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1914 Study on “the inheritance of retinitis pigmentosa” 

I- What is Usher Syndrome? 

 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. 



I- What is Usher Syndrome? 
Locus Location Gene/protein Function 
USH1B 11q13.5 MYO7A/myosin VIIA IE and R: transport 
USH1C 11p15.1 USH1C/harmonin IE and R: scaffolding 

USH1D 10q22.1 CDH23/cadherin 23 IE: tip link formation; R: periciliary 
maintenance 

USH1E 21q21 −/− Unknown 

USH1F 10q21.1 PCDH15/protocadherin 15 IE: tip link formation; R: periciliary 
maintenance 

USH1G 17q25.1 USH1G/SANS IE and R: scaffolding and protein 
trafficking 

USH1H 15q22-23 −/− Unknown 
USH1J 
 15q24 CIB2/ Calcium And Integrin 

Binding Family Member 2 Calcium and Integrin-binding protein 

USH2A 1q41 USH2A/usherin IE: ankle links formation and cochlear 
development; R: periciliary maintenance 

USH2C 5q14.3 GPR98/VLGR1 IE: ankle links formation Cochlear 
development; R: periciliary maintenance 

USH2D 9q32-34 DFNB31/whirlin IE: scaffolding and cochlear development; 
R: scaffolding0 

USH2 
Modifier 10q24 PDZD7 Homolog of Harmonin and Whirlin 

USH3A 3q25.1 USH3A/clarin-1 IE and R: probable role in synapsis 
transport* 

USH3B 20q −/− Unknown 

11 different genes (15 
genetic loci) have 
been linked to USH.  

http://en.academic.ru/pictures/enwiki/65/Autorecessive.svg
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I- What is Usher Syndrome? 

IE: Usher proteins play structural and 
developmental roles in stereocilia and 
ribbon synapses.  



Cosgrove and Zallocchi, 2014, IJBCB 

I- What is Usher Syndrome? 

RE: Usher proteins are associated with 
the connecting cilium, outer limiting 
membrane and ribbon synapse of 
photoreceptors. 



The Usher Interactome 
USH1 



The Usher Interactome 
USH2 



II- Advances in understanding the pathophysiology of 
Usher Syndrome 

Christine Petit 
 

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



II- 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) 

 

MAGi2/Sans are present at the base of the primary cilia and both play a role in 
ciliogenesis 



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

Monte Westerfield 
 

“Defective protein complex assembly 
produces ER stress that causes cell 

death in Usher Syndrome” 

Ush1 proteins are shown to 
pre-assemble in the 
endoplasmic reticulum. 
Disruption in any one of the 
Ush1 protein partially 
disrupts trafficking of the 
complex as well as Ush2 
proteins. This defect leads to 
ER stress and apoptosis (cell 
death). 

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


III- Treatment: Strategies for restoring function 
 

Reinsertion of the missing link 
 a- Engineering AAV vectors: Luk Vandenberghe 
 b- Gene Therapy for Usher Syndrome 

Interaction partners. Jeff Holt 
   
 
 
 
 
 
 

 
 
 

Correction of translation 
 a- Antisense Oligonucleotides   Jennifer Lentz 

b- Translation read-through: Kirsten Nagel Wolfrum 



          Reinsertion of the missing link 

III- Treatment: Strategies for restoring function 
 

Engineering AAV vectors: Luk Vandenberghe 

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 

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 immune response is limited. 



          Reinsertion of the missing link 
 Gene Therapy for Usher Syndrome Interaction partners. Jeff Holt 
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III- Treatment: Strategies for restoring function 
 

Jennifer lentz (USH1C) 
“Antisense oligonucleotides effectively 

treat Usher Syndrome in mice.” 

Correction of translation 

 
Frame shift mutation found in French-Acadian USH1C patients 
Results in a severely truncated protein and affects all harmonin isoforms 
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III- Treatment: Strategies for restoring function 
 

Kirsten Nagel Wolfrum 
“Translation read-through to 
treat hereditary retinopathy” 

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

pR155X USH1C in-frame non sense 
mutation (harmomin: red) 

Correction of translation 



 
Recovered harmonin protein expression after translational read-through  
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Goldmann et al. (2012) EMBO Mol Med 4:1186-99 
Harmonin (green) 
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Restored harmonin_b3 actin bundling capacity: 

Recovered functional harmonin   

Also now study with other Usher causing 
non-sense mutations: 
- USH1F (PCDH15) 
- USH2A (Usherin) 
- USH2C (GPR98) 
- USH3A (Clarin 1) 
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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
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