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Manuel Serrano obtained his PhD in 1991 for
his research at the Centro de Biologia Molecular
"Severo Ochoa" under the supervision of M. Salas
and J.M. Hermoso. From 1992 to 1996 he worked
as a Postdoctoral Fellow in the laboratory of D.
Beach at the Cold Spring Harbor Laboratory, New
York, USA. In 1997, he returned to Spain to start
his own research group at the Centro Nacional de
Biotecnologia. He moved to the CNIO in 2003 to
lead the Tumour Suppression Group.

His major research achievements are:

o The discovery, cloning and characterisation of
tumour suppressor p16, which defined a new class
of cell cycle regulators and was soon acknowledged
as one of the main tumour suppressors. In addition,
characterisation of p16 paved the way to another
paramount tumour suppressor discovery, p19Arf, a
key activator of p53.

o The establishment of the concept of "oncogene-
induced senescence" as a tumour suppression
mechanism. This concept rapidly became an
intense research topic in many laboratories and
has since been widely accepted.

o Pioneering the generation of cancer-resistant
mice with the so-called "super-mice". This work
demonstrated the possibility of increasing cancer
resistance in the absence of deleterious secondary
effects. Moreover, it revealed that tumour
suppressor genes not only protect against cancer
but also against ageing, in general thanks to
the capacity of these genes to eliminate cellular
damage.

o Characterisation of the role of p16 and p19Arf
as barriers during the process of nuclear
reprogramming to pluripotent stem cells.

Manuel Serrano has received numerous awards
including the FEBS Anniversary Prize, the
Carcinogenesis Young Investigator Award, as well
as Spanish awards from Fundacién Echevarne,
Fundacion Banco de Sabadell, and Fundacion
"Carmen y Severo Ochoa". Manuel Serrano is an
elected EMBO Member.

Summary

Tumour suppressors are genes that can prevent the
development of cancer. All our cells have a functional set
of these genes. However, despite their efficient protection
against cancer, with time these genes may become defective
either accidentally or through the action of mutations. In this
manner, the affected cells become partially unprotected from
cancer and, in combination with additional mutations in other
genes, may give rise to the development of cancer.

Tumours entail intrinsic aberrant conditions that normally
would be highly stressful for cells. An important feature of
tumour cells, however, is their capability to survive and multiply
in stressed environments. One of the most common responses
to stress is the permanent arrest of cell proliferation (cellular
senescence). Understanding how tumour suppressor genes
work may help to design drugs that block cancer growth. We
manipulate the mouse genome to create novel alterations that
increase or decrease tumour suppression potency.

Strategic Goals

e To understand the mechanisms of tumour suppression and
identify new tumour suppressor regulators

e Study the interplay between tumour suppression and ageing

e Characterise cellular senescence as a tumour suppression
mechanism

e Study the involvement of tumour suppressors in the
regulation of nuclear reprogramming of differentiated cells
to induced pluripotent stem (iPS) cells

e Explore the connections between tumour suppressors and
metabolism
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Highlights

Sirt1 improves healthy ageing
and protects against metabolic
syndrome-associated cancer

Genetic  overexpression of  protein
deacetylase Sir2 in yeasts, flies and
worms has the effect of extending
longevity. Mammals have evolved a family
of Sir2-related proteins known as sirtuins,
composed of seven members of which
Sirt1 is the closest homologue to Sir2.
However, little is known to date about
the impact of mammalian Sirt1 on cancer
and ageing.

We have previously reported that trans-
genic mice systemically overexpressing
Sirt1 (~3-fold) are protected from the
physiological damage produced by a
high-fat diet (HFD). At a molecular level,
protection against a HFD reflects the
activity of Sirt1 as a negative regulator
of nuclear factor kB (NF-kB) and a
positive effector of PGCla and FoxO1.
Chronic exposure to high levels of dietary
fat results in the so-called metabolic
syndrome (a multi-systemic deterioration
characterised by insulin resistance, liver
steatosis, atherogenic  cardiovascular
disease, dyslipidaemia and systemic
inflammation), which may lead to liver
cancer and heart failure.

We have now examined the ageing and
longevity of our Sirt1-tg mice, as well
as their susceptibility to spontaneous
cancer and to liver cancer associated with
metabolic syndrome. We observed that

