Basic Research

Molecular Oncology Programme

MOLECULAR ONCOLOGY
PROGRAMME
ÓSCAR FERNÁNDEZ-CAPETILLO Programme Director
Scientists at the Molecular Oncology Programme ( MOP ) aim
to discover new molecular mechanisms that drive cancer
onset, mediate its progression, or influence the response to
therapy. The ultimate goal is to generate knowledge that can
be translated into applications that are beneficial to cancer
patients and that can help in the diagnosis and treatment of
their disease. To do so, we integrate leading groups that cover
a wide range of complimentary expertises of relevance in
oncology, including DNA and chromosome stability ( Maria
A. Blasco, Óscar Fernández-Capetillo, Felipe Cortés-Ledesma
and Ana Losada ); oncogenes and cell cycle kinases ( Mariano
Barbacid ); DNA replication ( Juan Méndez ); mitosis ( Marcos
Malumbres ); melanoma ( María S. Soengas ); epithelial
carcinogenesis ( Francisco X. Real ); metabolism and cell
signalling ( Nabil Djouder and Alejo Efeyan ); and metastasis
( Manuel Valiente, Eva González-Suárez and Héctor Peinado ).
During 2021, we recruited a new Group, led by Maria Casanova,
that will work on cancer immunity. This is an important area
that was previously less represented at CNIO, which will
benefit from its incorporation. Welcome Maria, looking forward
to seeing your science flourish with us ! Also in 2021, as a
consequence of the application of the internal policy related
to the career development of the Junior Group Leaders at
CNIO, Massimo Squatrito’s Group working on brain tumours
ended its stay with us, and Massimo took up a new job in the
pharmaceutical industry. During his stay at CNIO Massimo
made exciting contributions to glioblastoma research and
was a very nice colleague to have around. We wish him the
very best in this new step in his career.
2021 brought to light many interesting discoveries made by
MOP members. The Brain Tumour Group made important
contributions to the genetics of glioblastoma and to potential
treatments for this fatal disease. We now also know that a
specialised polymerase ( PrimPol ) might modify the response
to one of the most frequent chemotherapies and how the
response of another novel therapy ( USP7 inhibitors ) might
be influenced by CDK activity. We made progress in our
understanding of how RAS variant isoforms or mutations in
STAG2 might promote carcinogenesis and revealed new
connections between senescence and stemness in breast
cancer. The Telomeres and Telomerase Group keeps adding
evidence that supports the usefulness of a telomerase-based
therapy for the treatment of age-related diseases such as
kidney fibrosis and illustrated the impact that short telomeres
might have on the severity of covid-19. The Melanoma Group
further supported the value of studying lymphangiogenesis
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“ During 2021 MOP scientists
made important insights
into basic aspects of cancer
research, which can
hopefully provide ideas for
novel cancer therapies in
the longer term.”

as a surrogate of metastasis, and additional insights into the
influence of the environmental signals during the initiation
of meiosis were provided by the Transformation and Metastasis
Group. Our works also revealed how inflammatory processes
might contribute to obesity, and the role of nutrient signalling
in cancer and overall lifespan.
During 2021 scientists at the MOP were very active in activities
that go beyond publications and that are important to bringing
science to society and to defending the importance of research.
To end, I particularly want to congratulate our junior faculty
at the MOP. These have not been the easiest years to start up
a laboratory, and yet, your work shows that it was possible to
do so and to make important discoveries. Congratulations to
you all for a nice start to your independent scientific careers
and looking forward to seeing your next discoveries. s
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Maria A. Blasco
Group Leader
Staff Scientists
Isabel López De Silanes, Rosa M.
Marión, Paula Martínez

Post-Doctoral Fellows
Giuseppe Bosso, João Tiago
Carvalho Jordão ( until June ), Buyun
Ma, Sergio Piñeiro ( until December ),
Sarita Saraswati

Graduate Students
José Carlos González, Óscar Laguía,
Jessica Louzame, Amparo Sánchez,
Raúl Sánchez
Technicians
Ana Guío ( TS )*, Rosa M. Serrano

Titulado Superior ( Advanced Degree )

*

Visiting Students
Buse Kantekin ( July-August )
( Erasmus Fellowship, Üsküdar
University, Turkey ), Neetij Krishnan
( since September ) ( Fulbright

Commission Fellowship, USA ), Pablo
Lanuza ( March-June ) ( Bachelor’s
Student, Universitat de Lleida, Spain ),
Irene Sánchez ( until September )
( Bachelor’s Student, University of
Huddersfield, UK ), Büsra Sertkaya
( July-September ) ( Erasmus +

Fellowship, Üsküdar University,
Turkey ), Merve Yilmaz ( SeptemberNovember ) ( The Federation of
European Biochemical Societies
International Fellowship, Turkey )

OVERVIEW
Immortality is one of the most universal characteristics of
cancer cells. We study the mechanisms by which tumour cells
are immortal and normal cells are mortal. The enzyme
telomerase is present in more than 95% of all types of human
cancers and is absent in normal cells in the body. Telomeres
are nucleoprotein complexes located at the ends of
chromosomes and are essential for chromosome protection
and genomic stability. Progressive shortening of telomeres
associated with organism ageing leads to ageing. When
telomeres are altered, adult stem cells have a maimed
regenerative capacity.

“ Our finding that signals outside the
cell, which induce cell proliferation
and are implicated in tumorigenesis,
regulate telomeres opens the door
to new therapeutic avenues
targeting telomeres to help treat
cancer.”

Our research focuses on :
ɗ Generating mouse models to validate telomeres and
telomerase as therapeutic targets for cancer and age-related
diseases.
ɗ Interplay between telomeres and DNA repair pathways.
ɗ Role and regulation of non-coding telomeric RNAs or
TERRA.
ɗ Testing telomerase gene therapy in telomere syndromes
and age-related diseases.
ɗ Role of telomerase and telomeres in adult stem cell biology
and in nuclear reprogramming of differentiated cells to
iPS cells.
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RESEARCH HIGHLIGHTS

of renal fibrosis, a finding that could be of use to devise new
treatments of this pathology.

AKT-mediated response of telomeres to external signals
impacts on tumorigenesis

Trf1 deletion in kidneys resulted in fibrosis and EMT activation.
This is the first time that short telomeres have been linked to
EMT, a connection of relevance since EMT, and the genes that
regulate this programme, are also involved in cancer.

We have progressed in our quest to unravel the role that
telomeres — the chromosome ends responsible for cellular
ageing as they shorten — play in cancer. Telomeres are bound
by shelterin, a multi-protein complex essential for the protection
of chromosome ends and genomic stability. Knowledge is scarce
on the regulation of shelterin components by extracellular
signals including developmental and environmental cues.

Telomere shortening or dysfunction may therefore contribute
to pathological, age-associated renal fibrosis by influencing
the EMT programme.
Shorter telomere lengths in patients with severe
COVID-19 disease

Using the gene-editing tool CRISPR/Cas9, we generated
knock-in human cell lines carrying non-phosphorylatable
mutant forms of the AKT-dependent phosphorylation sites
that are present in the shelterin protein TRF1 and showed
that TRF1 is subjected to AKT-dependent regulation. TRF1
mutant cells had decreased TRF1 binding to telomeres as well
as increased global and telomeric DNA damage. Human cells
bearing non-phosphorylatable mutant TRF1 alleles exhibited
accelerated telomere shortening ( FIGURE 1 ), demonstrating
that AKT-dependent TRF1 phosphorylation regulates telomere
maintenance in vivo. TRF1 mutant cells showed an impaired
response to proliferative extracellular signals as well as a
decreased tumorigenesis potential. Telomere protection and
telomere length can thus be regulated by extracellular signals
upstream of PI3K/AKT pathway activation, such as growth
factors, nutrients, or immune regulators, and can interfere
with immortality of cancer cells.

FIGURE 1 Telomere length is normal upon AKT-phosphorylation of TFR1
( top ) and shorter in AKT-phosphorylation unresponsive TFR1 cell lines ( bottom ).

Telomere shortening or telomere dysfunctionality are
responsible for the human pathologies known as telomere
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Saraswati S, Martinez P, Graña-Castro O,
Blasco MA ( 2021 ). Short and dysfunctional telomeres sensitize the kidneys to
develop fibrosis. Nature Aging 1, 269-283.
Martínez P, Blasco MA ( 2021 ). An enzyme
to cure age-related diseases. Nature Catalysis 4, 738-739.
Sánchez-Vázquez R, Martínez P, Blasco
MA ( 2021 ). AKT-dependent signaling of
extracellular cues through telomeres impact on tumorigenesis. PLoS Genet 17,
e1009410.
Piñeiro-Hermida S, Martinez P, Blasco MA
( 2021 ). Short and dysfunctional telomeres
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protect from allergen-induced airway
inflammation. Aging Cell 20, e13352.
Sánchez-Vázquez R, Guío-Carrión A, Zapatero-Gaviria A, Martínez P, Blasco MA
( 2021 ). Shorter telomere lengths in patients with severe COVID-19 disease.
Aging ( Albany NY ) 13, 1-15.
Monteagudo M, Martínez P, Leandro-García LJ, Martínez-Montes ÁM,
Calsina B, Pulgarín-Alfaro M, Díaz-Talavera A, Mellid S, Letón R, Gil E, Pérez-Martínez M, Megías D, Torres-Ruiz R, Rodriguez-Perales S, González P, Caleiras E,
Jiménez-Villa S, Roncador G, Álvarez-Escolá C, Regojo RM, Calatayud M, Guadalix S, Currás-Freixes M, Rapizzi E, Canu L,
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We found that short telomeres make the kidneys sensitive to
developing fibrosis in response to folic acid and exacerbate
the epithelial-to-mesenchymal transition (EMT) programme.
Short telomeres play an important role in the development

We postulate that telomere shortening arising from the viral
infection impedes tissue regeneration and that is the reason
why a significant number of patients suffer long COVID-19.
In this context, telomerase-based gene therapy may be a tool
in the treatment of post-COVID-19 pulmonary injury. s

Nölting S, Remde H, Fassnacht M, Bechmann N, Eisenhofer G, Mannelli M,
Beuschlein F, Quinkler M, Rodríguez-Antona C, Cascón A, Blasco MA, Montero-Conde C, Robledo M ( 2021 ). Analysis
of telomere maintenance related genes
reveals NOP10 as a new metastatic-risk
marker in pheochromocytoma/paraganglioma. Cancers ( Basel ) 13, 4758.
Vinchure OS, Whittemore K, Kushwah D,
Blasco MA, Kulshreshtha R (2021). miR-490
suppresses telomere maintenance program
and associated hallmarks in glioblastoma.
Cell Mol Life Sci 8, 2299-2314.
Bacalini MG, Reale A, Malavolta M, Ciccarone F, Moreno-Villanueva M, Dollé MET,

ez I, Pérez FV, Blasco MA, Esteller M, Edel
MJ ( 2021 ). A synthetic mRNA cell reprogramming method using CYCLIN D1 promotes DNA repair generating improved
genetically stable human induced pluripotent stem cells. Stem Cells 39, 866-881.
Sanz-Ros J, Mas-Bargues C, Monleón D,
Gordevicius J, Brooke RT, Dromant M,
Derevyanko A, Guío-Carrión A, RománDomínguez A, Romero-García N, Inglés
M, Blasco MA, Horvath S, Viña J, Borrás
C ( 2021 ). Small extracellular vesicles from
young mice prevent frailty, improve
healthspan and decrease epigenetic age
in old mice. bioRxiv. doi : https ://doi.
org/10.1101/2021.07.29.454302.
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Jansen E, Grune T, Gonos ES, Schön C,
Bernhardt J, Grubeck-Loebenstein B,
Sikora E, Toussaint O, Debacq-Chainiaux
F, Capri M, Hervonen A, Hurme M, Slagboom PE, Breusing N, Aversano V, Tagliatesta S, Franceschi C, Blasco MA, Bürkle
A, Caiafa P, Zampieri M ( 2021 ). Ageing
affects subtelomeric DNA methylation in
blood cells from a large European population enrolled in the MARK-AGE study.
Geroscience 43, 1283-1302.
Alvarez-Palomo AB, Requena-Osete J,
Delgado-Morales R, Moreno-Manzano V,
Grau-Bove C, Tejera AM, Otero MJ, Barrot
C, Santos-Barriopedro I, Vaquero A, Mezquita-Pla J, Moran S, Naya CH, Garcia-Martín-
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FIGURE 2 Representative immunofluorescence images of human cells bearing
either long or short telomeres at the indicated cell cycle phases.

