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FOREWORD

MARIA A. BLASCO DIRECTOR

In everyliving system, there is much to improve and optimise,
butitisinthese times of change when improvements should
take place. Thus, in ayear of economic constraints for Spanish
science, and consequently, for the CNIO, I think it is fair to say
that the CNIO has successfully faced this challenge by generat-
ing novel ideas and activities that — as I strongly believe — will
shape the Centre for the next decade. Creativity, optimisation
of resources, solidarity, sustainability, and opportunity have
been key words for the CNIO during 2012. All of them operat-
ing under the umbrella of scientific excellence, and without
forgetting that our ultimate goal is to foster translation of
scientific breakthroughs into novel and more effective ways
to prevent, diagnose and treat cancer.

During 2012, the CNIO has experienced an unprecedented
activity in the five strategic areas of the Centre, which include
Basic and Translational Research, Innovation, Training and
Education, and Communication. 2012 has also been the year
for launching exceptional social activities at the CNIO, such
as the creation of the Dean’s Office for Academic Affairs,
with Maria S. Soengas as the Dean, and of the WISE CNIO
Office (Women in Science Office at CNIO), headed by Mirna
Pérez-Moreno and Marisol Quintero. Both activities have
been made possible thanks to the volunteer work of CNIO
students and staff, showing that — in particular, in times of
economic restrictions — CNIO staff is fully committed to
improve scientific life at the Centre.

Letus begin with CNIO’s scientific performance during 2012.
This past year, the CNIO published a total of 229 papers, 47 of
which were published in journals with impact factors in the

range of 10 to 15 and >15. After initial fluctuations (2006-2009)

in the number of high-quality publications per year, from 2010

until now, we have consolidated a top-notch scientific produc-
tion that could be maintained throughout 2012 despite a 6.3%

reduction in scientific personnel, when compared to 2010.
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This scenario — maintaining scientific excellence with fewer

resources — is indicative that in recent years, the excellence

of our researchers is growing steadily. In fact, some of the

publications that were built on the participation of CNIO

scientists have been considered among the best of 2012. We are

particularly proud of scientists from our Structural Biology

and Biocomputing Programme who have participated in the

ENCODE Project, which is considered one of the top 10 medi-
cal breakthroughs of the year by Time magazine. Moreover, a

published study on personalised ‘OMICs’, with the participa-
tion of CNIO scientists, was also included among The Best of
2012 in the journal Cell.

Closely linked to scientific performance is the ability of the

Centre to secure external funding. We have successfully man-
aged to increase our external funding by 14.4% as compared

to 2010, facing at the same time a 10.4% cut in government

subsidies. This year, for the first time in the history of the

CNIO, external funding through competitive grants, patronage

and scientific services exceeds the annual subsidy we receive

from the government.
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Anindicator of our competitiveness is our capacity to create
new positions for junior group leaders in key strategic areas for
the CNIO. During 2012, ayear characterised by severe govern-
ment restrictions on the hiring of new staff at the expense of
public funds, the CNIO received substantial donations from the
Seve Ballesteros Foundation, the CRIS Foundation Against
Cancer, and the Spanish Association Against Cancer (AECC);
this has allowed us to bring two new Junior Groups to the
CNIO. Last fall, Massimo Squatrito moved from the Memorial
Sloan-Kettering Cancer Center in New York to the CNIO, in
order to set up the new Seve-Ballesteros Foundation Brain
Tumour Group in the BBVA Foundation-CNIO Cancer Cell
Biology Programme directed by Erwin F. Wagner. Around
the same time, David Olmos, from the Institute of Cancer
Research and The Royal Marsden NHS Foundation Trust
in the UK, established the new Clinical Research Unit on
Prostate Cancer and Genitourinary Tumours thanks to
the generous support from the CRIS Foundation and the
AECC. Indeed, fundraising will continue being a priority for
our future Communication and Innovation activities at the
Centre in the years to come.

During 2012, after Keith Ashman’s departure back to Australia,
we recruited Javier Muifioz as new Head of the Proteomics
Unit. Javier moved from the Netherlands Proteomics Centre
at Utrecht University to the CNIO this past summer and he is
already running our state-of-the-art proteomics core facility.

Tam also very pleased to announce that we have just recently
launched the Familial Cancer Unit at CNIO, headed by Miguel

Urioste, in collaboration with the Hospital Universitario de

Fuenlabrada. In 2012, the Unit has offered genetic counsel-
ling to a total of 165 patients and performed more than 1,800

genetic tests.

Inthis regard, 2012 has been an outstanding year for the CNIO

in terms of its translational research activities. In addition to

the in-house Clinical Research Units of the Clinical Cancer

Research Programme directed by Manuel Hidalgo, the CNIO

has signed agreements to create Associated Clinical Unitsin

four major public Hospitals of the Regional Government of
Madrid, including our surrounding hospitals Hospital La Paz

and Hospital Ramony Cajal. These new agreements — together

with our previous activity at the Hospital Universitario de

Fuenlabrada and the private Hospital de Madrid - have per-
mitted the enrolment of more than 300 patients in Phasel/IT

clinical trials led by CNIO oncologists. In addition, CNIO

oncologists are coordinating two large, country-wide, Clinical

Trials Networks in Breast and Prostate Cancer.

During 2012, the CNIO’s Clinical Research Programme also

launched the CNIO Personalised Oncology Platform, which

has provided more than 30 patients with the opportunity

to have their tumours sequenced and characterised at the

molecular level. The platform counts with support from the

recently created Translational Bioinformatics Unit under
the leadership of Fatima Al-Shahrour, who moved to the CNIO

ayear ago from the Broad Institute of MIT and Harvard in

Boston. An essential part of the platform is the generation of
the so-called Avatar mice, amouse model based on xenografts

derived from the patient’s tumour, which - together with the

genetic and molecular information obtained from the same

patient — are used to decide the most optimised and promising

treatment for each individual patient. A total of 14 patients

with advanced tumours who had failed to respond to available

standard therapies have already been treated using this plat-
form. Eight of these patients responded positively, highlighting

the enormous potential of this novel approach.

In this regard, I would like to point out what I consider the

success of the Communication Office that we recently cre-
ated over a year ago. The appearances of CNIO scientists

and their discoveries in the media (in particular, on National

TV stations) have increased by more than 90% when com-
pared to previous years. Furthermore, recent results from

EurekAlert!, the online, global news service operated by the

American Association for the Advancement of Science

(AAAS), reveal that press releases from the CNIO received

more than 45,000 visits since March of 2012; thus, majorly
boosting CNIQ’s visibility amongst universities, medical

centres, journals, governmental agencies, corporations and

other organisations engaged in research all around the World.
I would like to highlight the impact of a term coined at the

CNIO in the international media, namely, the Avatar mice

mentioned above. This term was created by our researchers

to refer to mice that are implanted tumour biopsies from

cancer patients. This allows the physician to test various

treatment options in these mice, monitor the response of
the tumour, and - based on this observation - to select the

best-suited chemotherapeutic agent for a particular cancer

patient (http://en.wikipedia.org/wiki/Mouse_avatars). The

New York Times, The Mayo Clinic, and Nature, among others,
have popularised this term during 2012. Furthermore, a year

ago the CNIO created its own Twitter account, attracting more

than 2,500 followers from all countries, anumber that keeps

growing day by day.

This brings me to one of the most pleasant experiences that

we have accomplished during 2012 in terms of dissemination

of our activities. We published, the book entitled Desarmando

al Cdncer,in which the outstanding science journalist Ménica

G. Salomone narrates in a lay language what is cancer and

what we do at the CNIO to improve our understanding of
cancer, its prevention, diagnosis, and treatment. The book

that is now for sale at all bookshops of the Grupo VIPS in

Spain, and also on the web via our recently created CNIO Store

(https://store.cnio.es), has become a great success in terms

of scientific outreach and visibility, demonstrating our com-
mitment as an institution to the fight against cancer through

cancer research of excellence and innovation.

la quimioterapia? ;Cuales son los hallazgos mas recientes?
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During 2012, the newly created Direction of Innovation has

been working on three main strategic areas: consolidation

of the Experimental Therapeutics Programme, establish-
ment of new alliances with pharmaceutical companies, and

fostering new entrepreneurial activities. The Experimental

Therapeutics Programme has integrated to the Centre as an

additional research programme and will work closely with

some of our researchers to validate new therapeutic targets.
The projects developed by the Programme in previous years

have attracted the interest of several companies that would

like to further develop them into clinical candidates. The final

confirmation regarding the success of this strategy will come

once one of our molecules enters a clinical trial. We believe we

are on the right track, however, we will need more time to see

the results. Collaborations with industrial partners have also

been reinforced and the best example of this is represented

by an agreement signed in June, through which the CNIO

is now part of the Roche’s Extending Innovation Network.
This strategic collaboration will last from three to five years

and both institutions will work together to translate research

projectshosted at the CNIO into innovative ideas and products

toimprove diagnosis, prevention and treatment in the field of
cancer. Our objective is to combine public and private funding

resources to advance our best projects. The CNIO is the third

institution in Europe to be part of this network.
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“Roche’s Extending Innovation Network”.

The programme, ‘Managerial Skills for Scientists and
Researchers - Linking Science to Business’, designed in
collaboration with the Instituto de Empresa Business School
in Madrid (one of the world’s leading business schools), is at the
basis of our ongoing efforts to create an interdisciplinary post-
doctoral programme that fills the gap between basic research
and knowledge-driven innovation. To make the programme
available to CNIO researchers over the next few years, we
have applied to the EC for co-funding of Regional, National
and International Programmes (COFUND, FP7 Marie Curie
Actions - People). Our 2.5 million EUR CNInnOtrain proposal
was selected amongst the top proposals; co-funding by the EC
with 1.0 million EUR is currently under negotiation.

In 2013, we will celebrate the 10* anniversary of the official
inauguration of the CNIO. For this occasion, our Vice-Director
for Basic Research, Erwin F. Wagner - together with Mirna
Pérez-Moreno from CNIO’s Epithelial Cell Biology Group
and Scott Lowe from the Memorial Sloan-Kettering Cancer
Centre in New York - have been working hard this year to
organise the Nature-CNIO Cancer Symposium on Frontiers
in Tumour Heterogeneity and Plasticity that will take place in
Madrid October 27-30, 2013. Keynote lectures by Kornelia
Polyak and José Baselga, plenary talks by 20 of the world’s
leading experts, poster sessions and short talks, will set the
scene for the exchange of novel ideas and discussions on
emerging molecular mechanisms of tumour heterogeneity
and its clinical implications.

To finish, I am happy to announce that we have a new CNIO
External Scientific Advisory Board (SAB). In 2012, Joan
Massagué, who was appointed as new Chair of the CNIO
SAB by the CNIO Board of Trustees in June 2011, has led the
renewal of its members. The strategy has been to keep a few
historic members, those who have served on the Board for
almost 10 years now, and to include new members, all of whom
are experts in the different areas of research at the CNIO. I
am particularly happy to see that the new SAB is now more
gender balanced.

One more year, I would like to thank visual artist Amparo
Garrido for the fabulous photographs of CNIO scientists that
she has produced for this report. The subject (scientists) may
not be very usual in art, but Amparo’s work certainly is! m

2013 Nature - CNIO Cancer Symposium
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VICE-DIRECTION OF BASIC RESEARCH

Early this year, I had the honour of being appointed as the
Director of the Molecular Oncology Programme. My first words
to show my appreciation are for the former Director, Maria
A.Blasco, and to the other Programme Group Leaders, whom
I thank for entrusting me with this responsibility that I will
endeavour to uphold with professionalism and enthusiasm.

The Molecular Oncology Programme has been, and continues

to be, the flagship of CNIO’s scientific excellence. At present,
the Programme consists of 7 Groups that cover some of the

most active areas of research in cellular oncology. These areas

include DNA and chromosome stability (Maria A. Blasco,
Oscar Fernandez-Capetillo, and Ana Losada), oncogenes and

cell cycle kinases (Mariano Barbacid), DNA replication (Juan

Méndez), mitosis (Marcos Malumbres), and tumour suppres-
sors (Manuel Serrano). The top-level quality of the research

conducted by each of these Groups is detailed in the following

pages. Still, I would like to highlight a few especial facts: this

year the Programme has authored a total of 10 papers in Cell

journals (Cell 2x, Cancer Cell 4x, Molecular Cell 2x, Cell Stem

Cell, and Cell Metabolism); this trend continues with EMBO J
4x, The Journal of Experimental Medicine and The Journal of
Clinical Investigation. Also, during this year, researchers from

the Programme have filed several patents, some of which have

been licensed, and a spin-off company has been created.

All the above achievements give us reason to be proud, but

also motivate us to continue along this road of progress upon

which we have embarked. Over the past few years, each of
the CNTO Groups have been steadfastly improving in quality,
productivity, originality, and international recognition and

this will not stop in the foreseeable future. Some of the credit

for our success should go to the mindset of collective interac-
tion that all of us foster. Ideas, expertise, and reagents flow
freely among our Groups, and collaborations flourish after
each seminar. If we have arrived at this stage, by working hard

together with shared enthusiasm, then we can achieve even

more in the future. m
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OVERVIEW

Tumour suppressors are genes that can prevent the develop-
ment of cancer. All our cells have a functional set of these genes.
However, despite their efficient protection against cancer,
these genes can become defective over time, either acciden-
tally 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, can

potentially give rise to the development of a tumour.

Tumours are stressfull environments, and an important fea-
ture of tumour cells is their capability to survive and multiply
under stress. One of the most common responses to stress
is the permanent arrest of cell proliferation (senescence).
Understanding how tumour suppressor genes work may help us
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to design drugs that block cancer growth. Also, we manipulate
the mouse genome to create novel alterations that increase
or decrease tumour suppression potency.

The goals of our Group are: i) to understand the mechanisms

of tumour suppression and identify new tumour suppressor
regulators; ii) to study the interplay between tumour sup-
pression and ageing; iii) to analyse the involvement of tumour

suppressors in the regulation of metabolism and protection

from metabolic damage; iv) to characterise cellular senescence

as a tumour suppression mechanism; and v) to elucidate

the involvement of tumour suppressors in the regulation of
nuclear reprogramming of differentiated cells to induced

pluripotent stem (iPS) cells.

RESEARCH HIGHLIGHTS

A new therapeutic strategy for non-small-cell
lung carcinoma (NSCLC)

We have deciphered one of the molecular pathways behind lung
cancer and used this knowledge to identify an experimental
drug that blocks lung cancer growth in mice.

Deregulation of the Notch cell-signalling pathway is implicated
in cancer. Depending on the cellular type, it can be either
oncogenic or tumour suppressive. In the case of NSCLCs,
high Notch pathway activity is observed in up to 50% of the
cancers, and this correlates with poor prognosis; moreover,
gain-of-function mutations are present in a small percentage
of patients.

TUMOUR SUPPRESSION GROUP 23
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vehicle

LSN-411575

Figure1 Pharmacologicalinhibition of gamma-secretase arrests NSCLCs. (A)
Representative PET/CT lung images at the beginning and end of treatment

By using a mouse model - developed by Mariano Barbacid

at the CNIO - in which oncogenic Kras is induced in adult

mice to produce NSCLC, we demonstrate that the concomi-
tant loss-of-function of the Notch pathway and activation

of the Kras oncogene abolishes the generation of NSCLCs.
Oncogenic Kras-driven lung carcinogenesis is therefore strictly
dependent on the presence of a functional Notch pathway.
Gamma-secretase inhibitors (GSIs) were previously known to

inhibit the Notch pathway. As shown in the figure (FIGURE 1),
we have now found that murine Kras-driven NSCLC arrested

their growth after 15 days of treatment with a GSI (Eli Lilly
compound LSN-411575). A co-clinical trial (parallel treatment

of mice and humans) is currently under way at the CNIO, in

collaboration with Manuel Hidalgo, to test the effect of another
Notch inhibitory drug in human patients.
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Impact of the tumour suppressor PTEN
on metabolism and longevity

The tumour suppressor PTEN is one of the four most potent
anti-cancer genes. We generated transgenic mice expressing
twice the standard levels of PTEN and found that PTEN con-
fers anumber of health benefits by protecting against cancer,
boosting longevity and combating obesity. Pten transgenic
mice were far more resistant to cancer as compared to controls,
lived an average of 12% longer, and, very surprisingly, they
were significantly thinner - by 28% on average - even though
they were eating more. We found that the ability of PTEN to
activate brown fat and increase energy expenditure explained
the thinness of the mice carrying extra copies of the gene.
Interestingly, and subsequent to our work, other investigators
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iPS cells without affecting their pluripo-
tency. Aging Cell 11, 41-50.
Lépez-Mateo |, Villaronga MA, Llanos S,
Belandia B (2012). The transcription fac-
tor CREBZF is a novel positive regulator
of p53. Cell Cycle 11, 3887-3895.
Morgado-Palacin L, Llanos S, Serrano
M (2012). Ribosomal stress induces
L11-and p53-dependent apoptosis in
mouse pluripotent stem cells. Cel/ Cycle
11, 503-510.

Serrano M (2012). Metformin and re-
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Figure2 The tumour suppressor p27 represses the pluripotency gene Sox2.
Upon differentiation of stem cells, a repressive complex containing p27 and
p130-E2F4-SIN3A assembles at the critical SRR2 enhancer downstream of the
Sox2 gene. Inthe absence of p27, repressionisincomplete, allowing abnormally
high levels of SOX2, which can result in tumour development.

found that PTEN also regulates obesity in humans. These find-
ings open the door to novel therapeutic options against cancer,
obesity and even the ageing process. The CNIO Experimental
Therapeutics Programme has developed a small compound
that mimics the activity of PTEN. Treatment of mice with this
compound produces the same anti-obesity benefits observed
in Pten transgenic mice.

A connection between p27 and SOX2

Tumour cells frequently undergo loss of differentiation and

acquisition of stem cell features. Thus, it is important to under-
stand how pluripotency genes are kept in arepressed state in

normal differentiated cells and how this repression is lost in

cancer cells. We have unveiled an unprecedented mechanistic

connection between p27 and Sox2 relevant for cancer, in which

p27 binds and represses the expression of Sox2.

The clue to this connection derived from our studies on repro-
gramming. Differentiated cells can be converted into induced
pluripotent stem cells (iPSCs) through the combined action
of the transcription factors OCT4, KLF4 and SOX2. We had
previously shown that certain tumour suppressors oppose
reprogramming and limit the efficiency of this process. We
studied cells lacking the gene p27 noticing that these cells can
be reprogrammed into iPSCs without ectopic expression of the
gene Sox2. This led us to explore the potential link between
two previously unrelated proteins; the tumour suppressor
p27 and the transcription factor SOX2. We demonstrated
that p27 contributes to the transcriptional repression of Sox2
(FIGURE 2). Absence of p27 leads to defective repression of Sox2
in several types of tissues, which leads to an increased incidence
of tumours. We characterised p27 as a novel transcriptional
regulator of Sox2 together with a repressive complex formed
by p130, E2F4 and SIN3A at a critical enhancer responsible
for Sox2 expression. m

senescence. Cell Cycle 1, 2231-2232.
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OVERVIEW

Our laboratory is primarily interested in developing genetically
engineered mouse models (GEMMs) of cancer that faithfully
reproduce the natural history of the human disease with the
ultimate goal of using them to validate targets of therapeutic
value, mostly, but not exclusively, by genetic means. Currently,
we are focusing on 2 of the tumour types with the lowest
survival rate - K-Ras oncogene-driven non-small cell lung
carcinoma (NSCLC) and pancreatic ductal adenocarcinoma
(PDAC) - for which there are no efficacious medicines. Hence,
the results derived from our work should be of significant value
to the development of novel therapeutic approaches.

Specifically, we have interrogated the therapeutic value of each
ofthe individual components of the Raf/Mek/Erk signalling
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cascade as well as of the interphase cell cycle kinases in a
GEMM of NSCLC. Targets found to be essential for tumour
initiation have been further evaluated in a second generation
GEMM of tumour progression, in which we can separate
tumour initiation from target ablation. We have also evaluated
the role of the epidermal growth factor receptor (EGFR) in
the development of K-Ras oncogene-driven PDAC; this was
based on a study that reported some clinical responses to the
EGFR inhibitor Erlotinib, in spite of the fact that the EGFR
is supposed to signal upstream of K-Ras. The laboratory is
also working on identifying the signalling molecules that
are responsible for mediating normal Ras signalling beyond
the Raf/Mek/Erk cascade and in understanding the role of

the Cdkl and Cdk?7 cell cycle kinases in normal homeostasis.

RESEARCH HIGHLIGHTS

Last year, we interrogated the role of individual members of
the Raf/Mek/Erk cascade in the onset of K-Ras oncogene-
driven NSCLC. In those studies we showed that ablation
of Erkl, or Erk2, in K-Ras oncogene expressing lung cells
had no significant effect due to compensatory activities. Yet,
elimination of both Erk kinases completely blocked tumour
development. Similar results were obtained with Mek kinases.
Likewise, ablation of B-Rafhad no significant effect on tumour
development. However, we determined that c-Raf expression
was absolutely essential for the onset of NSCLC. Interestingly,
concomitant elimination of c-Rafand B-Rafin adult mice had
no deleterious consequences for normal homeostasis. These
results indicate that c-Raf plays a unique role in mediating
K-Ras oncogenic signalling and makes it a suitable target
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Figure1 c-Raf expression is essential for progression of PET-positive K-Ras oncogene-driven NSCLC tumours in K-Ras*/FSFe12V mice.

for therapeutic intervention. Yet, these observations only
demonstrated that c-Raf was essential for tumour initiation,
but not for tumour progression. This year we have extended
these findings usinga GEMM for NSCLC tumour progression.
In brief, we have generated a K-Ras*/FSF¢2V mouse strain in
which expression of a resident K-Ras®?¥ oncogene requires
recombination of an frt-STOP-frt cassette mediated by Flpse
activity, which can be achieved via adenoviral vectors through
tracheal infection. This GEMM has been crossed to mice car-
rying c-Rafconditional floxed alleles and a transgene encoding
an ubiquitously expressed Cre recombinase (Ub-CreERT2);
the activity of which can be induced by systemic exposure to
tamoxifen. These mice were allowed to develop large CT/PET+
tumours before the c-Raffloxed alleles were ablated by the

CreERT2recombinase. We have observed that tumours rapidly
decrease in size and become PET negative. Thus, indicating
that c-Raf kinase activity is also essential for K-Ras driven
tumour progression.

Previous clinical studies have suggested a therapeutic benefit
of Erlotinib — an EGFR inhibitor - in pancreatic ductal ade-
nocarcinoma patients. During 2012, we showed that these
observations may have a mechanistic base. Clinical evidence
indicates that mutation/activation of EGF receptors (EGFRs)
is mutually exclusive with the presence of K-RAS oncogenes
in lung and colon tumours. We have validated these obser-
vations using GEMMs. However, PDACs driven by K-Ras
oncogenes are totally dependent on EGFR signalling. Similar
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Figure2 Expression of EGFRs in a normal pancreas as well as in the pancreases of Elask-Ras®?¥
mice displaying pancreatitis, metaplasia, PanIN lesions and PDAC tumours.

results were obtained when using human pancreatic tumour

cell lines. EGFRs were also essential, even in the context of
pancreatic injury and absence of pl6Ink4a/p19Arf. Only

loss of p53 made pancreatic tumours independent of EGFR

signalling. Additional inhibition of PISK and STAT3 effec-
tively prevented proliferation of explants derived from these

p53-defective pancreatic tumours. Thus, successful treatment

of advanced human pancreatic tumours may require inhibi-
tion of at least 4 distinct signalling cascades, including those

driven by K-RAS, EGFRs, PI3K and STATS3. These findings

may provide the bases for more rational approaches to treat

pancreatic tumours in the clinic.

During 2012, we have also studied the role of two cell cycle
kinases: Cdk1the mitotic kinase, and Cdk?7, the catalytic subunit
ofthe Cdk-activating kinase complex that has been implicated
in the control of cell cycle progression and of RNA polymerase IT
mediated transcription. To study their roles in normal homeos-
tasisand in tumour development we have generated conditional

mutant mice for each of these kinases. Whereas Cdk1¥'** mice

are undergoing characterisation at this time, mice carrying

a conditional Cdk7 locus have already been characterised.
Geneticinactivation of the Cdk7locus revealed that, whereas

Cdk?7 is completely dispensable for global transcription, it is

essential for the cell cycle via phosphorylation of Cdkl and

Cdk2. Invivo, Cdk?7 is also indispensable for cell proliferation

except during the initial stages of embryonic development.
Interestingly, widespread elimination of Cdk7 in adult tissues

with low proliferative indexes had no phenotypic consequences.
However, loss of Cdk7 in tissues with elevated cellular turno-
ver led to their efficient repopulation with Cdk7-expressing

cells derived from adult stem cells that escaped inactivation

of their targeted Cdk” alleles. This process, a physiological

attempt to maintain tissue homeostasis, led to the attrition

of adult stem cell pools and the appearance of age-related

phenotypes including telomere shortening and early death.
Next year, we plan to interrogate the role of these cell cycle

kinases in K-Ras driven tumour development. =
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OVERVIEW

We study the mechanisms by which tumour cells become
immortal, and normal cells remain mortal. The immortality of
cancer cells is one of their most universal characteristics. The
enzyme telomerase is present to high levels in more than 95% of
all types of human cancers but is less abundant in healthy cells
in the body. Telomeres are nucleoprotein complexes located at
the ends of chromosomes that are essential for chromosome
protection and genomic stability. One of the key drivers of
age-related pathologies, including cancer, is the progressive

shortening of telomeres associated with organismal ageing,.

When the length or integrity of telomeres is altered, adult
stem cells have a maimed regenerative capacity.
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Our research activities aim: i) to understand the biology of tel-
omeres and telomerase by generating mouse models to probe
the role of telomeres and telomerase in cancer and ageing; ii)
todecipher the interplay between telomeres and DNA repair
pathways; iii) to characterise the role of telomeric heterochro-
matin; iv) to develop strategies for telomerase activation; and
v), to elucidate the role of telomerase and telomeres in adult
stem cell biology and in nuclear reprogramming of differenti-
ated cells to induced Pluripotent Stem (iPS) cells.

RESEARCH HIGHLIGHTS

A successful telomerase gene therapy against
ageing-associated decline without increasing cancer

A major goal in ageing research is to increase the length of
a disease-free life, also known as ‘health span’. Telomeres
have been linked with ageing and disease; in mice, genetic
manipulations that shorten or lengthen telomeres result,
respectively, in decreased or increased longevity. Therapies
that impact on telomere length are thus expected to have an
impact on health span. We tested the effects of a telomerase
gene therapy in adult (1-year) and old (2-year) mice. Treatment
of both groups with a viral vector (AVV9) of efficient viral
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Figure1 Efficiency of AAV9 infection. Direct GFP measurements in the indicated organs
of female mice (n=3) treated with either AAV9-eGFP or AAV9-mTERT vectors.

infection (FIGURE 1) and wide tropism expressing mouse

telomerase demonstrated beneficial effects on health and

fitness, improving several molecular biomarkers of ageing.
Telomerase-treated mice did not develop more neoplasias as

compared to controls; thus, the known tumourigenic activ-
ity of telomerase is markedly decreased when expressed in

adult or old organisms by using this strategy. Re-introduction

of telomerase in both 1-and 2-year old mice increased their

median lifespan by 24% and 13%, respectively. Our results

constitute a proof-of-principle for a role of telomerase in

delaying physiological ageing, improvement of health span,
and extension of longevity in normal mice. Our telomerase-
based gene therapy represents a novel type of therapeutic

intervention against various age-related diseases.

Combined telomere dysfunction and
deficient DNA repair lead to hyper-activation
of DNA damage response pathways

Depletion of telomeric protein TRF1 results in telomere
fusions as well as accumulation of DNA damage and acti-
vation of both the ATM- and ATR-mediated DNA damage
response (DDR) pathways. The protein 53BP1, present at
dysfunctional telomeres, is an ATM target that accumulates
at DNA double-strand breaks and favours non-homologous
end-joining (NHEJ) repair over ATM-dependent resection
and homology-directed repair (homologous recombina-
tion, HR). We generated mice lacking TRF1 and 53BP1 to
address the role of 53BP1 at dysfunctional telomeres. 53BP1
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Figure 2 Deleterious genetic interactions between TRF1and 53BP1n vivo. Representative
images of back skin sections stained for p63, Sox9, cytokeratin 10, and cytokeratin 14.

deficiency significantly rescued telomere fusions in mouse

embryonic fibroblasts (MEFs) lacking TRF1, but they showed

evidence of a switch from the NHEJ-to HR-mediated repair
of uncapped telomeres. Concomitantly, double-mutant MEFs

showed evidence of hyper-activation of the ATR-dependent

DDR. In intact mice, combined 53BP1/TRF1 deficiency in

stratified epithelia resulted in earlier onset of DNA damage

and increased phosphorylation of the kinase CHK1 during

embryonic development, leading to aggravation of skin phe-
notypes (FIGURE 2).

A link between telomeres and bone marrow failure

Ablation of the telomeric protein TRF1 induces chromosome
and telomere alterations associated with telomere fragility.
Dyskeratosis congenita, ahuman disease paradigmatic of pre-
mature ageing syndromes, is characterised by the triad of bone

marrow failure (BMF), skin abnormalities and increased risk

of cancer, and by the presence of short telomeres because of
mutations in genes related to telomere maintenance. Subsets

of patients showing mutations in the TRF1-interacting pro-
tein TIN2, have a more severe phenotype and the presence

of very short telomeres despite normal telomerase activity.
We generated a mouse model with conditional TRF1 dele-
tion in the haematopoietic system to investigate a possible

role for TRF1 dysfunction in BMF. Chronic TRF1 deletion

results in increased DNA damage and cellular senescence in

bone progenitor cells, leading to severe aplasia. We observed

increased compensatory proliferation of bone marrow stem

cells, associated to rapid telomere shortening, and further

increase in senescent cells in vivo, providing a mechanism for

the very short telomeres of patients with mutations in TIN2.
Our unique mouse model for aplastic anaemia may also offer

insights into other processes linked to telomere length, such

as ageing and cancer. =
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OVERVIEW

The Cell Division and Cancer Group aims to understand the

relevance of mitotic regulators, not only during the cell cycle,
but also in physiological processes in different tissues. Mitosis

is mostly regulated by post-transcriptional mechanisms

such as protein phosphorylation or protein degradation. We

are therefore interested in the study of mitotic kinases and

phosphatases, as well as regulatory complexes involved in

ubiquitin-dependent degradation of proteins. The control

of proper chromosome segregation by these regulators is

essential to prevent genomic instability and may have critical

implications in the generation of aneuploidy; an imbalance in

the number of chromosomes. In addition, we are interested

in understanding how small, non-coding RNAs are involved

in the control of the cell cycle and cell proliferation. Our

research also focuses on the regulatory mechanisms that

control asymmetric cell division in progenitor/stem cells and

theirrelevance to development, tissue homeostasis and cancer.
The Group’s main areas of focus include: i) understanding the

basic control mechanisms of the mammalian cell cycle; ii) char-
acterising the physiological and therapeutic consequences of
cell cycle deregulation in vivo; iii) characterising the function

of microRNAs in cell biology and tumour development; and

iv), understanding how progenitor cells and cancer stem cells

control their self-renewal and proliferative properties.
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Oncogene-induced mitotic stress

We have recently proposed the presence of an oncogene-
induced mitotic stress response that may alter the proper

regulation of mitosis under specific oncogenic mutations.
This isbased on the fact that multiple mitotic regulators are

E2F targets that are induced by oncogenic events. Loss of
pRB or p53, for instance, results in increased levels of the

spindle assembly checkpoint (SAC) protein MAD2, and,
as a consequence, MAD2 is frequently overexpressed in

tumour cells, possibly resulting in deregulated SAC and

chromosomal instability (CIN; FIGURE 1). Many other mitotic

regulators (such as TPX2, PRCI1, FOXM1, CDK1, TOP2A,
PCNA, and UBE2C) are co-overexpressed with MAD2 in

CIN tumours. Out of all these genes, TPX2 displays the

highest correlation with chromosomal instability. We have

recently reported that TPX2 is haplo-insufficient to main-
tain genomic instability seeing as TPX2-heterozygous mice

develop tumours in significantly higher ratio than their
wild type counterparts. As expected, these tumours are

highly aneuploid, suggesting a causal connection between

deregulated expression of TPX2, aneuploidy and cancer.
As demonstrated for other models, it is likely that the over-
expression of TPX2 may result in similar defects in spindle

dynamics and chromosome segregation. The concomitant

overexpression of MAD2 in the same tumours is likely to

disrupt a normal function of the SAC, thus facilitating CIN

in these conditions (FIGURE 1).

The Anaphase-Promoting Complex

The requirements for the Anaphase-Promoting Complex, also
called cyclosome (APC/C) during the cell cycle have led to
different studies that evaluate the relevance of this complex
as a cancer target. The suggestion that targeting mitotic exit
is arelevant therapeutic strategy has been confirmed by our
Group through the use of mice deficient for the cell-division
cycle protein 20 (Cdc20); the first APC/C inhibitor is currently
under preclinical studies. Elimination of APC/C-Cdc20 activity

results in metaphase arrest due to the lack of degradation of
cyclin B1; this strategy is more efficient for killing cells than
current microtubule poisons such as taxanes. The possible
inhibition of the alternative APC/C cofactor, Cdhl, has been
considered as a potential undesired effect since partial inacti-
vation of Cdhl may contribute to increased levels of cell cycle
regulators and tumourigenesis. Contrary to these expecta-
tions, we have now demonstrated — using genetic models

- that ablation of Cdhl results in replicative stress in vivo, as
well as in a general anti-proliferative response that is not
p53-dependent (FIGURE 2). Thus, putative APC/C inhibitors
are unlikely to generate proliferative responses, even in the
case of unspecific inhibition of Cdhl and with independence
of the p53 status of tumour cells.

Mitosis and mitotic cell death

We, and others, have shown that activation of protein phos-
phatase 2 (PP2A) during mitotic exit is achieved by inactivation

of the kinase Mastl; akinase recently identified in humans as

the functional orthologue of Greatwall kinase. RNA interfer-
ence studies have shown that robust depletion of Mastl results

in a significant delay in G2, which can be rescued by PP2A
inhibition. To understand the relevance of Mastl in mitosis, we

have recently generated a mouse model with aloss-of-function

mutation in the murine Mastl gene. We have observed that

Mastl is required for embryonic development; the detailed

analysis of the phenotype is currently in progress. We have

also observed that Mastl is overexpressed in several tumour
types and the consequences of its expression and targeted

downregulation are now under investigation. We have also

generated mice deficient in B55alpha; the PP2A regulatory
subunit inhibited by Mastl and involved in dephosphorylation

of mitotic phosphoproteins. Since mitosis is a critical target of
cancer drugs such as microtubule poisons, we are also analysing

the molecular pathways that determine mitotic cell death in

the presence of these drugs. Current studies in our laboratory
suggest the involvement of multiple cell death pathways with

possible implications in cancer therapy. m
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Figure1 Oncogene-induced mitotic stress. The activation of oncogenes or
loss of tumour suppressors, such as pRB or p53, results in the overexpres-
sion of E2F targets such as MAD2 and possibly TPX2. These alterations are
probably involved in the chromosomal instability that is frequently observed
in tumours.
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Figure 2 Inactivation of the APC/C cofactor Cdh1 [Cdhi(-/A)] results in
replicative stress (y-H2AX signal) in neurospheres. The activity of the Cre-
recombinase is monitored by the presence of the yellow fluorescent protein
(YFP) signal and lack of the Cdh1 protein (bottom panel).
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OVERVIEW

DNA damage is the source of pro-cancerous mutations. In

addition, recent evidence suggests that the reverse connec-
tion might also exist; namely, that oncogenes can promote

the generation of DNA damage. However, the nature of the

damage caused by oncogenes is still poorly understood. Our

laboratory has centred its research on trying to understand

how cells respond to ‘replicative stress’ (RS); a type of DNA
damage that arises unavoidably each time a cell replicates its

DNA, and that is mainly prevented by ATR and Chkl kinases.
Unfortunately, the essential nature of these kinases imposes

important limitations on their investigation, particularly at

the organismal level. In order to overcome these limitations,
a significant part of our work over these last few years has

focused on the development of cellular and animal tools for

the study of ATR and Chkl. These tools include mice with

enhanced or limited ATR-Chk1 function, cell systems in which

the pathway can be activated at will, and chemical inhibitors of
the ATR kinase. Our studies have revealed the impact of RSin

cancer and ageing, and have resulted in drugs that can be used

to test our conceptual approaches to cancer therapy. Allin all,
our main goal is to understand how genome maintenance is

safeguarded - particularly during replication — and to exploit

this knowledge in the fight against cancer.
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Chk1: A tumour suppressor and an oncogene?

The activation of certain oncogenes can promote a promis-
cuous S-phase entry that leads to the generation of RS and

subsequent DNA damage. This DNA damage activates a DNA
damage response initiated by ATM, ATR, Chk1l and Chk2

kinases. We previously showed that inhibition of ATR is par-
ticularly deleterious for tumours presenting high loads of RS,
such as Burkitt lymphomas (Murga et al., Nat Struct Mol Biol,
2011).In 2012, in collaboration with the group of Eric J. Brown

(University of Pennsylvania), we provided further proof of
these concepts in additional tumour models. However, both

studies were based on observations made with amouse model

for the ATR-Seckel Syndrome that confers high levels of RS

and premature ageing (Murga et al., Nat Genet, 2009). The

reduced lifespan and severe symptoms of ATR hypomorphic

mice limit their use in cancer studies. In order to circumvent

these limitations, we decided to generate a novel mouse model

that would be selectively protected from RS.

In 2012, we reported that mice carrying a supra-physiological
gene dosage for ChkI (Super-Chkl) are selectively protected
from RS. Cells from these mice present lower levels of RS
when exposed to RS-inducing agents such as hydroxyurea or
aphidicolin. In vivo, an extra Chkl allele was able to partially
rescue the viability and enhance the lifespan of ATR-Seckel
mice, providing the first example of a genetic context that
could limit the severity of the disease. Strikingly, we found
that Super-Chkl mouse embryonic fibroblasts (MEFs) were
more easily transformed by oncogenes than their wild type
counterparts (FIGURE 1). This observation was puzzling, given
that Chkl is generally considered a tumour suppressor. The
explanation for this conundrum comes from the finding that
increased levels of Chk1 limit the amount of DNA damage
generated by oncogenes, thereby limiting the toxicity asso-
ciated to the transformation process. Our idea is that Chk1

could work as an ‘RS-buffer’, facilitating the viability of cells

suffering from RS. This model could explain why Chk1 levels

are frequently upregulated in human cancers, in contrast

to the lower levels that would be expected from the action

of a tumour suppressor. We propose that Chkl levels would

indeed be a predictive biomarker of tumour-associated RS;

this could help to identify tumours that would be most sensi-
tive to ATR or Chkl inhibitors.

A proteomic view of the human
replication fork ‘neighbourhood’

A proper control of DNA replication is essential to preserving
genome integrity. To achieve this, the replisome is enriched in
accessory factors that facilitate DNA replication and coordi-
nate it with other cellular processes such as transcription or
chromatin remodelling. We believe that a proper identification
of these factors provides an opportunity for exploring novel
syntheticlethal interactions that could be used in chemother-
apy. By coupling a protocol that isolates proteins on nascent
DNA chains with mass spectrometry, we have performed, in
collaboration with the Proteomics Core Unit of the CNIO, a
comprehensive proteomic characterisation of the human
replisome and replisome-associated factors. Our analysis
identified known components of the replisome, including DNA
polymerases, primases and helicases, among others (FIGURE 2).
In addition, we found a broad list of proteins and activities
that are located in the vicinity of the replisome, some of which
were not previously associated to replication. We believe
that this resource provides a panoramic view of the proteins
that concentrate in the surroundings of the replisome; this
should facilitate future investigations on DNA replication
and genome maintenance. We are currently exploiting this
technology in order to identify factors that are recruited to
the replisome in conditions of RS. m
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Figure1 Chkifacilitates transformation by oncogenes. (A) Representative
pictures of the number of colonies found in wild type (wt) and Chk1 transgenic
(ChkT™) MEFs 10 days after transformation with Ras and ETA oncogenes. (B)
Levels of RS, quantified by high-throughput microscopy as the nuclear signal
of phosphorylated histone H2AX, in wt and Chk7™ MEFs after transforma-
tion with Ras and E1A oncogenes. (C) Data extracted from Oncomine (www.
oncomine.org) that indicate the frequent overexpression of Chk1 found in
human tumours.
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Figure2 A proteomic view of the mammalian replisome. The figureiillustrates
the outcome of a typical experiment, in which proteins that are enriched in the
vicinity of the replisome are found towards the right hand side of the chart. The
position of some known replisome components is indicated in red, and that of
proteins that are known to be in close proximity to the replisome, in black.
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OVERVIEW

Proper development of a multicellular organism entails two

major processes. One is proliferation;i.e. the cell duplicates its

genetic material and divides into two identical daughter cells.
The otheris differentiation; i.e. the specialisation of naive pre-
cursors into specific cell types. This is accomplished through
the activation of tissue-specific transcriptional programmes

that establish cell identity. Higher order genome structure is

amajor determinant of such regulation of gene expression.
Our research focuses on a protein complex named cohesin
that occupies a central position in each of these two processes.
Onthe one hand, cohesin mediates sister chromatid cohesion

and thereby ensures faithful DNA repair by homologous

recombination and proper chromosome segregation during
cell division. On the other hand, cohesin contributes to the

spatial organisation of the genome by promoting or stabilising
the formation of chromatin loops. Mutations in cohesin and

its regulatory factors have been identified in a class of human

syndromes, collectively known as cohesinopathies, as well as

in several tumour types. Our goal is to understand how cohesin

works, how it is regulated and how its dysfunction contributes

to cancer and other human diseases. In addition to the study
of cohesin, we are interested in the epigenetic inheritance

of centromeres mediated by the histone H3 variant CENP-A,
another essential aspect of chromosome segregation.
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Cohesin-SAl, aneuploidy, and cancer

Vertebrate somatic cells have two versions of cohesin; namely,
cohesin-SAland cohesin-SA2, that contain Smcl, Smc3, Rad21

and either SAlor SA2. As yet, the functional specificity of these

two variants hasbeen largely ignored. The characterisation of
an SA1knock-out mouse model has allowed us to demonstrate

that cohesin-SAl mediates cohesion at telomeres, which is

required for their replication. Due to their repetitive nature

and peculiar structure, telomeres pose a challenge to the

replication machinery, causing frequent stalling of replication

forks. Homologous recombination-mediated mechanisms are

required for fork restart and/or repair of DNA breaks generated

by fork collapse; such mechanisms are promoted by cohesion.
Incompletely replicated telomeres could be the cause of the

lagging chromosomes and anaphase bridges observed in SA1

null cells (FIGURE 1). These aberrant anaphases often end in

cell death or in cytokinesis failure; the latter causes tetraploidy

or formation of micronuclei, both of them known pathways

to aneuploidy. Increased aneuploidy could explain the earlier

onset of spontaneous tumourigenesis in mice heterozygous

for SA1. Of note, these animals develop pancreatic cancers that

are extremely infrequent in mice. Whether or not pancreatic

cells are more sensitive to telomere dysfunction and the ensu-
ing genomic instability is currently under investigation. We

are also exploring the contribution of altered transcription

to the tumourigenic effect of SA1 deficiency.

Cohesin-SAl, transcription,
and Cornelia de Lange Syndrome

In collaboration with CNIO’s Bioinformatics Core Unit, we
have analysed the genome-wide distribution of cohesin-SA1l
and cohesin-SA2 by means of chromatin immunoprecipitation
(ChIP) sequencing with 4 different antibodies. Cohesin-SAl
has greater propensity to localise to gene promoters and
gene-associated regions. More striking, in the absence of
SA1, cohesin is driven away from promoters and relocates

to intergenic regions. The peak intensity of these new sites

is clearly lower, which most likely reflects a more random

genomic distribution of cohesin. In addition, the new cohesin

sites showreduced co-localisation with the chromatin insula-
tor CTCF. As a consequence, gene expression is altered and

affects biological processes related to the most prevalent

cohesinopathy, the Cornelia de Lange Syndrome (CdLS). The

presence of cohesin-SAl at several gene promoters positively
regulates expression of the respective genes. Clear examples

are the genes coding for Myc and Protocadherins, essential

proteins for proliferation and neuronal connectivity, respec-
tively. Their down-regulation could contribute to the growth

and mental retardation observed in CdLS patients. The absence

of cohesin-SAl also alters cohesin binding patterns along some

gene clusters and leads to dysregulation of genes within these

clusters. We speculate that partial deficiency of the cohesin

loader Nipped-B-like protein - the most common cause of
CdLS - may restrict cohesin loading to an extent that allows

for proper cohesion, but affects the transcription of genes

that are critical for proper development. We are currently
testing this hypothesis.

The role of Shugoshin-2 in spindle assembly

Shugoshins (Sgo) are conserved proteins that act as protectors

of centromeric cohesion in mitosis and meiosis. Most verte-
brates contain two Sgo proteins, but their specific functions are

controversial. We have addressed this issue using the Xenopus

egg cell-free extracts; a powerful system for the study of chro-
mosome dynamics. We found that Sgol protects centromeric

cohesin from the prophase dissociation pathway whereas Sgo2

promotes spindle assembly (FIGURE 2). While Sgol is required

for proper localisation of the Chromosomal Passenger Complex

(CPC) containing Aurora B, Sgo2 positively regulates its activ-
ity and the subsequent phosphorylation of key substrates for

spindle assembly. Finally, the observed functional specificity
of Sgol and Sgo2 could rely on their association with different

regulatory subunits of phosphatase PP2A. m
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Figure1 Cohesin-SAl deficiency leads to chromosome segregation defects.
Impaired telomere replication in the absence of cohesin-SAT ultimately results in
defective chromosome segregation during mitosis, as indicated by the increased
frequency of aberrant anaphases in cultures of mouse embryonic fibroblasts
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Figure2 Sgo2isrequired for proper spindle assembly. Metaphase spindles
were assembled in Xenopus egg extracts that had been mock-depleted or,
using specific antibodies, depleted of Sgol, Sgo2 or both of them. Sperm
DNA (stained with DAPI, in blue) and rhodamine-labelled tubulin (red) were
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added to the extracts. The observed spindle structures were classified into
the categories indicated and quantified for each experimental condition.
Data represent mean values obtained from more than 200 structuresin 3
independent experiments.
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OVERVIEW

Through the process of DNA replication, our dividing cells

maintain a complete copy of their genome. Even in healthy

cells and tissues, the genome-copying process introduces

sporadic mutations, albeit with low frequency, which eventu-
ally promote cancer by activating oncogenes or inactivating

tumour suppressors. Exposure to chemicals, UV light, or ionis-
ing radiation, interferes with the operation of the replisome;

the large protein machinery that drives DNA replication. In

recent years, the notion that ‘replicative stress’ is a causal

factor of carcinogenesis has attracted a great deal of attention.
Multiple mechanisms have evolved to counteract replication

stress, including factors that stabilise stalled replication forks

or facilitate fork re-start. Our previous research has identi-
fied one of such responses to replication stress, namely, the

activation of ‘dormant’ replication origins that serve aback-up

function upon the collapse of paused replication forks.

The molecular mechanisms underlying genomic duplication
and the cellular responses to replicative stress have been
extensively studied in vitro, and we are still contributing to
this effort by analysing the biochemical properties of several
replisome components. In parallel, we have devised in vivo
strategies to evaluate the effect of replicative stress in mam-
malian organisms.
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Mechanism of action of the minichromosome
maintenance (MCM) helicase

DNA replication occurs in specialised ‘factories’ that can be

visualised as defined nuclear foci after the incorporation of
nucleotide analogues into newly synthesised DNA. Major

replisome components such as PCNA, RPA or DNA polymer-
ases have been detected immunologically at these structures,
whereas the presence of the DNA helicase MCM has remained

elusive. In the past year, using a cell culture synchronisation

protocol coupled to high-throughput confocal microscopy, we

have shown that MCM complexes are indeed accumulated at

the chromatin structures bound to become replication factories,
but their levels drop drastically after the initiation of DNA
synthesis. We have proposed that the amount of active MCM

acting at replication factories is strongly regulated to prevent

promiscuous origin activity and DNA re-replication.

