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BIOTECHNOLOGY
PROGRAMME
FERNANDO PELÁEZ Programme Director
The main mission of the Biotechnology Programme Core
Units is to provide expert technical and scientific support to
CNIO Research Groups in a number of disciplines and
technologies widely used in biomedical research, as well as
to implement and develop state-of-the-art biotechnological
tools and protocols. The Programme consists of 9 Core Units
covering major areas in Biotechnology, namely Genomics,
Proteomics, Monoclonal Antibodies, Histopathology, Flow
Cytometry, Confocal Microscopy, Molecular Imaging and
Mouse Genome Editing, as well as an Animal Facility. Although
the Core Units are mainly focused on providing support and
collaborating with the CNIO Research Groups, they also
collaborate with groups from other research institutions as
well as with private companies.

“ The activities of the
Biotechnology Programme
Core Units have again been
critical to maintain the
outstanding scientific
productivity of the CNIO
during 2021.”

This year, the Biotechnology Programme was able to keep up
and running all the operations necessary to guarantee the
preservation of the Centre’s activities. In fact, the overall
activity of our Core Units during 2021 has already returned
to the levels achieved in 2019, before the pandemic.

Sanitaria Biocruces Bizkaia, as group leader. During his time
at the CNIO, Javier did a fantastic job, bringing proteomics
to the core of the projects undertaken by the CNIO Research
Groups, as well as developing his own projects and collaborating
with groups outside the CNIO. We thank him for his efforts
and excellent work, and wish him the very best for his scientific
career from now on.

Regarding the projects led by the Core Units, the Mouse
Genome Editing Core Unit has been working on the
development of mouse models expressing humanized ACE2
to be used for preclinical studies. Having initially received
funding through a call for projects focusing on SARS-CoV-2
and Covid19 launched by the ISCiii in 2020, the project was
expanded to incorporate a collaboration with the CNIO
Telomeres and Telomerase Group and Dr Luis Enjuanes ’
Group at the CNB-CSIC, and is now financed through a Synergy
Project from the Comunidad Autónoma de Madrid. Coordinated
by Sagrario Ortega, Head of the Unit, this research uses mouse
models to study the effect of short telomeres on the severity
of the disease.
On the other hand, our technological capabilities were
upgraded during 2021. One example is the acquisition of a
high-resolution ultrasound system ( Vevo 3100 ) in the
Molecular Imaging Unit, used for imaging studies in animal
models, mainly for pancreas, prostate, heart, kidney, and other
soft organs. Also, a flow cytometry spectral analyzer ( Cytekâ
Aurora ) was purchased that will expand the technical
capabilities of the Flow Cytometry Unit by making it possible
to run cytometry protocols involving more than 40 markers.

As usual, the Core Units were active in attracting funding
from external sources through innovation-related activities,
including contracts and agreements with private companies
and public institutions based on the technologies mastered
by several of our Core Units. The royalties derived from the
sales of the antibodies produced by the Monoclonal Antibodies
Unit continue representing a significant funding source for
the CNIO. In 2021, and for the first time in the history of the
CNIO, the total income derived from this concept exceeded
€1 million.
Last but not least, 2021 was again a very productive year
scientifically for the Programme. The contribution of the
Units to the overall scientific performance of the CNIO is
reflected in more than 30 publications co-authored by members
of the Units, many of them published in top journals. s

This year Javier Muñoz, Head of the Proteomics Unit
since 2012, left the CNIO to join the Instituto de Investigación
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RESEARCH HIGHLIGHTS
All tumours, even those of the same type and sharing a similar
fate, are different and heterogeneous at the genetic level. By
employing a distinct set of methodologies with the capacity
to analyse a wide number of genetic loci, or even whole genomes
in a single assay, genomics reveals basic molecular programmes
and helps to dissect biological mechanisms. The Genomics
Unit, with its array of molecular services, contributes to the
dissection of these biologically complex mechanisms in
research projects conducted by multiple CNIO research groups.

samples — or from cell culture extracts. Transcriptomes can
also be obtained at single cell resolution, through prior
separation of individual cells in microdroplet emulsions using
the 10xGenomics Chromium platform. A recent
implementation at single cell resolution is the multiomic
profiling of gene expression and open chromatin regions,
opening up new perspectives into the underlying gene
regulatory mechanisms that drive cell differentiation and
development.

For genomic-wide level analysis, we use NGS-based
technologies, performed mainly on the Illumina platform.
NGS constitutes the final readout for a great variety of different
explorations at both the structural and functional levels,
including detailed genome or exome tumour characterisations,
mutation repertoires, location of bound protein factors,
variations in chromatin folding, or on/off functional states.
Transcriptional profiles reflect functional choreographies at
the genomic level and are useful to decipher tumour
compositions, uncover therapeutic targets, or predict disease
outcome and guide treatment decisions. Transcriptomes are
characterised either from tissue — even from archived FFPE

At the single locus level, we provide other services. A traditional
DNA capillary sequencing service, based on a 3730xl DNA
Analyzer from Applied Biosystems, is being used to find and
confirm mutations in candidate genes, or to verify cloned
genes or inserts. A relatively simple cell authentication service
provides confidence in the identity of the cell lines used for
experimentation. The Unit oversees a transgenic mouse
genotyping service as well. Its current catalogue includes
over 150 genetic modifications, all assayed by custom allelespecific, real-time PCR for a quick and efficient turnaround
time. s