Our starting hypothesis was that short telomeres in older
patients limit the tissue response to SARS-CoV-2 infection.
We measured telomere length in peripheral blood lymphocytes
from COVID-19 patients aged 29-85 years and found that
patients who manifested severe forms of COVID-19 had
significantly shorter telomeres.

syndromes characterised by loss of the regenerative capacity
of tissues and fibrotic pathologies. We generated two different
mouse models of kidney fibrosis : one that combines telomerase
deficiency to induce telomere shortening and a low dose of
folic acid ( a kidney toxin ), and another in which Trf1 is
conditionally deleted from the kidneys.

Short and dysfunctional telomeres contribute to renal
fibrosis. A connection between short telomeres and the
epithelial-to-mesenchymal transition programme

∞

Incidence of severe manifestations of COVID-19 increases
along with age, with older patients showing the highest mortality rate suggestive of the contribution of the molecular
pathways underlying ageing to the severity of COVID-19. The
progressive shortening of telomeres ( FIGURE 2 ) is one of
the mechanisms of ageing. Critically short telomeres impair
the regenerative capacity of tissues and trigger loss of tissue
homeostasis and disease. The SARS-CoV-2 virus infects many
different cell types, forcing cell turnover and regeneration to
maintain tissue homeostasis.
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Blasco Ma, Martínez P, Bosch MF, Jiménez V, García M, Casana E ( 2021 ). Recombinant TERT-encoding viral genomes and
vectors. EP21382441.0.
Bobadilla M, Formentini I, Blasco MA, Baer
C, Bosch F ( 2021 ). Telomerase reverse
transcriptase-based therapies. Divisional
application. US20210260169.
Bobadilla M, Formentini I, Blasco MA, Baer
C, Bosch F ( 2021 ). Telomerase reverse
transcriptase-based therapies. Divisional
application. EP3848056.
Bobadilla M, Formentini I, Blasco MA, Baer
C, Bosch F ( 2021 ). Telomerase reverse
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transcriptase-based therapies. Divisional
application. EP21198809.2.
Blasco MA, Pastor JA, Bejarano L, Méndez-Pertuz M, Martínez P, Blanco-Aparicio
C, Gómez-Casero E, García-Beccaria M
( 2018 ). Modulation of TRF1 for brain cancer treatment. WO2020/052772. National phase entry ( 2021 ).

∞

∞

∞
∞

∞

∞

AWARDS AND RECOGNITION

Chair of SOMMa (“ Severo Ochoa ” Centres
and “ María de Maeztu ” Units of Excellence
Alliance ), Spain.
Merck Health Foundation Award in recognition of Professional Excellence in

∞

Science and Research, Spain.
Zendal Award in recognition of lifetime
achievements in the life sciences and the
role of women in this field, II International Zendal Awards, Spain.
“ Premio FIDEM ” in the Technology category, International Foundation for Women Entrepreneurs, Spain.
“ Premio Influentials ” Lifetime Achievement Award in Science and Health, El
Confidencial Daily, Spain.
Medal in recognition of female talent
endowed by Naturgy Foundation on
World Breast Cancer Day 2021, Spain.

23

Basic Research

EXPERIMENTAL
ONCOLOGY GROUP

Molecular Oncology Programme | Experimental Oncology Group

Mariano Barbacid
Group Leader
Staff Scientists
Matthias Drosten ( until September ),
Raquel García-Medina ( until
November ), Carmen Guerra

Post-Doctoral Fellows
Sara García-Alonso, Guillem
Paniagua ( until February )
Graduate Students
Gonzalo M. Aizpurua ( since March ),
Sara Barrambana, Oksana Brehey,

Laura de la Puente, Ana María
Fernández ( since October ),
Fernando Fernández, Jing Li, Vasiliki
Liaki, Lucía Morales, Marina Salmón,
Pian Sun ( since October )
Technicians
M. Carmen González ( TS )*, Silvia
Jiménez, Marta San Román,
Raquel Villar

Titulado Superior ( Advanced Degree )

*

Bioinformatician
Ruth Álvarez ( since March )
Administrative Assistant
Patricia T. Guerra

Undergraduate Students
Lucia Fuentes ( February-June )
( Master’s Thesis, Universitat Rovira i
Virgili, Tarragona, Spain ), Irene
Herruzo ( since October ) ( BS Thesis,
Universidad Autónoma de Madrid,
Spain ), Blanca Rosas ( since October )
( Undergraduate trainee, Universidad
Complutense de Madrid, Spain )

External Associates
Alfredo Carrato ( Hospital Ramón y
Cajal, Madrid, Spain ), Monica
Musteanu ( Universidad Complutense
de Madrid, Spain ), Bruno Sainz
( Universidad Autónoma de Madrid,
Spain ), Juan Velasco ( Eli Lilly,
Alcobendas, Spain )

OVERVIEW
We recently demonstrated that ablation of RAF1 induces
significant levels of tumour regression in mice bearing lung
adenocarcinomas induced by KRas/Tp53 mutations. We
observed similar results in mice bearing pancreatic tumours
providing that RAF1 ablation is combined with elimination
of the EGF Receptor. We are now attempting to translate these
observations to a pharmacological scenario. Unfortunately,
none of the available putative RAF1 inhibitors has shown
antitumour activity in the clinic. Therefore, we decided to
interrogate by genetic means the best strategy to block RAF1
activity. Unexpectedly, expression of 2 kinase dead isoforms
of RAF1 failed to exhibit therapeutic activity, indicating that
RAF1 does not contribute to tumour development via its
kinase activity. Hence, pharmacological targeting of RAF1
will require the use of other strategies such as the use of
degrons, small chemotypes capable of inducing the degradation
of their target proteins.

“ The protein kinase activity of RAF1
is dispensable for KRAS induced
tumour development.”
“The oncogenic form of the KRAS4A
protein isoform is sufficient to
induce lung adenocarcinomas that
undergo proximal metastasis.”

The KRAS locus encodes 2 protein isoforms, KRAS4A and
KRAS4B, which differ in intracellular trafficking and location
in the plasma membrane. KRAS mutations in human cancer
affect both protein isoforms. Efforts to selectively target the
KRAS4B isoform are under development. We have observed
that expression of the endogenous KRAS4A mutant
oncoprotein is sufficient to induce lung adenocarcinomas.
Hence, effective therapeutic strategies against KRAS mutant
tumours must take into account inhibition of both protein
isoforms.
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RAF1 kinase activity is not required for KRAS/p53driven tumour progression

KRAS4A induces metastatic lung adenocarcinomas in
vivo in the absence of the KRAS4B isoform

We generated mouse strains that express conditional knockedin alleles that encode 2 independent RAF1 kinase dead
isoforms, RAF1D 468A and RAF1K 375M ( FIGURE 1A ). Surprisingly,
systemic expression of these kinase dead isoforms under the
control of the endogenous Raf1 locus in mice bearing advanced
Kras/Trp53 tumours failed to induce tumour regression
( FIGURE 1B ). Previous studies indicated that, in addition to
its role in MAPK signalling, RAF1 has anti-apoptotic activity.
This effect is mediated, at least in part, by its ability to inhibit
the pro-apoptotic kinases ASK1 and MST2. Moreover, in vitro
studies suggested that this anti-apoptotic activity is likely to
be kinase-independent. To interrogate whether the antiproliferative effect of ablating RAF1 is mediated by these
kinases, we blocked proliferation of human A549 lung
adenocarcinoma cells as well as of cells obtained from a patientderived xenograft ( PDX ) model, PDX-dc1, with lentiviral
vectors expressing 2 independent shRNAs against RAF1
( FIGURE 1C ). Co-infection of these RAF1 shRNAs with two
independent shRNAs against ASK1 or MST2 restored the
proliferative properties of these human lung tumour cells
( FIGURE 1D ). Re-expression of a cDNA encoding the murine
RAF1 protein, whose sequences could not be recognised by
the human RAF1 shRNAs, restored proliferation of the A549
and PDX-dc1 cells to levels similar to those observed upon
co-infection with ASK1 or MST2 shRNAs. These results
demonstrate that the anti-proliferative effect of silencing
RAF1 expression in human lung adenocarcinoma cells is
mediated by the pro-apoptotic properties of ASK1 and MST2.
These results, taken together, have important implications
for the design of effective therapeutic strategies to block
progression of KRAS mutant human cancers. They also help
to explain, at least in part, the poor results obtained so far in
the clinic with RAF inhibitors that either block their kinase
activity or other features that regulate their involvement in
MAPK signalling. In summary, these studies strongly suggest
that current therapeutic strategies based on inhibition of
RAF1 kinase activity are unlikely to produce anti-tumour
results in the clinic. Instead, pharmacological targeting of
RAF1 will require novel strategies that prevent the antiapoptotic activity of RAF1, either by blocking its interaction
with the ASK1 or MST2 kinases or, more directly, by inhibiting
RAF1 expression with selective RAF1 degraders.

