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Usher	
  syndrome	
  
q  hearing loss  

q  impaired vision 

q  vestibular  
    impairment 

q  recessive inheritance 

q  clinical heterogeneity  

q  3-6 per 100,000 



Gene2c	
  heterogeneity	
  
Type Subtype Chromosome Gene 

Usher I USH1b 11 MYO7A 
USH1c 11 USH1C 
USH1d 10 CDH23 
USH1e 21 - 
USH1f 10 PCDH15 
USH1g 17 USH1G 
USH1h 15 - 
USH1j 15 CIB2 
USH1k 10 - 

Usher II USH2a 1 USH2A 
USH2c 5 GPR98 
USH2d 9 DFNB31 

Usher III USH3 3 USH3A 
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Adolescence  
(night blindness) 

Prevent/delay 
symptoms 

USH2A	
  gene	
  Involvement	
  

1.7	
  x	
  106	
  persons	
  with	
  	
  
Re@ni@s	
  Pigmentosa	
  (RP)	
  

>	
  400.000	
  USH2A-­‐related	
  !	
  

•  250.000 nonsyndromic RP 
•  170.000 Usher syndrome 
•  No treatment for retina degeneration 
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•  5,202	
  amino	
  acids,	
  from	
  72	
  coding	
  exons	
  

N-­‐term.	
   C-­‐term.	
  

139	
  aa	
  
21	
  aa	
  

5,042	
  aa	
  

	
  
•  Expressed	
  in	
  photoreceptor	
  cells	
  

Usher	
  Research	
  in	
  Nijmegen	
  -­‐	
  	
  USH2A	
  



Adato et al.  2005 
Goodyear et al 2005 
Van Wijk et al 2006 
Kazmierczak et al 2007 

Ush2a - actin 

USH2A	
  protein	
  in	
  the	
  cochlea	
  
Hair cells - Hair bundle Cochlear nerve cells 

Ush2a - whirlin 

Outer Hair cells - Synapse 



Ninl Ush2a Overlay 

USH2A	
  protein	
  in	
  the	
  re2na	
  



§ 	
  Protein	
  Func@on	
  
	
  
§ 	
  Strategies	
  for	
  re@nal	
  therapy	
  	
  	
  

Usher	
  Research	
  in	
  Nijmegen	
  -­‐	
  	
  USH2A	
  



Usher type I 

Isolated deafness 

Usher type II 

isolated RP 

SANS 

CDH23 

USH1D 

PCDH15 

USH1F 

myosin VIIA 

USH1B 

harmonin 

USH1C 

usherin 

USH2A 

whirlin 

DFNB31 

USH1G 

GPR98 

USH2C 

CIB2 

USH1J 

USH2A:	
  Usher	
  Protein	
  Network	
  



USH2A 

Lebercilin (LCA5)  

CC           CC                     CC       CC 
Leucine  
zipper 

Tyrosine  
phosphorylation 

USH2A-­‐icd	
  

Ninl Spag5 

Dzank1 

USH2A:	
  Protein-­‐Protein	
  Interac2ons	
  



•  Clinically: 
•  (Slightly progressive) hearing loss 

•  Progressive Retinitis pigmentosa (Rods to cones) 

 

The	
  USH2A	
  pa2ent…	
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Adolescence  
(night blindness) 

Window of  
opportunity 

Total  
blindness 

Diagnosis Therapy Prevent/delay 
symptoms 

~15-20 yr ~40-50 yr 



What´s	
  needed	
  for	
  therapeu2c	
  development ?	
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1.  Strategy 

2.  Animal model 

“Classical” USH2A-gene augmentation ?  

Representative Ush2a knockout mouse ? 
X 
X 



The	
  EUR-­‐USH	
  project	
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P6: Nijmegen 

•  1.	
  Tagged	
  USH-­‐proteins	
  	
  
•  unravel	
  Usher	
  proteome	
  func@on	
  

www.eur-ush.eu 

•  2.	
  Therapy	
  
•  gene	
  augmenta@on	
  (and	
  exon-­‐skipping)	
  



Our	
  solu2ons	
  for	
  the	
  USH2A	
  pa2ents	
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•  1]	
  Interfere	
  with	
  dysregulated	
  func@on	
  
•  Unraveling	
  link	
  between	
  Usher	
  protein	
  interactome	
  and	
  cellular	
  func@on	
  

•  2]	
  Augment	
  USH2A	
  gene	
  
•  Coding	
  sequence	
  =	
  15.6	
  kb…	
  

	
  	
  
	
  

•  3]	
  Skip	
  muta@on	
  
•  Interfere	
  with	
  mRNA	
  splicing	
  by	
  using	
  AONs 	
  	
  	
  
	
  

