
 
Role of protein misfolding in neurodegenerative disorders 

Claudio Hetz, PhD 
 

Instituto de Neurociencia Biomédica, ICBM,  
Facultad de Medicina  
Universidad de Chile 



Protein aggregates in neurodegenerative diseases  

   α-synuclein                                Amyloid β                                  PrPSC 

 Parkinson                               Alzheimer                     Prion Disorders  



Ross and Poirier (2005) Nat Rev Mol Cell Biol 

Protein aggregates in neurodegenerative diseases  

Huntington’s Disease Parkinson’s Disease Alzheimer's Disease 

Huntington’s Disease Alzheimer’s Disease Alzheimer's Disease 



Hereditary Diseases 



Protein structure: from shape to function 
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Gain of Toxic 
Activity? 

New concept: Protein Conformational Disorders 

Loss of  
physiological function? 

The hallmark event is the misfolding of a natural protein 



Protein Conformational Disorders 
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Protein Conformational Disorders 



Alzheimer’s disease 



Parkinson’s disease 



Onset & Symptoms: 
-  Personality changes 
-  Involuntary movements 
-  Middle adulthood, progresses over 15-20 years 
-  Loss of motor control and intellectual function 
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Prion-related disorders 



PrPC 

Disease origin:              
-infectious           

-Sporadic          

-Familial 
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TSE: The role of Prion (PrPC) misfolding 



Mad Cow Disease and Creutzfeldt-Jacob 



                                    Soto (2012) Cell 

         Novel concept:  Prion-like propagation of disease 
 



Amyotrophic Lateral Sclerosis (ALS) 



• Fatal	
  neurodegenera-ve	
  disease.	
  

• Selec-ve	
  lost	
  of	
  motoneurons	
  in	
  the	
  primary	
  
cortex,	
  brainstem	
  and	
  spinal	
  cord.	
  	
  

• Symptoms:	
  muscle	
  weakness,	
  spasms,	
  lack	
  of	
  
coordina-on,	
  paralysis,	
  respiratory	
  
insufficiency	
  and	
  death.	
  

• Symptoms	
  	
  start	
  in	
  adulthood	
  (40-­‐70	
  years).	
  

• And	
  also,	
  in	
  some	
  cases,	
  behavioral	
  and	
  
cogni-ve	
  impairment,	
  related	
  to	
  of 
frontotemporal dementia 	
  
	
  

Amyotrophic Lateral Sclerosis (ALS) 
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Amyotrophic Lateral Sclerosis (ALS) 





Amyotrophic Lateral Sclerosis (ALS) 

•   ALS is the most common adult-onset paralytic disease (4-6 cases per 
100,000 individuals). Estimated 400 total cases in Chile each year. 

• 10% of ALS cases are familial. Dominant mutations in the gene for 
superoxide dismutase-1 (SOD1) cause familial ALS. 

Pascinelli and Brown (2006) Nat Rev Neurosci 



•  Mutations in four genes (C9ORF72, SOD1, TARDBP, and FUS/TLS) 
account for most familial ALS cases. 

ALS etiology 



Genetic of ALS 

Turner et al (2013) Neurology 



Genetic of ALS 



ALS usually first affects the limbs (spinal onset). Then brainstem and upper motor 
neurons in the cortex are affected in ALS. 15% of ALS patients develop behavioral or 
cognitive impairment. 
 
Fronto-temporal lobe degeneration (FTLD) is characterized by abnormalities of 
behavior in a large proportion of patients. 15% of FTD patients develop symptoms that 
fit ALS disease. 