In mammals, the KRAS locus encodes 2 protein isoforms,
KRAS4A and KRAS4B, which differ only in their extreme
C-terminus via alternative splicing of distinct fourth exons.
Previous studies have shown that whereas KRAS expression
is essential for mouse development, the KRAS4A isoform is
expendable. To unveil the unique properties of the KRAS4A
isoform, we generated a mouse strain that carries a point
mutation in exon 4B that causes the selective degradation of
KRAS4B while leaving KRAS4A expression unaffected. Mice
selectively lacking KRAS4B developed to term but died
perinatally due to hypertrabeculation of the ventricular wall,
a defect reminiscent of that observed in midgestation embryos
lacking the Kras locus. Introduction of an oncogenic mutation
( G12V ) into the KrasFSFG 12V allele allowed expression of an
endogenous KRAS4AG 12V oncogenic isoform in the absence
of KRAS4B. Exposure of Kras +/FSF 4AG 12V 4B– mice to Adeno-FLPo
induced lung tumour formation with complete penetrance,
albeit with increased latencies than control Kras+/FSFG 12V
animals that expressed both oncogenic isoforms. Interestingly,
a significant percentage of these mice developed proximal
metastasis, a feature seldom observed in mice expressing both
mutant isoforms, probably due to their shorter tumour
latencies. These results illustrate that expression of the
KRAS4AG 12V mutant isoform is sufficient to induce lung
tumours, thus indicating that effective anti-tumour strategies
against KRAS mutant tumours must take into account
inhibition of both protein isoforms. s

FIGURE 1 RAF1 kinase activity is
dispensable for KRAS/p53-driven
tumour progression. ( A ) Human
RAF1 kinase domain structure
highlighting the position of the D468
residue along with its respective
mutations A468. ( B ) Waterfall plots
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Sanclemente M, Nieto P, Garcia-Alonso
S, Fernández-García F, Esteban-Burgos
L, Guerra C, Drosten M, Caleiras E, Martinez-Torrecuadrada J, Santamaría D,
Musteanu M, Barbacid M ( 2021 ). RAF1
kinase activity is dispensable for KRAS/
p53 mutant lung tumor progression. Cancer Cell 39, 294-296.
This article was recommended in “ Faculty Opinions ” as being of special significance in its field.
Assi M, Achouri Y, Loriot A, Dauguet N,
Dahou H, Baldan J, Libert M, Fain JS,
Guerra C, Bouwens L, Barbacid M, Lemaigre FP, Jacquemin P ( 2021 ). Dynamic regulation of the expression of KRAS
and its effectors determines the ability of
pancreatic acinar cells to initiate tumorigenesis. Cancer Res 81, 2679-2689.

representing the change in tumour
volume of individual tumours
expressing the wild type RAF1 or
the mutant RAF1D468A proteins in
mice exposed to a tamoxifen ( TMX )
containing diet for 2 months. ( C )
Western blot analysis of RAF1, ASK1
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Salmón M, Paniagua G, Lechuga CG,
Fernández-García F, Zarzuela E, Álvarez-Díaz R, Musteanu M, Guerra C, Caleiras E, Muñoz J, Ortega S, Drosten M,
Barbacid M ( 2021 ). KRAS4A induces
metastatic lung adenocarcinomas in vivo
in the absence of the KRAS4B isoform.
Proc Natl Acad Sci U S A 118, e2023112118.
Drosten M, Barbacid M ( 2021 ). Targeting
KRAS mutant lung cancer : light at the
end of the tunnel. Mol Oncol. doi :
10.1002/1878-0261.13168.
Rosigkeit S, Kruchem M, Thies D, Kreft A,
Eichler E, Boegel S, Jansky S, Siegl D, Kaps
L, Pickert G, Haehnel P, Kindler T, Hartwig
UF, Guerra C, Barbacid M, Schuppan D,
Bockamp E ( 2021 ). Definitive evidence
for Club cells as progenitors for mutant
Kras/Trp53-deficient lung cancer. Int J
Cancer 149, 1670-1682.
Köhler J, Zhao Y, Li J, Gokhale PC, Tiv HL,

SPANISH NATIONAL CANCER RESEARCH CENTRE, CNIO

and MST2 expression in lysates
obtained from A549 human lung
tumour cells either not infected or
infected with representative shRNAs
against ASK1 ( top panels ) or MST2
( bottom panels ) in combination with
either a scrambled shRNA or a
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Knott AR, Wilkens MK, Soroko KM, Lin M,
Ambrogio C, Musteanu M, Ogino A, Choi
J, Bahcall M, Bertram AA, Chambers ES,
Paweletz CP, Bhagwat SV, Manro JR, Tiu
RV, Jänne PA ( 2021 ). ERK inhibitor
LY3214996-based treatment strategies
for RAS-driven lung cancer. Mol Cancer
Ther 20, 641-654.
Lechuga CG, Salmón M, Paniagua G, Guerra C, Barbacid M, Drosten M ( 2021 ). RASless MEFs as a tool to study RAS-dependent and -independent functions. Methods
Mol Biol 2262, 335-346.
PUBLICATIONS AT OTHER
INSTITUTIONS

representative shRNA against RAF1.
Vinculin was used as loading control.
( D ) Colony formation in A549
human lung tumour cells infected
with a scrambled shRNA and
representative shRNAs against RAF1,
ASK1 and MST2 sequences.

therapeutic strategies in renal carcinoma.
J Exp Clin Cancer Res 40, 256.
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García-Alonso S, Romero-Pérez I, Gandullo-Sánchez L, Chinchilla L, Ocaña A,
Montero JC, Pandiella A ( 2021 ). Altered
proTGFα/cleaved TGFα ratios offer new

PATENT

Barbacid M, Guerra C, Blasco MT, Navas
C ( 2018 ). Combined therapy against cancer. WO 2020/020942.A1. National phase
entry ( 2021 ).
AWARDS AND RECOGNITION

Premio Fundación CRIS contra el Cáncer,
CRIS Foundation, Spain.
Inaugural Conference, SEMERGEN National Congress, Zaragoza, Spain.
Keynote Lecture, IV International Workshop on Genomic Testing in Cancer, Pamplona, Spain.
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Marcos Malumbres
Group Leader
Post-Doctoral Fellows
Begoña Hurtado, Miguel Ruiz ( since
July ), Carolina Villarroya

Graduate Students
Gloria Cristina Bonel (since Sept. ),
Mariona Cubells (since March ) ( PEJ,
CAM ) *, Alejandro García (since Nov. ),
José González, Fátima Guerra ( since
Dec. ), Luis Rodrigo López, Diego

Martínez ( until Dec. ), Borja Pitarch

Irene Díaz (since Feb.), Aicha El Bakkali

*

Plan de Empleo Joven de la CAM ( Youth
Employment Plan, Community of Madrid )

**

Technicians
Cristina Aguirre (TS)** (since June),

Students in Practice
María Franco ( Feb.-Aug. ) ( Univ.
Carlos III de Madrid, Spain ), Mónica
Novo ( March-July ) ( Univ. Rovira i

Titulado Superior ( Advanced Degree )

Virgili, Tarragona, Spain ), Anna
Melati ( Feb.-Sept. ) ( ERASMUS +
Fellow, Università di Pavia, Italy ),
María Fernanda Pérez ( since Oct. )
( Univ. Autónoma de Madrid, Spain ),
Iciar Luna ( since Oct.) ( Univ.
Complutense de Madrid, Spain )

Visiting Scientists
Ana Sánchez ( since February )
( Hospital Universitario 12 de Octubre,
Madrid, Spain ), Senn Wakahashi
( Kobe University, Kobe, Japan )

OVERVIEW
The Cell Division and Cancer Group is interested in deciphering
the mechanisms by which cell division and cell proliferation
are regulated in mammalian cells. Our scientific interests are :
i ) to understand the basic control mechanisms that regulate
the cell division cycle ; ii ) to characterise the physiological
and therapeutic consequences of cell cycle deregulation ; iii )
understanding self-renewal and pluripotency in stem cell
biology and tumour development ; and iv ) improving the use
of old and new targets for cancer therapy. As a final goal, we
aim to generate information that will be useful for
understanding basic mechanisms of cell function and to
improve therapeutic strategies against cancer cell proliferation.
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“ We have generated a new platform
of breast cancer patient-derived
samples and studied new
therapeutic uses of inhibiting CDKs
in breast, lung and liver cancer.”
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Cell cycle inhibition in cancer therapy
Cell cycle deregulation is a common feature of cancer cells.
Many tumour-associated mutations lead to dysregulation of
the machinery that controls cell division and, in particular,
of cyclin-dependent kinases ( CDKs ), considered to be the
engines of cell proliferation. Inhibition of some CDKs, such
as CDK4 and CDK6, is currently part of the standard-of-care
for the treatment of hormone receptor-positive, metastatic
breast cancer. We recently generated data suggesting, both in
vitro and in vivo, that applying CDK4/6 inhibitors right after
classical chemotherapy strongly cooperates in preventing
tumour cell proliferation ( Salvador-Barbero et al., 2020 ) and
are now analysing the mechanism behind these observations
both in breast and lung cancer cells. Furthermore, we described
that CDK4/6 activity is required for homologous recombination
and DNA repair, as well as for the recovery from chromosomal
damage imposed by DNA damaging agents. We are currently
testing various cellular pathways involved in sensing DNA
and chromosomal damage, as well as possible new combinations
between CDK4/6 inhibitors and inhibitors of these pathways.
A new platform of breast cancer patient-derived models
Despite the success of CDK4/6 inhibitors in breast cancer
treatment, many patients with metastatic tumours develop
resistance to these therapies. The lack of biomarkers to predict
sensitivity to them makes it difficult to select patients. In
addition, the molecular basis of resistance to CDK4/6 inhibitors
is still under debate. To study these questions in detail, we
started a collaboration with the team led by E. Ciruelos at the
Hospital 12 de Octubre to generate a platform of cellular models
derived from breast cancer patients who are candidates for,
or are subjected to, cell cycle therapies. In addition to the
primary biopsy of the metastatic tumour, we are isolating
circulating tumour cells from the blood at different time points
before or after starting CDK4/6-targeted therapies ( FIGURE
1 ). Generating these temporal series of models will be critical
to understanding the molecular changes during treatment
with these inhibitors and the origin of the resistant clones.
Our ultimate goal is to predict the resistance events with the
appropriate biomarkers, and/or to propose combinatorial
treatments effective against the resistant clones.

Understanding the effect of cell cycle dysregulation in
developmental diseases

FIGURE 1 Three-dimensional structures generated
in vitro after the culture of circulating tumour cells
derived from breast cancer patients. Circulating
tumour cells ( in blue and green ) were isolated from
blood and cultured in the presence of other blood
mononucleated cells ( blue and red ).

