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S  ometimes the popular saying “we 
cannot see the forest for the trees” 
rings true. Having had to face the 
greatest pandemic of the last century, 

caused by an infectious agent, we have 
made a huge effort at all levels to try to 
control it. Despite this, we should not forget 
that the world population has and will 
continue to face many other diseases which 
have acquired, or will acquire, epidemic 
proportions in the coming years. In one of 
our White Papers, the CSIC has identified 
several of these major global health 
problems among the challenges to be tackled 
in biomedicine. These include cancer, 

new infectious diseases 
(emerging or re-emerging), 
antibiotic resistance, food 
allergies, rare diseases and 
chronic pain/suffering. 

Of these, cancer is, 
and will continue to be, 
the greatest challenge our 
society is likely to face. 
To fight a disease that is 
estimated to cause around 
10 million deaths a year, 
regardless of age, economic 
status, ethnicity, religion 
or nationality, and which 
is sparked in our own cells 

by a host of causes, is a mighty challenge 
indeed. But if we have learned anything from 
having to face the SARS-CoV-2 pandemic, 
it is that if human and economic efforts are 
focused in a coordinated and global way, 
we can achieve results to address huge 
challenges in the short to medium term. 

In the CSIC White Paper on Biomedicine 
and Health, experts in the field have 
identified those actions and strategies 
required at the basic science, clinical and 
social levels to achieve the goal of increasing 
the cancer survival rate to 70% by 2030. The 
long-term mission is to learn to live with 

this disease, which is more realistic than to 
eradicate it. 

In a world that demands tangible results 
which are transferable to society almost 
immediately, it is imperative to value basic 
research as the hub of future success, as it is 
central to the three key lines of action in the 
fight against chronic diseases like cancer: 
namely prevention, diagnosis and therapy. 
We cannot prevent something unless we 
know how it originates, we cannot diagnose 
something that is unknown, and we cannot 
cure something we do not understand. 

In the field of basic cancer research, 
the CSIC has a large group of scientists, 
working in a variety of research centres, 
who hold key positions of excellence both 
nationally and internationally. Furthermore, 
the multidisciplinary nature of the CSIC and 
its centres fosters novel and cross-cutting 
approaches that can facilitate the design 
of new diagnostic and therapeutic tools to 
address cancer or, indeed, any of the great 
challenges in biomedicine identified by the 
CSIC in its White Papers.

Our experience in cutting-edge research 
in fields such as nanomedicine, cell therapy, 
bioengineering, gene therapy, radio-
diagnosis and optics, among many others, 
complement our strength as an institution 
in basic cancer research. But we must not 
lose sight of the fundamental fact that our 
mission is to offer solutions to improve 
citizens’ quality of life. And talking of 
citizens, any challenge posed in biomedicine 
must include the social factor in the equation 
if it is to be resolved adequately, especially in 
terms of prevention. 

If we can efficiently bring all these 
players together, even in virtual networks 
and centres or scientific platforms, we will 
come closer to overcoming the challenge 
posed by cancer, and there is no doubt that 
the CSIC is excellently positioned to lead 
such an endeavour.

Cancer, the greatest  
challenge faced by our society

by Mario Delgado

MARIO DELGADO is Director of the Instituto de Parasitología y Biomedicina López Neyra and coordinator of the 
White Paper on Challenges in Biomedicine and Health.
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biopsies, test new 
biomarkers to improve 
detection, and test 
hydrogels with T cells 
for immunotherapy
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the application of 
nanoparticles against 
pancreatic cancer, na-
nocapsules to improve 
radiotherapy and the 
use of light to activate 
high-precision drugs 

AND ALSO

CSIC researchers are 
working on European 
projects to test pro-
ton-based radiothera-
py, develop predictive 
models for drugs, and 
test nanomaterials to 
obtain more accurate 
diagnostics and more 
effective therapies

Young CSIC trainee 
researchers are stud-
ying the mechanisms 
underlying leukaemia, 
new immunothera-
pies, breast cancer 
metastasis and tumour 
microenvironment, 
as well as developing 
hydrogels for drug 
application

At the CNB-CSIC 
biotech centre, this 
biologist combines 
outreach with studies 
into the role of stem 
cells in tumour forma-
tion and growth

Directors of the CIC in 
Salamanca, the IBBTEC 
in Santander, the CABI-
MER in Seville and the 
IIB in Madrid explain 
their priorities, their 
progress and their 
prognosis in the fight 
against cancer
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programme for 2021-2027 
(Horizon Europe). The CSIC 
strategy also forms part of the UN 
Sustainable Development Goals.

Highly diverse diseases

The term “cancer” denotes a set of 
about 200 diseases, all of which 
have a common denominator: 
in essence, cancer consists of 
a group of cells that multiply 
uncontrollably, autonomously, 
and threaten to colonize other 
tissues or organs in a process 
called metastasis, which is 
responsible for 90% of cancer-
related deaths. Thus, it can spread 

the forefront of cancer research at 
a national and international level,” 
says CSIC biologist Ángela Nieto, 
National Research Prize-winner 
based at the IN-CSIC-UMH, a joint 
the neurosciences institute of the 
CSIC and the Miguel Hernández 
University of Elche, in Alicante. 
Nieto, one of the coordinators of 
the Cancer Challenge outlined 
in the CSIC White Paper on 
Biomedicine, investigates 
embryonic developmental 
processes to study metastasis.

The CSIC is thus aligned 
with the European Union, which 
has set cancer as one of the 
pivots of its R + D + i framework 
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Cancer research is one of the challenges to be addressed by the CSIC for 2030. The 
Agency has strengthened coordination in this area, with the proposal for a Virtual Cancer 
Centre, and is making progress in the study of tumour formation, metastasis, systemic 
response, detection methods and therapeutic targets

Basic science rallies 
arms against the  
silent enemy within

By Abel Grau

CHALLENGES RESEARCHRESEARCH CHALLENGES

Cancer is probably the 
greatest challenge facing 
biomedicine. To fight 
cancer is extremely 

complex because it requires 
unravelling its mechanisms, 
which are intimately intertwined 
in the functioning of life. Cancer 
cells adapt and evolve in a blind 

race for survival. It is the body 
attacking itself. To rid ourselves 
of cancer in the future is 
complicated but we may be able 
to live with it. 

“We are optimistic. We will 
be able to turn cancer into ‘just’ 
another chronic disease.” predicts 
Eugenio Santos, CSIC researcher 
and co-discoverer in the eighties 
of the first human oncogene, the 

H-Ras, a scientific milestone in 
understanding the genesis of 
cancer. “We will not die of cancer, 
but we will die with cancer,” 
adds Santos, director of the CIC-
CSIC-USAL, cancer research 
centre based in Salamanca, a 
joint venture of the CSIC and the 
Universidad de Salamanca, and 
one of the national reference 
centres in cancer research.

The CSIC, the largest public 
research institution in Spain, 
has identified cancer as one of 
its strategic challenges for 2030, 
as stated in its White Paper 
on Biomedicine, Challenges in 
Biomedicine and Health. The 
CSIC has biomedical research 
centres of international reference 
and is currently strengthening 
coordination to promote cancer 
research and foster the basic 
science that will be a springboard 
to developing new detection 
methods and more effective 
treatments.

“The objective set out in the 
White Paper is to put the CSIC at 

Image of synapses  
between neurons.  / PIXABAY



throughout the body, altering its 
function, encroaching upon vital 
organs or stretching the immune 
system beyond its limits. 

Cancer is the ultimate enemy 
within. “Cancer is an entirely 
internal phenomenon, one of 
those cases in which the body 
turns against itself,” sums up the 
American oncologist Siddhartha 
Mukherjee in his book “The 
Emperor of All Maladies” 
(Scribner).

Cancer is the second leading 
cause of death worldwide, second 
only to cardiovascular disease. In 
2018 cancer is estimated to have 
caused the death of 9.6 million 
people, according to data from the 
World Health Organization. These 
numbers are predicted to increase 
with population aging, as age is a 
risk factor. 

“Cancer arises from the 
transformation of normal cells 
into cancer cells in a process 
undergoing various stages,” Nieto 
explains. It usually progresses 
from a pre-cancerous lesion to a 
malignant tumour. These changes 
result from the interaction 
between each individual’s genetic 
factors with three categories 
of external agents: physical 
carcinogens, such as ultraviolet 
or ionizing radiation; chemical 
carcinogens; and biological 
carcinogens, such as infection by 
certain viruses or parasites.

Coordinating between bench 
and bedside

“Basic research, aiming 
to discover the in-depth 
mechanisms of cancer in 
order to develop screening and 
treatment methods, requires 
improved coordination between 
researchers, clinical practitioners 
and other players, such as 
national health systems and 
industry,” explains Raúl V. 
Durán, CSIC researcher and 
vice-director of CABIMER, the 
centre for molecular biology and 
regenerative medicine based 
in Seville. “Only through this 

multidimensional approach will 
we be able to have a real impact 
on the lives of thousands of 
Spaniards and Europeans,” adds 
Durán, coordinator of the White 
Paper addressing the Cancer 
Challenge.

 The Salamanca-based 
CIC plays a central role in 
coordinating laboratories with 
the health system, adopting 
the structure of the USA 
Comprehensive Cancer Centre. 
These centres combine basic and 
applied research with clinical 
practice. 

The centre in Salamanca is 
one of the nodes in the network 
of institutions that research 

cancer in Spain. Forming 
part of this network is the 
CIBERONC (Network Centre for 
Biomedical Research on Cancer), 
a consortium under the wing 
of the Instituto de Salud Carlos 
III, which coordinates cancer 
research teams throughout Spain, 
and the SEOM, Spanish society for 
medical oncology. Collaboration 
also comes from the scientific and 
patients’ associations, ASEICA 
and AECC, respectively.  

Setting sights on a Virtual 
Cancer Institute 

One of the coordination 
infrastructures proposed 

by the CSIC White Paper is 
a Virtual Cancer Institute. 
This CSIC Institute will 
use a common network to 
join the various centres of 
the Agency that research 
cancer-related issues, such as 
pharmacology, nanotechnology 
and photonics, among others. 
“The multidisciplinary nature 
of the CSIC is a great asset 
that facilitates the various 
approaches required by basic 
cancer research,” Durán explains. 
The CSIC is strengthening this 
integrative approach through 
the coordination of various 
disciplines with a common goal. 

“The challenge of basic science 
in the field of oncology is to 
unravel the inner mechanisms 
of cancer cells and identify their 
defective parts in order to develop 
new therapeutic and diagnostic 
tools that will be useful to treat 

cancer patients in the near future,” 
explains Xosé R. Bustelo, CSIC 
researcher at the CIC and one of 
the coordinators of the CSIC White 
Paper cancer challenge.

“This is a difficult but also 
an exciting challenge, since 
this work requires in-depth 
knowledge of these cell changes 
and dysfunctions, as well as 
understanding how they develop 
throughout the life of tumours 
before, during and after being 
treated clinically,” adds Bustelo.  
The CSIC Biomedicine White 
Paper identifies four specific 
challenges for research in this 
area: the genetic and biological 
basis of tumour onset and 
development; the metastatic 
cascade; the body’s responses, and 
new diagnostic and therapeutic 
tools. The CSIC has teams that 
tackle each of these major 
scientific problems.

Cancer onset

In the field of understanding the 
onset and development of cancer, 
carcinogenesis or oncogenesis, 
the CIC in Salamanca works in 
several fields. Bustelo’s team 
investigates genetic dysfunctions 
and early signs associated with 
the origin, progression, metastasis 
and the pharmacological response 
of cancer patients. Their research 
focuses on peripheral lymphomas, 
acute lymphoblastic leukaemia, 
and cancers of the lung, ovary, 
head, and neck.

In the case of leukaemia (a 
type of cancer of the blood), 
researchers led by Maria Luisa 
Toribio at the CBM-CSIC-UAM 
(Centro de Biología Molecular 
Severo Ochoa), in Madrid, have 
identified cancer cell growth 
factors that could serve as a 
therapeutic target. So far, they 
have obtained promising results 
in mouse trials.

At CABIMER, in Seville, several 
teams study how the signalling 
mechanisms that control cell 
growth, division, metabolism 
and proliferation operate at the 

molecular level, how they are 
uncontrolled in tumour cells, 
and, above all, how they can be 
attacked to selectively eliminate 
cancer cells in patients. 

At the IBBTEC (Instituto de 
Biomedicina y Biotecnología de 
Cantabria), in Santander, the team 
led by Fernando Calvo addresses 
the tumour microenvironment, 
in other words, the components 
interwoven with cancer cells. 
They have found growth factors 
in aggressive tumours of the 
breast, ovaries and colon in 
this environment.  At the IBIS 
(Instituto de Biomedicina de 
Sevilla), in coordination with the 
Hospital Universitario Virgen 
del Rocío, Amancio Carnero’s 
research team has found new 
mutations of the spinophyllin 
gene in human tumours, which 
promote tumour growth and 
increase their malignancy.

Another fundamental cancer 
mechanism is programmed cell 
death, known as apoptosis. This 
process enables cells to die when 
they have fulfilled their function, 
for the benefit of the body as 
a whole. In cancer cells, this 
mechanism is blocked, causing 
cells that should die to continue to 
reproduce recklessly. At the IIBB-
CSIC (Instituto de Investigaciones 
Biomédicas de Barcelona), 
the research team led by José 
Fernández Checa studies cell-
death dysfunction in liver cancer.

Metastatic cascade

“Metastasis is the spread of 
cancer cells from a primary 
tumour to other tissues or 
organs where they give rise to 
secondary tumours,”   explains 
Ángela Nieto. Some cancer cells 
gain the ability to penetrate 
lymph or blood vessels and 
from there they travel through 
the bloodstream to other body 
tissues. “Understanding the 
processes involved in metastasis 
is crucial as it is the cause of over 
90% of cancer-related deaths,” 
Nieto adds. 

RESEARCH CHALLENGES CHALLENGES RESEARCH
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We will be able to turn cancer into just 
another chronic disease” 
Eugenio Santos (CIC)

Miguel Campanero, 
researcher at the Centro de 
Biología Molecular Severo 
Ochoa. / GEMA DE LA ASUNCIÓN



Nieto’s team investigates 
one of the key mechanisms 
of the cascade of metastatic 
reactions, the so-called epithelial-
mesenchymal transition. In 
origin, this process plays an 
essential role in embryonic 
development: it allows immobile 
epithelial cells to become mobile 
cells, thus enabling them to move 
to form organs and tissues of 
the developing embryo. They 
are programmed so that once 
they have fulfilled their function 
they stop moving. However, this 
process, which is fundamental 
in the embryo, can be harmful if 
reactivated in adulthood, since it 
can promote the spread of cancer 
cells to generate secondary 
tumours. 

Several CSIC teams study other 
metastatic cascade processes 
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Cancer treatments in the 
next decade will focus on 
combining the three therapeutic 
pillars: surgery, chemotherapy 
and radiotherapy, in addition 
to precision medicine and 
immunotherapy. Basic science 
on chemotherapy studies more 
effective drug combinations. At 
the CIC in Salamanca, researchers 
led by Atanasio Pandiella, in 
coordination with doctor Alberto 
Ocaña at the Hospital Clínico 
San Carlos in Madrid, have tested 
the effectiveness of combining 
a new drug (MZ1, which attacks 
cell growth proteins) with the 
trastuzumab antibody (of proven 
effectiveness) to treat a type of 
breast cancer (HER2+) and avoid 
resistance.

The use of nanoparticles 
opens up a new field of therapy 
exploration in which several 
CSIC groups are working. A trial 
led by Laura Asín based at the 
CSIC-Universidad de Zaragoza 
joint centre INMA-CSIC-UNIZAR 
(Instituto de Nanociencia y 
Materiales de Aragón), has 
shown the effectiveness of using 
magnetic nanoparticles to treat 
pancreatic cancer in mice. These 
particles are injected into the 
tumour, where they are heated 

with a magnetic field to weaken 
the extra-tumoural matrix and 
facilitate drug entry.  

One of the most promising 
treatments is immunotherapy. 
It consists of using and 
strengthening the patient’s 
immune system to recognize 
and fight cancer cells, without 
damaging healthy tissues. “Just 
as the immune system defends 
us from numerous pathogens, it 
could defend us from cancers. 
That way cancer would become 
chronic but not progress,” says 
Santos Mañes, researcher at the 
CNB-CSIC (Centro Nacional de 
Biotecnología), who is seeking 
ways to weaken cancer cells to 
make the immune defence more 
effective. 
Strengthening coordination 
between laboratories, companies 
and the health system, and 
enhancing synergies between 
various disciplines, the CSIC 
takes on the challenge of 
promoting basic cancer research. 
Such actions will provide the 
fundamental knowledge required 
to develop more effective 
diagnostic methods and better 
treatments, and thus tackle this 
huge biomedical challenge we 
face in the coming decades. 