OVERVIEW
The Genomics Unit provides core technological services in
the fields of genomics and genetics. Seeking to uncover
biological mechanisms, therapeutic targets or prognostic
biomarkers, our services cover a broad range of applications.
These technologies, with the capacity to interrogate whole
genomes and their activities in a single assay, can reveal the
entire package of structural features ( mutation landscapes,
chromosomal protein location, or chromatin structure ) and
molecular programmes ( transcriptomic RNA profiles ), even
at the single-cell level. Next-generation sequencing ( NGS ) is
a staple among them. More traditional methodologies like
Sanger capillary DNA sequencing are also available. As a
side activity, we oversee a genetically engineered mouse
genotyping service.
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“ Our technology portfolio responds
to the needs of CNIO’s scientists in
the genetics and genomics fields
and contributes to the
understanding of disease and
homeostasis at different levels of
biological complexity.”
FIGURE Neural differentiation
spotted at two time points for both
wild type ( wt ) and Cdc14a/b-null
( mut ) embryonic stem cells.
Simultaneous detection of chromatin
accessibility patterns ( ATAC ) and
mRNA transcriptomes ( GEX ) in the
same individual cells, shown as dots
clustered according to their
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similarities, illustrate the coordinated
ce l l u l a r fate s o f d y n a m i c a l
epigenomic and transcriptomic
profiles uncovering gene regulatory
programmes. Arrows indicate
changes in cell subpopulations ’ states
between days 0 and 5. Data courtesy
of Carolina Villarroya, Malumbres Lab,
CNIO.
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RESEARCH HIGHLIGHTS
COVID19 preclinical mouse models

the expression of human ACE2 recapitulates the pattern and
regulation of endogenous Ace2 expression.

One limitation in COVID research is the lack of adequate
models to study SARS-CoV-2 infection, especially animal
models, where the complex interactions established between
the virus and its host can be reproduced in a physiological
context. During 2021, the Unit focused on generating and
characterising mouse models for COVID disease.

During 2021, in collaboration with the Coronavirus Laboratory
directed by Dr Luis Enjuanes at the Centro Nacional de
Biotecnología ( CNB/ CSIC ) in Madrid, we tested the
susceptibility of our mouse models to SARS-CoV-2 infection.
Intranasal inoculation of SARS-CoV-2 in the humanized
knockin mice resulted in the accumulation of inflammatory
infiltrate ( CD45+ cells ) surrounding lung alveoli and
neighbouring blood vessels ( CD31+) close to the cells where
the human ACE2 protein is expressed in these mice ( FIGURE
1 ), hence showing that our models are susceptible to SARSCoV-2 infection. s

The laboratory mouse is the most widely used animal model
in biomedicine, but it is not a permissive species for SARSCoV-2 infection. Structural differences between the human
Angiotensin Converting Enzyme-2 ( ACE2 ) protein, the cellular
receptor for SARS-CoV-2, and its murine ortholog are the
cause, at least in part, of the different sensitivity to viral
infection in humans and mice. Supported by a dedicated grant
from the Spanish Institute of Health Carlos III and a
SINERGIAS-grant from the Madrid Local Government ( CAM ),
the Unit has created “ humanized ” mouse models for the study
of COVID19, in collaboration with the company Gen-H Genetic
Engineering, Heidelberg ( Germany ).
Using the latest gene editing technologies, based on the
CRISPR/Cas9 system, we created knockin mice in which the
human ACE2 protein is expressed under the transcriptional
control of the endogenous mouse Ace2 promoter, interrupting
simultaneously the Ace2 coding sequence and resulting in
the knockout of the mouse Ace2 gene. As an alternative, we
used a BAC transgene approach to drive expression of human
ACE2 under the control of the Ace2 promoter. In both cases,

OVERVIEW
The term “ cancer ” encompasses a whole spectrum of extremely
complex diseases. Genetic and epigenetic modifications in
tumour cells lead to the acquisition of a “ malignant ” phenotype
that enables them to escape normal physiological control. We
can accurately reproduce many of these modifications in the
mouse, creating animal models to study the disease. Tumour
cells also interact, at different levels, with other cells in the
body such as those of the tumour stroma, immune,
cardiovascular or lymphatic systems, which, in turn, modulate
tumour growth, invasion and expansion. The study of such
complexity requires in vivo models that reproduce all the
features of cancer in a “ whole body ” context, including the
specific genetic alterations that lead to tumour development
in each particular tumour. The precise, targeted and controlled
modification of the mouse genome, using the most advanced
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“ The Mouse Genome Editing Unit
has more than 20 years of
experience in the design,
generation, and validation of
genetically modified mouse models
using state-of-the-art genome
editing techniques.”

∞

∞

genome editing tools, sustains the generation of genetic mouse
models of cancer that are crucial for understanding the
molecular basis of tumour development and the preclinical
validation of new and more efficient cancer therapies.
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García-Silva S, Benito-Martín A, Nogués
L, Hernández-Barranco A, Mazariegos MS,
Santos V, Hergueta-Redondo M, Ximénez-Embún P, Kataru RP, Lopez AA, Merino C, Sánchez-Redondo S, Graña-Castro
O, Matei I, Nicolás-Avila JÁ, Torres-Ruiz
R, Rodríguez-Perales S, Martínez L,
Pérez-Martínez M, Mata G, Szumera-Ciećkiewicz A, Kalinowska I, Saltari A, Martínez-Gómez JM, Hogan SA, Saragovi HU,
Ortega S, Garcia-Martin C, Boskovic J,
Levesque MP, Rutkowski P, Hidalgo A,
Muñoz J, Megías D, Mehrara BJ, Lyden D,
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Peinado H ( 2021 ). Melanoma-derived
small extracellular vesicles induce lymphangiogenesis and metastasis through
an NGFR-dependent mechanism. Nat
Cancer 2, 1387-1405.
Miguel V, Tituaña J, Herrero JI, Herrero L,
Serra D, Cuevas P, Barbas C, Puyol DR,
Márquez-Expósito L, Ruiz-Ortega M, Castillo C, Sheng X, Susztak K, Ruiz-Canela
M, Salas-Salvadó J, González MAM, Ortega S, Ramos R, Lamas S ( 2021 ). Renal
tubule Cpt1a overexpression protects from
kidney fibrosis by restoring mitochondrial homeostasis. J Clin Invest 131, e140695.
Olmeda D, Cerezo-Wallis D, Mucientes C,
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FIGURE 1 Lung inflammation in
human ACE2 ( hACE2 ) knockin mice,
inoculated with SARS-CoV-2. CD45+
inflammatory cells ( magenta ; red
arrowheads ) and CD31+ endothelial
cells ( brown ; green arrowheads ) in
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Calvo TG, Cañón E, Alonso-Curbelo D, Ibarz
N, Muñoz J, Rodriguez-Peralto JL, Ortiz-Romero P, Ortega S, Soengas MS (2021).
Live imaging of neolymphangiogenesis
identifies acute antimetastatic roles of
dsRNA mimics. EMBO Mol Med 13, e12924.
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.
Kataru RP, Baik JE, Park HJ, Ly CL, Shin

the lung of a knockin mouse, 3 days
after intranasal virus inoculation.
Insert image : hACE2+ expressing cells
( black arrowheads in both images )
lining the bronchioles.