The cell cycle machinery regulates multiple aspects of cell
biology, including the balance between proliferation and
differentiation in multiple tissues. Several cell cycle kinases,
such as Polo-like kinase 1 ( Plk1 ), modulate not only centrosome
and chromosome biology but also other cellular processes
such as the dynamics of the cytoskeleton, cell movements,
etc. Our previous work showed critical implications of Plk1
in vascular biology and tumour development. By using gainand loss-of-function mouse models of Plk1 function, we
recently identified a new role for Plk1 in the control of cell
fate in neural progenitors during development. Interestingly,
centrosomal alterations are thought to be one of the aetiological
reasons for primary microcephaly, a defect in which decreased
cortex size is accompanied by mental retardation and other
symptoms. By combining Plk1-mutant alleles with specific
mutations in Cep135 or Cdk5rap2, two genes mutated in
microcephaly, we were able to describe new genetic interactions
leading to defective asymmetry of centrosomal components
during the division of neural progenitors, microcephaly and
defective brain development ( FIGURE 2 ; González-Martínez
et al., 2021 ). Importantly, these phenotypes are also observed
after inhibiting Plk1 with small-molecule inhibitors currently
under evaluation in clinical trials for cancer therapy, raising
a note of caution on the possible secondary effects of inhibiting
Plk1 in neural progenitor cells

FIGURE 2 Detection of apoptotic cell death ( green ) in mouse
embryos ( left ) and brain cortex ( right ) with specific mutations
in Plk1, Cep135 or Cdk5rap2. A collaboration with Jorge Almagro
and Axel Behrens ( Crick Institute, London ). See González-Martínez
et al., JCI Insights 2021, for details.
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OVERVIEW
The main goal the Genomic Instability Group is to understand
the molecular mechanisms underlying cancer and other ageassociated diseases, with the ultimate objective of translating
this knowledge into effective treatments for patients. To this
end, we have developed over the years several molecular tools
and in vivo models, which have led us to make important
progress in basic as well as in translational research. Among
other achievements, we have extensively studied the molecular
mechanisms by which cells duplicate and repair their genomes,
developed new inhibitors that can be used for targeted cancer
therapy, and created mouse models that revealed the
physiological consequences of genomic instability. More
recently, we have developed an interest in exploring the
mechanisms of drug resistance in cancer therapy and how to
overcome this problem in cancer, as well as in other age-related
diseases lacking a cure, such as neurodegeneration.
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“ In 2021 we discovered that one of
the most frequent mutations in
cancer drives multidrug resistance
and advanced in our understanding
of how replisomes are dissolved
once DNA replication ends.”
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SUMOylation or ubiquitination. A few years ago, while
performing one of the first proteomic characterisations of the
human replisome, our group found an intriguing feature :
whereas replisomes are SUMO -high/Ubiquitin-low
environments, mature non-replicating chromatin displays
the opposite trend. Later, we discovered that this balance is
maintained in part by the action of the SUMO deubiquitinase
USP7 that maintains this ubiquitin-low environment and is
essential for DNA replication. We also discovered that USP7
inhibition mimics the end of DNA replication and
simultaneously drives CDK1 activation in such a manner that
is toxic and that can help to understand the antitumour effects
of USP7 inhibitors. During 2021, we resolved what happens

Overcoming multi-drug resistance associated to FBXW7
deficiency
Drug resistance is a huge medical challenge. In cancer, it is
estimated that resistance to therapy accounts for almost 90%
of treatment failures. Thus, there is an urgent need to obtain
a better understanding of the mechanisms behind drug
resistance, which are still rather fragmented. Over the last
few years, our laboratory has developed strong expertise in
genome-wide CRISPR screens to identify mutations related
to resistance to different cancer treatments. Throughout the
course of these studies, we found sgRNAs targeting FBXW7
as recurrent hits that provided resistance to many independent
agents. We later confirmed that FBXW7 deficiency indeed
confers resistance to the vast majority of currently used
antitumour agents. These observations were supported by
informatic analyses indicating that FBXW7 deficiency is
among the most significant multidrug resistance mutations

that can be detected. Of note, FBXW7 is among the top 10
most mutated genes in cancer, highlighting the relevance of
our discovery. Importantly, in our study we also identified
that, despite their multidrug resistance, FBXW7 deficient
cells were preferentially vulnerable to treatment with therapies
that target mitochondrial activity, such as the antibiotic
tigecycline ( FIGURE 1 ). In summary, this work has revealed
that one of the most frequent mutations in cancer is associated
to multidrug resistance and provided some initial ideas about
how this resistance might be overcome.
Extracting replisome components from chromatin when
DNA replication ends
DNA replication, carried out by a large protein complex known
as the replisome, requires finely-tuned regulatory mechanisms
that often involve post-translational modifications such as

FIGURE 2 FAF1 recruits VCP to
SUMO/ubiquitinylated chromatin. ( A )
High-throughput microscopy
illustrating the increase in chromatinbound levels of VCP upon USP7
inhibition. ( B ) Distribution of
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FIGURE 1 Overcoming multidrug
resistance. ( A ) Effects of the indicated
drugs on the viability of FBXW7 wild
type and knockout DLD-1 human colon
adenocarcinoma-derived cell lines.
( B ) Bioinformatic analysis of drug
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responses associated to mutations in
the drug efflux pump ABCB1 or in
FBXW7. ( C ) GSEA analysis of the
“ Mitochondrial translation ” hallmark,
done with proteomics data from
FBXW7+/+ and FBXW7-/- DLD-1 cells.

to the replisome components that become ubiquitinated upon
USP7 inhibition. We now know that these factors become
extracted from chromatin by the segregase VCP, which uses
FAF1 as an adaptor to bind SUMOylated and ubiqutinylated
factors ( FIGURE 2 ). Noteworthy, equivalent conclusions
were drawn from a genetic screen completed in C. elegans by
our collaborator Thorsten Hoppe, highlighting the evolutionary
conservation of this pathway. In this line of research, we are
now particularly intrigued by the mechanisms that drive CDK1
activation upon the completion of DNA termination, as we
believe this is still one of the key missing pieces from our basic
understanding of the cell cycle. s

( D ) Viability of FBXW7+/+ and FBXW7/DLD-1 cells exposed to increased
doses of the antibiotic tigecycline at
the indicated doses.
∞
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chromatin-bound SUMO2/3 and VCP
upon USP7 inhibition in U2OS cells.
Note the accumulation of VCP in areas
that become enriched in SUMOylated
factors. ( C ) Proteomics of the VCPinteractome upon inhibition of USP7
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( P22 ) or VCP ( NMS ). The analyses
revealed enrichment of the VCP
adaptors FAF1 and FAF2 upon either
form of inhibition, as well as a
selective increase in the binding of
VCP to SUMO2 upon USP7 inhibition.
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OVERVIEW
DNA topoisomerases have a dual relationship with the genome.
They are essential to solve supercoiling and other topological
problems inherent to all DNA transactions, but their intrinsic
mechanism of action can result in the formation of DNA
breaks, either accidentally during normal cellular metabolism
or upon chemotherapy treatment with the so-called
topoisomerase poisons. Imbalances in DNA topoisomerase
activity can therefore compromise cell survival and genome
integrity, entailing serious consequences for human health,
such as developmental and degenerative problems and, very
importantly, neoplastic transformation processes and their
subsequent response to treatment.

“ We have uncovered a novel
mechanism of transcriptional
regulation that allows quick changes
in gene expression and has
implications in the control of cellular
proliferation and cancer
progression.”

We are interested in understanding how DNA topoisomerase
activity is regulated to integrate different aspects of genome
dynamics, how an imbalance in these processes can lead to
the appearance of pathological DNA breaks, and how cells
specifically respond to these lesions to maintain genome
stability.
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Accumulation of topological stress in the form of DNA
supercoiling is inherent to the advance of RNA polymerase
II ( Pol II ) and needs to be resolved by DNA topoisomerases
to sustain productive transcriptional elongation, and therefore
the correct expression of genes. Topoisomerases are therefore
traditionally considered general positive facilitators of gene
expression, especially for long genes in which the load of DNA
supercoiling can become particularly burdensome. However,
work in our laboratory and others has shown that
topoisomerases accumulate at genomic regulatory regions
such as enhancers and promoters, suggesting a potential
regulatory function for DNA topoisomerases, beyond being
mere topological “ problem-solvers ”.
We unexpectedly found that catalytically inhibiting one of
the main cellular DNA topoisomerases ( TOP2A ) caused a
dramatic and acute upregulation of immediate early response
genes ( FIGURE 1 ). These genes ( IEGs ) are normally
characterised by quickly responding to different types of
cellular stimuli and triggering the subsequent transcriptional
waves that control important functions such as neuronal
activation or cellular proliferation. Interestingly, the response
observed was directly caused by the absence of TOP2A function
and not by a response to some kind of topological stress or
DNA damage being generated.
Intrigued by these surprising results, pointing to repressive
regulatory roles of TOP2A, we developed novel methods to
measure topoisomerase activity at specific genomic locations
in cells, and combined them with the analysis of supercoiling
and genome-wide transcription in cell lines deficient for different
DNA topoisomerases engineered with CRISPR-Cas9 technology.

FIGURE 1 Immediate early genes
( IEGs ) are upregulated upon TOP2
inhibition. ( A ) Global transcriptional
changes upon merbarone treatment.

( B ) Transcription of the IEG c-FOS at
the indicated times following
treatment with merbarone.

The results obtained allowed us to propose a novel model for
transcription regulation based on the control of DNA
supercoiling at promoter regions ( FIGURE 2 ). By removing
transcription-associated negative supercoiling from promoters,
TOP2A ensures the resetting of the topological status after
each transcriptional cycle, so transcription occurs in a regulated
and controlled manner. When TOP2A activity is limiting or
overwhelmed, the accumulated negative supercoiling at the
promoters facilitates transcription of subsequent cycles, in a
positive feedback loop that results in the typical transcriptional
bursts that characterise IEG expression.

FIGURE 2 Model of supercoilingmediated transcriptional regulation.
TOP2A activity resets the topological
context at promoters, maintaining
transcription under controlled
conditions ( left ). Upon TOP2A

i n h i b i t i o n ( r i g ht ) , ( - ) D N A
supercoiling accumulates at
promoters, facilitating the advance
of the following Pol II complexes, and
resulting in a transcriptional burst.

∞

These results open up the possibility of modulating
topoisomerase activity and DNA supercoiling to regulate IEG
expression, and therefore to control cellular proliferation and
responses to different types of stimuli, and will need to be
taken into account in chemotherapeutic regimens that
currently use topoisomerase inhibitors. s
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OVERVIEW
Our research focuses on a protein complex named cohesin
that embraces DNA to mediate sister chromatid cohesion, a
process essential for chromosome segregation and faithful
DNA repair by homologous recombination. Cohesin also plays
a major role in the spatial organisation of the genome by
promoting long-range DNA looping, which in turn contributes
to transcriptional regulation. Mutations in cohesin have been
found in several tumour types, most prominently in bladder
cancer, Ewing sarcoma and acute myeloid leukaemia. Germline
mutations in cohesin and its regulatory factors are also at the
origin of human developmental syndromes collectively known
as cohesinopathies.

“ We are investigating the
contribution of mutations in cohesin
STAG2 to the aggressive phenotype
of Ewing sarcoma, the second most
common bone cancer in children, in
order to improve diagnosis and
treatment of these tumours.”

Our goal is to understand how cohesin works, how it is
regulated, and how its dysfunction contributes to cancer and
other human diseases. In particular, we are intrigued by the
existence of different versions of the cohesin complex. We
use human cells and mouse models carrying knock out alleles
of genes encoding variant cohesin subunits to investigate
their functional specificity.
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Distinct contribution of variant subunits and regulators
to genome-wide distribution and dynamics of cohesin

Cohesin and disease
We address the role of cohesin in disease in two different lines
of research. In the first one, we are interested in the
consequences of cohesin dysregulation during development.
Our analyses of murine embryos lacking STAG1 or STAG2
have revealed their differential requirements during embryonic
development, which lead to lethality by mid-gestation. We
plan to complete these studies by examining early
developmental stages in vivo ( FIGURE 2 ). Ex vivo, we are
dissecting the contribution of each cohesin variant to mouse
embryonic stem cell differentiation using the auxin-dependent
degron technology. We have also collaborated with the group
of Miguel Manzanares ( CBMSO ) to show that CTCF is required
to establish proper chromatin structure in early embryos.
Finally, we are investigating the pathophysiology of Cornelia
de Lange Syndrome ( CdLS ), the most prevalent cohesinopathy,
in collaboration with the group of Ethel Queralt ( IDIBELL ).
Consistent with our previous analyses in mouse cells deficient
for the cohesin loader NIPBL, studies in fibroblasts from CdLS
patients show altered distribution of cohesin and
transcriptional dysregulation.