Figure 1: Sirt1 protects from metabolic syndrome-associated liver cancer. (A) Tumour number and tumour
burden in mice injected with the hepatic-specific carcinogen diethylnitrosamine (DEN) and maintained for
11 months under a high-fat diet (HFD). Tumours were measured by microCT. Tumour burden per mouse
was obtained by adding the areas of the biggest transversal section of each tumour. All assays were
performed with male mice (n = 5 per group). Values are given as an average + s.e.m.; statistical analyses are
relative to WT controls and determined by two-tailed Student’s t-test: *P<0.05; **P<0.01; ***P<0.005.
(B) Macroscopic view of representative livers from littermate mice of the indicated genotypes 11 months
after initiation of the DEN/HFD protocol. (C) Histology of a representative liver carcinoma induced by the
DEN/HFD protocol. Haematoxylin and eosin staining. Scale bar: 100 pm.
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old Sirt1-tg mice present lower levels of
DNA damage, decreased expression of the
ageing-associated gene p16Ink4a, a better
health in general and fewer spontaneous
carcinomas and sarcomas. These effects,
however, were not sufficiently potent to
affect longevity. Nonetheless, Sirt1, at
least at the overexpression levels achieved
in our Sirt1-tg mice, had a positive effect
on health at old age, as reflected by a
lower glucose intolerance, decreased
osteoporosis and lower cancer incidence.
Regarding liver cancer associated to
obesity, Sirt1-tg mice showed dramatically
increased resistance (Figure 1). Collectively
our data demonstrate the tumour
suppressive activity of Sirt1, which is
particularly potent in the case of liver
cancer associated to obesity.

Depletion of ribosomal protein L37
induces p53

Tumour suppressor p53 is key in cancer
protection due to its pivotal role in
preventing damaged cells from becoming
malignant. Loss of function of p53 s
a frequent event in human cancers. In
normal cells, p53 activity has to be tightly
controlled. This regulation is accomplished
primarily by the proto-oncoprotein MDM?2,
a ubiquitin-ligase that binds and inhibits p53
under physiological conditions. Inhibition of
MDM2 function is a universal requirement
for p53 activation. There are three main
stress signalling pathways that lead to
MDM?2 inhibition: 1) DNA damage induces
phosphorylation of both MDM2 and p53,
reducing their mutual affinity and activating
p53; 2) oncogenic signals upregulate
tumour suppressor p19Arf, which binds
and inhibits MDM2 thus stabilising p53;
and, 3) ribosomal stress or perturbation of
ribosomal biogenesis. The latter is a p53-

activating pathway recently discovered
but gaining progressive recognition as an
important regulator of p53.

Ribosomal biogenesis is perturbed by the
depletion of certain ribosomal proteins
(RPs), which is followed by the binding
of RP L11 to MDM2, inhibition of MDM2
ubiquitin-ligase activity, and stabilisation
of p53. We have observed that depletion
of RP L37 leads to cell cycle arrest in an
L11- and p53-dependent manner. More
interestingly, we have found that treatment
with UV light, cisplatin and doxorubicin
(all of them genotoxic insults), leads to
the degradation of L37 in the nucleoplasm
and to an L11-dependent stabilisation of
p53 (Figure 2). We also found that ectopic
L37 overexpression can attenuate the DNA
damage response mediated by p53. Our
work has demonstrated that DNA damage
can also be sensed by perturbations in
ribosomal biogenesis, thus linking cell
growth and cell division to genotoxic
stress via p53.

Generation of a ‘reprogrammable’
mouse

The combination of four transcription
factors, specifically, Oct4, Klif4, Sox2
and cMyc (abbreviated as OKSM) in
conjunction with an appropriate cell
culture milieu, is capable of erasing the
epigenetic memory of differentiated cells
converting them to a pluripotent state
similar to embryonic stem cells, known as
induced Pluripotent Stem (iPS) cells. The
mechanisms underlying this process are
under extensive investigation.

To facilitate the study of reprogramming,
we have generated a mouse model that
contains an OKSM inducible expression
cassette in all its cells. This system allows

Figure 2: 137 and L11 levels modulate the DNA damage response. Model summarising our data. We propose that the ribosomal
stress pathway contributes to the activation of p53 by DNA damage through the canonical DNA damage response (DDR) pathway.
DNA damage may trigger the ribosomal stress pathway by degrading L37.



reprogramming by the simple addition of
doxycycline (Figure 3). A more ambitious
goal is to study the consequences of a 31
transient expression of OKSM in vivo. At
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of OKSM, as well as, on the particular tissue
type. Exploring of these possibilities is an
immediate goal of our laboratory.

Figure 3: The 'reprogrammable’ mouse allows the generation of induced pluripotent cells (iPS) from any
differentiated cell by the simple addition of a compound known as doxycycline (dox). The lower part of the
figure shows an example using fibroblasts.

Publications

Serrano M (2010). Cancer: a lower bar for senescence. Nature 464, 363-364.

Baur JA, et al. (2010). Dietary restriction: standing up for sirtuins. Science
329, 1012-1013.

Herranz D, Serrano M (2010). SIRT1: recent lessons from mouse models. Nat
Rev Cancer 10, 819-823.

Collado M, Serrano M (2010). Senescence in tumours: evidence from mice
and humans. Nat Rev Cancer 10, 51-57.