We have previously reported that human MCM interacts with
Cdc45 and GINS proteins to assemble a larger-order complex
called hCMG. One of our long-term goals, in collaboration
with CNIO’s Macromolecular Crystallography Group, is the
elucidation of the molecular mechanisms used by hCMG to
promote DNA unwinding. This poses a significant biochemical
challenge because hCMG is formed by 11 different polypep-
tides. As we progress towards this goal, we have extended our
studies to include amodel MCM protein complex encoded in
the genome of Bacillus cereus (BcMCM). Structure-function
studies in BcMCM support the notion that ring-shaped hexa-
meric MCM helicases operate by translocation on ssDNA and
‘steric extrusion’ of the other strand. Interestingly, BcMCM also
contains DNA primase and polymerase activities, suggestive
of arole in replication re-start at stalled forks.

New mouse strains that allow for the inducible over-
expression of DNA replication genes CDC6 and CDTI1

Previous work from our laboratory and those of others, has

shown that the amount of chromatin-bound MCM complexes

affect the availability of replication origins. We have gener-
ated knock-in mouse strains for the inducible expression of
CDC6 and CDT1; the two main factors responsible for MCM

loading onto DNA. Some types of cancer, particularly non-
small cell lung carcinoma, show abnormally high levels of
these two factors. We are characterising the in vivo effects

of CDC6 and CDT1 overexpression, either individually or

in combination. In embryonic fibroblasts, we have already

observed that CDC6 overexpression is sufficient to alter the

patterns of DNA replication, triggering more origin activity
and reducing the fork progression rate (FIGURE 1).

A mouse strain expressing a hypomorphic allele
of MCMS3, reveals hypersensitivity of haematopoietic
cell precursors to replication stress

We have also generated a conditional knock-out MCM3 mouse

strain that carries loxP insertions and a GFP-luciferase marker

atthe 3’ UTR of the MCM3 gene. These modifications result

in hypomorphic expression of the MCM36FPLuc-loxP gllele

(FIGURE 2) that does not carry any mutation in the coding

region. Heterozygous MCM3*/CFPLucLox? mjce are alive and

fertile, while MCM 8CFPLuc-Loxt/GFPLuc-Lox? amhyyyos die in utero

atlate stages of gestation. The embryos are smaller and paler,
suggestive of incomplete erythropoiesis in the foetal liver.
Indeed, we have detected an accumulation of haematopoietic

stem cells (HSCs) and erythrocyte primitive progenitors,
coupled to a deficiency in mature erythroblasts, in the liver
of mutant embryos. Our hypothesis is that specific S-phase

requirements of some of these populations make them hyper-
sensitive to replicative stress during development. We are

now investigating the dynamics of S-phase in HSCs and other

haematopoietic precursors. The partial loss of MCM3 expres-
sion also predisposes to cancer, as both MCM 3*/6FPLuc-LoxP anq

MCMS3*~ adult mice display a high frequency of early-onset

lymphomas and other mesenchymal tumours. =
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Figure1 CDC6 overexpression affects inter-origin distance and replication
fork progression. (A) Stretched DNA fibres labelled with CldU (red) and IdU
(green). Origins are indicated by white arrows. A molecule containing 2 adjacent
originsis shown. |OD, inter-origin distance. (B) Fork progression rates and (C)
10D in embryonic fibroblasts with or without CDC6 overexpression.
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Sanchez-Berrondo J, Mesa P, Ibarra
A, Martinez-Jiménez Ml, Blanco L,
Méndez J, Boskovic J, Montoya G (2012).
Molecular architecture of a multifunc-
tional MCM complex. Nucleic Acids Res
40,1366-1380.

Aparicio T, Megias D, Méndez J (2012).
Visualization of the MCM DNA helicase
at replication factories before the on-
set of DNA synthesis. Chromosoma 121,
499-507.
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Mem3++

Figure 2 Hypomorphic expression of MCM3 in the MCM3GFPLuc-LoxP/GFPLuc-LoxP
mouse strain. Top, immunohistochemical detection of Mcm3 proteinin E16.5
embryos. Bottom, details of a foetal liver.

DNA REPLICATION GROUP 49



BBVA FOUNDATION-CNIO CANCER
CELL BIOLOGY PROGRAMME

ERWIN F. WAGNER PROGRAMME DIRECTOR

The overall strategic goals of the BBVA Foundation-CNIO

Cancer Cell Biology Programme are to achieve abetter under-
standing of the events leading to cancer development and to

discover molecular mechanisms that could provide a basis for

novel therapies. Our Programme investigates how a tumour

can grow as an ‘extrinsic organ’. Our research covers various

aspects of tumour cell biology, from tumour stem cells, tumour

cell interactions with host cells/environment such as tumour-
associated cells like macrophages and fibroblasts, to the role of
inflammation, angiogenesis, hypoxia, as well as cell adhesion,
metabolism and metastasis. Powerful state-of-the-art mouse

genetic models, human cellular systems and biochemical tools,
as well as patient-derived materials, are employed. At present,
these aspects are covered and integrated by the complementary

research areas of 1 Senior and 3 Junior Groups.

My own Research Group focuses on understanding the role
of the transcription factor complex AP-1 (Fos/Jun) and its
upstream stress kinases JNK and p38 in physiological and
pathological processes. Our studies focus on bone homeostasis
and osteosarcomas, liver fibrosis, inflammation and cancer,
and also aim to molecularly define the causes of skin cancer
and inflammatory skin diseases, such as psoriasis. Mirna
Pérez-Moreno’s Junior Group concentrates on the role of cell
adhesion, inflammation and cellular signalling in normal skin
physiology and cancer development. Nabil Djouder’s Junior
Group aims to dissect the contribution of nutrient and growth
factor signalling pathways to cancer development.

With the establishment of a third Junior Group in October
2012, in part financed by the Seve Ballesteros Foundation with
the aim of supporting translational brain tumour research,
we have introduced a completely new area of research to the
CNIO. The new Group, headed by Massimo Squatrito who
moved from the Memorial Sloan-Kettering Cancer Institute
in New York to the CNIO, studies how brain tumours, mainly
glioblastomas and medulloblastomas, develop and how they
respond to therapy. =
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OVERVIEW

Ourresearchinterestslie in breaking new ground in the study of
mechanism-based functions of the transcription factor complex
AP-1 (Fos/Jun) in the whole organism. The aim is to obtain a
more global perspective on AP-1in human physiology and in
diseases, such as inflammatory skin diseases and cancer.

Specifically, the functions of AP-1in regulating cell proliferation,
differentiation and cell death are being investigated by employ-
ing genetically engineered mouse models (GEMMs) and human
samples. The ultimate goal is to define the molecular pathways
leading to disease development in organs such as the skin, bone
and liver, and to identify novel therapeutic targets (FIGURE 1).
The major research goals of our Group are: i) to elucidate a
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causal link between AP-1 expression, inflammation and cancer,
using cell type-specific switchable GEMMs; ii) to develop and
characterise new GEMMs for cancer and human diseases,
such as osteoporosis, fibrosis/osteosclerosis and psoriasis,
and apply these to preclinical studies; iii) to use large-scale
genomic or proteomic approaches to compare mouse models
of disease to human disease and to identify therapeutically
relevant targets; and iv), to establish methods for efficient
manipulation and differentiation of mouse Embryonic Stem
(ES) cells, as well as human ES and induced Pluripotent Stem
@iPS) cells, into bone, cartilage and endothelial cells for tissue
regeneration and gene expression studies.

RESEARCH HIGHLIGHTS

Fos /AP-1in bone development and sarcomas

Fos proteins - c-Fos, FosB, Fra-1 and Fra-2 - are key regula-
tors of bone development. GEMMs with tet-switchable Fos

alleles were generated. In osteoblasts, c-Fos expression leads

toareversible increase in bone mass and tumour-like lesions,
while manipulating Fra-2 affects systemic metabolism and

immune homeostasis. The underlying molecular mechanisms

(e.g. the function of the c-Fos target TGF-beta-induced gene,
TGFBI) and the regulation of circulating molecules by Fra-2,
such as osteocalcin, adiponectin and cytokines, are being

dissected.
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Figure1 We have generated tet-switchable AP-1transgenic mice to study the phenotypic consequences of ectopic expression of each
specific AP-1 monomer or dimer in the liver, skin and bone. We are utilising cutting-edge technologies, such as proteomics, expression
profiling, RNA-sequencing and ChIP-sequencing, to compare mouse models of disease to human disease and identify relevant targets
that can be developed into therapies. We are planning preclinical studies in our AP-1-dependent mouse models, using compounds that
target the identified molecules and pathways, to determine the potential of translating our findings to treating human disease.

In addition, AP-1 contribution to lung carcinogenesis is being
studied in collaboration with the Experimental Oncology
Group at CNIO and with Prof. A. Hartmann (Erlangen,
Germany). Potential long-range interactions between
tumour and host metabolism are also being assessed in can-
cer GEMMs.

Skin cancer suppression by c-Fos/AP-1

We have unravelled a link between epidermal c-Fos and the
Notch pathway. Loss of c-Fos induces p53 expression, thereby
activating TACE/ADAM-17, a novel p53 target, and Notchl
leading to skin tumour suppression through induction of
differentiation.

Increased c-Fos expression was found in Squamous Cell
Carcinomas (SCCs), but not in Basal Cell Carcinomas (BCCs),
implying that different signalling networks operate in these
common skin cancers. We are modelling SCC development in
GEMMs with inducible c-Fos expression and have identified
an essential role in modulating immune cell recruitment to
the skin, thereby contributing to tumourigenesis.

Epidermis and AP-1-dependent cytokine expression

Epidermal keratinocytes are key decision makers for immune
cell functions in the skin. Interestingly, epidermal deletion
of Fra-2 leads to enhanced production of the pro-inflamma-
tory cytokine TSLP, thereby inducing skin inflammation and
metabolic changes. Mice lacking JunB in the epidermis have
inflammation and bone loss (Meixner et al., Nat Cell Biol,
2008). We are investigating the crosstalk between skin and
bone. Preliminary analyses revealed that JunB represses the
expression of pro-inflammatory cytokines, thereby affecting
osteoblast activity. We are presently exploring, together with
Prof. G. Schett (Erlangen, Germany), the skin-to-bone crosstalk
in patients with skin inflammatory conditions.

Genetic and molecular dissection
of Psoriasis in mice and humans

Several novel approaches, including genetic — by employing
S100A9-deficient mice — and biochemical analyses by proteomics
of mouse and human skin samples, were performed to uncover
novel pathways and molecules for targeted therapies (reviewed
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Figure2 (A)c-Jun, c-Fos, SIRT6 and Survivinimmunohistochem-
istry of human liver dysplastic nodules. (B) Schematic model of
the regulatory network operating at the initiation stage of mouse
and human liver cancers. Cell survival, during liver cancer initia-
tion, is controlled by a c-Jun, c-Fos, SIRT6 and Survivin cascade.
Survivin expressionis regulated by SIRT6, which modulates histone
acetylation, and NF-xB signalling at the Survivin promoter. SIRT6
expression is transcriptionally regulated by c-Fos, and c-Jun
suppresses c-Fos expression. This pathway does not operate in

|Cancer initiation|

advanced HCCs. Antagonising this pathway could provide preven-
tive strategies to target pre-cancerous liver lesions.

in Wagner et al., Nat Rev Rheumatol, 2010; Schonthaler et al,

Ann Rheum Dis, 2011). Furthermore, the potential role of spe-
cific microRNAs in psoriasis pathogenesis is being investigated
in collaboration with Dr. E. Daudén (Madrid, Spain) and with
Santaris Pharma (Copenhagen, Denmark).

Role of AP-1in liver disease and cancer

Gain and loss of function GEMM:s are being used to inves-
tigate Fos proteins in fibrosis and cancer. In the liver, while

expression of Fra proteins had no overt consequences, c-Fos

or Fos-containing dimers trigger inflammation, fibrosis and

cancer. Conversely, c-Fos deletion in hepatocytes protects

from chemically-induced liver cancer.

Using GEMMs, specific for liver cancer initiation, we identified
a connection between AP-1, the histone deacetylase SIRT6

and the apoptotic modulator Survivin, which appears relevant
to human early-stage Hepatocellular Carcinomas (HCCs);
(FIGURE 2). We provide evidence of how AP-1 affects early
stages of liver cancer and are suggesting a therapeutically
relevant regulatory network. We are currently also dissecting
the role of individual AP-1 proteins in hepatitis and steatosis;
2 conditions predisposing to liver cancer.

Stem cell differentiation and tissue regeneration

Human ES and iPS cells are employed to investigate chon-
dro/osteo-progenitor and endothelial cell development. We

performed expression profiling of endothelial-like cells, dif-
ferentiated from human ES cells. Validation of identified

genes and functional studies are ongoing in collaboration

with the groups of Prof. E. Hofer (Vienna, Austria) and Prof.
H. Augustin (Heidelberg, Germany). =

inhibition of survivin. Nat Cell Biol 14,

1203-1211.

» CiofaniMetal. (incl. Wagner EF) (2012). » Guinea-Viniegra J, Zenz R, Scheuch
A validated regulatory network for H, Jiménez M, Bakiri L, Petzelbauer
Thi7cell specification. Cell 151, 289- P, Wagner EF (2012). Differentiation-
303. induced skin cancer suppression by

» Min L, Ji'Y, Bakiri L, Qiu Z, Cen J, Chen FOS, p53, and TACE/ADAM17. J Clin
X, Chen L, Scheuch H, Zheng H, Qin L, Invest 22, 2898-2910.

Zatloukal K, Hui L, Wagner EF (2012). Wrann CD, Eguchi J, Bozec A, Xu Z,
Liver cancer initiation is controlled Mikkelsen T, Gimble J, Nave H, Wagner
by AP-1through SIRT6-dependent EF, Ong SE, Rosen ED (2012). FOSL2

» PUBLICATIONS

-

promotes leptin gene expression in Marchetti P, Orntoft TF, Bakiri L, Wagner
human and mouse adipocytes. J Clin EF, Eizirik DL (2012). Pancreatic B-cells
Invest 122,1010-1021. activate a JunB/ATF3-dependent sur-
Schultze SM, Mairhofer A, Li D, Cen J, vival pathway during inflammation.
Beug H, Wagner EF, Hui L (2012). p38a Oncogene 31,1723-1732.

controls erythroblast enucleation and Cuello S, Ximénez-Embun P, Ruppen

v

Rb signaling in stress erythropoiesis. I, Schonthaler HB, Ashman K, Madrid
Cell Res 22, 539-550. Y, Lugue-Garcia JL, Camara C (2012).
Gurzov EN, Barthson J, Marhfour I, Analysis of protein expression in devel-
Ortis F, Naamane N, Igoillo-Esteve M, opmental toxicity induced by MeHg in

Gysemans C, Mathieu C, Kitajima S, zebrafish. Analyst 137, 5302-5311.
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OVERVIEW

In adult skin, epithelial progenitor cells have been identified
as the cells of origin of skin carcinomas; the most common
cancers in the world. Epithelial progenitor cells reside in the
basal proliferative layer of the epidermis, whereas in the hair

follicle they localise to a restricted area known as the bulge.

Using skin as a model system, our Research Group aims to
understand how the interactions between epithelial progenitor
cells contribute to the formation and maintenance of tissue
architecture. In addition, we are exploring how epithelial
cells interact with their surrounding microenvironment and
sustain tissue homeostasis. The results of our research will
allow us to understand how these processes are regulated
during homeostasis and tissue repair, and how they become
disrupted in skin diseases, including cancer.
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RESEARCH HIGHLIGHTS

Role of cell adhesion and polarity
complexes in the maintenance of cell
polarity and epidermal architecture

Adherens junctions control the interactions between cells

through their connections with the cytoskeleton. As yet, it

remains unclear which molecules are responsible for the inter-
action of adherens junctions with the microtubule cytoskeleton

in the skin. We have found a novel interaction between the

adherens junction protein p120-catenin and the microtubule

binding protein CLASP2, which is required to sustain proper

cell-cell adhesion and skin architecture. In addition, in col-
laboration with the Cell Division and Cancer Group of Marcos

Malumbres at the CNIO, we have identified a previously
unrecognised role for the mitotic protein Aurora A kinase in

the control of the polarised epidermal cell architecture and

potentially also in the regulation of the orientation of mitotic

divisions of progenitor basal cells in the epidermis.

A Polarised progenitor cells
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Role of cell adhesion proteins in the regulation of cell
migration and inflammation during tissue repair

The adherens junctions protein p120-catenin can regulate the
transmission of signals from epithelial cells across the surround-
ing macro-environment of the skin. Our recent findings have
revealed that p120-catenin controls epithelial cell migration
through its crosstalk with the immune response, and that loss
of p120-catenin leads to chronic inflammation and cancer.

Role of immune cells in the maintenance of skin
progenitor cells in skin homeostasis and disease

Skin epithelial stem cells function within a complex macro-
environment that orchestrates their lifetime regenerative

properties. However, their interplay with immune cells is

not well understood. We have identified anovel link between

macrophages and skin progenitor cells, which modulates

their stem cell properties and regenerative potential. This

is an important step to decipher how such connections are

implicated in cancer. m

Loss of cell polarity
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architecture, self-renewal and repair. (A) Cell adhesion
and polarity in epidermal architecture. (B) p120 in cell mi-
gration and inflammation during skin repair. (C) Crosstalk
between macrophages and skin progenitor cells in skin
homeostasis and disease.
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OVERVIEW

Malnutrition has been cited by the World Health Organization
(WHO) as the greatest single threat to global public health.
Inadequate amounts and/or diversity of food represent the
most important risk factor for illness and death. Ever since
Western society has shifted to a higher caloric diet and sed-
entary lifestyle, the incidence of metabolic syndromes and
cancer has increased to epidemic proportions.

We are interested in better understanding the contribution
of growth factors and nutrients in development of metabolic
disease-associated cancer and in elucidating molecular mecha-
nisms that impact on disease patho-physiological states.

In this regard, we aim to decipher the mammalian target of
rapamycin (mTOR)/ribosomal protein S6 kinase 1 signalling

pathways that integrate growth factor and nutrient signal-
ling inputs. Thus, a major part of our work focuses on URI, a

downstream effector of mTOR/S6K1 axis.
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RESEARCH HIGHLIGHTS

We are studying diseases associated to liver, intestine and

pancreas dysfunctions. As the three organs are physiologi-
cally interconnected and influenced through their exocrine

and/or endocrine functions, nutrients overload dysregulate

their functions affecting the balance of the whole body energy
metabolism and leading to severe metabolic disorders-asso-
ciated cancer.

Invivo URI function and regulation

We have generated 2 knock-in mouse models for wild-type

URI and an S371A URI mutant that allow switchable ectopic

gene expression, as well as a URI conditional knock-out mouse.
Using these mice, we are currently studying URI function and

regulation in vivo. Finally to understand the contribution of
nutrients and growth factors on URI phosphorylation, we are

devoting a lot of effort to analyse the interplay between the

post-translational modifications O-GlcNAcylation and phos-
phorylation. We demonstrated a strong correlation between

O-GlcNAcylation and URI expression in Hepatocellular

Carcinoma (HCC) samples.
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Structural analysis of the URI prefoldin complex

We are collaborating with CNIO’s Macromolecular
Crystallography Group to determine the crystal structure of
the URI prefoldin complex.

Novel components of growth factor
and nutrient circuits

Since a dynamic exists between phosphorylation of URI and

binding of PP1, we created a URI-based fluorescence resonance

energy transfer (FRET) system containing the 14-3-3 Ser/Thr

phospho-recognising domain. The URI-based FRET system

will represent a new biological tool to interrogate spatial and

temporal mTOR/URI activation. Through different high-
throughput cellular screening, this approach will allow us to

identify new components upstream of the mTOR pathway.

Invivo function and regulation
of microspherule protein 1

We also discovered microspherule protein 1 (MCRS1) as a

novel regulator of mTOR. We gathered evidence that MCRS1
is highly expressed in human colon cancer and that its expres-
sion correlates with poor prognosis. We generated MCRS1

mouse models (loss-and gain-of-function) to obtain insights

into its role in colon cancer. m
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Figure Schemeillustrating present and future research

. of our Group at the CNIO, with the aim to better under-
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OVERVIEW

Gliomas are a large group of brain tumours. Glioblastoma

Multiforme (GBM), the highest grade of malignant astrocyto-
mas (WHO grade IV), is the most common and lethal primary
central nervous system tumour in adults. Despite recent

advances in treatment modalities, GBM patients generally
respond poorly to all therapeutic approaches and prognosis

remains dismal.

Maintenance of genomic integrity is essential for embryonic

development and adult tissue homeostasis. Defects in the

DNA-damage response (DDR) machinery, a network of protein

complexes capable of detecting DNA lesions and signalling

to downstream effector pathways, are linked to numerous

pathological states including cancers. In particular, the nervous

system is often greatly affected by DDR deficiency (mainly in

the DNA repair machinery), which can lead to neurodegenera-
tion, microcephaly or brain tumours.
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RESEARCH HIGHLIGHTS

53BP1 tumour suppressor activity
in Glioblastoma Multiforme

We recently showed that p53-binding protein 1 (53BP1), akey

element of the DDR, is heterozygously lost in approximately

20% of human GBM specimens, primarily of the proneural

subtype; moreover, low 53BP1 expression levels were associ-
ated with poor prognosis. 53BP1 behaves as a haplo-insufficient

tumour suppressor in a mouse model of PDGF-induced gli-
omagenesis. Very low levels of 53BP1, as found in 53BP1 null

gliomas, or robust 53BP1 gene silencing in glioma cell lines (but

not 53BP1 heterozygous tumours or partial gene knock-down)

sensitises glioma cells to ionising radiation, both in vitro and

invivo. This is due to the modulation of the non-homologous

end-joining (NHEJ) DNA repair pathway. Our data suggest

that either 53BP1 or other NHEJ components may be key
molecular targets for pharmacological treatment in GBM in

combination with standard therapies.

Myeloid Elf-1 like factor promotes stemness
in the pathogenesis of gliomas

GBMs are very heterogeneous tumours that contain both neo-
plastic and non-neoplastic cells, including astrocytes, endothe-
lial, stromal and inflammatory cells. A fraction of cells within

the tumour, identified as glioma stem-like cells (GSCs), share

some common features with normal neural stem cells (NSCs);

they are multipotent and have the property of self-renewal.
Indeed, acquisition of stem-like characteristics most likely
contributes to the malignant nature of high-grade gliomas and

may be responsible for the initiation, growth and recurrence

of these tumours. We have shown that MEF (myeloid Elf-1

like factor, also known as ELF4), a member of the ETS fam-
ily of transcription factors, contributes to gliomagenesis and

promotes stem-like characteristics. MEF is highly expressed

inboth human and mouse GBMs, and GBM patients with low

levels of MEF show a significantly better overall survival. Our
data suggest that MEF plays a role in promoting stem-like

traits, which might reflect changes in the stem cell signature

of both neoplastic and non neoplastic cells. =
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The objective of the Structural Biology and Biocomputing
Programme is to decipher the mechanisms behind the molecu-
lar systems that are of key importance for cancer. The strength
of our Programme resides in its capacity to combine compu-
tational, biochemical, biophysical and structural approaches.
Our Programme is deeply involved in collaborations with
basic and translational Research Programmes at the CNIO,
as well as in a number of international large-scale research
consortia.

Our 2 main research goals are: i) understanding - at the mecha-
nisticlevel - the role of protein complexes in cell cycle control,
DNA repair, genomic stability and growth factor signalling, and
ii), predicting the consequences of mutations associated to
cancer at the levels of protein stability, conformational dynam-
ics, allosteric regulation and enzymatic function. Our recent
research efforts focus on single and compensatory mutations
as well as on the study of alterations in splicing patterns.

Research highlights of this year range from genomic/proteomic

to protein dynamic studies. In particular, the Programme has

contributed to exploring the consequences of splicing and
trans-splicing and the association of these events with cancer.
Additionally the Programme contributed to the combined

biochemical and structural analysis of the activation of Focal

Adhesion Kinase (FAK) by phosphatidylinositol 4,5-bisphos-
phate (PIP2), the binding of the transcription activator-like

effector AvrBs3 to its DNA target, and the function of the

MuB AAA+ ATPase in targeted recombination. Finally, it is

worth mentioning our work pertaining to the modelling of
conformational flexibility of oncogenic non-receptor tyrosine

kinases, such as c-Src and c-Abl, and the exploration of the

implications for drug binding. =
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OVERVIEW

The main interest of our Group lies in the mechanistic under-
standing of cancer progression by combining molecular and
evolutionary approaches. Our research focuses on the problem
of functional specificity and selective molecular interactions in
the context of cancer genome research. The strategic goals of
the Structural Computational Biology Group are: i) to analyse
the function, structure and specific interactions of proteins
related to cancer; ii) to develop novel methods and software
platforms for the extraction, integration and representation
of cancer genomic data, including the statistical analysis of
molecular, genomic, epigenomic and phenotypicinformation
in collaboration with cancer genome projects; and iii), to
design the next generation of computational methods for the
interpretation of personalised cancer genome information.
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RESEARCH HIGHLIGHTS

Splicing and trans-splicing

The splicing of messenger RNA exons (mRNA splicing) is a
crucial part of the process by which genomic information is
translated into proteins. The inclusion (or not) of exons from
unprocessed messenger RNA into the mature RNA transcript
is regulated by a process called alternative splicing. This
combination of exons can generate a wide range of mature
RNA transcripts that may, in turn, be translated into a wide
range of functionally different proteins. There is compelling
evidence that virtually all genes are capable of expressing
multiple distinct RNA variants. The deregulation of splicing
and production of chimeric transcripts has been associated
with cancerin a very recent study of the Spanish consortium

that explores the genome of Chronic Lymphocytic Leukaemia
(CLL) within the framework of the International Cancer
Genome Consortium (ICGC).

This year, our Group has continued the analysis of the extension

and functional significance of splicing. We have published the

first version of the APPRIS system for the annotation and evalu-
ation of splice isoforms. APPRIS is used for the annotation of the

human genome in collaboration with the HAVANA annotation

team at the Sanger Institute, and it is part of the ENCODE/
GENCODE NIH-funded project. The results of our system

have been published as a contribution to this consortium. The

complete ENCODE project is considered as one of the world’s

main scientific highlights of 2012, if not ‘the’ main one.
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Inacomplementary research effort, we have analysed the actu-
al presence of the proteins corresponding to splice isoforms

by scanning in-depth current mass spectrometry databases.
This effort has resulted in the realisation of the largest current

collection of genes for which protein evidence is available

(85% of the genome) and the first complete set of genes for
which there is evidence of the existence of 2 or more protein
isoforms. The analysis of these isoforms shows that only very
similar isoforms are simultaneously expressed, pointing to

a specific selection of the expressed isoforms. These results

have been highlighted by the Science magazine as the main
conclusion of our systematic findings.

While splicing can be considered a classical subject in molecu-
lar biology, we have had the opportunity of entering into a
newer and more exciting genomic perspective of RNAs con-
taining information from more than one gene. These chimeric
RNAs could be the result of chromosomal rearrangements or,
perhaps, trans-splicing events.

The complementary ChiTaRS database contains the, as yet,
largest collection of chimeric RNAs: 16,000 chimeric RNAs,
with links to the supporting experimental information (con-
firmed by RNA-seq reads and mass spectrometry data) and
references to the cytogenetic breakpoints as well as cancer-
related information. This information opens new doors for

research on trans-splicing at the genomic scale as well as for
the follow-up of new chimeras associated to specific cancer
types that could be of clinical relevance.

Cancer genome analysis

In 2012, we have continued developing ground-breaking

methods for the analysis of complex cancer genome data. In

particular, we have developed novel approaches to improve

the use of molecular networks for the functional interpreta-
tion of variation data, taking into account the organisation of
such interaction networks.

On the application side, we have extended our platform for the

systematic analysis of cancer genomes. The system includes

novel rules for the prediction of the effects of mutations, an

integrated statistical system for the prediction of altered

pathways and molecular networks, and a new system for the

comparative analysis with previous studies. In collaboration

with the Spanish CLL-ICGC consortium, we have applied

this analysis framework to the study of CLL. Furthermore,
the system is in use for the analysis of the cancer genom-
es of patients included in the CNIO personalised cancer

treatment initiative spearheaded by the Clinical Research

Programme. =
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Figure Components of our cancer
genome analysis platform. The platform
has been designed to support in-depth
analysis of cancer genomes by provid-
ing an integral view ranging from the
genome information to medical action-
able items. The beta version, released in
2012, has been used in the context of the
Spanish CLL-ICGC projectandisacore
component of the CNIO personalised
cancer treatment initiative led by the
Clinical Research Programme. In this
schematic view of the system, the first
circle corresponds to input genomic
information. In the next step, this infor-
mation is embedded in the context of
the main genomic and cancer-specific
resources. The following steps include
the interpretation at the level of the con-
sequences of individual mutations and
their possible impact on pathways, net-
works and regulatory systems. Finally,
the affected genes and systems are
used to highlight potentially related
drugs, using resources that connect
genes, proteins and signalling pathways
with information on drugs and clinically
relevant observations.
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Articlein press
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STRUCTURAL COMPUTATIONAL BIOLOGY GROUP 67



MACROMOLECULAR

A A Guillermo Montoya Staff Scientists Post-Doctoral Fellows Graduate Students Technicians M. Pilar Redondo, Igor Yefimenko
C RYST L LO G R P H Y Group Leader Jasminka Boskovic, Nehar Mortuza, Rafael A. Molina, Stefano Stella Pablo Alcén, Ana Garrote, Dario Elisabeth Bragado-Nilsson,
G RO U P Inés G. Mufioz, Jesus Prieto Hermida, Jaime Martinez Pablo Mesa, Juan G. Pedrero,

OVERVIEW

Macromolecules, and their interactions, underlie all biological

processes and play either, dynamic roles in catalysis or signal-
ling, or static roles in scaffolding or information storage. The

Nehar Mortuza GBR Inés G. Mufioz ESP focus of our Group is on the molecular understanding of the

role played by macromolecules involved in oncogenic processes.
There is an information gap between our current knowledge

and our understanding of the molecular mechanisms that
govern the function of different cellular machines. Structural
determination reveals in an unparalleled view into the design

principles of living systems at levels that span from the basic

mechanistic questions regarding protein function, to the

evolutionary relationships between cellular components. To

i I ‘ achieve this, our work focuses on the structural and dynamic
Jesus Prieto ESP Rafael A. Molina ESP Stefano Stella 1TA Pablo Alcén Esp interactions of these biomolecules and their complexes.

Dario Hermida coL Jaime Martinez EsP Elisabeth Bragado-Nilsson ESP
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Pablo Mesa ESP Juan G. Pedrero ESP M. Pilar Redondo ESP Igor Yefimenko UKR
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RESEARCH HIGHLIGHTS

S-Phase and replication

Proper DNA replication is indispensable for reliable inherit-
ance of the genome during each cell division. To which extent

this process uses similar mechanisms in bacteria and complex
organisms is still under debate. Higher eukaryotic organisms

add extra complexity as they require supplementary factors to

cope with larger genomes, the fidelity of genome duplication

and awide range of different cell fates. To become duplicated,
aDNA double helix must open up to allow the DNA synthesis

machinery to copy each DNA strand. In mammals, thousands

of origins of replication become active during each cell cycle.
To initiate replication, a number of protein complexes are

assembled at a given replication origin in a tightly regulated

and temporally controlled manner. Among these complexes,
we studied a module of proteins that contains the hexameric

minichromosome maintenance (MCM) 2-7 complex. This

complex is required for the unwinding of DNA after origin

firing during S-phase in association with 2 additional partners:

the initiation factor Cdc45 and a 4-subunit complex called

GINS. Together, they form the CMG complex that has ATP-
dependent helicase activity. Our Group attempts to decipher
the molecular mechanisms of this essential cellular machinery
for eukaryotic DNA replication. With this aim in mind, we

have been able to obtain the structural information of an

MCM homologue that contains a domain bearing primase

and polymerase activities (FIGURE 1). This study has helped

us to propose aworking mechanism for the helicase that may
have important implications for our understanding of the

eukaryotic complex. Thus, besides from the eukaryotic CMG,
we are also attempting to gain mechanistic information about

the MCM complex using X-ray crystallography and electron

microscopy studies in order to decipher its structure.

Mitotic complexes

Cellular growth and division are regulated by an integrated
protein network that ensures the genomic integrity of all
eukaryotic cells during mitosis. These processes involve a
completely different set of genes that serve diverse functions
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Figure1 Electron microscopy:2D averaged views of a 750 kDa macromolecular
machine involved in chromosome replication. Data were collected using a FEI-
Technail2 equipped with a CMOS camera recently installed at CNIO.

ranging from cell motility to cell growth, genome replication,
genome maintenance, etc. However, all these genes are inter-
connected through cellular crossroads and share common

cellular homeostatic mechanisms. A protein complex that

performs such homeostatic function is CCT (also known as

TriC); a eukaryotic macromolecular complex that controls

the folding of many essential mitotic regulators such as Cdc20,
Cdhl1, PP2A regulatory subunits, CyclinE, tubulin, and many
more. Upon solving the structure of this macromolecular
machine at 5.5 A in complex with tubulin - one of its main

substrates — we have proposed a mechanism for this molecu-
lar machine. Our future goal is to obtain high-resolution

information regarding the atomic structure of this protein

complex and to dissect its regulation by using site-directed

mutagenesis. We have already expressed and crystallised the

human complex.

70 VICE-DIRECTION OF BASIC RESEARCH | STRUCTURAL BIOLOGY AND BIOCOMPUTING PROGRAMME

Structural design of protein-DNA
interactions for gene targeting

We have extended our previous work on homing endo-
nucleases to a new protein-DNA binding scaffold: the TALE

(Transcription Activator-Like Effector) proteins that contain a

DNA binding domain constituted by 33-35 nucleotide tandem

repeats. The assembly of several repeats by redesigned TALE

that recognise new DNA targets has confirmed the modularity

ofthese DNA binding domains. Their heterodimeric binding

mode to adjacent DNA target sites in specific chromosomal loci,
together with the fusion of these scaffolds with the catalytic

domain of FokI, eventually generates a double-strand break

that can be repaired through homologous recombination.
These scaffolds can present new perspectives for awide range

of applications, such as the correction of mutations linked

with monogenic inherited diseases. Our Group has solved

the crystallographic structures of different variants, revealing

the molecular basis of new target DNA recognition domains

(FIGURE 2). In addition, we have shown that the repair of the

damaged gene can be done atits locus in human cells, opening

up new avenues to possible therapeutic applications. =

Figure2 Crystalstructure of a protein-DNA complex revealing a new protein
DNA binding domain. The protein forms a solenoid that specifically recognises

the forward DNA strand sequence.

» PUBLICATIONS Mahalingam D, O’Leary L, Cool RH,
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signal transduction pathways involving
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Cell Proteomics 11, m111.013730.
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287,10876-10884.
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G, Duchateau P (2012). 5’-Cytosine-
phosphoguanine (CpG) methylation
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40, 1366-1380.
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287, 30139-30150.
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Martinez-Cruz LA, Millet O, Gonzélez-
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JL, Ferrer-Montiel A (2012). Mutation
of Ser-50 and Cys-66 in Snapin Modu-
lates Protein Structure and Stability.
Biochemistry 51, 3470-3484.
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Montoya G, Mazzorana M (2012). Hit to
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pyridines as PIM kinase inhibitors. Bioorg
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the dihydroorotase domain of human
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Articlesin press
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Schaffitzel C. Directly from the Source:
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lar machines. Curr Opin Struc Biol (in
press).
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OVERVIEW

Our Group is a key player in the field of kinase dynamics as
well as in the development of computational methods to
calculate the free energy landscapes that are associated with
conformational change, ligand binding and allosterism. The use
of advanced nuclear magnetic resonance (NMR) techniques,
together with convergent free energy calculations, sheds light
on the functional consequences of oncogenic mutations in
terms of changing the conformational landscape and favouring
active versus inactive states of kinases in the context of cancer.
This in-depth knowledge is useful to rationally design inhibi-
tors that selectively target mutant kinases, and to understand
the mode of action of allosteric kinase inhibitors.
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RESEARCH HIGHLIGHTS

In collaboration with Sanofi-Aventis and several other aca-
demic partners, we elucidated the mode of action of the first
allosteric inhibitor of a receptor tyrosine kinase.

Using a combination of computer simulations - NMR and
mutagenesis - we demonstrated the role of flexibility in the
thermodynamic penalty of Imatinib binding to the proto-
oncogene tyrosine-protein kinase cSrc and in the emerging
Imatinib resistant mutants of the Abl kinase fusion gene,
causative of Chronic Myeloid Leukaemia (CML).

In a successful collaboration with CNIO’s Experimental
Therapeutics Programme, we have shown that, in the case
of the phosphatidylinositol 3-kinase (PI3K) isoform PI3K-y,
molecular recognition of drug-like inhibitors can be better
described as a combination of large scale conformational
selection and locally induced-fit mechanisms. This finding
has fundamental consequences, both for our understanding
of molecular recognition processes, and for the rational design
of PI3K inhibitors.

Obtaining accurate free energy profiles of ligand-target associa-
tion along realistic association pathways is along-sought after
goal in rational drug design. Its importance stems from the

fact that from these profiles, both kinetic and thermodynamic

information canbe obtained. There are many challenges, ranging
from the difficulty of sampling the flexibility of the target, to the

need of a good model for water, and to making the approxima-
tions for designing the ligand and target force-fields. We have

shown, for the case of the mitogen activated protein kinase p38,
that our recently developed free energy approaches overcome

the most important problems and provide useful information

for the design of novel inhibitors. m

Figure Representation of the most likely path of ligand binding to the p38

mitogen-activated protein kinase.
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Book Chapter

Saladino G, Gervasio FL (2012). Physico-
chemical and computational approach-
es to drug discovery, Luque J, Barril X
(eds.), Royal Society of Chemistry.
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OVERVIEW

Our Group is interested in molecular mechanisms of cell

signalling, in particular, those triggered by growth and adhe-
sion cues. Such signalling events control important cellular

programmes such as cell proliferation, growth, adhesion and

survival. We use X-ray crystallography in combination with

biochemical techniques to understand these signalling events

at atomic resolution. The signalling components involved

areimportant cancer targets, hence we utilise our structural

information for the structure-based discovery of anti-cancer
therapeutics.

Many of these signalling events occur at the plasma mem-
brane. We focus on three related systems: i) how does
Phosphatidylinositol 4,5-bisphosphate (PIP,) activate focal
adhesion kinase (FAK); ii) how does Phosphatidylinositol
(3,4,5)-trisphosphate (PIP,) induce activation of the serine/
threonine kinase Akt/protein kinase B (Akt/PKB); and iii),
how are the SH2-domain-containing inositol 5-phosphatases
(SHIP1, SHIP2) regulated to reduce PIP,levels in the plasma
membrane.
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Extracellular

Integrin

ECM

1) PIP, binding 2) Domain opening and
and clustering autophosphorylation

4) Src phosphorylation

3)S it t
Tl and FERM release

Figure Integrin signalling results in formation of focal adhesions and local generation of PIP, (left). PIP, induces a multistep activation mechanism of FAK
(steps 1-4). Upper insets are electron micrographs of FAK clusters (@), FAK autophosphorylation blots (b), and conformational changes monitored by FRET (c).

Focal Adhesion Kinase

Focal Adhesion Kinase (FAK) is activated by integrin and
growth factor receptors, and provides signals for cell migra-
tion and survival. In cancer, FAK is heavily implicated in
disease progression and metastasis. Auto-inhibited FAK
adopts a closed conformation with the kinase bound to the
regulatory protein 4.1-ezrin-radixin-moesin (FERM) domain.
Employing a highly interdisciplinary approach, including cell
biology, electron microscopy, crystallography, biochemistry,
invitro Fluorescence Resonance Energy Transfer (FRET) and
molecular dynamics simulation, we describe the following FAK
activation mechanism (FIGURE). Cell adhesion via integrin
receptors results in local production of the phosphoinositide
PIP,.PIP, thenbinds to abasic patch on the FAK FERM domain
and thereby induces clustering of FAK on the cell membrane.
Inthese clusters, FAK adopts a partially open conformation, in
which the linker that contains the autophosphorylation site is
released. Together with clustering, this event promotes highly
efficient trans-autophosphorylation. The autophosphorylation
site provides a docking site for the proto-oncogene tyrosine-
protein kinase Src, and recruited Src phosphorylates the FAK
activation loop. Src phosphorylation results in release of the
FERM domain and full activation of FAK.

Having a sound structural understanding of FAK regulation,
we are now pursuing the discovery of allosteric FAK inhibi-
tors. In one approach we have developed a screening assay
for allosteric FAK inhibitors using a conformational FRET
sensor (which we also used in mechanistic studies to probe
the FAK conformation). In an alternative approach, we have
performed nuclear magnetic resonance (NMR)-based frag-
ment screening. We are now analysing several positive hits
by X-ray crystallography.

SH2-domain-containing inositol 5-phosphatases

SH2-domain-containing inositol 5-phosphatases (SHIP)

remove the 5-phosphate from PIP, to produce phosphati-
dylinositol (3,4)-bisphosphate (PI (3,4) P2) and are therefore

important regulators of the PI3K-Akt/PKB signalling path-
way. We have solved a crystal structure of a SHIP fragment

containing the catalytic and a C2 domain. We are currently
performing biochemical analysis which, together with the

crystal structure, aims to reveal the regulation mechanism

of this enzyme. m
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OVERVIEW

Safeguarding genome integrity is essential in order to main-
tain correct cell function and to prevent cancer. At the same

time, genome integrity can be an Achilles heel of tumour cells;

exacerbating the problems derived from a fast replication

rate owing to nucleotide pool depletion, replicative stress or

aneuploidy, may provide novel opportunities to fight tumours.
Our Group is interested in deciphering molecular mechanisms

that affect the integrity of the genome, such as the production

of pyrimidine nucleotides, site-specific DNA recombination or
the maintenance of chromatin architecture. These processes

depend on the assembly of large and dynamic macromolecular

complexes. We combine protein engineering, X-ray crystallo-
graphy and single-particle electron microscopy, together

with biochemical and functional studies, to understand the

architecture, catalysis and regulatory mechanisms of these

protein-protein and protein-DNA complexes.
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Deciphering CAD, the masterpiece in the
biosynthesis of pyrimidine nucleotides

Pyrimidine nucleotides are essential building blocks for nucleic
acid synthesis and DNA repair. In resting cells, the need for
pyrimidines is largely covered by recycling preformed nucleo-
tides, whereas in rapidly proliferating tumour cells de novo
synthesis of pyrimidines is essential to cover the increased
demand of DNA and RNA synthesis, converting this biosyn-
thetic pathway into a potential target for anti-tumoural drugs.
In animals, pyrimidine biosynthesis is controlled by CAD, a
~243 kDa multifunctional polypeptide that harbours the first
3 enzymatic activities of the pathway: glutamine-dependent
carbamyl phosphate synthetase (GLN-CPS), aspartate tran-
scarbamylase (ATC) and dihydroorotase (DHO).

Until now, there was no direct structural information on
CAD, except that it associates forming a homohexamer of
~1.5 MDa that, for unclear reasons, shuttles between nucleus
and cytoplasm and is under a strict allosteric control through
phosphorylation. Now, we have determined the crystal struc-
tures of the DHO and ATC domains of human CAD. These
3D structures, combined with mutagenesis and biochemical
studies, allow us to understand one half of the structure of CAD
and 2 out of 3 reactions catalysed by the complex. Our future

work aims to solve the structure of the GLN-CPS domain in
order to reconstruct the architecture of the large CAD oligo-
mers, and to exploit such detailed structural knowledge for
the development of potential anti-tumoural compounds.

Basic mechanisms of DNA recombination

We have extended our work on V(D)J recombination to other

DNA translocation systems, and in particular, to the mecha-
nism by which MuB protein selects DNA for recombination.
We combined bioinformatic, mutagenic, biochemical and

electron microscopy techniques to characterise the structure

and function of MuB and how it binds to DNA. We discovered

that MuB is a new member of the AAA+ ATPase family and

identified critical residues for ATPase activity, DNA binding

and polymerisation. Indeed, we found that MuB forms heli-
cal filaments that coat the DNA, and reconstructed the 3D

structure of the nucleoprotein filament. These findings led

us to propose a model that explains how an AAA+ ATPase

can impose an intricate control on DNA capture for recom-
bination. =

Figure Structure of the DHO domain of human CAD determined
by X-ray crystallography. The 3D model is built from X-ray diffrac-
tion data collected from protein crystals at synchrotron particle
accelerators. On the right, a detailed view of an inhibitor bound to
the active site of the protein.

» PUBLICATIONS

» Lallous N, Grande-Garcia A, Molina R, Ramén-Maiques S (2012). Expression,
purification, crystallization and preliminary X-ray diffraction analysis of the
dihydroorotase domain of human CAD. Acta Crystallogr Sect F Struct Biol Cryst
Commun 68, 1341-1345.

STRUCTURAL BASES OF GENOME INTEGRITY JUNIOR GROUP 77



SPECTROSCOPY
AND NUCLEAR MAGNETIC
RESONANCE CORE UNIT

Ramoén Campos-Olivas ESP

Blanca Lopez ESP

Ramaén Campos-Olivas
Core Unit Head

Technician
Blanca Lépez (since March)

OVERVIEW

The Unit was created in 2008 to unify the technical and scien-
tific management of Nuclear Magnetic Resonance Spectroscopy

(NMR) and other biophysical instrumentation available at the

Structural Biology and Biocomputing Programme. It provides

CNIOresearchers with instrumentation and technical support

for a variety of optical spectroscopy and other biophysical

techniques. This includes NMR for the in vitro characterisation

ofbiomolecules (proteins in particular) and their interactions

with other biomolecules, as well as with small molecules that

could represent initial hits in the drug discovery process or

serve as research compounds for biophysical and functional

studies. Furthermore, we use NMR to characterise the meta-
bolic profiles of biofluids, cell growth media and intracellular

extracts, as well as of intact cells and tissues from both animal

models for cancer and human samples.
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Our Core Unit incorporates a broad range of instrumenta-
tion for the biophysical characterisation of biomolecules

and their interactions, including spectrophotometers, a

fluorimeter, isothermal titration and differential scanning
calorimeters, a circular dichrograph, a surface plasmon reso-
nance machine, analytical ultracentrifugation, and arecently
installed multiple-angle light scattering apparatus. Research

groups mostly from, but not limited to, the Structural Biology
and Biocomputing Programme have extensively used these

technologies throughout 2012.

In addition, the Unit has a 700 MHz NMR spectrometer that

is well-equipped with probes (HR-MAS, dual fluorine/proton,
and triple and quadruple resonance) and a sample changer for

running up to 120 samples automatically. This provides the

required throughput for screening of small molecule protein

binders (in collaboration with the CNIO’s Structural Biology and

Biocomputing and Experimental Therapeutics Programmes),
as well as for metabonomics measurements that are performed

in collaboration with the Lilly-CNIO Cell Signalling Therapies

Section, the Growth Factors, Nutrients, and Cancer Junior Group,
the Tumour Suppression Group, and the Breast Cancer Junior
Clinical Research Unit (from the Experimental Therapeutics,
Cancer Cell Biology, Molecular Oncology, and Clinical Research

Programmes, respectively). Together with these groups, we have

implemented sample preparation protocols and developed spec-
troscopic and analysis technology to characterise the metabolites

present in different biological samples. As part of REDLAB - a

research laboratory network in the Autonomous Community of
Madrid - the Unit also offers all the above mentioned research

technologies to the wider research community.

To illustrate the research activities of the Core Unit in 2012,
the FIGURE shows the identification of a small fluorinated
molecule binding to the Src kinase catalytic domain (SrcKD),
abona fide cancer target; the regulation of SrcKD is relevant
to multiple aspects of tumour biology. m

13.0 129 12.8

—————1[SrcKD]

12.7 12,6 125

LKAA_

19F(5,ppm)

7.8 7.|7 1H(3,ppm) 7.|6 i

Figure Ligand binding to SrcKD. (A) 1D *F NMR spectra show how ligand
signal intensity decreases upon protein addition. (B) Superposition of a
region of the ®N-'H 2D spectra of SrcKD at increasing amounts of compound
show shifts in the backbone amino groups of specific protein residues (274

here, but not 478).

PUBLICATIONS » DeBiasio A, Campos-Olivas R, Sdnchez
R, Lépez-Alonso JP, Pantoja-Uceda D,
Merino N, Villate M, Martin-Garcia JM,
CastilloF, Lugue |, Blanco FJ (2012). Pro-
liferating Cell Nuclear Antigen (PCNA)
Interactions in Solution Studied by NMR.
PLoS One 7,e48390.