The spatial organisation of the genome inside the nucleus is
critical for transcription, DNA replication and repair. Cohesin
mediates 3D genome organisation by binding to chromatin
and extruding DNA loops that become stabilised at several
locations along the genome, most notably CTCF bound sites
( FIGURE 1A ). In this way, the complex facilitates contacts
between promoters and distal enhancers while restricting
such interactions within topological associated domains
( TADs ). Loop extrusion by cohesin also promotes intermixing
of active/inactive chromatin compartments. There are two
variants of the cohesin complex in all somatic vertebrate cells
that carry SMC1A, SMC3, RAD21 and either STAG1 or STAG2.
The association of these complexes to chromatin is modulated
by additional proteins : NIPBL, PDS5A/B, WAPL and ESCO1/2
acetyltransferases. Our studies in human and mouse cells
deficient for STAG1 or STAG2 have dentified differential
contributions of the two complexes to genome architecture
and transcriptional regulation. Cohesin-STAG1 plays a more
important role in the demarcation of TADs, together with
CTCF, and in counteracting compartmentalisation. CohesinSTAG2 promotes more local chromatin contacts that are
relevant for tissue-specific transcription independently of
CTCF. Consistent with this, STAG1 is found almost exclusively
at CTCF-bound sites while a fraction of STAG2 can be also
detected at non-CTCF, NIPBL-bound cohesin positions along
the genome ( FIGURE 1B ). Salt extraction of chromatin
fractions and fluorescence recovery after photobleaching
( FRAP ) experiments show that binding of cohesin-STAG2
to chromatin is more salt sensitive and more dynamic,
respectively, than binding of cohesin-STAG1. One factor
contributing to this behaviour is the preferential association
of STAG2 with cohesin releasing factor WAPL. We continue
to explore the molecular determinants underlying these
preferences and how they contribute to shape chromatin
architecture.
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The second line of research addresses how mutations in STAG2
promote metastasis in Ewing sarcoma ( EWS ). This is the
second most frequent type of bone cancer in children, and it
is driven by a fusion protein that alters the gene expression
programme of the cell initiating the tumour. It is a highly
aggressive cancer with a 5-year survival below 30% in patients
that present metastasis. Among the few recurrent mutations
identified in EWS, in addition to the oncogenic fusion, are
those that inactivate cohesin STAG2. Importantly, STAG2
mutations are often present in the most aggressive EWS
tumours. From the bioinformatic analysis of transcriptomic
data from EWS patients and cell lines, we have identified a
gene signature dependent on STAG2 mutation that correlates
with poor survival. We are currently exploring the contribution
of these genes to the metastatic phenotype of EWS cells and
its potential use as a diagnostic tool. s
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FIGURE 1 ( A ) Loop extrusion by
cohesin and its associated factors. ( B )
Distribution of these proteins in a region
of the murine genome. CTCF and nonCTCF cohesin positions are indicated
by white and black arrows, respectively.
Data come from ChIP-seq experiments
in mouse embryo fibroblasts.

FIGURE 2 Images of preimplantation
embryos (E3.5) either wildtype (WT)
or knock out (KO) for cohesin Stag1 or
Stag2 stained with antibodies against
a common cohesin subunit (RAD21),
the two STAG subunits and DAPI (for
DNA).

Giménez-Llorente D, Cuadrado A, Badia-Careaga C, Tiana M, Losada A, Manzanares M ( 2021 ). Establishment of 3D
chromatin structure after fertilization and
the metabolic switch at the morula-to-blastocyst transition require CTCF.
bioRxiv ( doi : https ://doi.org/10.1101/202
1.07.07.451492 ).
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OVERVIEW
DNA replication is an essential feature of life but it entails
molecular risks ranging from the introduction of mutations
to the generation of breaks and chromosomal re-arrangements
that promote tumorigenesis. “ Replicative stress ”, defined as
the temporary difficulty of replisome proteins to make a copy
of the original DNA, is exacerbated by environmental agents
that modify the DNA chemical structure, including UV light,
ionising radiation, chemicals in tobacco, and other pollutants.
The efficacy of cisplatin, mitomycin C, and other chemotherapy
drugs actually relies on the extensive introduction of DNA
lesions that cannot be replicated or repaired. In recent years
we have focused on the cellular responses to DNA lesions
induced by chemotherapy, such as intra-strand and interstrand crosslinks. In 2021 we continued to investigate the
fundamental mechanisms that govern DNA replication in
normal and cancer cells, and completed 2 studies about the
“ re-priming ” mechanism activated in response to many DNA
lesions.
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“ We have identified the function of
PrimPol and RPA proteins in the
replicative tolerance and repair of
DNA inter-strand crosslinks.”

45

Basic Research

Molecular Oncology Programme | DNA Replication Group

RESEARCH HIGHLIGHTS
Replicative tolerance mediated by repriming of DNA
synthesis
Replicative DNA polymerases and their associated factors
( the “ replisome ”) are challenged by different obstacles
including G-quadruplexes, stable DNA-RNA hybrids ( R-loops )
and DNA alterations caused by endogenous and exogenous
agents. In response, cells activate “ replicative tolerance ” or
“ DNA damage tolerance ” ( DDT ) mechanisms that facilitate
DNA synthesis through these hard-to-replicate structures.
Classical DDT responses include error-prone polymerases
capable of trans-lesion synthesis and the recombinationrelated “ template-switch ” mechanism. In recent years, our
Group has focused on another DDT pathway that involves the
bypass of the lesion/obstacle by re-initiating DNA synthesis
from a downstream point. At the molecular level, re-initiation
strictly depends on repriming, i.e., the synthesis of new primer
molecules by PrimPol, the second primase encoded by the
human genome. Through our own studies, and in collaboration
with other groups, we have reported that PrimPol-dependent
repriming is responsible for the bypass of UV-generated photoadducts ( Mourón et al., Nat Struct Mol Biol 2013 ), cisplatininduced intra-strand crosslinks ( Quinet et al., Mol Cell 2020 ),
and bulky DNA adducts induced by benzopyrenes ( Piberger
et al., Nat Commun 2020 ). In 2021 we completed a new study
showing that PrimPol-mediated repriming plays a key role
in the tolerance and subsequent repair of inter-strand
crosslinks ( ICLs ). We also gained new insights into the
biochemical characteristics of the primase reaction mediated
by PrimPol.
Repriming at DNA inter-strand crosslinks
Previous studies about the repriming mechanism had focused
on DNA obstacles and lesions affecting one of the 2 DNA
strands. In our most recent study ( Gonzalez-Acosta et al.,
2021 ) we describe a new function for PrimPol at ICLs, in which
both strands of the double helix are covalently linked. ICL
repair is coupled to DNA replication and involves a large group
of proteins called the Fanconi Anaemia ( FA ) pathway, because
their inactivation causes this severe disease : FA patients suffer
from bone marrow failure and are predisposed to leukaemia
and other tumours.

controversial because the crosslink prevents DNA unwinding.
We have now reported that fork traverse is mediated by
PrimPol-mediated repriming, acting in cooperation with
ssDNA binding protein RPA and the FANCM translocase
complex. The structure generated around the ICL by the
repriming mechanism is similar to the structure generated
by the convergence of 2 forks, and also triggers the recruitment
of ICL repair factors. The choice between fork traverse or
convergence mechanisms depends on the availability of
dormant replication origins in the vicinity of each ICL. The
replicative pathways leading to the initiation of ICL repair
are summarised in FIGURE 1.
Because PrimPol counteracts the cytotoxic effect of DNA
crosslinks, its inactivation might enhance the effect of cisplatin
in chemotherapy. We continue to screen for PrimPol small
molecule inhibitors in collaboration with the CNIO
Experimental Therapeutics Programme.
An amino acid motif in PrimPol essential for its primase
activity
We are also interested in structure-function studies of PrimPol,
in a collaborative effort with L. Blanco’s group ( Centro de
Biología Molecular “ Severo Ochoa ”, Madrid ). In 2021 we
completed a study showing that Trp87 and Tyr90, 2 invariant
amino acids within conserved motif WYFF, are required to
stabilise the incoming nucleotides at the active site.
Consequently, PrimPol mutant versions W87G and Y90D
display deficient primase activity in vitro and repriming activity
in vivo ( Calvo et al., 2021 ).

FIGURE 1 PrimPol-mediated ICL
traverse and fork convergence
mechanisms to initiate ICL repair.
See text for details. Adapted from
González-Acosta et al. ( 2021 ).

Other projects in the DNA Replication Group
Besides the topics described above, our Group is pursuing
other lines of research : ( i ) the study of replication origins in
human cells through genome-wide SNS-Seq and CUT&RUN
techniques ; ( ii ) the analysis of replicative dynamics in
embryonic stem cells with different levels of pluripotency ;
and ( iii ) the identification of genes that restrict DNA overreplication in the event of aberrant reactivation of replication
origins. s

∞

Until recently, ICLs were considered absolute blocks for
replication proteins, and the signal to initiate their repair was
believed to rely on the convergence of 2 replication forks
coming from both sides of the lesion. In 2013, M. Seidman’s
group ( NIH, Bethesda, MD, USA ) identified individual forks
that managed to “ traverse ” ICLs, a finding that was
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OVERVIEW
Melanomas are inherently aggressive cancers for which basic
and translational research have significantly improved patient
prognosis. Nevertheless, clinical responses are still incomplete.
The long-term goals of our Group are to identify new tumour
biomarkers and to validate more effective therapeutic agents.
We are particularly interested in mechanisms of cellular stress
that, being selectively deregulated in melanoma, define lineagespecific vulnerabilities ( publications in Nature, Cancer Cell,
Nature Cell Biology, Nature Communications, among others ).
Our laboratory has also reported the first-in-class
lymphoreporter ( MetAlert ) mice for non-invasive imaging
of pre-metastatic niches in melanoma ( Nature ). These systems
led to the identification of new mechanisms of immune
resistance ( Nature Medicine ) and the generation of
nanoparticle-based treatments ( Cancer Cell, EMBO Mol.
Med ), with derivatives now being tested in clinical trials. Our
ultimate objective is to improve the management of patients
with otherwise refractory metastatic melanomas.
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“ We have visualised and targeted
( pre )metastatic niches in melanoma
and defined mechanisms of immune
suppression with clinical
implications for cancer patients.”
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MetAlert mice for the discovery of drivers of ( pre )
metastatic sites