Collado M, Serrano M (2010). The TRIP from ULF to ARF Cancer Cell 17,
317-318.

Gonzalez-Navarro H, Abu Nabah YN, Vinué A, Andrés-Manzano MJ, Collado
M, Serrano M, Andrés V (2010). p19(ARF) deficiency reduces macrophage
and vascular smooth muscle cell apoptosis and aggravates atherosclerosis. J
Am Coll Cardiol 55, 2258-2268.

Edlitorial commentary for this article:
Wessely R (2010). Atherosclerosis and cell cycle: put the brakes on! Critical
role for cyclin-dependent kinase inhibitors. / Am Coll Cardiol 55, 2269-2271.

Palacios JA, Herranz D, De Bonis ML, Velasco S, Serrano M, Blasco MA
(2010). SIRT1 contributes to telomere maintenance and augments global
homologous recombination. J Cell Biol 191, 1299-1313.

Calvanese V, Lara E, Sudrez-Alvarez B, Abu Dawud R, Vézquez-Chantada
M, Martinez-Chantar ML, Embade N, Lopez-Nieva P, Horrillo A, Hmadcha A,
Soria B, Piazzolla D, Herranz D, Serrano M, Mato JM, Andrews PW, Lépez-
Larrea C, Esteller M, Fraga MF (2010). Sirtuin 1 regulation of developmental
genes during differentiation of stem cells. Proc Natl Acad Sci USA 107,
13736-13741.

Research Perspectives commentary for this article:
Calvanese V, Fraga MF (2011). SirT1 brings stemness closer to cancer and
aging. Aging 3, 1-6.

Lynch CJ, Shah ZH, Allison SJ, Ahmed SU, Ford J, Warnock U, Li H, Serrano
M, Milner J (2010). SIRT1 undergoes alternative splicing in a novel auto-
regulatory loop with p53. PLoS ONE 5, €13502.

Fernandez-Marcos PJ, Pantoja C, Gonzalez-Rodriguez A, Martin N, Flores
JM, Valverde AM, Hara E, Serrano M (2010). Normal proliferation and
tumorigenesis but impaired pancreatic function in mice lacking the cell cycle
regulator Sei1. PLoS ONE 5, e8744.

Herrera-Merchan A, Cerrato C, Luengo G, Dominguez O, Piris MA, Serrano
M, Gonzalez S (2010). miR-33-mediated downregulation of p53 controls
hematopoietic stem cell self-renewal. Cell Cycle 9, 3277-3285.

News & Views commentary for this article:
Fuster JJ, Andrés V (2010). A role for miR-33 in p53 regulation: New
perspectives for hematopoietic stem cell research. Cell Cycle 9, 3397-3398.

Llanos S, Serrano M (2010). Depletion of ribosomal protein L37 occurs
in response to DNA damage and activates p53 through the L11/MDM2
pathway. Cell Cycle 9, 4005-4012.

News & Views commentaries for this article:

Daftuar L, Zhu Y, Prives C (2010). Ribosomal protein L37 and the p53
network. Cell Cycle 9, 4259.

Frum RA, Zhang Y (2010). The RP-p53-Mdm2 pathway: A new link to
genetic integrity? Cell Cycle 9, 442759.

Serrano M (2010). Shifting senescence into quiescence by turning up p53.
Cell Cycle 9, 4256-4257.

Blagosklonny MV, Campisi J, Sinclair DA, Bartke A, Blasco MA, Bonner WM,
Bohr VA, Brosh RM Jr, Brunet A, Depinho RA, Donehower LA, Finch CE,
Finkel T, Gorospe M, Gudkov AV, Hall MN, Hekimi S, Helfand SL, Karlseder J,
Kenyon C, Kroemer G, Longo V, Nussenzweig A, Osiewacz HD, Peeper DS,
Rando TA, Rudolph KL, Sassone-Corsi P, Serrano M, Sharpless NE, Skulachev
VP, Tilly JL, Tower J, Verdin E, Vijg J (2010). Impact papers on aging in 2009.
Aging (Albany NY) 2, 111-121.

Herranz D, Serrano M (2010). Impact of Sirt1 on mammalian aging. Aging
2,315-316.

Collado M (2010). Exploring a ‘pro-senescence" approach for prostate cancer
therapy by targeting PTEN. Futur Oncol 6, 687-689.

Herranz D, Mufioz-Martin M, Cafiamero M, Mulero F, Martinez-Pastor
B, Fernandez-Capetillo O, Serrano M (2010). Sirt1 improves healthy
ageing and protects from metabolic syndrome-associated cancer. Nat
Communications 1, 1-8.

This paper has been selected for Faculty of 1000 Medicine.

Edlitorial commentary for this article:

Herranz D, Serrano M (2010). Impact of Sirt1 on mammalian aging. Aging
2,315-316.