∞

J, Schwartz N, Lu TT, Ortega S, Mehrara
BJ ( 2021 ). Lymphatic-specific intracellular modulation of receptor tyrosine kinase
signaling improves lymphatic growth and
function. Sci Signal 14, eabc0836.
González-Martínez J, Cwetsch AW, Martínez-Alonso D, López-Sainz LR, Almagro J,
Melati A, Gómez J, Pérez-Martínez M,
Megías D, Boskovic J, Gilabert-Juan J,
Graña-Castro O, Pierani A, Behrens A,
Ortega S, Malumbres M ( 2021 ). Deficient
adaptation to centrosome duplication
defects in neural progenitors causes microcephaly and subcortical heterotopias.
JCI Insight 6, e146364.

139

Innovation

MONOCLONAL
ANTIBODIES CORE UNIT

Biotechnology Programme | Monoclonal Antibodies Core Unit

Giovanna Roncador
Core Unit Head

Technicians
Álvaro García, Scherezade
Jiménez-Villa, Lorena Maestre ( TS ) *,
Ana I. Reyes

Student in Practice
Davide Mazzeo ( March-June )
( Università degli Studi di Pavia, Pavia,
Italy )

Titulado Superior ( Advanced Degree )

*

RESEARCH HIGHLIGHTS
During the last 21 years, the Monoclonal Antibodies Unit has
generated a large number of mAbs, directed against more than 170
different antigens, mostly targeting molecules for which mAbs
are not commercially available. Many of those mAbs have been
licensed to external companies, generating royalties that represent
an important source of revenue for the CNIO.
Each year, we prepare and update a detailed CNIO mAbs
catalogue, which contains the datasheets of more than 100
thoroughly validated, high-quality mAbs ( accessible at http ://
www.cnio.es/ing/servicios/anticuerpos/default.aspx ). This
catalogue is offered to specialised companies looking for
licensing opportunities.
Research activities
CD229 ( LY9 ). In collaboration with Professor Pablo Engel,
from Barcelona University, we produced and characterised
a new mAb against the cytoplasmic region of CD229 ( Ly9 )
protein. CD229 is a homophilic receptor that belongs to the
SLAM family of cell-surface molecules and acts as a signalling
molecule, regulating lymphocyte homoeostasis and activation.
In our study we investigated the expression of CD229 in normal
tissues and B cell malignancies using tissue microarrays. We
found CD229 to be restricted to haematopoietic cells, and
it is strongly expressed in all cases of myeloma and splenic
marginal zone lymphomas. CD229 represents a new biomarker
of B cell malignancies, especially in myeloma.

OVERVIEW
Since the discovery of hybridoma technology by Caesar Milstein
and Georges Köhler in 1975, monoclonal antibodies ( mAbs )
have become one of the most relevant methodological advances
in biomedicine.
MAbs have provided researchers with the ability to study
biological processes reliably and with unprecedented accuracy,
improving our knowledge about the processes involved in
tumour generation and development. Beyond their applications
in the laboratory as research tools, mAbs are also used in the
area of diagnostics, and serve as therapeutic agents in the
treatment of cancer.
The Monoclonal Antibodies Unit provides CNIO Research
Groups with à la carte generation of mAbs using hybridoma
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“ The Monoclonal Antibodies Unit is
highly specialised in mAbs
production and characterisation,
providing CNIO researchers with
reliable and well-validated reagents
that represent an added value for
their research projects.”

Optimised panel of mAbs for the detection of lymphocyte
subpopulations in animal species. Immunohistochemistry
( IHC ) has proved to be one of the most important ancillary

∞

∞

technology. We are highly specialised in the production of
mouse and rat monoclonal antibodies. The Unit also offers
mAb characterisation and validation, medium-scale mAb
production, as well as a Mycoplasma testing service for the
cell culture facility.
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Carreras J et al. (incl. Roncador G)( 2021 ).
High PTX3 expression is associated with
a poor prognosis in diffuse large B-cell
lymphoma. Cancer Sci 113, 334-348.
Carreras J et al. (incl. Roncador G) ( 2021 ).
Artificial neural networks predicted the
overall survival and molecular subtypes
of diffuse large B-cell lymphoma using a
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pancancer immune-oncology panel. Cancers ( Basel ) 13, 6384.
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, Guada-
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techniques in the characterisation of neoplastic diseases in
humans and, because oncologists demand such diagnostic
specificity, it has become equally important in veterinary
medicine. The number of immunohistochemical tests
offered by veterinary diagnostic laboratories has increased
exponentially over the last decade, but the use of this technique
has been hampered by the lack of specific mAbs able to work
across animal species.
For this reason, in collaboration with the Madrid Zoo, with several
departments of veterinary sciences, and with the CNIO
Histopathology Unit, we tested more than 100 mAbs in several
domestic and wild animal species, generating an extended panel
of mAbs able to detect and discriminate different lymphoid
subpopulations by IHC. Our study will serve to facilitate further
research needed to define the role played by lymphocyte
subpopulations in immunological diseases and cancer in animal
species. s

FIGURE Immuno-histochemical staining of TOX mAb in paraffin
sections from lymph nodes of domestic animal species.

lix S, Currás-Freixes M, Rapizzi E, Canu L,
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.
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PATENT

Paz-Ares L, Martinez Torrecuadrada JL,
Roncador G, Ojeda L, Ferrer I ( 2020 ).
Interleukin 11 receptor alpha subunit ( IL11RA ) neutralizing antibodies and uses
thereof. PCT/EP2021/069630. PCT application ( 2021 ).