Personalized medicine seeks to understand 
the specific molecular and cellular 
characteristics of each tumour, in order to 
apply specific therapies that work for each 
patient”   
Raúl V. Durán (CABIMER)

a risk factor for carcinogenesis 
(including the influence of the 
microbiome), the interaction of 
the tumour with the nervous 
and vascular systems, and its 
relationship with the immune 
system.”  Several teams from 
various CSIC centres are 
specialized in these different 
approaches to investigating 
the body’s response to cancer. 
Durán’s team investigates the 
processes by which cancer cells 
reprogramme cell metabolism, 
that is, the set of chemical 
reactions that enable them to 
obtain the energy and matter 
to reproduce. At the CBM-CSIC-
UAM, in Madrid, Miguel Ramón 
Campanero’s  research team 
studies the interaction of cancer 
with the vascular system, in 
leukaemia and lymphomas. 

Diagnostic and  
therapeutic tools

The fourth level of basic cancer 
research is the development of 
new diagnostic and therapeutic 
tools. “The same type of tumour 
can differ greatly between two 
patients at the molecular and 
physiological levels. And even 
in the same patient, the cancer 

that are key to unravelling the 
spread of cancer and thus help 
fight it. These include cancer 
cell interaction with the tumour 
environment, early diagnosis of 
disseminated-cell malignancy, 
the threat of residual or 
dormant cancer and lymphatic 
dissemination.

Systemic response

On a third level, after 
carcinogenesis at the cellular 
level and metastasis, there is 
the study of cancer from the 
systemic perspective: tumours 
behave like organs that interact 
with the host, that is, the patient. 
Durán explains how “these 
systemic processes include the 
metabolic reprogramming of 
cells, chronic inflammation as 

RESEARCH CHALLENGES CHALLENGES RESEARCH

cells themselves can be very 
different between the primary 
tumour and the secondary 
tumours caused by metastasis,” 
Durán explains. “What is 
more, the tumour can develop 
differently in time and space, 
depending on physiological 
circumstances or drug 
treatments,” he adds. 

“This inevitably leads us 
to personalized medicine: the 
detailed knowledge of the 
specific molecular and cellular 
characteristics of each tumour, in 
order to apply specific therapies 
that work for each patient,” Durán 
goes on to tell us. Functional 
genomics plays a key role in 
personalized medicine, which 
uses big data to gain insight into 
the complete functioning of the 
genome in search of therapeutic 
targets.

At the CSIC several research 
projects are underway to obtain 
new detection methods and 
treatments. The research team 
led by Javier Tamayo, at the 
IMN-CSIC (Instituto de Micro y 
Nanotecnología), is testing nano-
devices capable of identifying 
cancer biomarkers from the 
mobile, mechanical and optical 
properties of cells. 

Physicist Javier Tamayo, at the IMN, is developing detectors to identify tumour biomarkers. / GEMA DE LA ASUNCIÓN Animal cell undergoing programmed death. / CIC
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alterations occur within our body 
cells,” adds Bustelo. 

During cell division, when the 
information of each cell (its DNA) 
is copied, random alterations 
(mutations) —due to the natural 
process of cell division or to 
some external physical, chemical 
or biological agent— can occur, 
affecting that information 
that gives instructions to 
the cell. Many mutations are 
inconsequential, others beneficial, 
but in some cases they can 
activate oncogenes or deactivate 
suppressor genes. It is usually 
the accumulation of mutations 
in several of these genes that 
triggers the tumour process. 

“The most difficult problem 
to solve when tackling cancer is 
that the tumour does not retain 
these original mutations alone,” 
Bustelo says. “On the contrary, the 
very process of conversion from a 
normal cell to a tumour is that the 
progeny of the latter progressively 
accumulate thousands of 
mutations throughout the 
tumour,” he explains. 

This is what makes cancer a 
clinical challenge, according to 
Bustelo: “This hinders diagnosis 
and treatment because even 
patients with the same tumour 
can have different mutations and, 
therefore, different dysfunctional 
biological processes.”  

Survival machines

In this process, natural selection 
occurs when a group of these 
mutations offers a selective 
advantage to the cell, such as a 
faster growth rate, improved use 
of metabolic resources, immune 
system evasion or escape from 
programmed cell death (apoptosis). 

“By providing a proliferative 
advantage to the cell, this will 
cause it to expand in the tissue 
of origin, having lost all the 
controls that make it behave like 
its neighbours,” Bustelo explains. 
From that point, cancer cells 
behave blindly, like machines 
programmed to survive. 

All cancers start with 
specific changes in 
our cells. In cell nuclei, 
the genes regulating 

cell division –the basic cell-
reproduction mechanism– 
undergo mutations that 
accumulate and disrupt their 
functioning. 

Then the cell begins to 
proliferate uncontrollably to 
form a tumour, which can end 
up killing the very organism in 
which it develops. At the CSIC, 
several research teams study 
these mechanisms that spark and 
promote cancer, in order to gain 
the basic knowledge required to 
develop detection methods and 
better treatments.

These key genes are 
called oncogenes and tumour 
suppressor genes, whose 
potential mutation can give rise 
to cancer cells. These genes can 
be described as the accelerators 
(oncogenes) and brakes 
(suppressors) of a ‘car’, in other 
words the cell. 

“Just as slamming on the brakes 
or stepping on the accelerator of a 
car can cause an accident, when 
these genes mutate the ‘accident’ 
would be cancer,” explains 
Eugenio Santos, CSIC biologist and 
Director of the CIC-CSIC-USAL, 
the Salamanca-based CSIC-
Universidad de Salamanca joint 
cancer research centre. 

“In the suppressor genes and 
proto-oncogenes that generate 
cancer, some (suppressors) 
have brake-like characteristics 
and others (oncogenes) act like 
accelerators, and are key elements 
in controlling cell proliferation. 
The brake, the accelerator or 
even both can fail, which is what 
usually happens in cancer, and 
this leads to tumour formation,” 
Santos explains.

“Cancer onset follows a 
strict Darwinian mechanism, 
which combines mutations and 
selection,” clarifies the biologist 
Xosé Bustelo from the CIC in 
Salamanca. “Cancer originates 
because harmful genetic 

July 2021 · CSIC INVESTIGA 13 

ONCOGENESIS RESEARCH RESEARCH  ONCOGENESIS

Nanopartículas para 
atacar tumores  
y nuevos sistemas  
de diagnóstico

Equipos del CSIC logran dispositivos para obtener mamografías 
más eficaces y biopsias en tiempo real, prueban nuevos 
biomarcadores, y ensayan hidrogeles con linfocitos T  
y nanomedicinas para atacar el cáncer

Deciphering the 
genetic codes  
of cancer

By Abel Grau

CSIC teams delve into the mechanisms that turn 
normal cells into selfish cells, in the quest to obtain 
fundamental knowledge required to develop new, 
more accurate diagnostic methods and more 
effective treatments 

Mouse embryonic connective tissue 
cells (fibroblasts). Cytoskeleton (red), 
lipid droplets (green) and nucleus 
(blue). / CIC



“Cancer cells have evolved 
to avoid detection,” explains 
Josef Vormoor, oncologist 
at the Princess Máxima 
Centre for Paediatric Oncology 
in Utrecht (The Netherlands), in 
Bill Bryson’s ‘The Body: A Guide 
for Occupants’. “They can hide 
from drugs. They can develop 
resistance. They can recruit other 
cells to help them. They can go 
into hibernation and wait for 
circumstances to improve. They 
can do all kinds of things to make 
it harder for us to kill them.” 

In the last three decades, 
basic research has focused on 
identifying and characterizing the 
functions of these mutations that 
grant this selective advantage 
to cancer cells, according to the 
Cancer Challenge of the CSIC 
White Paper on Biomedicine. 

“Analysis of nearly 2,658 
complete cancer genomes from 
38 tumour types has revealed that 
genomic events (mutations) are at 
the base of virtually all tumours, 
each of which carries a minimum 
of 4.6 causal mutations, on 
average,” the White Paper notes.  

Thanks to the sequencing 
technologies operative in the last 
decade, research has shown that 
these causal mutation episodes 
work in coordination with 
alterations in the same cell. These 
may be of genomic, epigenomic 
(modulation in gene expression 
that does not affect the DNA 
sequence) and epitranscriptomic 
(modulation in gene transcription 
that does not affect the 
messenger RNA sequence) origin. 

“The challenge is to integrate 
all this molecular information on 
the interactions at the cellular 
and organism levels, which occur 
between the tumour and the host, 
and to determine the outcome of 
the cancer and patient survival,” 
states the White Paper.

Malignancy pathways

Bustelo explains the work 
underway in his laboratory: 
“We want to distinguish causal 

mutations from those that are not 
and, from there, to clarify how 
these mutated genes work, both 
in their normal and altered form. 
We also want to validate them 
as therapeutic targets in order to 
identify anticancer inhibitors.” 

“Another goal is to develop 
diagnostic genetic signatures 
based on our knowledge of the 
cellular processes that these 
mutated genes induce in cancer 
cells,” the researcher tells us. 
“Currently, this work focuses on 
several types of tumours, such as 
lung, ovarian, head and neck, and 
blood cells,” explains Bustelo. 

Bustelo’s team has recently 
found a biological pathway 
that explains the onset and 
maintenance of the malignant 
properties of head and neck cancer 
cells, which have low survival 
rates. In a study carried out together 
with the Centre for Biomedical 
Research in Oncology Network 
(CIBERONC), these researchers 
have described the deregulation of 

a specific oncogene, called Vav2, 
which promotes the appearance 
and maintenance of malignant 
properties in healthy cells. This, 
combined with additional genetic 
alterations, accelerates the 
development of head and neck 
tumours.

“In this trial, carried out in 
mice, we have also shown that by 
inactivating key elements of this 
pathological programme we can 
revert malignant cell behaviour 
to that of healthy cells,” says 
Bustelo. Using mouse models “we 
observed that the uncontrolled 
activation of Vav2 altered the 
behaviour of normal cells, leading 
them to reproduce the first 
characteristics of these tumours. 
Moreover, in combination with 
other genetic alterations, these 
mice were observed to develop 
tumours very quickly,” adds 
Bustelo.

This research is basic science, 
but it promises potential clinical 
applications, such as identifying 

therapeutic targets to develop 
drugs and obtaining a diagnostic 
marker that helps to classify 
patients into groups having good 
or bad prognosis.

Common denominator

“Cancer is an entirely internal 
phenomenon, one of those cases 
in which the body turns against 
itself,” sums up the American 
oncologist Siddhartha Mukherjee 
in the book “The Emperor of All 
Maladies” (Scribner). In his book, 
Mukherjee cites the germinal 
article in the journal Cell from the 
year 2000 that listed six essential 
alterations of all cancer cells:

1.  They acquire an autonomous 
drive to proliferate due to the 
activation of oncogenes.

2.  They ignore the body’s signals 
to inhibit growth. They disable 
tumour suppressor genes.

3.  They evade programmed 
cell death (apoptosis). They 

inactivate the genes and 
pathways that allow cells to 
die.

4.  They have limitless replicative 
potential: they activate gene 
pathways that render them 
immortal.

5.  They acquire sustained 
angiogenesis: they are able 
to draw out their own blood 
supply and blood vessels

6.  Tissue invasion and 
metastasis. They have the 
ability to migrate to other 
organs, invade tissues and 
colonize organs, and spread 
throughout the body.

Delving into the cell 
ecosystem

At the IBBTEC (Instituto de 
Biomedicina y Biotecnología de 
Cantabria), in Santander, the team 
led by Fernando Calvo addresses 
the tumour microenvironment, 
in other words, the components 
interwoven with cancer cells. 

His group focuses on identifying 
factors associated with the 
microenvironment that contribute 
to tumour development.

Recently, they have identified 
a factor that regulates the ability 
of cancer-associated fibroblasts 
(a type of connective tissue) 
to promote cancer growth and 
tumour invasion in breast, 
ovarian, and colon tumours. 
When this factor is expressed in 
fibroblasts, it indicates the patient 
will develop the disease faster and 
develop more aggressive tumours.

“The identification of this new 
factor, called Dkk3, will enable us 
to investigate new therapeutic 
strategies in the future,” says 
Calvo. “We are very interested in 
validating our observations in 
a therapeutic context. In other 
words, we want to investigate 
whether modulating Dkk3 activity 
in cancer-associated fibroblasts 
is able to improve the efficacy 
of current therapies, with the 
consequent benefit for patients.”

Calvo explains that “cancer is 
not just composed of cancer cells, 
but, as in any other organ, there is 
also a large proportion of normal 
cells. These include blood vessel-
forming endothelial cells that 
nourish the tumour; fibroblasts, 
which generate tissue and organ 
maintenance structures, and 
immune cells that patrol the 
organs and defend them from 
pathogens, among others.”

The researcher adds that 
cancer cells take over this 
microenvironment. The normal 
cells are usually corrupted by 
cancer and fail to function 
properly.  “On the contrary, they 
are known to participate in 
very important cancer-related 
processes such as growth, 
invasion, metastasis or resistance 
to therapies, so that is why they 
are the focus of numerous and 
important research works.” 
Cancer-associated fibroblasts 
are among the cells that fail to 
function properly and, in this 
context, research has identified 
the Dkk3 factor.
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Sandra Blanco, cancer transcriptomics expert at the CIC cancer research centre. 
 / CÉSAR HERNÁNDEZ

Scientist Atanasio Pandiella researches drug combinations to treat breast cancer. / CÉSAR HERNÁNDEZ



Mutations in breast cancer

Oncogenic mutations are also 
being investigated by Amancio 
Carnero’s research team at the 
IBIS (Instituto de Biomedicina 
de Sevilla), in coordination with 
the Virgen del Rocío University 
Hospital and CIBERONC. These 
researchers have identified new 
mutations of the spinophyllin 
(Spn) gene in human tumours. 
This gene normally acts as 
a suppressor (or cell brake) 
which, when deregulated by 
the mutation, promotes tumour 
growth and proliferation, and 
increases tumour malignancy, 
especially in breast cancer.

“The spinophyllin gene is an 
important tumour suppressor 
involved in the progression and 
malignancy of many types of 
tumours, including breast cancer,” 
explains Carnero. “We have 
identified and characterized an 
oncogenic mutation of the Spn 
gene that is repeatedly found 
in different human tumours, 
called Spn-A566v, which affects 
its suppressive function and 
facilitates proliferation.” 

“Dysfunction of the 
spinophyllin gene function due to 
mutation is essential to promote 
the appearance of tumours, 
increasing the number of cancer 
stem cells and ultimately 
contributing to metastasis and 
resistance in tumours,” explains 
researcher Eva M. Verdugo, 
corresponding author of the study.

Cells carrying the 
aforementioned mutation exhibit 
a deregulated cell cycle. It also 
increases tumour stem cells, which 
affect breast cancer, says the 
researcher. The identification of 
this mutation could serve as a basis 
for diagnostic methods and also as 
a therapeutic target for drugs.

Fleeing from programmed 
cell death

One of the fundamental 
mechanisms underlying the 
origin and progression of cancer, 
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mechanism of cell division and 
survival. In cells, DNA encodes 
messages transcribed by 
messenger RNA, which carries 
them to the ribosomes. There 
these instructions produce the 
proteins that are the building 
blocks of fluids, tissues and 
organs and, ultimately, of the 
functioning of life. 

“Just as epigenetics studies 
the chemical changes that 
alter gene expression without 
altering the DNA sequence, we 
study epitranscriptomics, that 
is, the chemical changes in the 
transcription of genes to proteins, 
which do not affect the RNA 
sequence,” explains Blanco. Her 
team recently conducted a study 
of the most relevant chemical 
modifications in RNA, also called 
epitranscriptomic marks. “If we 
could reverse these marks, which 
can be misplaced by cancer,” 

explains Blanco, “we would be 
able to control gene expression 
or the activity of certain proteins 
and, therefore, provide the new 
pharmacological targets against 
cancer.”

Antibodies hampering 
leukaemia

At the CBM-CSIC-UAM (Centro 
de Biología Molecular Severo 
Ochoa), Maria Luisa Toribio’s 
team has identified a cellular 
pathway in mice that could 
prevent the progression of acute 
lymphoblastic leukaemia. This 
type of cancer mainly develops 
during childhood and is triggered 
by tumour-related alterations 
in the T or B lymphocyte stem 
cells. Her research group has 
detected a growth factor receptor 
whose activity underpins disease 
progression and spreading.

“We have tested new 
therapeutic strategies aimed 
at blocking signals induced by 
the interleukin 7 receptor (a key 
protein in cell communication) in 
mice transplanted with patients’ 
acute lymphoblastic leukaemia 
cells,” explains Toribio. 