•  >mini-­‐genes	
  (compress	
  USH2A	
  gene;	
  ongoing	
  project)	
  
	
  	
  

	
  

SANSB	
  



USH2A	
  and	
  photoreceptor	
  localiza2on	
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B 

Saima	
  Riazuddin	
  et	
  al.;	
  Nature	
  Gene@cs,	
  2012,	
  vol	
  44,	
  pages	
  1265–1271	
  
Tina	
  Maerker	
  et	
  al.;	
  Human	
  Molecular	
  Gene@cs,	
  2008,	
  Vol.	
  17,	
  No.	
  1,	
  pages	
  71–86	
  



Zebrafish ush2a model: 
-  Retina degeneration 
-  Hearing impairment 

To	
  study	
  the	
  eye,	
  we	
  need	
  a	
  model	
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•  Human	
  eye	
  is	
  difficult	
  to	
  obtain,	
  alterna@ves:	
  

•  Mouse	
  model	
  for	
  Ush2a: 	
  Deafness,	
  but	
  no	
  re@nal	
  degenera@on…	
  

Kers@n	
  Howe	
  et	
  al.;	
  Nature	
  496,	
  April	
  2013,	
  pages	
  498–503	
  

•  Zebrafish	
  model	
  for	
  ush2a: 	
  	
  

•  All	
  known	
  USH-­‐genes	
  are	
  conserved	
  between	
  human	
  and	
  zebrafish	
  

•  Human	
  vs.	
  zebrafish	
  USH2A:	
  both	
  gene	
  and	
  protein	
  structure	
  is	
  conserved	
  



Our	
  model	
  system:	
  Zebrafish	
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•  ~70%	
  genomic	
  similarity	
  

•  Advantages:	
  
•  Genome	
  (well)	
  known	
  
•  Genomic	
  manipula@ons	
  
•  Rela@vely	
  cheap	
  
•  Fast	
  reproduc@ve	
  cycle	
  
•  Much	
  offspring,	
  many	
  @mes	
  
•  Development	
  ex	
  utero	
  
•  etc…	
  

•  à	
  84	
  %	
  of	
  genes	
  known	
  to	
  be	
  	
  
associated	
  with	
  human	
  disease	
  	
  
have	
  a	
  zebrafish	
  ortholog.	
  

Kers@n	
  Howe	
  et	
  al.;	
  Nature	
  496,	
  April	
  2013,	
  pages	
  498–503	
  



Zebrafish	
  in	
  Nijmegen	
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•  ‘our’	
  	
  
facility:	
  



Zebrafish	
  reproduc2on	
  and	
  development	
  

Human Genetics Nijmegen 



Using	
  Zebrafish	
  as	
  a	
  model	
  system	
  for	
  
therapeu2c	
  development	
  

Human Genetics Nijmegen 

•  Use	
  specific	
  zebrafish	
  ush2a	
  mutant	
  for	
  func@onal	
  studies:	
  

	
  1]	
  Re@nal	
  func@on	
  
•  Optokine@c	
  response	
  –	
  In	
  house	
  

	
  
•  Electrore@nogram	
  (ERG)	
  measurements	
  	
  

	
  
	
  

2]	
  Morphology	
  
•  (Transmission)Electromicroscopy	
  
•  Immuno	
  histochemistry	
  
•  Apoptosis	
  stainings	
  photoreceptors	
  

	
  

(Collabora@on	
  with	
  Maarten	
  Kamermans,	
  Amsterdam)	
  

Can	
  we	
  see	
  a	
  difference	
  before	
  and	
  
aZer	
  treatment..?!	
  

	
  



•  How	
  to	
  successfully	
  skip	
  an	
  exon?	
  
à Resul@ng	
  transcript	
  is	
  NOT	
  out-­‐of-­‐frame!	
  
	
  

•  Used	
  for: 	
  1]	
  pseudo	
  exons	
  
	
   	
  2]	
  mutated	
  na@ve	
  exons	
  

	
   	
  	
  

Exon	
  skipping	
  background	
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USH2A	
  PE40	
  intronic	
  muta2on	
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Muta@on:	
  c.7595-­‐2144A>G	
  (Expected	
  3-­‐5%	
  of	
  all	
  USH2A	
  alleles	
  –	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  unpublished	
  data	
  A.F.	
  Roux,	
  Montpellier)	
  

	
  
	
  
	
  
	
  
	
  
•  152	
  bp	
  inser@on	
  	
  	
  >	
  	
  	
  out-­‐of-­‐frame	
  	
  	
  >	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  codon	
  (75bp	
  downstream)	
  

(=pseudo-­‐exon)	
  	
  
	
  
WT	
  USH2A	
  protein	
  
	
  
	
  
	
  
Truncated	
  USH2A	
  protein	
  

Skipping	
  PE40	
  =	
  WT	
  mRNA	
  !	
  