141

Innovation

MOLECULAR IMAGING
CORE UNIT

Biotechnology Programme | Molecular Imaging Core Unit

Francisca Mulero
Core Unit Head
Technicians
Tatiana Álvarez, Guillermo
Garaulet ( TS )*, Guillermo Medrano,

David Sabador ( TS )* ( PEJ ) **,
Gloria Visdomine

Visiting Scientist
Marta Oteo Vives ( CIEMAT, Madrid,
Spain )

Titulado Superior ( Advanced Degree )
Plan de Empleo Joven ( Youth Employment
Plan )
*

**

RESEARCH HIGHLIGHTS
The Molecular Imaging Unit continues to provide CNIO
researchers with state-of-the-art molecular imaging equipment
and human resources in order to guarantee the highest quality
studies and to develop and update protocols and imaging
techniques to optimise tumour visualisation in both the
preclinical and clinical fields. The Unit also assesses and
advises researchers on the best-suited imaging modality for
their research projects.

In 2021, we installed a new ultrasound imaging system, VEVO
3100, to replace one of the old ones, to perform diagnosis and
follow-up of tumours, as well as to phenotype different models
and organs. The system improves throughput diagnosis by
increasing the sensitivity and signal-to-noise ratio of the
images. We are also helping to detect pregnancy at early stages,
at only 6 weeks, to extract murine embryonic fibroblasts
( MEFs ) with better accuracy than only with abdominal
palpation ( FIGURE 1 ). s

In 2021, the BBVA Foundation grant allowed us to work on
theranostic applications of radiolabelled antibodies, looking
for the best-matched isotope pairs for imaging and therapy
and employing the pretargeting approach. We also continued
with the rest of our ongoing grant projects. One of our projects,
conducted in collaboration with CIEMAT, focuses on
developing and labelling nanobodies produced by camelids
following the ImmunoPET strategy, where we couple the high
specificity and selectivity of the antibodies with the high
sensitivity and quantitative capabilities of PET. Another grant
project, the Spanish Network for Nanoparticles in Molecular
Imaging for developing iron and silver-based nanoparticles
for imaging, focuses mostly on optical imaging and
multimodality ( optical-MRI or PET-MRI ) for the detection
of primary tumours and distant metastasis.
The results of these research projects, in which the Molecular
Imaging Unit is actively involved, will directly benefit CNIO
scientists who will be able to use and test these new imaging
tools in their own research. One example is a new NIR ( near
infrared ) laser device bought with the RENIM budget.

OVERVIEW
Molecular Imaging enables the visualisation of cellular function
and the follow-up of the molecular processes in living organisms
without perturbing them. Molecular imaging offers significant
advantages to the scientist over traditional research paradigms.
While traditional studies of tumour response to a therapeutic
agent involve a large cohort of animals analysed at multiple
time points, molecular imaging allows characterisation of
tumour development and response to a therapy within the
same small set of animals imaged longitudinally at multiple
time points. This reduces the number of mice used and
increases the statistical power of the study because each animal
serves as its own control. Other advantages include the ability
to interrogate the whole body, and to visualise the molecular
target of interest in 3-dimensional space. Finally, molecular
imaging is becoming a key bridging technology for the
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FIGURE 1 Ultrasound imaging
of a 13-week embryo where the
heart ( pink line ) and the eye
( blue line ) are clearly observed.

“ With the theranostics approach :
we see what we treat, and we treat
what we see.”
∞

∞

translation of experimental preclinical findings into the clinical
environment and, currently, with the theranostic strategy,
we can treat the tumours with the same molecule used for
PET visualisation by simply changing the isotope for the beta
emitter pair.
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Bertolin J, Sánchez V, Ribera A, Jaén ML,
Garcia M, Pujol A, Sánchez X, Muñoz S,
Marcó S, Pérez J, Elias G, León X, Roca C,
Jimenez V, Otaegui P, Mulero F, Navarro
M, Ruberte J, Bosch F ( 2021 ). Treatment
of skeletal and non-skeletal alterations of
Mucopolysaccharidosis type IVA by AAV
mediated gene therapy. Nat Commun 12,
5343.
de la Calle Arregui C, Plata-Gómez AB,
Deleyto-Seldas N, García F, Ortega-Mo-
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Nemazanyy I, Tribouillard L, de Martino
A, Caleiras E, Campos-Olivas R, Mulero F,
Laplante M, Muñoz J, Pende M, Sabio G,
Sabatini DM, Efeyan A ( 2021 ). Limited
survival and impaired hepatic fasting
metabolism in mice with constitutive Rag
GTPase signaling. Nat Commun 12, 3660.
Garlito-Díaz H, Esteban J, Mediero A,
Carias-Cálix RA, Toirac B, Mulero F,
Faus-Rodrigo V, Jiménez-Morales A, Calvo E, Aguilera-Correa JJ ( 2021 ) A new
antifungal-loaded sol-gel can prevent
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candida albicans prosthetic joint infection.
Antibiotics ( Basel ) 10, 711.
Mora-Raimundo P, Lozano D, Benito M,
Mulero F, Manzano M, Vallet-Regí M
( 2021 ). Osteoporosis remission and new
bone formation with mesoporous silica
nanoparticles. Adv Sci ( Weinh ) 8,
e2101107.
Shaikh F, Andersen MB, Sohail MR, Mulero F, Awan O, Dupont-Roettger D, Kubassova O, Dehmeshki J, Bisdas S ( 2021 ).
Current landscape of imaging and the
potential role for artificial intelligence in