“We have shown that, after 
blocking receptor function in mice, 
the leukaemia cells are unable to 
divide, hampering the progression 
of human leukaemia. Furthermore, 
this receptor is essential for the 
survival and expansion of the 
cells that triggered the leukaemia, 
which are responsible for tumour 
recurrence after treatment,” 
explains the researcher.

“Our goal is to be able to target 
and eliminate them, without 
affecting healthy cells, in order 
to reduce the adverse effects of 
intensive chemotherapy and 
prevent relapses. The use of 
antibodies capable of blocking 
this receptor’s activity is 
therefore seen as a novel and 
powerful immunotherapeutic 
strategy, which will significantly 
improve the life quality and 
expectancy of these patients,” 
concludes Toribio.  

Cancer cells act blindly, like machines  
programmed to survive”

Investigaciones Biomédicas de 
Barcelona), the team led by José 
Fernández Checa studies liver 
diseases. One of his research 
fields focuses on cell-death 
alterations in liver cancer. They 
investigate the regulation of 
cellular and molecular events 
involved in liver cancer onset 
and development in search of 
better diagnostic and treatment 
procedures. 

Genomic instability

In cell division, it is crucial to 
observe the processes that alter 
genome stability, the ‘software’ 
of each cell. For cells to divide 

as stated in the Cell journal article 
published in 2000, is the avoidance 
of programmed cell death or 
apoptosis. Apoptosis enables cells 
to die when they have fulfilled 
their function, for the benefit of 
the body as a whole. In cancer 
cells, this mechanism is blocked, 
causing cells that should die to 
continue reproducing recklessly. 

They are selfish cells, as Bryson 
writes in ‘The body: A Guide for 
Occupants’. “Normally, human 
cells do their job and then die on 
demand when other cells order 
them to do so for the sake of the 
body; cancer cells do not proliferate 
entirely in their own interest.”

At the IIBB-CSIC (Instituto de 

and function normally, their 
genetic information must be 
transmitted reliably. In cancer 
cells, however, this information 
usually changes in a very high 
proportion. This is what is 
known as ‘genomic instability’, 
which is the study focus of the 
research team led by Andrés 
López-Contreras at CABIMER. 
“This genome instability sparks 
the accumulation of chromosome 
mutations and rearrangements 
that affect the cell’s genetic 
programming,” López-Contreras 
tells us, then adds: “This increases 
the risk of altering tumour 
suppressor function and the 
genes involved in metastases, 
responsible for the appearance 
and spread of tumours.”  

In search of therapeutic 
targets, Sandra Blanco’s research 
team, at the CIC in Salamanca, 
studies another essential 

María Luisa Toribio, from CBM, 
investigates acute lymphoblastic 

leukaemia.  / ASIS AYERBE
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cells that can migrate to form 
the organs and tissues of the 
developing embryo. 

These mobile cells are 
programmed to stop moving 
once they have fulfilled their 
role in embryo development. 
Paradoxically, this mechanism, 
which is fundamental for 
the life of the embryo, can be 
very harmful if reactivated in 
adulthood, since it can help 
cancer cells to spread and 
colonize other tissues and 
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J ust a few decades ago, 
our weapons to fight 
cancer were limited to 
surgery, chemotherapy and 

radiotherapy. Currently, there are 
more personalized and effective 
therapies such as targeted and 
hormone therapy, immunotherapy, 
photodynamics and other 
advances, which have achieved 
more selective treatments against 
malignant cells. 

With these new weapons, 
survival has increased. 

However, this achievement is 
overshadowed by metastases, 
namely, the production of 
secondary tumours, which are 
usually resistant to the treatments 
that managed to get rid of the 
original tumour from which they 
derived.  

Even when it seems as if 
the battle against cancer has 
been won, some cells may have 
escaped from the initial tumour 
and nested in other organs, 
remaining hidden, invisible to 

the immune system. It can take 
years for them to show their 
faces. And with poor prognosis: 
90% of deaths from cancer are 
due to metastases. That is why 
unravelling all their secrets is 
a priority. The CSIC has several 
research teams investigating 
the mechanisms underlying 
metastasis. These studies will 
generate basic knowledge that 
will provide the basis for future 
detection and treatment methods.

At the IN-CSIC-UMH (Instituto 

de Neurociencias) in Alicante, 
joint centre formed by the CSIC 
and the Universidad Miguel 
Hernández in Elche, the team 
led by biologist Ángela Nieto is 
investigating one of the essential 
mechanisms underpinning 
the cascade of metastatic 
reactions, the so-called epithelial-
mesenchymal transition. This is 
a process that plays an essential 
role in embryo development, 
because it enables immobile 
epithelial cells to become mobile 

CSIC teams are working to unravel the process that 
causes 90% of cancer deaths: the mechanisms used 
by cancer cells to migrate from a primary tumour to 
nest in other tissues and produce secondary tumours

By Pilar Quijada Garaballu

Metastasis,  
cancer’s  
dangerous  
journey

We must put the 
spotlight on the 
metastatic niche: 
the environment 
colonized by 
migrating cells”
Ángela Nieto (IN)

Image of a cancer cell at the  
time of division. / ADOBE STOCK



organs, where they can produce 
secondary tumours. 

“We must continue to study 
primary tumours, especially 
cell heterogeneity. The cells in 
a tumour are not all the same, 
they can even perform different 
functions. And tumours evolve, 
acquire new mutations that 
modify their malignancy,” Nieto 
warns us. But, also, we must now 
focus on analysing the metastatic 
niche: i.e., the environment that 
will be colonized by these cells 
which spread due to embryonic 
gene activation.

The internal communication 
pathways of cells

“Metastasis is the key in the 
fight against cancer,” says Berta 
Casar, CSIC researcher at the 
IBBTEC (Instituto de Biomedicina 
y Biotecnología de Cantabria), in 
Santander. Casar, trained at the 
Scripps Research Institute (USA), 
leads a group that investigates the 
molecular processes regulating 
metastasis of melanoma (the 
most aggressive skin cancer), 
prostate cancer and pancreatic 
cancer. 

Casar tells us that kinase 
proteins play a key role in 
these processes. These are sort 
of internal cell messengers 
that are sensitive to external 
stimuli and transmit signals to 
cells in order to trigger various 
responses. Kinases are a type 
of protein, involved in eliciting 
cell responses to various stimuli, 
such as growth factors, cytokines, 
viruses or carcinogens. Above all, 
protein kinases regulate key cell 
functions, such as proliferation, 
gene expression, differentiation, 
mitosis, cell survival and 
programmed cell death, all of 
which are fundamental processes 
in the origin and development of 
cancer.

“Our research group takes 
a multidisciplinary approach, 
which consists of using tumour 
lines, animal models and 
patient samples, to understand 

how protein kinase activation 
induces tumour progression 
and resistance to conventional 
therapies,” Casar explains. This 
type of protein could become 
a target for drugs in treatment 
against metastasis.

“We have identified that the 
specific activation of ERK protein 
kinase triggers the invasion and 
metastasis of melanoma, lung 
cancer and breast cancer,” says 
Casar. “Moreover, we are studying 
cancer cells’ ability to adapt and 
develop resistance by modifying 
their specific protein activation 
profiles. This mechanism is 
fundamental to understanding 
cancer malignancy, since it 

enables cancer cells to develop 
resistance to both targeted 
therapies and immunotherapies, 
and this promotes the appearance 
of metastatic disease,” she adds. 
Casar believes that drugs able to 
deactivate these proteins could be 
used in cancer treatment. 

Also, phosphorylation in 
residues specific to these proteins 
[phosphorylation is a reaction 
that occurs in response to growth 
factors, hormones, or drugs] could 
serve as resistance biomarkers 
to better classify patients with 
melanoma, lung cancer, or breast 
cancer.  

Tumour resistance to therapies 
poses a considerable challenge. 

In the case of melanoma, for 
example, 250,000 cases are 
diagnosed worldwide each year 
and some 50,000 people receive 
treatment that is ineffective, 
suffering the side effects and 
wasting healthcare resources. “In 
order to know whether a patient 
will respond well to treatment, 
we have developed and patented 
a method based on a specific 
antibody, which could be used 
as a predictive biomarker of 
response in the future,” Casar 
reveals.

“If we are able to understand 
the molecular mechanisms that 
make cancer cells so adaptable 
to drugs, we can prevent them 

from becoming resistant to 
treatments, and improve patients’ 
prognosis and treatment through 
personalized medicine,” says the 
researcher.

Mobile cells that spread

Most metastatic cells that reach 
the bloodstream die before they 
reach other organs. “Only a few 
acquire the superpowers needed 
to escape, almost intelligently, 
the adverse environment they 
find in the different organs 
they colonize,” explains CSIC 
researcher Toni Celià-Terrassa, 
who also emphasizes that 
the greatest challenge in the 
fight against cancer is to cure 
metastases.

Celià-Terrassa studies 
the mechanisms by which 
malignant mammary stem cells 
are protected from the immune 
system. He did his PhD at the 
IBMB-CSIC (Instituto de Biología 
Molecular) in Barcelona, with 
researcher Timothy Thomson. 

Resulting from this work, in 
2012 he published a study led by 
Thomson in which they reported 
that the epithelial-mesenchymal 
transition, which confers cells 
with mobility and enables them 
to spread, must be reversed 
upon reaching the target organs, 
where the invading cells need to 
maintain the properties of stem 
cells in order to proliferate. 

“Soon after, the team led by 
Ángela Nieto, world reference 
in epithelium-mesenchymal 
transition, published another very 
important, more robust study that 

was in accordance with ours,” 
explains Celià-Terassa. These 
studies represented a paradigm 
shift in how the epithelial-
mesenchymal transition 
contributes to the spreading of 
cancer.

During his postdoctoral 
placement at the laboratory of Dr. 
Yibin Kang, an expert in breast 
cancer metastasis at Princeton 
University (USA), Celià-Terrassa 
was able to investigate the 
properties of metastatic cells in 
greater depth. These properties 
are similar to those of stem 
cells, which confer advantages 
to colonize different organs. 
“I studied the different types 
of epithelial-mesenchymal 
transition and found that cancer 
stem cells hardly respond 
to interferon in the tumour 
environment.” Interferon is 
produced in response to the 
presence of various pathogens 
and cancer cells. “Currently we 
focus on studying how metastatic 
cells in breast cancer are 
recognized, and how we can boost 
the interferon response to react to 
immunotherapy,” he explains.

Melanoma and brain 
metastasis

Researcher Berta L. Sánchez-
Laorden, an expert on brain 
metastasis, is also carrying out 
her research at the IN. It focuses 
on the metastasis of melanoma, 
which together with breast and 
lung cancer is one of the tumours 
that most frequently metastasizes 
to the brain.
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Patients who develop metastases in the 
brain have low survival rates because they 
do not respond to treatment, which is due 
to the unique characteristics of the brain 
microenvironment”
Berta L. Sánchez-Laorden (IN)

Brain metastasis of melanoma in a mouse. /IN
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Sánchez-Laorden trained at 
the National Cancer Institute of 
the United States and Imperial 
College (United Kingdom), where 
she carried out extensive research 
on melanoma. In mid-2014, she 
returned to Spain and began 
working at the IN with Professor 
Nieto. Since 2017 she has directed 
the laboratory specialising 
in Phenotypic Plasticity in 
Melanoma at this Severo Ochoa 
Centre of Excellence. 

Her research has helped 
to understand key aspects 
of melanoma biology: the 
mechanisms that promote its 
onset, metastasis, and resistance 
to therapies. Her profile combines 
previous knowledge about cancer 
with that acquired at the IN, 
which focuses on studying the 
brain. 

Her laboratory is interested 
in understanding how the 
reactivation of embryonic 
developmental factors contribute 
to melanoma progression, as well 
as in discovering how the tumour 
microenvironment favours the 
growth of metastases in the brain, 

a preferential site for this type of 
cancer. 

“We want to understand how 
interactions between melanoma 
cells and cells residing in the 
brain promote brain metastasis. 
We are especially interested in 
microglia, which are immune-
system cells residing in the brain, 
and oligodendroglia, another cell 
population that could regulate 
metastasis growth,” she explains.

Sánchez-Laorden adds that 
although the development 
of targeted therapies and 
immunotherapy has significantly 
improved melanoma treatment, 
patients who develop metastases 
in the brain have low survival 
rates. This is because they do not 

respond to treatment due to the 
unique characteristics of the brain 
microenvironment, which differs 
from all other organs.

There are additional factors 
that make it difficult to fight 
metastases in the brain. These 
include the blood-brain barrier, 
which isolates and protects the 
brain from foreign substances, 
including drugs. Another factor 
that works against us is the 
brain’s immune system, which is 
activated with the arrival of the 
first metastatic cells and produces 
inflammation. This inflammation 
is beneficial for a limited time, 
but in the long term it promotes 
tumour growth. “Cancer cells 
‘educate’ cells in the brain’s 

immune system and turn them 
into allies to help them develop 
metastasis,” explains Dr. Sánchez-
Laorden. 

With the aim of designing 
better therapeutic strategies, her 
group takes a multidisciplinary 
approach, embracing oncology 
and neuroscience. “This approach 
enables us to better understand 
the biology of melanoma with 
brain metastasis and see how the 
brain immune system evolves 
in response to treatments,” she 
explains.

The environment facilitating 
tumour migration

At CIC-CSIC-USAL, a joint CSIC-
Universidad de Salamanca centre, 
the chemist Miguel Vicente-
Manzanares is investigating 
how cancer cells interact with 
their environment to migrate 
elsewhere. 

In 2020 his team saw that 
myosin 2, “a motor protein that 
converts chemical energy into 
mechanical energy”, regulates 
tissue stiffness and is able to act 

as a molecular sensor for the cell 
to decide whether it should move 
or not. “This is very important in 
the tumour environment, because 
it enables metastasis to form in 
places other than the primary 
tumour,” says Vicente-Manzanares. 

Part of the process of solid 
tumour formation involves a 
change in stiffness, explains the 
expert, because cells proliferate 
and migrate better in a stiffer 
environment. “It’s like athletes, 
who prefer to run on an asphalt 
track, because it is easier to grip,” 
explains Vicente-Manzanares.

Increased substrate stiffness 
boosts myosin activity, which 
tenses the cells and makes the 
environment even more rigid, 
creating a vicious cycle. Now, 
giving a new direction to his 
research, he wants to hone in 
on this motor protein: “We are 
pretty skilled in microscopy, and, 
together with Alberto Pendás, 
also from the CIC, we have 
acquired two super-resolution 
microscopes. One of them, using 
evanescent-field microscopy 
combined with optogenetics, can 

manipulate the cells with light 
and see processes in the order of 
milliseconds. That is impossible 
with optical microscopy,” he adds. 

“The other single-molecule 
localization microscopy (SMLM), 
with high-resolution, high-
velocity algorithms, can infer 
the position of a single molecule 
within the cell and whether it 
is active or inactive, anchored 
to the membrane or part of 
the cytoplasmic flow. Vicente-
Manzanares tells us that although 
these techniques have been 
applied separately for many years, 
the combination of them all to 
study cancer is pioneering. 

Antibodies for colorectal 
cancer

A classic technique to treat 
tumour metastases is the 
development of therapeutic 
antibodies. This is the approach 
taken by Ignacio Casal at the CIB-
CSIC (Centro de Investigaciones 
Biológicas Margarita Salas) 
in Madrid. In a publication in 
January 2020, the Casal team 
reported that inhibition of the 
protein tyrosine phosphatase-
1B disrupts IL13Ra2-promoted 
invasion and metastasis in 
cancer cells.  “The use of specific 
protein tyrosine phosphatase-1B 
inhibitors represents a promising 
therapeutic strategy in multiple 
types of cancer, including 
glioblastoma,” says Casal. 

In another more recent work, 
from April 2021, Casal’s team 
has described the ability of an 
IL13Ra2-specific monoclonal 
antibody to block IL13Ra2-
mediated signalling of IL-13 in 
colorectal cancer cells. “Blocking 
this antibody signalling leads 
to the complete inhibition of 
liver metastasis caused by 
colorectal cancer and, therefore, 
has important therapeutic 
applications,” says Casal.

All these approaches add 
up when it comes to defeating 
a cruel enemy like metastasis. 
Cancer 2.0. 

Only a few metastatic cells acquire  
the superpowers needed to evade the 
adverse environment they find in the  
organs they colonize”
Toni Celià-Terrassa

Microscope image of metastatic cancer cells. / CIC Multiwell culture plate. / IMN
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Sciences and National Research 
Awardee, leads a team of 20 
scientists at the IN-CSIC-UMH 
(Instituto de Neurociencias de 
Alicante), a joint CSIC centre 
with the Universidad Miguel 
Hernández, accredited as a Severo 
Ochoa Centre of Excellence.

