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“Generation of a mouse 
model to elucidate how 
mutations in telomeric 
POT1 lead to cancer and 
telomere syndromes, with 
the potential to facilitate 
the development of 
tailored therapies.”

OVERVIEW

Immortality is a universal characteristic of cancer cells. We study 
the mechanisms by which tumour cells are immortal and normal 
cells are mortal. Mutations in telomerase and telomere proteins 
that lead to longer telomeres are very frequent in all types of cancer. 
Telomeres are essential for chromosome protection and genomic 
stability. Their progressive shortening with life leads to ageing. 
Telomere alterations maim the regenerative capacity of adult 
stem cells.

Our research focuses on:

1.	 Study the role of telomeres and telomerase as therapeutic targets 
for cancer and age-related diseases.

2.	 Role and regulation of non-coding telomeric RNAs (TERRA).
3.	 Telomerase gene therapy in telomere syndromes and age-related 

diseases.
4.	 Role of telomeres in:

	· adult stem cell biology
	· nuclear reprogramming of differentiated cells to iPS cells.

5.	 Establishing reactivation of telomerase activity as a unified 
therapeutic approach for fibrosis.
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We probed the effect of short- and long-term deletion of the Trf1 
gene in the progression of fibrosis in a folic acid-induced model of 
nephropathy (Figure 2).

We found that the genetic ablation of Trf1 caused a decline in 
kidney function accompanied by increased tubular injury and 
tubulointerstitial fibrosis, contributing to CKD pathogenesis and 
progression. We also observed that the loss of Trf1 induced cell cycle 
arrest and cellular senescence, telomeric damage, and telomere 
shortening (Figure 2). It also activated regenerative repair. Finally, 
we report the unprecedented finding that Trf1 deletion upregulates 
the Ras-Raf-Mek-Erk, PI3k/Akt/mammalian target of rapamycin, 
and p38 pathways.

In summary, we have recapitulated the main clinical features 
observed in patients with CKD in mice lacking TRF1 specifically in 
renal tubular epithelial cells, including severe telomere shortening 
over time. s

RESEARCH HIGHLIGHTS

Mutations in a telomeric cancer-related gene cause 
pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) is a fatal disease, with no 
current treatment, associated with damaging insults to the lung 
and organismal ageing. Short and dysfunctional telomeres are at 
the origin of this disease in a percentage of familial and sporadic 
cases. Until recently, when a mutation detected in the human 
telomeric protein POT1 (hPOT1), the hPOT1 L259S mutation, 
was found in families with IPF, all mutations observed in POT1 
had been associated with cancer.

To better understand how POT1 mutations cooperate to regulate 
telomerase and telomere maintenance and elucidate how these 
POT1 mutations result in cancer and telomere, we have generated 
a transgenic mouse harbouring Pot1aL261S, the murine homologue 
of the hPOT1 L259S mutation.

We found that Pot1aL261S mice exhibit shorter telomeres and 
degenerative pathologies in the intestine, testes, and lungs at old 
ages, a phenotype that aggravates with increasing mouse generations, 
a striking similarity to telomerase-deficient mouse models.

We also found that the binding of the POT1a-L261S mutant protein to 
its shelterin partner, the protein TPP1, and to telomerase is stronger 
than that of non-mutated POT1. This results in in vivo impairment 
of telomerase-dependent telomere lengthening (Figure 1).

We ascertained the reduced activity of telomerase at telomeres 
in the presence of POT1a-L261S, which behaves as a dominant 
negative mutant, and thus provides a potential mechanism by 

which transgenic mice carrying hPot1aL261S phenocopy the short 
telomere phenotype characteristic of the telomerase-deficient 
mouse model (Figure 1).

Finally, our findings also show and highlight the importance of 
personalising treatments, in that a therapeutic approach based on 
telomerase activation would not solve the problem in those cases 
of IPF fibrosis caused by POT1 mutations.

Telomere dysfunction in renal tubular epithelial cells 
results in kidney fibrosis

Kidney fibrosis is a common pathology in chronic kidney disease 
(CKD); a pathology that affects around 10% of the population and 
is a global public health problem. Renal tubular epithelial cells 
are the critical mediators of kidney fibrogenesis, and they are also 
critical in the context of acute kidney injury. Since they are pivotal 
in adaptive and maladaptive repair after kidney injury, the fate of 
renal tubular epithelial cells plays a major role in determining the 
progression or recovery of kidney function.

Although dysfunctional telomeres are associated with kidney 
injury and fibrosis, the role of telomere dysfunction in the onset 
and progression of kidney fibrosis, specifically in renal tubular 
epithelial cells, is yet to be understood. Deficiency in the telomeric 
protein TRF1, a critical component of the telomere-protecting 
shelterin, results in telomere dysfunction.

We have now assessed the role of renal tubular epithelial cells in 
the origin of kidney fibrosis induced by telomere dysfunction. 
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FIGURE 1 Humanised mutant protein 
POT1a-pL261S when compared to 
unmodified POT1a: i) interacts more 
strongly with TPP1 and telomerase 
and localises to telomeres; ii) inhibits 
telomerase activity in vivo; iii) represses 
the DDR and does not affect CST-
mediated fill-in synthesis.

FIGURE 2 Trf1Δ/Δ in Renal Tubular 
Epithelial Cells (RTECs). Trf1 deletions 
in RTECs: i) lead to tubulointerstitial 

fibrosis; ii) induced cellular senescence, 
DNA damage, and telomere shortening.
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