We could detect pregnancy in
the very early stages, at only 6
weeks.

the management of COVID-19. Curr Probl
Diag Radiol 50, 430-435.
∞

∞

∞

∞

AWARDS & RECOGNITION

Faculty and Mentor of IDEA2 MIT linQ with
Massachusetts Institute of Technology.
COST Action evaluator, European Cooperation in Science and Technology
( COST ).
Guest Associate Editor in Nuclear Medicine, Frontiers in Medicine.
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We further optimised our multicolour flow cytometry panels
to characterise immune response in various samples from
haematopoietic tissues, pancreas, skin, liver, lung, brain, as well
as different tumour types. Single cell deposition using index
sorting into 96 or 384 PCR plates to perform single OMICs
techniques is now part of our routine portfolio. We also improved
the performance characteristics of our instrumentation by
creating voltration templates in all our instruments to assess
optimal voltage for each detector and expand our training
capacities with many more workshops and small practical
analysis sessions. This provides our users with more tools to
successfully perform their flow cytometry experiments. s

We provide state-of-the-art equipment and software packages
in flow cytometry and collaborate with CNIO investigators
in setting up and optimising flow cytometry techniques relevant
to their research projects. Some applications developed and
validated at our Unit include :

Titulado Superior ( Advanced Degree )
Plan de Empleo Joven ( Youth Employment
Plan )
*

**

ɗ Cell proliferation studies ( CFSE, Cell Trace Violet, BrdU
or EdU, DNA content, etc.).
ɗ Apoptosis studies ( Annexin V, Mitochondrial Membrane
Potencial, Caspase 3, etc.).
ɗ Multicolour immunophenotyping panels ( B and T cell
development, Tregs, inflammation, etc.).
ɗ Functional assays ( side population detection, Ca 2+ flux,
intracellular pH, etc.).
ɗ Cytometric bead arrays to measure several cytokines from
cell extracts and plasma.
ɗ Platelets studies.
ɗ Extracellular vesicles detection ( microvesicles and
exosomes ).
ɗ CTC detection and isolation.
ɗ Single cell sorting for OMICs analysis.

OVERVIEW
Flow Cytometry is a fast and multiparametric technology,
and a very valuable tool in the oncology field. It is an important
workhorse for the identification, quantification and isolation
of defined subpopulations of cells, based on the expression
levels of fluorescent markers and their relationship to each
other at the single cell level.
Our aim is to provide CNIO Groups with technical and scientific
advice regarding the use of cytometric technologies,
collaborating with them in the design, acquisition, data
analysis, and interpretation of flow cytometry data.
We currently have 5 analysers and 3 high-speed cell sorters
with different optical configurations to cater to our users ’
needs. We also have an automated magnetic bead separation
system ( AutoMACS ), 2 automated cell counters ( Countess )
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“ We incorporated a full spectrum
cytometer to expand the number of
parameters we could study per
sample, increasing our knowledge
on the role of different immune
subsets in cancer progression, and
elucidating new biomarkers with
potential therapeutic value.”

FIGURE Immunophenotyping panel
of mouse spleen combining antibodies
coupled to AF647 and APC, a

∞

∞

and a tissue homogenizer ( GentleMACS ). Analysers are useroperated upon appropriate training, and cell sorters are
operated by the Unit staff. Our sorters can separate up to 4or 6- defined populations simultaneously, as well as perform
single cell cloning and index sorting. We can accept human
samples to sort under BSL2 regulations.
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García-Silva S, Benito-Martín A, Nogués
L, Hernández-Barranco A, Mazariegos MS,
Santos V, Hergueta-Redondo M, Ximénez-Embún P, Kataru RP, Lopez AA, Merino C, Sánchez-Redondo S, Graña-Castro
O, Matei I, Nicolás-Avila JÁ, Torres-Ruiz
R, Rodríguez-Perales S, Martínez L,
Pérez-Martínez M, Mata G, Szumera-Ciećk-

panel complexity by allowing the use
of fluorophore combinations that were
not possible before.

combination not possible with
conventional cytometry. Full spectral
cytometry opens the door to increase
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RESEARCH HIGHLIGHTS
The Confocal Microscopy Unit continues to dedicate significant
effort towards developing and implementing High Content
Screening ( HCS ) technology at the CNIO. In 2021, the Unit
renewed its equipment in this field, thanks to the funding obtained
with a grant awarded through an infrastructures call of the
Ministry of Science and Innovation. The Unit already had 1 Opera
( Perkin Elmer ) HCS system, which enables experiments to be
run on fixed and live cells in multiwell plates, and the monitoring
of cell dynamics ( translocation, cell division, etc.) through the
use of fluorescence. The acquisition of a new Opera Phoenix HCS
microscope with a robotic plate handler will boost screening
capacity, making 24/7 operation time possible. This new system
will significantly reduce acquisition time and improve sensitivity
and excitation flexibility. The platform is equipped with the latest
analysis software, getting better results from 3D organoid
campaigns and live-cell imaging assays.

The Confocal Microscopy Unit provides the CNIO Research
Groups with all the standard methodologies as well as the latest
advances in microscopy, offering access to state-of-the-art
equipment and software packages related to confocal microscopy,
including technical and scientific advice and support to the
CNIO scientists. The Unit is also actively involved in developing,
testing, and implementing new microscopy technologies, tools
and imaging applications that could be of interest to the Research
Groups at the CNIO. Training activities are also an essential
component of our mission.
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The Unit is involved in promoting and helping its users with
novel protocol development for sample preparation, bringing
knowledge in tissue clearing as well as in expansion microscopy.
Moreover, microfluidics, used for live cell assays in perfusion
chambers, has also experienced a great increase in performance
and demand. Experiments of intra-vital microscopy are
available, and we are now running several projects for studies
of metastasis, skin alterations and immune system response. s

In addition to this new system, the Unit is equipped with : 1
super resolution confocal microscope ( sp8 STED superresolution microscope with a white light laser and 3 depletion
laser lines ); 3 laser scanning confocal systems ( Leica SP5 )
that incorporate UV and multiphoton excitation, as well as a
white light laser and hybrid detection ; and 2 wide field systems
( a THUNDER system with computational clearing algorithms
and 8-channel led excitation, and a Leica DMRI6000 system,
equipped with microinjection and microfluidics control ). All
the microscopes are automated and equipped with incubators
for live cell imaging.