An increasing number of ( epi )genetic alterations and
mechanisms of immune evasion have been identified in
malignant melanomas. Nevertheless, no molecular biomarker
has been approved as a bona fide prognostic indicator. The
field is also in need of improved treatments, as a significant
fraction of patients is resistant to targeted and immune-based
therapies. The long-term goal of our Group is to define and
target drivers of this aggressive behaviour. Our main aims are :
ɗ To define when and how melanomas act “ at a distance ”
before tumour cell dissemination.
ɗ To determine how melanoma cells evade the immune
system, and whether distinct mechanisms may be activated
at different anatomical sites.
ɗ To develop anticancer agents to prevent and eliminate
metastatic sites.
New immune suppressors that favour melanoma
progression
One of the long-term objectives of the Melanoma Group is to
discover new melanoma drivers. We previously identified a
cluster of endolysosomal-associated genes that distinguish
melanoma from over 35 additional malignancies ( AlonsoCurbelo et al., Cancer Cell 2014 ). Further analyses of lysosomaldependent pathways also revealed distinctive features of
autophagy genes ( ATG5 ) and RNA binding proteins ( CPEB4,

We have now exploited the MetAlert mice to screen for
anticancer agents. First, we demonstrated that these MetAlert
mice could recapitulate partial antitumoural effects of
compounds in clinical testing in patients ( i.e., inhibitors of
BRAF and of the immune checkpoint blocker PD-L1 ). We
then used these mice to identify more potent therapeutic
agents. Specifically, we tested nanoplexes of dsRNA ( B0-110 ),
which we had previously found to exert long-term
antimelanoma effects in vivo ( Tormo et al., Cancer Cell 2009 ).
Using the MetAlert mice, we uncovered potent systemic antilymphangiogenic blockers, with activity observed just after
a single administration. Mechanistically, dsRNA nanoplexes
were found to exert a rapid dual action in tumour cells and in
their associated lymphatic vasculature, involving the
transcriptional repression of the lymphatic drivers Midkine
and Vegfr3, respectively ( FIGURE 2 ). This suppressive
function was mediated by cell-autonomous type I interferon
signalling and was not shared by FDA-approved anti-melanoma
treatments. These results reveal an alternative strategy for
targeting tumour cell-lymphatic crosstalk and underscore
the power of Vegfr3-lymphoreporters for pharmacological
testing in otherwise aggressive cancers ( Olmeda et al., EMBO
Mol Med. 2021 ). The results of these studies contributed to
María Soengas being nominated to the Real Academia Nacional
de Farmacia and the Real Academia de Galicia de las Ciencias.
She also received the prestigious Pezcoller-Marina Larcher
Fogazzaro-EACR Women in Cancer Research Award. s

CELF1 and IGF2BP1 ) with selective roles in melanoma
( García-Fernández et al., Autophagy 2016 ; Perez-Guijarro et
al., Nat Commun 2016 ; Cifdaloz et al., Nat Commun 2017 ;
Karras et al. Cancer Cell, 2019 ). In addition, we have pursued
melanoma-secreted factors that could exert long-range
activities at visceral organs, particularly in the generation of
premetastatic niches. Our Group pioneered the analysis of
such systemic effects in vivo by exploiting melanoma MetAlert
mice, which have the unique feature of visualising tumouractivated lymphatic vasculature ( Olmeda et al., Nature 2017 ).
MetAlert animals, in combination with human tissue
specimens, have revealed the growth factor MIDKINE ( MDK )
as a new driver of melanoma metastasis. Further functional
studies in animal models and expression analyses in large
patient cohorts have shown yet another function of MDK in
immune suppression. Specifically, we found that MDK
promoted an immunotolerant microenvironment whereby
macrophages are recruited to tumours, but instead of attacking
the cancer cells, promote a dysfunctional state in CD8+ T cells,
ultimately favouring immune escape ( Wallis et al., Nature
Medicine 2020 ). More recently, we have demonstrated a
broader impact of MDK on the immune system in other
immune cell types, with global implications for antigen
presentation. MetAlert mice is part of large collaborative
efforts in the melanoma community to develop better models
for gene discovery and testing of pharmacological agents
( Patton et al., Cancer Cell 2021 ).
FIGURE 1 Pharmacological analyses
in the MetAlert lymphoreporter model.
The upper schematic summarises
the knock-in model used, which reports
neolymphangiogenesis by means
of Vegfr3-coupled emission of bioluminescence. Shown are images pre- and
post-treatment with BO-110 in melanomas generated in immunosuppressed
( left ) or in immune competent strains
( right ).
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FIGURE 2 Vegfr3 Luc “ MetAlert ”
lymphoreporter mice for gene
discovery and pharmacological
testing of anticancer agents. Analyses
in untreated mice had revealed the
growth factor Midkine ( MDK ) as a
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new prolymphangiogenic and
prometastatic factor. Using these
mice, BO-110 is now found as a new
blocker of neolymphangiogesis,
acting by an IFN-associated dual
repression of MDK and VEGFR3.
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OVERVIEW
We focus on the molecular pathophysiology of pancreatic
ductal adenocarcinoma ( PDAC ) and urothelial bladder
carcinoma ( UBC ) using a disease-oriented approach. These
tumours present very distinct clinical challenges. We learn
from patient samples, cultured cells/organoids, and genetically
modified mice. To translate the findings, we bring this
knowledge to a “ population ” level leveraging on information
and samples from large patient cohorts together with Núria
Malats ( CNIO ).

“ We have shown that, in vitro,
STAG2 is involved in the control of
urothelial cell differentiation, in
agreement with the fact that STAG2
mutations are associated with
luminal-type bladder cancer.”

PDAC has a dismal prognosis even when diagnosed early. We
aim to dissect the molecular mechanisms involved in very
early steps of tumour development, harnessing the excellent
genetic mouse models available. A main hypothesis is that
cell differentiation is an early and potent tumour suppressor
mechanism. Understanding the contribution of early molecular
events is crucial to design better strategies for prevention and
early tumour detection.
UBC presents with very wide clinical and pathological
heterogeneity. Our aim is to acquire knowledge about the
underlying molecular pathways and to apply it for improved
prediction of outcome and therapy.
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Urothelial bladder carcinoma ( UBC ) genetics, biology,
and clinical translation

Pancreas cancer molecular pathophysiology

We focus on understanding two new UBC tumour suppressor
genes that we identified through exome sequencing : STAG2
and RBM10. STAG2 codes for a cohesin subunit and RBM10
codes for a splicing regulator. We have generated conditional
mouse models for these two genes and are exploring their role
in development and in urothelial biology, as well as their
cooperation with other cancer genes.

The genetic/genomic changes associated with PDAC have been
extensively described by genome consortia, and there is
increasing interest in defining the molecular changes that
precede tumour development. Our laboratory has pioneered
the notion that cell differentiation is the first tumour suppressor
mechanism in the pancreas. Focusing on acinar cells, we have
identified several novel transcriptional factors ( TFs ) involved
- including GATA6, GATA4, NR5A2, HNF1A, and NFIC.
Dysregulation of these transcriptional programmes is associated
with a scenario of pre-inflammation or inflammation, providing
the basis for the pharmacological and genetic manipulation of
acinar differentiation as a tumour preventative strategy. We
have generated super-Nr5a2 mice where the concept that
inducible differentiation has a tumour protective role is currently
being tested ( with Sagrario Ortega, CNIO ).

FIGURE 1 Understanding the role
o f T F i n m o u s e p a n c re a t i c
carcinogenesis. ( A ) ChIP-seq shows
GATA4 binding to acinar gene loci.
( B ) Gata4 deletion in the pancreas
leads to reduced expression of
multiple digestive enzyme transcripts.

GATA6 and GATA4 are critically involved in the maintenance
of the “ classical ” phenotype in PDAC but their distinctive
roles in normal acinar cells are not well established. Gata4
deletion in pancreatic progenitors results in a histologically
adult normal pancreas with reduced expression of digestive
enzyme transcripts, in sharp contrast with the requirement
of Gata6 for acinar cell maintenance in adult mice. We and
others have shown that activation of mutant KRas in the
pancreas leads to increased activity of inflammatory and cell
cycle pathways. Deletion of Gata4 or Gata6 has opposite effects
on the activation of inflammatory pathways in this context,
but both genes act as tumour suppressors, indicating the
existence of shared and unique roles for them in pancreatic
homeostasis and carcinogenesis ( FIGURE 1A-C ).

cohesin-STAG2 complex mediates short- and mid-range
interactions that engage genes at higher frequency than
cohesin-STAG1. STAG2 knockdown results in the downregulation of luminal differentiation programmes and
up-regulation of basal programmes. These findings are at odds
with the fact that STAG2 mutations are associated with
luminal-type bladder cancers, suggesting an intermediate
luminal differentiation phenotype. STAG2 knockdown does
not affect compartment and domain boundaries, but it rewires
intra-TAD DNA interactions and leads to the de-repression
of lineage specifying genes ( FIGURE 2 ) ( in collaboration with
M. Martí-Renom, CRG, Barcelona ).

Increasing evidence shows that STAG2 acts as a tumour
suppressor through rather unique mechanisms, largely
unrelated to the canonical role of cohesin in chromosome
segregation. STAG2 alterations occur early during
tumorigenesis. Therefore, we are using both normal urothelial
cells and tumour cell lines to identify the impact of STAG2 at
the genomic and cellular levels. Using RT112 cells, we have
integrated ChIP-Seq, HiC chromatin interaction data, and
RNA-Seq to assess the impact of STAG2 knockdown. The

( C ) Mutant Kras expression in the
pancreas results in increased activity
of inflammatory and cell cycle-related
pathways ; Gata4 deletion in the
pancreas reverts the activity of the
former but not the latter.

Our translational studies expand several clinical trials with
a strong translational component carried out in collaboration
with Núria Malats and Spanish uro-oncologists. s

FIGURE 2 STAG2 depletion in RT112
cells is associated with down-regulation
of the luminal programme and rewiring
of chromatin looping. ( A ) Up-regulation
of a basal signature and downregulation of a luminal signature
( GSEA ). ( B ) Down-regulated genes
are expressed at lower levels in STAG2low bladder tumours. ( C ) HiC contact
matrices, ChIP-Seq tracks, differential
contact matrices and expression of the
COL17A1 locus ( basal gene ) ( Richart
et al., 2021 ).

with our own — and public — ChIP-Seq and RNA-Seq data.
This network reveals dramatic changes in TF hierarchies
upon perturbation through induction of pancreatitis, KRas
activation, TF deletion, or a combination thereof. Our
overarching goal is to establish the rules governing the control
of acinar differentiation and their contribution to preneoplasia
and cancer.

