Telomeres protect chromosome ends from DNA repair and degradation
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Telomeres are essential for chromosome stability by The end replication problem
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N DNA replication
Lty .
RNA primer Gap left
after primer
removed

pérdida de material gen ético conla duplicaci 6n celular
_D cell division

Cell cycle arrest [
Senescence

Apoptosis Di—

An embryonary gene known as telomeraseisable to elongate
telomeres to compensate excessive telomereloss during embryo
development.
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Thisgene, telomerase, is silenced after birth ... however ... {‘é
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Cancer cellsmanage to reactivate telomerase, thus escaping the mortal S | Health
fate of adult cellsand becoming immortal. =
Disease
genes telomeres Age
Factors that geing sy
telomere loss: Ataxia telangiectasia (ATM)
Perceived stress Werner syndrome (WAN)
cancer Smoking Bloom syndrome (BLM)
Obesity Dyskeratosis congenita (DKC1, TERC)

Aplastic anaemia (TERC, TERT)
Fanconi anaemia (Fanc genes)
Nijmegen breakage syndrome (NBN)
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Role of telomerase in adult
stem cells and extension
of lifespan by telomerase
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Stem cells suffer telomere shortening with aging
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Skin regeneration & hair growth
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Telomerase is rate-limiting for mouse longevity
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Improved health late in life in SUPER mice
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Less skin aging in SUPER-M mice
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Longer telomeres in SUPER-M mice at old age
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2 yr-old Toméas-Loba et al, Cell (2008)

Colman et al, Science (2009)

..in humans?
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re-programming “a la Yamanaka" (2006)

Telomere elongation by telomerase in iPS cells
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Absence of telomerase decreases the efficiency and quality of reprogramming
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Telomerase-deficientiPS cells have telomere damage p53is akey factor limiting reprogramming of suboptimal cells
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Short telomeres results in hypersensitivity to ionizing radiation lonizing radiation induces persistent DDR at telomeres independently of their length
Fumagalli et al, Nature Cell Biology, 2012
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Shelterin: the protein complex that protects chromosome ends

“shelterin”

telomeres

Tin2 mutations and TRF1 genetic variants in dyskeratosis congenita
& aplastic anemia (Savage, 2006; 2008; Walne, 2008)
epithelial abnormalities are a hallmark of these rare diseases
(skin hyperpigmentation, nail dystrophy, oral leukoplakia)

TRF1PP MICE

Martinez et al., Genes & Dev., 2009

TRF1 deletion in MEF does not lead to telomere length changes
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TRF1 abrogation leads to an ATM/ATR-dependent DDR at chromosome ends
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TRF1 depleted telomeres are prone to replication fork stalling & breakage:
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Massive telomere end-to-end fusions & fragility in the absence of TRF1

Martinez et al., Genes & Dev (2009)

Generation of a epidermis-specific TRF1 knock out mouse
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Perinatal lethality & skin hyperpigmentation in TRF1°°K5-Cre mice
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Increased cell cycle inhibitors in TRF1 knock out mice
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It sucks to be
TRF1-ko
and die so early!!!

TRF1PP p537/- mice

cer & aging

p53 deficiency rescues survival and stem cell impairment in TRF1P°K5-Cre mice
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Longer-lived TRF1/p53 DKO mice show “human” telomere pathologies

TRF1# p53+# TRF1M0K 5-Cre p53+ tongue

850 L THL

TRF1% p53+1+ TRF10PK5-Cre p53*

P42 —— dysplasia
> N
atophy N\ ]
. ﬂ“| S

Nail abnormalities
(atrophic and irregular nail plate,

€50 9108 goTAL

Oral leukoplakia
(hyperplasia, hyperkeratosis,
dysplastic epithelium) dermis invasion)

Martinez et al., Genes & Dev, 2009

TRF1 acts as a tumor supressor by preventing genomic instability
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Why is this of relevance?

# First mouse models for telomere-induced aging in the
absence of telomere shortening

# they show that telomere uncapping and
increased telomere fragility impact on cancer
in the absence telomere shortening

# suggests a new class of telomere diseases
produced by telomere dysfuction in the presence
of long telomeres




TpplPP MICE

Tejera/Stagno d” Alcontres et al.
Dev. Cell, 2010

Reduced survival & increased skin hyperpigmentation & telomere shortening
in Tpp1PP K5-Cre mice
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Telomeres do not elongate in Tpp1?/?iPS cells
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p53 mediates proliferative defects and skin hyperpigmentation in Tpp1 mice
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No impact on cancer!!

Telomere dysfunction as driver for genomic instability
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Telomere dysfunction
(critically short tel / shelterin defects)

DNA damage response
(DNA-PK / ATM / ATR)

DNA repair
NHEJ / HR

End to end fusions
ALT mechanism

Genomic
instability

Apoptosis
Senescence

Towards medical

applications

Telomere length analysis in hyperplasic lesions (preneoplasic) and
in human skin carcinomas

Telomere length decreases during hiperplasic development
(precancerous lesions)

Telomere length increases during malignat transformation
(carcinomas)

Telomere length decreases during papilloma developmentin WT and Terc’ mice

Longer telomeres inwt papillomas thanin Terc”

Terc** Terch

Putativecancer stem cells (BrdU LRC + CK15
positive cells) have the longest telomeres
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Telomere length in human squasmous cell carcinomas (SCC)
Telomere length increases during neoplasic transformation
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Telomere length in human basal cell carcinomas (BCC)

Telomere length increases more drastically in the most agresive tumors
Longer telomeres in BCC as comparedto SCC




Telomere length as a biomarker of biological age & health status
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Telomerelength as a diagnosis tool
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Telomerase as an anti-cancer target

ClinicalTrials.gov Linkingpaienes 10 e esearch

Telomerase activation to extend longevity and “health-span”
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Telomerase Activation

We are developing drug candiates 1o treat varows dagenerative
deases by the controled activation of telomerase. Data published by
« amms o8 30 others has inicated that collulr aging caused by shortaning
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