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I- What is Usher Syndrome?

Charles Howard Usher
1865-1942
1914 Study on ““the inheritance of retinitis pigmentosa’

Usher syndrome causes hearing loss and retinitis pigmentosa (RP) which is

responsible for night-blindness and progressive a loss of peripheral vision
Many people with Usher also suffer from balance problems

Usher Syndrome is the most common condition that affect hearing and vision
16-40,000 people with Usher syndrome in the US.

Clinically and genetically heterogeneous

Three clinical USH types: Type 1, Type 2 and Type 3 distinguished by their

severity and age when signs and symptoms appear.
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I- What is Usher Syndrome?
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11 different genes (15
genetic loci) have
been linked to USH.
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I- What is Usher Syndrome?

splayed
sterocilia

Werkedar brarch of

trafficking of
Usher protein
complexes

ribbon synapses = immature — T . o = ., g
ribbon i aF / i

synapses

protein
trafficking

WEAHDAT MR

photoreceptor
degeneration

1 Outer Segemts and
periciliary region

defective
protein
trafficking

to

differential
trafficking of
Usher protein

complexes /‘ \
\ UD J

to

ribbon synapses AN abnormal

/ WJ synapses

U/

Cosgrove and Zallocchi, 2014, 1IJBCB




I- What is Usher Syndrome?

|E: Usher proteins play structural and
developmental roles in stereocilia and
ribbon synapses.
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I- What is Usher Syndrome?
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The Usher Interactome
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The Usher Interactome
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lI- Advances in understanding the pathophysiology of
Usher Syndrome

THINGS COME APATRER Christine Petit

Todd McLellan

“Gathering basic knowledge towards
the development of therapeutic
approaches.”

Uwe Wolfrum

“Decoding of Usher Syndrome protein
networks reveals insights in the
molecular basis of the disease.”

Monte Westerfield

“Defective protein complex assembly
produces ER stress that causes cell death
in Usher Syndrome”

Thames & Hudson




Advances in understanding the patho-physiology of
Usher Syndrome
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II- Advances in understanding the patho-physiology of
Usher Syndrome

Christine Petit

“Gathering basic knowledge towards
the development of therapeutic
approaches.”

Pflugers Arch - Eur J Physiol
DOI 10.1007/500424-014-1552-9

INVITED REVIEW

Genetics of auditory mechano-electrical transduction



II- Advances in understanding the patho-physiology of
Usher Syndrome

Christine Petit

“Gathering basic knowledge towards
the development of therapeutic
approaches.”
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lI- Advances in understanding the patho-physiology of
Usher Syndrome
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lI- Advances in understanding the patho-physiology of
Usher Syndrome

Christine Petit

“Gathering basic knowledge towards
the development of therapeutic
approaches.”

Bicycle, 1980s, Raleigh;, Component count: 893. Thames & Hudson.



lI- Advances in understanding the patho-physiology of
Usher Syndrome

Uwe Wolfrum

“Decoding of Usher Syndrome protein
networks reveals insights in the
molecular basis of the disease.”

- Large contribution to our understanding of USH1/USH2 interactome in the eye and
the ear (ex: Interfering with Sans/Ush2A interaction leads to UHS1G)

-Recently demonstrated that USH1G (Sans) contributes to periciliary protein
networks in the retina

- Now his lab has identified a new binding partner that is important for endocytosis
(process by which cells absorb molecules by engulfing them)
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MAGi2/Sans are present at the base of the primary cilia and both play a role in

ciliogenesis
Human
Molecular Genetics




lI- Advances in understanding the patho-physiology of
Usher Syndrome

Monte Westerfield

“Defective protein complex assembly
proauces ER stress that causes cell
death in Usher Syndrome”

Microtubules T

- y £ | | Ush1 proteins are shown to
Rl Jf/? ol > N e 200 pre-assemble in the

1|= : endoplasmic reticulum.
Disruption in any one of the

COPII vesicles ((-h —_— Cdh2s Ush1l protein partially
i 'g,',y;?% ; disrupts trafficking of the
' e | Y D complex as well as Ush2
=, ERES (%L‘E proteins. This defect leads to
'Qb)/ﬁ\\ ef u@f‘ “ LAY ER stress and apoptosis (cell
=5 | =500 death).



http://embryology.med.unsw.edu.au/embryology/index.php?title=File:Larvae1.png

I11- Treatment: Strateqgies for restoring function

»Reinsertion of the missing link |
a- Engineering AAV vectors: Luk Vandenberghe 7 "
b- Gene Therapy for Usher Syndrome g /
Interaction partners. Jeff Holt ﬂ,u

»Correction of translation
a- Antisense Oligonucleotides Jennifer Lentz
b- Translation read-through: Kirsten Nagel Wolfrum

harm_a1-p.R31X-mRFP

untr. NB54 PTC124

o500 [J[=] aniRFP




I11- Treatment: Strateqgies for restoring function

Reinsertion of the missing link
Engineering AAV vectors: Luk Vandenberghe

REVIEW
Novel adeno-associated viral vectors for retinal gene therapy

N TS Gene Therapy (2012) 19, 162-168

AAV : non pathogenic, highly stable viral
vector (carrier)

At least 30 virus of different serotypes have
been identified

Important goal: Develop vectors for which
the host iImmune response is limited.