Question: Is metastasis the 
greatest challenge facing cancer 
treatment?
Answer: Indeed, metastasis is 
responsible for more than 90% of 
cancer-related deaths. 

Q: Your research focuses on 
unravelling the mechanisms 
underpinning the spread of 
cancer cells from the primary 
tumour to other parts of the body.
A: That’s right; it’s one of our 
research topics. For decades, 
cancer research has focused on 
the primary tumour. Thanks to this 
approach, progress has been made 
in patient survival. But clearly we 
also need to look at the stage at 
which cancer cells spread from 
the primary tumour and colonize 
distant organs. Our research group 
has been working for more than 
25 years on the idea that, in the 
progression of cancer towards 
metastasis, there is an aberrant 
activation of embryonic genes. 

Q: What does this activation 
involve and what are the 
consequences?
A: Years ago we discovered 
some genes that are essential for 
embryo development because 
they render the cells with the 
ability to migrate. This makes 
sense because during embryonic 
development, many cells are born 
far from their final destination, 
so they activate those genes and 
migrate to where they should 
perform their function. Something 
like this occurs when cancer cells 
spread. 

Q: Is it a sort of ‘starting’ and 
‘stopping’ game?
A: I’ll use a metaphor based 
on switches. In embryonic 

development, this process is 
based on a group of genes that 
are responsible for enabling 
cell movement; then they are 
switched on, and this is essential 
for the embryo to develop. When 
the cells reach their destination, 
these genes are switched off 
and normally remain off for the 
life of a healthy adult. However, 
in some pathologies like cancer 
they switch on again. And they’re 
going to do the same thing they 
did in the embryo, but now, 
instead of being a beneficial 
process, it is harmful because 
they spread cells from the 
primary tumour to other organs. 
When they arrive, they nest and 
form metastases. 

Q: Now that we know about the 
reactivation of this embryonic 
cell programme and its link 
with metastasis, where should 
research go from here?
A: On the one hand, we must 
continue to study primary 
tumours, especially cell 
heterogeneity. The cells in a 
tumour are not all the same, 
they can even perform different 
functions. And tumours evolve 
and acquire new mutations that 
modify their malignancy. But, 
also, we must now focus on 
analysing the metastatic niche: 
namely, the environment that will 
be colonized by these cells which 
spread due to embryonic gene 
activation. 

Q: Why is the concept of cellular 
plasticity important?
A: Cellular plasticity refers to 
the changes in cell behaviour 
throughout a process, 
regardless of whether it is 

embryonic development or 
tumour progression. When 
we discovered the connection 
between embryonic development 
and cancer, and we saw that 
these genes are activated in the 
primary tumour so that cells 
spread, the first thing we thought 
was that we had to find a way 
–including pharmaceuticals–to 
prevent or hinder this activation. 
That would prevent metastasis. 
However, as time passed, we saw 
that it was not so simple. We 
believed that cell detachment 
from the primary tumour 
occurred in advanced stages 
of cancer. Today we know that 
it happens right from the early 
stages and, in fact, at the time of 
diagnosis most, if not all, patients 
have already disseminated 
detached cells. 

Q: So, in other words, can 
metastasis have started before 
the primary tumour has been 
detected?
A: Not always metastasis, as 
such, because that implies that 
secondary tumours have already 
formed, and many patients are 
diagnosed before this happens, 
but the cascade of events giving 
rise to metastases may well have 
begun. We know that the primary 
tumour cells acquire the ability 
to migrate. This process is called 
the epithelial-mesenchymal 
transition [EMT]. But the [mobile] 
mesenchymal cell becomes 
epithelial [static] again when 
it nests in another organ. 
This is the reverse transition, 
mesenchymal-epithelium, 
which forms metastasis. When 
cancer cells already exist in 
the bloodstream and spread to 
other organs, if we deactivate 
the genes involved in embryonic 
programming, we will stop 
cell migrations. This would be 
good to stop more cells from 
spreading from the primary 
tumour, but it can also help those 
that have already spread to 
nest and metastasize. It can be 
counterproductive. 

METASTASIS RESEARCH

Ángela Nieto, CSIC biologist at the Alicante-based neuroscience institute (Instituto de Neurociencias 
de Alicante) and National Research Awardee, investigates the mechanisms underpinning the 
embryonic processes that are reactivated in adulthood and can spark diseases like cancer

Á
ngela Nieto has 
spent over 25 years 
observing how, 
when and why cells 
migrate from one 

place to another within the body.  
Her work is grounded on the 
discovery that: “In some diseases 
like cancer there is a reactivation 
of embryonic processes”. She 

gives us another clue: “Under 
this premise, we endeavour 
to understand and prevent 
metastases or to repair damaged 
organs”. This is where the concept 
of cellular plasticity arises, which 
refers to changes in the behaviour 
of embryonic and cancer cells. 
The former begin to migrate in 
order to create tissues and organs. 

The latter acquire mobility to 
migrate to other organs and, 
once there, stop to nest and form 
secondary tumours, namely, 
metastases. A process that is 
crucial, therefore, in the very 
first stages of life, but that is also 
present when cancer cells spread. 
Nieto, academic member of 
the Spanish Royal Academy of 

“The great 
challenge is  
to prevent  
cancer 
metastases”

ANGELA NIETO BIOLOGIST AT THE IN-CSIC
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We must disseminate 
the cancer research 
underway at the 
CSIC”

By Mónica Lara del Vigo / PHOTOGRAPHY: ROBERTO GARVER



Q: So, what should we do?
A: Focus on other strategies: 1) 
Instead of inhibiting the EMT 
process, we must find the specific 
weaknesses of the cells that have 
already undergone the transition 
and kill them selectively, and 
2) Study what happens in 
different organs and identify the 
favourable environment they 
provide –the metastatic niche– 
in order to quash it and ensure 
that, although the cells arrive, 
they cannot nest.

Q: Do we need to understand 
what signals are sent from these 
distant organs to attract cells 
migrating from the primary 
tumour?
A: Rather the signals given 
out by the metastatic niche. 
Interestingly, tumour cells send 
vesiculites –exosomes– that 
carry information and ‘educate’ 
distant organs so they generate 
the metastatic niche, as if 
preparing a nest. We need to 
carry out more research to get 
to understand this better and to 
identify the signals that instruct 
cancer cells to metastasize.

Q: You said before that we 
need to understand better the 
weaknesses of these cells that 
are transforming and migrating.
A: That’s right; to eliminate them 
before they can nest or to ensure 
that when they arrive they are 
unable to nest. At first we wanted 
to prevent that epithelium-
mesenchymal transition so that 
the cells did not leave the tumour. 
But as I said before, we would 
probably be too late and, if cells 
had already spread, they would be 
able to metastasize more easily. 

Q: When you mention genes in 
embryonic programmes, do you 
refer to the Snail genes your team 
discovered ages ago? 
A: Years ago we discovered Snail 
genes in vertebrates and found 
that their activation confers 
cells with the ability to migrate. 
These genes are so important 

for embryonic development that 
when they are defective, the 
embryo comes to a standstill. 
Over time research has shown 
that, in addition to Snail genes, 
there are other genes that help 
cells migrate. In order to detach 
themselves, cells must first 
separate from the surrounding 
cells, and to do so, they repress 
the molecules that bind them 
together. They also activate 
genes associated with migratory 
behaviour that have an impact 
on the cytoskeleton, which 
causes the cells to change shape 
in order to migrate; cell division 
is influenced... What is more, 
cells that have undergone the 
epithelial-mesenchymal process 
become highly resistant to almost 
anything normally causing 
cell death. This makes a lot of 
sense from the perspective of 
embryonic development, because 
those cells have to be resistant in 
order to reach their destination. 

Q: And this also has a lot to do 
with cancer. 
A: Exactly, because unfortunately, 
it also makes them more resistant 
to chemotherapy, radiotherapy 
and even immunotherapy, which 
is the latest breakthrough in 
cancer therapies. 

Q: It seems contradictory that 
embryonic programmes, which 
are the key to life, are also at the 
basis of deadly diseases such as 
cancer. 
A: That’s right, it seems like a 
contradiction, but it actually 
explains the richness of biology. 
Cancer cells use mechanisms 
that are available in nature for 
their own benefit. For cancer to 
progress, it needs to spread; it 
uses exactly the same biological 
process taking place in the 
embryo, which has very few 
cells at the beginning and 
many at the end, and one of 
the driving mechanisms is 
cell dissemination. Once the 
cells reach their destination, 
they divide and form the 

In the progression of cancer towards 
metastasis, there is an aberrant activation 
of embryonic genes”
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of tumours such as pancreatic 
cancer or melanoma still have 
poor prognosis, but the arrival 
of immunotherapy has been a 
milestone in treatments. And 
again, preventing metastases from 
forming is the big challenge. 

Q: Will future therapies 
endeavour to deactivate 
metastasis? Will they try to curb 
those mechanisms that make it 
possible?
A: Yes and no. It would not be 
a question of preventing cell 
migration because, as I said, we 
would be too late. We have to 
focus on what happens in the 
distant organs, in that metastatic 
niche, and understand the 
tumour’s microenvironment, what 
surrounds it, and the interactions 
taking place between cancer cells 
and normal cells. All of this can 
influence cancer progression 
positively or negatively. These 
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corresponding organs. That 
is why it is so important to go 
back to the embryo. That is 
where all these gene functions 
are implemented; the more we 
understand about them, the better 
equipped we’ll be to attack cancer 
cells.  

Q: Recent decades have seen 
great advances in cancer 
treatments. What would you say 
is the greatest challenge faced by 
science to fight this disease? 
A: I think the challenge lies in 
preventing the formation of 
metastases or to be able to treat 
them as soon as possible. The 
thing is, cancer is not one disease, 
but hundreds, with different 
characteristics. In fact, there are 
some types of cancer like breast 
cancer that had a low survival 
rate 20 or 30 years ago but, 
nowadays, a very high percentage 
of women survive. Other types 

interactions have a huge impact 
on metastasis formation, and 
also, we are discovering a host of 
mechanisms for cross-regulation 
between cellular plasticity and the 
response of the immune system, 
which have a bearing on the 
effectiveness of immunotherapy. 
Everything is interwoven and, as 
we have found so far, what works 
best will be combined treatments 
that attack cancer from different 
angles. 

Q: Is there any experimental 
treatment aiming to regulate, 
rather than block, these changes 
in cell behaviour in order to 
prevent cancer cells from nesting 
in other organs?
A: Not yet. Many pharmaceutical 
companies and research centres 
were developing inhibitors 
to prevent the epithelial-
mesenchymal transition, but 
they have not been used because, 
as I explained earlier, they could 
be counter-productive. There is 
no therapy as yet, but there are 
important experimental results 
to selectively remove cells that 
have undergone an epithelial-
mesenchymal transition, or even 
some that try to convert them 
into another type of cell that is 
harmless to the patient. 

Q: Your research team works on 
other diseases too, like fibrosis, 
doesn’t it?
A: Yes, we work on degenerative 
diseases associated with aging, 
to seek therapies that help repair 
organs. In organ degeneration, as 
in fibrosis, cells lose regulatory 
mechanisms that affect proper 
functioning, these genes are 
activated in an aberrant way and 
degeneration sets in. Ultimately, 
tissue degeneration can lead to 

organ failure and, therefore, the 
patient’s death. Aging is, largely, 
the decline in proper functioning. 
Deterioration is caused by both 
intrinsic biological processes 
and external agents, and goes on 
throughout life. Over time, cell 
damage accumulates, causing 
functions to deteriorate, and part 
of that deterioration also involves 
the activation of embryonic 
genes. In this case the switches of 
those genes that should be turned 
off are turned on, and vice versa, 
some that should be turned on 
are turned off. This is because, 
in response to the damage, 
mechanisms are activated 
to try to repair the tissue, but 
sometimes the damage is chronic 
and cannot be repaired, so the 
tissue degenerates. We know that 
embryonic genes are activated in 
fibrosis-associated degenerative 
processes, and also that, if we 
turn them off again, the disease 
attenuates. 

Q: What other research is being 
conducted at the Neuroscience 
Institute in Alicante?
A: It is important that the IN is 
also seen as a centre for cancer 
research. But more so, we must 
communicate the cancer research 
underway at the CSIC in general, 
because little is known about it. 
There are lots of research groups 
working in centres all over 
Spain. The CIC in Salamanca is a 
reference centre, but our Institute 
(IN), the IIB Alberto Sols in Madrid, 
the IBBTEC in Cantabria, the IBMB 
in Barcelona, the CABIMER in 
Seville and others all contribute 
excellent work... We must create 
a network of research groups 
working on cancer, a kind of 
virtual institute, as set out in the 
CSIC White Paper.  

Image of cells after undergoing 
the epithelial-mesenchymal 
transition, conferring mobility  
to the cells. /IN
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the Cancer Challenge of the CSIC 
White Paper on Biomedicine.  

Several teams from different 
CSIC centres are specialized in the 
different approaches to studying 
the systemic response to cancer. 

Starve the tumour to death

Durán’s team investigates the 
processes by which cancer cells 
reprogramme cell metabolism, 
i.e., the set of chemical reactions 
that enable them to obtain 
enough energy and sustenance 
to reproduce. Cancer cells grow 
out of proportion and drain 
their host metabolically, but to 
achieve this they have to change 
their metabolic programme 
completely.

“One of the common 
characteristics of tumours is that 
they consume a lot of energy,” 
Durán explains. Their rapid 
proliferation requires high energy 
consumption. The researcher 
clarifies that to maintain this 

T umours come to behave 
like real organs, which 
interact with their host, 
in this case the cancer 

patient. This interaction occurs 
in the cell itself, with the rest 
of normal cell components that 
inhabit the tumour, and also 
affects the immune, nervous and 
circulatory systems, altering body 
functioning as a whole. To find 
ways to fight this, it is essential to 
unravel how cancer interacts at 
the systemic level.

“These systemic processes 
include the reprogramming 
of metabolic cells, chronic 
inflammation as a risk factor 
for tumour formation (including 
microbiome-associated 
influences), tumour interaction 
with the nervous and vascular 
systems, and the relationship 
with the immune system,” 
recounts the researcher Raúl V. 
Durán, CABIMER (Centro Andaluz 
de Biología Molecular y Medicina 
Regenerativa), and coordinator of 
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Tumour progression disrupts the body’s functioning, 
from cell metabolism to the immune, nervous, and 
circulatory systems. CSIC research teams study these 
reactions in their search for therapeutic targets

By Abel Grau

CANCER AND THE BODY  RESEARCHRESEARCH CANCER AND THE BODY

Systemic changes 
wrought by cancer 
in our bodies

Cancer cell.  
/ ADOBE STOCK



rapid and continuous rate of 
cell proliferation, which forms 
the tumour, requires such a 
large amount of energy and 
biomass that the tumour is 
forced to change the normal cell 
metabolism and functioning.

Among these changes in 
metabolic reprogramming, two 
fundamental modifications stand 
out: sugar absorption and amino-
acid consumption. “In order to 
keep up energy production, the 
cancer cells absorb large amounts 
of sugars, mainly glucose; and 
to maintain biomass production 

(the substance of cells), cancer 
cells consume large amounts of 
amino acids. The latter are the 
constituent molecules of proteins, 
which are the building blocks 
of tissues and organs,” Durán 
explains. 

Knowledge of these metabolic 
mechanisms could be a way to 
attack cancer cell proliferation. 
“In a way we revive the old idea of 
‘starving the tumour to death’ but 
with greater precision: it would 
be to apply specific restrictions of 
those nutrients that cancer cells 
eat most voraciously,” says Durán. 

“So that the plan of attack would 
be aimed at creating a nutritional 
imbalance for the tumour, rather 
than at cutting calories,” he adds.

In addition, beyond meeting the 
nutritional needs of the growing 
cell, the tumour metabolism is 
also a fundamental mechanism 
in deregulating the control of 
cell growth, a necessary step for 
cancer to develop, according to 
Durán. “Consequently, gaining 
knowledge of the mechanisms 
by which tumour metabolism 
is altered in cancer, as well as 
shedding light on the biochemical 
link between metabolism and 
cell signalling, are essential steps 
in our endeavour to propose 
and validate therapies that 
can specifically attack these 
mechanisms in each tumour type,” 
reasons the researcher. 

“This would provide 
personalized medicine, enabling 
us to propose effective therapies 
(that eliminate cancer cells) 
which are also specific (i.e., they 
do not eliminate non-cancer cells) 
by undermining the tumour’s 
diet,” Durán sums up.

