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 •  A	  consequence	  of	  increased	  life	  expectancy	  is	  a	  rise	  

in	  the	  occurrence	  of	  photoreceptor	  and	  neuronal	  
survival	  failure,	  as	  reflected	  by	  age-‐related	  macular	  
degenera9on	  and	  other	  neurodegenera9ve	  
diseases.	  

•  Why	  does	  this	  happen?	  	  
	  
•  What	  can	  we	  learn	  by	  teasing	  out	  the	  in9macy	  of	  

this	  failure	  to	  help	  develop	  effec9ve	  therapies?	  	  

•  This	  issue	  is	  magnified	  when	  looking	  at	  early	  onset	  
re9nal	  degenera9ons,	  par9cularly	  Ushers’	  
syndrome,	  a	  dual	  sensorial	  (sight	  and	  hearing)	  
neurodegenera9ve	  condi9on.	  	  



	  	  
	  

 
 
 •  Re9nal	  development,	  as	  is	  the	  case	  with	  the	  rest	  of	  

the	  central	  nervous	  system,	  is	  driven	  by	  neuronal	  
apopto9c	  cell	  death,	  and	  thereaZer	  neurons,	  
including	  photoreceptor	  cells,	  become	  post-‐mito9c	  
cells.	  	  

•  In	  re9nal	  degenera9ve	  diseases,	  un9mely	  cell	  death	  
is	  set	  in	  mo9on,	  leading	  to	  photoreceptor	  cell	  loss	  
due	  to	  failed	  biology,	  not	  due	  to	  developmental	  
failure.	  



Beau9ful	  Interdependent	  Rela9onship	  Between	  
Photoreceptor	  Cells	  and	  Re9nal	  Pigment	  Epithelial	  Cells 

Bazan,	  N.	  et	  al.	  Annu.	  Rev.	  Nutr.	  31:321–51,	  2011	  	  
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Between	  these	  cells,	  there	  is	  a	  
9ghtly-‐regulated	  recycling	  of	  
key	  molecules	  that	  takes	  place,	  
driven	  by	  the	  daily	  shedding	  of	  
photoreceptor	  cell	  9ps	  	  
and	  RPE	  phagocytosis.	  	  



Do	  pro-‐homeosta9c-‐response	  docosanoids,	  made	  on	  demand	  at	  the	  
onset	  of	  	  homeostasis	  disrup9ons	  from	  DHA,	  sustain	  latency?	  
(Bazan	  N.	  Mol.	  Neurobiol.	  2014	  50:1-‐5.)	  
	  
We	  began	  to	  decipher	  molecular	  principles	  for:	  

1)  Reten9on	  specificity	  of	  DHA.	  	  	  
Rice,	  D.	  et	  al.,	  Nature	  Com.	  	  2015	  6:1-‐14.	  	  

Is	  There	  a	  Molecular	  Logic	  that	  Sustains	  Photoreceptor	  
Func9onal	  Integrity	  and	  Survival?	  

Why	  don’t	  diseases	  manifest	  during	  latency	  in	  inheritable	  re9nal	  
degenera9ons	  (e.g.	  Re'ni's	  Pigmentosa)?	  

2)	  Intracellular	  messenger	  proteins	  that	  implement	  docosanoid	  
bioac9vity	  to	  counteract	  homeostasis	  disrup9ons	  and	  sustain	  
photoreceptor	  cell	  survival.	  
Calandria	  J.M.,	  et	  al.	  Cell	  Death	  and	  Diff.	  2015	  1-‐15.	  



•  Enriched, avidly retained and attaining the highest content in the 
body in photoreceptor cells   
 

• Reservoir/precursor of bioactive docosanoid mediators (e.g. NPD1) 

• Necessary during pregnancy/early development for vision and 
synapses 

• Decreases in blood in Retinitis Pigmentosa and Usher’s Syndrome 
patients 

• NPD1 decreases in CA1 area in early stages of Alzheimer’s 

• Precursor of very long chain derivatives (38:6,n-3,36:6,n-3) that 
become part of the molecular species of phosphatidyl-choline 
(VLC-PUFA-PC): 
‒ Tightly bound to rhodopsin 
‒ Decreases in Stargard syndrome  
‒ Mutated ELOV4 causative of retinal degeneration 
‒ Decreases also in Age-related Macular Degeneration 

Docosahexaenoic Acid and Sight 



DHA (22:6) is Concentrated and Retained in  
Photoreceptor Cells and in Retinal Pigment Epithelial Cells  

Bazan,	  N.	  et	  al.	  Annu.	  Rev.	  Nutr.	  2011.	  31:321–51	  
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RPE Cells Are the Most Active 
Phagocytes of the Body 

  
•  Necessary for Photoreceptor 

Vision and Survival 

•  Post-Mitotic Cell 

•  The Retina is Part of the Nervous  
System 

N.	  	  Bazan,	  B.	  	  Sco.,	  T.Reddy,and	  M.	  Pelias.	  	  
BIOCHEMICAL	  AND	  BIOPHYSICAL	  RESEARCH	  COMMUNICATIONS.	  141,	  
600-‐604,	  1986	  
DECREASED	  CONTENT	  OF	  DOCOSAHEXAENOATE	  AND	  
ARACHIDONATE	  IN	  PLASMA	  PHOSPHOLIPIDS	  IN	  USHER’S	  
SYNDROME	  



DHA  is Supplied by the Long Loop and  Retained Through Recycling in  
 Photoreceptor and Retinal Pigment Epithelial Cells by Short Loop 
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Ablation of AdipoR1 Leads To “Flecked Retina” 