Romero-Ramirez L, Garcia-Alvarez I,
Campos-Olivas R, Gilbert M, Karwaski
M-F, Ferndndez-Mayoralas A, Nieto-

Martin-Pintado N, Yahyaee-Anzahaee
M, Campos-Olivas R, Noronha AM, Wilds
CJ, Damha MJ, Gonzélez C (2012). The
solution structure of double helical ara-
bino nucleic acids (ANA and 2’F-ANA):
effect of arabinoses in duplex-hairpin
interconversion. Nucleic Acids Res 40,
9329-9339.

-

Sampedro M. (2012). Specific synthe-
sis of Neurostatin and gangliosides
O-acetylated in the outer sialic acids
using a sialate transferase. PLoS One 7,
€49983.

Aguado-Llera D, Doménech R,
Marenchino M, Vidal M, Neira JL (2012).
Non-canonical residues of the marginal-
ly stable monomeric ubiquitin conjugase
from goldfish are involved in binding

v

to the C terminus of Ring 1B. Biochim
Biophys Acta 1824, 991-1001.

Articlein press

Carranza G, Castafio R, Fanarraga ML,
Villegas JC, Gongalves J, Soares H, Avila J,
Marenchino M, Campos-Olivas R, Montoya
G, Zabala JC. Autoinhibition of TBCB
regulates EB1-mediated microtubule
dynamics. Cell Mol Life Sci (in press).
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OVERVIEW

Incloseliaison with researchers from Alfonso Valencia’s Structural
Computational Biology Group, the National Bioinformatics Unit,
and the newly created Translational Bioinformatics Unit led by
Fatima Al-Shahrour, our Unit aims to bridge the gap between the
quantitative analysis of cancer biology and its actual interpreta-
tion in the context of disease aetiology. In practical terms, this

implies: helping CNIO researchers with the analysis and inter-
pretation of their data by consulting and assessing computational

methodologies; designing and maintaining the scientific comput-
inginfrastructures that enable the launch of massive calculation

pipelines; and also, training students to perform and analyse their

own in silico experiments with bioinformatics tools.

» PUBLICATIONS » Pérez-Duran P, Belver L, de Yébenes
VG, Delgado P, Pisano DG, Ramiro AR
(2012). UNG shapes the specificity of
AlD-induced somatic hypermutation.
J Exp Med 209, 1379-1389.
Ortega-Molina A, Efeyan A, Lopez-
Guadamillas E, Muioz-Martin M, Gomez-
Lopez G, Caflamero M, Mulero F, Pastor
J,Martinez S, Romanos E, Gonzélez-Bar-
roso MM, Rial E, Valverde AM, Bischoff
JR, Serrano M (2012). Pten positively
regulates brown adipose function, en-
ergy expenditure, and longevity. Cell
Metab 15, 382-394.

Ferndndez AF et al. (incl. Hidalgo M,
Sanchez-Carbayo M, Grafia O) (2012). A
DNA methylation fingerprint of 1628 hu-
man samples. Genome Res 22, 407-419.

» KulisMetal. (incl. Rico D, Ecker S, Rubio
M, Pisano DG, Valencia A) (2012). Epi-
genomic analysis detects widespread
gene-body DNA hypomethylation in
chronic lymphocytic leukemia. Nat
Genet 44,1236-1242.

» Maraver A, Ferndndez-Marcos PJ,
Herranz D, Caflamero M, Mufioz-Martin
M, Gémez-Lépez G, Mulero F, Megias D,
Sanchez-Carbayo M, Shen J, Sdnchez-
Céspedes M, Palomero T, Ferrando A,
Serrano M (2012). Therapeutic effect of
y-secretase inhibition in Kras®™2'-driven
non-small cell lung carcinoma by dere-
pression of DUSP1and inhibition of ERK.
Cancer Cell 22,222-234.

-

-

-

Romero OA, SetienF, John S, Gimenez-
Xavier P, Gdmez-Ldpez G, Pisano DG,
Condom E, Villanueva A, Hager GL,
Sanchez-Cespedes M (2012). The tumour
suppressor and chromatin-remodelling
factor BRG1antagonizes Mycactivity and
promotes cell differentiation in human
cancer. EMBO Mol Med 4, 603-610.
Heyn H et al. (incl. Pisano DG, Valencia
A) (2012). Distinct DNA methylomes of
newborns and centenarians. Proc Nat/
Acad Sci Usa 109,10522-10527.
Maiques-Diaz A, Chou FS, Wunderlich M,
Gomez-Lépez G, Jacinto FV, Rodriguez-
Perales S, Larrayoz MJ, Calasanz MJ,
Mulloy JC, Cigudosa JC, Alvarez S
(2012). Chromatin modifications in-
duced by the AML1-ETO fusion protein

reversibly silence its genomic targets
through AML1 and Sp1 binding motifs.
Leukemia 26,1329-1337.
Martin-Pérez D, Vargiu P, Montes-
Moreno S, Ledn EA, Rodriguez-Pinilla
SM, Lisio LD, Martinez N, Rodriguez
R, Mollejo M, Castellvi J, Pisano DG,
Sanchez-Beato M, Piris MA (2012).
Epstein-Barr virus microRNAs repress
BCL6 expression in diffuse large B-cell
lymphoma. Leukemia 26,180-183.
Remeseiro S, Cuadrado A, Gdmez-
Lépez G, Pisano DG, Losada A (2012).
A unique role of cohesin-SAlin gene
regulation and development. EMBO J
31,2090-2102.

Ganuza M, Sdiz-Ladera C, Cafiamero
M, Gémez G, Schneider R, Blasco MA,
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Bioinformatics as a tool to understand
the molecular biology of cancer

We helped CNIO researchers to understand the biological

mechanisms underlying cancer. Our Unit uses statistical and

computational approaches to generate massive amounts of
data that reveal interesting trends and yield enriched func-
tions or biomarkers. We also performed statistical analysis to

help Manuel Serrano (CNIO) decipher the role of the Notch-
pathway in non-small-cell lung carcinoma and to discover a

novel function of the tumour suppressor PTEN in energy

expenditure. Together with M.S. Cespedes (IDIBELL), we

showed that re-expression of the transcription activator BRG1

inlung cancer cell lines restores the signature of normal lung,
pointing to an antagonistic functional relation between BRG1
and MYC. With Juan C. Cigudosa and Sara Alvarez (CNIO), we

described the effects of downregulation of specific miRNAs in

multiple myelomas, and contributed to the understanding of
the role of the AML1-ETO fusion protein on its target genes

and in chromatin modification.

Next-generation sequencing and cancer
genomes: a genetic cartography of cancer

For the detailed characterisation of cancer genomes, we had
the opportunity to collaborate with A. Ramiro (CNIC) to unveil
the contribution of uracil-N-glycosylase to the resolution of
DNA lesions induced by activation-induced deaminase, using
ultradeep sequencing. With Ana Losada (CNIO), we explored
novel roles for the distinct subunits of the cohesin complex
in the regulation of gene expression, using ChIP-seq. We

Methylation Loss

Figure Circular representation of DNA methylation levels for naive B-Cells
(NBCs), non-class switch Memory B-Cells (ncsMBCs), and class switch Memory
B-Cells (csMBCs) (Kulis et al., Nat Genet, 2012).

also helped M.A. Piris IFIMAV) and M.S. Beato (University

Hospital Puerta de Hierro) to identify new mutations in chronic

lymphaticleukaemia (CLL), using target enrichment and deep

re-sequencing. We collaborated with M. Esteller IDIBELL)

to determine the DNA methylation fingerprint of hundreds of
human samples, including human tumours, and to pinpoint

differences between epigenomes of a newborn and a cente-
narian. As a participant of the International Cancer Genome

Consortium (ICGC), we contributed to the unveiling of new

methylation signatures that allowed for the classification of
novel clinical CLL subtypes (FIGURE). m

Pisano DG, Paramio JM, SantamariaD, » Doménech E, Gdmez-Lopez G, Gzlez-
Barbacid M (2012). Genetic inactiva- Pefa D, Lopez M, Herreros B, Menezes
tion of Cdk7 leads to cell cycle arrest J, Gomez-Lozano N, Carro A, Grafia O,
and induces premature aging due to Pisano DG, Dominguez O, Garcia-Marco
adult stem cell exhaustion. EMBO J 31, JA, PirisMA, Sanchez-Beato M (2012). New
2498-2510. mutationsin chronic lymphocytic leukemia
Cuadrado A, Remeseiro S, Gémez- identified by target enrichment and deep
Lépez G, Pisano DG, Losada A (2012). sequencing. PLoS One 7,e38158.

The specific contributions of cohesin- Ruiz-Llorente S, Carrillo Santa de Pau
SAIl to cohesion and gene expression: E, Sastre-Perona A, Montero-Conde
Implications for cancer and develop- C, Gémez-Lopez G, Fagin JA, Valencia
ment. Cell Cycle 11,2233-2238. A, Pisano DG, Santisteban P (2012).
Tanic M, Zajac M, Gémez-Lépez G, Genome-wide analysis of Pax8 bind-
Benitez J, Martinez-Delgado B (2012). ing provides new insights into thyroid
Integration of BRCAl-mediated miRNA functions. BMC Genomics 13,147.

and mRNA profiles reveals microRNA Sanchez-Bailén MP, Calcabrini A,
regulation of TRAF2 and NFkB pathway. Gomez-Dominguez D, Morte B, Martin-
Breast Cancer Res Treat 134, 41-51. Forero E, Gomez-Lépez G, Molinari A,

v

-

Wagner KU, Martin-Pérez J (2012). Src
kinases catalytic activity regulates pro-
liferation, migration and invasiveness of
MDA-MB-231 breast cancer cells. Cell
Signal 24,1276-1286.

» Lorente B, Medinal, Morcillo C, Sangros
R, Alegre J, Pita G, Vellalta G, Malats N,
Pisano DG, Dopazo J, Navarro A (2012).
SYSNPs (Select Your SNPs): a web tool
for automatic and massive selection
of SNPs. Int J Data Min Bioinform 6,
324-334.

» Di Lisio L, Sdnchez-Beato M, Gémez-
Lépez G, Rodriguez ME, Montes-Moreno
S, Mollejo M, Menarguez J, Martinez MA,
Alves FJ, Pisano DG, Piris MA, Martinez
N (2012). MicroRNA signatures in B-cell
lymphomas. Blood Cancer J 2, e57.

Articlesin press

Rio-Machin A, Ferreira BI, Henry T,
Goémez-Lopez G, Agirre X, Alvarez S,
Rodriguez-Perales S, Prosper F, Calasanz
MJ, Martinez J, FonsecaR, Cigudosa JC.
Downregulation of specific miRNAs in
hyperdiploid multiple myeloma mimics
the oncogenic effect of IgH transloca-
tions occurring in the non-hyperdiploid
subtype. Leukemia (in press).
Herranz D, Maraver A, Cafiamero M,
Gdémez-Lépez G, Inglada-Pérez L,
Robledo M, Castelblanco E, Matias-Guiu
X, Serrano M. SIRT1 promotes thyroid
carcinogenesis driven by PTEN defi-
ciency. Oncogene (in press).
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During this year, our Core Unit has focused on the following
bioinformatics analyses and support systems:

>

The Unit contributed to the development of APPRIS; an
integrated system for the annotation of splice isoforms and
the detection of principal isoforms. The Unit has further
contributed to the development and implementation of the
system, and maintains the associated database. APPRIS is
being developed in the context of the INB’s collaboration in
the ENCODE/GENCODE project; in 2012, the ENCODE
Project Consortium published the results of this collabora-
tion in the journals Nature and Genome Research.

- The Unit built basic components of the platform for the

analysis of cancer genomes, and supported the necessary
infrastructure for the analysis of Chronic Lymphocytic
Leukaemia (CLL) genomes as part of its participation in the
CLL-ICGC (International Cancer Genome Consortium)
project. The Unit also designed and implemented the
database for the BLUEPRINT project; BLUEPRINT is
part of the International Human Epigenome Consortium
(IHEC). =

OVERVIEW

The Spanish National Bioinformatics Institute (Instituto
Nacional de Bioinformdtica, INB) is a platform of the Instituto
de Salud Carlos I11. The INB integrates 10 distributed nodes
that cover the main areas of Bioinformatics. The CNIO hosts
the Central Coordination Node as well as the Node specialised
in genome scale annotation.

The main objectives of the INB Core Unit are to:

= Generate and supply bioinformatics solutions to genomics
projects with particular emphasis on solutions related to
human health.

- Collaborate with national and international bioinfor-
matics activities and consortia.

- Support the development of bioinformatics and compu-
tational biology in Spain.

- Provide training and support training activities in bio-
informatics.

- Integrate the Unit’s activities in the context of the European
Infrastructure for Bioinformatics (ELIXIR) (FIGURE).
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» Dunham | et al. (incl. Ezkurdia |,
Rodriguez JM, Tress ML,Valencia A)
(2012). Anintegrated encyclopedia of
DNA elements inthe human genome.
Nature 489, 57-74.

Harrow J et al. (incl.Tress M, Rodriguez
JM, Ezkurdia |, Valencia A) (2012).
GENCODE: the reference human ge-
nome annotation for The ENCODE
Project. Genome Res 22,1760-1774.
Ezkurdia |, del Pozo A, Frankish A,
Rodriguez JM, Harrow J, Ashman K,
Valencia A, Tress ML (2012). Com-
parative proteomics reveals a signifi-
cant bias toward alternative protein
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v
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and function. Mo/ Biol Evol 29, 2265-
2283.

Ferndndez JM, Hoffmann R, Valencia
A (2012). iIHOP web services family.
Bioinformatics for Personalized Medi-
cine 6620, 102-107.

Ferndndez JM, Valencia A (2012). Bio-
informatic software developmentsin
Spain. Bioinformatics for Personalized
Medlicine 6620, 108-120.

Articlein press

Blaschke C, Valencia A. The Functional
Genomics Network in the evolution of
biological text mining over the past
decade. New Biotechnol (in press).

Figure ELIXIRIisthe European Infrastructure for Bioinformatics; a distributed
organisation coordinated by the EBI-EMBL that acts as the central hub, and
of which the INB will be one of the nodes. The goal of ELIXIR is to upgrade
Europe’s bioinformatics infrastructure so that we can continue to provide
life science researchers with seamless access to the many facets of biologi-
cal information.
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All of us within the Molecular Pathology Programme share

a common goal: a more rational approach to the prevention,
diagnosis and treatment of aggressive cancers. A distinctive

feature of our laboratories is their particular emphasis on clini-
cal specimens. They provide a physiological platform for gene

discovery and target validation, which we complement with a

variety of cellular systems and genetically engineered mice.

The Programme is constituted by 2 Senior Groups and 1 Junior
Group that pursue the identification of novel tumour genes from
an organ-based perspective. The Epithelial Carcinogenesis
Group, headed by Francisco X. Real, has made great strides in
defining early events involved in the development of pancreatic
cancer, as well as in discovering novel oncogenes and tumour
suppressors in bladder carcinoma. The work of his Group on
genetic mosaicism as a contributor to adult cancer, has also
opened up new avenues of research. The Tumour Markers
Junior Group, headed by Marta Sanchez-Carbayo, has also
shed light on unanticipated drivers of bladder cancer. Various
epigenetic changes are being validated for non-invasive diag-
nosis, and as prognostic and predictive biomarkers for patient
stratification. My own laboratory focuses on melanoma. This
tumour type keeps surprising us. This year, we discovered
molecular switches that melanoma cells can tune up or down
in a dynamic manner to favour proliferation or invasion. We
are also proud of the first-in-class melanoma model that we
generated to monitor metastatic events before the actual
dissemination of the tumour cells, and of the progress made
in the validation of potent anticancer nanoparticles.

The perspectives for the molecular pathology field, and in

particular for our Programme, are exciting. Knowing the

mutational profile of cancer cells is not sufficient for obtaining

effective personalised medicine; understanding the plasticity

of tumour cells is key to the design of compounds that provide

long-term responses. The creation of a spin-off company
(Bioncotech Therapeutics) and multiple ongoing collabora-
tions with various biotechnology companies, illustrate the

dynamic translational activities of our Programme. We also

cherish our active participation in large national and interna-
tional consortia, joining forces in order to achieve our goal of
improving the management of cancer patients. m
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OVERVIEW

Thelong term goal of our Group is to identify molecular mecha-
nisms that are involved in the initiation, progression and

resistance to therapy of malignant melanoma. In particular,
we are interested in stress response programmes (involving
apoptosis, autophagy, senescence and endosome mobilisation),
which we have found to be deregulated in a melanoma-specific

manner. Multimeric complexes controlling RNA stability,
transcription and translation, are also central themes in

our research. Our experimental settings include normal and

tumour cells, as well as comprehensive collections of tissue

specimens spanning early, intermediate and late stages of
melanoma development. In addition, particular emphasis is

placed on the generation of genetically modified mice that

have the unique feature of allowing for non-invasive imaging

of metastatic processes. These studies are performed in the

context of multidisciplinary consortia of specialists in biology,
chemistry, pharmacy, nanotechnology, molecular imaging,
dermatopathology and clinical oncology. We also work in

partnership with biotechnology companies to translate our

discovery efforts to the bedside. As an example of these col-
laborative efforts, I would like to highlight the dsSRNA-based

nanocomplexes that are currently under development for

clinical testing by Bioncotech Therapeutics.

RESEARCH HIGHLIGHTS

Molecular determinants of melanoma
progression and cell plasticity

Comprehensive genome-wide analyses are revealing a strik-
ing inter-and intra-tumoural heterogeneity. Still, even highly
unstable cancers retain traits that trace back to the organ

or to the cell of origin. However, for many types, including
melanoma, the identity of these lineage-specification onco-
genes is not completely understood. To address this ques-
tion, we have established a large collaborative group that

is composed of researchers from the Bioinformatics Core

Unit at the CNIO, the Hospital 12 de Octubre in Madrid, the

Hospital of Zurich, and the Memorial Sloan-Kettering Cancer

Center in New York.

These studies identified a cluster of lysosomal-associated
pathways that distinguished melanoma from 35 other tumour
types (FIGURE 1A and results not shown). One of the most
enriched genes in this cluster was the RAB7 small GTPase
(FIGURE 1B), which we demonstrated to be overexpressed also
at the protein level. RAB7 was found to be a key modulator
of the inherent plasticity of melanoma cells, favouring their
ability to switch from proliferative to invasive phenotypes.
Parallel studies also demonstrated an upregulation of the
p62/sequestosome protein during melanoma progression.
Importantly, overall survival (10-year follow up studies) strong-
ly correlated with the levels of both p62 and RAB7. Further
differences between normal melanocytes and melanoma
cells in the context of MDM-2, autophagy modulators, RNA
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Figure1 Identification of amelanoma lineage-specific lysosomal gene cluster. (A)
Heat map showing a selective enrichment of the Lysosome Gene Ontology (GO) gene
set in melanoma compared to the indicated tumour types. (B) Box plots showing

splicing, transcription and translation are being analysed with
collaborating laboratories at the University of Michigan, the
Centre for Genomic Regulation (CRG) and the Institute for
Research in Biomedicine (IRB) in Barcelona.

New mouse models for in vivo imaging
of tumour metastasis: application to gene
discovery and drug response in melanoma

Metastatic dissemination of cancer cells is acomplex process
invariably associated with neo-vascularisation. Intriguingly,
while the presence of malignant cells in lymph nodes is a defin-
ing criterion in tumour staging, the specific contribution of
lymphangiogenesis to tumour progression and drug response

the relative RAB7 mRNA levels across 850 cell lines encompassing the indicated
tumour types (datasets were obtained from the Cancer Cell Line Encyclopedia).
The number of cell lines per tumour type are indicated in parenthesis.

remains largely unknown. This is mainly due to the lack of
markers and amenable models for the imaging and analysis
of lymphangiogenesis by non invasive in vivo methods. In
collaboration with the Transgenic Mice Core Unit of Sagrario
Ortega, also at the CNIO, we have generated the first in-class
‘lymphoreporter’ mouse strains with melanoma. This mouse
model is based on a knock-in of a GFP-luciferase fusion cas-
sette at the 3 UTR region of Flt4 (Vegfr3); a classical marker of
lymphangiogenesis. These mice offer the unique opportunity
of visualising activation of pro-metastatic signals ‘in remote’,
before the tumour cells can actually be detected to colonise
distant organs. The lymphoreporter mouse model has also
proven to be a new cost-effective system for pharmacological
testing of dsRNA-based nanoparticles (FIGURE 2) and other
anticancer agents. m
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Figure2 Imaging drug response in melanoma models. (A) Ability of
the dsRNA-based nanocomplex BO-110 to block melanoma growth,
measured by classical PET/CT (positron emission tomography/
computerised tomography). Arrow points to cutaneous melanomas

B

Luciferase (VEGFR3-reporter)

Control

BO-110

generated in a Tyr:Cre; Ink4a/Arf/~ background. (B) Drug response
analysed in VEGFR3-luciferase reporter mice. Note the abrogation
of VEGFR3 driven signals in the tumour area (arrow) and at distal

sites by BO-110.

> PUBLICATIONS

» Abéngozar MA, de Frutos S, Ferreiro S,
Soriano J, Pérez-Martinez M, Olmeda
D, Marenchino M, Caflamero M, Ortega
S, Megias D, Rodriguez A, Martinez-
Torrecuadrada JL (2012). Blocking
ephrin-B2 with highly specific antibod-
ies inhibits angiogenesis, lymphangio-
genesis, and tumor growth. Blood 119,
4565-4576.

Martinez-Corral |, Olmeda D, Diéguez-
Hurtado R, Tammela T, Alitalo K, Ortega
S (2012). In vivo imaging of lymphatic

v

v

vessels in development, wound healing,
inflammation, and tumor metastasis.
Proc Natl Acad Sci USA 109, 6223-
6228.

Klionsky DJ et al. (incl. Soengas MS)
(2012). Guidelines for the use and in-
terpretation of assays for monitoring
autophagy. Autophagy 8, 445-544.
Mannava S, Omilian AR, Wawrzyniak
JA, Fink EE, Zhuang D, Miecznikowski
JC, Marshall JR, Soengas MS, Sears
RC, Morrison CD, Nikiforov MA (2012).
PP2A-B56¢. controls oncogene-induced
senescence in normal and tumor human

melanocytic cells. Oncogene 31,1484~
1492.

Verhaegen M, Checinska A, Riblett MB,
Wang S, Soengas MS (2012). E2F1-depend-
entoncogenicaddiction of melanomacells
to MDM2. Oncogene 31, 828-841.
Brohem CA, Massaro RR, Tiago M,
Marinho CE, Jasiulionis MG, de Almeida
RL, Rivelli DP, Albuguerque RC, de
Oliveira TF, de Melo Loureiro AP, Okada
S, Soengas MS, de Moraes Barros SB,
Maria-Engler SS (2012). Proteasome
inhibition and ROS generation by 4-n-
erolidylcatecholinduces melanoma cell

death. Pigment Cell Melanoma Res 25,
354-369.

» Soengas MS (2012). Mitophagy or how
to control the Jekyll and Hyde embed-
ded in mitochondrial metabolism: Impli-
cations for melanoma progression and
drug resistance. Pigment Cell Melanoma
Res 25,721-731.

> AWARDS AND RECOGNITION

» Executive Editor, Pigment Cell and
Melanoma Research.
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OVERVIEW

Our main interest is to understand the molecular/cellular
mechanisms involved in pancreatic and bladder cancer through

adisease-oriented approach. Our strategy builds on a structure

similar to that of a pyramid, having an equilateral triangle as

abase. The 3vertices correspond to the models used: patient
samples, cell cultures, and genetically modified mice; the 3 mod-
elsare all considered equally important in our work. The third

dimension is represented by the projection of this knowledge

onto the general population: we provide the biology to benefit
the studies with patients. We are interested in the genetic

susceptibility to cancer and in developing better molecular
tools to predict patient outcome or response to therapy. Our
primary observations can be made at either of these levels and

they are then extended through additional work.

The focus on pancreatic ductal adenocarcinoma (PDAC)
relates to the early events involved in tumour development;
the control of cell differentiation as a critical tumour suppres-
sor mechanism is a focal point. Using genetic mouse models,
PDAC can originate both in pancreatic progenitors and acinar
cells. The elucidation of the contribution of these cell types is

crucial to design better strategies for early tumour detection
and prevention in subjects at risk.

Regarding urothelial cell carcinoma (UCC), the focus is on
identifying new genes, using them for improved tumour taxo-
nomy, characterising the mechanisms through which they
participate in tumourigenesis, and applying this knowledge
for improved prediction of outcome.
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RESEARCH HIGHLIGHTS

Pancreas cancer molecular pathophysiology

Cell differentiation as a tumour suppressor mechanism in the
pancreas. KRAS, p16, TP53,and SMAD4 are the major genes
involved in PDAC. We have acquired strong evidence that novel
genes that control acinar cell differentiation (i.e. Gata6) also
play animportantrole. When Gata6 is inactivated in pancreatic
progenitors, the pancreas develops normally but acinar cells are
unable to maintain their number and identity in the adult. This
results in apoptosis, extensive acinar-ductal metaplasia and
adipocyte transdifferentiation, as well as in impaired recovery
upon induction of acute pancreatitis (FIGURE 1). Furthermore,
Gata6 protein expression is lost in mutant KRas-driven PDAC
aswell asin a proportion of human tumours. Gata6 inactivation
also accelerates KRas-driven PDAC progression in mice. Our
findings point to arole for the Gata6 protein as a novel tumour
suppressor through the control of epithelial-mesenchymal
transition, among others.

We are also studying other genes that play importantroles in
differentiation, pancreatitis and PDAC, including Nr5a2, Hnfla,

Foxal/2,and Myc. RNA-Seq and ChIP-Seq studies have identi-
fied intricate relationships between them through regulatory
networks controlling tumour suppressors, metabolic processes,
and inflammatory cytokine cascades. Components of these

networks can contribute to PDAC by modulating the risk of
developing chronic pancreatitis and by controlling the expres-
sion of genes that can be targeted at the therapeutic level.

Our work on PDAC is enhanced through our close collabora-
tion with the other CNIO Groups who are also working on this

tumour (Mariano Barbacid, Christopher Heeschen, Manuel

Hidalgo, and Nuria Malats).

Urothelial cell carcinoma (UCC) genetics and biology

FGFR3 is the most commonly activated oncogene in UCC.
FGFR3-activating mutations occur mainly in well differen-
tiated, low grade, tumours, and its expression/activation is
required for the maintenance of the epithelial phenotype.
FGFRS3 overexpression, as well as mutations, contributes
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Figure1 Gatab is required for the normal development and maintenance
of the exocrine pancreas. The pancreas of young (5 weeks) Gata6?”- mice
contains isolated metaplastic foci and focal areas of fat. At 30 weeks, massive
atrophy, fat replacement, and metaplasia are present (A). Intermediate cells,

to the tumour phenotype and we have shown that vitamin

D regulates FGFR3 expression at the transcriptional level.
Using the EPICURO study resources, we have shown that

insufficient vitamin D plasma levels are selectively associated

with a higher risk of developing low FGFR3-expressing blad-
der tumours. These studies will lead to the design of clinical

trials to assess the therapeutic potential of vitamin D.

Identifying new genes involved in UCC. We are using massive
parallel exome sequencing and have identified new pathway
genes contributing to UCC, including chromatin remodelling
(i.e. ARIDIA), DNA repair, and chromosome segregation (i.e.
STAGZ2),among others. The relationship between these genes

Amy/Krt19/tns/DAPI

EYFP/Perilipin/

EYFP;Gata6™ 30w

co-expressing amylase and Krt19, are detected (B, left). EYFP expression in
perilipin-expressing adipocytes in a EYFP; Gata6”~- pancreas at 30 weeks,
indicating that some of the adipocytes have an epithelial origin (B, right).

and the well established pathways of UCC progression are
being analysed in the context of multi-centric collaborative
studies (i.e. EPICURO and UROMOL). Our aim is to use this
biological knowledge to improve UCC diagnosis and prognosis,
and to identify novel therapeutic opportunities.

The weight of somatic postzygotic embryonic genetic alterations.
Most current cancer models postulate that the genetic/genomic
alterations associated with the common cancers of the aged,
occur during adult life. Using both ‘index case’ and ‘large scale’
approaches, we have acquired strong evidence that somatic
postzygotic embryonic genetic alterations (i.e. oncogene
mutations and genomic aberrations) occur during embryonic

PUBLICATIONS

Groesser L, Herschberger E, Ruetten
A, Ruivenkamp C, Lopriore E, Zutt M,
Langmann T, Singer S, Klingseisen L,
Schneider-Brachert W, Toll A, Real FX,
Landthaler M, Hafner C (2012). Postzy-
gotic HRAS and KRAS mutations cause
nevus sebaceous and Schimmelpenning
syndrome. Nat Genet 44, 783-787.
Jacobs KB etal. (incl. Malats N, Real FX)
(2012). Detectable clonal mosaicism and
its relationship to aging and cancer. Nat
Genet 44, 651-658.

Amaral AF, Méndez-Pertuz M, Mufioz
A, Silverman DT, Allory Y, Kogevinas
M, Lloreta J, Rothman N, Carrato A,
Rivas del Fresno M, Real FX, Malats N
(2012). Plasma 25-hydroxyvitamin D3
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and bladder cancer risk according to
tumor stage and FGFR3 Status: a mech-
anism-based epidemiological study.
J Natl Cancer Inst 104,1897-1904.
Amaral AF, Porta M, Silverman DT, Milne
RL, Kogevinas M, Rothman N, Cantor
KP, Jackson BP, Pumarega JA, Lopez T,
Carrato A, Guarner L, Real FX, Malats N
(2012). Pancreatic cancer risk and levels
of trace elements. Gut 61,1583-1588.
Molero X, Vaquero EC, Flandez M,
Gonzalez AM, OrtizMA, Cibridn-Uhalte
E, Servitja JM, Merlos A, Juanpere N,
Massumi M, Skoudy A, Macdonald R,
Ferrer J, Real FX (2012). Gene expres-
sion dynamics after murine pancreatitis
unveils novel roles for Hnfla in acinar
cell homeostasis. Gut 61, 1187-1196.
Rooman I, Real FX (2012). Pancreatic
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ductal adenocarcinoma and acinar cells:
amatter of differentiation and develop-
ment? Gut 61, 449-458.

Cortés |, Sdnchez-Ruiz J, Zuluaga S,
Calvanese V, Marqués M, Herndndez
C, Rivera T, Kremer L, Gonzalez-
Garcia A, Carrera AC (2012). p858
phosphoinositide 3-kinase subunit
regulates tumor progression. Proc Nat/
Acad Sci USA 109, 11318-11323.

Fu YP et al. (incl. Malats N, Real FX)
(2012). Common genetic variantsin the
PSCA gene influence gene expression
and bladder cancer risk. Proc Nat/ Acad
Sci USA 109, 4974-4979.

Hafner C, Toll A, Gantner S, Mauerer
A, Lurkin |, Acquadro F, Ferndndez-
Casado A, Zwarthoff EC, Dietmaier
W, Baselga E, Parera E, Vicente A,
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Casanova A, Cigudosa JC, Mentzel T,
Pujol RM, Landthaler M, Real FX (2012).
Keratinocytic epidermal nevi are associ-
ated with mosaic RAS mutations. JMed
Genet 49, 249-253.

Dyrskjot L, Reinert T, Novoradovsky A,
Zuiverloon TC, Beukers W, Zwarthoff E,
Malats N, Real FX, Segersten U, Malm-
strom PU, Knowles M, Hurst C, Sorge J,
Borre M, Orntoft TF (2012). Analysis of
molecular intra-patient variation and
delineation of a prognostic 12-gene
signature in non-muscle invasive blad-
der cancer; technology transfer from
microarrays to PCR. Br J Cancer 107,
1392-1398.

Ruppen-Canas |, Lépez-Casas PP, Garcia
F, Ximénez-Embun P, Mufioz M, Morelli
MP, Real FX, Serna A, HidalgoM, Ashman

development and contribute to adult cancer risk. Postzygotic
mutations in RAS genes lead to mosaicism and increased risk
of cancer, and are responsible for Schimmelpenning Syndrome
and Phacomatosis pigmentokeratotica. We are also using genetic
mouse models to analyse how embryonic mutations contribute

to determine clonal tissue composition in the adult (FIGURE 2).

This work is being conducted in collaboration with the groups
of Nuria Malats and Alfonso Valencia at the CNIO, C. Hafner
(Univ. Regensburg), S. Chanock (NCI-NTH, Bethesda), I. Gut

(CNAG, Barcelona), L. Pérez-Jurado (UPF, Barcelona), R.

Pujol (Hospital del Mar-IMIM, Barcelona), and M. Torres
(CNIC, Madrid). m

Figure 2 2D reconstruction of a pancreas at embryonic day 14.5 (E14.5).
Assembly of a whole mount E14.5 Ptfla-Cre** R26*¥ pancreas stained for
LacZ to assess clonal size and distribution.

K (2012). Animproved quantitative mass
spectrometry analysis of tumor specific
mutant proteins at high sensitivity.
Proteomics 12,1319-1327.
Czachorowski MJ, Amaral AF, Montes-
Moreno S, Lloreta J, Carrato A, Tardén
A, Morente MM, Kogevinas M, Real FX,
Malats N; for the SBC/EPICURO inves-
tigators (2012). Cyclooxygenase-2 ex-
pression in bladder cancer and patient
prognosis: results from a large clinical
cohort and meta-analysis. PLoS One 7,
e45025.

Menashe | et al. (incl. Malats N, Real
FX) (2012). Large-scale pathway-based
analysis of bladder cancer genome-
wide association data from five studies
of European background. PLoS One 7,
€29396.

» Marenne G, Real FX, Rothman N,
Rodriguez-Santiago B, Pérez-Jurado L,
Kogevinas M, Garcia-Closas M, Silverman
DT, Chanock SJ, Génin E, Malats N (2012).
Genome-wide CNV analysis replicates
the association between GSTM7 deletion
and bladder cancer: a support for using
continuous measurement from SNP-
array data. BMC Genomics 13, 326.
Fernandez D, Sanchez-Arévalo VJ,
Alboran IM (2012). The role of the pro-
to-oncogene c-myc in B lymphocyte
differentiation. Crit Rev Immunol 32,
321-324.

PortaM, Pumarega J, Guarner L, Malats
N, Sola R, Real FX; for the PANKRAS Il
Study Group (2012). Relationships of
hepatic and pancreatic biomarkers with
the cholestatic syndrome and tumor
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stage in pancreatic cancer. Biomarkers
17,557-565.

Earl J, Richart L,Sanchez-Arevalo VJ
(2012). Alteraciones moleculares en
cancer de pdancreas: traslacion a la
clinica. Rev Cancer 26, 69-78.

Articlesin press

Martinelli P, Caflamero M, del Pozo N,
Madriles F, Zapata A, Real FX. Gata6 is
required for complete acinar differen-
tiation and maintenance of the exocrine
pancreas in adult mice. Gut (in press).
Martin-Sdnchez E, Rodriguez-Pinilla SM,
Sanchez-Beato M, Lombardia L, Domingu-
ez-Gonzadlez B, Romero D, Odqyvist L,
Garcia-Sanz P, Wozniak MB, Kurz G,
Blanco C, Mollejo M, Alves FJ, Menarguez
J,Gonzdlez-Palacios F, Rodriguez-Peralto

JL, Ortiz-Romero PL, Garcia JF, Bischoff
JR, Piris MA. Simultaneous pan-PI3K and
MEK inhibition as a potential therapeutic
strategy in peripheral T cell lymphomas.
Haematologica (in press).

Book Chapter

Real FX, Lépez-Otin C (2012). Genes,
herencia y cancer. p.1174-1184. In:
Farreras-Rozman, Medicina Interna,
Barcelona, Harcourt Brace (eds).
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Member, Scientific Council, “Cancer
Research for Personalized Medicine”
(CARPEM) in Paris, France.

» Academic Editor, PLoS ONE Journal.
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OVERVIEW

The main goal of the Tumour Markers Junior Group is to

contribute to the molecular characterisation of bladder cancer

by integrating information from high-throughput approaches,
with two aims: i) to understand how molecular alterations

contribute to tumourigenesis and cancer progression; and ii)

to translate this knowledge into improved clinical manage-
ment of bladder cancer patients, providing multiplexed tools

for the analysis of tissue biopsies (for disease stratification

and outcome prediction) and body fluids (for early diagnosis

and follow-up).

Our studies are designed to address 4 major clinical needs

for biomarkers in bladder cancer: diagnosis, surveillance,
progression into invasive and metastatic disease, and predic-
tion of therapeutic response. We are using epigenetic and

proteomic approaches to identify and validate individual and

multiplexed biomarkers, as well as to dissect the molecular

pathways through which genes of interest contribute to blad-
der cancer initiation and disease progression.

PUBLICATIONS » Fernandez AF et al. (incl. Hidalgo M,
Sanchez-Carbayo M, Grafia O) (2012).
Maraver A, Ferndndez-Marcos PJ, A DNA methylation fingerprint of 1628
Herranz D, Caflamero M, Mufoz- human samples. Genome Res 22, 407-
Martin M, Gémez-Ldépez G, Mulero F, 419.
Megias D, Sdnchez-Carbayo M, Shen Said N, Sdnchez-Carbayo M, Smith
J, Sdnchez-Cespedes M, Palomero T, SC, Theodorescu D (2012). RhoGDI2
Ferrando A, Serrano M (2012). Thera- suppresses lung metastasis in mice by
peutic effect of y-secretase inhibition reducing tumor versican expression and
in Kras®?V-driven non-small cell lung macrophage infiltration. J Clin Invest
carcinoma by derepression of DUSP1 122,1503-1518.
and inhibition of ERK. Cancer Cell22, » Zoidakis J, Makridakis M,
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aggressiveness. Mol Cell Proteomics
11, M111.009449.
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protein markers for progressionin non-
muscle invasive bladder cancer. Am J
Pathol180, 1824-1834.

Puerta-Gil P, Garcia-BaqueroR, Jia AY,
Ocafia S, Alvarez-Mugica M, Alvarez-
Ossorio JL, Cordon-Cardo C, Cava F,
Sanchez-Carbayo M (2012). miR-143,
miR-222, and miR-452 are useful as
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diagnostic biomarkers for bladder can-
cer. Am J Pathol 180, 1808-1815.
Sanchez-Carbayo M (2012). Urine
epigenomics: a promising path for

RESEARCH HIGHLIGHTS

We are addressing the role of epigenetic events in bladder
cancer, using tumours and urinary samples, with the aim to

use the resulting knowledge for disease stratification, prog-
nosis and non-invasive diagnosis. More specifically, we have

achieved: i) the detection of miR-143, miR-222, and miR-452

in urine, and the validation of their targets as tools for the

diagnosis, disease stratification and prognosis of bladder

cancer; ii) the identification of the diagnostic and prognostic

utility of myopodin gene methylation and protein expression

patterns in colon cancer; iii) the discovery of the predictive

value of PMF1 methylation in high-risk non-muscle invasive

T1G3 bladder tumours; iv) the identification of the diagnostic

and prognostic utility of KiSS-1 gene methylation and protein

expression patterns in colon cancer; and v), the discovery of
the functional and biomarker role of CULS3 in bladder cancer

aggressiveness.

Aspart of collaborative studies involving groups at the CNIO and

other centres, we have played a contributory role to: i) identify

distinctive methylation patterns for different tumour types; ii)

reveal the usefulness of Profilin protein expression as abiomar-
ker for disease stratification and prognosis in bladder cancer;

iii) establish the expression of the proteoglycan versican in

bladder cancer as amarker to assess how RhoGDI2 suppresses

metastasis by reducing macrophage infiltration; iv) validate

in a multi-centric study the prognostic value of Cathepsin E,
Maspin, PIk1, and Survivin protein expression for progression

innon-muscle invasive bladder cancer; v) evaluate the expres-
sion patterns of Notch signalling components in human lung

tumours in order to assess the therapeutic effect of gamma-
secretase inhibition in non-small-cell lung carcinoma; vi)

validate in a multi-centric study the prognostic value of Cyclin

D1, MCM7, TRIM29, and UBE2C expression in bladder cancer;

and vii), uncover the role of SPARCloss for carcinogenesis and

progression in a murine model of bladder cancer. m
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Figure Example of the translational approaches for biomarker discovery
and validation in bladder cancer, from tumour to urinary non-invasive
miRNAs. (A) Selected miRNAs are proven to be present in neoplastic cells
in bladder tumours by in situ hybridisation. (B) Tumour miRNAs predict
recurrence, progression, disease-specific (DSS) and overall survival (OS).
(C) Immunohistochemistry of miRNAs targets predict clinical outcome
inbladder tumours. (D) miRNAs can be detected in the urine for bladder
cancer diagnosis.
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Toyota Merit Award and Best Scientific
Poster Prize, 40t Anniversary Congress
of the International Society of Oncology
and BioMarkers (ISOBM), Israel.
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HUMAN CANCER
GENETICS PROGRAMME

JAVIER BENITEZ PROGRAMME DIRECTOR

100 VICE-DIRECTION OF TRANSLATIONAL RESEARCH

The Human Cancer Genetics Programme conducts a wide
range of translational research related to familial cancer in
its four Research Groups, Genotyping Core Unit and Familial
Cancer Consultancy. The principal goals of the Programme
are the characterisation of genetic and cytogenetic tumours,
the search for diagnostic and prognostic markers, as well as
the discovery of novel cancer-related genes. These research
activities are complemented by studies on the genetic and
environmental factors that confer cancer susceptibility and
modulate the tumour phenotype as well as its response to
therapeuticinterventions. The Programme also fosters coop-
eration with the clinical community through its Familial Cancer
Consultancy at the Hospital Universitario de Fuenlabrada
that, in close collaboration with the Medical Oncology Service
of this Hospital, provides genetic counselling and clinical
surveillance to patients and families at risk of suffering from
hereditary cancer.

The Programme’s education and training activities in 2012
comprised a total of 15 national and 11 international PhD
research projects, including the successful defence of 6 doctoral
theses, four 2-6 weeks short research stays of professionals
from different international research centres, and trimestral
training programmes in familial cancer and cytogenetics
in which a total of 6 resident physicians participated. The
Programme has entered into a total of 9 projects funded by
European and American entities, signed 6 contracts with
biotech companies, and sponsored 1 national and 4 interna-
tional meetings.

Major milestones of the Programme in 2012 include:

- The Human Genotyping Unit-CEGEN, funded by the
Instituto de Salud Carlos III, was reorganised into 2 nodes;
one of them located in Santiago de Compostela and the
other at the CNIO, providing a more operative structure
than with the 3 previous nodes, without duplication of
platforms and maintaining an optimal personnel level
in both nodes.

- The Human Genotyping Centre-CEGEN was certified,
as the first genotyping laboratory in Europe, according
to the ISO15159 standard.

- The Familial Cancer Consultancy at the Hospital
Universitario de Fuenlabrada has consolidated its position
in the Autonomous Community of Madrid and is currently
opening its service to other Autonomous Communities
such as Castilla la Mancha. =

“WE ARE PROUD OF THE
TYPE OF RESEARCH THAT

IS CARRIED OUT BY THE
PROGRAMME, WHICH IS
PURELY TRANSLATIONAL,
FOCUSED ON THE STUDY
OF PATIENTS AND DIRECTLY
BENEFITING THEM. THIS IS
OUR GOAL AND WE HOPE
TO BE ABLE TO FULFILL IT.”
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Technicians

Alicia Barroso, Samuel Domingo, M.
Victoria Fernandez, Maika Gonzalez,
Fatima Mercadillo, Kira Yanowsky

OVERVIEW

The Human Genetics Group’s interest lies in the understanding

ofthe genetic bases of familial cancer; mainly of breast, ovarian

and colorectal cancer, and to apply the resulting knowledge

to clinical practice. The Group’s main activities include the

identification of new susceptibility genes for both sporadic

and familial cases, the characterisation of genetic and envi-
ronmental modifier factors that modulate cancer risk, and the

discovery of diagnostic and prognostic biomarkers by using

different ‘omics’ approaches that can help in the selection of
candidate families for genetic studies.

Our approaches range from disease to gene, from individual
to population level (genetic epidemiological studies), and
from constitutional to somatic tissue. We use classical genetic
approaches, such as case-control association studies, as well as
new high-throughput technologies for whole exome genotyping

and ultrasequencing. The development of novel bioinformat-
ics tools for the analysis of complex data is also a priority. The

Group further conducts functional studies for ultimate data

interpretation purposes. Several national (through public

and private funding) and international projects support our
research activities.

The Group’s strategic goals are: i) to gain insight into familial

and sporadicbreast and ovarian cancer by identifying new genes

ormodifier factors that can alter the final effect of the main gene,
and the discovery of genetic markers associated with diagnosis

and prognosis; ii) to better understand the genetic bases of
familial colorectal cancer; and ii), to integrate high-throughput

technologies, as is the case of massive exome sequencing, for the

identification of high-susceptibility genes in families with rare

cancer susceptibility syndromes or genetic heterogeneity.

RESEARCH HIGHLIGHTS

Breast cancer

Shorter telomeres have been linked to susceptibility to vari-
ous types of cancers seeing as they predispose the genome to
instability, and thus, to malignant transformation. We have dem-
onstrated that telomere shortening in families with mutations
in BRCAI and BRCA2 genes, results from transmission of the
mutation rather than from the disease itself, and that heredi-
tary breast cancer shows genetic anticipation linked to shorter
telomeres. In addition, we have confirmed that short telomeres
are arisk factor in familial and sporadic ovarian cancer.

We participate in COGS, a large-scale project funded by the
European Commission to reveal the genetics behind breast
cancer; as a result many common genetic markers (SNPs)
associated with cancer risk have been identified. We have
completed the genotyping process and identified 41 new
breast cancer susceptibility genes that explain around 5% of
familial cancer risk. Furthermore, there are more than 1,000
genes that have been identified that confer each of them very
low risk (OR<1.03). All together, these genes explain about
18% of familial cancer risk.

We have determined miRNA profiles associated with the
different genetic subtypes in familial breast cancer, thereby
yielding a set of 35 miRNAs that are differentially expressed
in breast tumours with BRCAI and BRCA2 mutations versus
non-mutated tumours. We are currently validating these
results in serum samples from patients. Similarly, hierarchical
clustering of BRCAX tumours revealed high heterogeneity with
4 apparent subgroups, defined by specific miRNA signatures
and different histological characteristics, which points to
different routes of tumour evolution.

By using array-CGH we identified an amplification event at
the 13934 region. Further characterisation of the amplicon
allowed us to define CUL4A as one of the most likely putative
oncogenes. To elucidate the possible implication of CUL4A in
the initial steps of the tumourigenic process, we have induced
stable up-regulation of CUL4A in human mammary epithelial
cells by lentiviral infection and stably silenced CUL4A in
human breast cancer cell lines that present amplification or
overexpression of CUL4A. In vitro data and in vivo results in
athymic nude mice, support an oncogenic role for CUL4A in
tumour cell proliferation and survival (FIGURE 1).
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Ovarian tumours: genomic characterisation

We are interested in characterising the pattern of genomic

alterations in the different subtypes of hereditary ovarian

tumours. We have been able to define a chromosomal dele-
tion at 6q24-26 that might be an independent prognosis

factor associated with improved overall survival in epithelial

ovarian cancer patients, especially in those with high FIGO

stage tumours (FIGURE 2). The prognostic relevance of this

deletion has been validated in two independent series, and we

are currently pursuing the identification of candidate genes

explaining such an association.

Familial colorectal cancer

In non-polyposis colorectal cancer patients, we have carried
out a linkage analysis in a series of Type X families. Results
support avery heterogeneous genetic basis in these families
with an important role of low-moderate penetrance genes

in cancer susceptibility. In Familial Adenomatous Polyposis
Syndromes, more than 90% of classic forms are associated
with germline mutations in APC. The contribution of the
MUTYH gene is modest (4%). Other genes, like AXIN2, GSK3b
or spindle assembly checkpoint genes, seem to play arole in
several rare families with polyposis.

