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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.

“ 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.”

CELL DIVISION 
AND CANCER GROUP

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

*Plan de Empleo Joven de la CAM ( Youth 

Employment Plan, Community of Madrid )

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

Irene Díaz ( since Feb. ), Aicha El Bakkali

**Titulado Superior ( Advanced Degree )

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

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 )



SPANISH NATIONAL CANCER RESEARCH CENTRE, CNIO 31ANNUAL REPORT 2021 30

Molecular oncology PrograMMe | CELL DIvISION AND CANCER GROUPBasic research

research highlighTs

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

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 gain- 
and 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
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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.

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 ).
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