The circulatory system

Cancer also alters how our 
circulatory system works. This 
is the case of lymphomas and 
leukaemia, which are known as 
cancers of the blood. Lymphomas 
are a malignant proliferation of 
lymphocytes, which are immune 
system cells that defend the body. 
It is a type of cancer that originates 
in the lymphatic tissue responsible 
for returning fluid from the 
tissues to the circulatory system 
(interstitial fluid, which is found 
between the cells in all tissues). 
The lymphatic system is part of 
the circulatory system and the 
immune system. Leukaemia, by 
contrast, is a type of blood cancer 
that originates in the bone marrow 
and consists of the abnormal 
proliferation of blood cells.  

At the CBM-CSIC-UAM (Centro 
de Biología Molecular Severo 
Ochoa) joint CSIC-UAM centre, 

the research team led by Miguel 
Ramón Campanero studies 
the mechanisms underlying 
leukaemia and lymphomas in 
order to develop new therapies. 
“Specific therapies have been 
developed for some types of 
lymphomas and leukaemia, but 
these types of tumours usually 
contain cells that are especially 
resistant to treatment, known 
as Tumour-Initiating Cells (CIT), 
which survive and generate 
a new tumour that is more 
resistant than the initial tumour,” 
Campanero explains. 

One way to attack these 
cancers would be to achieve 
more effective therapies against 
these tumour-initiating cells. “A 
specific feature of the CIT, which 
distinguishes them from non-
cancer cells and other cancer 
cells present in tumours, is their 
high proliferation capacity when 
grown in gelatinous media in the 
laboratory,” says the researcher. 

Campanero’s team specifically 
studies how cells of a type of 
lymphoma proliferate in the 
gelatinous medium. “We want 
to analyse how each human 

protein contributes to the 
growth of this cell type,” says 
the researcher, whose laboratory 
receives funding from the AECC 
(Asociación Española Contra el 
Cáncer). “In fact, we have recently 
identified a protein necessary for 
the proliferation of leukaemia 
and lymphoma cells in gelatinous 
media and we have discovered 
that by inhibiting its expression 
we drastically reduce the growth 
of these tumours in an animal 
model,” he says. 

“When we obtain data on 
the contribution of each human 
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Confocal microscopy image of the blood vessels of a human thymus, the organ in which T cells mature. / CBM

The CNB’s Immunology and Oncology group, led by Ana Cuenda, analyses how cancer interacts with 
the immune system. / CNB

One strategy seeks to undermine tumour-cell 
nutrition, altering tumour metabolism and 
thus hampering its development” 
Raúl V. Durán (CABIMER)

CANCER AND THE BODY  RESEARCH



protein to the growth of these 
cells, we will determine how 
some of these proteins contribute 
to the growth of several types of 
leukaemia and lymphomas in 
gelatinous media. Then, we will 
use genetic tools to block the 
expression of these genes, and 
drugs that inhibit their activity 
in order to test the therapeutic 
potential in animal models”. 

Campanero’s team is confident 
that this work will identify which 
proteins are necessary for CIT 
proliferation and design drugs 
that can modulate them. This 
will help us develop therapies to 
treat lymphomas and leukaemia 
more specifically, with fewer 
side effects, making patients less 
prone to relapse than with current 
treatments.

The immune system 

Cancer also interacts with 
the immune system, which 
defends the body against any 
external pathogen or agent. 
Inflammation plays a central 
role in this defence system. 
“Inflammation is our body’s 
defensive response,” explains 
the biologist Ana Cuenda, from 
the CNB-CSIC (Centro Nacional 
de Biotecnología). “It’s the most 
powerful weapon we have to fight 
infections, and it can also repair 
our tissues when, for example, we 
get wounded,” she adds. 

“If all goes well and 
inflammation happens in a 
controlled way, it is beneficial. 
However, if inflammation goes 
haywire because the immune 
system malfunctions, then 
diseases can result, like cancer,” 
Cuenda warns us.

Cuenda’s team investigates 
how chronic inflammation can 
influence tumour development in 
certain organs. They use mouse 
models to induce colon cancer 
and ulcerative colitis. We use the 
mice to investigate why chronic 
inflammation in the intestine, 
like that suffered by patients 
with ulcerative colitis or Crohn’s 
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nervous system. This is the case 
of glioblastoma multiforme, the 
most common and aggressive 
form of brain cancer. Patients 
have an average survival of 14-
15 months after its diagnosis. 
At the IN-CSIC-UMH (Instituto 
de Neurociencias de Alicante), 
joint CSIC-Universidad Miguel 
Hernández centre, the research 
team led by Salvador Martínez 
is investigating the mechanisms 
underlying these types of brain 
tumours.

“During the development of 
glioblastoma multiforme, cancer 
cells infiltrate and invade the 
brain parenchyma [tissue] by 
interacting with the cells of the 
brain vessels. Brain vessels are 
made up of pericytes [a type 
of cell] and endothelial cells. 
The pericytes control a host 
of neurovascular and immune 
defence functions in response to 
brain damage,” Martinez explains.

These researchers have 
observed how glioblastoma 
cancer cells manage to alter the 
defensive function of pericytes. 
“In our laboratory we have shown 
that the immunoprotection 
provided by pericytes is 
suppressed by their direct 
interaction with glioblastoma 
cells, thus they contribute to 
immunotolerance to tumour 
growth,” he explains. 

Cancer cells also manage to 
alter other mechanisms of the 
vascular system to gain access 
to the brain. “We have also 
reported that chaperone-mediated 
autophagy, a cell process involved 
in protein degradation, is strongly 
activated in the pericytes of the 
vessels through which the tumour 
infiltrates the healthy brain,” 
explains Martínez.

This mechanism could help 
us design a strategy to attack 
the tumours. “If we inhibit 
chaperone-mediated autophagy 
in the pericytes, it can kill the 
glioblastoma cancer cells by 
releasing high levels of anticancer 
proteins and activating the 
immune response,” says the 
researcher. 

These findings by Martínez’s 
group have identified this 
procedure —chaperone-mediated 
autophagy— as a mechanism by 
which glioblastoma cells trigger 
an immunosuppressive function 
in pericytes, which is necessary 
for cancer cells to survive. “This 
information paves the way to 
targeting this process in order 
to seek new treatments for 
this serious disease,” concludes 
Martínez. 

disease, causes colon tumours 
to develop in a much higher 
proportion than in the normal 
population,” explains Cuenda. 

“At out lab, we do basic 
research to understand how the 
molecules and cells involved in 
these diseases work, and what 
goes wrong when the disease 
appears,” Cuenda says. “Through 
these experiments, we have 
discovered that molecules called 
p38 play an important role in 
these diseases. These proteins 
act as cell messengers that send 
information from the outside to 
the inside of cells, making them 
respond to different stimuli. 
For example, they trigger an 
inflammatory response if there 
is an infection or tissue damage,” 
explains the researcher. 

Her team has shown that 
if they remove or inhibit p38 
proteins in the mouse colon, 
they drastically reduce both 
inflammation and tumour 
development in the colon. “On 
analysing the mechanism behind 
this discovery in depth, we have 
made the following observations. 
Firstly, p38 proteins regulate 
both the recruitment of immune 
system cells - such as neutrophils 
or macrophages [two types of 
immune cells that devour harmful 
particles, such as bacteria or 
dying cells] so that they target 
the points of inflammation 
and, secondly, they regulate 
the production of cytokines, 
which are molecules secreted 
to orchestrate the immune 
response,” Cuenda says. 

Since p38 proteins are 
essential for inflammation, 
Cuenda’s team believes that in 
the future, drugs that block the 
activity of these proteins could 
be used to treat inflammatory 
diseases, as well as cancer, 
and thus control an overblown 
inflammatory response.

The nervous system

Cancer also interacts with the 
immune system through the 
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The image above shows diffuse lymphoma cells. 
/ CBM

On the left, researchers Raúl V. Durán and 
Macarena Morillo, who study cell metabolism. 
/ CABIMER
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In 2020 almost 20 million 
new cases of cancer were 
diagnosed worldwide. In 2021, 
this figure is approaching 

300,000 new cases in Spain. And 
they are expected to continue 
rising in the coming decades due 
to population aging, among other 
causes. In this context, research 
into new treatments to deal with 
cancer is essential.

“Cancer refers to a set of 
genetically based pathologies 
of multifactorial origin. This 
multiplicity prevents cancer 
research from taking one single 
approach, forcing it to fragment 
and specialise its approaches to 
investigate and treat each type 
of cancer.” This statement comes 
from the first report on cancer 
research and innovation in 
Spain made in 2018 by the AECC 
(Asociación Española Contra el 
Cáncer), the ASEICA (Asociación 
Española de Investigación sobre el 
Cáncer) together with Fundación 
La Caixa. “In response to this 
diversity, research has led to the 
development of increasingly 
accurate, effective and less 
invasive diagnostic and treatment 
solutions,” the report adds.

The American oncologist 
Siddhartha Mukherjee explains 
in his essay The Emperor of All 
Maladies (Scribner) the journey 
from bench to bedside. “We will 
need to move through a renewed 
cycle of knowledge that 
recapitulates a past cycle – 
from anatomy to physiology to 
therapeutics,” writes Mukherjee. 
Science must leap from the 
molecular anatomy to the 
molecular physiology of cancer. 
We will soon know what the 
mutant genes are. The real 
challenge is to understand what 
the mutant genes do.” 
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From nano 
to light: new 
therapies 
against cancer 
CSIC researchers study the use of nanoparticles 
against pancreatic cancer, nanocapsules for 
radiotherapy and light-activated drugs

By Isidoro García Cano

Petri dish with cell 
samples for leukaemia 

research at CBM.  
/ GEMA DE LA ASUNCIÓN



This transition will open 
an important door to oncology 
medicine in cancer therapeutics. 
“Once the crucial mutations 
underlying any given cancer 
have been identified, we will need 
to search for targeted delivery 
therapies against those genes,” the 
oncologist adds.

The three pillars of cancer 
treatment are surgery, 
radiotherapy and chemotherapy, 
and more recently precision 
medicine and immunotherapy 
(training the human body’s 
own defences to 
recognize and destroy 
cancer cells), which 
is currently one of 
the most promising. 
Together with 
immunotherapy, 
other fields with great 
potential have also 
emerged. 

In diagnostics, 
liquid biopsy enables 
the collection of 
tumour cell samples 
from peripheral blood 
for analysis and use 
in early detection and 
follow-up of response 
to treatment. Moreover, genomics 
can be used to sequence the 
genome of cancer patients so 
as to identify biomarkers and 
genotype of tumours. A biomarker 
is a quantifiable indicator of a 
biological state. These indicators 
are often quantified using blood, 
urine or white tissues to examine 
normal biological processes, 
pathogenic processes –such 
as cancer– or pharmacological 
responses to a therapeutic 
intervention.

Regarding treatments, an up-
and-coming area is nanotherapy, 
which uses nanotechnology 
to increase the effectiveness 
of existing therapies, such as 
chemotherapy and radiation 
therapy. It is even being tested for 
its potential as a therapy in itself 
to deliver drugs to target cells.

At the CSIC, Spain’s largest 
public research organisation, 

many scientific teams and 
centres from various disciplines 
work in coordination to seek 
basic knowledge in order to define 
new targets and therapies. In 
these investigations, every little 
step counts. Here, we review 
some of the most innovative 
developments arising from CSIC 
research.

Magnetic nanoparticles 
against pancreatic cancer

Pancreatic cancer ranks third 
in oncologic deaths in Spain. 
Researchers from INMA-CSIC-
UNIZAR (Instituto de Nanociencia 
y Materiales de Aragón), a joint 
CSIC-Universidad de Zaragoza 

centre, study the application 
of magnetic nanoparticles as 
an experimental treatment. In 
collaboration with the CIBER-
BBN (Centro de Investigación 
Biomédica en Red de 
Bioingeniería, Biomateriales y 
Nanomedicina), CSIC scientists 
have studied several critical 
parameters in the effectiveness of 
so-called magnetic hyperthermia. 
This type of therapy uses 
magnetic nanoparticles that 
generate heat when exposed to 
an external alternating magnetic 

field, which is harmless 
to tissues. The study 
observed a boost in 
the immune response 
in animal models and 
greater inhibition of 
tumour growth.

These researchers 
have studied the effect of 
magnetic hyperthermia 
in pancreatic cancer 
because this type of 
cancer has a very 
dense extra-tumoural 
matrix, which hampers 
the penetration of 
conventional drugs. 
“Magnetic hyperthermia 

is of special interest in this type of 
tumour because it can exert a dual 
effect, making the extracellular 
matrix more permeable and killing 
cancer cells. The synergy between 
this treatment and conventional 
therapies could be of great 
relevance,” explains Laura Asín, 
researcher at the INMA and CIBER-
BBN.

In this novel treatment, 
magnetic nanoparticles are 
injected directly into the tumour 
to ensure they are present in 
greater quantities there and thus 
obtain a better response. In this 
respect, one of the most important 
advances made in this work is 
that magnetic nanoparticles 
present an unpredictable and 
heterogeneous bio-distribution in 
the animal models studied.

Different types of biological 
models were used during the 
experiments. Using 3D cell 

models based on collagen gels, 
where pancreatic cancer cells 
are harboured, the conditions 
of alternating magnetic fields 
were optimized to maximize 
cancer cell death. Experiments 
were then carried out in a mouse 
pancreatic cancer model, which 
was a preliminary step showing 
that magnetic hyperthermia-
based treatment can stimulate the 

production of molecules related to 
immune response activation.

“Boosting the patient’s 
own defences by magnetic 
hyperthermia treatment could 
be a great advantage, since it 
would provide an extra anticancer 
response with which to combat 
cancer cells,” adds Valeria Grazú, 
researcher at INMA and CIBER-
BBN.

In some mice, these 
nanoparticles were detected in 
organs such as the spleen and 
liver, while in others the levels 
were undetectable and remained 
mainly in the tumour. This 
difference in distribution could be 
related to treatment effectiveness, 
since in animals with a higher 
nanoparticle load in the tumour, 
the tumour grew less.
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Pathological anatomy image showing 
the biodistribution of magnetic (brown) 
nanoparticles in the tumour. / LAURA ASÍN, VALERIA 

GRAZÚ Y LUCÍA GUTIÉRREZ.

Researcher María Luisa Toribio, from CBM, studies how to prevent the progression of acute lymphoblastic leukaemia. / ASIS AYERBE

Nanotherapy is 
an up-and-coming 
treatment, using 
nanotechnology 
to boost the 
effectiveness of 
chemotherapy and 
radiotherapy"
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drugs that can be activated in 
the vicinity of the tumour alone 
by applying light externally. This 
would prevent the unwanted 
effects on other non-tumour 
tissues in the body, something 
that happens with conventional 
radiation therapy.

In addition, PhotoStem aims 
to eliminate a small population 
of cancer cells called cancer 
stem cells (CSCs), which are 
often responsible for resistance 
to conventional chemotherapy. 
These cancer stem cells resist 
treatment, and eventually 
regenerate the tumour and cause 
patient relapse. “It is especially 
difficult to eliminate cancer 
stem cells without side effects 
since they are very similar to 
healthy stem cells, but, with our 
photo-activable drugs, it may be 
possible,” says Laia Josa Culleré, 
IQAC researcher.

The long-term goal is to 
develop cancer therapy that 
can be applied in clinics. 
If the PhotoStem proof of 
concept is successful, the new 
photoactivable molecules could 
be tested in animals, followed by 
extensive clinical validation work 
and clinical trials. In parallel, 
medical devices can be developed 
to apply light to a specific area of 
the patient’s body, above the skin 
for superficial tumours, or through 
the implantation of LED systems 
or optical fibres for more internal 
tumours.

“Replacing current therapies 
with the ones we propose would 
provide treatments against 
different types of cancer with 
fewer side effects, greater 
effectiveness and lower relapse 
rates,” sums up the researcher.

Lab-based basic science is 
making progress in seeking new 
approaches to cancer treatment, 
such as immunotherapy and 
nanotherapy, and will strengthen 
the effectiveness of traditional 
therapies, such as surgery, 
chemotherapy and radiotherapy, 
in an on-going challenge to defeat 
the great enemy within. 

Samarium-filled 
nanocapsules for 
radiotherapy

The nano research field is a 
rich testing ground for new 
strategies to tackle cancer cells. 
In nanomedicine, one of the 
most promising treatments 
involves the use of radioactive 
nanoparticles administered 
intravenously to attack tumours. 
In this field, researchers from 
ICMAB (Instituto de Ciencia de 
Materiales de Barcelona) form 
part of an international team that 
has developed radiation-activated 
carbon nanocapsules to reduce 
the proliferation and growth of 
cancerous tumours. The finding, 
tested in mice, could be used both 
in biomedical imaging and in 
radiation therapy against cancer.