OVERVIEW
Optical microscopy has traditionally been an indispensable
tool in cell biology studies. In fact, one of the main challenges
in oncology research is the study of specific markers, expression
patterns or individual cells in the tumour environment.

The Unit implemented the use of high-throughput technologies
applied to confocal microscopy using not only the Opera
system, but also through a sample navigation application
integrated into the SP8 and SP5 confocal systems. This enables
high-throughput feeding of the instrument, both in multiwell
plates and in tissue sections. These advances allow us to
increase the level of information obtained from a sample, as
well as carry out the automated screening of cell behaviour
under different treatments.

“ The Confocal Microscopy Unit is
fully committed to disseminating
advanced microscopy
methodologies that are useful for
cancer research and society at large ;
we organised courses, talks and
visits, always with the aim of
increasing our understanding of cell
biology and the disorders of cells
that lead to cancer.”
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FIGURE Confocal image of cells in
culture labelled for neurons ( green )
and astrocytes ( red ).
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RESEARCH HIGHLIGHTS
In collaboration with the Experimental Oncology Group, we
used targeted proteomics to accurately identify and quantify
different Kras isoforms, which provide valuable information
to understand the interplay between these variants. With the
DNA Replication Group, we used Affinity Purification Mass
Spectrometry ( AP-MS ) and showed that PrimPol, a primasepolymerase, interacts with factors involved in DNA interstrand crosslinks. These results have implications for
chemotherapy based on DNA crosslinks. In collaboration with
the Metabolism and Cell Signalling Group, we used proteomics
to analyse expression changes in livers from RagAGTP mice
and identified a failed metabolic adaptation to fasting due to
a global impairment in the PPARα transcriptional programme.
In addition, in collaboration with the Genomic Instability
Group, we used approaches to identify RNA binding proteins
and determined that arginine-rich peptides lead to a generalised
displacement of factors bound to nucleic acids. These results
may provide a plausible mechanism for the pathogenesis of
amyotrophic lateral sclerosis. Moreover, we used proteomics,
phosphoproteomics, and metabolomics to dissect the series
of molecular events that regulate the establishment of naïve
pluripotency in embryonic stem cells. These data demonstrated
the presence of post-transcriptional regulation, which finetune the levels of mitochondrial proteins and enhance their

FIGURE 1 Schematic showing the
workflow used to reveal the true
identity of proteins present in small
extracellular vesicles. This figure

depicts some of the steps that have
been optimised to improve the
confidence of the assignments.

oxphos capacity. Finally, the Unit implemented novel methods
aiming to reveal the true identity of proteins present in small
extracellular vesicles ( sEVs ). This is based on high resolution
density gradients in conjunction with proteome correlation
profiling to deconvolute the origin of proteins ( FIGURE 1 ).
Our data revealed that popular markers used to assess the
purity of sEVs originate in non-vesicular fractions. This
approach could have important applications for identifying
potential biomarkers in liquid biopsies. s

OVERVIEW
∞

Recent developments in “omics” technologies have revolutionised
how biomedical research is conducted. These approaches enable
unbiased analyses of biological samples and can be used to
generate novel hypotheses. Proteins are the molecular effectors
of cells, and mRNA assessment merely represents a proxy to
estimate the final levels of the protein product. Moreover,
genomics does not provide information about the posttranslational modifications of proteins or their interactions.
Thus, direct analysis of proteins is paramount to our understanding
of how cells work. Proteomics is an emerging and multidisciplinary field that aims to analyse the complex regulation of
the proteome and its impact on disease. The CNIO Proteomics
Core Unit provides state-of-the-art mass spectrometry-based
proteomics to scientists and research groups to better understand,
at the proteome level, the molecular basis of cancer.
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“ In 2021, we developed novel
proteomic strategies that could be
used to identify potential
biomarkers in liquid biopsies.”

∞

∞

∞

∞

148

PUBLICATIONS

Juste YR et al. ( incl. Muñoz J ) ( 2021 ).
Reciprocal regulation of chaperone-mediated autophagy and the circadian clock.
Nat Cell Biol 23, 1255-1270.
García-Silva S et al. ( incl. Ximénez-Embún
P, Rodríguez-Perales S, Martínez L, Ortega S, Boskovic J, Muñoz J, Megías D,
Peinado H ) ( 2021 ). Melanoma-derived
small extracellular vesicles induce lymphangiogenesis and metastasis through
an NGFR-dependent mechanism. Nat
Cancer 2, 1387-1405.
Garrido A et al. ( incl. Muñoz J, Campos-Olivas R, Djouder N ) ( 2021 ). Histone acetylation of bile acid transporter genes plays
a critical role in cirrhosis. J Hepatol. PMID :
34958836.
Serna M et al. ( incl. Muñoz J, Llorca O )
( 2021 ). CryoEM of RUVBL1-RUVBL2-ZNHIT2, a complex that interacts with

∞

∞

∞

∞

pre-mRNA-processing-splicing factor 8.
Nucl Acids Res. PMID : 34951455.
de la Calle Arregui C et al. ( incl. García F,
Caleiras E, Campos-Olivas R, Mulero F,
Muñoz J, Efeyan ) ( 2021 ). Limited survival and impaired hepatic fasting metabolism in mice with constitutive Rag GTPase
signaling. Nat Commun 12, 3660.
Martinez-Val A, Lynch CJ, Calvo I, Ximénez-Embún P, Garcia F, Zarzuela E, Serrano
M, Munoz J ( 2021 ). Dissection of two
routes to naïve pluripotency using different kinase inhibitors. Nat Commun 12,
1863.
Santos-Coquillat A et al. ( incl. Peinado H,
Muñoz J, Ximénez Embún P ) ( 2021 ). Goat
milk exosomes as natural nanoparticles
for detecting inflammatory processes by
optical imaging. Small 18, e2105421.
Olmeda D et al. ( incl. Muñoz J, Ortega S,
Soengas MS ) ( 2021 ). Live imaging of
neolymphangiogenesis identifies acute