Diagnostic activity and genetic
counselling in familial cancer

In 2012 we carried out over 750 studies involving more than
30 genes responsible for different types of familial cancer
syndromes (breast, colorectal, endocrine, and other familial
tumours). The Familial Cancer Consultancy in the Hospital
Universitario Fuenlabrada was very active in 2012. Around 100
consultations have been conducted with families suspected
of having hereditary cancer. Most of these patients come
from the Autonomous Communities of Castilla La Mancha
and Madrid. =
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Figure1 Modulation of CUL4A levels modifies colony formation ability in anchorage independent conditions. (A) Lentiviral overexpression of CUL4A
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Figure2 From all the alterations differentiating the clusters, deletion at 6q24-26 was found to be the most significantly associated with better survival.
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OVERVIEW

In almost all human cancers, next generation sequencing and
other genomic approaches demonstrate that the chromosomes
of tumour cells show structural rearrangements in the form of
translocations, deletions, amplifications or numerical changes
(aneuploidy). Among them, we are particularly interested in
those rearrangements that generate chimaeric genes with
new or altered biological activities, as well as in the molecular
mechanisms by which these newly created fusion genes drive
oncogenesis.

‘We are mainly working on myeloid leukaemia as a disease model.

Myeloid leukaemia is the paradigm of a genetic neoplasia in
which fusion genes collaborate with other genomic aberrations

to induce abnormal cell proliferation and disrupt the differ-
entiation programme of haematopoietic stem cells. Based on

our ongoing collaborations with the clinical community, our

research activity is being developed through: i) the characteri-
sation of molecular cytogenetic and epigenetic markers; ii) the

design of human stem cell models with defined chromosome

rearrangements, rendering them unique tools to study the effects

of these rearrangements on the biology of the tumour and the

underlying molecular pathways of the observed effects; and iii)

the translation of our findings to the clinical setting by providing

molecular cytogenetic technology, such as spectral human and

mouse karyotypes, as well as tailor-made FISH probes for both

research purposes and their use as clinical reagents.
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RESEARCH HIGHLIGHTS

Advances in the epigenomics of leukaemia

We have focused our research on the study of the AML1-ETO
fusion protein that is present in 10% of cases of acute myeloid
leukaemia as a consequence of a t(8;21)(q22;q22) translocation.
This fusion protein is known to repress myeloid haematopoietic
differentiation genes through the recruitment of chromatin-
modifying proteins. We characterised the genomic distribu-
tion and epigenetic chromatin modifications induced by the
AMULI-ETO fusion protein, using an AML1-ETO -expressing
CD34+ human haematopoietic stem/progenitor cell model.
Weidentified 1.168 AML1-ETO target genes and among them
- based on the analysis of ‘inactive’ heterochromatin marks -
we selected 103 genes co-occupied by HDACI and with a
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Figure1 AMLI-ETO DNA interaction models. (A) Classical AML1/
ETO DNA interactions through AML1 TFBS. (B) Alternative AML1/
ETO DNA interaction model through Sp1 TFBS. qChIP analysis and

loss of hyper-acetylation at histone H4, and 264 genes with

an increase of the heterochromatin mark H3K9me3. These

genes were involved in haematopoietic differentiation and in

specific signalling pathways (i.e. TGF-f and Wnt/f-catenin).
Furthermore, the presence of heterochromatin marks corre-
lated with transcriptional repression in our stem/progenitor

cell model and in patient samples, reinforcing the biological

and clinical relevance of this setting in AML1-ETO leukaemias.
Interestingly, a detailed sequence analyses identified an enrich-
ment of Spl transcription factor binding sites among AML1-
ETO target genes. This interaction with Spl was found to be a

crucial element driving the AML1-ETO DNA-binding pattern

and thus supports the relevance of Spl-targeted therapeutic

approaches for this leukaemia subtype (FIGURE 1).

We compared the micro RNA (miRNA) expression profiles of
the two major groups of multiple myeloma (MM). MM patients

are grouped into a non-hyperdiploid (nh-MM) (FIGURE 2A)

group, highly enriched for IgH translocations, and into a

hyperdiploid (h-MM) group that is characterised by triso-
mies of some odd-numbered chromosomes. We identified

16 miRNAs that were down-regulated in the h-MM group.
Among them, we found that inhibition of miR-425, miR-152

and miR-24 correlated with the over-expression of CCNDI,
TACC3, MAFB, FGFR3 and MYC, a group of oncogenes that

is up-regulated by the most frequent IgH translocations

occurring in nh-MM (FIGURE 2B). Importantly, we showed

that both the down-regulation of these specific miRNAs and

the up-regulation of their targets also occur simultaneously
in primary cases of h-MM. Together, our data provide further
evidence for mis-regulated cyclin D signalling as the unifying

key mechanism for both groups of MM.
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functional studies using an Sp1inhibitor (mithramycin A) point to a
crucial role of the Sp1 transcription factor as a key driver in AMLI-ETO
binding to some of its target genes.

Myeloid leukaemia: from genetic mutations
to the generation of human stem cell models

We have identified and characterised 2 new leukaemic trans-
locations, t(4;21)(q21;q22) and t(1;21) (p32;q22). Both types

of rearrangements resulted in the absence of the transactiva-
tion function and inhibit the trans-activating activity of wild

type AMLI1b, preventing its normal function, and most likely

contribute to leukaemogenesis. Additionally, by integrating

molecular cytogenetics, array-CGH and next-generation

sequencing we have described new chromosome rearrange-
ments and genetic mutations that result in the improper

functioning of the spliceosome molecular machinery.

Since we are committed to transferring our research activi-
ties into potential clinical applications, we are generating

biological models and tools to study the role of chromosome

translocations in cancer. We have developed several human

haematopoietic stem cell models, based on cell lines that have

been genetically engineered to carry those novel chimaeras

and mutated genes, such as AMLI-TMEM48, NUP98-HOXA,
BCR-ABL, and splicing knockouts.

Our group also provides state-of-the-art molecular cytogenetic

services. In 2012, we carried out over 2.000 assays such as

karyotyping of leukaemia and other tumours, design of FISH

probes, spectral karyotyping, aneuploidy analysis for mouse

models, and array-CGHs for experimental and clinically-
oriented projects. As a reference laboratory in Molecular

Cytogenetics, we are participating in several clinical assays,
collaborative networks, and quantity performance studies

both at the national and European level. m
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Figure2 miRNA regulationin multiple myeloma. (A) Spectral karyo-
type of a multiple myeloma cell showing numerical and structural
chromosome aberrations. (B) Luciferase assay of the 3’'UTR promoter
regions of each genein the presence of specific miRNAs. Significant
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down-regulation of the expression of the most frequently affected
genes by IgH translocations (CCND1, TACC3, MAFB and FGFR3)
was observed (red columns), being this effect sequence-specific

(light blue columns).
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Graduate Students de Cubas, Lucia Inglada, Javier
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Technicians
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Letdn, Lara Sanchez

OVERVIEW

Our Group is interested in identifying high and low genetic

risk factors involved in endocrine tumour susceptibility. To

this end, we not only phenotypically classify patients accord-
ing to features of their tumour genome, but we also apply a

pioneer approach to detect epistatic effects among polymor-
phicvariants that may explain part of the hidden heritability.
We are interested in revealing differences between tumour

transcriptomes, mirnomes, methylomes and chromosomal

gains and losses according to the different individual genetic

backgrounds. Such comprehensive characterisation allows us,
not only to define diagnostic and prognostic markers associ-
ated with primary mutations, but also to specifically pinpoint
altered pathways as potential therapeutic targets. For this

purpose, we have obtained a large collection of endocrine

tumours from patients with germline mutations in most of
the known major susceptibility genes related to these diseases

as well as sporadic cases.

We are also interested in defining genetic markers associated

with differences in anticancer drug response and toxicity. In

order to do so, we have compiled a large series of biological

material and associated dataregarding therapeutical interven-
tions and other clinically relevant outcome variables. These

efforts will collectively increase our genetic and molecular
knowledge about these tumours and improve the diagnosis,
prognosis and treatment of patients.
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RESEARCH HIGHLIGHTS

The specific transcriptional profile of MAX-related
pheochromocytomas points to the mTOR pathway

The MYC-associated factor X (MAX) gene was identified by
our Group in 2011 as the tenth susceptibility gene for pheo-
chromocytoma (PCC). Its clinical relevance, however, was not

addressed at this stage. Through an international collaboration

that involved 17 referral centres from all over the world we

were able to ascertain the prevalence of MAX mutations in

PCC patients, extend the spectrum of MAX-related tumours

to paraganglioma (PGL), uncover contributions of somatic

MAXmutations to sporadic disease, and define an intermedi-
ate catecholamine phenotype that may guide testing of MAX
gene in patients with PCC/PGLs. This study also confirms a

preferential paternal mode of transmission with important

consequences for genetic counselling. We have established

that MAX germline mutations are responsible for the disease

in 1.12% of cases, similarly to the recently described genes,
TMEM127, SDHAF2 or SDHA. In the light of our findings,
MAX should now also be considered in the genetic work-up

of affected patients.

It is noteworthy that the transcriptional profile of MAX
tumours shows a significant enrichment of mTOR pathway
components when compared to other mutated PCCs. This
finding is particularly relevant, since deregulation of both the
mTOR pathway, and the upstream PTEN/PIK3CA/AKT1 axis,
seems to be essential for the development of many PCCs (i.e.
with mutationsin RET, NFI1, TMEMI127 or MAX) (FIGURE 1).
Considering the transcriptional profile of MAX tumours, and
since a crosstalk between the PIK3CA/AKT1/mTOR and MYC/
MAX/MXD1 pathways has been proposed, it is likely that muta-
tions in MAX not only deregulate the MYC neoplastic switch
but also lead to the impairment of the mTOR pathway and
PCC development. It hasbeen reported that mTOR inhibitors
prevent the development of PCC in PTEN knock-out mice. In
addition, it seems that sunitinib induces apoptosis in PC12

cellsbyinhibiting the VEGFR-2/AKT1/mTOR/S6K1 pathways.
Since PC12 cells constitute a specific double-knockout model
for MAX-related PCC, it seems plausible that targeting the
mTOR pathway could be an effective therapy for malignant
PCC patients with germline MAX mutations.

B-Tubulin polymorphisms as toxicity markers
of the microtubule-binding drug paclitaxel

Paclitaxel is a microtubule-binding drug that stabilises the

cellular microtubules through p-tubulin binding, leading to

cell cycle arrest and apoptosis. This agent is an effective anti-
cancer drug currently used to treat several solid tumours such

as breast, lung, and ovary. One of its major clinical problems is

thelarge and unpredictable inter-individual variability in the

toxicities developed by the patients. Currently, dose-limiting
paclitaxel toxicity is related to peripheral neuropathy. In

thisrespect, we described alarge inter-individual variability
in the mRNA content of its neural target 3-tubulin ITa. We

found that 2 common polymorphisms in the proximal pro-
moter of the gene conferred an increased transcription rate.
The patients carrying these variants were protected from

paclitaxel-induced peripheral neuropathy [HR, 0.62; 95%

confidence interval, 0.42-0.93; P = 0.021, multivariate analysis],
and an inverse correlation between 3-tubulin ITa expression

and paclitaxel-induced apoptosis was demonstrated in vitro

(P =0.001). With respect to paclitaxel-induced myelotoxic-
ity, we found that the missense polymorphism T274M in the

haematological f-tubulin VIisoform, significantly decreased

sensitivity to paclitaxel-induced tubulin polymerisation in

vitro; in patients this polymorphism was associated with lower

thrombocytopenia as compared to homozygous wild-type

patients (P =0.031). Altogether, these studies define -tubulins

as key players for inter-patient variability in paclitaxel toxici-
ties and provide novel markers for individualised paclitaxel

chemotherapy. =
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Figure1 ThePIK3CA/AKT1/mTOR pathway mediates downstream activation
of genes involved in cellular processes such as regulation of growth, division,
survival and, when disrupted, tumourigenesis.
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Figure 2 Kaplan-Meier analysis of cumulative doses of paclitaxel up
to the development of grade 2 sensory peripheral neuropathy, according to

-101C/-112G variants in TUBB2A. Patients treated with paclitaxel were grouped
according to their TUBB2A genotype. Those carrying 1or 2 variant alleles had a
significantly lower risk of paclitaxel-induced neurotoxicity. The P value shown
corresponds to univariate log-rank test.

» PUBLICATIONS

» Cascén A, Robledo M (2012). MAX and
MYC: a heritable breakup. Cancer Res
72,3119-3124.

Leandro-Garcia LJ, Leskela S, Inglada-
Pérez L, Landa I, de Cubas AA,
Maliszewska A, Comino-Méndez |, Letdn
R, Gémez-Grafia A, Torres R, Ramirez JC,
Alvarez S, Rivera J, Martinez C, Lozano
ML, Cascon A, Robledo M, Rodriguez-
Antona C (2012). Hematologic B-tubulin
VI isoform exhibits genetic variability
that influences paclitaxel toxicity.
Cancer Res 72, 4744-4752.

Burnichon N et al. (incl. Cascén A,
Comino Mendez |, Inglada-Pérez L, de
Cubas AA, Gdmez-Grafia A, Leton R,
Roncador G, Urioste M, Robledo M)
(2012). MAX mutations cause heredi-
tary and sporadic pheochromocytoma
and paraganglioma. Clin Cancer Res 18,
2828-2837.

Leandro-Garcia LJ, Leskeld S, Jara C,
Gréen H, Avall-Lundqvist E, Wheeler HE,
Dolan ME, Inglada-Pérez L, Maliszewska
A, de Cubas AA, Comino-Méndez |, Man-
cikovaV, Cascén A, Robledo M, Rodriguez-
Antona C (2012). Regulatory polymor-
phismsin B-tubulin lla are associated with

v

-

v

-

paclitaxel-induced peripheral neuropathy.
Clin Cancer Res 18,4441-4448.

Macia A, Gallel P, Vaquero M,
Gou-Fabregas M, Santacana M,
Maliszewska A, Robledo M, Gardiner
JR, Basson MA, Matias-Guiu X, Encinas
M (2012). SproutyTis a candidate tumor-
suppressor gene in medullary thyroid
carcinoma. Oncogene 31, 3961-3972.
Martinez-Delgado B, Yanowsky K,
Inglada-Pérez L, de la Hoya M, Caldes
T,Vega A, Blanco A, Martin T, Gonzalez-
Sarmiento R, Blasco MA, Robledo M,
Urioste M, Song H, Pharoah P, Benitez
J(2012). Shorter telomere length is as-
sociated with increased ovarian cancer
risk in both familial and sporadic cases.
JMed Genet 49, 341-344.

Tanic M, Yanowsky K, Rodriguez-Antona
C, Andrés R, Marquez-Rodas |, Osorio
A, Benitez J, Martinez-Delgado B
(2012). Deregulated miRNAs in heredi-
tary breast cancer revealed a role for
miR-30cinregulating KRAS Oncogene.
PLoS One 7,e38847.

Bohanec Grabar P, Leandro-Garcia LJ,
Inglada-Pérez L, Logar D, Rodriguez-
Antona C, Dolzan V (2012). Genetic
variation in the SLCT9A7 gene and
methotrexate toxicity in rheumatoid

arthritis patients. Pharmacogenomics
13,1583-1594.

Rodriguez-Antona C, Garcia-Donas
J (2012). Constitutional genetic vari-
ants as predictors of antiangiogenic
therapy outcome inrenal cell carcinoma.
Pharmacogenomics 13,1621-1633.
MalangaD, De Gisi S, RiccardiM, ScrimaM,
DeMarco C,Robledo M, Viglietto G (2012).
Functional characterization of arare germ-
line mutation in the gene encoding the
Cyclin-Dependent Kinase Inhibitor p27Kipl
(CDKNIB)ina Spanish patient with Multiple
Endocrine Neoplasia (MEN)-like pheno-
type. Eur J Endocrinol 166, 551-560.
Castelblanco E, Gallel P, Ros S, Gatius
S, Valls J, de Cubas AA, Maliszewska A,
Yebra-Pimentel MT,Menarguez J, Gamallo
C, Opocher G, Robledo M, Matias-Guiu X
(2012). Thyroid paraganglioma. Report
of 3 cases and description of an immu-
nohistochemical profile useful in the dif-
ferential diagnosis with medullary thyroid
carcinoma, based on complementary DNA
array results. Hum Pathol 43,1103-1112.
Hasmats J, Kupershmidt |, Rodriguez-
Antona C, Su QJ, Khan MS, Jara C,
Mielgo X, Lundeberg J, Green H (2012).
Identification of candidate SNPs for
drug induced toxicity from differentially

v

-

-

-

-

v

expressed genes in associated tissues.
Gene 506, 62-68.
Gimenez-Roqueplo AP, Dahia PL, Robledo
M (2012). An update on the genetics of
paraganglioma, pheochromocytoma,
and associated hereditary syndromes.
Horm Metab Res 44, 328-333.

Cascon A, Tennant DA (2012). From tran-
scriptional profiling to tumor biology in
pheochromocytoma and paragang-
lioma. Endocr Pathol 23,15-20.

Article in press

Herranz D, Maraver A, Cafiamero M,
Gomez-Loépez G, Inglada-Pérez L,
Robledo M, Castelblanco E, Matias-Guiu
X, Serrano M. SIRT1 promotes thyroid
carcinogenesis driven by PTEN defi-
ciency. Oncogene (in press).

AWARDS AND RECOGNITION

Sergio Vidal and Fundacion Mutua
Madrilefia 2012 Awards for the publi-
cation in Nature Genetics, Spain.
Scientific Co-Chair of the international
Pheochromocytomaand Paraganglioma
Research Support Organization
(PRESSOR).

HEREDITARY ENDOCRINE CANCER GROUP 113



GENETIC AND MOLECULAR
EPIDEMIOLOGY GROUP Groun L enger reE S o Eyangeling

Lépez de Maturana, Raquel Seijas

Nuria Malats EsP André F. S. Amaral PRT M. Evangelina Lépez Raquel Seijas ESP
de Maturana ESP

Silvia Pineda ESP Salman M. Tajuddin ETH Marien Castillo EsP Esther Manso EsP

OVERVIEW

The scope of our Group’s research focuses on bladder, pan-
creatic, and breast cancer, and ranges from the identifica-
tion of aetiological agents and mechanisms to the trans-
lation of these findings into the clinical and public health
settings.

Today, epidemiology demands the alignment of scopes, data,
and tools across the multiple disciplines involved. By apply-
ing such an integrative approach, we participate in large,
international multidisciplinary studies and contribute to the
development of methodological innovations in all aspects
of epidemiology. We employ a wide range of biomarkers to
better characterise risk exposures and cancer outcomes, as
well as genetic patterns that predispose or protect against
the disease, or determine the variability of its clinical course.
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The integration of ‘omics’ data in the context of epidemiologic
studies may allow us to further dissect complex exposures,
genetic susceptibility, and phenotypes.

The strategic goals of our Group are: i) identifying environ-
mental exposures and genetic susceptibility factors, as well
as gene-environment and gene-gene interactions involved
in cancer development and progression; ii) studying the dif-
ferential association of genetic germline variants and envi-
ronmental exposures with cancer sub-phenotypes at the
molecular/omics level; iii) developing and applying statistical/
informatics tools to model risk and prognostics of patients
with cancer, combining epidemiologic with ‘omics’ data; and
iv), assessing clinical and public health strategies for cancer
control using genomic tests and datasets.

RESEARCH HIGHLIGHTS

Urothelial bladder cancer (UBC)

During 2012, our Group found that low serum levels of
25-hydroxy-vitamin D, increase the overall risk of UBC and,
in particular, of muscle invasive tumours lacking FGFR3
expression (FIGURE 1). We also explored the association of
trace elements, potential modulators of epigenetic events, with
UBC risk. We found that arsenic, iron, nickel, and selenium
are associated with LINE-1/D4Z4 methylation levels, which
in turn are associated with UBC risk.

Another potential risk factor for UBC is chronic inflammation.
Variants in inflammatory genes have been shown to be associ-
ated with a UBC subtype characterised by cyclooxygenase-2
expression. Copy number variations (CNVs) may also explain
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Figure1 Risk (odds ratiosand 95% confidence intervals) for the association
between plasma 25-hydroxy-vitamin D, levels and risk of low-and high-grade
non-muscle invasive (NMIBC) and muscle invasive (MIBC) bladder cancer
tumours with low FGFR3 expression levels. Estimates are adjusted for age,
gender, region, and smoking status.

part of the heritability of UBC. Through a genome-wide study
on the allele and the number of copies for single nucleotide
polymorphisms (SNPs) located in CNV regions, we identified
CNV regions that are potentially associated with UBC risk,
as well as SNPs for which both the allele and the number of
copies may account for risk. Together with the MD Anderson
Cancer Centre, and other international collaborators, we have

performed one of the first genome-wide prognosis associa-
tion studies and succeeded in identifying susceptibility loci

that are independently associated with clinical outcomes of
non muscle-invasive UBC (FIGURE 2). Ongoing efforts aim

tointegrate epidemiological with ‘omics’ data by developing

and applying novel analytical strategies to facilitate disease

modelling. Our Group also participates in several initiatives

conducted within the International Consortium of Bladder

Cancer (ICBC).

Pancreatic cancer

The Group reported on novel associations of lead, nickel,
and selenium toenail concentrations with pancreatic cancer
risk and confirmed previous associations with cadmium and

arsenic. These findings point to the role of chronic inflam-
mation in pancreas carcinogenesis. We have also shown that

inflammatory polymorphisms, associated with pancreatic

cancer risk, are also associated with chronic pancreatitis.
Using the resources of the Breast Cancer Family Registry,
we observed significant associations of BRCAI, BRCA2 and

BRCAX families with pancreatic cancer; thus, establishing

genetic commonalities between these tumours and provid-
ing additional clues on the mode of inheritance of, as yet,
unidentified genes in BRCAX families. In collaboration with

the Hospital Ramén y Cajal in Madrid, we have created the

Spanish Registry of Familial Pancreatic Cancer. This project

also includes a screening programme for high-risk relatives

and is now being extended to other centres in Spain.
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specific breast cancer susceptibility Sorge J, Borre M, Orntoft TF (2012).
locus. Cancer Res 72,1795-1803. Analysis of molecular intra-patient vari-
Fasching PA et al. (incl. Benitez J, Milne ation and delineation of a prognostic
RL) (2012). Therole of genetic breast can- 12-gene signature in non-muscle inva-
cer susceptibility variants as prognostic sive bladder cancer; technology transfer
factors. Hum Mol Genet 21, 3926-3939. from microarrays to PCR. BrJ Cancer
Tang W et al. (incl. Malats N) (2012). Map- 107,1392-1398.

ping of the UGTTA locus identifies an un- Warren H et al. (incl. Milne RL, Benitez J)
common coding variant that affectsmRNA (2012).9q31.2-rs865686 as a susceptibil-
expression and protects from bladder ity locus for estrogen receptor-positive
cancer. Hum Mol Genet 21,1918-1930. breast cancer: evidence from the Breast
Lambrechts D et al. (incl. Benitez J, Milne Cancer Association Consortium. Cancer
RL) (2012).11q13 is a susceptibility locus Epidemiol Biomarkers Prev 21,1783-1791.
for hormone receptor positive breast Czachorowski MJ, Amaral AF, Montes-
cancer. Hum Mutat 33,1123-1132. Moreno S, Lloreta J, Carrato A, Tardén A,
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Figure2 Germline variants associated with out-
come in patients with non-muscle invasive bladder
cancer (NMIBC). Chromosomal representation with
the genomic location of the closest genes to the
SNPs associated with NMIBC outcome (recurrence,
red; progression, blue; relapse, green) in discovery
analysis. Highlighted are those SNPs that were
replicated in the validation phase. Results are from
an international genome-wide prognosis study.
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Chromosome

The European case-control study (PanGen-EU), conducted

in 6 European countries, has included 2,216 cases and 813

controls; placing it in a unique position for post-genome-wide

association studies. Our group also participates in the Pancreas

Cancer Case-Control Consortium (PanC4) and collaborates

with other similar international initiatives. Recently, we were

selected by the European Commission to spearhead the COST

Action “An integrated European platform for pancreatic can-
cer research: from basic science to clinical and public health

interventions for a rare disease”.

Breast cancer
Gene-gene interactions have been proposed to account for

the ‘missing heritability’ in breast cancer. We have under-
taken huge, computational resource-demanding analyses

to explore these interactions with 72,611 candidate variants,
genotyped in 46,450 breast cancer cases, and 42,461 controls
of European origin from a European multi-consortia project
(COGS). Surprisingly, no evidence of 2-way SNP interactions
inbreast cancer susceptibility was observed. The collaboration
with International Consortia has resulted in the identifica-
tion and replication of genetic variants in both sporadic and
familial breast cancer patients.

Public Health and Genomics

We participate in the European Public Health and Genomics

Network (PHGEN) with the aim to assess the implications

of using genomic data and technology for large-scale popu-
lation studies (genetic testing, biobanking, ethic and legal

issues). m

Morente MM, Kogevinas M, Real FX, Malats
N; for the SBC/EPICUROQ investigators
(2012). Cyclooxygenase-2 expressionin
bladder cancer and patient prognosis:
results from a large clinical cohort and
meta-analysis. PLoS One 7,e45025.
Hein R et al. (incl. Milne RL, Benitez
J) (2012). Comparison of 625 breast
cancer hits from asian and european
genome wide association studies in the
breast cancer association consortium
(BCAC). PLoS One 7,e42380.
Kirchhoff T et al. (incl. Milne RL, Benitez
J) (2012). Breast cancer risk and
6022.33: combined results from breast
cancer association consortium and con-
sortium of investigators on modifiers of
BRCAI/2. PLoS One 7,35706.

» Menashe | et al. (incl. Malats N, Real

FX) (2012). Large-scale pathway-based
analysis of bladder cancer genome-
wide association data from five studies
of European background. PLoS One
7,€29396.

Marenne G, Real FX, Rothman N,
Rodriguez-Santiago B, Pérez-Jurado L,
Kogevinas M, Garcia-Closas M, Silverman
DT, Chanock SJ, Génin E, Malats N (2012).
Genome-wide CNV analysis replicates
the association between GSTMI deletion
and bladder cancer: a support for using
continuous measurement from SNP-
array data. BMC Genomics 13, 326.
Garcia PV, Linhares D, Amaral AF,
Rodrigues AS (2012). Exposure of
thermoelectric power-plant workers
to volatile organic compounds from
fuel oil: Genotoxic and cytotoxic effects
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197-201. sonalized medicine to personal health.
Gutiérrez-lbarluzeal, Ibarreta D, Malats Personalized Medicine 9, 115-119.

N (2012). Public health genomics in Lorente B, Medinal, Morcillo C, Sangros
Spain: the status of a non-existing reality. R, Alegre J, Pita G, Vellalta G, Malats N,
Public Health Genomics 15, 313-321. Pisano DG, Dopazo J, Navarro A (2012).
Porta M, Pumarega J, Guarner L, Malats SYSNPs (Select Your SNPs): a web tool
N, Sola R, Real FX; for the PANKRAS II for automatic and massive selection
Study Group (2012). Relationships of of SNPs. Int J Data Min Bioinform 6,
hepatic and pancreatic biomarkers with 324-334.

the cholestatic syndrome and tumor Work ME, Andrulis IL, John EM, Hopper
stage in pancreatic cancer. Biomarkers JL,LiaoY, Zhang FF, Knight JA, West DW,
17, 557-565. MilneRL, Giles GG, Longacre TA, O’Malley
Porta N, Luz Calle M, Malats N, Gémez F,Mulligan AM, Southey MC, Hibshoosh H,
G (2012). A dynamic model for the risk Terry MB (2012). Risk factors for uncom-
of bladder cancer progression. Stat Med mon histologic subtypes of breast cancer
31,287-300. using centralized pathology review inthe
Cesuroglu T, Van Ommen B, Malats N, Breast Cancer Family Registry. Cancer
Sudbrak R, Lehrach H, Brand A (2012). Res Treat 134,1209-1220.
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OVERVIEW

Single nucleotide polymorphisms (SNPs) are the most abun-
dant form of genetic variation in the human genome, although

structural changes such as copy number variants (CNVs) are

proving to be more common than expected. Many complex

human phenotypes have a significant genetic component that

is likely to be explained by such variants. Association studies

involving large-scale analysis of both SNPs and CNVs can help

to identify genes that underlie diverse human phenotypes,
including complex diseases such cancer, as well as to predict

drug response. Given the potential impact of such genetic

variations on health, our Unit has implemented different

high-throughput and cost-effective methods to measure thou-
sands, and up to millions, of these variants. Complementarily,
large-scale pharmacogenomic studies have been undertaken

to identify predictive biomarkers for personalised cancer
therapy.
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RESEARCH HIGHLIGHTS

Discovery of a new susceptibility gene for
capecitabine-induced hand-foot syndrome

We carried out a genome-wide association study in patients

treated with capecitabine, a drug used in breast and colorectal

cancer to identify genetic susceptibility factors for severe

capecitabine-related hand-foot syndrome (HFS); this adverse

eventis the most frequent reason for dose reduction or therapy
cessation. We identified several cis-acting regulatory genetic

variants of a cadherin gene that was associated with severe

capecitabine-induced HFS and replicated the results in an

independent patient series (FIGURE). Gene expression analy-
sis suggested that these variants play a role in gene regula-
tion. Thus, this study provides novel insights into the clinical

response to capecitabine treatment that could be helpful in

taking precise preventive measures for patients at high risk
of severe HFS appearance.

Discovery of genetic variants related to
Ewing’s sarcoma prognosis after treatment

Ewing’s sarcoma (ES) is the second most common bone malig-
nancyin children and adolescents. Multidisciplinary manage-
ment, incorporating advances in diagnosis, surgery, radiation
and, in particular, chemotherapy, has substantially improved
the survival for ES patients to almost 70%. Despite these
advances, many individuals still relapse or suffer from adverse
drug reactions; this has motivated the search for predictive
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Figure Manhattan plot of -log10 P-values for SNPs from Cox regression

- adjusted for sex, tumour type and treatment regimen - by chromosomal
position 10 markers with P < 1x 10-° were selected for replication in an inde-
pendent patient series.

factors. We examined 224 SNPs in 17 genes involved in the
transport/metabolism of 6 widely-used ES chemotherapeutic
agents in 512 patients from 5 European countries. The data
from this large-scale study are currently being analysed.

Translational research

This year, the Unit has received accreditation by the National

Accreditation Entity (ENAC) in recognition of both its techni-
cal competence and quality management. The Unit has also

been accredited, as the first of its kind in Europe, as a clinical

laboratory complying with UNE EN ISO 15189:2007 stand-
ards for large-scale SNP genotyping, using high-throughput

technologies (No.984/LE 1873). m

PUBLICATIONS

Ghoussaini M et al. (incl. Milne RL,
Alonso MR, Gonzalez-Neira A, Benitez
J) (2012). Genome-wide association
analysis identifies three new breast
cancer susceptibility loci. Nat Genet
44, 312-318.

Postel-Vinay S et al. (incl. Gonzdlez-
Neira A) (2012). Common variants near
TARDBP and EGR?2 are associated with
susceptibility to Ewing sarcoma. Nat
Genet 44, 323-327.

Pérez-Siles G, Nufiez E, Morreale A,
Jiménez E, Leo-Macias A, Pita G,
Cherubino F, SangalettiR, Bossi E, Ortiz
AR, Aragon C, Lépez-Corcuera B (2012).
An aspartate residue in the external
vestibule of GLYT2 (glycine transporter
2) controls cation access and transport
coupling. Biochem J 442, 323-334.

» MavaddatNetal. (incl. Osorio A, Gonzalez-
Neira A, Benitez J) (2012). Pathology of
breast and ovarian cancersamong BRCAT
and BRCA2 mutation carriers: results
from the Consortium of Investigators of
Modifiers of BRCAI/2 (CIMBA). Cancer
Epidemiol Biomarkers Prev 21,134-147.
Vachon CM et al. (incl. Gonzalez-Neira
A, Benitez J) (2012). Common breast
cancer susceptibility variants in LSP1
and RADS5]LT are associated with mam-
mographic density measures that pre-
dict breast cancer risk. Cancer Epidemiol
Biomarkers Prev 21,1156-1166.

Hein R et al. (incl. Milne RL, Gonzalez-
Neira A, Benitez J) (2012). Comparison
of 6025 breast cancer hits from Asian
and European Genome Wide Associa-
tion Studies in the Breast Cancer As-
sociation Consortium (BCAC). PLoS
One 7,e42380.
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Gonzalez-Neira A (2012). Pharmacoge-
netics of chemotherapy efficacy in breast
cancer. Pharmacogenomics 13, 677-690.
Lorente B, Medinal, Morcillo C, Sangros
R, Alegre J, Pita G, Vellalta G, Malats N,
Pisano DG, Dopazo J, Navarro A (2012).
SYSNPs (Select Your SNPs): a web tool
for automatic and massive selection
of SNPs. Int J Data Min Bioinform 6,
324-334.

Articlein press

Fernandez-Navarro P, Pita G, Santamarifia
C,MorenoMP, Vidal C, Miranda-Garcia J,
Ascunce N, Casanova F, Collado-Garcia
F,Herrdez B, Gonzalez-Neira A, Benitez
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and mammographic density in a large
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identifies susceptibility lociin TOX3 gene.
Eur J Cancer (in press).

PATENTS

Gonzélez-Neira A, Patifio A (2012).
Method for predicting survival in cancer
patients. PCT/W02012/139945.

Zurita ME, Montoliu JL, Fernandez A, de
la Villa P, Gonzalez-Neira A, Benitez J
(2012). Novel animal model for Achro-
matopsia. PCT/ES/P2012/31296.
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National Representative and Board
Member, European Association for
Predictive, Preventive and Personalised
Medicine (EPMA).
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The Clinical Research Programme (CRP) aims to translate
advances in cancer research into the diagnosis and care of
patients with cancer. The major goals of the CRP include
the design, conduction and analysis of early clinical trials
with novel drugs; the implementation of a programme for
personalised cancer treatment; and the expansion of these
activities to clinical centres across the country by establishing
associate clinical units and by launching a training programme
in drug development.

The CRP is composed of one Research Group, 3 Clinical
Research Units (CRUs), and 3 support Units. Chistopher
Heeschen leads the Stem Cell and Cancer Research Group that
works on the molecularidentification and targeted elimination
of cancer stem cells. The Gastrointestinal Cancer CRU, led by
Manuel Hidalgo, studies novel therapeutics in pancreatic can-
cer. Miguel Quintela-Fandino leads the Breast Cancer Junior
CRU that centres its efforts on the development of kinase and
angiogenesis inhibitors in breast cancer. In 2012, we recruited
David Olmos, from the Royal Marsden Hospital in London,
to head the CRIS Foundation-CNIO Prostate Cancer and

Genitourinary Tumours Junior CRU that focuses on novel

therapeutics and biomarkers in prostate cancer. In 2012, we

also recruited Fatima Al-Shahrour to lead the Translational

Bioinformatics Unit that aims to provide genomic analysis for
personalised cancer treatment. The Molecular Diagnostics

CRU headed by Luis Lombardia focuses on the implementation

of molecular markers in clinical trials, and the Clinical Trials

Management Unit coordinates our clinical trials activities.

In 2012, our main activities were based on the expansion of our
clinical trials activities through collaborations with several
hospitals in Spain. At the Hospital de Madrid, we consolidated
our phase I clinical trials activity by launching over 20 phase I
studies; more than 100 patients are projected to be treated
this year. We have also implemented collaborative agreements
with other hospitals in Madrid and in other Auotonomous
Communities of Spain in order to create an early clinical tri-
als network. Furthermore, we have established multi-centric
clinical trials in breast cancer that involve several Spanish
hospitals. Finally, we initiated the CNIO’s personalised cancer
treatment initiative based on the ‘Avatar’ mouse model; this
innovative approach has gained significant acceptance in the
scientific community. m
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OVERVIEW

The Gastrointestinal (GI) Cancer Clinical Research Unit

focuses on the clinical development and personalised applica-
tion of novel therapeutic approaches for patients with cancers

of the alimentary tract. Our principal activity is the design,
conduction, and analysis of clinical trials with novel anticancer
agents. Over the last few years, we have implemented a growing

portfolio of clinical trials with new agents spanning a broad

range of mechanisms of action. An important development in

this area has been the recent report that nab-paclitaxel - an

agent that we helped to develop - improves survival in patients

with pancreatic cancer.

Key to our work, is the development and characterisation of
‘Avatar’ mouse models for drug screening, biomarker develop-
ment, and personalised medicine. Over the last few years we
have developed and characterised the largest collection of these
models in pancreatic cancer, both from primary and metastatic
tumours, and have also developed a growing collection of colon
cancer models. We are using the Avatar models in two critical
applications. On one hand, we are conducting co-clinical trials,
in which clinical trials are performed in parallel with studies,

using Avatar models of the same cancer type in order to eluci-
date mechanisms of action and biomarkers of drug response/
resistance. On the other hand, we are using the Avatar models

for personalised cancer treatment by integrating data from

next-generation sequencing approaches.

RESEARCH HIGHLIGHTS

During 2012, we have continued lines of work that were initi-
ated in the previous year, including preclinical studies with

novel anticancer agents, conduction of clinical trials in our
associated hospitals, expansion of our network of collabora-
tive centres, and the launch of several personalised medicine

studies.

Avatar mouse model development
and characterisation

Our group has continued its efforts to develop and characterise
Avatar mouse models based on xenografts from patients with
GI malignancies, as well as other tumour types, for drug screen-
ing, development of drug combinations, biomarker discovery,
and personalised medicine. This collection of pancreatic
ductal adenocarcinoma xenografts from pancreatic ductal

adenocarcinomas (PDA) is the largest and best character-
ised collection available so far, and represents an important
resource for academic and industry investigators.

We have collaborated in several published studies (listed

below) that use our collection for drug development and

for biological studies. We have also continued to exploit our

Avatar mouse models for personalised oncology. FIGURE 1 sum-
marises the application of an Avatar model to select phase I

treatments for a patient with salivary gland carcinoma. This

study identified an IGFR1 inhibitor as the most effective agent

that was administered to the patient with clinical improve-
ment. Based on this observation, we initiated parallel clinical

and preclinical studies in patients with this disease as well

as in Avatar models derived from patients with this cancer

type; these studies have been completed very recently with

encouraging results.
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Figure1 Personalised cancer treatment approach. (A, B) Treatment response of a patient’s Avatar mouse model.
(C) Activity of the IGF1IR inhibitor figitumumab in the patient’s Avatar model. (D) CT-scan response of a liver metastasis.

Development of novel anticancer agents

We have significantly expanded our portfolio of early clinical
trials in patients with GI and other malignancies. At present,
the GI Cancer Clinical Research Unit is conducting more
than 20 clinical studies with novel anticancer agents, span-
ning a wide range of mechanisms of action such as signal-
ling inhibitors (FGFR, RAF, MEK, HER), Notch inhibitors,
conventional chemotherapy and angiogenesis inhibitors.
These studies include first-in-class/first-in-human clini-
cal trials and studies with relevant biomarker analysis, as
well as co-clinical studies in mouse models. An example

of our contributions to drug development is the work con-
ducted with nab-paclitaxel in patients and mouse models of
PDA. In initial phase I-II clinical and co-clinical studies we
observed that nab-paclitaxel was very effective in patients
with advanced PDA and that one of the biological effects
was a profound remodelling of the PDA stroma. To gain fur-
ther understanding of this observation, we performed a pre-
operative study of nab-paclitaxel in patients with oper-
able PDA. Analysis of tumours resected at the time of
surgery showed massive stromal disorganisation with a
decreased concentration of cancer associated fibroblasts
(FIGURE 2). A subsequent preclinical trial in mouse models

PUBLICATIONS structural alterations define switch/
sucrose nonfermentable (SWI/SNF)
chromatin remodeler as a central tu-
mor suppressive complex in pancre-
atic cancer. Proc Natl Acad Sci USA 109,
E252-E259.

Hidalgo M, Von Hoff DD (2012). Trans-
lational therapeutic opportunities in
ductal adenocarcinoma of the pancreas.
Clin Cancer Res 18, 4249-4256.

Morelli MP, Tentler JJ, Kulikowski GN,
Tan AC, Bradshaw-Pierce EL, Pitts TM,
Brown AM, Nallapareddy S, Arcaroli
JJ, Serkova NJ, Hidalgo M, Ciardiello
F, Eckhardt SG (2012). Preclinical ac-
tivity of the rational combination of
selumetinib (AZD6244) in combina-
tion with vorinostat in KRAS-mutant
colorectal cancer models. Clin Cancer
Res18,1051-1062.

Hidalgo M (2012). From node to pathway
blockade: lessons learned from target-
ing mammalian target of rapamycin. J
Clin Oncol 30, 85-87.

Morelli MP, Calvo E, Ordofiez E, Wick
MJ, Viqueira BR, Lopez-Casas PP,
Bruckheimer E, Calles-Blanco A,
Sidransky D, Hidalgo M (2012). Priori-
tizing phase | treatment options through
preclinical testing on personalized tu-
morgraft. J Clin Oncol 30, e45-e48.
Ferndndez AF et al. (incl. Hidalgo M,
Sanchez-Carbayo M, Grafia O) (2012). A
DNA methylation fingerprint of 1628 hu-
man samples. Genome Res 22, 407-419.
Shain AH, Giacomini CP, MatsukumaK,
Karikari CA, Bashyam MD, Hidalgo M,
Maitra A, Pollack JR (2012). Convergent

Hidalgo M (2012). New insights into
pancreatic cancer biology. Ann Oncol
23, x135-x138.

Weekes CD, Song D, Arcaroli J, Wilson
LA, Rubio-Viqueira B, Cusatis G, Garrett-
Mayer E, Messersmith WA, Winn RA,
Hidalgo M (2012). Stromal cell-derived
factor 1a. mediates resistance to mTOR-
directed therapy in pancreatic cancer.
Neoplasia 14, 690-701.

Angulo B, Conde E, Sudrez-Gauthier
A, Plaza C, Martinez R, Redondo P,
Izquierdo E, Rubio-Viqueira B, Paz-Ares
L, Hidalgo M, Lopez-Rios F (2012). A
comparison of EGFR mutation testing
methods in lung carcinoma: direct se-
quencing, real-time PCR and immuno-
histochemistry. PLoS One 7, e43842.
Gomez-Martin C, Garralda E, EcharriMJ,
Ballesteros A, Arcediano A, Rodriguez-

Peralto JL, Hidalgo M, Lépez-Rios F
(2012). HER2/neu testing for anti-HER2-
based therapies in patients with un-
resectable and/or metastatic gastric
cancer. J Clin Pathol 65, 751-757.
Valencia A, Hidalgo M (2012). Getting
personalized cancer genome analysis
into the clinic: the challenges in bioin-
formatics. Genome Med 4, 61.

Articlesin press

Rodriguez-Pascual J, Sha P, Garcia-
Garcia E, Rajeshkumar NV, de Vicente
E, Quijano Y, Cubillo A, Angulo B,
Hernando O, Hidalgo M. A preclinical
and clinical study of mycophenolate
mofetil in pancreatic cancer. Invest New
Drugs (in press).

Cubillo A, Hernando-Requejo O,
Garcia-Garcia E, Rodriguez-Pascual
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patients and patients treated with conventional therapy are shown for comparison. (B) Presence of activated can-
cer-associated fibroblasts in tumour tissues. (C, D) Quantitation of cancer-associated fibroblasts in tumour tissues.

of PDA suggested that these effects are specific for nab-pa-
clitaxel and not for gemcitabine. Nab-paclitaxel has now
completed phase III testing in PDA patients with positive
results and is likely to become approved for this indication.

Personalised treatment of pancreatic cancer

Our goal is toimplement a stepwise protocol for personalised
cancer treatment, spanning from the selection of first line
treatment, to the selection of the most effective experimental
treatments and the investigation of new targets and drugs. In

keeping with this global aim, we have implemented a protocol

to guide chemotherapy selection in patients with advanced

pancreatic cancer; we have enrolled the first patients in this

trial. We have also implemented a programme to integrate

next-generation sequencing of Avatar mouse models for
personalised cancer treatment. So far we have completed over
20 individual patient genomes and have generated mouse

models from 8 of these patients. Preliminary results of this

innovative work provide compelling evidence that it is pos-
sible to find drug targets for many of these patients and that
the Avatar mouse models are instrumental in the making of
therapeutic decisions. m

J, de Vicente E, Morelli P, Rubio C,
Lépez-Rios F,Muro A, Lépez U, Prados
S, Quijano Y, Hidalgo M. A prospective
pilot study of target-guided person-
alized chemotherapy with intensity-
modulated radiotherapy in patients
with early rectal cancer. AmJ Clin Oncol
(in press).

Manzano JL, Benavides M, Hidalgo M,
Diaz-Rubio E, Aranda E (2012). First-line
cetuximab plus capecitabine in eld-
erly patients with advanced colorectal
cancer: clinical outcome and subgroup
analysis according to KRAS status from
a Spanish TTD Group Study. Oncologist
17,339-345.

Laheru D, Shah P, Rajeshkumar NV,
McAllister F, Taylor G, Goldsweig H, Le
DT, Donehower R, Jimeno A, Linden S,
Zhao M, Song D, Rudek MA, Hidalgo
M (2012). Integrated preclinical and
clinical development of S-trans, trans-
farnesylthiosalicylic acid (FTS, Salirasib)
in pancreatic cancer. Invest New Drug
30, 2391-2399.

Weiss GJ, Hidalgo M, Borad MJ, Laheru
D, Tibes R, Ramanathan RK, Blaydorn
L, Jameson G, Jimeno A, Isaacs JD,

-

Publications at other Institutions
Mizuma M, Rasheed ZA, Yabuuchi S,
Omura N, Campbell NR, de Wilde RF,
de Oliveira E, Zhang Q, Puig O, Matsui
W, Hidalgo M, Maitra A, Rajeshkumar NV
(2012). The gamma secretase inhibitor
MRK-003 attenuates pancreatic cancer
growth in preclinical models. Mo/ Cancer
Ther11,1999-2009.

Sastre J, Gravalos C, Rivera F, Massuti
B, Valladares-Ayerbes M, Marcuello E,
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Scaburri A, Pacciarini MA, Fiorentini F, » Calvo-Plazal, Ugidos L, Mir6é C, Quevedo
Ciomei M, Von Hoff DD (2012). Phase P, Parras M, Marquez C, de la Cruz JJ,
| study of the safety, tolerability and Sudrez-Gauthier A, Pérez FJ, Herrero
pharmacokinetics of PHA-848125AC, M, Marcos M, Garcia-Aranda M, Hidalgo
a dual tropomyosin receptor kinase A M, Estévez LG. Retrospective study as-
and cyclin-dependent kinase inhibi- sessing the role of MRl in the diagnostic
tor, in patients with advanced solid procedures for early breast carcinoma:
malignancies. /nvest New Drug 30, a correlation of new fociin the MRI with
2334-2343. tumor pathological features. Clin Trans/
Oncol (in press).

Articlesin press

Azad N, Dasari A, Arcaroli J, Taylor GE,
Laheru DA, Carducci MA, McManus M,
Quackenbush K, Wright JJ, Hidalgo M,
Diaz LA Jr, Donehower RC, Zhao M,
Rudek MA, Messersmith WA. Phase |
pharmacokinetic and pharmacodynam-
ic study of cetuximab, irinotecan and External Advisory Board Member, Insti-
sorafenib inadvanced colorectal cancer. tuto Oncoldgico de kutxa (Onkologikoa),
Invest New Drug (in press). Spain.

-

AWARDS AND RECOGNITION

-

Scientific Advisory Board Member, De-
partment of Oncology at the University
of Leuven, Belgium.
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OVERVIEW

Accumulating evidence from several laboratories, including

our own, supports the existence of cancer stem cells (CSCs)

in pancreatic cancer. CSCs represent a subpopulation of cells

distinguishable from the bulk of the tumour by their exclusive

ability to drive tumourigenesis and metastasis (FIGURE 1).
They play a crucial role in disease relapse due to their inher-
ent resistance to current therapies.
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Therefore, in order to enhance our understanding of the regu-
latory machinery of these CSCs, we are running a combined
basic and translation research programme, which synergisti-
cally combines studies on the biology of mouse and human
cancer stem cells, including their in vivo microenvironment.
First, we are aiming for a comprehensive understanding of the
cellular origin of pancreatic cancer stem cells, including their
relation to different environmental conditions and how this
alters the function of the arising cancer stem cells. Secondly,
we are studying their consecutive genetic and epigenetic
evolution during tumour progression, including acquisition
of invasive and metastatic phenotypes.