These nanocapsules are filled 
with stable samarium atoms, 
irradiated with neutrons to 
achieve radioactivity levels strong 
enough to destroy cancer cells 
and thus reduce tumour growth 
and proliferation. Nanocapsules 
have been tested in experiments 
with mice, and researchers have 
observed a reduction in some 
tumours, as well as the prevention 
of their proliferation and a drop in 
growth rate. “Further studies are 
needed to calculate optimal doses 
and side effects, but results so far 
are very promising,” says Gerard 
Tobias Rossell, ICMAB researcher.

The strong radiation achieved 
means nanocapsules can be used 
for radiation therapy against 
cancer, and not just for biomedical 
imaging studies, as they have 
before now. Biomedical imaging 
requires lower radioactivity levels 
(it is used to detect nanocapsules 
inside the body), whereas 
radiation therapy requires higher 
radiation to destroy tumour-
forming cells in a localized way. 
The high radioactivity achieved 
in this study also means a much 
lower dose can be administered 
than in other treatments.

Nanocapsules are formed 
by carbon nanotubes, graphene 

sheets rolled and sealed at the 
tips. “These nanocapsules are 
impermeable, so the graphene 
wall does not allow the 
radioactive atoms inside to spread 
throughout the rest of the body,” 
says Tobias. 

The atoms inside are samarium 
(samarium chloride), previously 
used in hospitals as a palliative 
treatment in bone metastases. 

When prepared in nanocapsules, 
the atoms are not radioactive. 
Only after being irradiated 
with neutrons, the Sm152 
stable isotopes become Sm153 
radioactive isotopes and, therefore, 
useful for cancer treatment.

Working with non-radioactive 
particles has advantages: on 
the one hand, tube filling and 
processing can be done in any 

laboratory, without the need 
for special radiation-approved 
facilities. On the other hand, it 
reduces the generation of waste 
and the exposure of researchers 
to radiation. In addition, it 
diminishes the time limitation 
imposed when using radioactive 
elements, which generally require 
much faster handling times. 
Nanocapsules can be stored 
without any special requirements 
until they are used.

The study has been conducted 
by an international team of 
researchers from ICMAB and 
ICN2, joint centre of the CSIC-
Universidad de Barcelona and 
Generalitat de Catalunya, as well 
as research centres in the United 

Kingdom, France, Germany, 
Greece, the Czech Republic 
and Italy, and the company 
Cis Bio International, within 
the European project Raddel 
(RADioactivity DELivery).

Using light to fight cancer

A major drawback of current 
cancer therapies is their multiple 
side effects. To try to avoid 
these, the Medical Chemistry 
team at IQAC-CSIC (Instituto de 
Química Avanzada de Cataluña) is 
developing the PhotoStem project, 
a proof-of-concept for new cancer 
therapy that combines two 
innovative elements. PhotoStem 
is primarily about obtaining 

María Luisa Toribio’s research team, 
at CBM, has detected a key receptor 
in the development of a type of 
cancer that appears in childhood.  
/ GEMA DE LA ASUNCIÓN

One project seeks drugs that can be 
activated in the tumour area alone by 
applying light externally"
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an artificial molecule is placed, 
enabling them to recognize the 
tumour and kill the cancer cells. In 
synthesis, a recombinant antibody 
is affixed to its surface to target 
and remove the tumour. 

Veiga explains that “this 
therapy has worked very 
well for different types of 
lymphoma, in liquid tumours, 
but not against solid tumours, 
perhaps because they generate 
a microenvironment that really 
enhances what is known 
as tumour-induced T-cell 
exhaustion.” That is, the cancer 
cells of solid tumours manage to 
outdo the lymphocytes.

Veiga’s team has discovered 
a group of T cells that activates a 
response able to destroy tumours. 
“We are able to train a  
type of lymphocyte called 
CD4+ T cells, a paradigm of 
what is known as adaptive 
immunity. These T cells are able 
to capture bacteria, albeit in a 
very special way, namely by 
transphagocytosis,” he clarifies. 
Contact with certain bacteria 
trains CD4+ T cells, which acquire 
new skills, making them behave 
like antigen-presenting cells.

CD4+ T cells, trained with 
bacteria, are also able to 
activate virgin CD8+ T cells in 

I mmunotherapy is one of 
the most promising cancer 
treatments. It involves 
training the patient’s immune 

system to recognize and fight 
cancer cells, without damaging 
healthy tissues. “Just as the 
immune system defends us from 
numerous pathogens, it could 
defend us from cancer, to keep 
it under control, and if unable to 
cure cancer, at least it could turn 
it into a chronic disease, so that 
it would not progress,” says the 
researcher Santos Mañes, from 
the CNB-CSIC (Centro Nacional de 
Biotecnología).

Mañes’ team is seeking ways 
to weaken cancer cells and 
make our immune defences 
more effective. Similarly, several 
other teams at the CSIC are 
investigating how to strengthen 
the patient’s own immune 
response in order to fight cancer. 
This new therapy holds promise 
for the future, although a lot of 
basic research is still required.

Researcher Esteban Veiga, 
also at CNB, tests procedures 
to strengthen immune system 
lymphocytes so they can attack 
the tumour more effectively. Veiga 
informs us that one promising 
cell therapy is the well-known 
CAR-T. They are T cells on which 
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Equipos del CSIC logran dispositivos para obtener mamografías 
más eficaces y biopsias en tiempo real, prueban nuevos 
biomarcadores, y ensayan hidrogeles con linfocitos T  
y nanomedicinas para atacar el cáncer

CSIC researchers use bacteria to train immune system 
lymphocytes to locate tumours and destroy them

By Jesús García Rodrigo
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A promising cell therapy involves  
placing an antibody on the T-cell surface  
to lead it to the tumour  
and remove it”  
Esteban Veiga (CNB-CSIC)

3D model of a group of 
isolated cancer cells.  
/ ADOBE STOCK

Immunotherapy: 
teaching the body to 
defend itself against 
cancer



a differential way. Long-term, 
these end up being enriched in 
a central memory population of 
CD8+ T cells, which are the most 
resistant to tumour-induced T-cell 
exhaustion and are thought to 
work more efficiently against 
solid tumours.

“We are producing bacteria 
that contain tumour antigens, 
known as neoantigens. With 
these bacteria we train CD4+ T 
cells that activate CD8+ T cells, 
which search for the tumour 
(expressing these neoantigens) 
and destroy it. We have seen that 
this therapy works very well in 
animal models of aggressive 
melanoma and colon cancer 
cell lines. Now we are trying to 
understand why these antigen-
presenting cells, trained with 
bacteria, work so well,” Veiga 
explains.

.
A revolutionary therapy

In 2018 the American James 
Allison, from Texas MD Anderson 
Cancer Center, and Japan’s 

Tasuku Honjo of Kyoto University, 
both immunologists, received 
the Nobel Prize in Medicine for 
their research and discoveries 
in immune system regulation 
for cancer therapy. Since then, 
the potential of immunotherapy 
and expectations for improving 
tumour treatment have grown 
exponentially. However, as Mañes 
tells us, although immunotherapy 
has represented a revolution 
in improved treatment of 
numerous tumour types in the 
last seven to eight years, the 
first immunotherapy-based 
approaches, using antibodies 
directed against receptors that 
were expressed on the tumour 
surface, date back a quarter of 
a century. Therefore, further 
research is necessary.

Veiga describes 
immunotherapy as ‘revolutionary’ 
because it has meant that 
oncology can treat previously 
untreatable tumours. One of those 
early immunotherapeutic tools 
was to use antibodies against 
a receptor called HER-2 that is 

overexpressed in some subtypes 
of breast cancer, and which had a 
very bad prognosis previously. 

A case-study, published in 
the journal Nature Medicine 
in 2018, provides an example 
in which a 49-year-old woman 
with metastatic breast cancer, 
without any treatment options, 
fully recovered after receiving 
immunotherapy. The treatment, 
in summary, involved extracting 
lymphocytes from one of the 
patient’s tumours, identifying 
those active against the cancer 
cells, multiplying them in a 
laboratory and transferring them 
back to the patient in greater 
numbers, as a way to attack her 
tumour. This therapy is called 
adoptive transfer of TILs (Tumour 
Infiltrating Lymphocytes), and 
has sparked a great deal of hope. 
These TILs are chosen for their 
ability to recognize proteins 
specific to cancer cells, known as 
the neoantigens.

However, Mañes and Veiga 
are cautious, saying we should 
remember that not all patients 

respond positively to these 
treatments. The response rate is 
still very low and does not exceed 
30%, so scientific endeavour 
is now aimed at finding new 
immunotherapies.

Reinvigorated cells to attack 
tumours

One of the most successful 
immunotherapies is based 
on checkpoint inhibitors, or 
inhibitors of immunological 
checkpoints. These are antibodies 
that basically immobilize 
immune checkpoints, i.e., block 
the deactivation of a type of cell 
called cytotoxic lymphocytes 
capable of killing cancer cells. In 
this way, they activate these cells 
to attack tumours.

“The main function of 
immunological checkpoints is to 
keep control of the self-reactive 
cells that have escaped the 
central tolerance mechanisms, 
thus preventing the immune 
system from destroying our 
own tissues,” explains Mañes. 
“In fact, mice deficient in these 
checkpoints generate severe auto-
immunity processes,” he adds. “In 
other words, checkpoints have 
a very important physiological 
function, which is undermined 
by tumours so they can develop,” 
explains Mañes.

In immune responses 
to pathogens, when these 
checkpoints are activated, they 
shut down the action of cytotoxic 
cells and help prevent overblown 
immune responses. Tumours and 
the tumour microenvironment 
use this inhibition to prevent 
cytotoxic cells from killing cancer 
cells, in a process of tumour-
induced exhaustion of cytotoxic 
cells. If, by contrast, the action of 
these checkpoints is blocked, this 
exhaustion is at least partially 
eliminated and the cytotoxic cells 
are better able to kill the cancer 
cells.

In short, these immunological 
checkpoints, like PD-1 or CTLA-
4, give out signals to deactivate 

T cells, so by blocking these 
negative receptors T-cell 
function is reactivated, and they 
can eliminate these tumours. 
Therapies that block these 
immune checkpoints release the 
brakes holding up the immune 
system and, thus, increase the 
ability of cytotoxic cells to destroy 
cancer cells. That is why these 
mechanisms are so successful.

An online antigen 
identification platform

Biomarkers represent 
another important aspect 
of immunotherapy. Many 
researchers are concerned with 
finding them in order to define 

which patients will benefit from 
immunotherapy to a greater or 
lesser extent. Esteban Veiga’s 
team works on a platform to 
identify antigens in a move 
towards what is known as 
personalized medicine. “We seek 
maximum specificity so that the 
patient has the least number of 
side effects. We will achieve this 
when we find tumour-specific 
antigens for each patient,” he 
explains.

With this goal in mind, an 
open-access platform is being 
developed in collaboration with 
another CSIC researcher, Carlos 
Óscar Sánchez Sorzano, and 
Professor Arrate Muñoz Barrutia 
at Universidad Carlos III de 
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Cancer cell colony. / IIB Esteban Veiga, in his lab at CNB-CSIC. / ALMUDENA MÉNDEZ PÉREZ

The immune system could defend us from 
cancer or turn it into a chronic condition so it 
cannot develop”  
Santos Mañes (CNB-CSIC)
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Madrid. The platform will contain 
sequential data of a given tumour 
and the algorithms to predict 
possible neoantigens. In this way, 
antigens that are only found in 
that tumour can be identified 
quickly, simply and economically.

This particular platform 
also holds keys to the future of 
immunotherapy, moving from 
mouse studies to human cancer 
trials. A tumour sample is taken 
from an oncological patient, 
sequenced, compared with 
healthy tissue, and all the data 
entered into the online platform 
will enable us to predict possible 
neoantigens present in that 
tumour. Then, we can generate 
the bacteria, train the patient’s 
own cells and in about two weeks 
their therapy will be ready.

Researcher Santos Mañes 
also emphasises biomarkers. “So 
far, we do not have biomarkers 
that help us to predict which 
patients will respond positively 
or negatively, completely or only 
partially to immunotherapy,” he 
says. “And so, the only option is to 
administer immunotherapy and 
see what happens. How do we 
know whether it is working? Well, 
only by seeing if the tumour gets 
smaller, or not,” he adds.

A debilitating protein

A study directed by Santos Mañes 
himself and Emilie Mira, another 
CSIC researcher at the CNB, has 
discovered a new biomarker 
that predicts the efficacy of 
immunotherapy in colon cancer. 
This study has revealed the 
importance the Superoxide 
Dismutase 3 protein, called SOD3, 
whose function is simply to 
remove the superoxide anion, a 
very powerful oxidizing agent.

“SOD3 makes the tumour less 
aggressive so that the immune 
cells are able to exert their 
anticancer activity. This protein, 
which under physiological 
conditions is regularly expressed 
in our tissue, is an enzyme that 
is secreted into the extracellular 
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patients with high levels of the 
SOD3 protein in their tumours did 
not relapse after surgery, while 
40% of those with low SOD3 levels 
experienced tumour recurrence 
within five years of surgery. So, 
significantly, survival was higher 
in the first group of patients,” the 
CNB researcher reveals.

Santos Mañes’ scientific team 
has taken a step further in their 
research. In a later work they 
have discovered a molecular 
pathway that explains SOD3 
behaviour. By increasing a protein 
called laminin Alpha 4, which 
is part of the basal membrane 
of the endothelium, it makes it 
more permeable to the infiltration 
of cytotoxic T cells, which are 
responsible for eliminating cancer 
cells.

These researchers have posed 
the following question: What 
happens with other laminins, 
with other proteins of the vascular 
endothelium? Just as Alpha 4 
allows lymphocyte infiltration, 
there is another laminin called 
Alpha 5 that inhibits lymphocyte 
entry.

“We wondered what happens 
to those tumours that have a 
high SOD3 levels with this other 
laminin. What we found is that 
SOD3 not only increases Alpha 
4 but also decreases Alpha 5 
because SOD3 attenuates the 
inflammatory response of the 
endothelium in the tumour 
microenvironment. Decreasing 
the inflammatory response of 
the endothelium favours a state 
of normalization of the tumour 
vasculature. This in turn allows 
T-cell infiltration and improves 
the immune response against 
tumours,” explains Mañes.

Understanding tumours 
better

“If we can learn how the tumour 
negatively tampers with the 
immune response to prevent 
itself being eliminated by the 
immune system; if we could 
learn all those mechanisms and 
be prepared to tinker with them, 
we would have a wonderful tool 
against cancer, namely, our very 
own immune cells,” says the 
researcher. 

“The use of one’s own immune 
defences against cancer could 
one day lead to cancer becoming 
just one more chronic disease. 
But to get to there, we must 
have a better understanding 
of the mechanisms used by 
the tumour. We also need good 
biomarkers that enable us to 
tell what mechanisms are 
operating in each tumour, which 
tumours are sensitive to certain 
immunotherapies but not to 
others,” Santos Mañes concludes.

A promising approach 
according to the two CNB 
researchers, at least in the 
short term, is a mixture of 
treatments and therapies, 
i.e., the combination of the 
two immunological therapies 
(strengthening lymphocytes 
and weakening cancer cells) 
with treatments such as 
chemotherapy and radiotherapy. 
“It is important to combine 
therapies, to attack cancer from 
several fronts at once, and cut off 
potential escape routes. Tumours 
undergo constant evolution, 
so the more treatments that 
are applied and combined, the 
greater the success,” concludes 
Esteban Veiga. 

Insight into how the tumour negatively 
regulates the immune response will provide 
a great tool against cancer”  
Santos Mañes (CNB-CSIC)

Above, staining of blood vessels (green) and 

SOD3 (red) in experimental tumours (cancer 

cells are blue). / EMILIA MIRA

Below, researcher Santos Mañes in his lab 

at the CNB. / CÉSAR HERNÁNDEZ

space in defence against oxidative 
stress. In most tumours there 
is a silencing of SOD3, resulting 
in very low SOD3 levels in the 
tumours,” explains Mañes.

The SOD3 protein could be a 
biomarker because the higher its 
levels, the greater the immune 
infiltration into the tumour and, 
therefore, the greater the immune 
control. “We found that 95% of 
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these 30 years, laboratories have 
been designing molecules that 
specifically target each of these 
genes, which are divided into two 
major types: oncogenes (a kind 
of cell proliferation accelerator) 
and suppressor (or brake) genes. 
All these genes, in turn, encode 
various proteins (the molecular 
building blocks of tissues and 
organs) that can act as targets 
for anticancer drugs, above all, 
proteins that control or regulate 
cell division processes.

“These are what we call 
biotherapies or targeted therapies,” 
explains Eugenio Santos, director 
of the CIC (Centro de Investigación 
del Cáncer) in Salamanca, a joint 
CSIC-Universidad de Salamanca 

C hemotherapy is one of 
the pillars in cancer 
treatment, along with 
surgery, radiotherapy 

and immunotherapy. Recently, 
precision medicine has brought 
improvements enabling these 
to be combined. It consists of 
finding high-precision molecules 
that attack the biochemical 
mechanism causing cancer cells 
to proliferate uncontrollably. 

