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OVERVIEW

We study the mechanisms by which tumour cells are immortal
and normal cells are mortal. Immortality is one of the
most universal characteristics of cancer cells. 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
and are 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.

“ We have demonstrated that
telomerase activation in mouse
models of pulmonary fibrosis can
stop the progression of this fatal
disease in mice.”

Our research focuses on :
ɗɗ Generating mouse models to validate telomeres and
telomerase as therapeutic targets for cancer and agerelated diseases.
ɗɗ The interplay between telomeres and DNA repair pathways.
ɗɗ The role and regulation of non-coding telomeric RNAs
or TERRA.
ɗɗ Testing telomerase gene therapy in ‘ telomere syndromes ’
and age-related diseases.
ɗɗ The role of telomerase and telomeres in adult stem cell
biology and in nuclear reprogramming of differentiated
cells to iPS cells.
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RESEARCH HIGHLIGHTS
Telomerase gene therapy to cure pulmonary fibrosis
in mice
Pulmonary fibrosis is a fatal lung disease that currently lacks
effective treatment and is characterised by fibrotic foci and
inflammatory infiltrates. Short telomeres can impair tissue
regeneration and are found both in hereditary and sporadic
cases. We have shown the therapeutic effects of AAV9telomerase gene therapy in a mouse model of pulmonary
fibrosis from a combination of bleomycin-induced lung damage
short telomeres. AAV9 targets preferentially regenerative
alveolar type II cells ( ATII ). Treated mice show improved
lung function and lower inflammation and fibrosis at 1-3
weeks after treatment, and improvement or disappearance
of the fibrosis at 8 weeks post treatment. Treatment results
in longer telomeres and increased proliferation of ATII cells,
as well as lower DNA damage, apoptosis, and senescence. We
have provided a proof-of-principle that telomerase activation
may represent an effective treatment for pulmonary fibrosis
provoked by or associated to short telomeres.

This opens the possibility of using telomerase activation as
a potential therapeutic strategy to rescue short telomeres,
maintaining tissue homeostasis and ameliorating these
diseases. In 2012, we designed a highly innovative strategy :
a gene therapy that reactivates the telomerase gene using
adeno-associated viruses ( AAV9 ). We have since shown
its therapeutic efficacy in mouse models of cardiac infarct,
aplasic anaemia, and pulmonary fibrosis. Although we did
not observe, in any of the former models, an increased cancer
incidence as a consequence of telomerase overexpression in
any of those models, the potential medical use of telomerase
still clashes with fears surrounding a possible increased cancer
risk. We now tested the safety of AVV9-telomerase gene
therapy in the context of a cancer-prone mouse model owing
to expression of oncogenic K-ras. We found that telomerase
overexpression resulted in longer telomeres in the targeted
tissue ( lungs ; FIGURE 1 ) but does not accelerate carcinoma
onset or progression. Telomerase activation by using AAV9mediated telomerase gene therapy has no detectable cancerprone effects in the context of oncogene-induced mouse
tumours.

Telomerase gene therapy does not increase risk
of cancer in cancer-prone models

TERRAs are important epigenetic regulators

Short and dysfunctional telomeres result in various age-related
conditions, including a group of diseases collectively known as
“ telomere syndromes ” that are provoked by extremely short
telomeres arising from germline mutations in telomere genes.

TERRAs are long non-coding RNAs that protect the telomeres.
Our Group had already identified chromosome 20q as one of
the main origins of human TERRAs and demonstrated that,
by generating the first 20q-TERRA knockout models, they are

Figure 2 TERRAs regulate the
status of telomeric chromatin.
After binding to the PRC2
complex TERRAs bring PRC2
to the telomere. Binding of PRC2

essential for telomere length maintenance and protection.
Using 20q-TERRA knockout cells we have now addressed the
direct role of TERRAs in telomeric heterochromatin formation.
We discovered that TERRAs interact with components of the
polycomb complex ( PCR2 ), an important epigenetic regulator
of gene expression, thus facilitating the assembly of telomeric
heterochromatin. We analysed telomere heterochromatin
marks in cells deficient for 20q-TERRA and observed that
their telomeres had decreased heterochromatic marks ; we
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Figure 1 Representative
images of lungs treated
with gene therapy vectors
( GTV ). Nuclei are in blue,
alveolar type II cells in
green and telomeres in
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red. Lung cells treated with
telomerase present the
most intense telomeres,
indicating that they are
the longest of all three
scenarios.
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makes possible the deposition
of heterochromatin marks. These
events cannot take place when
TERRAs are absent.
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discovered that they had lost a histone mark not previously
recognised at telomeres ( H3K27 trimethylation ) that is
catalysed by PCR2, a master regulator of gene silencing, which
we found locates to the telomere in a TERRA-dependent
fashion. Establishment of trimethylation marks in other
histones ( H3K9 and H4K20 ) and HP1 binding at telomeres
required PRC2-dependent H3K27me3 at telomeres. Our
findings demonstrated an important role for TERRAs in
telomeric heterochromatin assembly ( FIGURE 2 ). s
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