Start	
  PE40	
  model:	
  minigene	
  splice	
  assay	
  

Human Genetics Nijmegen 

Two minigene splice assays: 

 WT vs. Mut 

 

§  PE40 intronic sequence +/-  

 c.7595-2144A>G mutation 

§  500bp flanking sequence  

 both up- and downstream PE40 

§  between rhodopsin exons 3 and 5 



H.s.	
  PE40	
  minigene	
  splice	
  assay:	
  data	
  (2)	
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•  Tes@ng	
  	
  AON	
  1	
  and	
  2	
  in	
  HEK293T	
  cells	
  

Rho.ex5 Rho.ex3 USH2A 40’  

Rho.ex5 Rho.ex3 

* 



PE40	
  AONs	
  2tra2on	
  curve	
  on	
  PE40	
  
minigene	
  splice	
  assay	
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•  AON	
  1	
  and	
  2	
  	
  
	
  in	
  HEK293T	
  cells	
  	
  



AONs	
  for	
  USH2A	
  PE40	
  

•  1]	
  Splice	
  construct	
  is	
  working!	
  

•  2]	
  AONs	
  1	
  and	
  2	
  are	
  successful	
  in	
  skipping	
  PE40	
  

•  à	
  Test	
  AONs	
  1	
  and	
  2	
  on	
  USH2A	
  PE40	
  in	
  the	
  right	
  gene@c	
  context:	
  

Pa@ent	
  derived	
  iPS	
  cells	
  	
  
(AONs	
  also	
  func@onal	
  right	
  gene@c	
  context?)	
  	
  	
  	
  	
  	
   	
  	
  
!	
  AAV	
  cloning/iPS	
  diff.	
  ongoing	
  
	
  

MQ	
  	
  	
  	
  	
  	
  	
  Fib	
  	
  	
  Lymph.	
  	
  iPSC	
  	
  	
  	
  Phot.	
  	
  	
  	
  Ret	
  	
  	
  HEK293T	
  

Zebrafish	
  knock-­‐in	
  model	
  



Relevant	
  USH2A	
  PE40	
  model	
  (zebrafish)	
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•  Generate	
  a	
  humanized	
  ush2a	
  PE40	
  model:	
  

•  Knock-­‐in	
  via	
  Crispr/Cas9	
  system	
  
	
  

Exon	
  40	
   Exon	
  41	
  

Exon	
  40	
   Exon	
  41	
  



How	
  to	
  test	
  our	
  AONs	
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•  A	
  lot	
  of	
  promising	
  AONs,	
  how	
  to	
  evaluate	
  the	
  effect	
  in	
  a	
  
pa@ent-­‐derived	
  context?	
  

	
  
	
  à	
  need:	
  any	
  cell	
  type	
  expressing	
  USH2A	
  
	
  	
  

•  Photoreceptor	
  cell	
  

•  Hair	
  cell	
  (organ	
  of	
  cor@)	
  
	
  
	
  
	
  

Sampling	
  difficul@es…	
  

•  Nasal	
  epithelial	
  cells 	
   	
  	
  -­‐	
  	
  ~1/3	
  sampling	
  efficiency	
  
	
   	
   	
   	
   	
  	
  -­‐	
  	
  Need	
  many	
  samplings 	
  	
  
	
   	
   	
   	
   	
  	
  -­‐	
  	
  Non-­‐immortalized	
  cells…	
  
	
   	
   	
   	
   	
  	
  	
  	
  	
  (~max	
  p5)	
  

	
  
	
  
	
  

•  What’s	
  next..?	
  
	
  
	
  
	
  



•  Isolate	
  pa@ents’	
  fibroblast/kera@nocyte	
  cells:	
  

iPSCs	
  !	
  photoreceptor	
  like	
  cells	
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AON 

1]	
  Splicing	
  restora2on	
  in	
  pa2ent	
  material..?!	
  
2]	
  Off	
  target	
  effects	
  (transcriptome	
  seq.)?	
  
	
  

(Performed in collaboration with Dr. Budd Tucker, Iowa City) 



Concluding	
  our	
  USH2A	
  research	
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USH2A patients 
USH2A ex-patients 

Mutation in USH2A > 
truncated protein 

AON 

2. Fibroblast RNA 
Photoreceptor cells 

pCI-neo Rho ex3-5 splice_Hs USH2A PE40 wt
7788 bp

Hs USH2a PE40 Wild type

Rho Ex5

Rho Ex3

1. Splice constructs 
 (positive results!) 

3. Zebrafish lines 
(Crispr/Cas9 system) 

AONs testing Clinical testing 

Interfere splicing with 
AONs  

AON 

Proof of concept: Patient material: Functional read-out: 
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