Several CSIC teams look for 
flaws in the tumour proliferation 
process and test new molecules 
that can selectively kill cancer 
cells or stop their growth.

Since the 1990s, some 500 or 
600 genes related to cancer onset 
have been identified. During 
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By Alejandro Parrilla and Abel Grau

centre. “This type of therapy 
only affects one specific gene, 
the cancer-producing agent, 
and consequently we avoid the 
harmful side effects on normal 
cells produced by conventional 
chemotherapy, which 
indiscriminately attacks normal 
and oncogenic cells, alike,” Santos 
explains. 

“If we look for an analogy, 
conventional chemotherapy was 
like an atomic bomb, which wiped 
out everything, while targeted 
therapy would be like guided 
missiles, aimed specifically at the 
site where the tumour originates,” 
he adds.

At the CIC, researcher Atanasio 
Pandiella is specialized in testing 

the efficacy of various anticancer 
drugs. “Essentially, there are two 
types of anticancer drugs: cytotoxic 
and cytostatic. A cytotoxic drug 
kills the cancer cell. By contrast, 
cytostatic agents do not kill cancer 
cells, but rather prevent them from 
growing,” he explains. 

It is essential to know the 
proteins that are encoded by 
genes. Pandiella goes on to 
explain: “A human cell can 
produce more than 20,000 
different proteins, many of which 
are important in controlling cell 
replication processes. Laboratory 
studies have identified this 
function of certain key proteins 
in the oncogenic process, and 
researchers have developed drugs 
or other strategies (for example, 
gene ablation) to prevent their 
overexpression,” he adds. 

“Now that we know much 
more about these proteins and 
we have drugs to regulate them, 
it is important to know what role 
they play in each tumour. This 
seems simple, but it is not,” warns 
Pandiella. “A tumour may have a 
hundred dysfunctional proteins 
but we cannot give a patient 100 
different drugs. It would be highly 
toxic. Therefore, it is important 
to know which of these proteins 
are essential for the tumour, in 
order to attack them specifically.” 
Basically, the molecule or drug 
has a particular configuration 
so that it locks into the chosen 
protein and prevents it from 
functioning.

In this cancer-attacking 
chemotherapeutic strategy, 
basic science is responsible for 
selecting the most effective drug 
combination. Pandiella’s team, 
in coordination with the doctor 
Alberto Ocaña, Hospital Clínico San 
Carlos, Madrid, has recently tested 
the efficacy of a new treatment 
in the lab. It is a combination of a 
new drug (MZ1, which attacks cell-
growth proteins) with the antibody 
trastuzumab (a proven effective 
anticancer agent) to treat a type of 
breast cancer (HER2+), and avoid 
resistance.

HER2 + breast cancer is 
a subclass of breast tumour 
characterized by the HER2 
protein, which affects one in 
five patients diagnosed with 
this tumour type. Conventional 
treatment for these HER2+ 
tumours involves trastuzumab 
antibody administration, which 
targets the HER2 protein. 
However, although trastuzumab is 
highly effective, some patients do 
not respond to treatment and the 
cancer develops resistance.

A new strategy to improve 
the effectiveness of this therapy 
is proposed by Pandiella and 
Ocaña, leading two research 
groups at CIBERONC (Centro 
de Investigación Biomédica en 
Red Cáncer), funded by Instituto 
de Salud Carlos III and several 
private entities, such as the CRIS 
Foundation. Researchers have 
observed that the synergistic 
combination of the drug, MZ1, 
with the antibody, trastuzumab, 
improves the anticancer effect. 
“Some combinations that use 
trastuzumab as the core have 
already managed to increase 
patient survival,” the researchers 
note.

The drug MZ1 belongs to a 
new type of drug called Protac 
(Proteolysis targeting chimeric), 

which acts on certain cell 
proteins and eliminates them. “If 
the protein plays an important 
role in tumour development, its 
removal can have a beneficial 
effect. In the case of MZ1, it 
targets and attacks BET proteins, 
which control the production of 
other proteins that participate in 
tumour growth,” says Pandiella. 
“By attacking these proteins, 
they are able to inhibit them 
and favour their elimination,” he 
explains.

The results of this research 
were confirmed in mice. Trials 
showed a clear antiproliferative 
activity of MZ1 in HER2 
overexpressing cells, suggesting 
that this drug is an active agent 
in this breast cancer subtype. 
What is more, this effect was 
increased when administered in 
combination with trastuzumab, 
reinforcing its anticancer action. 
“This combination was able to 
decrease the size of HER2-positive 
breast tumours generated in lab 
models, and more effectively than 
either of the drugs alone,” explains 
Pandiella.

The combination of both 
agents succeeded in inducing 
apoptosis (cell death) of cancer 
cells more effectively than when 
administered separately. Also, 
it managed to reduce tumour 
growth. “These studies pave the 
way to bringing these strategies 
closer to clinical practice, and, in 
doing so, improve the treatment 
available for HER2-positive 
breast tumours,” the researchers 
conclude.

Oncogene-specific drugs

Over the last 30 years, huge 
steps have been taken in the 
treatment of virtually all types 
of cancer, but it is also true that 
there are still tumours with poor 
prognosis, Pandiella points out. 
“This is the case of advanced 
pancreatic or lung cancer. In these 
tumours, prognosis is still poor, 
but important advances are being 
made.” 

NEW DRUGS RESEARCH

CSIC teams look for flaws in the tumour 
proliferation process to apply special molecules 
that selectively kill cancer cells or prevent  
them from growing

Precision  
drugs to 
attack tumour 
mechanisms

If conventional 
chemotherapy was 
like the atomic 
bomb that wiped out 
everything, targeted 
therapy would be 
like guided missiles, 
honing in on the site 
where the tumour 
originates”
Eugenio Santos (CIC)

CSIC researchers 
searching for new 

cancer-specific drugs.  
/ ADOBE STOCK



“So, for instance, in the case 
of lung cancer, targeted drugs or 
therapies based on activating the 
immune system have managed 
to increase life expectancy. 
Scientific research will continue 
to take important steps in the 
future to improve patients’ quality 
of life,” he says.

Basic science is looking for 
specific drugs for each of the 
400 or 500 oncogenes that can 
mutate and produce cancer. “This 
process is in different stages of 
development, and thousands of 
molecules are being tested in labs 
and companies,” explains Eugenio 
Santos. “From the moment the 
first studies with molecules start 
up until the drug reaches clinical 
practice may take 10 to 15 years. 
And probably only one out of 
every thousand drugs that are 
studied will reach this final stage, 
which represents an investment 
of 800 to 1,000 million euros”, the 
CIC director clarifies. 

“However, even though most 
drugs fall by the wayside in this 
on-going research process, one 
or two new drugs are approved 
at the end of each year which 
are effective in improving care. 

Some are having spectacular 
effects, like Glivec, to treat chronic 
myeloid leukaemia,” he recalls. 

Dangerous genetic 
instability

At the IIBM-CSIC-UAM (Instituto 
de Investigaciones Biomédicas 
Alberto Sols), in Madrid, the 
research team led by Guillermo de 
Cárcer is seeking new therapeutic 
biomarkers associated with genes 
regulating the cell cycle and 
chromosomal instability [errors 
in the transmission of genetic 
information of cells during their 
proliferation]. Identifying these 
biomarkers is a key to being able 
to use them as a target for new 
anticancer drugs.

“Changes in the cell cycle are 
a common pattern in multiple 
tumour types, displaying 
uncontrolled cancer-cell 
proliferation and the acquisition 
of great genetic instability. 
This implies a greater degree of 
malignancy and worse patient 
prognosis,” explains de Cárcer. 
“The cell cycle has multiple 
regulators that are susceptible 
to being chemically inhibited, 

through the use of drugs, and this 
inhibition causes the tumour cells 
to die,” he explains.

Currently there are already 
several cell cycle-specific drugs 
that are approved for clinical use. 
But cancer cells proliferate in 
a Darwinian process of natural 
selection of the fittest and are 
constantly evolving, developing 
new ways to escape treatments. 

“The cancer cells with high 
genomic and/or chromosome 
instability are cells that acquire 
great genetic plasticity, in such 
a way that not only are they 
more malignant, and the tumour 
more aggressive, but this genetic 
plasticity gives them the ability 
to become resistant to common 
therapeutic treatments, meaning 
patients cannot be treated 
effectively,” reveals de Cárcer.

One of the research areas 
pursued at the Cell Cycle and 
Cancer Biomarkers laboratory 
seeks therapeutic alternatives 
for breast tumours that express 
high levels of some cell cycle 
genes associated with high 
chromosomal instability. 

“In this project we have carried 
out drug monitoring trials at the 

pharmaceutical company Lilly, 
and discovered a weakness in 
the TPX2 gene,” says de Cárcer, 
then adds: “TPX2 is an essential 
regulatory gene for cell division, 
and one of the prototypical genes 
associated with chromosomal 
instability.”  

When tumours show high 
levels of the Tpx2 protein, they 
grow more aggressively and 
patients’ prognosis is worse. 
“Through genetic engineering, 
we observed that cancer cells 
derived from breast tumours, 
on upregulating Tpx2 protein 
expression, become especially 
sensitive to Sprycel® (Dasatinib). 
This drug is a classic inhibitor 
of the proliferation pathways 
mediated by the Src kinase 
family of enzymes, and is 
currently used for patients with 
chronic leukaemia”, explains de 
Cárcer. 

Guillermo de Cárcer’s team 
is studying the molecular 
mechanisms that make cells 
with high Tpx2 levels sensitive 
to Sprycel®. “Given these 
promising data, we have started 
a collaborative study with the 
research team led by Gema 
Moreno (breast cancer specialist) 
at the clinic MD Anderson Cancer 
Center-Madrid, to analyse the 
tumours of breast cancer patients 
with high Tpx2 levels. We aim 
to discover whether the same 
molecular mechanisms are 
activated so that patients who do 
not respond positively to standard 
treatments could benefit from 
therapeutic alternatives using 
Sprycel® ”, says de Cárcer.

This research project is 
an example of coordinated 
collaboration between a 
CSIC academic laboratory, a 
pharmaceutical company (Lilly), 
and a hospital (MD Anderson 
Cancer Center-Madrid), funded by 
a foundation (AECC).

Precision medicine

New strategies using precision 
medicine provide a tool with 

great potential: functional 
genomics. “Functional genomics 
is the combined study of the 
activity and function of all the 
genes in an organism whose 
whole genome is known; for 
example, the human genome, in 
our case,” explains researcher 
Javier De las Rivas from the CIC 
in Salamanca.

“Functional genomics 
research is usually based on 
modern omic biomolecular 
techniques, which are able to 
measure the active functional 
state of all the genes in a sample, 
for example, in a patient’s biopsy 
or blood sample,” De las Rivas 
explains. “These measurements 
generate thousands of data and 
reveal which genes are expressed 
and active in a biological sample.” 

Gene activity is measured and 
quantified in different ways, for 
example, by measuring the levels 
of transcribed RNA produced 
in cells (transcriptomics), or 
by measuring the levels of 
the proteins they produce 
(proteomics), etc. “In our 
Functional Genomics group at 
the CIC, we integrate and analyse 
all these complex omic data, 
mainly derived from human 
samples taken from patients 
and donors, in cancer studies as 
well as studies of other complex 

diseases like Alzheimer’s,” he 
explains.

The area of cancer is perhaps 
where this precision medicine 
is starting to be applied more 
systematically. “This medical 
approach seeks to generate 
molecular omic data of patients 
and integrate them with 
more traditional clinical and 
physiopathological data,” he 
states. This type of precision 
medicine requires collaborative 
and coordinated work of 
multidisciplinary researchers 
with clinicians. 

Genomic Medicine and 
Cancer Genomics have grown 
in the last two decades, and 
have already effectively reached 
medical practice in cancer by 
providing specific diagnostic 
and prognostic tools and kits, 
explains De las Rivas. 

“For example, at the research 
level and in collaboration with 
oncologists at the Hospital 
Clínico Universitario in 
Salamanca, we have studied 
genomic platforms that are 
already being used for breast 
cancer,” says the researcher. 
“Specifically, the hospital has 
the Prosigna genomic platform, 
which enables patients to do a 
breast cancer test that can predict 
the risk of relapse and identify 
the biological subtype of the 
cancer,” she explains. This type of 
platform will be extended to other 
types of cancer, such as colon and 
lung cancer, in the future.
A milestone in cancer genomics 
was reached last year by the study 
“Pan-cancer analysis of whole 
genomes”, published in Nature. 
This work performed an analysis 
of about 2,600 complete cancer 
genomes and their corresponding 
normal tissues in 38 tumour 
types. “We know that cancer is 
a very complex disease that has 
many faces and very different 
versions,” sums up De las Rivas, 
“and studies like these bring us 
closer to finding a cure for cancer 
in a period that some think may be 
less than a decade.”  
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Cancer cells by fluorescence. / IIBM

A tumour may 
have a hundred 
dysfunctional 
proteins but we 
cannot give a patient 
100 different drugs. 
It is essential to know 
which proteins are 
vital to the tumour in 
order to target them”
Atanasio Pandiella (CIC)
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technologies that can detect 
them in routine clinical check-
ups, and knowledge of the cell 
mechanisms preceding the 
appearance of cancer. At the CSIC, 
several projects are testing new 
detection systems and studying 
prevention protocols.

The search for biomarkers 
(measurable characteristics 
indicating a biological state; for 
instance cancer) is essential. The 
team led by Pilar Navarro, at IIBB-
CSIC (Instituto de Investigaciones 
Biomédicas de Barcelona) has 
been studying pancreatic cancer 
for decades, one of the most 
aggressive tumours, with an 
average patient survival rate of 

M ost cancers develop 
over years and take 
time to become 
clinically apparent. 

Mutations silently accumulate 
in cells, which are spreading 
and becoming carcinogenic, 
little by little, as revealed by 
genomic studies. Due to this 
long developmental process, the 
detection of tumours in their 
early stages would considerably 
simplify their treatment at the 
clinical stage. 

Therefore, one of the goals 
of basic cancer research is 
to achieve new detection 
and prevention methods, for 
example, molecular or cellular 
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CSIC teams develop devices to obtain more effective 
mammograms and biopsies in real time, test new biomarkers, 
and assay T-cell hydrogels and nanomedicines to fight cancer
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Detecting cancer  
before it shows its face

By Gema de la Asunción and Marta García Gonzalo

less than six months. It ranks 
third in cancer-related deaths, but 
due its increasing incidence it is 
expected to occupy the second 
position by the year 2030, only 
surpassed by lung cancer.

Navarro’s team has recently 
shown that a protein called 
Galectin-1 may be a good 
biomarker. These researchers 
have observed that levels of this 
protein are very high in patients 
with pancreatic cancer compared 
to controls. “We have also 
observed that the higher the level 
of this protein in blood, the lower 
the survival of the patient,” says 
the researcher. 

“These results indicate that 

detection of Galectin-1 in blood 
can be used to diagnose and 
predict the aggressiveness of 
pancreatic cancer,” Navarro tells 
us. The detection method used is 
a low-cost laboratory test (ELISA), 
which confers an important 
advantage over other current 
techniques, such as imaging 
(endoscopy ultrasound, CT, 
magnetic resonance).  

“However, our study also 
reveals certain limitations, such 
as specificity, since this protein 
can also increase in response to 
inflammatory processes, such 
as pancreatitis, leading to false 
positives,” she warns. “However, 
given the simplicity of the 

methodology and its low cost, we 
propose that Galectin-1 detection 
in blood can be very useful to help 
oncologists diagnose pancreatic 
cancer early on,” Navarro tells us.

Measuring the physical 
properties of cancer cells

Physicist Javier Tamayo, 
from IMN-CSIC (Instituto de 
Micro y Nanotecnología) in 
Madrid, explains that “cancer is 
considered a biochemical disease 
produced by genetic mutations 
which, on accumulating over 
time, enable cancer cells to grow 
uncontrollably and invade distant 
body regions.” But he adds that 

“cancer is not a disease, but a 
million different diseases from 
the genetic perspective, which 
greatly hinders its treatment.” 

Tamayo’s team is looking for 
new methods to detect cancer 
cells based on their physical 
characteristics. “In the last 
decade we have learned that 
the mechanical properties of 
cells [their stiffness or mobility] 
undergo a radical change when 
they turn into tumours,” adds 
researcher Priscila Kosaka, 
member of Tamayo’s team. 

