BASIC RESEARCH

TELOMERES AND TELOMERASE
GROUP - FUNDACION
HUMANISMO Y CIENCIA

ANNUAL REPORT 2022

Maria A. Blasco
Group Leader

Research Scientists

Isabel Lopez de Silanes, Rosa M.

Marién, Paula Martinez

20

MOLECULAR ONCOLOGY PROGRAMME | TELOMERES AND TELOMERASE GROUP - FUNDACION HUMANISMO Y CIENCIA

Post-Doctoral Fellows Herndndez (since Nov.) (TS)', Rosa
Giuseppe Bosso, Buyun Ma, Arpita M. Serrano
Saha (since May), Sarita Saraswati .

Titulado Superior (Advanced Degree)
Gradutate Students
José Carlos Gonzélez, Oscar Laguia,
Jessica Louzame, Amparo Sanchez,
Raul Sdnchez

Visiting Students

Sarah Adetchessi (May -July) (PhD
Student, Univ. of Paris, France),
Stavroula Boukoura (Oct.-Dec.) (PhD
Student, Danish Cancer Society
Research Center, Denmark), Robson
Diego Calixto (Aug.-Dec.) (FAPESP

Technicians
Ana Guio (until Oct.) (TS)’, David

Internship, Univ. of Sdo Paulo, Brazil), (Sep.-Dec.) (Traineeship, Univ.
Ana Carolina Cintra (since Nov.) Autdnoma de Madrid, Spain)
(Erasmus Fellowship, Tras-os-Montes

e Alto Douro Univ., Portugal),

Mariana Deli (June-Dec.) (Erasmus +

Fellowship, Univ. of loannina,

Greece), Julie Klein (June-Aug.) (PhD

Student, Ecole de Biologie

Industrielle, France), Neetij Krishnan

(until June) (Fulbright Commission

Fellowship, USA), Cristina Pastor

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:

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

- Interplay between telomeres and DNA repair pathways.

- Role and regulation of non-coding telomeric RNAs or
TERRA.

- Testing telomerase gene therapy in telomere syndromes
and age-related diseases.

- Role of telomerase and telomeres in adult stem cell biology
and in nuclear reprogramming of differentiated cells to
iPS cells.
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BRAFV%°%E jn 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
(BRAFVE) " which in turn sustains continuous cell
proliferation. The study of BRAFV*° murine models has so
far focused mainly on the role played by BRAFV°°E in tumour
development, so much so that little was known about the early
molecular impact of the in vivo expression of BRAFV°E, We
have now provided the first in vivo evidence that acute
BRAFV¢°E 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 BRAFY¢°°E 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 BRAFV60E
expression. BRAFY%°°F 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
POTI®*7¢ mutation found in Li-Fraumeni-Like (LFL) families
with cases of cardiac angiosarcoma (CAS) by means of
introducing this mutation in the Potla endogenous locus,
knock-in for Potla®™¥¢, thus generating Potla* mice. While

homozygous Potla*”* are embryonic lethal, heterozygous
Potla*/* mice are viable. We also found that both mouse
embryonic fibroblasts (MEFs) and tissues from Potla”* mice
harbour longer telomeres than wild-type controls. Like human
LFL patients, heterozygous Potla”* 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 Potla”#”¢ mouse model therefore constitutes
auseful 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 IT (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 77fI in the former mouse
tissues. We found that while TRF1 deficiency in fibroblasts
does notlead to significant lung pathologies, TrfI 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). &
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FIGURE 1 Higher incidence of
angiosarcomas in Potla*¥ mice.

ATII cells are at the origin of lung fibrosis upon telomere dysfunction

Triq+ Trf1%2 (ATII cells) Trf1%4 (Fibroblasts)  Trf12/4 (Club cells)

Alveolar
Parenquima

Airways

-
o
o

n=:

=
«»

n
e]

2 2
['

a b5
< ©
[ =

Fol =
> 50 2
$ g
o 8
& ] >
9 n=5 n=5 n=5 n=5 n=5 ©
2 =
< <

o
o

Trf14'2 (Basal cells-p63) Trf12/4 (Basal cells-K5)

Tif1*

Trf144 (ATl cells-SFTPC”)
Trf1¥4(Fibroblasts-Col1a2*)
Trf1%4 (Club cells-Scgb1a1®)
Tif1%¥ (Basal cells-p63*)
Trf1%4 (Basal cells-K5")

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.
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