRIDs application

myosin Vila \

GST-USH2a cyto USH1B |
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GST pull down
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harm_a1-p.R31X
GST-USHZ2a cyto
~80 kDa

Goldmann et al. (2012) EMBO Mol Med 4:1186-99



Recovery of harmonin b’s actin filament
bundling activity following TRIDs application

harmonin b-FLAG

S\ﬁ?‘s

Boeda et al., 2002

harmonin b_p.R31X-FLAG +

anti-FLAG,
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Goldmann et al. (2011) Hum Gen Ther; (2012) EMBO Mol Med
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TRIDs biocompatibility of human retinal cells

CORNEA

human and mouse
organotypic culture

m=) TRIDs application, culture retina for 3 days,
analyses of biocompatibility/toxicity:
- histology (molecular markers) .../t a. 2006, 2008:
- apop’rosis (TUNEL) Goldmann 2010, 2011, 2012 ik




No increase of apoptotic cells in human retinal
explants following NB54 and PTC124 application

Dnase | untreated Paro G418 NB84 PTC124
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No increase of apoptotic cells in human retinal
explants following NB54 and PTC124 application
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TRIDs induced read-through /n vivo

Problem: no USH animal model carries a nonsense-mutation
Currently applied method:

Matsuda & Cepko (2006)

Subretinal injection of an Electroporation
harmonin-p.R31X construct
6 weeks later:
subretinal injection of TRIDs

3 days later: detection of recovered protein expression:
immunofluorescence and Western blot analyses
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Recovered harmonin expression
in vivo in the murine retina

p.R31X-GFP + DMSO
== p.R31X-GFP + PTC124
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Recovered harmonin expression
in vivo in the murine retina

Harm_al-p.R31X-mRFP

untr NB54 PTC124
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Goldmann et al. (2012) EMBO Mol Med 4:1186-99



Summary

» Designer aminoglycosides (NBs) and PTC124
have an excellent retinal biocompatibility.

» Read-through of USHIC has been demonstrated in
cell culture, organotypic retina cultures and /n vivo.

» TRIDs induce the read-through of various nonsense
mutations in cell culture causing USH, including:

USHIC, USHID, USHIF, USHZ2A, USHZC, CLRN.

TRIDs have a high potential as therapeutics
for the treatment of retinal degenerations
caused by nonsense mutations.



Work in Progress - Prospects

- Animal model for USH nonsense mutation

Nphp4pmfl192/mmfl192 rd/ciliopathy mouse model;
in frame nonsense mutations (Won et al. 2011)

Larger animal model: transgenic USH (mini)pig
carrying a nhonsense mutation.

* Evaluation of TRIDs formulation and their
delivery modes into the eye.

- systemic (intravenous, intraperitoneal injection, oral)
- local applications (subretinal injection, eye pump,
intravitreal depots, eye drops, )

e.g. START PTC124 formulation for topic application.
Gregory-Evens et al. (2014) J Clin Invest. 124:111-116
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EUR-USH interconnects diagnostic, oW,
basic research and therapeutic appllcatlons
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Young investigator consor"rlum EUR USH
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