In particular, research in our group focuses on: i) the identi-
fication of novel biomarkers for CSCs; ii) tracking, isolation

and characterisation of circulating CSCs; iii) in vivo studies of
CSC biology in mouse models; iv) the development of novel

CSC-targeting therapies; v) the generation of nanoparticles

for targeted drug delivery; and vi), the clinical translation of
novel treatment modalities.
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Pancreatic stellate cells form
aniche for cancer stem cells

Emerging data indicate that the elimination of CSCs as the
root of the cancer is of pivotal importance for efficient treat-
ment of pancreatic cancer. Recently, we demonstrated —ina
highly relevant preclinical mouse model for primary pancreatic
cancers — that the combination of CSC-targeting strategies in

combination with a stroma-targeting agent, such as ahedgehog
pathway inhibitor and conventional chemotherapy, resulted
in significantly enhanced long-term and progression-free
survival. This year, we were able to show, mechanistically,
that Nodal-expressing pancreatic stellate cells (PSCs) are
an important component of the tumour stroma due to their
capability to create a paracrine niche for pancreatic cancer
stem cells. Secretion of the embryonic morphogens, Nodal/
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» PUBLICATIONS

Activin by PSCs, accounts for PSC invasiveness in an Activin
Receptor-Like Kinase 4 (Alk4)-dependent manner (FIGURE 2).
These findings imply that the pancreatic CSC phenotype
is promoted by paracrine Nodal/Activin signalling at the
tumour-stroma interface. Therefore, targeting the tumour
microenvironment does not only improve drug delivery but,
even more importantly, also destroys the cancer stem cell
niche and, therefore, should be an integral part of cancer stem
cell-based treatment strategies.

Metformin targets pancreatic cancer stem cells

As opposed to the cancer cells that make up the bulk of the
tumour, CSCs are a small subset of cells that are resistant to
conventional therapy for pancreatic cancer. Recent data from
our group now indicate that metformin, a widely used and
well-tolerated drug for the treatment of diabetes, is capable
of efficiently eliminating CSCs. In particular, we found that
metformin-pretreated CSCs were especially sensitive to altera-
tions to their metabolism through the activation of 5’ adenosine
monophosphate-activated protein kinase (AMPK). In fact,
metformin treatmentresulted in the death of CSCs. In contrast,
treatment of more differentiated cancer cells with metformin
onlyarrested the cells’ growth. As the cancer stem cells represent
theroot of pancreatic cancer, their extinction by reprogramming
their metabolism with metformin, in combination with the
stalling of the proliferation of more differentiated cells, should
result in tumour regression and long-term, progression-free

survival. In support of this hypothesis, we found that treatment

ofimmunocompromised mice, implanted with a diverse set of
patient-derived tumours, with acombination of the anti-diabetic

drug metformin and gemcitabine - the standard chemothera-
peutic treatment for pancreatic cancer - resulted in reduced

tumour burden and the prevention of relapse as compared with

treatment based on either drug alone. =

Alk4/7 inh.

/ Gemc:tablne

Figure2 Paracrine Nodal signalling, combined treatment targeting stromaand
CSCs. Autocrine (from CSCs) and paracrine (from PSCs) Nodal and Activin A
signalling promote stemness and invasiveness of CSCs. In turn, sonic hedgehog
(SHH) is released from CSCs and activates paracrine hedgehog signalling in PSCs,
resulting in their subsequent activation. This vicious circle can be interrupted by
combined inhibition of Alk4/7 in CSCs and smoothened (Smo) in PSCs.

cellsis essential for functional recovery
of murine ischemic tissue following cell

» Cioffi M, Dorado J, Baeuerle PA, therapy. Arterioscler Thromb Vasc Biol

Heeschen C (2012). EpCAM/CD3-bis- 32,e13-e21.

pecific T cell engaging antibody M110 Lonardo E, Frias-Aldeguer J, Hermann
eliminates primary human pancreatic PC, Heeschen C (2012). Pancreatic stel-
cancer stem cells. Clin Cancer Res 18, late cells form a niche for cancer stem

-

» Cioffi M, Heeschen C (2012). Immuno- » PATENT
targeting of pancreatic cancer
stem cells: a new therapeutic strat- » Heeschen C, Hermann P C, Lonardo E
egy against a devastating disease? (2012). Triple combination for the treat-
Oncoimmunology 1, 560-562. ment of cancer. PCT/EP2012/071851.

Articlesin press

465-474.

» Schwarz TM, Leicht SF, Radic T, Rodri-
guez-Araboalaza |, Hermann PC, Berger
F, Saif J, Bocker W, Ellwart JW, Aicher
A, Heeschen C (2012). Vascular incor-
poration of endothelial colony-forming

Figure1 Cancer stem cell concept. Although the origin of CSCs still remains illusive for most cancer entities, distinct populations of CSCs have already been
identified. For example, tumour resident CD133+ pancreatic CSCs bearing a self-renewal capacity, are able to repopulate the entire tumour population and are
highly resistant to chemo-and radiotherapy. A distinct subpopulation of migrating CSCs, identified by additional expression of CXCR4 and/or c-Met, can be de-
tectedintheinvasive front as well as in the circulating blood. Detection of these circulating CSCs could serve as prognostic and therapeutic biomarkers and, even
more importantly, their prospective isolation as a liquid biopsy serves - in our laboratory - as a valuable source of metastatic CSCs from individual patients.
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cells and promote their self-renewal and
invasiveness. Cell Cycle 11,1282-1290.
Balic A, Dorado J, Alonso-Gémez M,
Heeschen C (2012). Stem cells as the
root of pancreatic ductal adenocarci-
noma. Exp Cell Res 318, 691-704.

» Hermann PC, Heeschen C. Pancreatic
cancer stem cells-quo vadis? Clin Chem
(in press).

» Garcia S, Frias-Aldeguer J, Heeschen
C. Stem cells & pancreatic cancer. Pan-
creatology (in press).

> AWARDS AND RECOGNITION

» Patrick C. Hermann has been awarded the
Hector-Forschungspreis Onkologie for his
outstanding work on the role of cancer
stem cells in colon and pancreas cancer.
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OVERVIEW

Our Clinical Research Unitis devoted to the implementation
of the findings of CNIO’s basic research units into the clinical
setting. Generally, we focus on three areas of activity with the
aim of creating rational steps towards the improvement of
breast cancer management; all the questions driving forth our
projects, regardless of whether they concern animal model
studies or clinical trials sponsorship, are geared towards their
eventual clinical applicability.

- Preclinical level: determination of tumour repro-
gramming mechanisms that explain their escape from
targeted therapies.

- Translational level: large collections of breast cancer
samples are interrogated with different high-throughput
platforms to define clinically significant patient subgroups
(i.e. response or resistance to specific agents).

- Clinicallevel: concept-driven clinical trials in biomarker-
defined breast cancer patient populations.
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RESEARCH HIGHLIGHTS

Hormone receptor-positive breast cancer represents more

than two thirds of the total breast cancer cases. All the patients

within this subtype are managed with the same treatment

strategies (chemotherapy, hormonal blockade), however,
great heterogeneity is observed in terms of development of
distant metastasis, survival, and response to standard treat-
ments. Recently, different studies published by consortiums

involved in the sequencing of large number of tumours have

reported a very low incidence of driving mutations in breast

cancer (100-fold lower as compared to other malignancies

such as melanoma); thus, these findings do not provide an

explanation for the observed heterogeneity. Therefore, we

hypothesised that other gains-and loss-of-function mecha-
nisms might account for this heterogeneity.

To this end, we interrogated - using comparative genomic
hybridisation arrays — a training set of patients characterised by
extreme behaviour. Paired by all the known prognostic factors,
2 subgroups constituted the training set: a set of patients with
distant metastatic relapse in less than 4 years, and a second set
with no evidence of disease after more than 12 years following
diagnosis. This setting aims to determine amplifications and
deletions (likely to drive the phenotype) — enriched in the
aggressive or indolent cases — that help segregate the clinical
behaviour of incident cases.

Through this approach, we identified 16 genomic regions with
aberrant copy number that occurred only in the bad-prognosis
subgroup and another 15 that were only found in the good-
prognosis group. These regions are small and contain few
genes, which allowed us to determine the gene of interest in
each amplicon. A signature composed by these regions helped
us to discriminate the clinical outcome of a validation-set
series with higher power than conventional prognosis factors.
Moreover, as shown (FIGURE), the identified alterations have
therapeutic significance since some of these regions contain
genes encoding proteins that can be therapeutically targeted
by currently available drugs. m
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Figure (A)showsanamplicon, detectedin 25% of aggressive breast cancer
cases, that contains coding sequence for the Fibroblast Growth Factor Receptor1
(FGFRY1). (B) depicts mice with tamoxifen-treated lung metastasis originated
from FGFR1-amplified and non-amplified hormone-positive breast cancer cell
lines. Targeting FGFR1in a patient with refractory breast cancer and FGFR1
amplification (C), led to an improved response to therapy (D).

v

PUBLICATIONS
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Arpaia E, Blaser H, Quintela-Fandino
M, Duncan G, Leong HS, Ablack A,
Nambiar SC, Lind EF, Silvester J,
Fleming CK, Rufini A, Tusche MW,
Brustle A, Ohashi PS, Lewis JD, Mak
TW (2012). The interaction between
caveolin-1 and Rho-GTPases pro-
motes metastasis by controlling the
expression of alpha5-integrin and
the activation of Src, Ras and Erk.
Oncogene 31, 884-896.

» Turrado C, Puig T, Garcia-Céarceles J,

Artola M, Benhamu B, Ortega-Gutié-
rrez S, Relat J, Oliveras G, Blancafort
A, Haro D, Marrero PF, Colomer R,
Lépez-Rodriguez ML (2012). New syn-
thetic inhibitors of fatty acid synthase
with anticancer activity. JMed Chem
55,5013-5023.

» AWARDS AND RECOGNITION

-

Ramoén Colomer has been appoint-
ed Head of Oncology, Hospital La
Princesa in Madrid, Spain.
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OVERVIEW

Prostate cancer is the second most common form of cancer in

males, with approximately 900,000 cases every year worldwide.

Despite radical treatment, up to a third of all these patients
may succumb to advanced, castration resistant disease.

Our Unit plans to focus on translating basic cancer research
into clinical practice, especially in the following areas:

- Basicresearch: to characterise the role of DNA repair
deficiency and chromosomal instability in prostate cancer
progression and castration-resistance.

- Translational research: to individualise patients’ manage-
ment by implementing the molecular characterisation
of circulating tumour cells and other novel blood-borne
circulating biomarkers as less invasive and more repro-
ducible approaches.

- Clinical research: to conduct early biomarker-driven clini-
cal trials with novel agents in patients with this disease.

PUBLICATIONS Articleinpress

Castro E etal. (incl. Olmos D). Germline
BRCA mutations are associated with
higher risk of nodal involvement, dis-
tant metastasis and poor survival out-
comes in prostate cancer. J Clin Oncol

(in press).

Olmos D, Brewer D, Clark J, Danila DC,
Parker C, Attard G, Fleisher M, Reid
AH, Castro E, Sandhu SK, Barwell L,
Oommen NB, Carreira S, Drake CG,
Jones R, Cooper CS, Scher HI, de
Bono JS (2012). Prognostic value of
blood mRNA expression signatures in
castration-resistant prostate cancer: A
prospective, two-stage study. Lancet
Oncol13,1114-1124.

Publications at other institutions

Olmos D, A’hern RP, Marsoni S, Morales
R, Gomez-Roca C, Verweij J, Voest EE,
Schoffski P, Ang JE, Penel N, Schellens
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JH, del Conte G, Brunetto AT, Evans TR,
Wilson R, Gallerani E, Plummer R, Taber-
nero J, Soria JC, Kaye SB (2012). Patient
selection for oncology phase | trials: a
multi-institutional study of prognostic
factors. J Clin Oncol 30, 996-1004.

Arkenau HT, Plummer R, Molife LR, Olmos
D, Yap TA, Squires M, Lewis S, Lock V, Yule
M, Lyons J, Calvert H, Judson 1 (2012). A
phase | dose escalation study of AT9283,a
small molecule inhibitor of aurorakinases,
in patients with advanced solid malignan-
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cies. Ann Oncol 23,1307-1313.

Mezynski J, Pezaro C, BianchiniD, Zivi A,
Sandhu S, Thompson E, Hunt J, Sheridan
E, Baikady B, Sarvadikar A, Maier G, Reid
AH, Mulick Cassidy A, Olmos D, Attard
G, de Bono J (2012). Antitumour activ-
ity of docetaxel following treatment
with the CYP17Alinhibitor abiraterone:
clinical evidence for cross-resistance?
Ann Oncol 3,2943-2947.

Molife LR, Alam S, Olmos D, Puglisi
M, Shah K, Fehrmann R, Trani L,

RESEARCH HIGHLIGHTS

Whole blood RNA expression profiles in prostate
cancer as an example for novel circulating biomarkers

Our recent work - the major part of which was conducted when

our group was still located at the Institute of Cancer Research

and The Royal Marsden NHS Foundation Trust in the United

Kingdom - showed thatitis possible tolearn about prostate can-
cer fromitsfootprintin blood. Such signatures of prostate cancer

in the blood allow us to develop a test that is potentially more

accurate than the presently available ones and to further the

benefits for patients by circumventing the need for abiopsy.

We analysed the whole transcriptome of high-quality RNA
obtained from whole blood collected from 100 patients
with prostate cancer (69 patients with advanced cancer and
31 control patients with low-risk, early-stage cancer and
managed by active surveillance) by using the Affymetrix
HGU133 plus 2 genechip. By means of statistical modelling,
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Figure Areduced 9-gene signature was developed to classify LPD1
patients. (A) Heat-map of the 9-gene classifier. Kaplan-Meier overall
survival curves, according to the LPD1status in (B) 64 patients with
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with an unsupervised Bayesian method called Latent Process

decomposition (LPD), we divided the patients into 4 groups

according to gene expression patterns. One of these patterns,
LPD1, was associated with high-risk baseline characteristics

such as elevated LDH or ALP, higher PSA levels or augmented

circulating tumour cell counts. Differentially expressed genes

in this pattern were functionally associated with depression

of B-and T-cell function and mobilisation of early red cell

precursors from bone marrow, probably as markers of early

bone-marrow failure and immune depression. After a follow-
up of 2.5 years we found that patients in LPD1 had survived for

significantly less time than patients in the other groups. The

prognostic value of this gene expression signature from whole

blood was confirmed in 70 patients with advanced prostate

cancer from Memorial Sloan-Kettering Cancer Centre in

New York, demonstrating that patients in LPD1 survived 9.2

months - more than 1yearless (21.6 months) - than patients

who did not exhibit this gene expression signature. m
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advanced, castration resistant prostate cancer (CRPC) included in
the derivation set and (C) 70 patients with CRPC included in the
validation set.

nostic score for phase | cancer patients.
Eur J Cancer 48, 594-596.
Naing A, Aghajanian C,Raymond E, Olmos

Tjokrowidjaja A, de Bono JS, Banerji U,
Kaye SB (2012). Defining the risk of toxi-
city in phase I oncology trials of novel mo-
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J, Voest EE, Schoffski P, Schellens JH,
Kramar A, Kristeleit RS, Arkenau HT, Kaye
SB, Penel N (2012). Prediction of early

Ares L, de Bono JS, Lépez-Martin JA
(2012). First-in-man phase | trial of two
schedules of the novel synthetic tetrahy-

lecularly targeted agents: asingle centre
experience. Ann Oncol 23,1968-1973.

Olmos D, Ang JE, Gomez-Roca C,
Morales-BarreraR, Vulink AJ, Massard C,
Kaye S (2012). Pitfalls and limitations of
asingle-centre, retrospectively derived
prognostic score for phase | oncology
trial participants-reply to Fussenich et
al.: a new, simple and objective prog-

-

D, Schwartz G, Oelmann E, Grinsted L,
Burke W, Taylor R, Kaye S, Kurzrock R,
Banerji U (2012). Safety, tolerability, phar-
macokinetics and pharmacodynamics of
AZD8055inadvanced solid tumours and
lymphoma. BrJ Cancer107,1093-1099.

Ploquin A, Olmos D, Lacombe D, A'Hern
R, Duhamel A, Twelves C, Marsoni S,
Morales-Barrera R, Soria JC, Verweij

deathamong patients enrolled in phase
I trials: development and validation of a
new model based on platelet countand
albumin. BrJ Cancer107,1025-1030.

Yap TA, Cortes-Funes H, Shaw H, Ro-
driguez R, Olmos D, Lal R, Fong PC, Tan
DS, Harris D, Capdevila J, Coronado
C, Alfaro V, Soto-Matos A, Fernandez-
Teruel C, Siguero M, Tabernero JM, Paz-
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droisoquinoline alkaloid PM00104 (Za-
lypsis) in patients with advanced solid
tumours. BrJ Cancer 106, 1379-1385.
Ploguin A, Olmos DD, Ferté C, Cassier PA,
Kramar A, Duhamel A, Penel N (2012).
Life-expectancy of patients enrolled in
phase 1clinical trials: a systematic review
of published prognostic models. Crit Rev
Oncol Hematol 83, 242-248.
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OVERVIEW

The activities of the Molecular Diagnostics Clinical Research

Unit focus on developing, implementing and making avail-
able awide variety of highly sensitive and specific molecular

diagnostics tools and services that are scarcely available in

the Hospitals of the Spanish National Health System. Our

portfolio of assays allows the determination of alterations

in the sequence or expression levels of key genes in cancer

crucial for the early diagnosis of neoplasias before their clini-
cal manifestation, the detection of Minimal Residual Disease

in patients showing clinical remission, and the follow-up of

the response of the patients to therapeutic interventions. Our

Unit also collaborates closely with CNIO’s Clinical Research

Programme in the design and implementation of pharmaco-
diagnostic approaches by developing new tests based on novel

biomarkers and state-of-the-art technologies.

Mufioz A (2012). MicroRNA-22 is in-
duced by vitamin D and contributes
toits antiproliferative, antimigratory
and gene regulatory effects in co-
lon cancer cells. Hum Mol Genet 21,
2157-2165.

Kerguelén Fuentes AE, Herndndez-
Maraver D, Lombardia L, Canales Alben-
dea MA, Rodriguez de la Rua A (2012).
Clinical significance of the quantification
of JAK2V617F allele burdenin classical

PUBLICATIONS

Langerak AW et al. (incl. Lombardia L)
(2012). EuroClonality/BIOMED-2 guide-
lines for interpretation and reporting of
1g/TCR clonality testing in suspected
lymphoproliferations. Leukemia 26,
2159-2171.

Alvarez-Diaz S, Valle N, Ferrer-Mayorga
G, Lombardial, HerreraM, Dominguez
O, Segura MF, Bonilla F, Hernando E,
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Ph-negative myeloproliferative neo-
plasms. Med Clin (Barc) 139, 373-378.

Articlein press

Martin-Sanchez E, Rodriguez-Pinilla
SM, Sénchez-Beato M, Lombardia L,
Dominguez-Gonzalez B, Romero D,
Odqvist L, Garcia-Sanz P, Wozniak
MB, Kurz G, Blanco C, Mollejo M, Alves
FJ, Menarguez J, Gonzalez-Palacios F,
Rodriguez-Peralto JL, Ortiz-Romero PL,
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Garcia JF, Bischoff JR, Piris MA. Simul-
taneous pan-PI3K and MEK inhibition
as a potential therapeutic strategy in
peripheral T cell ymphomas. Haema-
tologica (in press).

AWARDS AND RECOGNITION

Editorial Board Member, Dataset Papers
in Biology.

RESEARCH HIGHLIGHTS

During 2012, we increased our routine capability with new
molecular diagnostic tests allowing the detection of:

- Mutations in exon 10 of the MPL gene, improving our
competence in the identification of patients with myelo-
proliferative disorders previously diagnosed negative for
JAK2 mutations.

- Mutations in exon 3 of the NRAS gene that are found
in solid tumours, including melanoma, colorectal and
thyroid cancers; the detection of these mutations may
be useful to classify subtypes of the disease and to guide
personalised therapies.

- Genomicamplifications of the c-MET gene that are asso-
ciated with poor prognosis in various types of tumours
and predict the therapeutic response to MET inhibi-
tors.

We have also completed the experimental phase of a collabo-
ration in a research project linked to a clinical trial (ENEST
First) coordinated by Novartis Pharmaceuticals SA. We are
now in the analytical stage; our goal is to take advantage

of the clinical trial’s endpoint results for the identification
of biomarkers that are predictive of a complete molecular
response in patients with chronic myeloid leukaemia treated
first-line with the drug nilotinib.

Among the multiple challenges facing the molecular diagnos-
tics of cancer, a key issue is to detect the maximum number

of patients affected by a malignancy. With this aim in mind,
our Unit has designed a diagnostic platform to detect — at a

sustainable cost and time allocation- the gene translocations

observed in more than 95% of patients with synovial or Ewing
Sarcomas (FIGURE). In collaboration with the Hospital 12 de

Octubrein Madrid, we will soon start validation experiments

for its definitive implementation.

Our Unit has also maintained a strong policy regarding QC/
QA procedures - by participating in international and Spanish
groups devoted to External Quality Assessment programmes

- aswell asby providing training and educational programmes;
during 2012 our Unit trained 2 pre-doctoral students, 1 labo-
ratory technician and 4 medical residents. m
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Figure Localisation of primers (black arrows) and probes (grey arrows) for the implementation of a diagnostic
platform that has been designed to detect, by means of qRT-PCR, the 18 most frequent translocations (dotted purple
lines) between the genes FLI/1, EWSRI, ERG and FUS, commonly observed in patients with Ewing Sarcomas.
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OVERVIEW

Translational Bioinformatics has rapidly evolved from an
emerging research field into a complex multidisciplinary
area that intersects biomedical research, informatics and
clinical research.

The official definition of Translational Bioinformatics is the
development of storage, analytic, and interpretive methods
to optimise the transformation of increasingly voluminous
biomolecular data into proactive, predictive, preventive and
participatory health.

The main focus of the Translational Bioinformatics Unit at

the CNIO includes research on the development of novel com-
putational techniques for the integration of cancer genomic

multidimensional data with clinical and pathological features,
and to apply these new methodologies to detect therapeutic

targets and biomarkers of patient response. Our final goal is

to translate the knowledge from cancer genome studies to

effective treatment for cancer patients.
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The Translational Bioinformatics Unit was established in

February 2012. During this first year, we have focused on the

development of computational genomic-based clinical tests

to help categorise patients’ tumours and match them to effec-
tive drugs or treatments based on their genomic alterations.
These alterations include mutations, copy number variations,
genomic rearrangements and activation/deregulation profiles

obtained from high-throughput technologies, such as next-
generation sequencing and gene expression microarrays.

Integrative genomics

Diversity and complexity are both hallmarks of cancer genomes.
Large-scale international cancer genome projects (ICGC,
TCGA) have emerged to comprehensively characterise the
molecular alterations of diverse cancer types. Thus, the analysis
of human cancer includes the integration of these large sets
of data and information.

In this context, our 3 main goals are: i) to develop bioinformat-
ics approaches - that integrate genomic multidimensional

data with clinical and pathological risk factors — into useful

biomarkers that can classify patients’ tumours by prognosis

and response to therapeutic modalities; ii) to discover novel

cancer-associated molecular markers or pathways that are

useful targets for therapy; and iii), to generate an efficient

predictor methodology, based on previously analysed genomic

data, that may help to further refine and guide future treatment

decisions (FIGURE).

Personalised cancer medicine

Personalised medicine has the potential to fulfil the promise of
delivering the right drug dosage, for the right indication, to the
right patient by specifically targeting the genomic aberrations
that drive an individual patient’s tumour behaviour.

The Clinical Research Programme at the CNIO is pioneering
personalised cancer treatment and, in collaboration with
associated hospitals, aims to implement individualised and
targeted therapies that are based on tumour genome profiling
and on the Avatar mouse response to candidate drugs.

The Translational Bioinformatics Unit plays a key role in
CNIO’s personalised cancer medicine platform by providing
the framework and expertise for the systematic interpretation
of individual cancer genomes. m
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Figure The 3 main aims of the Translational Bioinformatics Unit for person-
alised cancer medicine: 1) genome profiling, 2) discovery of novel druggable
biomarkers, and 3), development of a drug response predictor based on

known response biomarkers.

» PUBLICATIONS

Publications at other institutions

» Mullally A, Poveromo L, Schneider
RK, Al-Shahrour F, Lane SW, Ebert BL
(2012). Distinct roles for long-term he-
matopoietic stem cellsand erythroid
precursor cells in a murine model of
Jak2V617F-mediated polycythemia
vera. Blood 120, 166-172.

» Weaver Z, Difilippantonio S, Carretero

J, Martin PL, El Meskini R, lacovelli
AJ, Gumprecht M, Kulaga A, Guerin
T, Schlomer J, Baran M, Kozlov S,
McCann T, Mena S, Al-Shahrour F,
Alexander D, Wong KK, Van Dyke T
(2012). Temporal molecular and bio-
logical assessment of an erlotinib-
resistant lung adenocarcinoma model
reveals markers of tumor progression
and treatment response. Cancer Res
72,5921-5933.

TRANSLATIONAL BIOINFORMATICS UNIT 137



BIOBANK

Manuel M. Morente ESP Lydia Sdnchez EsP

M. Cruz Marin ESP

Manuel M. Morente
Biobank Director

Technical Coordinator
Lydia Sdnchez

Technicians
M. Jesus Artiga, Francisco de Luna,
M. Cruz Marin (since February)

Associate Director
Elena Garcia

Francisco de Luna ESP

M. Jesus Artiga ESP

OVERVIEW

Access to human biological samples and their associated data
is considered as a major bottleneck in biomedical research.
Between 2000 and 2012, the former CNIO Tumour Bank Core
Unit provided samples and associated data, as well as related
ethical documentation support, to CNIO researchers through
the Spanish National Tumour Bank and Biobank networks;
this network involves 63 institutions, is promoted by the
Instituto de Salud Carlos IIT (ISCIII), and is coordinated by
the CNIO (www.redbiobancos.es).

Upon the entering into force of the new legal framework for
biobanking - based among others on RD1716/2011 - the former
Tumour Bank Unit ceased its activity and was transformed into
today’s Biobank under the umbrella of CNIO’s Vice-Direction
for Translational Research. The main objectives of the newly
created Biobank include: i) supplying tumour samples and asso-
ciated data to intramural and extramural research groups; ii)
offering sample management services to CNIO researchers who
work with human sample collections; iii) offering ethical and
technical advice to intramural and extramural research groups,
cooperative networks and clinical trials; and iv), promoting a
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harmonised approach to biobanking through the coordination
ofthe Spanish National Biobanks Network and the European
Biobank Network (BBMRI-ERIC).

RESEARCH HIGHLIGHTS

Tumour Bank Core Unit (until September)

Asabiological resource centre, we have supported 25 research

projects throughout 2012, most of which belong to multi-
centre cooperative groups. The mean impact factor of the

28 publications supported by our Unit in 2012 was 6.7. We

also provided sample and/or documental support for the

CNIO’s Molecular Diagnostic Core Unit (279 cases) and the

familial cancer activities of the CNIO’s Human Cancer Genetics

Programme (23 cases).

Furthermore, our Unit actively collaborated with the
ISCIII in the coordination of the Red Temadtica de Biobancos
Hospitalarios, as well as in activities related to the ESFRI Pan-
European infrastructure on biobanking BBMRI-ERIC. Finally,
the Unit has spearheaded many activities in the national and
international biobanking scene through its participation
and leadership in numerous forums, working groups and
national and international scientific societies. These include
the International Society for Biological and Environmental
Repositories (ISBER), the European, Middle East and African
Society of Biopreservation and Biobanking (ESBB), inter-
national think tanks such as the Marble Arch International
Working Group on Clinical Biobanking, European (ESFRI)
Platforms such as BBMRI-ERIC and the Spanish Society of
Pathology (SEAP).

CNIO Biobank (since October)

The CNIO-Biobank has been set up as a transversal service
platform for all CNIO researchers and the general research
community. Its purpose is to obtain, process, store and share
human biological samples for research excellence in cancer, in
line with the best technical, ethical and quality standards. The
institutional commitment of the CNIO is apparent through the
creation and support of this Biobank that complies fully with
the present legal framework. In keeping with its objectives, the
Biobank will further increase its capacities to host specimens
collected for specific research projects at the CNIO as well as
for projects that fall within the framework of collaborative
networks involving Spanish hospitals. m
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Since its establishment in October 2011, the Direction of
Innovation aims to fulfil one of the major strategic goals of
the CNIO, namely, the translation of discoveries into practical

solutions. The Biotechnology and Experimental Therapeutics

Programmes, together with the Technology Transfer and

Valorisation Office, constitute the Direction of Innovation.
The Biotechnology Programme, composed of different units

thatact together as a technology service provider, is engaged

in the development of novel technologies, such as antibodies,
research tools, or the improvement of existing technological

platforms. The Experimental Therapeutics Programme is

dedicated to identifying novel drug targets and to validating

them as potential therapeutic opportunities for the treatment

of cancer. The Technology Transfer and Valorisation Office

hasbeen very active in attracting partners to commercialise

or further develop CNIO’s technologies.

The achievements of the Direction of Innovation were threefold:

- During 2012 we were able to strengthen our collabora-
tions with existing partner companies. One example is the
agreement signed with Roche. This alliance is unique in
Spain and is the third one of its kind in Europe; it is framed
within Roche’s Extending Innovation Network. Our part-
nership with another pharmaceutical company, Eli Lilly
& Company, has also been expanded and now the CNIO is
part of their Open Innovation Drug Discovery platform.
This initiative enables us to share some of our proprietary
compounds, with the goal of identifying potential new
medicines that would act through novel mechanisms.

A second key component is the generation of newventures
to promote technology transfer. At the CNIO, we believe
thatyoungresearchers are instrumental to the generation
and diffusion of new technologies, and for that reason we
launched a new initiative, in collaboration with Instituto
de Empresa Business School, CNInnOtrain. Thanks to the
support of Fundacién Banco Santander, a group of young
researchers received training on managerial and entre-
preneurial skills, which enabled them to develop their
ideas into potential commercial opportunities.

Finally, the Direction of Innovation aims to assist the
CNIO in achieving an important goal: attract additional
funding from private sponsors. Ongoing fundraising activi-
ties will enable the accomplishment of future strategic
endeavours. m
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The main mission of the Biotechnology Programme is to provide
expert technical support and advice to CNIO Research Groups
inanumber of disciplines that are widely used in biomedical
research, as well as to implement and develop state-of-the-art
biotechnological tools and reagents for cancer research. The
Programme is currently composed of 9 Core Units that cover
major areas in biotechnology; namely, Genomics, Proteomics,
Monoclonal Antibodies, Histopathology, Flow Cytometry,
Confocal Microscopy, Molecular Imaging and Transgenic
Mice, as well as an Animal Facility. Although the Core Units
are mainly focused on meeting the internal demand from
the CNIO Research Groups, they also provide services and
collaborate with groups from other institutions in both the
public and private domains.

During 2012, the Programme underwent two significant

organisational changes. The search for a new Head of the

Proteomics Core Unit culminated with the recruitment of
Javier Mufioz; a brilliant young proteomics specialist com-
ing from the University of Utrecht who joined the CNIO in

October. We wish him lots of success in leading the Unit over

the forthcoming years.

Also during this past year, the two previous units that provided

support in histology and immunohistochemistry technologies
for human and mouse tissues, were reorganised and merged
into one single Histopathology Core Unit; under the leadership
of Marta Cafiamero who previously headed the Comparative
Pathology Core Unit. Lydia Sanchez, the former Head of the
Histology and Immunohistochemistry Core Unit, has moved
to the CNIO Biobank as its Technical Coordinator. We wish
them good luck with their new responsibilities.

Lastbut not least, 2012 has been a very productive year for the

Programme from a scientific point of view. The Transgenic

Mice Core Unit, led by Sagrario Ortega, published their trans-
genic ‘lymphoreporter’ mouse model that allows tracking

the development of lymphatic vessels by optical imaging.
Likewise, Jorge L. Martinez (Proteomics Core Unit), pub-
lished the characterisation of human antibody fragments

(scFv) against ephrinB2, with anti-angiogenic properties in

vitro and in vivo, as potential candidates for the development

ofnovel therapies. These molecules have been licensed to an

external company for their eventual commercial exploitation.
These publications, together with others also released this

year, reflect the excellence of the Programme as a generator

of biotechnological tools and methods. =
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OVERVIEW

Genomics deals with the study of all the genes in an individual,
of their interactions and orchestrated activities, and with the

study of functional elements - genes or not - in its genome

sequence. It deals with both the structure and dynamics of
the genome, with the interactions of those genes with one

another, and with their environment. The genome is a con-
glomerate of functional and non-functional elements, deserts,
fossils or mobile genetic pieces, each with a different tempo

and capabilities. The genome is chemically made of DNA, but

packed, maintained and interpreted by a myriad of protein

complexes. The genome is a display of all the genes, active or

dormant, within a living cell or tissue. Not immutable, the

genome changes and adapts to events such as damage or a

changed environment; source of either individual miseries

or chance for a species’ evolution.
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Cancer is eminently a genetically based condition whose
complexity can only be appreciated with the broadness of
genomics approaches. Genomics’ insights reveal basic clues
for the understanding of the disease, its evolution and diversity,
within a tumour and within a patient. Genomics employs a
distinct set of powerful methodologies, with the capacity to
interrogate a wide number of genetic loci or even a whole
genome in a single experiment. Some tools can detect variants
and differences between samples or conditions at a structural
level; mutations, location of protein factors or complexes,
structural variations in chromatin, prognostic biomarkers
or even therapeutic targets. Others are suitable to examine
functional choreographies; the dynamic gene life/activity with
its varied response to stimuli or treatments, or as affected by
mutations.

The Genomics Unit provides services at 2 levels of coverage.
The genome-wide level is addressed by both deep-sequencing

and microarray technologies. Deep-sequencing permits a

variety of applications, including transcriptome analyses

such as RNAseq and small RNAseq, or genome-wide loca-
tion of interacting protein factors on chromosomal DNA by

ChIPseq. These applications are based on the use of a Genome

Analyser IIx from Illumina. In addition, gene expression or

transcriptome and detection of chromosomal copy number

aberrations can also be dissected with DNA microarrays. The

latter are based on a DNA microarray scanner G2505C from

Agilent. At the single locus level different services are avail-
able. A traditional DNA capillary sequencing service, based

on a 3730x] DNA Analyser from Applied Biosystems, is being

used to find mutations in candidate genes, or for the verifi-
cation of cloned genes or inserts. A cDNA clone repository

from the IMAGE-MGC consortium provides scientists with

reagents to transfect genes, or to express a given protein of
interest. The Unit also provides a service for the identification

of transgene insertion sites in genetically engineered mouse

models, and a locus methylation analysis through bisulfite

sequencing technology. =

Figure Sooner or later, cancer develops unbalanced chromosomal abnor-
malities in which gains or losses of genetic material occur. Array Comparative
Genomic Hybridisation (@CGH) provides a genome-wide screening for such
copy-number variations. Two genomes, test and control, are analysed in a
microarray that contains probes evenly spaced at little genomic distance. The
figure represents a linear representation of the probes along a chromosome
showing segment losses and gains in a tumour.
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OVERVIEW

Genetically engineered mouse models (GEMMs) have become

an essential tool for studies of gene function and disease

mechanisms, as well as for drug discovery and target valida-
tion. The Transgenic Mice Core Unit offers state-of-the-art

technology for the manipulation of the mouse genome and for
the cryopreservation of genetically modified mouse strains.
In collaboration with the CNIO Animal Facility, the Unit is

alsoin charge of the re-derivation of mouse strains and man-
ages a collection of tool strains (Cre/Flp transgenes, reporter

lines, etc.), which have either been developed in-house or

acquired from external sources. The Unit gives support to

CNIOresearchers and collaborates with them on many aspects

related to research with embryonic stem (ES) and induced

pluripotent stem (iPS) cells, as well as any type of embryo-and

mouse model-based research. Finally, the Unit leads its own

research projects that are aimed at the generation of GEMMS

for studies of tumour vascularisation and its contribution to

metastasis.
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Core activities

Throughout 2012, 15 new GEMMs have been generated by
gene targeting in ES cells or by BAC transgenesis. Moreover,
30 newlines have been imported to the CNIO Animal Facility
by re-derivation, and close to 100 strains have been cryopre-
served by sperm and embryo freezing.

In March 2012, a collaboration agreement between the CNIO

and the Spanish node of the European Mouse Mutant Archive

(EMMA), at the Centro Nacional de Biotecnologia (CNB)

in Madrid, was signed regarding the transfer of genetically
modified mouse strains - generated and cryopreserved at our
Unit - to the European archive. Through this agreement, the

CNIO facilitates the distribution of mouse strains that are of
extraordinary interest for the international cancer research

community. The transfer of these strains is entirely coordi-
nated by our Unit in collaboration with the Spanish node.

Together with CNIO’s IT Department, we are creating a data-
base for the management of cryopreserved strains. During 2012,
the database for sperm cryopreservation was completed and

has in the mean time been made available to CNIO research-
ers via our Unit’s intranet.

Research activities

We have created a mouse model in which, for the first time, lym-
phatic vessel growth or lymphangiogenesis can be monitored
in vivo with non-invasive imaging techniques. In this model,
the fluorescent/luminescent reporter EGFP-Luciferase is

expressed under the endogenous transcriptional control of the

Vegfr3 gene, a classical marker for the lymphatic endothelium.
This genetic modification enables the tracking and quantifying

oflymphangiogenesis that is associated to inflammation and

tumour growth. Moreover, the response of the lymph nodes

to metastatic tumours, which spread mostly through the lym-
phatic network, can also be monitored in vivo with this strain.
The model represents a powerful tool for studying lymphatic

vessels in physiological and pathological processes, as well as

for the discovery and validation of anti-angiogenic drugs. The

publication of this technical advance was commented in the
‘Research Highlights’ section of Nature (“Follow the lymph

vessels”, Nature,2012). m
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Figure /nvivo dorsal (top) and lateral (bottom) luciferase signal in Vegfr3eeFptuc
mice measured at different times after subcutaneous injection of B16-V5
melanoma cells. Orange arrowheads: site of injection and tumour. Yellow
arrowheads: luciferase emission from the periphery of the tumour (white
circle). Red arrowheads: lymph node luciferase signal (Martinez Corral et al.,
Proc Natl Acad Sci USA, 2012).
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OVERVIEW

Hybridoma technology for the production of monoclonal
antibodies (mAbs) represents one of the most relevant meth-
odological advances in biomedicine. The availability of mAbs
has significantly improved our knowledge about cell biology
and has opened up new possibilities for basic and applied
research. Their use in medicine has also improved the diagnos-
tics, prevention and treatment of a large number of diseases
including cancer.

Our Unit provides Research Groups at the CNIO with a la

carte generated mAbs that are indispensable tools for the

characterisation of novel pathways and targets relevant to

cancer diagnostics and treatment. We are highly specialised

in mouse and rat mAb production. Our services include mAb

production in genetically engineered mouse models, mAb char-
acterisation and validation, medium-scale mAb production,
and also Mycoplasma testing for the Cell Culture Facility.
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During the last 12 years, the Unit has generated and char-
acterised a large number of mAbs, mostly targeting mol-
ecules for which mAbs are not commercially available. The

mADbs produced to date are directed against the following

proteins: AID, Annexin-IV, ARK5, a,b,cMYB BCL2, BCL6,
BCL7a, B-galactosidase, BMP4, BTLA, CD5, CD8, CD15,
CD30, CD43, CD1D, CDK6, CEMP-C1, cMYB, CSF1, CSFI1R,
E4F1, EED, EstrogenR, EphrinB2, Fc, FOXP3, FRA2, GAPDH,
Gasdermin, Gastrin, GCET1, GFP, GST, HLA-DP-DQ-DR,
HPlalpha, HJURP, KLHL-6, Lipocalin-2, LMOZ2, Luciferase,
LKBI1, MASTL, MALT-1, MAP17, MASTL, MBP, MNDA, MSP58,
MYBLI1, NANOG, NIK, NSE2, p15, p16, p21, p27, PIM2, PDGFB,
Pol-mu, PRDM1/Blimp-1, PSF1, PSF2, PSF3, PSGL-1, SOX4,
SPIB, SUZ12, TdT, TIMP3, VPREB3, WRN, XBP-1(s), XBubl,
XMCAK and XSGO.

In 2012, our Unit has produced and characterised 7 different
mAbs in collaboration with CNIO researchers. Furthermore,
in collaboration with J. F. Garcia- Garcia, Head of the Pathology
Department at the MD Anderson Cancer Centre, we have pro-
duced and characterised anew mAb against the human CSF1R
protein. CSF1Ris a tyrosine-kinase that plays an essential role
in promoting the differentiation of myeloid progenitors into
monocytes, macrophages and dendritic cells. In recent years,
several studies have highlighted the presence of macrophages
in the microenvironment of a variety of lymphomas, stress-
ing the importance of the identification of this cell type as an
additional tool for lymphoma diagnosis. Using a variety of
tissue microarrays, we have identified and documented the
expression of CSF1R protein at single cell level in lymphoid

Figure Immunohistochemistry with mAbs produced by the Monoclonal
Antibodies Core Unit.

tissue, showing that CSF1R mADb is a specific marker of the
normal monocytes/macrophages lineage. We are currently
establishing the predictive value of CSF1R protein expression as
adiagnosticbiomarker for lymphoma patients by evaluating the
correlation of its expression with patient outcome, in routine
paraffin tissue sections from a large set of [ymphomas. =
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Histopathology 60, 785-792. linfomas. ES/P2012/31304.
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OVERVIEW

Histopathology is the branch of pathology dealing with the
tissue diagnosis of disease. The Histopathology Core Unit at
the CNIO offers a full range of services for both human and
mouse tissue samples, including processing, embedding, and
cutting of paraffin tissue specimens. We also provide most
standard histological stains, as well as research/diagnostic
immunohistochemistry, antibody workup, in situ hybridisa-
tion (including microRNAs) and TUNEL, tissue microarray,
digital slides & analysis, and laser capture microdissection
services; these are all provided to CNIO’s researchers as well
as to the surrounding hospitals and the academic community
in general.
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Our Unit is equipped with all the instruments required to
automate most of the processes included in our service pack-
age; this allows us to obtain highly reproducible results. The
Unit also offers specialised pathology consulting to the CNIO
Research Groups and is heavily involved in training activi-
ties, thus providing students at the CNIO with the skills and
expertise in histopathology that they require for the successful
execution of their research projects.

RESEARCH HIGHLIGHTS

The Histopathology Core Unit is a new Unit that has been
formed this year after an internal reorganisation that led to
the merge of the former Comparative Pathology and Histology/
Immunohistochemistry Core Units. This reorganisation has
allowed us to optimise our resources and generate synergies
by combining the complementary knowledge and expertise
from both units regarding mouse and human tissue studies.

We have increased our panel of anti-human and anti-mouse
antibodies to more than 525 and 270 available antibodies,
respectively. It is worth mentioning the development of an
anti-beta- Gal monoclonal antibody for mouse tissues. Likewise,
we have developed new in situ hybridisation (ISH) probes,
including one for ALU sequences that allows to discriminate
between mouse and human cells in the same slide; this is very
useful for working with tissues derived from mouse xenograft
models. Furthermore, we have developed new ISH probes
against diverse miRNAs (miRNA-21,-203, -494) in order to
study their expression profiles in both human and murine
tumour paraffin sections. The Histopathology Core Unit has
created its own catalogue of new rat monoclonal antibodies
(mAbs) against mouse antigens, and is currently working in
collaboration with CNIO’s Monoclonal Antibodies Core Unit to
develop new mAbs against proteins that are the subject of study
in several CNIO Research Groups (e.g., Hes-1 or Nanog).
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Figure State-of-the-art services offered by the Histopathology Core Unit.

Our Unit participates in several External Quality Assessment
Services/Programmes (EQAS), such as NordiQC, UK NEQAS
and SEAP GCP. Equally, it has obtained the accreditation as
‘Testing Laboratory’ in accordance with the requirements -
specified by the regulation UNE EN ISO/IEC 17025 for assays
of histology, immunohistochemistry and chromogenic in situ
hybridisation - as indicated in the scope of the accreditation
(No. 984/LE1911-Human samples). It is the first laboratory
of its kind in Spain, and the second in Europe, to fulfil these
criteria. This accreditation ensures the quality and reliability
of the results obtained in the laboratory. m
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OVERVIEW

Molecular imaging is a discipline that enables the visualisa-
tion of cellular functions and the tracking of the molecular

processes in living organisms without perturbing them. The

multiple and numerous potential benefits offered by this

field are applicable to the study and diagnosis of a variety of
diseases including cancer. Imaging techniques can contribute

to improve the treatment of cancer by optimising the pre-
clinical and clinical testing of new drugs.

Molecular imaging differs from traditional imaging in that
known biomarkers are used as probes to facilitate the visuali-
sation of particular targets or pathways. Biomarkers interact
chemically with their environment and, in turn, alter the image
according to molecular changes occurring within the area of

interest. Furthermore, molecular imaging allows for quantita-
tive analysis, providing a higher degree of objectivity.
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RESEARCH HIGHLIGHTS

Tumour hypoxiais a key factor in predicting tumour response

to treatment. Drugs that modulate vascularisation offer

extraordinary therapeutic opportunities for the treatment of
many cancer types. Positron emission tomography-computed

tomography (PET-CT), using [*F]-labelled fluorodeoxyglu-
cose as a probe, has proven its usefulness in the assessment

of cancer treatment responses regarding aggressiveness and

metabolic aspects. [*F]-fluoromisonidazole, a biomarker

of hypoxic tissues, is more specific in tracing the effect of
anti-angiogenic drugs. The binding of this probe to the cell

requires reduction of anitro group in its imidazole ring, which

depends on the activity of the enzyme nitroreductase. In the

presence of less than 10 mmHg pO,, ['*F]-fluoromisonidazole

gets trapped in the hypoxic cell and the PET scanner can

image it. We have used this hypoxia marker in mouse models

of breast and pancreatic cancer for the assessment of the

tumour’s response to therapy and the optimisation of treat-
ment protocols (FIGURE).

In collaboration with the CIEMAT and the CNIO Melanoma
Research Group we have developed and tested *Ga-NAPamidea;
anew PET radio-labelled probe that specifically targets the
a-melanocyte-stimulating hormone (MSH) in vivo. MSH peptide
analogues bind specifically to melanocortin receptors that are
overexpressed in human and mouse melanoma cells.

We continued to develop novel protocols for ultrasound
imaging, using a high-resolution ultrasound system Vevo770,
directed towards the early diagnosis of tumours and the moni-
toring of therapeutic interventions. We also continued the
provision of support and the testing of new probes for opti-
cal imaging, as well as the standardisation of protocols for

Figure Imaging hypoxia. ['"®F]-fluoromisonidazole PET-CT images of a mouse
bearing breast tumours, treated with either an anti-angiogenic drug (A) or vehicle
(B) at the indicated times. Treatment decreases ["®F]-fluoromisonidazole uptake
(yellow perimeter) reflecting a reduction of hypoxic areas, while in vehicle-treated
mice hypoxia increased.

densitometry analysis. We have also actively participated in
the setup of a clinical PET-CT (64 slices) and a 3-Tesla MRI
system at the Hospital Universitario de Fuenlabrada, dedicated
to imaging support in clinical trials conducted by CNIO’s
Clinical Research Programme. Furthermore, we continued
our participation in both national (CDTI-funded Advanced
Molecular Imaging Techniques (AMIT) Consortium) and
international (Madrid-MIT M+Vision Consortium) research
and technology development networks. =

and osteoblasts to regulate multiple
aspects of growth plate development
inthe appendicular skeleton and cranial
base. Bone 50, 28-41.

Martinez Gonzdlez S, Herndndez
Al, Varela C, Rodriguez-Aristegui S,
Lorenzo M, Rodriguez A, Rivero V,
Martin JI, Saluste CG, Ramos-Lima F,
CendonE, Cebrian D, Aguirre E, Gomez-
Casero E, Albarran M, Alfonso P, Garcia-
Serelde B, Oyarzabal J, Rabal O, Mulero

v

F, Gonzalez-Granda T, Link,W, Fominaya
J, Barbacid M, Bischoff JR, Pizcueta P,
Pastor J (2012). Identification of ETP-
46321, apotent and orally bioavailable
PI3K a., & inhibitor. Bioorg Med Chem
Lett 22,3460-3466.