Subretinal injection of adeno-associated viral vector (AAV) with different
types of AAV, each of which have distinct specificity for the various retinal cell
types. Peter Mallen



I11- Treatment: Strateqgies for restoring function

Reinsertion of the missing link
Gene Therapy for Usher Syndrome Interaction partners. Jeff Holt
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I11- Treatment: Strateqgies for restoring function
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Correction of translation
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I11- Treatment: Strateqgies for restoring function

Correction of translation

Antisense DMA
oligonucleotide

= mRMA

Ribosaome Amineo acids




I11- Treatment: Strateqgies for restoring function

Correction of translation

namre.,

medicine

Rescue of hearing and vestibular function by antisense
oligonucleotides in a mouse model of human deafness

Jennifer ] Lentz!®, Francine M Jodelka™®, Anthony ] Hinrich™®, Kate E McCaffrey®, Hamilton E Farris',
Matthew J Spalitta!, Nicolas G Bazan®, Dominik M Duelli*, Frank Rigo® & Michelle L. Hastings®
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I11- Treatment: Strateqgies for restoring function

Correction of translation

Kirsten Nagel Wolfrum
“Transl/ation read-through to
treat hereditary retinopathy”

TRIDS: Drugs that target in-frame non
sense mutations (premature stop)- Most

studied: Amynoglycosides _
pPR155X USH1C in-frame non sense

mutation (harmomin: red)

b3

protein
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o
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o6 6 ! o

recovered protein 23
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@® PTC124 ® aminoglycosides + NB84 | + PTC124




I11- Treatment: Strateqgies for restoring function

Recovered harmonin protein expression after translational read-through

HEK cell culture Retina culture
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I11- Treatment: Strateqgies for restoring function

Recovered harmonin protein expression after translational read-through
Recovered functional harmonin

Restored harmonin_b3 actin bundling capacity:

control
V2 F
-

. .. harm_b3-p.R31X —— | harm_b3-p.R31X + NB30

NB54 Also now study with other Usher causing
’ non-sense mutations:
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AT S Goldmann et al. (2012) EMBO Mol Med 4.:1186-99



I11- Treatment: Strate

Sound Strategies for
Hearing Restoration

Cwenaglle 5. G Géléoc and Jeffrey B Holt*

les for restoring function

PMAY 2014 VOL 344 SCIENCE

Pubichod by A4A Y

Background: Sensorineural hearing loss is the most common sensory
deficit in the world, with nearly 300 million affected individuals. The
problem is multifactorial and can anse from damage or death of the
primary sensory & s or the inner-e arneurons that relay auditory informa-
tionto the brain. The inner-ear sensory cells and neurons can be damaged
by environm ental insult (suchas exposure to infectious agents, drugs such
as aminoghcoside antibiotic or chematherapeutics, or overexpasure to
loud sounds) or by a host of genetic factors. Because mature inner ears
ladk the capacity for self-repair, the cellular damage is permanent. In
addition to acquired hearing loss, more than 3 00 genetic loc have bean
linked to hereditary hearing loss, with about 70 of the causative genes
identified. Eighty percent of genetic hearing loss &= recessive, with the
rest inherited as a dominant trait. More subtle gensetic defects that @use
a predisposition toward age-related hearing loss are poory understood
Unfortunately, there is no cure for acguired, inherted, or age-related
hearing loss.

Advances: Efforts to restore and repair damaged inner-ear cells have
intensified over the past 10 years. Thus far, a major thrust has been to
adapt three biological strategies for use in the inner ear: gene therapy,
stem-cell therapy, and molecular therapy. Using these approaches,
researchers have restored sensory function at the ellular level in animal
models of human hearing loss. A few reports suggest functional recovery
at the systems and behavioral levels, although caveats remain.

Ouwtlosle As the populationcontinues toage and expand, sowill the nuwm-
ber of patients who suffer from clinically serigus hearing loss. As such, the
need for 3 deeper and comprehensive understanding of hearing-loss thera-
pies is more pressing than ever. Although the pae of progres is aceler-
ating and clini@l trials are on the horizon, itis clear that there are still a
number of hurdles to overcome. Overall, there are reasons o be both @u-
tious and opfimisticaswe attempt to repair and regenerate one of nature's
mast exquisite mechanossnsory devices: the human inner ear.

WY S O e CEma .00



The many faces of Usher Syndrome Research



http://casemed.case.edu/otolaryngology/images/KA-microscope.JPG
http://otolaryngology.med.miami.edu/images/Xue_Liu.jpg

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	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

