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Targeting Telomeres
in age-related diseases

(ie., pulmonary fibrosis)
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The Hallmarks of Aging

López-Otín, Blasco, Partridge, Serrano & Kremer, Cell (2013)



Telomeres, telomerase
& disease
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Validation of role of 
telomerase in cancer & aging

Blasco et al., Science (1995)
Blasco, Lee, et al., Cell (1997)
Lee, Blasco, et al., Nature (1998)

González-Suarez et al., Nat Genet (2000)
Flores et al., Science (2005)

Premature loss of regenerative capacity of 
tissues (stem cell mobilization defects)

Anticipation of many aging-associated 
pathologies (skin, gut, bone marrow etc)

Resistant to cancer in late generations (when 
telomeres become short)
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Proof-of-concept that
TERT can delay aging
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Therapeutic strategy:
AAV9-TERT

Bernades de Jesús et al., EMBO Mol Med (2012)

 If aging is produced owing to telomerase deficiency in adult life, TERT
delivery late in life (1-2 year old mice) should delay aging & diseases

We used AAV gene therapy vectors: non-integrative (TERT expression will
be lost after a few cell divisions=sufficient to elongate short telomeres but
not to induce cancer?), non-immunogenic, safe…

 If aging is produced owing to telomerase deficiency in adult life, TERT
delivery late in life (1-2 year old mice) should delay aging & diseases

We used AAV gene therapy vectors: non-integrative (TERT expression will
be lost after a few cell divisions=sufficient to elongate short telomeres but
not to induce cancer?), non-immunogenic, safe…



Proof-of-concept:
Efficacy AAV9-TERT

Bernades de Jesús et al., EMBO Mol Med (2012)

1 & 2 year-old mice longer telomeres
lower DNA damage

Improved glucose tolerance
Improved skin fitness
Less cognitive decline
Less osteoporosis
Improved neuromuscular
Delayed cancer
24% (1-yr) & 13% (2-yrs)
increased survival

Improved glucose tolerance
Improved skin fitness
Less cognitive decline
Less osteoporosis
Improved neuromuscular
Delayed cancer
24% (1-yr) & 13% (2-yrs)
increased survival



Life-extension requires
TERT catalytic activity

Bernades de Jesús et al., EMBO Mol Med (2012)

0 55
0

50

100

80 120 160

Weeks

Pe
rc

en
t

Su
rv

iv
al

treatment

24%

AAV9-mTERT n=21 

AAV9-eGFP n=12     

AAV9-mTERT-DN n=17 

13%

eGFP vs mTERT
p= 0,02 (Log Rank)
mTERT-DN vs mTERT
p= 0,03 (Log Rank)
eGFP vs mTERT-DN
p= 0,52 (Log Rank)



Short telomeres as cause
of aging
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TERT Gene Therapy
To treat diseases

Age Age associated diseases associated diseases Age Age associated diseases associated diseases 

Mutants for telomerase & Mutants for telomerase & shelterinshelterin
“extreme” telomere shortening“extreme” telomere shortening

Telomere syndromesTelomere syndromesTelomere syndromesTelomere syndromes

lung & liver fibrosislung & liver fibrosis

Bone marrow aplasiaBone marrow aplasia



myocardial
infarction

adult
mouse

adult
human

myocardial
infarction

Telomerase is highly expressed the first week of life, then is downregulated
(Blasco et al., Science, 1995)

AAV9-TERT: 
Heart infact



AAV9-TERT: 
Heart infact

Adult mice
(12 month old)

X

MI

X

3-4
weeks

no virus

61% transduction
cardiomyocytes

(< 1% liver, brain)

 Increased survival (17%)
 Improved cardiac function (PET, EC) 
 Better metabolic parameters (urea)
 Less fibrotic scar
 Increased cardiomyocyte

proliferation

 Increased survival (17%)
 Improved cardiac function (PET, EC) 
 Better metabolic parameters (urea)
 Less fibrotic scar
 Increased cardiomyocyte

proliferation

Bär et al. Nature Communications (2014)



AAV9-TERT: 
Heart infact
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AAV9-empty

Sham

Metabolic inactive 
regions

Metabolic active 
regions

AAV9-Tert

AAV9-empty

AAV9-Tert

0

2

4

6

n
u

m
b

e
r 

o
f 

m
ic

e

PET signal:
interrupted

<50%
interrupted

>50%

PET imaging (glucose uptake by cardiomyocytes)

Bär et al. Nature Communications (2014)



AAV9-TERT induces
Cardiomyocyte division

Bär et al. Nature Communications (2014)
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TERT Gene Therapy
To treat diseases

Mutants for telomerase & Mutants for telomerase & shelterinshelterin
“extreme” telomere shortening“extreme” telomere shortening

Telomere syndromesTelomere syndromesTelomere syndromesTelomere syndromes
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TelomeresTelomeres

Martínez and Blasco. Nat. Rev. Cancer, 2011
Martínez et al., Genes & Dev, 2009
Tejera et al., Dev. Cell, 2010
Martínez et al., Nat Cell. Biol., 2011

Shelterin: the telomere protective complexShelterin: the telomere protective complex

TRF1

Mouse models
Telomere syndromes



Mouse models
Aplastic anemia

Beier et al., Blood (2012)

Trf1lox/lox model

WT or Trf1lox/lox Mx1-Cre

 Depletion of BM progenitor cells
 Compensatory proliferation SCs
 Induction of senescence (no apoptosis)
 Induction of rapid telomere shortening
 Full blown aplastic anemia
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AAV9-TERT
Efficacy BM aplasia

Trf1lox/lox model

WT or Trf1lox/lox Mx1-Cre

 Aplastic anemia
 Survival
 Blood counts
 Telomere length
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AAV9-TERT
Efficacy BM aplasia
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Telomere Syndromes
Pulmonary fibrosis

…and individuals with sporadic IPF also have shorter telomeres than healthy 
controls, even without mutations in TERT or TERC
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controls, even without mutations in TERT or TERC

Age is a risk factor
Gender: more men than women affected
Cigarrette smoke, pollution & radiation are risk factors
8-20% of familial cases – 3%- have mutations in 
telomerase (Terc o Tert)
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Telomere Syndromes
Pulmonary fibrosis

Aberrant wound healingAberrant wound healing

fibrosis

Injury in Alveolar Epithelial Cells Injury in Alveolar Epithelial Cells 

SenescenceSenescence

ApoptosisApoptosis

Immune response and 
fibroblast recruitment
Immune response and 
fibroblast recruitment

PollutionPollution
SmokingSmoking

RadiationRadiation

Impaired stem cell function
defective regeneration
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Esbriet
(pirfenidone)
TGFb blocker

Esbriet
(pirfenidone)
TGFb blocker

Esbriet
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shortening
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TERT Gene Therapy

Cancer Neurodegeneration

Pulmonary fibrosis

Aplastic Anemia
Cardiovascular

(ie., Heart Infarct)

AGING

TERT GENE 
THERAPY
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DISEASES OF AGING



Funding (2012-2017)