To better understand how these TFs cooperate in normal
pancreas and in early steps of tumorigenesis, we have built a
gene regulatory network integrating public ATAC-Seq data
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OVERVIEW
Our laboratory focuses on understanding mechanisms of
diseases associated to the digestive system, with a special
focus on liver and intestinal diseases. By employing multi- and
inter-disciplinary approaches, including the use of mouse
models mimicking human disease combined with human
data, we aim to : find out what goes wrong in diseased and
cancerous tissues ; understand how organs can regenerate ;
potentially engineer new tissues ; and, if regeneration goes
awry, determine how it contributes to cancer.
Our interest is mainly driven by the discovery of 2 components
initially identified in our laboratory to be downstream targets
of the growth factor and nutrient signalling cascades : URI
( Unconventional prefoldin RPB5 Interactor ) and MCRS1
( Microspherule protein 1 ) proteins. URI and MCRS1
expression turned out to be regulated in response to various
environmental factors ( radiation, nutrients, bacteria, viruses,
etc.), compromising their functions and activating pleiotropic
circuits to support complex cell signalling networks, provoking
severe outcomes. Importantly, URI and MCRS1 are respectively
part of 2 independent protein complexes : the URI prefoldinlike and the non-specific lethal ( NSL ) complexes. While
URI might have some co-chaperone activities to maintain
proteostasis, we identified MCRS1 to be a new regulator of
histone acetylation and, therefore, a central component of
the chromatin modifier complex NSL, whose loss in hepatocytes
leads to cirrhosis development.
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“ As part of our research direction to
understand mechanisms of human
diseases associated to the digestive
tract, we have generated the first
genetic mouse model of liver
cirrhosis that exhibits many
attributes of the human liver
disease. This mouse will help us to
determine the role of cirrhosis in
liver cancer development.”
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RESEARCH HIGHLIGHTS
Using various genetically engineered mouse models,
including the ones generated in our laboratory for URI and
MCRS1 gain- and loss-of-function, combined with other
model systems and cutting-edge technologies ( including cell
biology with organoid culture and quantitative imaging,
biochemistry, and functional genomic methodologies ) and
human data, our laboratory has devoted substantial effort
over the last 5 years to understanding the molecular, cellular,
and pathophysiological mechanisms linking environmental
stresses to disease pathogenesis affecting organs of the
digestive system ; in particular, we have focused on the liver,
intestine, and pancreas, as these organs are physiologically
interconnected and influenced through their exocrine and/
or endocrine functions.

Moreover, the use of nanotechnology-based theranostics
combined with the latest imaging technologies and in vivo
liver disease models generated in our laboratory might provide
additional opportunities to complement our work and impact
the field of medicine in diagnosis and treatment.

We intend in the near future to continue deconstructing the
mechanisms of pathologies associated to the digestive system
in response to environmental stressors. Special effort will be
put on studying the mechanobiology of liver tissue in healthy
and diseased contexts from the physical and mechanical
perspectives at the molecular, cellular, and tissue levels. This
will enable us to determine how mechanical forces exerted
within, as well as between, cells and their interactions with
the surrounding microenvironments establish precise
contributions at both micro- and macroscopic levels leading
to liver disease. The goal is also to understand how an injured
and diseased liver progresses to becoming cancerous tissue
( FIGURE 1 ). In this context, mechanobiology-dependent
immune mechanisms will also be genetically manipulated in
vivo to better understand their impact on the diseased liver.
Additionally, applying mathematical models to quantitatively
study and analyse mechanical forces and cellular plasticity is
an important focus of our collaborations with other research
groups. Bioinformatics analysis of various datasets will also
be used to complement our studies.

Finally, one of our future goals is also to understand the
functions of URI prefoldin-like and NSL complexes by
deciphering their structural organisation via electron
microscopy or crystallography. These long-term perspective
projects have just been started in our lab. s

Additionally, recent data from our lab indicate that URI and
MCRS1 are essential for early stages of development. Therefore,
we are currently putting efforts into elucidating the role and
functions of the URI prefoldin-like complex and the NSL
complex during embryonic development, where both
complexes might play a role in cellular plasticity. We will pay
special attention to deciphering the molecular and cellular
mechanisms implicated in these processes.

FIGURE 1 Representation of some
of our research directions. We aim to
determine and target the mechano
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transduction pathways in the progression of liver cirrhosis to hepatocellular carcinoma.

PUBLICATIONS

Pfister D et al. ( incl. Teijeiro A, Djouder
N ) ( 2021 ). NASH limits anti-tumor surveillance in immunotherapy-treated HCC.
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AECC Grant “ Ayuda Proyectos Generales
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Patricia González, María Jiménez,
Gema Pérez

Graduate Students
Alexandra Barranco, Marina Císcar,
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*
Plan de Empleo Joven de la Comunidad de
Madrid ( Youth Employment Plan,
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Undergraduate Student
Pedro Luis Echevarria ( since April )

Technician
Víctor López ( since March )

Universidad Francisco de Vitoria,
Pozuelo, Spain )

Student in Practice
Teresa Martí ( August-December )
( AECC Traineeship and BS Thesis,

OVERVIEW
Research in the Transformation and Metastasis Group aims
to identify novel therapeutic targets for epithelial cancer
treatment and to elucidate resistance mechanisms to drugs
currently available. Tumours exploit and manipulate for their
benefit the same mechanisms that regulate homeostasis in
healthy tissue. Thus, we first aim to understand normal
development and then to identify the key events that lead to
tumour initiation, progression, and metastasis in order to
avoid and combat them. Complementary tools, including
primary cell cultures and organoids, mouse models, and clinical
samples, are used with the final goal of translating basic
knowledge into clinically relevant findings.
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“ Our findings demonstrate that
RANK overexpression induces
senescence in luminal mammary
epithelial cells through p16/p19, and
that Rank-induced senescence
enhances stemness.”
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RESEARCH HIGHLIGHTS
RANK links senescence to stemness in the mammary
epithelia, delaying tumour onset but increasing tumour
aggressiveness

Immunomodulatory effect of denosumab in early breast
cancer : preliminary results of a randomised windowopportunity clinical trial D-Biomark ( NCT03691311 )

Our previous results indicate that Rank signalling enhances
stemness in mouse and human mammary epithelial cells
( MECs ) and mediates mammary tumour initiation. Mammary
tumours initiated by oncogenes or carcinogen exposure display
high levels of Rank, and Rank pathway inhibitors have emerged
as a new strategy for breast cancer prevention and treatment.
Here we show that ectopic Rank expression in the mammary
epithelia unexpectedly delays tumour onset and reduces
tumour incidence in the oncogene-driven Neu and PyMT
models. Mechanistically, we have found that ectopic expression
of Rank or exposure to Rankl induces senescence, even in the
absence of other oncogenic mutations. Rank leads to DNA
damage and senescence through p16/p19. Moreover, RANKinduced senescence is essential for Rank-driven stemness
and, although it initially translates into delayed tumour growth,
eventually promotes tumour progression and metastasis. We
have uncovered a dual role for Rank in the mammary epithelia :
Rank induces senescence and stemness, delaying tumour
initiation but increasing tumour aggressiveness.

Most breast cancers ( BC ) exhibit low immune infiltration
and are unresponsive to immunotherapy. Hence, the urgency
to find new mechanisms of immune activation, postulating
receptor activator of nuclear factor kappa-Β ligand ( RANKL )
and its receptor RANK as potential immunomodulator. Our
previous data demonstrated that RANK pathway inhibitors,
such as denosumab used for the treatment of bone metastasis,
could also prevent and/or treat BC and regulate the tumour
immune crosstalk. The D-Biomark clinical trial aims to identify
denosumab-driven changes in breast cancer cells and to
identify the population of breast cancer patients who may
benefit from denosumab.
Patients with early-stage HER2-negative BC, candidates to
tumour excision as first therapeutic approach are included.
Patients are randomised 2 :1 to denosumab : control ( no
treatment ); experimental arm received 2 doses of 120 mg
subcutaneous denosumab ( once per week ) before surgery
( 2-4 weeks later ). Putative changes in tumour cell proliferation
by Ki67 immunohistochemistry ( IHC ), cell survival by cleaved
caspase 3 IHC ( primary endpoints ), and stromal tumour
infiltrating lymphocytes ( TILs ) quantified by haematoxylin
and eosin staining between baseline ( biopsy sample ) and
surgery are evaluated.
We present the results of the first 36 patients enrolled out
of 60. Clinical and tumour characteristics were well balanced
between the groups. No relevant toxicities were reported. No
clinically significant differences in Ki67 and cleaved caspase-3
were observed after denosumab treatment. Interestingly, a
statistically significant increase in TILs was observed in the
denosumab-treated group ( p=0.03, Paired t test ) but not in
the control group ( p=0.80 ). 33% of patients treated denosumab
showed a ≥10% increase in TILs vs 0% in the control group
( p =0.05 ). s
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FIGURE RANK links senescence to
stemness in the mammary epithelia,
delaying tumour onset but increasing
tumour aggressiveness.
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RESEARCH HIGHLIGHTS
Development of EV-based liquid biopsy tests.We are
developing state-of-the-art technologies to implement EV-based
tests in the prognosis of patients with melanoma and breast cancer.
We are working on developing a new method for residual disease
detection based on the combination of circulating nucleic acids
and EVs that will facilitate the stratification of patients for the
use of adjuvant therapies after surgery.

Obesity and breast cancer metastasis : the tumour-platelet
connection. In this project, we hypothesised that obesity
influences systemic changes that pre-condition future organs
of metastasis, generating a specialised microenvironment that
we have termed “ obese premetastatic niche ”. We found that
obesity reshapes metastatic organ composition, enhancing
platelet activation, tumour cell homing and metastasis.
Importantly, we identified that anti-platelet therapies reduced
tumour cell homing and metastasis in obese mice, supporting
the hypothesis that anti-coagulant agents could be used as
anti-metastatic therapy in obesity models of breast cancer.

Novel mechanisms driving local and distal metastasis in
melanoma and prostate cancer. We have discovered that
nerve growth factor receptor ( NGFR ) is shuttled in sEVs,
reinforcing lymph node pre-metastatic niche formation
and metastasis. NGFR is secreted in sEVs, orchestrating the
activation of lymphatic endothelial cells, which favours lymph
node metastasis. Moreover, we have found that therapeutic
targeting of NGFR reduces both local and distal metastasis
and can be efficiently combined with immunotherapy. We
are currently developing the use of NGFR inhibitors as novel
anti-metastatic agents in melanoma and other cancer types.
In addition, we aim to understand how sEVs influence lymph
node metastasis in prostate cancer ( PCa ) and are analysing the
proteomic signatures in PCa-secreted sEVs in order to define
novel biomarkers of early dissemination.

Relevance of tumour microenvironment in metastasis. In
order to understand the relevance of the microenvironment
in metastatic progression of rare cancers, we are analysing 1 )
the role of NGFR in follicular lymphoma progression, and 2 )
therapeutic strategies against Endoglin and MEK inhibitors
in malignant peripheral nerve sheath tumours ( MPNSTs ). s

OVERVIEW
∞

In the Microenvironment and Metastasis laboratory, we are
interested in understanding the crosstalk between tumour
and stromal cells along metastatic progression. We are
especially interested in analysing the role of small extracellular
vesicles ( sEVs ) in premetastatic niche formation in melanoma,
pancreatic and prostate cancer. These particles reinforce
tumour cell homing and metastasis in organs. Besides the role
of sEVs, we are interested in understanding the influence of
obesity and platelets in triple negative breast cancer and
tumour metastasis in rare diseases such as follicular lymphoma
and malignant peripheral nerve sheath tumours. Finally, we
are defining new approaches to use circulating sEVs in liquid
biopsies, analysing the use of mutations as indicators of
minimal residual disease in melanoma and breast cancer.
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“ Our Group aims to understand the
extrinsic mechanisms influencing
metastatic dissemination.”
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Silva S, Nogues Vera L, Hernández Barranco A ( 2021 ). THX-B for treating and
preventing cancer and metastasis.
EP21382669.
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RESEARCH HIGHLIGHTS
We have applied single cell technology ( scRNAseq ) both
within the cancer cell and the non-cancer cell ( microen
vironment ) compartments of brain metastasis in our
experimental models, identifying previously unknown
subpopulations that we are currently evaluating functionally.