SPANISH NATIONAL CANCER RESEARCH CENTRE, CNIO

∞

∞

∞

∞

antimetastatic roles of dsRNA mimics.
EMBO Mol Med 13, e12924.
Galarreta A et al. ( incl. Muñoz J, Malumbres M, Fernandez-Capetillo O ) ( 2021 ).
USP7 limits CDK1 activity throughout the
cell cycle. EMBO J 40, e99692.
González-Acosta D et al. ( incl. Muñoz J,
Méndez J ) ( 2021 ). PrimPol-mediated
repriming facilitates replication traverse
of DNA interstrand crosslinks. EMBO J 40,
e106355.
Lafarga V et al. ( incl. Boskovic J, Fernandez-Leiro R, Muñoz J, Fernandez-Capetillo O ) ( 2021 ). Widespread displacement
of DNA- and RNA-binding factors underlies toxicity of arginine-rich cell-penetrating peptides. EMBO J 40, e103311.
Salmón M et al. ( incl. Caleiras E, Muñoz J,
Ortega S, Barbacid ) ( 2021 ). KRAS4A
induces metastatic lung adenocarcinomas
in vivo in the absence of the KRAS4B
isoform. Proc Natl Acad Sci USA 118,

∞

∞

∞

e2023112118.
Amor López A et al. ( incl. Ximénez-Embún
P, Al-Shahrour F, Muñoz J, Megías D, Peinado H ) ( 2021 ). Inactivation of EMILIN-1 by
proteolysis and secretion in small extracellular vesicles favors melanoma progression and metastasis. Int J Mol Sci 22,
7406.
Ramirez J et al. ( incl. Fernandez-Vigo E,
Muñoz J ) ( 2021 ). A proteomic approach
for systematic mapping of substrates of
human deubiquitinating enzymes. Int J
Mol Sci 22, 4851.
García-Silva S, Ximénez-Embún P, Muñoz
J, Peinado, H ( 2021 ). Postlymphadenectomy analysis of exosomes from lymphatic exudate/exudative seroma of melanoma patients ( 2021 ). Methods Mol
Biol 2265, 345–359.

149

Innovation

HISTOPATHOLOGY
CORE UNIT

Biotechnology Programme | Histopathology Core Unit

Vacant
Core Unit Head
Staff Scientist
Eduardo José Caleiras

RESEARCH HIGHLIGHTS

Technicians
Nuria Cabrera, María Gómez, Patricia
González, Verónica Neva, Andrea
Romero ( PEJ ) *, Zaira Vega

In 2021, the Unit was able to return to the standard levels of
workload and services recorded before the pandemic and, in
some specific areas, such as immunohistochemistry and image
digitalisation and analysis, even exceeded expectations. Thus,
more than 26,000 paraffin blocks of tissue samples were
generated, and ca. 21,000 techniques were performed, including
histological and IHC techniques ( with dual and triple staining
being increasingly in demand ), in-situ chromogenic
hybridization, tissue microarrays, slide scanning, etc.

*
Plan de Empleo Joven ( Youth Employment
Plan )

During 2021, we made significant progress in digitalising our
material, with approximately 35 % of all the slides generated
converted to digital files. In addition, 10% of these were
subjected to image analysis and quantification.

FIGURE Example of dual IHC
staining. The image shows a picture
of an islet of Langerhans in the
pancreas, with double staining for
insulin ( DAB, brown ) and glucagon

We also consolidated the in situ hybridization technology for
mRNA detection ( RNAScope ), with 160 cases analysed, some
of them with double staining, using the Ventana-Roche
automatic platform for IHC stains. This new technique enables
efficient detection of specific mRNAs directly on sections
from formalin-fixed paraffin-embedded ( FFPE ) tissues, thus
providing a spatial dimension to gene expression analysis.
The applications of this new technology are manifold, e.g., as
an alternative to IHC whenever it is difficult to find specific
antibodies working well on FFPE tissues, or to validate results
from other technologies, among others.
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in this area were compromised due to the pandemic, the Unit
was still able to participate in a Master’s course on oncology
research, in online format, and we hosted a pre-doctoral
student for a short training stay on immunohistochemistry
techniques during the last quarter of the year. s

The high quality of the techniques run by the Unit continues
being endorsed by External Quality Assessment Schemes. In
this respect, our histochemical techniques were evaluated by
UK NEQAS. Similarly, NordiQC and SEAP have evaluated a
subset of our IHC techniques under different modules,
including general markers, breast cancer markers and PD-L1 ;
these all obtained good scores.

OVERVIEW
Pathology is the branch of science devoted to the study of the
structural, biochemical and functional changes in cells, tissues
and organs underlying disease. The Histopathology Unit offers
support and expertise through a full range of services covering
paraffin embedding and tissue sections to histochemical stains ;
research and diagnostic immunohistochemistry ( IHC ) testing ;
antibody validation ; in situ hybridization techniques ( including
in situ detection of mRNAs by RNAScope ); and the generation
of tissue microarrays. Furthermore, the Unit offers other
value-added services implemented by a team of highly
specialised technicians, such as laser-capture microdissection ;
slide digitalisation ; image analysis ; and quantification. The
Unit collaborates with CNIO researchers in the
histopathological characterisation of animal models of disease,
providing them with the required pathology expertise. In

( Teal, blue ). It can be seen that the
insulin staining is homogeneous
across the islet, whereas glucagon is
localised more in the periphery of
the islet.

