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OVERVIEW

Immortality is one of the most universal characteristics of 
cancer cells. We study the mechanisms by which tumour cells 
are immortal and normal cells are mortal. The enzyme 
telomerase is present in more than 95% of all types of human 
cancers and is absent in normal cells in the body. Telomeres 
are nucleoprotein complexes located at the ends of 
chromosomes, essential for chromosome protection and 
genomic stability. Progressive shortening of telomeres 
associated with organism ageing leads to ageing. When 
telomeres are altered, adult stem cells have a maimed 
regenerative capacity.

Our research focuses on:

	ɗ Generating mouse models to validate telomeres and 
telomerase as therapeutic targets for cancer and age-
related diseases.

	ɗ Interplay between telomeres and DNA repair pathways.
	ɗ Role and regulation of non-coding telomeric RNAs or 

TERRA.
	ɗ Testing telomerase gene therapy in telomere syndromes 

and age-related diseases.
	ɗ Role of telomerase and telomeres in adult stem cell biology 

and in nuclear reprogramming of differentiated cells to 
iPS cells.

“Our potential preclinical mouse 
model ki-Pot1aR117C for Li-Fraumeni-
Like syndrome presenting with high 
angiosarcoma incidence could be a 
very useful tool in the therapeutics 
of these tumours.”
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RESEARCH HIGHLIGHTS

BRAFV600E in adult mouse models elicits early 
differential responses

The BRAF gene, which encodes a master kinase of the RAS-
pathway, is frequently mutated in human cancers. The most 
common genetic mutation is a single nucleotide transition 
that gives rise to a constitutively active BRAF kinase 
(BRAFV600E), which in turn sustains continuous cell 
proliferation. The study of BRAFV600E murine models has so 
far focused mainly on the role played by BRAFV600E in tumour 
development, so much so that little was known about the early 
molecular impact of the in vivo expression of BRAFV600E. We 
have now provided the first in vivo evidence that acute 
BRAFV600E expression elicits instant DNA damage in an organ-
specific fashion. The senescence marker p21CIP1, which may 
be activated by p53 upon genotoxic insults and by oncogene 
activation via pRb/E2F, promotes cell cycle arrest and 
senescence by inhibiting CDKs. Despite BRAFV600E inducing 
both DNA damage and p21CIP1 activation in vitro, as well as 
in senescent lung adenomas, we did not find any differences 
in p21CIP1 levels either in liver or spleen upon BRAFV600E 
expression. BRAFV600E in lungs provokes an acute inflammatory 
state with tissue-specific recruitment of neutrophils to alveolar 
parenchyma and of macrophages to bronchi/bronchioles, as 
well as bronchial/bronchiolar epithelium transdifferentiation 
and development of adenomas.

A mouse model for Li-Fraumeni-Like syndrome with 
cardiac angiosarcomas associated to POT1 mutations

Although the telomeric protein POT1 is mutated in many 
different familial and sporadic cancers, so far there have been 
no mouse models to understand the pathobiology of these 
mutations. We have generated a mouse model for the human 
POT1R117C mutation found in Li-Fraumeni-Like (LFL) families 
with cases of cardiac angiosarcoma (CAS) by means of 
introducing this mutation in the Pot1a endogenous locus, 
knock-in for Pot1aR117C, thus generating Pot1aki mice. While 

homozygous Pot1aki/ ki are embryonic lethal, heterozygous 
Pot1a+/ ki mice are viable. We also found that both mouse 
embryonic fibroblasts (MEFs) and tissues from Pot1a+/ki mice 
harbour longer telomeres than wild-type controls. Like human 
LFL patients, heterozygous Pot1a+/ ki mice spontaneously 
develop a high incidence of angiosarcomas (FIGURE 1), 
including CAS, and this is associated with the presence of 
abnormally long telomeres in endothelial cells as well as in 
the tumours. The Pot1a+/R117C mouse model therefore constitutes 
a useful tool to understand human cancers initiated by POT1 
mutations.