Martinez Gonzalez S, Herndndez Al,
Varela C, Lorenzo M, Ramos-Lima F,
CendonE, Cebridn D, Aguirre E, Gomez-
Casero E, Albarran MI, Alfonso P, Garcia-
Serelde B, Mateos G, Oyarzabal J, Rabal

0, Mulero F, Gonzélez-Granda T, Link W,
Fominaya J, Barbacid M, Bischoff JR,
Pizcueta P, Blanco-Aparicio C, Pastor
J (2012). Rapid identification of ETP-
46992, orally bioavailable PI3K inhibi-
tor, selective versus mTOR. Bioorg Med
Chem Lett 22,5208-5214.

Articlein press
Portal-Nufiez S, Manassra R, Lozano
D, Acitores A, Mulero F, Villanueva-

Pefacarrillo ML, De la Fuente M, Esbrit
P. Characterization of skeletal altera-
tions in a model of prematurely aging
mice. Age (in press).

» AWARDS AND RECOGNITION
» Scientific Advisory Board Member and

Faculty, M+Vision Consortium, Spain-
USA.

MOLECULAR IMAGING CORE UNIT 157



FLOW CYTOMETRY
CORE UNIT

Lola Martinez EspP Ultan P. Cronin IRL

Core Unit Head

Miguel Angel Sénchez EsP

Technicians

Ultan P. Cronin, Elena Garrido,

Miguel Angel Sanchez

OVERVIEW

Flow cytometry is a fast, multiparametric technique that
allows for the identification, quantification and isolation
of defined subpopulations of cells, based on the expression
levels of fluorescent markers and their relation to each other.
Nowadays, flow cytometry is an indispensable tool in cancer
research. We provide CNIO Research Groups with technical
and scientific advice regarding flow cytometry technologies
and assays, and collaborate with them in data analysis and
interpretation. Our Core Unit is equipped with 4 analysers
and 2 high-speed cell sorters, with different configurations
oflasers and detectors. Analysers are available to users, after
appropriate training, so that they can operate them independ-
ently, whereas sorters are exclusively handled by the Core Unit
staff. Our sorters can separate up to 4 defined populations ata
time, as well as perform single cell cloning. One of the sorters
isinstalled in a biosafety cabinet, allowing us to sort human
samples according to biosafety regulations.
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RESEARCH HIGHLIGHTS

We provide state-of-the-art equipment and data analysis
software packages in flow cytometry and collaborate with
CNIO investigators in the setting up and optimisation of flow
cytometry techniques of interest to their research activity.
Flow cytometry applications developed and validated in our
Unit include:

- Cellproliferation studies (CFSE, BrdU or EdU incorpora-
tion, DNA content, etc.).

- Apoptosis studies (Annexin V, TMRE, Caspase 3, etc.).

- Multicolor Immunophenotyping.

- Functional Assays (side population detection, Ca?* flux,
intracellular pH, etc.).

- Cytometric Bead Arrays for the simultaneous determina-
tion of different cytokines in cell extracts and plasma.

During 2012, we developed several new multicolour panels

for the detection of progenitors and inflammatory cells from

different sample types, such as foetal liver and skin, and com-
bined these panels with the detection of proliferation, cell

death and cytokine production. We further assessed new

fluorochromes and incorporated them in certain panels with

the aim of improving resolution of subpopulations of inter-
est. We have quantified several cytokines simultaneously in

serum and cell extracts, wich provides valuable information

for the description of inflammatory and pathogenic processes.
Furthermore, by means of our 561 nm excitation line, we

have significantly improved the detection of red fluorescent

proteins, which allows us to combine red fluorescent cells

with multicolour immunophenotyping panels for further

characterisation.

The Core Unit has developed comprehensive training courses
for different applications of flow cytometry techniques. This
year, training courses benefited from the collaboration of
Kylie Price (Flow Cytometry Manager, Malaghan Institute,
Wellington, NZ) who visited our Core Unit for a 3-month
period; this seminar series was a great success in terms of
attendance by internal and external users, and has resulted in
the successful implementation of novel protocols developed
by our Core Unit. This type of training course will be offered
again in a similar format next year. m
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Figure Representative dot plots show the number of divisions of CD3 and
CD4 T cell subsets obtained from murine splenocytes. Cells were labelled
with Cell Trace Violet and stimulated with 1.5 micrograms /ml Concavalin A
for 96 hours. Bottom panels show overlays of non-stimulated CD4 and CD3
T cells versus stimulated cells.
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OVERVIEW

Optical microscopy has traditionally been an indispensable
toolin cell biology studies. In fact, one of the main challenges in
oncology research is the study of specific markers, expression
patterns, or individual cells in the tumour environment.

The Confocal Microscopy Core Unit provides the CNIO

Research Groups with a wide range of standard methodologies

as well as the latest advances in microscopy. The Unit offers

access to state-of-the-art equipment and software packages

related to confocal microscopy, including technical and sci-
entific advice and support to the CNIO scientists. The Unitis

also actively involved in developing, testing and implementing

new microscopy technologies, tools and imaging applications

that are of interest to Research Groups at the CNIO. Training

activities are also an essential component of our mission.
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RESEARCH HIGHLIGHTS

The Confocal Microscopy Core Unit is equipped with 3 laser
scanning confocal systems (Leica SP2 and SP5) that incorpo-
rate UV and multiphoton excitation, as well as a white light
laser and a Hybrid Detector. The Unit is also equipped with
2 wide field systems, namely, a Deltavision 4D deconvolution
station and a Leica DMRI6000 system, equipped with micro-
injection. All the microscopes are automated and equipped
with incubators for live-cell imaging,.

In addition, the Unit has applied high-throughput (HT) tech-
nologies to confocal microscopy using 2 different systems:

- An Opera (Perkin Elmer) High-Throughput Content
Screening (HTS) system that allows running HTS experi-
ments on fixed and live cells in multi-well plates, and
enables the monitoring of cell dynamics (translocation,
cell division, etc.) by means of fluorescence markers.

- A Matrix Screening Application integrated into the SP5
confocal systems, allowing high content feeding of the
instrument, not only in multi-well plates but also in tis-
sue sections.

These advances increase the level of information obtained from
a sample and allow for the automated HTS of cell behaviour
in response to different treatments.

During 2012, the Confocal Microscopy Core Unit has con-
tinued to establish numerous scientific collaborations with

CNIOresearchers, covering several aspects of cancer studies

such as the Intelligent Screening of single cell behaviour in

cellular arrays in vivo and in tissues. In addition, the Unit

is developing new methods for automated high resolution

acquisition and analysis of cell invasion studies, and is assisting

researchers in the measurement of protein activity report-
ers using Fluorescence Resonance Energy Transfer (FRET)

technology. Moreover, the Unit is dedicating a significant
effort towards the development and implementation of HTS

technology at CNIO; for example, during this last year we

helped to run screenings aimed at testing compounds that

may eventually modify key aspects of tumourigenesis such

as mitotic checkpoint regulation, integrity of nucleoli, DNA
damage, cell survival and proliferation. m

Figure 3D-reconstruction of a micro-well - 80 microns high and 80 microns
wide - that contains a single living cell on a microarray composed of 4,000
poly-dimethyl-siloxane wells.
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OVERVIEW

The global analysis of proteins (i.e. proteomics) provides,
arguably, the principal and ultimate level of information
required to understand how cells function. Proteomic analyses,
however, are challenging due to the highly dynamic range and
diversity of protein modifications. A further challenge is the
interconnectivity of proteins into complexes and signalling
networks that are highly divergent in time and space. Nowadays,
large-scale proteome analysis has become within reach and
heavily relies on mass spectrometry (MS)-based protein
sequencing. MS-based proteomics is starting to mature and
provide answers to important biological questions thanks to
a combination of developments regarding instrumentation,
sample preparation, and computational analysis.
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RESEARCH HIGHLIGHTS

Throughout 2012, the Unit has established robust pipelines

for shotgun protein identification/quantification. The use

of iTRAQ labels allows the comparison of up-to 8 samples

in one analysis with high precision. Alternatively, label-free

approaches are being used for the identification of protein

interactions. Moreover, a collaboration with Agilent has

recently been established with the goal of implementing the

‘Bravo Platform’ for automated and robust processing of a high

number of biological samples. The large potential and appli-
cability of proteomics in cancer research is illustrated by the

Unit’s high level of interaction with all the CNIO Programmes.
Through a tight collaboration with these groups we have

conducted several studies, including proteome expression

profiling, analysis of post-translational modifications (e.g.
phosphoproteomics) and identification of protein-protein

interactions, altogether, providing new insights into the

pathogenesis of cancer.

Regarding the recombinant protein expression activities, the
Unit has continued to participate in projects aimed at recom-
binant cancer-related protein production in prokaryotic and
eukaryotic expression systems for multiple purposes. Among
these projects, it is worth mentioning the production of recom-
binant CSFR1 for the diagnosis/prognosis of lymphomas (in
collaboration with MD Anderson and the CNIO Monoclonal
Antibodies Core Unit), and the experimental validation to
understand the biophysical reasons that underlie the different
sensitivities of some tyrosine kinases (c-Src, c-Abl) to type IT
inhibitors such as the anticancer drug imatinib (in collabora-
tion with the CNIO Computational Biophysics Junior Group).
The Unit is also involved in the development and validation

Eight biological samples (e.g. cell lines, tissues)
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Figure Schematic workflow illustrating the quantitative proteomic comparison
of 8 samples by using iTRAQ labelling.
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of recombinant antibody fragments (scFv) against proteins

related to angiogenesis. We are currently carrying out a char-
acterisation of ephrinB2 antibody fragments with potent

anti-angiogenic and anti-tumoural activities, with the aim of
exploring a putative therapeutic application in cancer. m
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ANIMAL FACILITY
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The picture, “A star has been born”, won the Third Prize of Photography
at the 11th Meeting of the Spanish Society of Laboratory Animals (SECAL).

Photo by D. Sanguino.

The CNIO has a state-of-the-art Animal Facility that is managed

by Charles River Laboratories. The Animal Facility’s primary

responsibility is the supply, husbandry and quality control of

laboratory animals used by CNIO’s Research Programmes in

their experimental protocols. The strict compliance to national,
European and international recommendations regarding the

use and care of animals in research is of paramount impor-
tance to the CNIO.

The Animal Facility was established to assist researchers in the
development and analysis of in vivo models. We are currently
collaborating closely with 16 Research Groups from within both
the Basic Research Programmes (Molecular Oncology, BBVA
Foundation-CNIO Cancer Cell Biology) and the Translational
Research Programmes (Molecular Pathology, Clinical Research),
as well as with some Sections and Units from the Experimental
Therapeutics and Biotechnology Programmes.

Our Animal Facility has the capacity to house 19,000 type IIL
cages (each with an average capacity for 3.5 mice). More than
1,500 different mouse lines are maintained and bred in the
Facility’s barrier area, which assures Specific Pathogen Free
(SPF) health status through a comprehensive health surveillance
programme. Microbiological and environmental parameters
in the animal areas are constantly monitored. Bedding, water,
and cages are sterilised by autoclaving, and the feed is irradiated.
All mouse strains housed in the barrier are either generated
within the barrier or introduced by re-derivation.
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We also have an additional area with a capacity for 1,800
type II cages dedicated for the use of non-replicative strains
of adenovirus, lentivirus and retrovirus, as well as for housing
xenograft models. To maintain clean air in the premises, mice
are housed in ventilated racks with integration of Individually
Ventilated Caging (IVC) units in the building’s ventilation
systems. Mice are manipulated in Type II biosafety cabins.

Daily operations and husbandry procedures are highly auto-
mated in order to safe-guard our personnel from any associated

&

Photo by D. Sanguino

risks; robotic devices perform the potentially hazardous tasks

such as the processing of dirty bedding, the washing/filling of
cages and bottles, etc. These automated systems generate the

highest productivity possible and ensure the quality standards in

ourwashing and sterilising areas. All records concerning breed-
ing protocols and animal inventory are computerised and stored

in aweb-based application accessible via the CNIO intranet.

The Animal Facility currently harbours more than 1,500
genetically modified mouse lines, either as live animals or as
cryopreserved embryos or sperm, carrying more than 300
gene targeted alleles and close to 200 transgenic integrations.
More than 100 gene targeted alleles and 50 transgenic mouse
strains of cancer-related genes have been generated by the
Research Groups at the CNIO, plus around 200 genetically
modified lines imported from other research centres. The
Facility also provides access to more than 70 tool strains,
including constitutive and inducible Cre strains, Flp strains,
reporter strains, Tet-transactivator strains and others.

The Animal Facility offers the possibility of running a broad
number of experimental procedures on the premises, includ-
ing the use of gamma-irradiation, exposure to UV light and
volatile carcinogenic agents, as well as surgery procedures.
In addition, the monitoring of the mouse models on-site,
through non-invasive imaging technologies, is provided by the
Molecular Imaging Core Unit that has integrated all theirimage
acquisition instrumentation into the Animal Facility. Likewise,

the work of the Transgenic Mice Core Unit is performed in a

laboratory inside the SPF barrier. Finally, a necropsy labora-
tory, equipped with instruments for the haematological and

biochemical analysis of blood and urine, complements the

pathology and clinical diagnostics capabilities.

All the work carried out by the Animal Facility complies with
both national and European legislation - Spanish Royal Decree
RD1201/2005 and EU Directive 86/609/CEE as modified by
2003/65/CE, respectively - for the protection of animals used
for research experimentation and other scientific purposes.
Experimental procedures are reviewed and evaluated by the
Research Ethics and Animal Welfare Committee of the Instituto
deSalud Carlos I11, as well as by the Institutional Animal Care
and Use Committee (IACUC) that has been set up to comply
with the new European Directive 2010/63/UE.

The Royal Decree RD1201/2005 stipulates that all animal pro-
cedures are to be carried out by qualified people in possession

ofthe corresponding accreditation as issued by the competent

authority. To abide with this requirement, the Animal Facility
offers CNIO staff an official ‘Category C’ qualification annual

training course focused on the education and training of per-
sonnel performing work with laboratory animals. This course

hasbeen internationally accredited by FELASA (Federation

of European Laboratory Animal Science Associations), being

one of the only two courses awarded with this accreditation

in Spain. =

ANIMAL FACILITY 165



EXPERIMENTAL
THERAPEUTICS PROGRAMME

JOAQUIN PASTOR PROGRAMME DIRECTOR

166 DIRECTION OF INNOVATION

The Experimental Therapeutics Programme (ETP) underwent
aprofound reorganisation during 2012. The Programme, as it
stands today, is truly nested and integrated into CNIO’s Basic
and Translational Research Groups. The main focus of the
ETP is to support drug discovery projects derived from CNIO
research by delivering balanced and optimised lead compounds
(activity, off-target selectivity and Absorption-Distribution-
Metabolism-Excretion, Toxicity (ADME-Tox) properties) with
demonstrated in vivo proof-of-concept (PoC) after oral adminis-
tration (mechanism of action and efficacy in tumour models).

The Programme’s capabilities range from High-Throughput

Screening (HTS) assay development, medicinal chemistry

for hit generation, hit-to-lead and lead optimisation, to in

vivo pharmacokinetics and PoC studies in animal models of
human cancer. Currently, the main focus is on the discovery

of novel inhibitors for kinases that, by becoming mutated or

deregulated, act as key drivers in tumour development and pro-
gression; this includes the proto-oncogene serine/threonine-
protein kinase Pim (PIM), dual PIM /Phosphatidylinositol

3-kinase (PI3K) inhibition, ataxia telangiectasia and Rad3

related (ATR), and microtubule associated serine/threonine

kinase-like (MASTL).

In addition to full-blown drug discovery projects, ETP offers
its capabilities and skills to the CNIO Research Groups,
including:

-  HTS Platform: transfer of manually developed assays
(biochemical and cellular) by CNIO researches into a
high-quality HTS environment.

- Chemical Library and Tool Compounds: library of 50K
chemically diverse compounds with a focus on cancer
targets, and a collection of FDA approved drugs for their
‘repositioning’ in cancer therapy. Assistance in the identi-
fication of chemical tools and synthesis of non-available
compounds.

- Expertise covering in vivo pharmacokinetics, pharma-
cokinetics/pharmacodynamics (PK/PD) and efficacy
studies.

Major milestones achieved in 2012:

- PIM:delivery of optimised leads from 2 distinct chemical
series meeting ‘Targeted Product Profile’ with demon-
strated in vivo PoC.

- ATR:lead ETP-142 has demonstrated in vivo PoC in several
tumour models; anovel, patentable, series of selective ATR
inhibitors with oral bioavailability has been prepared.

- Dual PIM-PI3K inhibition: a novel series of orally available
dual inhibitors has been prepared; simultaneous down-
regulation of both pathways and strong anti-proliferative
activity in the MV4:11 cell line has been demonstrated.

- MASTL: limited screening of ETP-collection has yielded
several hits. m
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OVERVIEW

The aim of the Medicinal Chemistry Section is to discover novel
anti-cancer compounds with demonstrated in vivo mechanism
of action (MoA) and efficacy in mouse models mimicking human
cancer. This process covers different phases, from hit generation
and hitidentification (selection of screening sets) to hit-to-lead
phase (HtL) and Lead Optimisation (LO). Our Section designs
and identifies hits, and introduces structural modifications
in selected molecules that confer not only pharmacological
activity and selectivity, but also ‘drug-like’ properties that
are arequisite for successful drug development; this includes
optimisation of the molecules’ biological activities against
their main targets and selectivity against off-targets, as well
as optimisation of in vitro/in vivo Absorption-Distribution-
Metabolism-Excretion, Toxicity (ADME-Tox) properties. To
this end, different molecules are designed, taking into account
information regarding the target or other known ligands, as
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well as medicinal chemistry expertise. Based on biological and

structural data, we establish Structure Activity Relationships

(SAR) and Structure Properties Relationships (SPR) that

guide the subsequent steps of the molecules’ optimisation.
Multifactorial optimisation of the pharmacological and ‘drug-
like’ properties is achieved through an iterative process in

close collaboration with ETP’s Biology Section.

In 2012, our Section has been involved in 4 different projects: i)

inhibitors of proto-oncogene serine/threonine-protein kinases

(PIM) (LO); ii) Ataxia telangiectasia and Rad3-related (ATR)

inhibitors (LO);iii) dual PIM/Phosphatidylinositol 3-kinase

(PI3K) inhibitors (HtL); and iv) microtubule associated ser-
ine/threonine kinase-like (MASTL) inhibitors (hit finding).
All ETP leads have been protected by their corresponding

patent applications.

RESEARCH HIGHLIGHTS

PIM inhibitors

The diverse biological roles of PIM in cancer and over-
expression in various haematopoietic malignancies and solid
tumours render PIM an attractive therapeutic target for
cancer treatment. We generated 3 chemical series that con-
tain molecules with different PIM isoform-specific inhibitor
profiles. In vivo pharmacokinetic characterisation yielded 2
chemical series with oral bioavaibility that were taken forward
tolate LO. Taking into account aspects of cardiovascular safety
- aknown issue in the development of PIM inhibitors — and
following chemical exploration and structural modifications of
these series, we identified 2 lead compounds with an optimal
profile in terms of potency, selectivity and oral bioavailability.
Structural information about these lead compounds has been
generated in collaboration with CNIO’s Macromolecular
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Crystallography Group in order to interpret their binding
mode in the ATP-binding pocket of the PIM protein and, thus,
confirm the rationale behind their design (FIGURE 1). Both
lead compounds showed high selectivity against PIM 1,2 and
3 isoforms (FIGURE 2); in vivo studies further demonstrated
good MoA and efficacy in different cancer mouse models
(more details in ETP’s Biology Section).

ATR inhibitors

Discovery of novel ATR inhibitors is relevant to cancer treat-
ment due to their potential to increase chemotherapy/ radio-
therapy efficacy and to specifically target tumours exposed

to oncogenic replicative stress. ETP-142 was discovered as

alead compound for in vivo characterisation. This lead has

demonstrated high selectivity in the 456 kinomescan assay.
Furthermore, we have been working on the optimisation of
ETP-142, and several analogues have progressed to in vivo

pharmacokinetic studies. As a complementary strategy, we

have generated a back-up chemical series containing potent

ATRinhibitors that are selective against PISK, mTOR, DNA-PK
and ATM. In vivo studies with selected compounds demon-
strated MoA in allo-Eu-myc models.

@1 20

Val126 ’

Figure1 Compound from one of our advanced chemical series that binds to the
ATP binding site of PIM-Tinits typical inactive conformation (i.e., Phe49 pointing
to the inner side of the ATP binding site). Coordinates for the PIM-1-inhibitor
complex have been deposited in the protein databank (access code 4A7C).
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Figure 2 Selected lead PIM inhibitor with high selectivity when tested in
a 456 kinase panel (Kinomescan); only PIM1, PIM2 and PIM3 inhibition is
observed (red circles).

Dual PIM-PI3K inhibitors

High synergism between PIM and PI3K inhibitors has been

reported by our Group. The design of compounds that combine

these activities in a single molecule would be of high interest.
We anticipate that such novel profiles will improve cancer treat-
ment by providing advantages in their clinical development

over the combination of two independent inhibitors. Through

the exploration of our chemical platform and by introducing

structural modifications, we were able to obtain selective

PIM and PI3K inhibitors, as well as combined inhibitors of
PIM-PI3K and PIM-PI3K-mTOR. Dual PIM-PI3K inhibitors

demonstrated efficiency in downregulating both pathways

in the MV4-11 cell line and more potent anti-proliferative

properties when compared to single PIM and PI3K inhibitors.
Some of the obtained compounds had oral bioavailability and

were selected for further in vivo studies.

MASTL Kinase inhibitors

Screening of a selected subset of 200 compounds from our
library by CNIO’s Cell Division and Cancer Group yielded
some promising hits. m
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OVERVIEW

Our Section is devoted to the biochemical, cellular and in

vitro /in vivo pharmacological characterisation of compounds

synthesised by the Experimental Therapeutics Programme’s

Medicinal Chemistry Section. During the past year we have

been working on inhibitors of proto-oncogene serine/threo-
nine-protein kinases (PIM) and Ataxia telangiectasia and Rad3-
related (ATR), and developed dual PIM /Phosphatidylinositol

3-kinase (PI3K) inhibitors.

PIM proteins belong to a family of serine/threonine kinases
that are upregulated in many haematological malignancies
and solid tumours, contributing to the survival, cell cycle
progression and migration/homing of tumour cells, as well as
to the development of drug resistance. Biological data suggest
that PIM inhibitors may be particularly effective in combina-
tion with classical chemotherapy or targeted drugs, such as
PI3K inhibitors. For this reason, we have been pursuing the
identification and characterisation of selective inhibitors of
PIM and dual PIM/PI3K inhibitors.

ATRisactivated in response to ultraviolet light, certain chemo-
therapeutic drugs, and replication stress, which renders ATR

a potential target to increase the efficacy of chemotherapy
and radiotherapy, or to fight tumours with a high level of
oncogene-induced replicative stress. For this reason we have

been pursuing the discovery and characterisation of selective

ATR inhibitors. This project has been carried out in collabora-
tion with CNIO’s Genomic Instability Group.

RESEARCH HIGHLIGHTS

During the pastyear, the Section has been involved in 3 major
projects: the development of PIM, dual PIM-PI3K and ATR
inhibitors. PIM is the more advanced project of the Programme,
reaching the stage of analysis of the best suited compounds

for the different series. In addition to High-Throughput

Screening (HTS) evaluation of PIM inhibitor activities at the

biochemical and cellular levels, we have performed Absorption-
Distribution-Metabolism-Excretion, Toxicity (ADME-Tox)

assays, including a cardiotoxicity hERG (human Ether-a-go-
go-Related Gene) assay, as well as a panel of Cytochrome P450

(CYP) enzymatic and Microsomal Stability (MS) assays. All
these assays were performed in-house in HTS format. Out of
400 tested compounds, 118 were selected for hERG and MS

assays and finally, 38 compounds were characterised at the

level of CYP inhibition.

Selected compounds were successively evaluated for their
pharmacokinetics, after which they were further profiled in
tolerance and pharmacokinetic/pharmacodynamic (PK/PD)

studies and, finally, in efficacy models. This process yielded

4 lead candidates from 2 different chemical series that were

extensively characterised in vivo. Candidates were profiled

in a 456 kinase panel (see Medicinal-Chemistry section for

details). The screening cascade for the Lead Optimisation

phase - to evaluate the mechanism of action and efficacy of the

PIM inhibitors - was performed with two different xenograft

models for non-small-cell lung cancer (NSCLC) and acute

myeloid leukaemia (AML) (A549 and MV4:11 cells, respec-
tively), 1 allograft model (Eu-myc), and a mouse model for
NSCLC carrying a K-Ras(G12V) oncogenic mutation. Of note,
several PIM inhibitors demonstrated potent anti-tumoural

activity (FIGURE 1).

Since PI3K and PIM share common signalling pathways, it
is conceivable that these pathways may also overlap to some
extent in tumours. In fact, we observed significant synergy
between selective PIM and PI3K inhibitors in a variety of
tumour cell lines (FIGURE 1C). In order to exploit this synergy,
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Figure1 Characterisation of anadvanced PIMinhibitor. (A) Biochemical and cel-
lular inhibition of PIM. (B) PIM biomarkers inhibition in Jeko-1cells. (C) Synergistic

we generated dual PIM/PI3K and tri-functional PIM/PI3K/
mTOR inhibitors and characterised them at the biochemical
and cellular level. In MV4:11 cells, dual inhibitors potently
impaired the PIM and PI3K pathways; they had stronger
anti-proliferative activities than single PIM or PI3K inhibi-
tors. Compounds with oral bioavailability were selected for
further in vivo studies.

Finally, we are progressing in the development of ATR inhibi-
tors by using a cellular assay that measures the induction
of checkpoint kinase-1 phosphorylation under replicative
stress. Out of 645 evaluated compounds, 66 were found to
be active; upon evaluation of MS, 19 of them were tested in
vivo, and 3 were selected for mechanistic and efficacy studies.
We also performed selectivity profiling for the complete set
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of 66 active compounds. Since ATR is a member of the PIKK
family, we evaluated the biochemical activity of these com-
pounds against PISK, mTOR, DNA-protein kinase, as well as

their cellular activity against Ataxia Telangiectasia Mutated

(ATM). Compounds for two different chemical series were

mechanistically characterised in two different models: i) as

asingle agent in the allo-Eu-myc model that has a high level

of replicative stress, and ii) in pancreatic and colon cancer

xenografts in combination with standard treatments. In both

models, an increase in replicative stress or DNA damage was

observed. Treatment of allo-Eu-myc mice with the compound

ETP-142 induced 50% tumour growth inhibition (FIGURE 2);

similarly, we have observed potentiation of standard-of-care

efficacy in the xenograft studies. These results confirm the

therapeutic potential of this class of compounds. =
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SCOPE OF THE ELI LILLY-CNIO PARTNERSHIP

Eli Lilly and CNIO are collaborating on the identification and vali-
dation of novel targets in cancer metabolism. The Lilly-CNIO Cell

Signalling Therapies Section - funded through aresearch contract

with Eli Lilly - focuses on the identification of small and low molec-
ular weight molecules that regulate the metabolism of malignant

cells, with the objective of killing them either directly, or by acting

synergisticallywith other anti-tumour agents. For this purpose, the

Section is developing a series of biochemical and cell-based assays,
exploiting advanced techniques such as NMR and metabolomics.
Each drug target goes through an in vivo validation process, taking

advantage of the availability of a wide range of mouse models at

the CNIO that mimic different types of human cancer, as well as

benefiting from the Centre’s expertise in their characterisation

with non-invasive in vivo tumour imaging technologies.
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SCIENTIFIC CONTEXT

The observation of an altered metabolic state in cancer cells

datesback to the early 20% century when Otto Warburg observed

that cancer cells preferentially utilise glycolysis over oxidative

phosphorylation for growth, even in the presence of normal

oxygen levels; a phenomenon known as the “Warburg effect’.
Warburg, who was awarded the Nobel Prize in 1931, argued

that this altered metabolic state was the underlying cause for

cancer. The preferential use of glucose by cancer cells hasbeen

clinically exploited to image tumours through the utilisation of
8F-fluoro-deoxyglucose-positron emission tomography (**F-
FDG-PET). The molecular mechanisms driving the glycolytic

phenotype have only recently begun to be understood in light of
the results from large-scale genome and metabolomic profiling

studies. Recent publications demonstrate that targeting key

enzymes in the glutamine metabolic pathway can limit tumour

growth in preclinical tumour xenograft models. The abnormal

consumption of both glucose and glutamine in tumour cells

further indicates that an altered metabolic programme may

be at the root of the malignant transformation process.

A number of oncogenes and tumour suppressors have now
been identified as key effectors in modulating cell metabolism.
Genome sequencing studies have uncovered somatic mutations

in metabolic enzymes, including succinate dehydrogenase

(SDH), fumarate hydratase (FH), isocitrate dehydrogenase

(IDH 1 and 2) in gliomas and leukemias, and gene amplifica-
tion of phosphoglycerate dehydrogenase (PHGDH) in breast

tumours. The loss of function mutations in SDH and FH impart

a glycolytic phenotype on tumour cells, possibly through

inhibition of the hypoxia-induced factor (HIF)-directed pro-
lyl hydroxylases that is required for HIF degradation in the

presence of oxygen. The end product of mutant IDH-1and 2,
2-hydroxyglutarate (2-HG), functions as an onco-metabolite,
altering the regulation of a broad spectrum of cellular path-
ways ranging from cell differentiation to gene regulation, DNA
repair, lipid metabolism and HIF-1 activity.

In addition to mutations in metabolic enzymes, recent stud-
ies have shown that many oncogenes, including Myc and Ras,
confer aglycolytic phenotype to cancer cells by up-regulating

In Vitro Genetic Target Validation

oy T e

FINFECT THE CELLS AND CHECK THE TARGETS EXPRESSION 8Y
ce

WEER AT AN A ORES e ! I |
. il

~Cell eycle

[T
~Metabolite levels :
»apopront and
i, s sutophagy By WBor  »Compound esting and
il — How sensitivity
Soft agar

| COW

> Mo Semshtaby T f o o= + I: I

In Vivo Genetic Target Validation

3 Use the metabose stable knack down cell for Sencirat 2 3

(1]

the expression of genes involved in glycolysis (e.g. GLUT-I,
PDHK, LDHS5 etc). Von Hippau Lindal (VHL), an E3 ligase

required for HIF-1 degradation, is a tumour suppressor that

is deleted in almost 50% of kidney cancers. The loss of VHL

results in the stabilisation of HIF-1a, even in the presence of
oxygen, and imparts a glycolytic phenotype with enhanced

glucose uptake and high levels of lactate production. Another

important tumour suppressor, TP53, has also been shown to

control the expression of key regulatory enzymes of meta-
bolic pathways, including the pentose-phosphate pathway,
glutamine metabolism and oxidative phosphorylation.

Together, these recent insights into the mechanisms of meta-
bolic pathways relevant to cancer, open up novel avenues to

the development of therapeutics that target key enzymes in

tumour metabolism. m
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In direct partnership with CNIO’s Faculty, the main activ-
ity of CNIO’s Technology Transfer and Valorisation Office
(CNIO-TTO) is the commercial exploitation of research results
obtained at the CNIO through the submission of patents,
collaboration with industry and the creation of innovative
companies. To this end, CNIO-TTO promotes, coordinates
and manages the relationship between the researchers and
companies as well as other public and private stakeholders.

The main activities of the CNIO-TTO include:

- Evaluation of the commercial potential of inventions,
research tools and software developments originating
from CNIO’s research endeavours.

- Negotiation of material transfer, confidentiality, sponsored
cooperative research and development agreements with
other organisations.

- Licensing of intellectual property rights.

- Supporting and fostering a culture of innovation at
CNIO.

In 2012, CNIO-TTO has actively collaborated with 18 CNIO
Research Groups and Units. The Office has evaluated 5 inven-
tion disclosures, out of which 3 new patent applications have
been filed. It has concluded 5 license agreements for the
commercial exploitation of CNIO’s assets. Furthermore, the
Office has been successful in establishing new partnerships
with industry, including framework research collaboration
agreements with leading companies in the healthcare sector
such as F. Hoffmann-La Roche Ltd.; CNIO and Roche will
collaborate for a 5-year period in order to launch innovative
projects aimed at providing novel and cutting-edge approaches
to fight cancer. m
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Suarez- Gauthier A, Young KH, Piris
MA (2012). EBV-positive diffuse large
B-cell lymphoma of the elderly is an
aggressive post-germinal center B-cell
neoplasm characterized by prominent
nuclear factor-kB activation. Mod
Pathol 25,968-982.
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-> IF:4.77

Culurgioni S, Munoz IG, Moreno A,
Palacios A, Villate M, Palmero I, Mon-
toya G, Blanco FJ (2012). The crystal
structure of the inhibitor of growth 4
(ING4) dimerization domain reveals
the functional organization of the ING
family of chromatin binding proteins.
J Biol Chem 287,10876-10884.

1F:4.43

Blanco A, de la Hoya M, Balmaiia J,
RaménY Cajal T, Teulé A, Miramar MD,
Esteban E, Infante M, Benitez J, Torres
A, Tejada M1, Brunet J, Grafia B, Balbin
M, Pérez-Segura P, Osorio A, Velasco
EA, ChirivellaI, Calvo MT, Feliubadal6
L,LasaA, Diez O, Carracedo A, Caldés
T, Vega A (2012). Detection of alarge
rearrangement in PALB2 in Spanish
breast cancer families with male breast
cancer. Breast Cancer Res Treat 132,
307-315.

IF: 4.43

Menéndez M, Castellsagué J, Mirete
M, Pros E, Feliubadalé L, Osorio A,
Calaf M, Tornero E, del Valle J, Fern-
andez-Rodriguez J, Quiles F, Salinas
M, Velasco A, Teulé A, Brunet J, Blanco
I, Capella G, Lazaro C (2012). Assess-
ing the RNA effect of 26 DNA variants
inthe BRCA1and BRCAZ2genes. Breast
Cancer Res Treat132,979-992.

IF:4.43

Ruiz de Garibay G, Gutiérrez-En-
riquez S, Garre P, Bonache S, Romero
A, Pa-lomo L, Sdnchez de Abajo A,
Benitez J, Balmana J, Pérez-Segura
P, Diaz-Rubio E, Diez O, Caldés T, de
la Hoya M (2012). Characterization
of four novel BRCA2 large genomic
rearrangements in Spanish breast/
ovarian cancer families: review of
the literature, and reevaluation of
the genetic mechanisms involved in
their origin. Breast Cancer Res Treat
133, 273-283.

- IF:4.23

Cuello S, Ximénez-Embun P, Rup-
pen I, Schonthaler HB, Ashman K,
Madrid Y, Luque-Garcia JL, Cdmara C
(2012). Analysis of protein expression
in developmental toxicity induced
by MeHg in zebrafish. Analyst 137,
5302-5311.

IF: 4.09

Abarrategi A, Moreno-Vicente C, Mar-
tinez-Vazquez FJ, Civantos A, Ramos V,
Sanz-Casado JV, Martinez-Corria R,
Perera FH, Mulero F, Miranda P, Lépez-
Lacomba JL (2012). Biological proper-
ties of solid free form designed ceramic
scaffolds with BMP-2: invitro and invivo
evaluation. PLoS One 7,e34117.

IF: 4.09

Angulo B, Conde E, Sudrez- Gauthier
A, Plaza C, Martinez R, Redondo P,
Izquierdo E, Rubio-Viqueira B, Paz-
Ares L, Hidalgo M, Lépez-Rios F
(2012). A comparison of EGFR muta-
tion testing methods in lung carci-
noma: direct sequencing, real-time
PCR and immunohistochemistry.
PL0oS One7,e43842.

IF: 4.09

Djebali S, Lagarde J, Kapranov P, Lac-
roix V, Borel C, Mudge JM, Howald C,
Foissac S, Ucla C, Chrast J, Ribeca P,
Martin D, Murray RR, Yang X, Ghamsari
L, Lin C, Bell I, Dumais E, Drenkow J,
Tress ML, Gelpi JL, Orozco M, Valencia
A, van Berkum NI, Lajoie BR, Vidal
M, Stamatoyannopoulos J, Batut P,
Dobin A, Harrow J, Hubbard T, Dekker
J, Frankish A, Salehi-Ashtiani K, Rey-
mond A, Antonarakis SE, Guigd R, Gin-
geras TR (2012). Evidence for transcript
networks composed of chimeric RNAs
in human cells. PLoS One 7,€28213.

IF: 4.09
De Biasio A, Campos-Olivas R,
Sanchez R, Lopez-Alonso JP, Pantoja-

Uceda D, Merino N, Villate M, Martin-
Garcia JM, Castillo F, Luque I, Blanco
FJ (2012). Proliferating cell nuclear
antigen (PCNA) interactions in solu-
tion studied by NMR. PLoS One 7,
€48390.

IF: 4.09

Pello OM, Chévre R, Laoui D, de Juan
A, Lolo F, Andrés-Manzano MJ, Ser-
rano M, Van Ginderachter JA, Andrés
V (2012). In Vivo Inhibition of c-MYC
in Myeloid Cells Impairs Tumor-
Associated Macrophage Maturation
and Pro-Tumoral Activities. PLoS
One 7,e45399.

IF: 4.09

Pérez C, Martinez-Calle N, Martin-
Subero JI, Segura V, Delabesse E,
Fernandez-Mercado M, Garate L,
Alvarez S, Rifon J, Varea S, Boultwood
J, Wainscoat JS, Cigudosa JC, Calas-
anz MJ, Cross NC, Présper F, Agirre
X (2012). TET2 mutations are associ-
ated with specific 5-methylcytosine
and 5-hydroxymethylcytosine pro-
files in patients with chronic myelo-
monocytic leukemia. PLoS One 7,
e31605.

IF: 4.09

Romero-Ramirez L, Garcia-Alvarez
I, Campos-Olivas R, Gilbert M, Kar-
waski M-F, Fernandez-Mayoralas A,
Nieto-Sampedro, M (2012). Specific
synthesis of Neurostatin and ganglio-
sides O-acetylated in the outer sialic
acids using a sialate transferase. PLoS
One 7,e49983.

IF: 4.07

Ruiz-Llorente S, Carrillo Santa de Pau
E, Sastre-Perona A, Montero-Conde
C,Gomez-Lépez G, Fagin JA, Valencia
A, Pisano DG, Santisteban P (2012).
Genome-wide analysis of Pax8 bind-
ing provides new insights into thyroid
functions. BMC Genomics 13,147.

- IF:4.06

Sanchez-Bailén MP, Calcabrini A,
Go6mez-Dominguez D, Morte B, Martin-
Forero E, Gémez-Lopez G, Molinari
A, Wagner KU, Martin-Pérez J (2012).
Srckinases catalytic activity regulates
proliferation, migration and invasive-
ness of MDA-MB-231 breast cancer
cells. Cell Signal 24,1276-1286.

IF: 4.02

Pacheco M, Valencia M, Caparrds-
Martin JA, Mulero F, Goodship JA,
Ruiz-Pérez VL (2012). Eve works in
chondrocytes and osteoblasts to regu-
late multiple aspects of growth plate
developmentin the appendicular skel-
eton and cranial base. Bone 50, 28-41.

IF:3.79

Fuster JJ, Molina-Sanchez P, Jovani D,
Vinué A, Serrano M, Andrés V (2012).
Increased gene dosage of the Ink4/Arf
locus does not attenuate atherosclerosis
developmentin hypercholesterolaemic
mice. Atherosclerosis 221, 98-105.

IF: 3.63

Aguado-LleraD,Doménech R, Marench-
ino M, Vidal M, Neira JL (2012). Non-
canonical residues of the marginally
stable monomeric ubiquitin conjugase
from goldfish are involved in binding
to the C terminus of Ring 1B. Biochim
Biophys Acta1824,991-1001.

IF: 3.42

Navarro A, Encinar JA, Lopez-Méndez
B, Aguado-LleraD, Prieto J, Gomez J,
Martinez-Cruz LA, Millet O, Gonzalez-
Ros JM, Fernandez-Ballester G, Neira
JL, Ferrer-Montiel A (2012). Mutation
of Ser-50 and Cys-66 in Snapin Modu-
lates Protein Structure and Stability.
Biochemistry 51, 3470-3484.

IF: 3.32
Fernandez D, Sanchez-Arévalo VJ,
Alboran IM (2012). The role of the

proto-oncogene c-myc in B lym-
phocyte differentiation. Crit Rev
Immunol 32, 321-324.

IF: 3.08

Martin-Arruti M, Vaquero M, Diaz
de Otazu R, Zabalza I, Ballesteros J,
Roncador G, Garcia-Orad A (2012).
Bcl-2 and BLIMP-1 expression predict
worse prognosis in gastric diffuse large
Bcelllymphoma (DLCBL) while other
markers for nodal DLBCL are not use-
ful. Histopathology 60, 785-792.

IF: 2.87

Castelblanco E, Gallel P, Ros S, Gatius
S, Valls J, de Cubas AA, Maliszewska
A, Yebra-Pimentel MT, Menarguez J,
Gamallo C,Opocher G, Robledo M, Mat-
ias-Guiu X (2012). Thyroid paragang-
lioma. Report of 3 cases and description
of an immunohistochemical profile
useful in the differential diagnosis with
medullary thyroid carcinoma, based
on complementary DNA array results.
Hum Pathol43,1103-1112.

IF: 2.58

Guisado-Vasco P, Arranz R, Canales M,
Cénovas A, Larafa J, Garcia-Sanz R,
Lopez A, Lépez J, Llanos M, Moraleda
J, Rodriguez J, Rayon C, Sabin P, Salar
A,MarinA, Morente M, Sanchez- Godoy
P, Tomas J, Muriel A, Abraira V, Piris M,
Garcia J, Montalban C (2012). Stage IV
and age over 45 years are the only prog-
nosticfactors ofthe International Prog-
nosticScore forthe outcome ofadvanced
Hodgkin lymphoma in the Spanish
Hodgkin LymphomaStudy Groupseries.
Leuk Lymphoma 53, 812-819.

IF: 2.53

Garcia-Giménez JL, Sanchis-Gomar
F, Lippi G, Mena S, Ivars D, Gomez-
Cabrera MC, Vifia J, Pallardé FV
(2012). Epigenetic biomarkers: anew
perspective inlaboratory diagnostics.
Clin Chim Acta 413,1576-1582.
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-> IF:2.33

Gutiérrez-Ibarluzea I, Ibarreta D,
Malats N (2012). Public health genom-
ics in Spain: the status of anon-exist-
ing reality. Public Health Genomics
15, 313-321.

IF:2.21

Porta M, Pumarega J, Guarner L,
Malats N, Sola R, Real FX; for the PAN-
KRAS IT Study Group (2012). Rela-
tionships of hepatic and pancreatic
biomarkers with the cholestatic syn-
drome and tumor stage in pancreatic
cancer. Biomarkers 17, 557-565.

IF:1.88

PortaN, Luz Calle M, Malats N, Gomez
G (2012). A dynamic model for the
risk of bladder cancer progression.
Stat Med 31, 287-300.

1F:1.38

Kerguelén Fuentes AE, Hernandez-
Maraver D, Lombardia L, Canales
Albendea MA, Rodriguez de la Rtia
A (2012). Clinical significance of the
quantification of JAK2V617F allele
burdenin classical Ph-negative mye-
loproliferative neoplasms. Med Clin
(Barc) 139, 373-378.

1F:1.27

Gil-Benso R, Monteagudo C, Cerda-
Nicolas M, Callaghan RC, Pinto S,
Martinez-Romero A, Pellin-Carcelén
A, San-Miguel T, Cigudosa JC, Lépez-
Ginés C (2012). Characterization of
a new human melanoma cell line
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with CD133 expression. Hum Cell
25, 61-67.

IF: 0.43

Lorente B, Medina I, Morcillo C, San-
gros R, Alegre J, Pita G, Vellalta G,
Malats N, Pisano DG, Dopazo J, Nav-
arro A (2012). SYSNPs (Select Your
SNPs): a web tool for automatic and
massive selection of SNPs. Int J Data
Min Bioinform 6, 324-334.

The following articles

were published in journlas
that have not been allocated
an impact factor

Aguado-Ullate S, Guasch L, Urbano-
Cuadrado M, Bo C, Carbo JJ (2012).
3D-QSPR models for predicting the
enantioselectivity and the activity
for asymmetric hydroformylation of
styrene catalyzed by Rh-diphosphane.
Catal Sci Technol 2,1694-1704.

Alava E, Arias J, Ariza A, Cuatrecasas
M, Fernandez PL, Morente M, Nicolas
P (2012). Preguntas y recomen-
daciones sobre integracion de los
archivos diagnosticos de los servicios
de Anatomia Patoldgica en biobancos.
Rev Esp Patol 45, 215-217.

Avilés JA, Lazaro P, Fernandez LP,
Benitez J, Ibarrola-Villava M, Ribas
G (2012). Phenotypic and histologic
characteristics of cutaneous,elanoma
in patients with melanocortin-1

receptor polymorphisms. Actas
Dermosifiliogr103, 44-50.

Bornachea O, Santos M, Martinez-
Cruz AB, Garcia-Escudero R, Duefias
M, Costa C, Segrelles C, Lorz C,
Buitrago A, Saiz-Ladera C, Agirre
X, Grande T, Paradela B, Maraver
A, Ariza JM, Prosper F, Serrano M,
Sanchez-Céspedes M, Paramio JM
(2012). EMT and induction of miR-21
mediate metastasis development in
Trp53-deficient tumours. Sci Rep 2,
434.

Carracedo A, Salido M, Corominas JM,
Rojo F, Ferreira BI, Suela J, Tusquets
I, Corzo C, Segura M, Espinet B,
Cigudosa JC, Arumi M, Albanell J,
Serrano S, Solé F (2012). Are ER+PR+
and ER+PR- breast tumors genetically
different? A CGH array study. Cancer
Genet 205,138-146.

DiLisio L, Sanchez-Beato M, Gémez-
Loépez G, Rodriguez ME, Montes-
Moreno S, Mollejo M, Mendarguez
J, Martinez MA, Alves FJ, Pisano
DG, Piris MA, Martinez N (2012).
MicroRNA signatures in B-cell lym-
phomas. Blood Cancer J 2, e57.

Gamez-Pozo A, Sdnchez-Navarro I,
Ibarz Ferrer N, Garcia Martinez F,
Ashman K, Fresno Vara JA (2012).
High-Throughput phosphoproteom-
ics from formalin-fixed, paraffin-em-
bedded tissues. Curr Protocols in Chem
Biol 4,161-175.

PATENTS

- Garcia JF, Martin-Moreno AM,

Roncador G, Martinez-Torrecuad-
rada JL, Moreno-Bueno G (2012).
Anticuerpo y método para el diag-
ndstico y/o prondstico de linfomas.
ES/P2012/31304.

Gonzélez-Neira A, Patifio A (2012).
Method for predicting survival in can-
cer patients. PCT/ W02012/139945.

Heeschen C, Hermann P C, Lonar-
do E (2012). Triple combination
for the treatment of cancer. PCT/
EP2012/071851.

Pastor J, Alvaréz R, Garcia- Garcia AB,
Riesgo RC, Blanco C (2012). 6,7-ring
—fused triazolo [4,3-B] Pyridazine
derivates as PIM inhibitors. PCT/
W02012/098387.

Pastor J, Alvaréz R, Riesgo RC, Garcia
AB, Rodriguez A, Martin JI, Blanco C,
Cebrian DA (2012). New compounds
as PI3K and dual PIM/PI3K inhibi-
tors. PCT/GB2012/051134.

- Pastor J, Alvaréz R, Varela C, Garcia-

Garcia AB, Zarich N, Blanco C,
Rodriguez A, Oyarzabal J, Bischoff
JR (2012).New compounds as CDKS8
inhibitors. PCT/GB2012/051526.

Pastor J, Garcia AM, Noya B, Gonzélez
E (2012). Preparation of amino imi-
dazolothiadiazoles for use as protein
or lipid kinase inhibitors for treat-
ing cancer and other diseases. PCT/
W02012/020217.

Pastor J, Kurz G, Rico MR, Soi-
lan D, Ortega MA, Link W, Rabal O
(2012). Bicyclic compounds for use
for lipid kinase inhibitors. PCT/
WO02012/020215.

Pastor J, Kurz G, Soilan D, Rico MR,
Ortega MA (2012). Preparation of tri-
cyclic compounds for use as kinase
inhibitors in treating proliferative
diseases. PCT/W02012/020227.

Pastor J,Martinez S, Blanco C, Loren-
zo M, Ramos-Lima FJ (2012). Tricyclic

heterocyclic compounds as kinase
inhibitors. PCT/GB2012/051576.