“ avatar ”, being potentially transformative for the future
design of clinical trials.
We have initiated a novel research line to evaluate the influence
of metastases in neural circuits and brain function in order
to elucidate the molecular mechanisms underlying
neurocognitive deterioration in patients. s

We have confirmed that our drug-screening platform
( METPlatform ) could be exploited clinically as a patient

FIGURE ( A ) METPlatform is
a novel drug-screening strategy
u s i n g l i ve o rg a n s w i t h
metastases. ( B, C ) Selected
drugs can be translated to

patient-derived organotypic
cultures. ( D, E ) METPlatform
has the potential to predict
within days the response of a
patient to a given therapy.

OVERVIEW
∞

Brain metastasis is the most common neurological complication
of cancer. When metastatic cells reach the brain, prognosis
is poor given that local therapies ( i.e., surgery and radiation )
have limited benefit for patients, and the disease inevitably
progresses. The rise in the number of patients with brain
metastasis is partially due to the increasing number of systemic
therapies that work extra-cranially but are unable to provide
the same therapeutic benefit in the brain. Consequently,
cancer cells present at this secondary site have additional
time to evolve and to grow into clinically detectable lesions.
In the laboratory, we study why and how cells from different
cancer types ( breast cancer, lung cancer and melanoma ) are
able to access the brain, survive and colonise this vital organ.
We dissect the biology of these processes in vivo using
experimental models in order to challenge the current status
of this unmet clinical need.

ANNUAL REPORT 2021

“ We have established a nation-wide
network of hospitals ( RENACER ) to
generate a large repository of brain
metastases and patient-derived
organotypic cultures, which we have
used in our projects.”
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Finalist, Dr Josef Steiner Cancer Research
Award, Switzerland.
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Mark Foundation for Cancer Research,
USA.
Lluís Cordón was awarded a “ CNIO
Friends ” Postdoctoral Contract.
Lucía Zhu : “ Best Talk Award ”, UAM PhD
Research Symposium in Health Sciences
and Biomedicine ; selected oral presentations at the 16th EANO Meeting ( European Association of Neuro-Oncology ) and
the 3rd Annual SNO Conference on Brain
Metastases ( Society for Neuro-Oncology ).
Neibla Priego : Invited talk at the 19th National Congress of the Italian Society for
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at the 3rd Annual SNO Conference on
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RESEARCH HIGHLIGHTS
Cellular nutrients, such as amino acids and glucose, and
systemic metabolic hormones, such as insulin, are key
mediators of cellular metabolism by control of the mTORC1
kinase, a master switch for most anabolic processes in the
cell. We and others have previously dissected the impact of
deregulated nutrient signalling ( N-ON mice, mimicking a
chronic increase in intracellular nutrient levels ) and
deregulated hormonal signalling ( H-ON mice, mimicking
chronically high levels of insulin signalling ) in the mouse
liver. While suppression of either input resulted important
to unleash the metabolism of the fasted state, chronic nutrient
surplus in humans typically causes synchronous activation
of both nutrient and hormonal signalling. Thus, we generated
a mouse strain harbouring deregulated nutrient and hormonal
signalling to mTORC1 in hepatocytes. Genetic activation of
either nutrient or hormonal signalling on their own resulted
in high mTORC1 activity, regardless of the fed/fasted state of
the mice. To our surprise, simultaneous activation of both
nutrient and hormonal signalling ( N+H-ON ) minimally
increased mTORC1 signalling ( FIGURE 1A ). In contrast to
this mild increase, the livers of the N+H-ON mice showed
multiple evidence of a synergic interaction between nutrient
and hormonal signalling. These include a large increase in
liver size, accumulation of several markers of liver damage,
and aberrant bile acid and bilirubin metabolism ( FIGURE
1B, C and D ). In addition, N+H-ON mice experience rapid
development of liver carcinomas, starting at 15 weeks of age
( Figure 1E ). We are currently determining whether such

OVERVIEW
In the Metabolism & Cell Signalling Lab we study the links
between nutrients, cancer and aging. All our cells integrate
signals emanating from the abundance of intracellular
nutrients and from the nutritional state of the entire organism.
Integration of these signals is key for adjusting metabolic
functions, as well as for energy storage and expenditure ; and
importantly, the components of these signalling cascades are
generally corrupted in cancer and are drivers of the metabolic
complications of chronic nutrient overload. Conversely, dietary
restriction regimes are extremely efficacious interventions
against tumorigenesis and to delay the process of ageing, albeit
we still ignore the fundamental molecular underpinnings of
such protective effects. We combine mouse genetics and cell
biological tools to gain insight into the genetic and
environmental corruptions of nutrient signalling cascades,
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“ We are beginning to understand
why and how excessive nutrient
levels deregulate cellular
metabolism, pinpointing actionable
links between nutrients, cancer and
the process of ageing.”

∞

∞

∞

aiming to conceive therapeutic interventions in the context
of cancer, obesity and the process of ageing.
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synergism, which failed to be explained exclusively by the
modest increase in the activation of mTORC1, is caused by a )
nutrients and hormonal signalling differentially activating
downstream targets of mTORC1, or b ) mTORC1-dependent
and -independent functions of nutrient and/or hormonal
signalling. s

FIGURE 1 ( A ) Modest increase in
mTORC1 activity ( compared with
N-on and H-on, seen by phospho-S6 )
in livers from fasted N+H-ON mice.
( B ) Micrographs of enlarged N+H-ON
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∞
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livers. ( C & D ) Multiple readouts of
liver damage in livers from N+H-ON
mice. ( E ) Premature death of N+H-ON
mice due to liver carcinomas.
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Alejo Efeyan :
EMBO Young Investigator, European Molecular Biology Organization.
Leonardo Grant for Researchers and Cultural Creators, BBVA Foundation, Spain.
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“ TOR de France ” 2021 meeting, France.
Elena Sanchez Garcia was selected for an
FPI PhD Student Fellowship ( MCI ), Spain.
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RESEARCH HIGHLIGHTS
Point mutations accumulate in the cells of multicellular
organisms over cycles of cell divisions. The majority of point
mutations that occur in somatic cells are innocuous to the
organism. However, some somatic mutations are capable of
driving the tumorigenic transformation of cells. To properly
recapitulate the high genetic heterogeneity observed in cancer
patients, we need flexible and informative genetic models
able to recreate not just a handful of genetic alterations, but
potentially dozens.
Base editing is a genome editing method that directly generates
precise point mutations in genomic DNA or in cellular RNA
without directly generating DNA double-strand breaks ( DSBs )
or requiring a donor DNA template. DNA base editors ( BEs )
comprise fusions between a catalytically impaired Cas nuclease
and a base-modification enzyme that operates on singlestranded DNA ( ssDNA ) but not double-stranded DNA
( dsDNA ). To faithfully model in vivo a variety of brain tumourassociated mutations, we have combined CRISPR/Cas9-BE3
base editing with the RCAS-TVA system. We recently
generated 2 different BE3-TVA mouse strains by crossing
Ntv-a and Gtv-a mice with a tetracycline-responsive BE3
mouse model, Tg.tetO-BE3, kindly provided by the Dow
Laboratory at Weill Cornell Medicine in New York. In these
new strains, BE3 expression is transiently activated by the
transduction of a RCAS-Tet-Off vector that carries the
tetracycline transactivator ( tTA ) protein and is subsequently
silenced by treating the mice with doxycycline. A continuous
expression of the BE3 editor could potentially lead to undesired
base pair deletions over time. Together with the RCAS-TetOff, mice are injected with RCAS-gRNA constructs for the
desired point mutation. Lastly, these vectors can be combined

OVERVIEW
A decade of studies has underlined the complexity of the
genetic events that characterise the genomic landscapes of
common forms of human cancer, including gliomas. While a
few cancer genes are mutated at high frequencies (>20%), the
greatest number of cancer genes in most patients appear at
intermediate frequencies ( 2–20%) or lower. Strikingly, the
functional significance of the vast majority of these alterations
remains elusive. A current high priority in glioma research is
to functionally validate candidate genetic alterations in order
to identify those that are significant for cancer progression
and treatment response.

“ The main focus of our group is to
uncover the genetic alterations
present in glioma patients that are
responsible for the aggressiveness
and the poor treatment response of
these tumours.”

∞

∞

In our laboratory, we use a combination of genomic analyses,
mouse models, and primary tumour cell cultures, with the
main goal of identifying the molecular mechanisms that could
provide the basis for novel treatments for glioma patients.
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with either RCAS-PDGFA or RCAS-Sonic Hedgehog ( Shh )
to model gliomas and medulloblastomas, the most frequent
brain tumours in adults and children, respectively. Such a
versatile model will now allow us to generate relevant animal
models that more closely recapitulate a given patient’s
tumour. s

∞
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FIGURE BE3-RCAS-TVA system
to model brain tumour-associated
point mutations.
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RESEARCH HIGHLIGHTS
The Cancer Immunity Group officially started in January 2021
and the team is currently composed of a lab manager, 2 PhD
students ( one of them supported by the Fundación Cris Contra
el Cancer and FPI Severo Ochoa Programme ), and 1
computational Master’s student.

We expect that 2022 will be full of scientific discoveries and
that we will consolidate our newly established Cancer
Immunity laboratory at CNIO. s

The main research areas of our Group are the following :
ɗ Innate immune cell training in breast cancer metastasis.
ɗ Macrophage-stroma modulation in lung cancer.
ɗ Circadian regulation of tumour immunology.

Research

1. Innate immune cell training in breast cancer metastasis
2. Macrophage-stroma modulation in lung cancer
3. Circadian regulation of tumor immunobiology

Mentoring and education
2 PhD+1 Master student
1 MD+AECC visiting student

Science & society

OVERVIEW
Myeloid cells are the major and most diverse component of
solid tumours. In our laboratory, we are interested in identifying
novel therapeutic targets to block the pathogenicity of tumourassociated myeloid cells, while preserving their homeostatic
functions. In particular, we study the biology of macrophages,
neutrophils, and their precursors to understand whether their
unique plasticity can be reprogrammed to cure cancer.
Our laboratory tackles these challenges by analysing these
cells in the tissue in which they reside, i.e., the tumour
microenvironment ( TME ). As immune cells dynamically
adapt and establish heterotypic interaction with other cellular
components in the TME, we concentrate our efforts on
capturing these interactions. By focusing on breast and lung
cancer, and through close collaborations between our
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“ With the advent of scRNAseq
technologies, in 2021 we witnessed
the remarkable and previously
unappreciated complexity of
myeloid cells in tumours. Now in the
Cancer Immunity Group we will
break down that complexity to
identify and modulate the
immunosuppressive activity of
myeloid cells in solid tumours.”
laboratory and the clinic, our goal is to discover novel
therapeutic venues for cancer patients.
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FIGURE Laboratory Strategy of
the Cancer Immunity Laboratory.
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