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Human pathologies due to telomerase defects 

dysqueratosis congenita (DKC1, Terc) 

aplastic anemia (Terc, Tert) 

idiophatic pulmonary fibrosis (Terc, Tert) 

loss of the regenerative capacity of the skin 

lungs, bone marrow… 

Telomere length=Biomarker of aging? 

Lower percentiles of telomere length= 

higher risk of diseases (cardiovascular,  
neurodegenerative, death by infections) 



A very accurate technology for telomere 

length measurement 

Canela et al., PNAS (2007) 







Genetic tests: genes as risk factors for disease 

INHERITED 

Telomere tests: indication of the degree of aging  

INHERITED ENVIRONMENT 

MORE POWERFUL PREDICTIONS 

OF RISKS AND TIME OF ONSET 

# aging is the highest risk factor for all diseases 

# telomere length integrates both inheritance & environmental factors 

DEVELOPMENT OF  

NEW TREATMENTS TO  

PREVENT DISEASE 



Breast cancer: Familial breast & ovarian cancer 

BRCA1/BRCA2 

Martínez-Delgado et al., PLoS Genetics, 2011 

Martínez-Delgado et al., J. Medical Genetics, 2012 (ovarian) 



Chen et al., Cell, (March 15th 2012) 
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Current age (years)   55 

Predicted age (years)  101 

Current age (years)  55 

Predicted age (years)  76 



telomerase-deficient 

wild-type 

Blasco et al., Science (1995) 

Blasco et al., Cell (1997) 

Lee, Blasco, et al., Nature (1998) 
González-Suarez et al., Nat Genet (2000) 

González-Suarez et al., EMBO J. (2001) 

Flores et al., Science (2005) 

Telomerase-deficient mice (Terc-/-): 

 decreased regenerative capacity 

 due to stem cell dysfunction 

  less cancer 

Super-telomerase mice (K5-Tert):     

 better tissue fitness 

 slightly more cancer 



Phase II 

Clinical trials 

(breast, lung, prostate etc) 



Can telomerase  

increase health span? 
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Flores et al., Genes and Dev (2008) Telomapping technique 



G1 G2 G3 normal 

García-Cao et al., EMBO Rep, (2006) 

Median life-span 

Maximum life-span 

tert 

Telomere length 

?
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Flores et al., Genes & Dev, (2008) 
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La telomerasa se expresa específicamente en células madre 

telomerase 

Telomere length 

Super-telomerase!

Gonzalez-Suarez et al., Oncogene (2004) 
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Cancer-free survival!Overall survival!
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Improved neuromuscular fitness 
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Tomás-Loba et al, Cell (2008) 

SUPER Wild-type 

Defeating aging with telomerase 



The naked mole rat does it! 

# constitutive expression of telomerase 

# increased cancer resistance 

The longest lived rodent 

(>30 years old) 

Size of  a mouse 



Therapeutic strategies 

Can TERT “treatment” 

delay aging without  

increasing cancer? 



A gene therapy of aging 

(Adeno associated viruses, AAV9) 



Mingozzi and High, Nature Reviews Genetics, 2011 

Current clinical trials with Adeno Associated Viruses 



A Gene Therapy of Aging: AAV9-TERT treatment 

Bernardes et al. , EMBO Molecular Medicine, in press 
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AAV9-TERT treatment increases telomerase activity in tissues 

Bernardes et al. , EMBO Molecular Medicine, in press 

Some cases of pulmonary fibrosis caused by telomerase mutations 



AAV9-TERT treatment improves healthspan in 1 & 2 year old mice 

bone density 

subcutaneous 

fat layer 

Bernardes et al. , EMBO Molecular Medicine, in press 
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Bernardes et al. , EMBO Molecular Medicine, in press 



13% median lifespan 

20% maximum lifespan 

 AAV9-mTERT n=21  

 AAV9-eGFP n=12      

V.I. – Viral injection      

 Control n=33 

eGFP vs mTERT 

p= 0,02 (Log Rank test) 

Control vs mTERT 
p= 0,02 (Log Rank test) 
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V.I. – Viral injection      

 Control n=25 

Bernardes et al. , EMBO Molecular Medicine, in press 



AAV9-TERT treatment late in life does not increase cancer 

Bernardes et al. , EMBO Molecular Medicine, in press 



Telomerase activation-based therapy to increase healthspan & longevity 

Commentary in: 

Boccardi & Herbig, EMBO Molecular Medicine, in press 



Telomeres & Telomerase Group, CNIO, Madrid, Spain 


