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Usher proteins fit as a
puzzle in the inner ear
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Usher syndrome g

 hearing loss

 impaired vision

1 vestibular
Impairment

d 3-6 per 100,000

[ recessive inheritance



CLINICAL HETEROGENEITY

Usher I: - congenital deafness
- vestibular impairment
- retinitis pigmentosa

Threshold

Usher II: - congenital hearing impairment
- normal vestibular function
- retinitis pigmentosa

Thresrold

Usher llI: - progressive hearing loss
- variable vestibular impairment
- retinitis pigmentosa

Pennings et al
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USHER SYNDROME

Type
Usher |l

Usher Il

Usher Il

Subtype
USH1b
USH1c
USH1d
USH1e
USH1f
USH1g
USH1h
USH2a
USH2c
USH2d

USH3

Chromosome
11
11
10
21
10
17
15

W O O -

Gene
MYO7A
USH1C
CDH23
PCDH15
SANS
USH2A
VLGR1
DFNB31
USH3



USHER PROTEINS

Myosin VIIA (USH1B) Harmonin (USH1C)
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motor protein Whirlin (USH2D)
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SANS (USH1G)
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scaffold proteins




USHER PROTEINS

Cadherin 23 (USH1D) Protocadherin 15 (USH1F)
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Cell adhesion proteins

USH2A (USH2A) VLGR1 (USH2C)

Transmembrane proteins

Clarin-1 (USH3A) %Ei_, é

Vertebrate-specific clarin family




STRATEGY a8

= |_ocalization of proteins

» Unraveling protein networks




USHER PROTEIN COMPLEX

mEosin Vlla harmonin CDH23 PCDH15 SANS
usherin VLGR1 whirlin

B Usher type |
Il isolated deafness
B Usher type I
I isolated RP




USHER PROTEIN COMPLEX

PHR1
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Inner ear
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LOCALIZATION OF USHER PROTEINS

OHC

VLGR1b
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USHER PROTEINS IN THE HAIR BUNDLE

Adato et al. 2005
Goodyear et al 2005
Kazmierczak et al 2007



USHER PROTEINS IN THE HAIR BUNDLE

Adato et al 2005



USHER PROTEINS IN THE HAIR BUNDLE r“ﬁ’ .'

wildtype Cdh23 -/-

Michalski et al. 2007




SYNAPTIC LOCALIZATION OF USHER PROTEINS

VLGR1b
™
Ex;
0ol "\
PSRl v

Synaptic localization in hair cells: USH2A, VLGR1, harmonin, SANS and whirlin




USHER PROTEINS IN SPIRAL GANGLIA

Whirlin Whirlin
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Hair cell 'ﬂ” Conhe

Sterling and Matthews 2005
Khimich et al. 2005



SYNAPTIC LOCALIZATION OF USHER PROTEINS

Whirlin UsSH2A VLGR1b

Synaptic localization in photoreceptors: all USH proteins



SUMMARY

1 The network has a structural role in the
stereocilia, the connecting cilium and possibly the synapse of
hair cells and photoreceptor cells

 The network is likely to have a role in transport between
the inner and outer segments of photoreceptor cells

[ The different functions of the complex suggest a complex
pathogenesis for Usher syndrome.
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