“ In 2021, despite the Covid-19
pandemic, the Unit was able to
return to its usual levels of workload
and services, even exceeding
expectations in some specific
areas.”

Training and outreach activities are also a critical component
of the Unit’s activities. Although some of the usual activities
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addition, the Unit offers its portfolio of services to other
institutions, including hospitals, research centres and private
companies.
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Ventilated Caging ( IVC ) units in the building ventilation
systems. Mice are always manipulated in Type II biosafety
cabins.
Daily operations and husbandry procedures are highly
automated to safeguard our personnel from any associated
risks ; robotic devices perform the potentially hazardous tasks
such as the processing of dirty bedding, the washing and filling
of cages and bottles, etc. These automated systems maximise
the productivity and ensure the quality standards in our
washing and sterilising areas. All records concerning breeding
protocols and animal inventory are computerised and stored
in a web-based application accessible via the CNIO intranet.
The Animal Facility currently harbours more than 40,000
mice representing more than 3,000 genetically modified
mouse lines, either as live animals or as cryopreserved embryos
or sperm, carrying close to 400 gene targeted alleles and more
than 200 transgenic integrations. The Facility also provides
access to more than 50 tool strains, including constitutive
and inducible Cre strains, Flp strains, reporter strains, Tet
transactivator strains and others.

The Animal Facility’s primary responsibility is the supply,
husbandry and quality control of laboratory animals used by
the Research Programmes in their experimental protocols.
The strict compliance to national, EU and international
recommendations regarding the use and care of animals in
research is of paramount importance to the CNIO.
The CNIO Animal Facility was established to assist researchers
in the development and analysis of in vivo models. We are
currently collaborating with as many as 28 Research Groups,
Sections and Units from different Research Programmes.
Our Animal Facility has the capacity to house 19,000 type IIL
cages. Our mouse lines are maintained and bred in the Facility’s
barrier area, which assures Specific Pathogen Free ( SPF )
health status through a comprehensive health surveillance
programme. Microbiological and environmental parameters
in the animal areas are constantly monitored. All mouse strains
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“ The Animal Facility provides CNIO
researchers with all the support
required to work with mouse
models, which are essential tools in
cancer research, in compliance with
the highest standards of animal care
and welfare.”

housed in the barrier are either generated within the barrier
or introduced by rederivation. We also have an additional area
with a capacity for 1,800 type II cages dedicated for the use
of non-replicative strains of adenovirus, lentivirus and
retrovirus, as well as for xenograft models. In this area, mice
are housed in ventilated racks with integration of Individually
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The Animal Facility offers the possibility of running a broad
number of experimental procedures in the premises, including
the use of gamma irradiation, UV light and volatile carcinogenic
agents, as well as surgical procedures, some behavioural studies,
a non-invasive blood pressure system, and a laboratory animal
monitoring system ( Oxylet ) that enables measuring a number
of physiological parameters for metabolic profiling and
phenotyping of mouse models. Last year, the Animal Facility
implemented a new climate chamber ( HPPlife ) that allows
keeping mice under controlled environmental conditions of
temperature, humidity and light, beyond the standard
conditions established at the SPF barrier area. This will allow
the study of these environmental factors and their influence
on disease development, as well as on the health, behaviour,
and welfare of laboratory animals.
Additionally, the monitoring of the mouse models through
non-invasive imaging technologies is provided by the Molecular
Imaging Unit, which has integrated all its image acquisition
instruments within the Animal Facility. Likewise, the work
of the Mouse Genome Editing Unit is performed in a laboratory
inside the SPF barrier. Finally, the necropsy laboratory is
equipped with instruments for the haematological and
biochemical analysis of blood and urine, which complement
the pathology and clinical diagnostics.

All the work carried out by the Animal Facility complies with
both national and EU legislation — Spanish Royal Decree
RD53/2013 and EU Directive 2010/63/UE — for the protection
of animals used for research experimentation and other
scientific purposes. Experimental procedures and projects
are reviewed and evaluated by the Research Ethics and Animal
Welfare Committee of the Instituto de Salud Carlos III, as well
as by the Institutional Animal Care and Use Committee
( IACUC ). The Orden ECC/566/2015 stipulates that all animal
procedures are to be carried out by qualified people with the
corresponding accreditation issued by the competent authority.
The Animal Facility offers CNIO’s new staff a short course
focused on work with laboratory animals, complementary to
the online courses that are a requisite to gain access to the
facility.
The high standards achieved by the CNIO with regards to the
use and care of animals for experimentation have been
recognised by the Association for Assessment and Accreditation
of Laboratory Animal Care ( AAALAC ) International. AAALAC
accreditation, considered one of the top international
recognitions in this field, was first obtained in October 2016,
and renewed in 2019 for a new 3-year period. AAALAC
International is a private non-profit organisation that promotes
the humane treatment of animals in science through voluntary
accreditation and assessment programmes. Recently, the
Animal Facility’s Head was appointed as an ad hoc consultant
for the site reviews performed by AAALAC.
In accordance with our commitment to maintain the highest
possible standards in relation to animal research issues, the
CNIO joined the Agreement on Openness on Animal Research,
promoted by the Federation of Scientific Societies in Spain
( COSCE ) in collaboration with the European Animal Research
Association ( EARA ), launched in September 2016. An
institutional statement on the use of research animals can be
consulted on the CNIO website.
Until November 2021, the Animal Facility’s Head had served
as President of the Spanish Society for Laboratory Animal
Sciences ( SECAL ). SECAL is the most prominent scientific
society in the field of laboratory animals in Spain, devoted to
advancing the scientific understanding of the use, care and
welfare of laboratory animals, as well as to promoting
refinement, reduction and replacement strategies in research
involving animal models. s

In addition to mice, the Animal Facility hosts a colony of rats
to generate monoclonal antibodies directed against mouse
antigens, as well as for a project of the Experimental
Therapeutics Programme aimed at testing the safety of some
specific anti-tumour compounds.
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