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 � Can you please explain a little 
about your background & how you 
became interested in telomere 
research?
I have always been interested in molecu
lar biology, especially in processes such as 
aging and cancer, which are responsible 
for such high financial and human costs 
in developed countries. During my PhD 
thesis at the Universidad Autónoma de 
Madrid (Madrid, Spain), telomerase, a 
cellular component closely linked to aging 
and cancer, started to come to prominence. 
After finishing my PhD, I moved to the 
USA to work in Carol W Greider’s labo
ratory at Cold Spring Harbor Laboratory 
in New York (NY, USA). Greider was a 
very promising young researcher who had 
jointly discovered telomerase with her 
mentor Elizabeth Blackburn, for which 
they were awarded the Nobel Prize in 
2009. Working in Greider’s lab was a great 
opportunity as it allowed me to participate 
in this emerging and promising field. In 
the USA, I isolated the mammalian telo
merase gene and generated a mouse model 
that has permitted us to demonstrate its 
role in aging and cancer.

 � Why is it important to 
understand the regulation of 
telomeres?
Telomeres protect the chromosome ends, 
thus preventing chromosomal aberrations 
that could limit cell viability and cause 

diseases linked to aging, including cancer. 
Understanding what molecular mecha
nisms drive these processes is necessary 
for the prevention of agerelated diseases, 
such as cancer and cardiovascular diseases, 
and to identify individuals that may be at 
risk of disease.

 � In your opinion, what is your 
greatest achievement to date?
A researcher is always searching for new 
discoveries. The search for knowledge never 
ends, particularly when one is involved in 
such an exciting and important challenge 
as fighting cancer. However, if I had to 
choose, I would go for a 2008 paper pub
lished in Cell on the fight against cancer 
through the activation of biological mecha
nisms that slow down aging [1]. This was 
the first demonstration in any organism of 
the role of telomerase in delaying aging.

 � Can you explain a little about 
what you are currently working on?
Currently, one of my main interests is to 
understand the potential use of telomerase 
activation in preventing diseases related to 
aging, including cancer. I am very proud 
of showing that telomerase activation by 
means of gene therapy is sufficient to delay 
aging and increase longevity in the absence 
of further cancer [2]. These findings iden
tify telomerase and telomeres as one of 
the molecular mechanisms underlying 
aging [3].
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“The search for knowledge 
never ends, particularly 

when one is involved in such 
an exciting and important 

challenge as fighting cancer.”
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 � One of your many research 
achievements was the finding 
that mammalian telomeres 
& subtelomeres have epigenetic 
marks characteristic of constitutive 
heterochromatin. Can you tell us a 
little about these findings & the 
research that went into 
producing them?
We found that telomeres and subtelomeric 
chromatin are similar to pericentromeric 
repairs regarding the fact that both are 
enriched in heterochromatic marks. We 
also found that altering chromatin and 
DNA modifications at telomeres and sub
telomeres represents a higherorder control 
of telomere length. We have dissected this 
by using mutant cells for the different his
tone methyltranferases and DNA methyl
ases. Now we now that this process may 
be relevant for cancer, since cancer cells 
have alterations in subtelomeric methyla
tion, which, in turn, would favor telomere 
elongation by the action of telomerase and 
by increasing homologous recombination 
between telomeric sequences.

More recently, we also found that these 
epigenetic modifications are important 
for telomere elongation, associated with 
induction of pluripotency in induced 
pluri potent stem cells. In particular, 
induction of pluripotency by defined 
factors results in loss of heterochromatic 
marks at telomeres, which is concomitant 
with increased telomeric transcription 
(the socalled long noncoding telomeric 
RNAs), as well as dramatic net telo
mere elongation and increased telomeric 
recombination.

 � What did this research tell us 
about the importance of histone 
modifications on the counting of 
telomere repeats?
In addition to the results described above, 
we also observed that when telomeres 
become short, there is a decrease in the 
density of heterochromatic marks at telo
meres and subtelomeres, which, in turn, 
could facilitate a higher access for telomer
ase and other telomere elongation mecha
nisms (i.e., homologous recombination) 
to the telomeres. This could be a possible 
mechanism to explain the known fact that 
telomerase preferentially elongate short 
telomeres in mammals [4].

 � One of your publications suggests 
a role for mammalian DNA 
methyltransferases in telomere 
length control. Can you please 
explain a little about this research 
& the outcomes?
Briefly, loss of DNA methylation in sub
telomeric repeats results in increased telo
mere length, suggesting that this mark acts 
as a negative regulator of telomere length.

 � Another publication suggests that 
miRNA may have a role in the control 
of DNA methylation & telomere 
recombination. Can you explain a 
little about this relationship?
This was found by studying cells deficient 
for DICER, an enzyme that is essential for 
the generation of miRNAs. We observed 
that the telomeres of these cells were abnor
mally long, and we could demonstrate that 
this was the result of deregulation of a clus
ter of miRNAs which regulated the Rb fam
ily of proteins, which we had also previously 
shown to regulate telomere length.

 � These studies were mainly 
conducted in mice. Has this 
translated into any studies of 
human cells since?
As mentioned above, we demonstrated that 
human cancer cell lines that have hypo
methylated subtelomeric repeats are also 
the ones that have longer telomeres, as well 
as an increased frequency of recombination 
between telomeric sequences (another way 
to elongate telomeres, known as ‘alternative 
lengthening of telomeres’).

 � How have these findings aided 
the understanding of aging?
Epigenetic alterations and telomere length 
are two of the hallmarks of aging [3]. It is 
very likely that, based on the studies carried 
out in mice and cell lines, epigenetic abnor
malities can also influence aging through 
their impact on the regulation of telomeric 
and subtelomeric chromatin.

 � Could the understanding of the 
epigenetic regulation of telomeres 
translate into any therapeutic 
avenues, such as for aging disorders 
or cancer, in the future?
The results obtained in mice and human 
cells suggest that drugs targeting DNA 

“Understanding the role of 
epigenetics in major human 

diseases to me still remains as 
one of the main interests of 

this field”
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methyltransferases or histone methyl
transferases have an impact on telomere 
length regulation, by making telomeres 
longer. The only problem I see is that 
inhibiting these enzymes has many other 
effects because they target many more 
genomic regions than just telomeres and 
subtelomeres.

 � What, in your opinion, is the 
most exciting research currently 
being conducted in epigenetics?
I think that the ENCODE project is 
pretty exciting. Having an interest in 
aging, I find that it is also extremely inter
esting to determine the epigenetic control 
of aging.

 � What do you think will be the 
main advances in this field in the 
next 10 years?
Understanding the role of epigenetics in 
major human diseases to me still remains 
as one of the main interests of this field.
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