Impact of telomere dysfunction in fibroblasts, Club and 
basal cells on the development of lung fibrosis

Telomeric protein TRF1 is an essential component of the 
telomeric protective complex that prevents telomeric DNA 
damage, chromosome end-to-end fusions and telomere 
fragility. We previously showed that induction of telomere 
dysfunction in alveolar type II (ATII) cells is sufficient to 
induce progressive and lethal pulmonary fibrosis in mice. The 
pathological consequences of telomere dysfunction in lung 
fibroblasts, Club and basal cells remained to be investigated. 
We have now conditionally deleted Trf1 in the former mouse 
tissues. We found that while TRF1 deficiency in fibroblasts 
does not lead to significant lung pathologies, Trf1 deletion in 
Club and basal cells from male mice led to lung inflammation 
and airway remodelling. While dysfunctional telomeres in 
ATII cells led to alveolar DNA damage, senescence and 
apoptosis, as well as to interstitial lung fibrosis, their presence 
in Club and basal cells increased the presence of neutrophils, 
lymphocytes and macrophages in the lung, as well as airway 
collagen deposition and fibroblast abundance, features not 
observed in female mice upon telomere dysfunction. Depletion 
of TRF1 in fibroblasts, Club and basal cells did not lead to 
interstitial fibrosis, underscoring ATII cells as the relevant 
cell type for the origin of interstitial fibrosis (FIGURE 2). s
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FIGURE 2 Pathological consequences 
of telomere dysfunction in fibroblasts, 
Club and basal cells in the lung. 
Dysfunctional telomeres in ATII cells 
led to alveolar DNA damage, senescence 
and apoptosis, and to interstitial lung 
fibrosis. TRF1 deficiency in Club and 
basal cells induced telomeric damage 
and cell cycle arrest, and reduced 
proliferation. TRF1 deletion in fibroblasts 
increased telomeric damage, cell cycle 
arrest, apoptosis, and proliferation. 
Depletion of TRF1 in fibroblasts, Club 
and basal cells did not lead to interstitial 
lung fibrosis.

FIGURE  1 Higher incidence of 
angiosarcomas in Pot1a+/ki mice.

Inglés M, Blasco MA, Horvath S, Viña J, 
Borrás C (2022). Small extracellular ves-
icles from young adipose-derived stem 
cells prevent frailty, improve health span, 
and decrease epigenetic age in old mice. 
Sci Adv 8, eabq2226.

	∞ PATENTS

	∞ Blasco MA, Saraswati S, Martínez P (2022). 
Telomerase reverse transcriptase therapy 
for kidney fibrosis and non-human animals 
thereof. PCT/EP2022/051505.

	∞ Blasco MA, Martínez P, Bosch MF, Jimén-
ez V, García M, Casana E. Recombinant 
TERT-encoding viral genomes and vectors. 
PCT appl icat ion  (2022) .  PCT/
EP2022/062990. WO2022238557A1.

	∞ AWARDS AND RECOGNITION

	∞ Fundación Eugenio Rodriguez Pascual 
2022 Award, Madrid, Spain.

	∞ Averroes de Oro Ciudad de Córdoba 2022 
Award in Scientific Research, Córdoba, 
Spain.

	∞ Full Member (Académica de número) of 
the Royal Spanish Academy of Pharmacy.

	∞ Doctorate Honoris Causa, Universidad 
Internacional de Valencia, Valencia, Spain.

	∞ Honorary Academician of Academia 
Malagueña de Ciencias, Málaga, Spain.

	∞ Member of the Board of Trustees of the 
International Centre for Ageing Research 
(ICAR) Foundation, Valencia, Spain.

	∞ President of the Scientific Advisory Board 
of the International Centre for Ageing 
Research (ICAR), Valencia, Spain.

	∞ Member of the Advisory Board of the 
Spanish Foundation of Science and Tech-
nology (FECYT), Madrid, Spain.
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