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Aging, neurodegenerative diseases and  
the coming epidemic 

 
 
Aging associated-neuro 
degenerative diseases: 

  
•  Stroke 
•  Cerebral trauma 
•  Parkinson’s disease 
•  Huntinghton’s disease 
•  Alzheimer’s disease 
•  Multiple Sclerosis 
•  Amiotrophic lateral sclerosis 

From: Jesus Avila, R&D on Ageing: the Biomedical Viewpoint 

Aging: the numbers 
Globally, the 65-plus demographic is  
estimated to triple from 524 million  
in 2010 to about 1.5 billion by 2050 
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      Extent of the problem:  
the case of Alzheimer’s disease 
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…not only Alzheimer’s…. 
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…not only Alzheimer’s…. 
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Not Just a Movement Disorder: Cognitive Changes in PD 
By Laura Marsh, M.D. 

 Distractibility, disorganization, forgetfulness, and difficulties with planning:  it frequently comes as 
a surprise to people with Parkinson’s disease (PD) and their families that “cognitive changes”  
— alterations in memory, attention, and thinking — are often part of PD.  After all, in 1817, when  
James Parkinson first described  the “shaking palsy” he said that, “the senses and intellect were  
uninjured.”  While he was correct in most of his assertions, Dr. Parkinson did miss the mark with  
this claim.  

 

Cognitive defects is a common hallmark of neurodegenerative diseases! 

Maria Pia Abbracchio  



Maria Pia Abbracchio  



Maria Pia Abbracchio  



The promise of stem cells  
for neuro-rejenerative therapies 

Embryonic cells transplantation for cell substitution therapy 
in Parkinson’s, Alzheimer’s, multiple sclerosis, stroke… 
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Embryonic stem cell transplantation  
in Parkinson’s disease 

 
Some patients have shown clear beneficial effects (disease amelioration, need  

for lower doses of medications, long term survival of transplanted cells) 
 

Important proof-of-concept that cell substitution therapy 
could work! 

 

 
•  Many patients have experienced  
    transplant rejection or dyskinesias 
•  Transplanted cells can differentiate to  
   cells other than dopaminergic neurons 
•  In some cases, cells can generate tumors 
•  Transplanted cells can get sick !! 

   
  However…. 
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OLIGODENDROCYTES: CELLS ENABLING NERVE 
TRANSMISSION AND SUPPORTING AXONAL ENDINGS 

DEMYELINATION: A CONDITION LEADING TO MYELIN  
DISRUPTION AND NEUROLOGICAL DISFUNCTION  

COMMON TO MULTIPLE SCLEROSIS AND SEVERAL OTHER 
NEURODEGENERATIVE AND NEUROPSYCHIATRIC CONDITIONS 
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Re-myelination matters….not only in Multiple Sclerosis! 
Oligodendrocyte signals maintain axonal integrity and  

myelin repair fosters brain repair in neurodegenerative diseases 

Parkinson’s disease medication shows promise for myelin repair 
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From	
  Fumagalli	
  M,	
  Lecca	
  D,	
  Abbracchio	
  MP,	
  Neuropharmacology,	
  2015	
  

GPR17, a membrane receptor involved in 
OPC maturation and a new target for  

re-myelinating therapies Maria Pia Abbracchio  
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The GPR17 ligand Montelukast significantly improves  
spontaneous  re-myelination in the MCAo rodent model  

Gelosa P et al., submitted 2016 
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Adult neurogenic areas: the hippocampal dentate gyrus 

Modified from: Zimmermann, H. Purinergic signaling in neural development 
Seminars in Cell & Developmental Biology 2011 

 
  

Involved in learning  
and memory 
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Throughout adulthood, memories are consolidated via the 
formation of new neurons in the hippocampus 

Cerebral cortex 
(long term memory) 

•  Involved in normal learning and memory 
•  Progressively impaired function in aging associated learning decline 

and in pathological aging (e.g., Alzheimer’s disease) 
•  A target for memory enhancing therapies? 

and/or in neurodegenerative conditions? 

Hippocampus 
(short term memory) 
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Lledo et al., Nat Rev Neurosci 7:179-193 (2006) 

……the formation of these new neurons is greatly  
stimulated when we learn new things 

(Bischofberger et al., Nat Neurosci 10:273-275, 2007) Maria Pia Abbracchio  



Aging decreases the number of  
stem cells in hippocampus 

Maria Abbracchio,  
La Real Academia Nacional  

de Farmacia, 2016 



Is there a way to rejuvenate our 
hippocampus and help our hippocampal 

stem cells to generate more neurons, in 
order to restore cognitive functions in 
aging and neurodegenerative diseases 
characterized by learning and memory 

deficits? 

Maria Abbracchio,  
La Real Academia Nacional  

de Farmacia, 2016 



SA Villeda et al. Nature 477,  
90-94, 2011 

The blood of young individuals contains factors 
that restore hippocampal neurogenesis, while the 

blood of old individuals inhibits it!  
Maria Abbracchio,  

La Real Academia Nacional  
de Farmacia, 2016 

….but, is there  
anyother way? 



Yes! With drugs! 
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The P2Y-like GPR17 receptor is expressed in  
small subsets of cells  

of the hippocampal dentate gyrus 

Marschallinger J et al., Nature Communications, 2015 
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Treatment of old rats with montelukast, a GPR17 
antagonist, alleviates aging-associated learning  

and memory deficits 

Marschallinger J et al., Nature Communications, 2015 Maria Abbracchio,  
La Real Academia Nacional  

de Farmacia, 2016 



Montelukast treatment increases dentate gyrus neurogenesis  
in the aged brain 

Maria Abbracchio,  
La Real Academia Nacional  

de Farmacia, 2016 



“We know rejuvenation exists. Now we 
have to figure out the bare minimum of 
therapeutics or genetic tinkering 
necessary for it to be safely translated 
into a human.” 
Saul Villeda, PhD 

CONCLUSIONS 
Maria Pia Abbracchio  
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Antagonization Instruction 
Olig2-VP16 overexpression 

antagonises endogenous Olig2 function 
Pax6 

overexpression 

Doublecortin-expressing  
newborn neurons (12-19%) 

in vivo 
 transduction 

DCX 
GFP 

Buffo et al., PNAS 102,  
18183-18188 2005 

DCX: doublecortin 
GFP: green fluorescent 

         protein 

proliferating reactive progenitor cell 

Olig2VP16GFP virus Pax6GFP virus 

Activated 
adult reactive  

astrocyte	



Reactive astrocytes as a source of new cells to 
regenerate the brain 

-Need for epigenetic reprogramming 
•  Transduction of neuronal/glial genes 

•  Growth factors, chondroitinase, 
 riluzole, purinergic agents, etc.  

 

-Need to favorably “condition” the  
extracellular milieu to foster NCS  

repairing abilities 
 



From: Zimmermann, H. Purinergic signaling in neural development 
Seminars in Cell & Developmental Biology 2011 

 
  

  

Purinergic signalling plays a key role  
from the very beginning of life 