Pastor J, Martinez S, Blanco C,
Rodriguez-Aristegui S, Gomez CA,
Hernadndez AI, Génzalez E, Ajenjo
N (2012). New compounds as PIM
inhibitors. PCT/GB2012/051606.

Pastor J, Martinez S, Oyarzabal J
(2012).Imidazopyrazine derivatives as
PI3K inhibitors and their preparation
and use for the treatment of diseases
in combinations with an antitumor
agent. PCT/W02012/052745.

Pastor J, Martinez S, Serrano M,
Bischoff JR, Ortega A, Oyarzabal J
(2012). Use of PI3K inhibitors for the
treatment of obesity, steatosis and
ageing. PCT/W02012/052730.

Zurita ME, Montoliu JL, Fernan-
dez A, de la Villa P, Gonzalez-Neira
A, Benitez J (2012). Novel animal
model for Achromatopsia. ES/
P2012/31296.
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AWARDS AND
RECOGNITION

AWARDS

- Mariano Barbacid
Vde Vida Award, Asociacion
Espariola Contra el Cdancer
(AECC), Spain

I Premio Internacional de
Investigacién Oncoldgica
Ramiro Carregal, Spain

- Oscar Fernandez-Capetillo
Howard Hughes Medical
Institute (HHMI) International
Early Career Award, USA

- Patrick C. Hermann
Hector-Forschungspreis
Onkologie, Germany

- Mercedes Robledo

Sergio Vidal and Fundacion Mutua
Madrilefia 2012 Awards, Spain
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EDITORIAL BOARDS

- Javier Benitez
Editorial Board Member, Methods
in Next Generation Sequencing

- Luis Lombardia
Editorial Board Member,
Dataset Papers in Biology

- Francisco X. Real
Academic Editor,
PL0S ONE Journal

- Maria S. Soengas
Executive Editor, Pigment Cell
and Melanoma Research

OTHER RECOGNITIONS

- Mariano Barbacid

Member (Foreign), National
Academy of Sciences of the USA

Maria A. Blasco

Honorary Ambassador of the Spain
Brand (Embajadora Honoraria

de la Marca Esparia), Leading
Brands of Spain Forum (FMRE)

Member of the Board of
Trustees and President of the
External Advisory Board of the
Spanish National Centre for
Research on Ageing (Centro
Nacional de Investigacion en
Envejecimiento, CNIE)

Member, Faculty of 1000
(Ageing Section)

- Juan C. Cigudosa

President-Elect Nominee,
International Society of
Cellular Oncology

- Anna Gonzalez-Neira

National Representative and Board
Member, European Association

for Predictive, Preventive and
Personalised Medicine (EPMA)

Manuel Hidalgo

Scientific Advisory Board Member,
Department of Oncology at the
University of Leuven, Belgium

External Advisory Board
Member, Instituto Oncolégico
de kutxa (Onkologikoa), Spain

- Manuel M. Morente
President-Elect of the European,
Middle East & African
Society of Biopreservation
and Biobanking (ESBB)

- Francisca Mulero
Scientific Advisory Board
Member and Faculty, M+Vision
Consortium, Spain-USA

- Francisco X. Real
Member, Scientific Council,
“Cancer Research for
Personalized Medicine”
(CARPEM) in Paris, France

- Mercedes Robledo
Scientific Co-Chair of the
international Pheochromocytoma
and Paraganglioma Research
Support Organization (PRESSOR)
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COMPETITIVE
FUNDING

The CNIO finances a substantial proportion of its research

through competitive grants from Spanish, European and inter-
national public funding agencies, as well as from private entities.
In 2012, researchers at the CNIO were involved in 139 projects

that received extramural funding. Of these, 28 were interna-
tional collaborative projects — 2 of which are coordinated by the

CNIO - and 29 were collaborative projects with other groups in

Spain. In addition to these collaborative projects, researchers

at the CNIO attracted funding for projects that are executed

by individual groups. In 2012, 21 of these projects received

international funding and 61 received national funding,.

214 FACTS AND FIGURES

The many grants and awards attributed to individual research

projects demonstrate the excellence and international com-
petitiveness of CNIO’s scientists. These include: 6 Advanced

and Starting Grants of the European Research Council (ERC),
1 Howard Hughes Medical Institute (HHMI) International

Early Career Award, and several grants from the European

Commission (EC), the Association for International Cancer

Research (AICR), the US National Institutes of Health (NTH),
the European Science Foundation (ESF), and the European

Foundation for the Study of Diabetes (EFSD).

INTERNATIONAL GRANTS COLLABORATIVE PROJECTS

AXA FOUNDATION

PRINCIPAL INVESTIGATORS

PROJECT TITLE

Blasco, Maria A. (coordinator)
Serrano, Manuel

|dentification and manipulation of molecular pathways
relevant for age-dependent tissue regeneration

EUROPEAN COMMISSION
FRAMEWORK PROGRAMMES

INNOVATIVE MEDICINES INITIATIVE JOINT UNDERTAKING

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Valencia, Alfonso

e-TOX: Integrating bioinformatics and chemoinformatics approaches for the
development of expert systems allowing the in silico prediction of toxicities

Valencia, Alfonso

Open PHACTS: An open, integrated and sustainable chemistry, biology
and pharmacology knowledge resource for drug discovery

INTEGRATED PROJECTS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Barbacid, Mariano

CHEMORES: Molecular mechanisms underlying chemotherapy
resistance, therapeutic escape, efficacy and toxicity

Barbacid, Mariano

EUMODIC: The European mouse disease clinic - a distributed
phenotyping resource for studying human disease

Blasco, Maria A.

MARK-AGE: European study to establish biomarkers of human ageing

Benitez, Javier

COGS: Collaborative oncological gene-environment study

Heeschen, Christopher

MULTIFUN: Multifunctional nanotechnology for
selective detection and treatment of cancer

Malumbres, Marcos

MitoSys: Systems biology of mitosis

Valencia, Alfonso

A BLUEPRINT of haematopoietic epigenomes

Valencia, Alfonso

ASSET: Analysing and striking the sensitivities of embryonal tumours

Valencia, Alfonso

MICROME: A knowledge-based bioinformatics
framework for microbial pathways genomics

Valencia, Alfonso

RD-CONNECT: An integrated platform connecting registries,
biobanks and clinical bioinformatics for rare disease research

MARIE CURIE ACTIONS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Ferndndez-Capetillo, Oscar

ITN aDDRess: Joint training and research network on
chromatin dynamics and the DNA damage response

Losada, Ana

ITN Nucleosome4D: Nucleosome structure & function
across biological scales and biological function
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NETWORKS OF EXCELLENCE

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Barbacid, Mariano

EUROCAN PLATFORM: A European platform
for translational cancer research

RESEARCH INFRASTRUCTURES

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Valencia, Alfonso

ELIXIR: European life-science infrastructure for biological information

SMALL OR MEDIUM-SCALE FOCUSED RESEARCH PROJECTS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Barbacid, Mariano

LUNGTARGET: New approaches for the targeted
therapy of non-small cell lung cancer

Blasco, Maria A.

EuroBATS: Identifying biomarkers of ageing using
whole transcriptomic sequencing

Heeschen, Christopher
Real, Francisco X.

EPC-TM-Net: Targeting the tumour microenvironment
to improve pancreatic cancer prognosis

Malats, Nuria

Real, Francisco X. (coordinator)

CANCERALIA: Development of novel diagnostic and therapeutic
approaches to improve patient outcome in lung and pancreatic tumours

Malats, Nuria DECanBio: Novel MS-based strategies to discover and evaluate cancer
biomarkers in urine: application to diagnosis of bladder cancer
Malats, Nuria UROMOL: Prediction of bladder cancer disease course using

risk scores that combine molecular and clinical risk factors

Robledo, Mercedes

ENS@T-CANCER: European network for the study of adrenal
tumours - structuring clinical research on adrenal cancers in adults

Serrano, Manuel

RISK-IR: Risk, stem cells and tissue kinetics - ionising radiation

EXECUTIVE AGENCY
FOR HEALTH AND
CONSUMERS (EAHC)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Malats, Nuria

PHGEN II: European best practice guidelines for quality assurance,
provision and use of genome-based information and technologies

US NATIONAL INSTITUTES
OF HEALTH (NIH)
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PRINCIPAL INVESTIGATORS

PROJECT TITLES

Malats, Nuria

Bladder cancer risk and genomic alterations

Valencia, Alfonso

GENCODE: Integrated human genome annotation:
generation of a reference gene set

INTERNATIONAL GRANTS

INDIVIDUAL PROJECTS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

ASSOCIATION FOR
INTERNATIONAL CANCER

Djouder, Nabil

Defining the oncogenicity of URIin hepatocellular carcinoma (HCC) development

RESEARCH (AICR)

Fernandez-Capetillo, Oscar

Exploiting oncogene-induced replicative stress for the selective killing of cancer cells

Malats, Nuria

Bladder cancer risk: The role of trace metals and oxidative stress

Pérez-Moreno, Mirna

Role of p120 catenin in inflammatory skin cancer development

Soengas, Maria S.

Biosensor and response indicators in dsRNA-based anti-melanoma therapy

EUROPEAN RESEARCH COUNCIL (ERC)

EUROPEAN
COMMISSION FRAMEWORK

PRINCIPAL INVESTIGATORS

PROJECT TITLES

PROGRAMMES

Barbacid, Mariano

ERC Advanced Grant RAS AHEAD: Ras genes in health and disease

Blasco, Maria A.

ERC Advanced Grant TEL STEM CELL: From telomere chromatin to stem cell biology

Ferndndez-Capetillo, Oscar

ERC Starting grant CHROMOREPAIR: Genome
maintenance in the context of chromatin

Heeschen, Christopher

ERC Advanced Grant Pa-CSC: Molecular characterisation and
targeted elimination of metastatic pancreatic cancer stem cells

Serrano, Manuel

ERC Advanced Grant CANCER & AGEING: Common
mechanisms underlying cancer and ageing

Wagner, Erwin F.

ERC Advanced Grant AP-1-FUN: AP-1 (Fos/Jun)
functions in physiology and disease

MARIE CURIE ACTIONS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Ferndndez-Capetillo, Oscar

HISTONEDDR: Role of histone modifications in
DNA damage response in mammals

Gervasio, Francesco L.

DmoNickaseDesign: Safer gene repair and targeting based
on the monomeric meganuclease I-Dmol by design of
homologous-recombination-inducing nickase activity

Malumbres, Marcos

Mastl CDC: Role of the protein kinase Mastl in Cell Division and Cancer

Montoya, Guillermo

SMARTBREAKER: Rational designing of new meganucleases
as molecular scissors for genomic tailoring

Real, Francisco X.

PANCLON: Clonal analysis in pancreatic development,
differentiation and carcinogenesis

EUROPEAN FOUNDATION
FOR THE STUDY OF
DIABETES (EFSD)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Djouder, Nabil

Role of URI in obesity/type 2 diabetes-mediated
hepatic metabolic dysfunctions

HOWARD HUGHES MEDICAL
INSTITUTE (HHMI)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Fernandez-Capetillo, Oscar

Exploring the role of replicative stress in cancer and ageing
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PRINCIPAL INVESTIGATORS

PROJECT TITLES

US NATIONAL INSTITUTES

OF HEALTH (N|H) Hidalgo, Manuel

Tailoring new drugs in pancreatic cancer

Soengas, Maria S.

The unfolded protein response in melanoma
progression and chemoresistance

PRINCIPAL INVESTIGATOR

PROJECT TITLE

EUROPEAN SCIENCE

FOUNDATION (ESF) Robledo, Mercedes

11t Scientific meeting of the European network
for the study of adrenal tumours (ENS@T)

NATIONAL GRANTS COLLABORATIVE PROJECTS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

COMMUNITY OF MADRID /
COMUNIDAD AUTONOMA
DE MADRID (CAM)

Barbacid, Mariano
Malumbres, Marcos (coordinator)

Programa ONCOCYCLE: El ciclo celular y los microRNAs en la
autorenovacion y diferenciacion de células progenitoras

Blasco, Maria A.
Serrano, Manuel (coordinator)

Programa ReCaRe: Reprogramacion en cancer y regeneracion

Campos-Olivas, Ramon
Gervasio, Francesco L.
Lietha, Daniel

Programa BIPEDD 2: Plataforma integrada de bioinformatica para el
descubrimiento de nuevos fdrmacos basado en la estructura del receptor

Gonzalez-Neira, Anna

Programa VISIONANIMAL: Modelos animales para
el estudio de enfermedades de la vision

Martinez-Torrecuadrada, Jorge L.

Programa ANGIOBODIES 2: Desarrollo de anticuerpos recombinantes
para uso terapéutico y diagndstico en angiogénesis patoldgica y
para la identificacion de nuevos marcadores angiogénicos

Montoya, Guillermo

Programa INTERACTOMICS: Interactomica del centrosoma

Real, Francisco X.

Programa CEL-DD: Linajes y competicion celular
en el desarrollo y la enfermedad

Robledo, Mercedes

Programa TIRONET: Fisiopatologia tiroidea: Mecanismos implicados en
cancer, autoinmunidad y mecanismo de accion de hormonas tiroideas

Soengas, Maria S.

Programa NANODENMED: Nanosistemas dendlriticos como agentes
y vectores terapéuticos en distintas aplicaciones biomédicas

PRINCIPAL INVESTIGATORS

PROJECT TITLES

HEALTH RESEARCH

Red Temadtica de Investigacion Cooperativa en Cancer (RTICC)

FUND / FONDO DE Benitez, Javier
INVESTIGACIONES o
SANITARIAS (FIS) Malats, Nuria

Red Temadtica de Investigacion Cooperativa en Cancer (RTICC)

Morente, Manuel M. (coordinator)

Red Temadtica de Investigacion Cooperativa en Salud (RETICS)-
Red Temadtica de Biobancos Hospitalarios (Red Nacional de Biobancos)

Valencia, Alfonso

Red Temaética de Investigacion Cooperativa en
Biomedicina Computacional (COMBIOMED)
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MINISTRY OF HEALTH,
SOCIAL SERVICES AND
EQUALITY / MINISTERIO
DE SANIDAD, SERVICIOS
SOCIALES E IGUALDAD
(MSSI)

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Gomez, Carlos Jesus

Chemosensitivity profiles for the personalised
therapy of advanced colorectal cancer

Hidalgo, Manuel

Personalised treatment for pancreatic cancer patients

MINISTRY OF ECONOMY
AND COMPETITIVENESS /

MINISTERIO DE ECONOMIA Y
COMPETITIVIDAD (MINECO)

PRINCIPAL INVESTIGATORS

PROJECT TITLE

Barbacid, Mariano (coordinator)
Blasco, Maria A.
Ferndndez-Capetillo, Oscar
Malumbres, Marcos

Real, Francisco X.

Serrano, Manuel

Programa CONSOLIDER ONCOBIOQ: Biologia del cdncer

Benitez, Javier

Proyecto INNPRONTA LIFE: Desafio integral al cancer de mama

Cigudosa, Juan C.

Proyecto INNPACTO PROCARDIO: Desarrollo de tecnologias
avanzadas de produccion y validacion de un producto celular
alogénico para el tratamiento de la enfermedad cardiovascular

Heeschen, Christopher

Proyecto FCCI: Nanoparticulas multifuncionales para tratamiento
dirigido e imagen in vivo de células Troncales tumorales

Hidalgo, Manuel

Proyecto INNPACTO ORALBEADS: Desarrollo de dispersiones sélidas micro/
nanoestructuradas para administracion oral de compuestos marinos

Liébanes, Lola

Programa EUROCIENCIA: Plan estratégico de
participacion en el 7° Programa Marco

Losada, Ana
Méndez, Juan

Programa CONSOLIDER: Inestabilidad gendmica

Montoya, Guillermo

Programa CONSOLIDER CENTROSOMA-3D

Soengas, Maria S.

Programa CONSOLIDER RNAREG: Una aproximacion
integrada a la regulacion post-transcripcional de la
expresion génica y su papel en enfermedad”

Soengas, Maria S.

Proyecto INNPACTO: Nanocomplejos de ARN sintético como nueva terapia
contra canceres agresivos para los que no se dispone de tratamiento efectivo

Valencia, Alfonso

Programa CONSOLIDER SYEC: Supercomputacion y eCiencia

Valencia, Alfonso

Proyecto ACI-PROMOCIONA INB-ELIXIR: Ampliacidn del INB como
nodo espafiol en la infraestructura Europea de Bioinformdtica

SPANISH ASSOCIATION
AGAINST CANCER /.
ASOCIACION ESPANOLA

CONTRA EL CANCER (AECC)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Cigudosa, Juan C.

Neoplasias hematoldgicas: Terapia apoyada en el diagndstico molecular

CENTRE FOR INDUSTRIAL
TECHNOLOGICAL
DEVELOPMENT / CENTRO
PARA EL DESARROLLO

TECNOLOGICO INDUSTRIAL

(CDTI)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Mulero, Francisca

Programa Cenit AMIT: Tecnologias de imagen molecular avanzada
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NATIONAL GRANTS INDIVIDUAL PROJECTS

PRINCIPAL INVESTIGATOR

PROJECT TITLE

COMMUNITY OF MADRID / -
COMUNIDAD AUTONOMA DE Ferndndez-Capetillo, Oscar
MADRID (CAM)

Premio Miguel Catalén 2008 de la Comunidad de Madrid.
Modalidad: “Jovenes investigadores menores de 40 afos”

PRINCIPAL INVESTIGATORS

PROJECT TITLES

HEALTH RESEARCH ;
FUND / FONDO DE Alvarez, Sara
INVESTIGACIONES

Identification of biomarkers that predict the clinical response to
DNA hypomethylating therapies on myelodisplastic syndromes

SANITARIAS (FIS)
Benitez, Javier

Identification and analysis of risk factors in breast
and ovarian cancer families (INTRASALUD)

Cascon, Alberto

Ultrasequencing of recurrent regions of loss of heterozygousity
in patients with familial pheochromocytoma not associated
to mutations in the known susceptibility genes

Cigudosa, Juan C.

Human stem cell models with inducible chromosome translocations:
Integrated genomic and biological study of the t(7;11)(p15;p15), its
fusion gene NUP98-HOXA9 and its leukeamic effects (INTRASALUD)

Colomer, Ramon

Structural disruption of oncogene addiction in breast
cancer by blocking fatty acid synthase

Garcia, Maria José

Definition of pathogenic pathways involved in familial
and sporadic epithelial ovarian cancer

Guerra, Carmen

Preventative and therapeutic strategies in noonan,
costello and cardio facio cutaneous syndromes

Heeschen, Christopher

Molecular characterisation of cancer (stem) cells for the
development of novel targeted treatments modalities

Hidalgo, Manuel

Targeting Pancreatic Cancer Stroma

Malats, Nuria

Ductal adenocarcinoma of the pancreas and chronic inflammation:
An integrative approach in an international study

Martinez, Beatriz

Role of miRNAs as biomarkers for early diagnosis in hereditary
breast cancer. Expression profiling of tumours, blood and serum

Milne, Roger L.

FGF Receptors and breast cancer susceptibility: An analysis of main effects,
gene-gene and gene-environment interactions at an international level

Milne, Roger L.

Common variation in genes in the FGF and
inflammation pathways and breast cancer risk

Quintela-Fandino, Miguel

Development of an integrated translational platform for
the study of predictive factors and resistance mechanism
for antiangiogenic drugs in early breast cancer

Robledo, Mercedes

Use of massive analysis platforms on endocrine
tumours studies: From OMICS to patients

Sanchez-Beato, Margarita

BCR in lymphomas: Activation markers; identification
of genetic and epigenetic alterations

Urioste, Miguel

Research of the tumourigenic pathways involved in familial
colorectal cancer type X. Analysis of: 1) specific genes; 2)
methylation patterns; 3) telomeric dysfunction; and 4), expression
of proteins with a relevant role in colorectal tumourigenesis
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LILLY FOUNDATION /
FUNDACION LILLY

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Blasco, Maria A.

Lilly Foundation Award for Preclinical Research

MINISTRY OF ECONOMY
AND COMPETITIVENESS /
MINISTERIO DE ECONOMIA
Y COMPETITIVIDAD
(MINECO)

NATIONAL PROGRAMME FOR BASIC RESEARCH PROJECTS /
PROGRAMA NACIONAL DE PROYECTOS DE INVESTIGACION FUNDAMENTAL

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Barbacid, Mariano

Inhibition of oncogenic K-Ras signalling in cancer

Blasco, Maria A.

Mammalian telomeres and telomerase: From
chromatin structure to stem cell biology

Djouder, Nabil

Decoding the URI role in the hepatocellular carcinoma (HCC) development

Ferndndez-Capetillo, Oscar

Exploring the role of replication stress in cancer and ageing

Gervasio, Francesco L.

An experimentally validated computational approach to study
protein conformational plasticity and its alteration

Heeschen, Christopher

Vascular regeneration in the 21st century - definition of the optimal
cell therapy protocol for patients with cardiovascular diseases

Lietha, Daniel From the molecular study of growth signalling and
cellular adhesion to the drug discovery
Losada, Ana Animal models for the study of cohesine functions

Malumbres, Marcos

Cellular and physiological consequences of mitotic deregulation in mammals

Méndez, Juan

MCM complex functions in the DNA replication and the genetic stability

Montoya, Guillermo

Structural biology of macromolecular machines
involved in chromosome dynamics

Ortega, Sagrario

New murine genetic models for the angiogenesis and lynphangiogenesis in tumours

Osorio, Ana

Implications of the type of germline mutation in the prognosis and treatment
of patients with hereditary breast cancer carrying mutations in the BRCAT gene

Pérez de Castro, Ignacio

Aurora A, in vivo essential functions, anti-tumoural target
validation and identification of new regulatory mechanisms

Pérez-Moreno, Mirna

Links between adhesion proteins, inflammation and cancer in skin

Ramoén-Maiques, Santiago

Structural determination of the architecture of CAD; an antitumoural
target that controls the biosynthesis of pyrimidines

Real, Francisco X.

Pancreatic adenocarcinoma: Role of the acinar and ductal
components and development of animal models

Real, Francisco X.

Transcriptional control of acinar cell differentiation and pancreatic cancer

Rodriguez, Cristina

|dentification of predictive genetic markers of haematologic toxicity

Sanchez-Carbayo, Marta

Profiling bladder cancer epigenetic events

Serrano, Manuel

New mouse models for the study of cancer and ageing

Soengas, Maria S.

Cellular stress in melanoma progression and chemoresistance

Valencia, Alfonso

Gene groups functions
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SUB-PROGRAMME EURORESEARCH / SUBPROGRAMA EUROINVESTIGACION

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Fernandez-Capetillo, Oscar

Is the DNA damage response a tumour barrier?

SUB-PROGRAMME OF ACTIONS RELATED TO INTERNATIONAL SCIENTIFIC INFRASTRUCTURES / SUBPROGRAMA DE
ACTUACIONES RELATIVAS A INFRAESTRUCTURAS CIENTIFICAS INTERNACIONALES

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Morente, Manuel M.

Establishment of the Spanish Biobank BBMRI.[es]
platform for promoting the integration of the European
BBMRI platform and its transition to BBMRI-ERIC

SUB-PROGRAMME OF SUPPORT TO TECHNOLOGY TRANSFER CAPACITIES IN RESEARCH CENTRES/ SUBPROGRAMA
DE APOYO A LA FUNCION TRANSFERENCIA EN CENTROS DE INVESTIGACION (INNCIDE)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Quintero, Marisol

Proyecto INNCIDE-CNIO para favorecer la creacidn de valor econémico
de los conocimientos derivados de los descubrimientos cientificos
y de los resultados de investigacion y desarrollo del CNIO

COMPLEMENTARY ACTIONS / ACC/IONES COMPLEMENTARIAS

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Lietha, Daniel

CNIO Frontier Meeting on allosteric regulation of cancer cell signalling

Real, Francisco X.

Genodmica del Cancer de vejiga urinaria: Validacion
a gran escala de nuevos candidatos

SUB-PROGRAMME OF SUPPORT TO CENTRES AND UNITS OF EXCELLENCE ‘SEVERO OCHOA’/
SUBPROGRAMA DE APOYO A CENTROS Y UNIDADES DE EXCELENCIA ‘SEVERO OCHOA’

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Blasco, Maria A.

Acreditacion del CNIO como Centro de Excelencia ‘Severo Ochoa’

MUTUA MADRILENA )
FOUNDATION / FUNDACION
MUTUA MADRILENA
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PRINCIPAL INVESTIGATORS

PROJECT TITLES

Garcia, Maria José

Caracterizacion inmunohistopatoldgica de los tumores de ovario
epiteliales hereditarios y esporddicos: Vias de alteracion comunes
y especificas. Estatus de BRCAT y/o0 biomarcadores asociados
como predictores de prondstico y respuesta a la quimioterapia

Martinez, Beatriz

Identificacion de miRNAS como biomarcadores de
diagndstico precoz en cancer de mama hereditario

Osorio, Ana

Anaélisis de polimorfismos en genes candidatos como modiificadores del
fenotipo en pacientes portadoras de mutaciones en los genes de alta
susceptibilidad para el desarrollo del cancer de mama BRCATy BRCA2

Rodriguez, Cristina

Estudlio de microRNAs como predictores de respuesta
a Sunitinib en pacientes con carcinoma renal

Sdnchez-Carbayo, Marta

Perfiles epigenéticos como marcadores diagndsticos
Yy prondstico en cancer de vejiga

Guinea-Viniegra, Juan

JunB/AP-1, supresor tumoral en la piel. Mecanismos
moleculares e interaccion funcional con p53

RAMON ARECES .
FOUNDATION / FUNDACION
RAMON ARECES

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Guerra, Carmen

Implicacion de los oncogenes RAS en el desarrollo
de los sindromes Costello y Noonan

Malumbres, Marcos

Base genética y celular del sindrome de microdelecion
16p11.2-p12.2 y de los trastornos neurales relacionados

Montoya, Guillermo

Desarrollo de bisturies moleculares para la reparacion de
genes implicados en enfermedades monogénicas

Serrano, Manuel

Reprogramacion nuclear in vivo e interrelacion funcional entre p27 y Sox2

SANDRA IBARRA )
FOUNDATION / FUNDACION
SANDRA IBARRA

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Martinez, Beatriz

Identificacion de miRNAs como biomarcadores de diagndstico precoz
en sangre y suero de pacientes con cancer de mama hereditario

SPANISH ASSOCIATION
AGAINST CANCER /
ASOCIACION ESPANOLA
CONTRA EL CANCER (AECC)

PRINCIPAL INVESTIGATORS

PROJECT TITLES

Benitez, Javier

Diseccionando las bases genéticas del cancer de mama hereditario

Gonzalez-Neira, Anna

Farmacogenética en tumores infantiles

SPANISH SOCIETY

OF MEDICAL ONCOLOGY
/ SOCIEDAD ESPANOLA
DE ONCOLOGIA MEDICA
(SEOM)

PRINCIPAL INVESTIGATOR

PROJECT TITLE

Quintela-Fandino, Miguel

Validacion de una estrategia novedosa en la identificacion de genes
implicados en la evolucion de cancer de mama hormonopositivo
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PRIVATE SPONSORS

WE WOULD LIKE TO THANK ALL OUR SPONSORS AND DONORS
FOR THE GENEROUS SUPPORT THAT WE RECEIVED FROM THEM IN 2012.
THEY PLAY AN INHERENT ROLE IN OUR PRESENT AND FUTURE SUCCESSES.

Obra Social One of the Fundacién “la

° Fundacion "laCaixa’ Caixa’s” main goals is to
support an innovative pro-

gramme aimed at fostering international fellowshipsin order
to attract the most outstanding students from the interna-
tional arenato obtain their doctoral degrees at the CNIO. This
acclaimed programme assures highly competitive standards
by guiding exceptional students towards a career in oncol-
ogy research; abasic principle is that the selection process is
not to be limited to Spanish students only but also includes
international students.

Fundacion BBVA The Fundacién BBVA gen-
erously supports the BBVA

Foundation-CNIO Cancer Cell Biology Programme, headed
by Professor Erwin F. Wagner since mid 2009. This Programme
focuses on research into tumour processes, covering all aspects
of tumour cell biology from the molecular level to the analysis
of gene functions in normal and pathological conditions.

The Spanish Association Against

Cancer (Asociacién Esparfiola

Contra el Cdncer, AECC), through

its Science Foundation, awarded five

grants aimed at supporting cancer research. The grants add

up to a total of over 700,000 EUR out of the 1.5 million EUR

that the AECC offered for the funding of research projects in

2012. These grants are aimed to support scientists and clini-
cians who work intensively in the field of oncology. The CNIO

scientists who were honoured this year are Andrés J. Lopez-
Contreras, Maria Salazar, David Olmos, Chiara Ambrogio and

Pablo J. Fernandez-Marcos.

FUNDACION

Taec

INVESTIGACION CONTRA EL CANCER
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The Fundacién Marcelino Botinis committed
to supporting scientific research and knowl-
FUNDACION edge transfer from academia to the market
through science programmes; this transferis
regarded as one of the main driving forces for Spain’s economic
and social development. The Fundacién Marcelino Botin col-
laborates with CNIO in this regard by supporting the Research
Groups led by Manuel Serrano and Maria A. Blasco.

e T Fundacion CRIS is dedicated
rnieingihal O to the promotion and devel-
e opment of research with the
aim of eliminating the serious

health threat of cancer. In 2012, CNIO signed a contract with
Fundacién CRIS to set up a new Clinical Research Unit to
study Genitourinary Tumours. This new laboratory is headed

by David Olmos.

AV O N AVON, funds the Breast Cancer Clinical

Research Unit, led by Miguel Quintela-

Fandino, since 2010. The Research Project “Avon-CNIO” on

breast cancer research has the main goal of advancing the
personalised treatment of breast cancer patients.

The Fundacién Seve

Ballesteros is a private

not-for-profit institu-
tion focused on securing, financing and promoting research

projects centred on brain tumours. Thanks to the support

received from this foundation, a new laboratory with a

clear translational vocation was created; it will focus on the

identification of markers for brain tumours as its principal

activity. This new laboratory is integrated within the BBVA
Foundation-CNIO Cancer Cell Biology Programme and is

headed by Massimo Squatrito.

h Seve Ballesteros

|\F O UNDATI O N

The Fundacion Jestis Serra-Catalana
FUNDACION JESUS SERRA Occidente continues to fund the
Greo TYGATSANE Visiting Scientists Programme that

was established to support prestigious

international professors for short stays at the CNIO. The

beneficiaries of the Jesis Serra Foundation’s Visiting

Researcher Programme in 2012 were Maria Sibilia (from

the Institute of Cancer Research of the Medical University

of Vienna) and Robert Benezra (from the Memorial Sloan
- Kettering Cancer Center in New York).

.& AXA AXA Research Fund
ﬂ o sl s (ARF), a global initiative

of scientific philanthro-
py run by the insurance group AXA, awarded an AXA-CNIO
Permanent Chair in Molecular Oncology to Mariano Barbacid
as part of its 2011 call. This type of sponsorship allows long-
term support to the investigator thanks to the annual interest
obtained from the capital (2 million EUR) assigned to this
AXA-CNIO Permanent Chair.

-
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FUNDACION .
MUTUAMADRILENA
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And last but not least, there are several private sector organi-
sations that provide financial support for CNIO scientists to

carry out their research through privately-funded projects.
These include the Fundacion Mutua Madrilefia, Fundacion

Ramdn Areces, Fundacién Sociedad Espariola de Oncologia

Médica (SEOM).

The Fundacién Banco Santander
funds the Banco Santander
Foundation - CNIO Fellowships
for Young Researchers. This year
the Fundacion Banco Santander provided its support to anew
CNIOinitiative; a course on Management Fundamentals and
Skills for Scientists and Researchers, which has been developed
by the IE Business School.

FUNDACION

& Banco Santander

OTHER SPONSORS

Our activities are also supported through individual dona-
tions - citizens who wish to contribute personally to the battle
against cancer - as well as via external fundraising from the
following local associations: the Fundacién Antoni Serra,
Grupo Fressia de Cambrils y Perello, Asociacion de Familias
de Nirios con Cdncer de Castilla y la Mancha (AFANION),
Fundacidn Instituto Roche, Laboratorios Gebro Pharma,
Asociacion Benéfica Monterrubiana (ABEMONT), Amalie
Petroquimica.

‘We would also like to thank our anonymous benefactors who,
with their decision to donate their legacy to support cancer
research at the CNIO, have made a very meaningful contribu-
tion to the community for generations to come.
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TRAINING PROGRAMMES

The CNIO is highly dedicated to providing an excellent train-
ing environment for the next generation of researchers and
professionals in the health sector at all career levels. To achieve
this goal, the CNIO collaborates with public and private aca-
demic institutions all over the country. In 2012, the CNIO
has expanded its collaborations with academia through the
signing of collaborative agreements with 11 different aca-
demic entities from 6 Spanish Universities (Universidad de

Alcald de Henares, Universidad CEU San Pablo, Universidad
Complutense de Madrid, Universidad de Lleida, Universidad
Politécnica de Madrid, Universidad Pompeu Fabra), as well as
with the National School of Health of the National Institute of
Health Carlos III (Escuela Nacional de Sanidad del Instituto de
Salud Carlos ITI, ENS-ISCiii), the Madrid Science Park (Parque
Cientifico de Madrid, PCM), and the Centre for Biomedical
Studies (Centro de Estudios Biosanitarios, CEB).

NUMBER OF TRAINEES

2007 2008 2009 2010 20m 2012
Laboratory Training For BSc/MSc Students 24 31 39 54 46 42
Training of PhD Students 130 144 133 132 123 121
Postdoctoral Training 45 69 75 95 83 81
Laboratory Training for Technicians 19 27 22 29 26 26
Training for MDs 25 18 24 25 20 16

LABORATORY TRAINING FOR
BSc/MSc STUDENTS

The CNIO is committed to training junior scientists at the
onset of their careers. To this end, the Centre has established a
programme that offers BSc and MSc students the opportunity
to obtain hands-on practical laboratory experience by working
on ongoing research projects in one of the CNIO groups. The
CNIO offers 3 types of short-term laboratory training:

- Anannual Summer Training Programme for undergradu-
ate students, from any country, who are in their last 2
years of study in the biomedical field. The programme
encompasses 8 weeks of full-time laboratory training
(820 hours). During this time the students actively par-
ticipate in research projects in one of the CNIO groups.
During 2012, 8 students from 5 countries participated
in this programme.

- Within the framework of the MIT-Spain Program at the
Massachusetts Institute of Technology (MIT), the CNIO
hosts undergraduate students from all of the five MIT
schools for a 2-month internship. In 2012, 2 MIT students
participated in this internship programme.
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MIT-Spain Program

Celebrating © years of connecting MIT students & faculty with
companies and research opportunities in Spain

Like MIT-Spain

Will Dickson, junior in Materials Science and Engineering, uErY(;ry:r\\[\r?‘:
three polnt bending test at exemely high temperatures at (UPM)
Universidad Politécnica de Madrid.

- Additionally, students can apply for laboratory training
throughout the academic year by directly contacting the
Heads of CNIO individual Research Groups or Units. This
year, 42 students participated in these programmes, of which
7 ended up joining the CNIO as pre-doctoral students.

TRAINING OF PhD STUDENTS

The training of PhD students in cutting-edge cancer research

is of key importance to the CNIO. The Centre offers many
opportunities for bright and dynamic university graduates,
of all nationalities, to pursue an ambitious PhD project. To

attest this, 16 students obtained their PhD degrees in 2012 and

21 joined the CNIO in that same year. Almost half of the 121
students working at the CNIO in 2012 were graduates from

foreign universities, thus contributing to the internationali-
sation of the Centre.

In 2008, the Fundacién “la Caixa” initiated an innovative
programme that offers international fellowships to PhD
students to enable them to carry out their thesis projects in
biomedical research in Spanish centres of excellence. The
CNIO was chosen, as one of 4 such centres, to launch a pro-
gramme for outstanding young pre-doctoral students from all
over the world who have an interest in pursuing an ambitious
PhD project. Until 2012, the 4-year programme supported
10 fellows per year; they were selected after an international
call and a competitive selection process. The 2012 call was
very successful, attracting around 263 eligible applications
of undergraduates from 44 different countries.

In 2012, the Jesiis Serra Foundation (Catalana Occidente
Group) awarded a fellowship for 1 PhD student, allowing
for the finalisation of relevant studies beyond the planned
thesis project.

spanish National Cancer Rest

“la Caixa” - CNIO

INTERNATIONAL
PhD PROGRAMME

in Madrid

CALL CLOSES 15™ MARCH 2012

The distribution of students across the CNIO’s Research
Programmes in 2012 was as follows: Molecular Oncology
Programme (36% of students), the BBVA Foundation-CNIO
Cancer Cell Biology Programme (8%), the Structural Biology

FUNDING OF PHD TRAINING FELLOWSHIPS
SPANISH ENTITIES 99
Ministry of Economy and Competitiveness / Ministerio 9

de Economia y Competitividad (RD projects)

Ministry of Economy and Competitiveness / Ministerio 18
de Economia y Competitividad (FPI fellowships)

Ministry of Education, Culture and Sport / Ministerio 10
de Educacion, Cultura y Deporte (FPU fellowships)

Health Research Fund / Fondo de 5
Investigaciones Sanitarias (FPI fellowships)

Autonomous Community of Madrid / Comunidad 1
Autdnoma de Madrid (RD projects)

Autonomous Community of Madrid / Comunidad 1
Auténoma de Madrid (FPI fellowships)

Government of the Basque Country / Gobierno 1
del Pais Vasco (pre-doctoral fellowship)

Scientific Foundation of the Spanish 2
Association Against Cancer / Fundacion
Cientifica de la AECC (RD projects)

CIBERER 2

Ferrer Group / Grupo Ferrer 1

“la Caixa” Foundation / Fundacion “la Caixa” 48

CNIO-CNIC Agreement / Acuerdo CNIO-CNIC 1

INTERNATIONAL ENTITIES 22
EU Framework Programme 8
European Research Council 8

Fulbright Programme 1

American Institute for Cancer Research 1

Howard Hughes Medical Institute 2

National Institutes of Health 1

Novartis 1

TOTAL 121

and Biocomputing Programme (16%), the Molecular Pathology
Programme (11%), the Human Cancer Genetics Programme
(20%), the Clinical Research Programme (8%) and the
Biotechnology Programme (1%).
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POST-DOCTORAL TRAINING

One of CNIO’s prime objectives is to attract young researchers,
who have recently obtained their PhD or MD degrees, and to
offer them highly attractive research projects at the forefront
of cancer research. In 2012, 81 postdoctoral fellows worked
at the CNIO. Notably 60% of these fellows were from outside
of Spain, many coming from very prestigious international
institutions.

In 2008, the CNIO launched the CNIO-Caja Navarra
International Postdoctoral Programme. During 2012, this
2-year programme supported 7 postdoctoral fellows at the
CNIO (5 of them were still at the CNIO by end of 2012); they
were selected through an international call and a competitive
selection process.

In 2012, the Fundacion Banco Santander funded a highly com-
petitive fellowship programme aimed to support outstanding

young scientists who have been trained in the UK and wish

to start or continue their postdoctoral training at the CNIO.
Two young scientists from the University of Leicester and

the London Research Institute - Cancer Research UK were

awarded a Santander Foundation-CNIO Fellowship; one of
them already started his fellowship in 2012.

FELLOWSHIPS

FOR YOUNG
RESEARCHERS

TRAINED IN THE UK

CH TRAINING

CUTTING-EDGE CANCER RESEAR

IN AN INTERDISCIPLINARY AND INTERNATIONALLY
COMPETITIVE ENVIRONMENT

DEADLINE MAY 31%F
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FUNDING OF POST-DOCTORAL TRAINING

FELLOWSHIPS

SPANISH ENTITIES

54

Ministry of Economy and Competitiveness / Ministerio
de Economia y Competitividad (RD projects)

4

Ministry of Economy and Competitiveness / Ministerio
de Economia y Competitividad (fellowships)

Ministry of Education, Culture and Sport / Ministerio
de Educacion, Cultura y Deporte (mobility programme)

Health Research Fund / Fondo de
Investigaciones Sanitarias

Autonomous Community of Madrid /
Comunidad Auténoma de Madrid

Scientific Foundation of the Spanish Association
Against Cancer / Fundacidn Cientifica de la AECC

CIBERER

Caja Navarra Foundation / Fundacién Caja Navarra

Banco Santander Foundation /
Fundacion Banco Santander

CNIO

INTERNATIONAL ENTITIES

EU Framework Programme

European Research Council

German Research Foundation / Deutsche
Forschungsgemeinschaft

Association for International Cancer Research

Federation of European Biochemical Societies

Howard Hughes Medical Institute

AXA-CNIO Chair in Molecular Oncology

Open Phacts

Boehringer Ingelheim

F. Hofmann-La Roche

TOTAL

81

POSTGRADUATE PROGRAMMES

In addition, the CNIO - in collaboration with academic insti-
tutions in Spain - provides access to a variety of postgraduate
programmes that cover the areas of Cellular & Molecular

Biology, Molecular Biomedicine, Biotechnology, Biocomputing
& Computational Biology, Clinical & Applied Cancer Research,
Therapeutic Targets, and Molecular Oncology.

Official Postgraduate Programmes in Biosciences

The majority of the international postgraduate trainings
offered at the CNIO are developed in collaboration with the
Faculty of Medicine and Faculty of Sciences at the Autonomous
University of Madrid (UAM) through 4 Official Postgraduate
Programmes, namely the Doctorate in Biosciences, Masters in
Molecular and Cell Biology, Masters in Molecular Biomedicine,
and Masters in Biotechnology.

Official
Postgraduate LIAT)

Pr jn  UNIVERSIDAD AUTONOMA
ogramme in T
Molecular

Biosciences

Master’s Degree in Biocomputing
and Computational Biology

The Master en Bioinformdtica y Biologia Computacional -
directed by Alfonso Valencia, Director of CNIO’s Structural

Biology and Biocomputing Programme - is organised together

with the National School of Health of the National Institute of
Health Carlos III (Escuela Nacional de Sanidad del Instituto

de Salud Carlos III, ENS-ISCiii), and the Madrid Science Park

(Parque Cientifico de Madrid, PCM).

dster en

"
e

y'Biologia Computacion
. “ N 1'{ - . .'u o

a "

Official Master’s Degree in Clinical
and Applied Cancer Research

Manuel Hidalgo, CNIO’s Vice-Director of Translational
Research codirects - in collaboration with the CEU-San
Pablo University in Madrid (USP-CEU) - a Postgraduate
Training Programme in Clinical and Applied Cancer Research;
the Mdster Universitario en Investigacion Clinicay Aplicada
en Oncologia.

Programas de Posgrado Universidad CEU San Pablo

4 £ 4
Abierto plazo de admision 2012-2013
Master Universitario en Investigacion Clinica y Aplicada en Oncologia
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Official Master’s Degree in Therapeutic
Targets, Research and Development

The CNIO collaborates with the Biochemistry and Molecular
Biology Department at the University of Alcala de Henares
(UAH) for the Mdster Oficial en Dianas Terapéuticas,
Investigacion y Desarrollo.

oquimica y Biologia
W anitarias y Médice

Master’s Degree in Molecular Oncology

The main objective of this Master’s degree, organised in col-
laboration with the Centre for Biomedical Studies (Centro de

Estudios Biosanitarios, CEB), is to offer training in molecular

oncology with emphasis on the latest findings in translational

research that are essential for state-of-the art oncological

clinical practice. Upon successful completion of the 500 hours

of training, a certificate for a Master’s degree in Molecular
Oncology - recognised by the European School of Oncology
(ESO) - is awarded.

MASTER

EN ONCOLOGIA
MOLECULAR

LABORATORY TRAINING FOR TECHNICIANS

This training programme has been developed for students in
Anatomical Pathology and is organised through agreements
with 9 institutions that provide secondary education forlabora-
tory technicians in Spain. It provides students with hands-on
knowledge in cellular and molecular biology techniques. The
programme consists of 19 weeks (710 hours) of laboratory
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training for students. Additionally, the CNIO offers real-life work
experience to 2 Analytical Assays and Quality Control students
(870 hours), 2 Medical Archiving and Recording students for
13 weeks (440 hours), and 1 Clinical Diagnosis student for 12
weeks (380 hours). Of the 26 students who participated in this
programme in 2012, 3 were hired by the CNIO.

MOLECULAR PATHOLOGY
AND FAMILIAL CANCER TRAINING FOR MDS

In line with CNIO’s commitment to bridge the “bench to
bedside” gap, the Centre offers excellent training opportuni-
ties in molecular diagnostics and familial cancer genetics to
MDs and other health care professionals; this initiative is a
collaborative effort with the Spanish Ministry of Health (now
Ministerio de Sanidad, Servicios Sociales e Igualdad). Training

usually consists of a 3-month period during residency. For 2012,
16 medical residents from 12 different hospitals enjoyed the
benefits of rotations within the different Groups and Units
of the CNIO’s Molecular Pathology, Human Cancer Genetics
and Clinical Research Programmes.

ADVANCED TRAINING OF SCIENTISTS
THROUGH EXTRAMURAL PROGRAMMES

During 2012, 12 scientists were supported by the Ramédny Cajal
Programme. This initiative - established in 2001 by the former
Spanish Ministry of Science and Technology (now Ministerio
de Economia y Competitividad) - aims to encourage scien-
tists who work abroad to complete their scientific training in
Spanish research institutions. 30 other scientists were funded
by similar programmes, including the Miguel Servet (6), Sara

Borrell (4) and Rio Hortega (3) programmes, funded by the
Fondo de Investigaciones Sanitarias del Instituto de Salud
Carlos II1, the Juan de la Cierva programme (8), funded by
the Spanish Ministry of Economy and Competitiveness, as
well as the Ayudas para Investigadores en Oncologia (9) funded
by the Asociacion Espafiola Contra el Cdncer.

VISITING RESEARCHER PROGRAMME

The Jestis Serra Foundation, part of the Catalana Occidente

Group, aims to help eminent international specialists work

together with CNIO researchers for afew monthsin order to

expand their knowledge in areas of common interest. The ben-
eficiaries of the Jesils Serra Foundation’s Visiting Researcher

Programme in 2012 were Maria Sibilia from the Institute of
Cancer Research of the Medical University of Vienna and

Robert Benezra from the Memorial Sloan-Kettering Cancer

Center in New York.

FUNDACION JESUS SERRA

Grupo W4 CATALANA
A4 OGCCIDENTE
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DEAN’S OFFICE
MARIA S. SOENGAS DEAN FOR ACADEMIC AFFAIRS
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At the CNIO we take particular pride in the relevance of our

scientific Programmes as well as in their international projec-
tion; these factors have led us to be amongst the world’s top

research institutions in the cancer field. Key to our mission

is to nurture and foster the development of our scientists in-
training, so that they themselves can become future leaders.
Since its inception, the CNIO has dedicated particular attention

to establishing agreements with various foundations that have

generously funded highly competitive PhD and Postdoctoral

fellowships. Also very successful, are our undergraduate

summer internships, as well as diverse exchange and visitor

programmes with national and international universities.
Additional collaborations are in place with multiple hospitals,
which further help to contribute towards a vibrant community

of young and active investigators. As these educational activi-
ties expand, the CNIO Director and the Programme Directors’
Committee have decided to better integrate all efforts through

the establishments of an Office for Academic Affairs. I am

honoured to be the first Dean of this Office.

The Dean’s Office is busily working on various fronts. Our
primary objective is to help our trainees achieve the most com-
petitive educational background as possible. Seminar series
and workshops are being organised to cover key aspects that
will ensure success in academia. These range from scientific
reasoning, to grant writing, job interviewing or team build-
ing, among others. Moreover, we acknowledge that science
extends beyond the bench; therefore journalism, manage-
ment of intellectual property, and even the creation of start-

ups or spin-offs, are part of additional topics that constitute

our curriculum. These activities are performed in concerta-
tion with the CNIO’s Training Programmes, Innovation and

Communication Offices that are deeply committed to providing

the best environment for our personnel. Also central to our
endeavours, is the mentoring aspect, and faculty members

are readily available for consultation and guidance. We also

continue to greatly value our alumni, and we are currently very

interested in pursuing the creation of a network to integrate

past, present (and future) researchers.