D.	  Rice,	  et.al.,	  Nature	  Comm.	  2015	  



Rice,	  et	  al.,	  Nature	  Comm.	  2015	  

Ablation of AdipoR1 Leads To Photoreceptor Cell Degeneration 

W.	  Gordon	  and	  N.	  Bazan,	  (unpublished)	  



Progressive Loss of Photoreceptors in AdipoR1–/– Mice 
(OCT)	  

Rice	  et	  al.,	  Nature	  Comm.	  2015	  



Attenuated ERGs, Prolonged Dark Recovery and Impaired  
Retinol Visual Cycle in AdipoR1 –/– -Deficient Mice 
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Nature	  423:762-‐769	  (2003)	  

Impaired Adiponectin Action Takes 
Place in Obesity and of Other Diseases 

Toshimasa	  Yamauchi	  et	  al.,	  Best	  Pract	  Res	  Clin	  Endocrin	  Metab	  2014	   Cardiovascular	  
diseases	  

Metabolic	  
Syndrome	  

Type	  2	  Diabetes	  

Cancer	  

Alzheimer’s	  disease	  

G-Protein 

AdipoR1 is a Seven Transmembrane-Spanning Domain Receptor 

Kadowaki	  et	  al.,	  JCI,	  2014	  



PC Molecular Species in 24-Day-Old Mouse Retinas 
 (negative ion mode) 

	  D.	  Rice,	  et.al.,	  Nature	  Comm.	  2015	  



ELOVL4 is not Down-Regulated in AdipoR1–/– Retinas 

Rice	  et	  al.,	  Nature	  Comm.	  2015	  	  



Docosanomics: A Novel Molecular Switch 

Rice	  et	  al.,	  Nature	  Comm.	  2015	  	  
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AdipoR1: Organizes the DHA Lipidome in Photoreceptor Cell 
Membranes and is Necessary for Cell Integrity and Survival, Hence 

Essential for Vision 

Healthy Degenerating 

Novel Molecular Switch that Selectively and Specifically Controls 
the DHA Lipidome 



Abla9on	  of	  AdipoR1:	  
	  	  
1.   Flecked	  Re9nahotoreceptor	  Cell	  Degenera9on	  

2.   A.enuated	  ERG	  and	  Prolonged	  Dark	  Recovery	  

3.   Impaired	  Re9nal	  Visual	  Cycle	  

4.   Adiponec9n	  KO	  (cognate	  ligand)	  does	  not	  display	  Re9nal	  Degenera9on	  
Phenotype.	  	  

	  

Adiponectin Receptor 1 is an Integral Membrane Protein 
Necessary for Maintenance of Photoreceptor Cell Structure 

and Function Because It Sustains Specific Molecular Species 
of Phosphatidylcholine 

SNP	  in	  human	  AdipoR1	  gene	  associated	  with	  AMD	  
Kaarniranta	  K.	  et	  al.,	  	  Adiponec9n	  receptor	  1	  gene	  	  variant	  is	  associated	  with	  advanced	  
age-‐related	  macular	  degenera9on	  in	  Finnish	  popula9on.	  Neurosci	  Le<.	  2012	  ,513:233-‐7.	  	  



	  Abla9on	  of	  AdipoR1	  leads	  to:	  
	  	  

1.   Reduc9on	  in	  re9nal	  DHA	  levels.	  

2.   Decreased	  DHA	  uptake	  into	  the	  RPE	  when	  eyecups	  are	  incubated	  with	  
d5-‐DHA.	  DHA	  is	  also	  decreased	  in	  human	  RPE	  cells	  by	  silencing	  or	  
overexpressing	  AdipoR1.	  	  

3.   Absence	  of	  phospha9dyl	  choline	  molecular	  species	  with	  VLC-‐PUFAs	  in	  
re9nas	  	  by	  24	  days	  of	  life.	  

	  

4.	  	  Specific	  for	  DHA	  metabolism:	  
	  	  	  	  	  	  -‐	  uptake	  	  
	  	  	  	  	  	  -‐	  reten9on	  
	  	  	  	  	  	  -‐	  conserva9on	  	  
	  	  	  	  	  	  -‐	  elonga9on	  	  
	  	  	  	  	  	  -‐	  availability	  for	  	  NPD1	  synthesis	  and	  other	  docosanoids.	  

The  Adiponectin Receptor 1 is a Regulatory Switch of the 
DHA Lipidome in the Retinal Pigment Epithelium and 

Photoreceptor Cells 
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   PC(p18:0/22:6) 
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Normal 84 yo CF 

photoreceptors 
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HOW	  NOVEL	  MOLECULAR	  PRINCIPLES	  CAN	  BE	  HARNESSED	  

1.  Mimicking	  nature	  responses	  to	  onset	  and	  progression	  of	  
photoreceptor	  and	  hearing	  cell	  dysfunc9on	  and	  loss	  
	  

2.  Develop	  analogs	  of	  the	  naturally	  occurring	  survival	  mediators	  to	  make	  
them	  bioavailable	  and	  to	  a.ain	  longer	  las9ng	  ac9ons	  
	  

3.  S9ll	  need	  to	  define	  disease	  modifying	  proteins/lipids	  in	  Usher’s	  
	  

4.  For	  deafness,	  neurological	  insights	  are	  evolving	  at	  the	  molecular	  level	  
based	  on	  new	  understandings	  of	  neuronal	  plas9city	  

5.  Combina9on	  of	  therapy	  with	  gene9c/an9sense	  or	  other	  approaches	  
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