Ling et al (2013) Neuron 

ALS and FTD 
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ALS and FTD 



Mutant SOD1 and ALS 



Cellular events triggered by SOD1 

• Axonal transport 

• Neurotoxicity -NMDA 

• Inflammation 

• Oxidative and ER stress 

• Apoptosis 

Pascinelli and Brown (2006) Nat Rev Neurosci 



Temporal events in ALS 

Boille et al.,  (2006) Neuron 
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Mouse models of ALS 



Mouse models of ALS 

Spinal cord ALS patients Mutant SOD1 transgenic mice 

Forsberg et al. PLoS One, 2010 Watanabe et al. Neurobiol Dis, 2010 
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Gene therapy in ALS: Prosurvival factor 



Gene therapy to target mutant SOD1 

Raoul al., (2005) Nat Med 
Ralph et al., (2005) Nat Med 



Laser capture 

!
Gene expression profile in ALS!

	



Saxena et al., (2009) Nat Neurosci 

Vulnerable Resistant 



Biomedical research preclinical models of ALS 
 
 

A new target:  
Protein folding stress at the endoplasmic reticulum (ER) 



Protein misfolding and ER stress 

ER STRESS 
Accumulation of misfolded  

Proteins 
 
 

Amyloid β Deposition 

Prion aggregation 

UPR 
target genes 

Protein quality 
control 

Folding 

Autophagy 

α-Synuclein 

APOPTOSIS 

    Irreversible or chronic 
ER stress 



Alzheimer        
  

Parkinson        
 
Amyotrophic lateral sclerosis   
 
Creutzfeldt-Jacob (Prion)       
 
Multiple sclerosis    
 
Huntington 

             
Spinocerebellar Ataxia   
 
Spinal cord injury   
 
Ischemia   

  

Animal 
models Disease  

ER stress in neurodegenerative diseases 

Human studies  
(post-mortem) 

Hetz and Mollereau (2014) Nature Rev Neurosci 



        
  The Unfolded Protein Response (UPR) 

Is a cellular response triggered by conditions that alters the function of the ER 
(ER stress) and aims restoring organelle homeostasis.  

Stress sensor 

Transcription 
factor 

Effecter genes:  
Adaptation to stress 
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IRE1 signaling	
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XBP-1s   UPR genes	
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Calfon et al. (2002). Nature 
Yoshida et al., (2001). Cell 
Lee et al (2002). Genes & Dev 



UPR signaling	



"
ER stress signalling"

	





The UPR is essential for secretory cell function 

Acosta-Alvear et al.,  (2007) Mol Cell 

XBP1 KO 

XBP1 KO 

XBP1 WT 

XBP1 WT 

Lee et al.,  (2005) EMBO J 



    A neuroprotective compound: 
    Trehalose, alleviates neuronal stress  

 

Castillo et al., (2013) Autophagy 



Gene therapy 

Collaboration Donna Armentano and Geoffrey Parsons 



AAVs: Adeno-associated viruses 
 
-  Small viruses. No diseases associated with AAV infections. 

-  AAVs causes minimal immune responses. 

-  Can infect dividing and non dividing cells. 

-  The vector is maintained on an extra-chromosomal state without  
     integrating into the genome of the host cell. 
 
-  Can be produces on a large scale. 

-  Recent clinical trials in humans show safety properties and 
therapeutic benefits in Leber´s Congenital Amaurosis 

 



 
AAV-XBP1s delivery protects against ALS 

In progress… 
 

SOD1G86R Tg mice 

Castillo et al., (2013) Cell Death Dis 



Gene-therapy in Spinal cord injury 

 AAV-GFP 

Hoechst Merge 

Olig2 

Valenzuela et al., 2012 Cell Death Dis 



 
AAV-XBP1s delivery protects against  

Parkinson 

Valdez, Mercado et al (2014). PNAS 

TH/GFP 



Shifting the protein homeostasis network 
to protect against protein misfolding  

ERAD 

Autophagy 



Hetz et al (2013). Nature Rev Drug Discovery 

 
Therapeutic strategies to target ER stress 
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Hetz and Mollereau (2014). Nature Rev Neurosc 

 
Distinct contribution of the UPR to brain diseases 

 