Importantly, our activities are not just destined for trainees.
We very much encourage CNIO scientists to participate and I

am glad that they have taken this challenge to heart and that

they have responded with great enthusiasm. After internal

voting and election procedures, the CNIO Student Association

(CNIOSA) and the Postdoc Association (CNIOPDA) were cre-
ated. They are leading many initiatives to help their peers,
and represent positive stimulation for the Dean’s Office. We

held our First CNIO Science and Arts contest that resulted

in revealing several talented photographers. This led to the

creation of an inspiring calendar used for our fundraising

purposes. Members of CNIOSA and CNIOPDA have also cre-
ated an educational “Video for Kids” that presents the daily

life at our Centre in a very comprehensible manner. We are

also preparing other outreach activities, as we believe that

an informed society will be better prepared to understand

(and if needed, face) the diseases that constitute human

cancer. m
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SCIENTIFIC EVENTS

CNIO FRONTIERS MEETINGS

CNIO Frontiers Meetings are the main international confer-
ences that are organised by the CNIO. They focus on specific,
cutting-edge aspects of cancer research, thus providing aunique
platform for an intensive and dynamic exchange and debate
of scientific ideas. The invited speakers — 20 internationally

renowned leaders in oncology — present their latest findings for

aperiod of 2 and a half days. Up to 100 additional participants

are selected, via awidely publicised call for applications, based

on their potential to make relevant contributions to the con-
ference by presenting hot topics as posters or short talks.

ALLOSTERIC REGULATION OF CELL
SIGNALLING, SEPTEMBER 17-19, 2012.

ORGANISERS
Francesco L. Gervasio, CNIO, Madrid, Spain
Ermanno Gherardi, MRC Laboratory of
Molecular Biology, Cambridge, UK
Daniel Lietha, CNIO, Madrid, Spain
Giulio Superti-Furga, CeMM, Vienna, Austria

SESSIONS
Allosteric signalling mechanisms
Dynamics and modelling of allosteric systems
Allosteric inhibition

SPEAKERS
Tom Blundell, University of Cambridge, UK
Francoise Bono, Sanofi R&D, Toulouse, France
Jean Pierre Changeux, College de France,
Institut Pasteur, Paris, France
Nikolay Dokholyan, University of North
Carolina at Chapel Hill, USA
Michael Eck, Dana-Farber Cancer Institute,
Harvard Medical School, Boston, USA
Doriano Fabbro, Novartis Pharma AG, Basel, Switzerland
Markus Griitter, University of Zurich, Switzerland
Gerhard Hummer, NIDDK, NIH, Bethesda, USA
Yvonne Jones, Wellcome Trust Centre for
Human Genetics, University of Oxford, UK
Dorothee Kern, Brandeis University, Waltham, USA
Daniel Leahy, Johns Hopkins University
School of Medicine, Baltimore, USA
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ALLOSTERIC
REGULATION OF
CELL SIGNALLING

Madrid 17-19 September 2012

Application deadline August 17"

Ruth Nussinov, National Cancer

Institute at Frederick, USA

Jose Onuchic, Center for Theoretical Biological
Physics at Rice and UCSD, La Jolla, USA
Jeffrey Peterson, Fox Chase Cancer

Center, Philadelphia, USA

Timothy Springer, Harvard Medical School,
Boston, USA

Roger Sunahara, University of

Michigan Medical School, USA

Susan Taylor, University of California,

San Diego, La Jolla, USA

Alfred Wittinghofer, Max Planck Institute for
Molecular, Physiology, Dortmund, Germany

In addition, 10 short talks were selected among participants’
contributions and 27 posters were presented.

OTHER INTERNATIONAL MEETINGS & CONFERENCES

In addition to the CNIO Frontiers Meetings, the CNIO annually
hosts various international meetings and conferences. Within
this category, the 3 international events in 2012 focused on
recent advances in the areas of familial cancer, bladder cancer
and adrenal tumours.

5t ESO-CNIO FAMILIAL CANCER
CONFERENCE, JUNE 7-8, 2012.

ORGANISERS
Javier Benitez, CNIO, Madrid, Spain
Rosalind Eeles, The Royal Marsden Hospital, Sutton, UK
Hans Vasen, Leiden University Medical
Centre, Leiden, The Netherlands

SESSIONS
Common cancers
Other hereditary cancer syndromes
Rare tumours
New technologies applied to familial cancer studies

SPEAKERS
Antonis Antoniou, University of Cambridge, UK
Javier Benitez, CNIO, Madrid, Spain
Gabriel Capell4, Catalan Institute of
Oncology, Barcelona, Spain
Alberto Cascon, CNIO, Madrid, Spain
Antoni Castells, Clinic Hospital, Barcelona, Spain
Francoise Dantzer, University of Strasbourg, France
Diana Eccles, Southampton University Hospital Trust, UK
Rosalind Eeles, The Royal Marsden Hospital, Sutton, UK
Thierry Frebourg, Rouen University Hospital, France
Maria José Garcia, CNIO, Madrid, Spain
David Goldgar, University of Utah, Salt Lake City, USA
Nelleke Gruis, Leiden University Medical
Center, Leiden, The Netherlands
Carmen Guerra, CNIO, Madrid, Spain
Shirley Victoria Hodgson, St. George’s
Hospital Medical School, London, UK In

R. Eeles, UK - H. Vasen, NL

Fred Menko, VU University Medical
Center, Amsterdam, The Netherlands
Roger L. Milne, CNIO, Madrid, Spain
Ana Osorio, CNIO, Madrid, Spain

José Palacios, Ramdn y Cajal University
Hospital, Madrid, Spain

Rosario Perona, Biomedical Research
Institute, Madrid, Spain

Barbara Rivera, CNIO, Madrid, Spain
Mercedes Robledo, CNIO, Madrid, Spain
Dimitrios Roukos, Ionnanina University
School of Medicine, Ioannina, Greece
Jordi Surrallés, Autonomous

University of Barcelona, Spain

Hans Vasen, Leiden University Medical
Centre, Leiden, The Netherlands

addition, 8 short talks were selected among participants’

contributions and 35 posters were presented.

SCIENTIFIC EVENTS 235



5t INTERNATIONAL CONSORTIUM OF BLADDER
CANCER MEETING, OCTOBER 8-9, 2012.
ORGANISERS
Francisco X. Real, CNIO, Madrid, Spain
Nuria Malats, CNIO, Madrid, Spain

SESSIONS
‘OMICS’
Clinical Challenges
Next-generation Sequencing

SPEAKERS
Joaquim Bellmunt, Hospital del Mar, Barcelona, Spain
José Costa, Yale University, New Haven, USA
Manel Esteller, ICO-IDIBELL, Barcelona, Spain
Ivo Gut, Spanish National Centre for Genome
Analysis (CNAG), Barcelona, Spain
Bart Kiemeney, Radboud University Nijmegen
Medical Centre, The Netherlands
Isidro Masana, Agilent Technologies, Spain
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cnio
Centro Nacional

de Investigaciones
Oncologias

International Consortium
of Bladder Cancer

¢

5™ Meeting of the

International Consortium of Bladder Cancer
October 8-9, 2012

Spanish National Cancer Research Centre (CNIO)
Melchor Fernandez Almagro 3, Madrid, Spain

Francisco X. Real, CNIO, Madrid, Spain
Nigel Skinner, Agilent Technologies, UK
Mark Teo, Leeds Institute of Molecular
Medicine, University of Leeds, UK

Fred Witjes, University Hospital
Nijmegen, The Netherlands

ENS@T 11t SCIENTIFIC MEETING, NOVEMBER 23-24, 2012.

ORGANISERS
Javier Aller, Puerta de Hierro University
Hospital, Madrid, Spain
Mercedes Robledo, CNIO, Madrid, Spain

SESSIONS
ENS@T Projects on APA/NAPACA/ACC
ENS@T Projects on PCC/PGL

SPEAKERS
Guillaume Assié, Université Paris Descartes,
INSERM U567, Institut Cochin, Paris, France
Felix Beuschlein, Ludwig-Maximilians-
University Munich, Germany
Sheerazed Boulkroun, INSERM-Cardiovascular
Research Centre, Paris, France
Tarik Bozoglu, Ludwig-Maximilians-

University Munich, Germany

Nadia Cherradi, INSERM U1036, Biologie
du Cancer et de I'Infection, Commissariat a
UEnergie Atomique, Grenoble, France
Vasileios Chortis, University of Birmingham, UK
Aguirre A. de Cubas, CNIO, Madrid, Spain
Tanja Dekkers, Radboud University Medical
Center, Nijmegen, The Netherlands

Graeme Eisenhofer, University Hospital
Carl Gustav Carus, Dresden, Germany
Judith Favier, INSERM-Cardiovascular
Research Centre, Paris, France

Constanze Hantel, Ludwig-Maximilians-
University Munich, Germany

11th Scientific Meeting of ENS@T
November 239-24th 2012

CNIO, Madrid, Spain.

WWW.chio.es

Camilo Jiménez, The University of Texas MD
Anderson Cancer Centre, Houston, USA

Enzo Lalli, Institut de Pharmacologie Moleculaire
et Cellulaire CNRS, Valbonne, France

Rosella Libé, INSERM Unité 1016, Paris, France
Giuseppe Opocher, University of Padova, Italy
Lindsey Oudijk, Erasmus Medical Centre,
Rotterdam, The Netherlands

Giada Poli, University of Florence, Italy
Martin Reincke, Ludwig-Maximilians-
University Munich, Germany

Cristina Ronchi, University of Milan, Italy
Jyotsna Upendra Rao, Radboud University
Medical Center, Nijmegen, The Netherlands

In addition, 25 posters were presented during this confer-
ence.
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TRAINING COURSES AND WORKSHOPS FIFTH COURSE ON INTRODUCTION TO MICROARRAY

GENE EXPRESSION ANALYSIS, APRIL 18, 2012.
The CNIO is committed to disseminating the results of state-  abreast ofrecent developments in specialised techniques. This
of-the-art cancer research to the wider community, including  isachieved through international training courses and hands-on
medical professionals and junior scientists, enablingthemtostay =~ workshops organised by CNIO scientists and technologists.

ORGANISERS
Osvaldo Graiia, CNIO, Spain

LABORATORY ANIMAL SCIENCE COURSE
FOR RESEARCHERS, CATEGORY C
JANUARY 23 - FEBRUARY 9, 2012.

ORGANISERS
Isabel Blanco, CNIO, Madrid, Spain
Ignacio Alvarez, University
Complutense of Madrid, Spain
José M. Orellana, University of Alcald, Spain

SPEAKERS
Ignacio Alvarez, University
Complutense of Madrid, Spain
Jean-Louis Bequet, Charles River, France
Isabel Blanco, CNIO, Spain
Argelia Castafio, National Institute of Healt Carlos ITI
Ernesto de la Cueva, Vivotecnia, Spain
Colin Dunn, Charles River, UK
Ricardo Feinstein, National Veterinary
Department, Sweden
Michael Festing, Animal Procedures Committee, UK
Javier Guillen, AAALAC International, Spain
Bryan Howard, University of Sheffield, UK

Accredited by

Madikd Raglonal Gavernmant for Categerion 8 and

E =2
L\ 0o
Wi ccodiod n e Spaioh Hoatars ot
ing Education System, through crodits allocation

valid throughout the county.
Site.

Cantro Nacional de Investigacknes Oncalbaicas

Description and Objoctives
The course meets the necessary contents 0
usts level of compatency on the
rosearch and education. s am
protection and wallors, acoor
g 10,8 high scientiic evel on the design of animal
resaarch procedures follwing the FELASA rec-
ommendations and the European and Spanih rag-
uistons.

It s simed al scienists responsibie for the design or
direction of experimantal procedures: with animals
In resaarch of for educatonal purposes.

Candidates must hold & University Degree or &
Mastor's Diploms in Biokogy, Madicine, Vterinary

Marcos Malumbres, CNIO, Spain
Jose M. Morgado, CNIC, Spain
David Morton, University of Birmingham, UK
Francisca Mulero, CNIO, Spain
José M. Orellana, University of Alcald, Spain
Sagrario Ortega, CNIO, Spain
Belén Pintado, CNB, Spain
Nieves Salvador, Cajal Neuroscience Institute, Spain
Graham Tobin, Harlan Laboratories Inc.

Patri Vergara, Autonomous University

of Barcelona, Spain

COURSE OF LABORATORY ANIMAL
SCIENCE FOR RESEARCHERS
CATEGORY C
Organized by:

Centro Nacional de Investigaciones

Oncolégicas (CNIO)

23 January - B February 2012

A
cnio

FIFTH COURSE ON INTRODUCTION TO
SEQUENCE ANALYSIS, FEBRUARY 22, 2012.

ORGANISERS
Osvaldo Graiia, CNIO, Spain
David G. Pisano, CNIO, Spain

SPEAKERS

Osvaldo Graiia, CNIO, Spain
Daniel Rico, CNIO, Spain
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February 22th, 2012

Legado Clotilde Jiménez room, 3rd floor

CNIO

Fifth Course on Introduction to Sequence Analysis

David G. Pisano, CNIO, Spain

SPEAKERS
Gonzalo Gomez, CNIO, Spain
Daniel Rico, CNIO, Spain

April 18th, 2012
Legado Clotilde Jiménez room, 3rd floor

CNIO

Fifth Course on Introduction to Microarray Gene Expression Analysis

SECOND HANDS-ON INTRODUCTION TO R, JUNE 6, 2012.

ORGANISERS
Osvaldo Graiia, CNIO, Spain
David G. Pisano, CNIO, Spain

SPEAKERS
Ramon Diaz Uriarte, CNIO, Spain

June 6th, 2012
Legado Clotilde Jiménez room, 3rd floor

CNIO

Second Hands-on Introduction to R

THE MADRID-MIT M+VISION CONSORTIUM COURSES ON
MEDICINE, IMAGING, AND INNOVATION: ONCOLOGY-
FROM BENCH TO BEDSIDE, JULY 17, 2012.

ORGANISER
Francisca Mulero, CNIO, Spain

SPEAKERS
Fernando Pelédez, CNIO, Spain
Maria S. Soengas, CNIO, Spain
Miguel Quintela-Fandino, CNIO, Spain
Marisol Quintero, CNIO, Spain
Rajiv Gupta, Harvard Medical School, USA

Madrid—l\‘IIIT -
M VISI®
CONSORTIUM
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FIRST EDITION OF CNIO’S FLOW CYTOMETRY
SEMINAR SERIES, SEPTEMBER 5-24, 2012.

ORGANISER
Lola Martinez, CNIO, Madrid, Spain

SPEAKERS
Lola Martinez, CNIO, Madrid, Spain
Kylie M. Price, Malaghan Institute of Medical
Research, Wellington, New Zealand

FLOW CYTOMETRY SEMINAR SERIES

ACCESS TO GENES AND GENOMES WITH
ENSEMBL 2012. OCTOBER 3, 2012.

ORGANISERS
Osvaldo Graiia, CNIO, Spain
David G. Pisano, CNIO, Spain

SPEAKERS
Denise Carvalho-Silva, European
Bionformatics Institute (EBI), UK

Access to Genes and Genomes with Ensembl

SIXTH COURSE ON FUNCTIONAL ANALYSIS OF GENE

EXPRESSION EXPERIMENTS, NOVEMBER 7, 2012.

ORGANISERS
Osvaldo Graiia, CNIO, Spain
David G. Pisano, CNIO, Spain

SPEAKERS

Gonzalo Gomez, CNIO, Spain
Daniel Rico, CNIO, Spain
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November 7th, 2012
Legade Clotilde Jiménez room, 3rd floor

Sixth Course on Functional Analysis of Gene Expression
Experiments

ACCESS TO GENES AND GENOMES WITH THE
UCSC GENOME BROWSER, DECEMBER 5, 2012.

ORGANISERS
Osvaldo Graiia, CNIO, Spain
David G. Pisano, CNIO, Spain

SPEAKER
Osvaldo Graiia, CNIO, Spain

The UCSC Genome Browser

r is developed and maintained by the
am with

December Sth, 2012
Legado Clotilde Jiménez room, 3rd floor

Access to Genes and Genomes with the UCSC Genome
Browser

OTHER MEETINGS (held in Spanish)

As illustrated by the following examples, CNIO researchers

also organised several meetings, training courses and work-
shops in the Spanish language for the local research and public

health community.

JORNADAS CIENTIFICAS-ESTUDIO BIBF 1120
NEOADYUVANCIA, FEBRUARY 21, 2012.
ORGANISERS
Miguel Quintela-Fandino, CNIO, Madrid, Spain
Ramon Colomer, CNIO, Madrid, Spain

CURSQ DE ESTADISTICA APLICADA A LA INVESTIGACION
BIOMEDICA CON R, APRIL 25-27, 2012.
ORGANISERS

Nuria Malats, CNIO, Madrid, Spain

Jesus Herranz Valera, CNIO, Madrid, Spain

NUEVAS APLICACIONES Y NUEVAS
TECNOLOGIAS-III EDICION, OCTOBER 25-26, 2012.

ORGANISERS
Diego Megias, CNIO, Madrid, Spain
Margarita Fité, Leica Microsystems

CURSO DE ESTADISTICA APLICADA A LA INVESTIGACION
BIOMEDICA CON R, DECEMBER, 17-19, 2012.

ORGANISERS
Nuria Malats, CNIO, Madrid, Spain
Jesus Herranz Valera, IMDEA Institute, Madrid, Spain
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CNIO DISTINGUISHED SEMINARS

The purpose of the Distinguished Seminars is to invite

outstanding and internationally renowned scientists to

give a seminar and to meet with researchers at the CNIO.
Distinguished Seminars are recurrent events that are open

to the general public and are usually held on Friday noon in

the CNIO Auditorium throughout the year, with the excep-
tion of holidays and the July to September summer break.
Each Distinguished Seminar series includes world-leading

scientists who address topics that are of general interest to

the CNIO faculty. In total, the CNTO hosted 33 distinguished

speakers in 2012, among which, 2 Nobel Prize winners.

This year, the Distinguished Seminars Series has widened

its scope and spectrum of topics by including: i) young sci-
entists with an outstanding scientific track-record and who

work on hot-topics in cancer research; ii) out-of-the-box

speakers who address topics that are not necessarily related

to cancer research, but that provide novel perspectives and

ideas that contribute to the CNIO’s intellectually challeng-
ing trans-disciplinary environment; and iii), senior clinical

investigators with renowned expertise in translational cancer

research who hold leading positions in institutions of the

health system.

Distinguished

CNIO Distinguished Seminars

Carlo Croce

Alfred Wittinghofer

Antonis Antoniou

Genevieve Almouzni

Owen Sansom

Gerald W. Hart

Maria Sibilia

Douglas Easton

Yoshiaki Ito

Hans Lehrach

Pasi A. Janne

Valentin Fuster

Richard Treisman

Paul Nurse

Manuel Patarroyo

John Walker
Tom Blundell

Andrea Musacchio

Wei Yang

Thomas W. Glover

Irving Weissman

Rudi Balling

Rune Toftgérd

Patricia Dahia

Philip Beachy |

Michael Eck

Jiirgen Knoblich

Paul Flicek

John loannidis

Daniel Gehrlich

Anton Berns ||
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06/SEP 2VSEl e
Robert Huber Cristébal Belda
i

14/SEP
Kari Stefansson

18/JAN
Paul Flicek

EME

25/JAN 08/MAR
Peer Bork Allan Balmain

04/FEB 22/MAR
Thomas Jenuwein Jan Lowe
sin

26/0CT

George Thomas
IDIRELL, Barceluns, Spin

T6/NOV

New York, USA

23/Nov

Paul Nurse
K

PR
leon Schreiber

Nic Jones

24/MAY
Bruno Amati

30/NOV
Keith Baggerly
e

2VJUN
Helen Blau

Luis Paz-Ares

DATE SPEAKER ORGANISATION
JANUARY
13/01/2012 Yoshiaki Ito Cancer Science Institute of Singapore (CSI Singapore), Centre for Life Sciences, Singapore
20/01/2012 Hans Lehrach Max Planck Institute for Molecular Genetics, Berlin, Germany
27/01/2012 Pasi A. Janne Dana-Farber Cancer Institute, Boston, USA
FEBRUARY
03/02/2012 Valentin Fuster Spanish National Cardiovascular Research Centre (CNIC), Madrid, Spain
10/02/2012 Richard Treisman Cancer Research UK London Research Institute, UK
24/02/2012 Manuel Patarroyo Karolinska Institute, Stockholm, Sweden
MARCH
09/03/2012 Tom Blundell University of Cambridge, UK
16/03/2012 Andrea Musacchio IFOM-IEO European Institute of Oncology, Milan, Italy
23/03/2012 Wei Yang LMB, NIDDK, National Institutes of Health, Bethesda, USA
30/03/2012 Thomas W. Glover University of Michigan, Ann Arbor, USA
APRIL
12/04/2012 Irving Weissman Institute for Stem Cell Biology and Regenerative Medicine, Stanford University School of Medicine, USA
13/04/2012 Rudi Balling Luxembourg Centre for Systems Biomedicine, University of Luxembourg
20/04/2012 Rune Toftgard Karolinska Institute, Huddinge, Sweden
27/04/2012 Patricia Dahia University of Texas Health Science Centre at San Antonio, USA
MAY
04/05/2012 Philip Beachy Stanford Cancer Centre, Stanford School of Medicine, USA
11/05/2012 Michael Eck Dana-Farber Cancer Institute, Boston, USA
18/05/2012 Jiirgen Knoblich Institute of Molecular Biotechnology (IMBA), Vienna, Austria
JUNE
01/06/2012 Tak Mak The Campbell Family Institute for Breast Cancer Research - Ontario
Cancer Institute, Princess Margaret Hospital, Toronto, Canada
15/06/2012 John loannidis Prevention Research Centre, Stanford School of Medicine, USA
22/06/2012 Daniel Gerlich Institute of Molecular Biotechnology IMBA, Vienna, Austria
29/06/2012 Anton Berns The Netherlands Cancer Institute, Antoni van Leeuwenhoek Hospital, Amsterdam, The Netherlands

SCIENTIFIC EVENTS 243



SEPTEMBER

AD-HOC SEMINARS

06/09/2012 Robert Huber Max Planck Institute of Biochemistry, Martinsried, Germany
07/09/2012 Peter Campbell The Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, UK .- C . . . . .
/09/ P 9 P In addition to the CNIO Distinguished Seminar Series, the CNIO also hosts numerous ad-hoc seminars throughout the year.
14/09/2012 Kari Stefansson deCODE Genetics, Reykjavik, Iceland A total of 54 ad-hoc seminars were organised by CNIO researchers in 2012.
21/09/2012 Cristébal Belda University Hospital Madrid Sanchinarro, Madrid, Spain
DATE SPEAKER ORGANISATION
OCTOBER
FEBRUARY
05/10/2012 Geoffrey M. Wahl Gene Expression Laboratory, The Salk Institute for Biological Studies, La Jolla, USA . ) ) )
07/02/12 Ivan Diaz-Padilla UHN Princess Margaret Hospital, Toronto, Canada
19/10/2012 Eamonn Maher Institute of Biomedical Research, University of Birmingham School of Medicine, Birmingham, UK
09/02/12 Eduardo Orias University of California, Santa Barbara, USA
26/10/2012 George Thomas IDIBELL, Barcelona, Spain : o i ) i
10/02/12 Javier Herrero European Bioinformatics Institute, Cambridge, UK
NOVEMBER 13/02/12 Albert Lowenfels New York Medical College, USA
16/11/2012 Dan Littman Skirball Institute of Biomolecular Medicine, New York, USA 16/02/12 Marc A. Marti-Renom National Centre for Genomic Analysis (CNAG), Barcelona, Spain
23/11/2012 Paul Nurse London Research Institute, London, UK 17/02/12 M2 Luisa Alonso Nufez Paterson Institute for Cancer Research, The University of Manchester, UK
30/11/2012 Keith Baggerly The University of Texas M. D. Anderson Cancer Centre, Houston, USA 21/02/12 Kristel Van Steen University of Liege, Belgium
23/02/12 Frangoise Bono Sanofi-Aventis Research & Development, Toulouse, France
DECEMBER 28/02/12 Thanos D. Halazonetis University of Geneva, Switzerland
14/12/2012 Nancy Hynes Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland 29/02/12 Eugenia Meiler Complutense University of Madrid, Spain
21/12/2012 Juan Carlos Izpistia Belmonte Centre for Regenerative Medicine, Barcelona, Spain & Gene Expression
Laboratory, The Salk Institute for Biological Studies, La Jolla, USA MARCH
01/03/12 Eleonora Lapi Cancer Research UK, London, UK
12/03/12 Ronald Wolf Ludwig-Maximilian University, Munich, Germany
21/03/12 Javier Mufioz Utrecht University, The Netherlands
22/03/12 Daniel Leahy Johns Hopkins University School of Medicine, Baltimore, USA
22/03/12 Maria Ana Gémez Ferreria Samuel Lunenfeld Research Institute, Toronto, Canada
23/03/12 David C. Whitcomb Giant Eagle Foundation, University of Pittsburgh and University of Pittsburgh Medical Center, USA
27/03/12 Marco Antonio Institute for the Mathematical Sciences - /ICMAT, Madrid, Spain

Fontelos Lépez

30/03/12 Terry Lechler Duke University Medical Centre, Durham, USA
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MAY

16/05/12 Pamela Feliciano Nature Publishing Group - Nature Genetics, New York, USA
17/05/12 Yves Allory Henri Mondor Hospital, Créteil, France
18/05/12 Razgallah Hakem Ontario Cancer Institute, University Health Network and Department
of Medical Biophysics, University of Toronto, Canada
22/05/12 Lucas Moreno The Royal Marsden Hospital & The Institute of Cancer Research, Sutton, UK
24/05/12 Ivo Gut Spanish National Centre for Genome Analysis (CNAG), Barcelona, Spain
25/05/12 Salvador Aznar Benitah Centre for Genomic Regulation, Barcelona, Spain
30/05/12 Petros Papadopoulos VU University Medical Centre, Amsterdam, The Netherlands
JUNE
05/06/12 Juan M. Vaquerizas Max Planck Institute for Molecular Biomedicine, Minster, Germany
12/06/12 David Olmos The Institute of Cancer Research and The Royal Marsden Hospital, Sutton, United Kingdom
19/06/12 Ludmila Prokunina National Institutes of Health - National Cancer Institute, Bethesda, USA
19/06/12 Héctor Peinado Cornell University, New York, USA
27/06/12 Amir Aharoni Ben-Gurion University of the Negey, Israel
28/06/12 Marilyn M. Li Baylor College of Medicine, Houston, Texas, USA
JuLy
05/07/12 Douglas Hanahan Head of the Swiss Institute for Experimental Cancer Research, Lausanne, Switzerland
12/07/12 Serge Scherrer Genomatix Software GmbH, Munich, Germany
26/07/12 Stefan Rose-John Christian-Albrechts University Kiel, Germany
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AUGUST

20/08/12 Paul C. Boutros Ontario Institute for Cancer Research, Toronto, Canada

SEPTEMBER

10/09/12 Kevin Ryan The Beatson Institute for Cancer Research, Glasgow, UK

17/09/12 Manuel Fernandez-Rojo Institute for Molecular Bioscience, University of Queensland, Queensland, Australia
25/09/12 Maria Garcia-Parajo ICFO, Barcelona, Spain

25/09/12 Melike Lakadamyali ICFO, Barcelona, Spain

28/09/12 Emmanuelle Génin Inserm U1078 Génétique, GEnomique fonctionnelle et Biotechnologies, Brest, France
28/09/12 Peter Bryant |E Business School, Madrid, Spain

28/09/12 Kristel Van Steen University of Liége, Belgium

28/09/12 Richard Redon Institut du Thorax, Nantes University, France

OCTOBER

10/10/12 Silvio Gutkind NIDCR, NIH, Bethesda, USA

15/10/12 Patricia Ruiz-Noppinger Metanomics Health GmbH, Berlin, Germany

NOVEMBER

08/1/12 Kresten Lindorff-Larsen Copenhagen Biocentre, University of Copenhagen, Denmark

DECEMBER

04/12/12 Xosé Bustelo Cancer Research Centre, Salamanca, Spain

18/12/12 Mariona Graupera Garcia Mila IDIBELL, Durdn and Reynals Hospital, Barcelona, Spain
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SCIENTIFIC DIVULGATION

SCIENCE WEEK

The CNIO also dedicates considerable efforts to bringing sci-
ence and society closer together; one of these endeavours is

its collaboration with the madri+d research network for the

organisation of the Madrid Science Week (XII Semana de la

Ciencia, November 5 -18, 2012). In 2012, approximately 180

people participated in guided visits to the Centre’s research

facilities over the course of 3 days.

ciencia
}.‘?

.“\

SCIENCE IN ACTION

This year, the CNIO supported, together with 5 other Spanish

research institutions, the XIII" edition of Science in Action

(Ciencia en Accion). More than 15,000 people participated in

activities aimed at promoting science at the Ciencia en Accién

fair held at the Science Museum CosmoCaixa in Alcobendas-
Madrid from October 5 to 7. Francisco X. Real, Manuel Serrano

and Oscar Fernandez-Capetillo were the CNIO researchers

in charge of the opening presentation titled “We are mosaics,
we can reprogramme ourselves and we need magic bullets”.
The CNIO further contributed to the organisation of the

meeting by dedicating 8 in-house experts who pre-selected

the activities presented at the fair and who acted as the jury

for awarding the best contributions.

GUIDED VISITS

Throughout the year, the CNIO provides tailor-made oppor-
tunities to visit its installations and to learn about the essen-
tials of cancer research. During 2012, more than 300 people
participated in such guided visits, most of them were ESO
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and Bachillerato student groups, but also professionals in
the health sector such as the participants of the OMNIPREX
Workshop ‘Oncologia: Medicina Personalizada en la Oncologia
Traslacional’.



COMMUNICATION
JUAN J. GOMEZ COMMUNICATION DIRECTOR
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A

Nuria Noriega ESP

At the beginning of 2012, CNIO created a Communications
Department in order to better promote and relate the Centre’s
work to society at large, to highlight its vocation for service,
as well as to further encourage private donations.

Our main aim was to improve the visibility of the Centre, to
inform the public about its considerable activities as aresearch
centre of excellence, and to increase awareness of its endeav-
ours through the media and via social networks.

The results have been very positive. Despite the broader context
ofthe global media crisis, CNIO has almost doubled its number
of media appearances compared to the previous year; particu-
larly, its growing international impact is noteworthy.

An especially successful media relationship has been developed
with Spain’s public broadcasting service Television Espafiola
(TVE), which has allowed CNIO’s scientific knowledge to
reach millions of Spaniards thanks to dozens of appearances
on the country’s most watched public channel.

Another goal was to increase CNIO’s presence on social net-
works. The ambitious challenge of reaching 2,000 Twitter
followers was achieved before the year ended and the launch
of our own YouTube channel has shown rapid growth with
thousands of visitors being attracted to the site.

The Communications Department has also brought more
visibility to the CNIO thanks to other activities such as the
dissemination of the prestigious Distinguished Seminars
Series, the support of guided visits to the institution, and the
promotion of the book “Desarmando al Cancer”. m
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CNIO APPEARANCES IN PRINT
AND DIGITAL MEDIA

20M 2012

89

JAN-MAR 98
APR-JUNE 21513
JULY-SEPT 2?;
OCT-DEC 13?
TOTAL 392

761*

*More than 194% when compared to 2011.

THE TOP 10 CNIO STORIES
SPREAD AROUND THE WORLD (2012)

Since March 2012, CNIO submits press releases to EurekAlert!
for publication. This online, global news service, is operated
by the American Association for the Advancement of Science
(AAAS). Up to December 2012, the CNIO has submitted 22
press releases which received a total of 44,558 visits. This

means that, on average, there were more than 2,000 visits for
each press release submitted during this time; thus, majorly
boosting CNIO’s visibility amongst universities, medical cen-
tres, journals, government agencies, corporations and other
organisations engaged in research all around the world.

PRESS RELEASE

PRINCIPAL INVESTIGATOR

DATE OF PUBLICATION

PAGE VIEWS*

CNIO scientists successfully test the first gene
therapy against ageing-associated decline

Maria A. Blasco

14/05/12

4,298

CNIO researchers develop new databases
for understanding the human genome

Alfonso Valencia

17/12/12

3,077

New insights on cell competition

Eduardo Moreno

14/09/12

3,224

A novel oncogenic network specific to liver cancer initiation

Erwin F. Wagner

05/10/12

2,988

CNIO researchers describe a new target for developing
anti-angiogenic and anti-tumoural therapies

Jorge L. Martinez-
Torrecuadrada

10/05/12

2,748

CNIO team discovers the first real indicator of longevity in mammals

Maria A. Blasco

27/09/12

2,689

Bioinformatics Experts at the CNIO explore additional
coding potential hidden in the human genome

Alfonso Valencia

18/06/12

2,686

CNIO researchers discover a new therapy that
prevents lung cancer growth in mice

Manuel Serrano

13/08/12

2,198

High levels of vitamin D in plasma protects against bladder cancer

Nuria Malats

30/10/12

1,897

CNIO participates in the ENCODE project:
a stride forward in biomedical research

Alfonso Valencia

06/09/12

1,792

*Data provided by EurekAlert!
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1 Diario Médico. March 16, 2012 3 Diario Médico. April 3,2012
2  ElPais. March 16, 2012 4 ABC. April 23,2012

5 Informe Semanal, TVE. 6  Diario Médico. June 4, 2012
April 28,2012 7  Diario Médico. June 13, 2012
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INVITED GUEST SPEAKERS (Distinguished Seminar Series) SOCIAL EVENTS

LEFT Maria A. Blasco outlined the in-
stitution’s most significant strengths
to the UK Ambassador in Spain, Giles
Paxman. March 8, 2012.

BELOW Representatives of the Seve
Ballesteros Foundation visited the CNIO
in order to formalise their support for
the Centre’s research on brain tumours.
April 25, 2012.

Irving Weissman. April 12, 2012 Jirgen Knoblich. May 18, 2012

7

-4‘ ’b\w‘l UUVZI

1l

Tak Mak. June 1, 2012 Robert Huber. September 6, 2012

ABOVE Maria A. Blasco invited Spanish
media to celebrate her first year as CNIO
Director. June 19, 2012.

LEFT First meeting of the members
of the WISE CNIO Office (Women in
Science Office at CNIO), created in 2012
to foster the career development of
female scientists at the Centre. October
1n,2012.

Peter Campbell. September 7, 2012 Paul Nurse. November 11, 2012
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ADMINISTRATION

BOARD OF TRUSTEES

- Honorary President

Luis de Guindos Jurado
Minister of Economy and Competitiveness
Ministro de Economiay Competitividad

- President

Carmen Vela Olmo

Secretary of State for Research,
Development and Innovation
Secretaria de Estado de Investigacion,
Desarrollo e Innovacion

- Vice-President
Joaquin Arenas Barbero

Director of the National Institute of Health Carlos III
Director del Instituto de Salud Carlos IIT
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- Appointed Members

Pilar Farjas Abadia
Secretary General for Health and Consumer Affairs
Secretaria General de Sanidad y Consumo

Juan Maria Vazquez Rojas
Director General for Scientific and Technical Research
Director General de Investigacion Cientificay Técnica

Maria Fernandez Pérez

Director of the Technical Secretariate of the Executive
Committee for Economic Affairs, Economic Affairs
Office of the President of the Government

Directora de la Secretaria Técnica de la Comision
Delegada para Asuntos Econdmicos de la Oficina
Econdmica del Presidente del Gobierno

Margarita Blazquez Herranz

Deputy Director General for Networks and Cooperative
Research Centres, National Institute of Health Carlos ITI
Subdirectora General de Redes 'y Centros de Investigacion
Cooperativa, Instituto de Salud Carlos IIT

Cristina Ibarrola Guillén

Director General of Health, Health Council
of the Government of Navarre

Directora General de Salud de la Consejeria
de Salud del Gobierno de Navarra

Javier Paz Esquete

Deputy Director General

for Research, Academic Affairs and Innovation,
Galician Health Service (SERGAS)

Subdirector General de Investigacion,

Docencia e Innovacién, SERGAS

César Pascual Fernandez
Managing Director, Valdecilla University Hospital
Director Gerente del Hospital Universitario de Valdecilla

Luis Rosel Onde

Managing Director, Aragon Institute of Health Sciences
Director Gerente del Instituto Aragonés

de Ciencias de la Salud

- Elected Members

Rafael Pardo Avellaneda
Director General, BBVA Foundation
Director General de la Fundaciéon BBVA

Enric Banda Tarradellas

Director of Science, Research and the
Environment, “la Caixa” Foundation
Director del Area de Ciencia, Investigaciony
Medio Ambiente de la Fundacién “la Caixa”

Ignacio Polanco Moreno
Chairman, Group PRISA
Presidente del Grupo PRISA

Pio Diaz de Tuesta Vazquez
Director, Caja Madrid Foundation
Director de la Fundacién Caja Madrid

- Secretary

Javier Arias-Diaz

Deputy Director General for Cell Therapy

and Regenerative Medicine, National

Institute of Health Carlos I1T

Subdirector General de Terapia Celulary Medicina
Regenerativa, Instituto de Salud Carlos I11

Legal Advisor

Fernando Arenas Escribano

Chief State’s Attorney, Ministry of Health,
Social Services and Equality

Abogado del Estado Jefe en el Ministerio
de Sanidad, Servicios Sociales e Igualdad
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SCIENTIFIC ADVISORY BOARD

- Chair

Joan Massagué, PhD

Chair

Cancer Biology and Genetics Program
Memorial Sloan-Kettering Cancer Center
New York, USA
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- Permanent Commission

José Baselga, MD, PhD
Physician-in-Chief

Memorial Sloan-Kettering Hospital
New York, USA

Elias Campo, MD, PhD
Scientific Director
Hospital Clinic
Barcelona, Spain

Carlos Léopez-Otin, PhD

Full Professor

of Biochemistry and Molecular Biology
University of Oviedo

Oviedo, Spain

Angela Nieto, PhD

Head of the Developmental Neurobiology Unit
Neuroscience Institute (CSIC-UMH)
Alicante, Spain

Jesus F. San Miguel, MD

Scientific Director

Biomedical Research Institute of Salamanca
Salamanca, Spain

- Plenary Board

Lauri A. Aaltonen, MD, PhD

Director

Genome Scale Biology Research Programme
Biomedicum Helsinki

University of Helsinki, Finland

John FX. Diffley, PhD

Director

London Research Institute Cancer Research UK
Clare Hall Laboratories

London, United Kingdom

Genevieve Almouzni, PhD

Director

Nuclear Dynamics and Genome Plasticity Unit
Institut Curie

Paris, France

Denise Galloway, PhD

Director

Human Biology Division

Fred Hutchinson Cancer Research Center
Seattle, USA

Mariann Bienz, PhD

Head

Protein and Nucleic Acid Division
Medical Research Council Laboratory
of Molecular Biology

Cambridge, United Kingdom

Scott W. Lowe, PhD

Chair

Geoffrey Beene Cancer Research Center at
Memorial Sloan-Kettering Cancer Center
New York, USA

J. Michael Bishop, MD

Chancellor Emeritus

University of California at San Francisco
Director

G.W. Hooper Research Foundation

San Francisco, USA

Janet M. Thornton, PhD

Director

European Bioinformatics Institute (EMBL-EBI)
Hinxton, United Kingdom

Julio E. Celis, PhD
Scientific Director
Institute of Cancer Biology
Danish Cancer Society
Copenhagen, Denmark

Karen H. Vousden, PhD

Director

The Beatson Institute for Cancer Research
Cancer Research UK

Glasgow, United Kingdom

José Costa, MD, FACP

Director

Translational Diagnostics

Yale University School of Medicine
New Haven, USA

Sara Courtneidge, PhD, DSc (hc)

Director

Tumor Microenvironment Program
Sanford-Burnham Medical Research Institute
LaJolla, USA

Alfred Wittinghofer, PhD

Director

Department of Structural Biology

Max Planck Institute for Molecular Physiology
Dortmund, Germany
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MANAGEMENT

DIRECTOR

Blasco, Maria A.

SECRETARIATE

Alcami, Maria Jesus

DIRECTOR’S OFFICE

Peldez, Fernando

COMMUNICATION

Gémez, Juan J. Director

Noriega, Nuria (since June)

INNOVATION

Quintero, Marisol Director

TECHNOLOGY TRANSFER
& VALORISATION

Sanz, Anabel (since May)

SCIENTIFIC MANAGEMENT
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Klatt, Peter Director

PROJECTS & CONSORTIA

Liébanes, M. Dolores Head

Almendro, Aranzazu (since March)
Manukyan, Lilit (since March)

EDUCATION & TRAINING PROGRAMMES

Molina, Juan Ramén Head

SCIENTIFIC EVENTS

Moro, Mercedes Head

Garcia-Sabaté, Carolina
(until February)

de la Cruz, Virginia
(since April)

SCIENTIFIC PUBLISHING

Cerda, Sonia Head

Merino, Ana (since May)

LIBRARY & ARCHIVES

Lépez, Victoria Head

Merino, Ana (until May)

MANAGING DIRECTOR

Arroyo, Juan

SECRETARIATE

Amez, Maria del Mar

MANAGING DIRECTOR’S
OFFICE

Hernandez, Jesus (until June)

SAP

Ferrer, Alfonso

QUALITY MANAGEMENT

Martin, Carmen Head

Caiiizares, Ana M.

FINANCE &
ADMINISTRATION

Fontaneda, Manuela Director

PURCHASING

Araujo, Miguel Angel Head
Baviano, Marta
Carmona, Cristina

Galindo, José Antonio
Garcia-Andrade, Javier
Rodriguez, Raquel

HUMAN RESOURCES

Pérez, José Lorenzo Head
Bardaji, Paz

Carbonel, David

Sotorres, Luisa
(until December)

ECONOMIC MANAGEMENT

Salido, M. Isabel Head
Hernando, M. Elena

Rodriguez, M. José
Garcia, Juan J.

AUDIT

Bergua, Lucrecia Isabel Head
(until June)

Dominguez, Pilar

Garcia-Risco, Silvia

INFRASTRUCTURE
MANAGEMENT

de Dios, Luis Javier Director

MAINTENANCE

Vicente, Miguel Head

PREVENTION & BIOSECURITY

Cespon, Constantino Head

Bertol, Narciso

INFORMATION TECHNOLOGIES

Fernandez, José Luis Head
de Miguel, Marcos

Fernandez-Vera, Jaime Pedro
(until September)

EXTRAMURAL CLINICAL
RESEARCH

Lépez, Antonio Director
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CNIO PERSONNEL 2012

430

RESEARCH 91%

GENDER DISTRIBUTION

183

MALE 39%
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474

. TOTAL CNIO
PERSONNEL

44

FEMALE 61%

ADMINISTRATION 9%

AGE DISTRIBUTION

22

>50 5%

138

<30 29%

215

31-40 45%

99

41-50 21%

SCIENTIFIC PERSONNEL 2012

DISTRIBUTION BY PROGRAMMES

TOTAL SCIENTIFIC
PERSONNEL 100% 430

MOLECULAR
ONCOLOGY 24%

102

BBVA FOUNDATION-CNIO
CANCER CELL BIOLOGY 8%

33

STRUCTURAL BIOLOGY
AND BIOCOMPUTING 16%

69

MOLECULAR
PATHOLOGY 9%

39

HUMAN CANCER
GENETICS 15%

65

CLINICAL RESEARCH 10%

42

BIOTECHNOLOGY 1%

47

EXPERIMENTAL
THERAPEUTICS 7%

33

DISTRIBUTION BY PROFESSIONAL CATEGORY

PRINCIPAL
INVESTIGATORS 1%

46

STAFF SCIENTISTS 17%

73

POST-DOCTORAL
FELLOWS 16%

68

GRADUATE
STUDENTS 25%

106

TECHNICIANS 31%

137

GENDER DISTRIBUTION BY PROFESSIONAL CATEGORY

PRINCIPAL FEMALE 35% 16
INVESTIGATORS MALE 65% 30
STAFF FEMALE 66% 48
SCIENTISTS MALE 34% 25
POST-DOCTORAL FEMALE 49% 33
FELLOWS MALE 51% 35
GRADUATE FEMALE 68% 72
STUDENTS MALE 32% 34
TECHNICIANS FEMALE 70% 96

MALE 30% 41
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DISTRIBUTION BY PROFESSIONAL CATEGORY IN: BASIC RESEARCH

TOTAL SCIENTIFIC
PERSONNEL 100%

PRINCIPAL
INVESTIGATORS 9%

18

STAFF SCIENTISTS 18%

36

POST-DOCTORAL
FELLOWS 22%

44

GRADUATE
STUDENTS 33%

67

TECHNICIANS 18%

38

TOTAL 100%

203

DISTRIBUTION BY PROFESSIONAL CATEGORY IN: TRANSLATIONAL RESEARCH

PRINCIPAL
INVESTIGATORS 10%

15

STAFF SCIENTISTS 15%

22

POST-DOCTORAL
FELLOWS 16%

23

GRADUATE
STUDENTS 26%

39

TECHNICIANS 33%

48

TOTAL 100%

147

DISTRIBUTION BY PROFESSIONAL CATEGORY IN: INNOVATION

PRINCIPAL
INVESTIGATORS 16%

13

STAFF SCIENTISTS 19%

15

POST-DOCTORAL
FELLOWS 1%

1

TECHNICIANS 64%

51

TOTAL 100%

80
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SCIENTIFIC PERSONNEL: NATIONAL ORIGIN FOREIGN SCIENTIFIC PERSONNEL: DISTRIBUTION

BY PROFESSIONAL CATEGORY

PRINCIPAL
312 INVESTIGATORS 17% 8
SPANISH 72%

STAFF SCIENTISTS 18% 13

118

NON-SPANISH 28% POST-DOCTORAL 41
FELLOWS 60%

GRADUATE
STUDENTS 43% 46
TECHNICIANS 7% 10
TOTAL SCIENTIFIC . o
PERSONNEL 100% 430 Total foreign scientific personnel

Percent values represent percentages of foreign employees
of the total CNIO personnel in each category

DISTRIBUTION OF SCIENTIFIC PERSONNEL BY NATIONAL ORIGIN

312 13

SPANISH 72%
AMERICA 3%

12

ASIA & AUSTRALIA 3%

93

REST OF EUROPE 22%

TOTAL SCIENTIFIC
PERSONNEL 100% 430

AUSTRIA 5%

31

OTHER 33%

26

ITALY 28%

*For details please see sections in the report within their respective Research Group/Unit/Section
(names of countries are represented by 3-letter country codes according to the ISO3166-1alpha 3 standard).

7

FRANCE 8%

9

PORTUGAL 10%

15

GERMANY 16%
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CREATIVE TEAM

In order to pour the Annual Report into a more creative con-
cept, the CNIO works closely with selected professionals in
the artistic and creative sectors who ensure delivery of an end
product that is attractive in more ways than one. We extend

our thanks to the creative team, the visual artist Amparo
Garrido, and the graphic design studio Underbau whose invalu-
able work created the images and design that illustrate this
Annual Report.

AMPARO GARRIDO PHOTOGRAPHY

A Madrid-based visual artist working with photography and
video, Amparo Garrido has been represented in individual
and group shows both in Spain and abroad since 1998. Her
work hasbeen honoured in several prestigious competitions.
She obtained the first place in the 2001 edition of the ABC
Photography Prize, and second place in the 2007 Purificacion
Garcia Prize. Other honourable mentions include the Pilar
Citoler and Ciudad de Palma prizes. Her work can be found

268 FACTS AND FIGURES

in major collections, including the Museo Nacional Centro de

Arte Reina Sofia in Madrid, the photographic holdings of the

Madrid regional authority, the Coca-Cola Foundation, and
the Unicaja Foundation, among many others. Most recently,
her latest exhibition at the Romantic Museum in Madrid,

“Tiergarten” - aromantic German garden — a project that shows
the relationship between contemporary art and romanticism,
has received numerous praises and recognition.

UNDERBAU DESIGN

The Madrid design studio Underbau emerged from the partner-
ship formed in 2008 by Juanjo Justicia and Joaquin Labayen;

two freelance designers with years of shared experience in the

field of corporate design, publishing and advertising. From

the very beginning, the studio has sought to maintain its pri-
mary focus on art and culture, working together with Spanish

and international bodies such as the Cervantes Institute,
the Andalusian regional authority’s department of Culture,
the National Council for Scientific Research, and the Sports

Council. Underbau’s total-design approach puts the empha-
sis on efficiency and coherency. To achieve that, the studio

assumes full responsibility for the entire creative process,
from the initial concept to the final product.
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