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Human Usher syndrome (USH)

« USH is the most common form of
combined hereditary deaf-blindness.
~1:10,000 to 1:6,000
- Hearing impairment
- Vestibular dysfunction
- Vision loss — Retinitis pigmentosa

- Olfactory impairment ?

« USH is a complex disease:
- 3 clinical types (USH1, USH2, USH3);

- > 15 genetic subtypes.

« 10 USH causing genes are identified, so far.

« USH proteins belong to diverse protein families
molecular motors, cell adhesion &
transmembrane molecules, scaffold proteins ...




Deciphering the molecular and cellular
function of disease/USH molecules iIs

essential for the development of an
effective therapy.




Human Usher syndrome (USH)
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All USH proteins are integrated into protein networks ,
- the USH interactome.



Scanning electron microscopy of
cochlear hair cells

iInner hair cells



Hair cells of the inner ear

. Hair cell i
Organ of Corti l

ﬂm

Stereocilia [J
@.
!
g

Synapses

Reiners et al. HMG 2005



Auditory hair cell function
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Usher protein expression in hair cells

Kinocilium Stereocilia

USH1 proteins
Myosin Vlla (USH1B)

\
=
r

.
L

488 «E i Harmonin b (USH1C)
Tip-IiV i e ffg; Cadherin-23 (USH1D)
~ E ‘gj Protocadherin-15 (USH1F)
(ELL{",,. & % to) Sans (USH1G)
F¥ . USH2 proteins
Eﬁ Usherin (USH2A)
AL{H s T % Vigr1 (USH2C)
:_’531 Whirllin (USH2D)
&84 F-actin ELL: Early lateral links KL: Kinociliary links
B Microtubules AL: Ankle links TC: Top connectors

El-Amraoui and Petit 2014 Wolfrum 2011



Usher protein expression in hair cells
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Auditory hair cell function

Differentiation: Mature hair cells:

Defective organization Defective signal transduction
hair bundles (sterocilia)

Wild type

Myo7a
deficient

Disordered stereo cilia




Hair cells of the inner ear
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Impact of the Usher syndrome on touch

Touch deficits in USH2A patients.

- Higher finger vibration detection thresholds
—=

Touch and vibration receptors in the skin
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« USH2A protein is expressed in glabrous and hairy skin terminal Schwann cells,
associated with AB-low threshold mechanoreceptors (Meissner’s corpuscles).

» Ush2a knock out mice show reduced vibration sensitivity.

USH2A/Usherin is involved in vibration and gentle touch in the skin.




Impact of the Usher syndrome on olfaction

Expression of USH molecules in olfactory epithelium/cells
e.g. Wolfrum et al. 1998

Controversy on olfaction deficiency in Usher syndrome patients:
Zrada et al. 1996 - Seeliger et al. 1999 harmonin/Ush1C deficient mice
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USH proteins in the intestine
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The distal tips of stereocilia and microvilli are linked by

a conserved adhesion complex
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Intermicrovillar adhesion complex defects cause
reduced microvillar packing & decreased growth rate

Decreased growth due to nutritional deficiency.

Matthew J. Tyska
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USH protein expression
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USH protein expression
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USH adhesion complex defines the docking membrane

for transport vesicles

Papermaster 2000
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USH1 mouse retinas do not degenerate.
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Calyceal processes are abscent in mouse
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RNAseq data and qPCR revealed very low expression of USH genes in murine retinas.



Absence of calyceal processes in a Pcdh15 (USH1F) frogs
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Aziz El-Amraoui Schietroma et al. 2017



Porcine eyes/photoreceptors are similar to human ...
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Design of a transgenic pig as a valuable model for USH

Designe and generation of a humanized USH1C
mutation for evaluating treatment options

Gene therapy
Read-through treatments N
Gene repair approaches TR
Cellular and tissue replacement

Nikolai Klymiuk
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Design of a transgenic pig as a valuable model for USH
Wolfrum lab

Society

Tell me who your friends are and
I’ll tell you who you are.

9 ) Proteomics |




USH protein network - functions
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