“The change in mechanical 
properties —for example, cancer 
cells are softer than healthy 
cells— is of great biological 

Image of the Universidad 
Santiago de Compostela 

pharmacology group, 
which investigates 

vegetables in cancer 
prevention./ MBG



importance and opens up 
endless possibilities for new 
diagnostic techniques and 
universal therapies based on 
the mechanical properties of 
tumours,” Kosaka adds.

Tamayo’s team has developed 
optomechanical nanodevices 
that allow the ultra-sensitive 
detection of proteins in blood. 
This technology has enabled the 
detection of cancer biomarker 
proteins with unprecedented 
sensitivity (at least 10,000 times 
higher than clinical tests) and 
with a high success rate. 

“These results would enable us 
to detect tumour biomarkers from 
incipient tumours measuring 
less than one millimetre and, 
therefore, highly curable,” says 
Tamayo. “Clinical trials are 
underway with breast cancer 
patients and trials with lung 
cancer patients will soon begin,” 
he adds.

His team has also developed 
algorithms and technologies 
that distinguish healthy cells 
from cancer cells, as well as 
predicting their malignancy, 
that is, their ability to produce 
secondary tumours (metastases). 
“We have discovered a very 
close relationship between 
abnormal and hyper-accelerated 
metabolism of tumour cells with 
their mechanical properties and 
how this relationship plays a key 
role in metastasis,” he clarifies. 

Using light to evaluate 
biomarkers

Nanophotonics, the use of light 
at the nano-level, provides 
highly reliable biosensors for 
early detection. The team led 
by CSIC researcher Laura M. 
Lechuga, from ICN2-CSIC-Gencat 
(Instituto Catalán de Nanociencia 
y Nanotecnología), has 
demonstrated how its patented 
nanophotonic technology can 
evaluate biomarkers in very early 
developmental stages of different 
types of cancer using small 
samples of body fluids. 

“For example, we have 
shown how it is possible for our 
prototypes to detect colorectal 
cancer early on by directly 
identifying autoantibodies 
associated with this tumour in the 
plasma of patients, which paves a 
promising path towards its early 
diagnosis, avoiding colonoscopy,” 
explains Lechuga. 

Another example is the 
detection of biomarkers in 
human samples, such as specific 
microRNAs, where her team 
has achieved exceptionally low 

detection limits. “We have been 
able to distinguish patients with 
bladder cancer from healthy 
people just by analysing a few 
drops of their urine,” explains 
the researcher. These analyses 
have the advantage of their 
speed (under 15 minutes), their 
high sensitivity and the direct 
measurement of patient samples 
in small volumes, without any 
type of pre-treatment. 

In a novel approach to early 
detection, Lechuga’s team uses its 
high-sensitivity nanobiosensors 

as an alternative analytical 
technique to evaluate epigenetic 
deregulation [gene expression 
modulation without altering the 
DNA sequence] in cell signalling 
pathways that can lead to the 
onset of diseases such as cancer. 
The sensors provide rapid, direct 
and highly sensitive analysis of 
these pathways without the need 
for labelling or amplification. To 
do this, a type of protein generated 
in the transcription process of 
messenger RNA of various genes 
has been analysed quantitatively; 
the methylation state of DNA 
sequences has been identified, 
avoiding amplification steps; and 
specific microRNAs have been 
successfully detected, among 
other epigenetic pathways. 

Lechuga also collaborates in 
the Legochip project, led by the 
ICN2 researcher César Moreno. 
“We are working towards a new 

biosensor platform based on 
graphene and nanophotonic 
devices for the early diagnosis 
of melanoma,” says Lechuga. 
For the first time, a nanoporous 
graphene-based material is being 
integrated into ultra-sensitive 
optical biosensors with a dual 
function: to facilitate in situ and 
precision filtering of human 
samples, such as blood, plasma or 
serum, and to provide a chemical 
matrix for anchoring the receptor 
probes with atomic precision.

“This novel nanobiosensor is 
aimed at the early detection of 
melanoma (skin cancer) as well 
as the continuous monitoring of 
patients at high risk of developing 
the disease – through the rapid 
and ultrasensitive identification 
of specific biomarkers 
(microRNAs) using microlitres of 
blood from the patient,” explains 
the researcher.

Precision imaging to detect 
breast tumours

Early detection of breast cancer 
is the goal of the research team 
led by Antonio J. González 
and Filomeno Sánchez, at the 
I3M-CSIC-UPV (Instituto de 
Instrumentación para la Imagen 
Molecular), joint CSIC-Universidad 
Politécnica de Valencia centre. 
They are developing a PET 
(positron emission tomography) 
device, called DeepBreast, which 
seeks to improve the image 
quality and scanning time 
potential of detection technology. 

On undergoing a PET test, 
patients are injected with 
a radiopharmaceutical that 
concentrates in the areas of 
greatest energy consumption, 
such as tumours. The drug emits 
radiation that PET scanners 
detect and from which they 
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Metastatic animal cell. / CIC At the IMN they seek to detect cancer cells based on their physical characteristics. / GEMA DE LA ASUNCIÓN

Javier Tamayo’s team seeks to detect cancer cells 
based on their mechanical properties, such as 
stiffness and mobility"



generate a diagnostic image.
By joining the scintillating 

crystals present in the detectors, 
these devices determine the 
radiation more efficiently, thereby 
increasing their precision and 
defining the extent of the tumour 
better, or determining low-
uptake or multi-centric tumours. 
Furthermore, the heterogeneity 
of tumours can be studied, 
which provides highly relevant 
information for therapy planning. 

“The design we are working on 
reduces the gaps left by current 
PET detectors, by joining together 
the multiple scintillating crystals 
it comprises. This increases 
detection efficiency and enables 
a reduction in scanning time and 
the dose of radiopharmaceutical 
injected to the patient, or a 
compromise between the two,” 
explains González. “Our goal is to 
have a prototype up and running 
by the end of 2021,” Sanchez adds.

The microbiome’s influence 
on leukaemia onset

Cancer prevention is aimed at 
identifying the causes underlying 
tumour formation and to stop it 
before it starts. The research team 
led by Isidro Sánchez-García, at 
the CIC-CSIC-USAL (Centro de 
Investigación del Cáncer), a joint 
CSIC-Universidad de Salamanca 
centre, focuses on the origins of 
childhood leukaemia (or acute 
lymphoblastic leukaemia, a 
cancer of the blood). 

Sánchez-García’s team has 
observed that, in cases of genetic 
predisposition to this type of 
leukaemia, cancer arises as a 
result of an abnormal immune 
response to common infections. 
And, in particular, they have 
shown that a healthy gut 
microbiome can protect against 
the mechanism that triggers 
cancer.

In a normal situation, pre-
leukemic cells (containing 
inactive oncogenes), which 
originate from innate genetic 
predisposition, will remain silent 
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nutritional formulas tailored to 
each individual, and follow up 
throughout the process. 

The team is collaborating with 
hospitals in Madrid. “At CIAL we 
analyse the faecal and saliva 
samples collected from patients, 
characterising their microbial 
profiles in depth,” explains 
Moreno-Arribas. “This gives us 
a global perspective, enabling us 
to design personalized dietary 
guidelines, which will be adapted 
according to the changes detected 
in the microbiome,” she adds. 

Clinical trials include the study 
of metabolic, nutritional, clinical 
and lifestyle characteristics, 
as well as patient genotype, 
to determine their genetic 
variants. The researchers are also 
collaborating to develop a mobile 
app so that patients can check the 
condition of their microbiota, the 
personalized diet designed and, 
also, monitor progression. 

Vegetables as adjuvant 
therapies

Other teams study food-based 
cancer prevention. Elena 
Cartea’s research group at the 
Misión Biológica de Galicia, 
in collaboration with the 
Universidad de Santiago de 
Compostela, studies collards 
and turnip greens, among other 
brassicas, to evaluate their 
application to prevent and treat 
some types of cancer. 

“Some compounds present in 
brassica, such as isothiocyanates, 
may be useful in the prevention 
and treatment of some prostate 
and breast cancers,” says Cartea. 
“The combined administration 
of these compounds with anti-
cancer drugs could help boost 
their efficacy and reduce doses, 
making them more tolerable for 
patients,” she explains.

Numerous basic-science 
projects underway at the CSIC 
foresee a future in which better 
early detection methods and 
even ways to prevent tumour 
formation will be achieved. 

management, along with drug 
delivery, have led a child survival 
rate of over 90 per cent. While 
this information is staggering, 
the price paid to beat leukaemia 
is long-term therapies with 
long-lasting side effects. Now, 
preventing this cancer by 
modifying the microbiome and 
protecting against immune 
stress could provide an efficient 
alternative to treatments.

Besides the microbiome, 
researchers are also scrutinising 
other associated factors, such as 
the individual immune response, 
or the importance of T cells, 
involved in eliminating cancer 
cells. “A better understanding of 
the interactions between different 
types of genetic predisposition, 
environmental factors and 
immune evasion mechanisms 
would facilitate the prevention 
of the factors leading to disease 
development,” he concludes.

Evaluating patients’ 
microbiota

The gut microbiota is also central 
to the treatment of cancer 
patients. In addition to the side 
effects of chemotherapy, radiation 
therapy and/or surgery, patients 
often suffer from a disruption 
of the microbial community 
harboured within their gut. 
This gut microbiome imbalance 
(dysbiosis) affects quality of life, 
causing diarrhoea, bloating and 
constipation, sensitivity of the 
gums, caries and halitosis, among 
other disorders.  

The research team working 
with Victoria Moreno-Arribas 
at CIAL-CSIC-UAM (Instituto 
de Investigación en Ciencias 
de la Alimentación), joint CSIC-
Universidad Autónoma de Madrid 
centre, seeks to restore the gut 
and oral microbiota balance 
in cancer patients, especially 
those suffering breast and lung 
tumours, to improve their quality 
of life and prognosis. Within the 
framework of the Alibird-CM 
project, they design customised 
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thanks to a protective immune 
network that prevents leukaemia 
from developing, explains the 
researcher. However, when 
immune stress is caused by 
external factors, such as infection, 
the network can weaken and 
allow a pre-leukemic cell to 
escape immune control and turn 
into a leukemic cell (activation of 
oncogenes). 

“One of the factors that can 
protect us from these stressors 
is a balanced gut microbiome. 
Research has shown that there 
is a link between the genetic 
subtype of leukaemia and the 
possible anti-leukemic efficacy 
of the microbiome,” says Isidro 
Sánchez.

The treatment of childhood 
leukaemia is one of modern 
medicine’s greatest success 
stories: improved patient 

With genetic predisposition, leukaemia can be 
sparked by an abnormal immune response to 
common infections”

Isidro Sánchez García’s lab investigates the causes 
of childhood leukaemia. / CÉSAR HERNÁNDEZ

Electron microscopy image of a mouse-colon section.  / CNB



TRANSFER

S cientists at the CSIC 
have developed new 
technologies to detect 
cancer early on and 

improve treatment: devices to 
improve mammogram efficacy, 
real-time biopsy methods, 
hydrogels to culture T cells and 
use them in immunotherapy, 
and nanoparticles to attack 
cancer. Through these innovative 
technologies, the CSIC seeks to 
bridge the gap between bench 
and bedside. 

The CSIC protects its research 
results through patents, or 
similar formats, through its 
Deputy Vice-Presidency for 
Knowledge Transfer, giving 
them value for subsequent out-
licensing to companies, which 
turn them into innovations 
that reach patients. In Spain, 
considering both the public and 
private sectors, the CSIC ranked 
as the top institution in cancer-
related patent applications 
during the 2006 to 2017 period, 
according to the first report on 
cancer research and innovation 
in Spain, prepared by the 
ASEICA (Asociación Española de 
Investigación Contra el Cáncer), 
and the AECC (Asociación 
Española Contra el Cáncer) and 
Fundación La Caixa.

Cancer is one of the leading 
causes of death worldwide, and 
was responsible for almost 10 
million deaths in 2020, according 
to the WHO. Among the most 
commonly detected types are 
breast cancer, lung cancer, 
colorectal cancer, prostate 
cancer and skin cancer (non-
melanoma). Furthermore, as 
age is one of the risk factors for 
developing cancer (risk increases 
significantly after 45-50 years of 
age), the progressive population 
ageing will increase these 
figures: indeed, estimates project 
that in 2040 there will be nearly 
30 million deaths from cancer on 
the planet. Faced with this real 
public health problem, science 
seeks solutions on all fronts, 
especially in early detection and 
treatment.

In the fight against cancer, the 
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on a new prototype with 
improved performance: they 
have developed and patented 
a technology consisting of a 
collimator, a multi-pinhole 
mobile (the collimator is a device 
that homogenizes the trajectories 
of the particles to be detected), 
which presents a continuous 
rotatory movement, thereby 
solving the problems of image 
reconstruction. 

Recently, the I3M has 
introduced a new PET device 
to detect prostate cancer. 
This device, called ProsPET is 
under development with the 
participation of Valencia’s IIS La 
Fe (Instituto de Investigación 
Sanitaria La Fe), and aims 
to diagnose prostate cancer 
more accurately. It is based on 
molecular images (obtained by 
radiopharmaceuticals), thus 
enabling more precise targeting 
of the biopsy and preventing 
patients from undergoing more 
invasive techniques for disease 
detection. 

ProsPET has detectors 
closer to the prostate area and 
improved spatial resolution 
compared to a conventional 
full-body PET scanner. Thanks 
to this new device and the new 
radiopharmaceuticals associated 
with the PSMA (prostate specific 
membrane antigen) target 
molecule, a highly reliable 
image is obtained of the prostate 
tumour. This means fewer 
samples must be taken during 
prostate biopsy (radioguided 
biopsy), allowing a significant 
change in the prostate cancer 
diagnosis protocol, with shorter 
and more effective biopsies.

TRANSFER
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Benlloch, and integrates diverse 
research in new techniques of 
scientific instrumentation for 
imaging applications in the 
biomedical field. In other words, 
its goal is to improve the image-
based diagnostics of diseases like 
cancer. 

Some of the technological 
developments achieved by the 
I3M are marketed by Oncovision, 
which emerged as a CSIC spin-
off and now sells its products 
in 30 countries. One of its 
flagship products is Mammi, a 
positron emission tomography 
(PET) device that substantially 
improves the accuracy of X-ray 
mammograms. In addition, it 
reduces both the scanning time 
and the radiation dose that 
patients receive. The device 
includes a special bed to facilitate 
a hanging breast position inside 
the PET ring, making breast 
compression unnecessary. It also 
enables scanning near the chest 
wall, and is able to differentiate 
active foci in multifocal tumours.  

Mammi does not intend 
to replace conventional 
mammography, but to provide 
complementary information 
to reduce the number of false 
negatives and false positives. 
In addition, it is a useful tool for 
monitoring both therapy and 
tumour development. It uses 
monolithic crystals as detectors, 
which reduces equipment costs. 
Furthermore, thanks to the 
improvements made, including 
a new detector ring, image noise 
correction, compatibility with 
hospital information and image 
systems and improvements 
afforded by the ergonomics of the 
bed, the device is already being 
used in 10 countries.

Another of the flagship 
products developed at the I3M 
and marketed by Oncovision 
is Sentinella, an innovative 
portable camera that detects 
gamma rays produced by a 
radiopharmaceutical injected 
into the oncological patient to 
detect the sentinel node, lymph 
nodes and potential tumour 
areas for minimally invasive 
surgery. The I3M is working 

An IBBTEC team 
has identified a 
biomarker that can 
predict the patient’s 
response to drugs for 
a type of skin cancer”

Nanoparticles to 
attack tumours 
and new diagnostic 
systems 
Researchers at CSIC develop devices to provide more 
effective mammograms and biopsies in real time, try out 
new biomarkers and test hydrogels to culture T cells and 
nanomedicines to attack cancer

By Isidoro García Cano

first battle is to improve diagnosis 
and the I3M-CSIC-UPV (Instituto 
de Instrumentación para Imagen 
Molecular) is working on this. 
This joint CSIC-Universidad 
Politécnica de Valencia centre is 
directed by researcher José María 

Judith Guasch, at ICMAB, develops 
hydrogels to cultivate T cells, used in 

immunotherapy. / ICMAB
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Predicting 
treatment 
response

This is what Piero Crespo 
and Berta Casar do at 
the IBBTEC (Instituto de 

Biomedicina y Biotecnología de 
Cantabria). At this joint centre of 
the CSIC, Universidad de Cantabria 
and the Government of Cantabria, 
these researchers endeavour to 
predict how patients will respond 
to the most common treatment 
used against melanoma, the 
most serious type of skin cancer. 
More than half of melanomas 
are associated with a Braf gene 
mutation, so the main drugs are 
aimed at inhibiting the altered 
BRAF protein that helps cancer to 
grow. However, 30% of patients do 
not respond to treatment, and we 
still do not know why. Yearly some 
250,000 cases of melanoma are 
diagnosed worldwide, meaning 
about 50,000 people receive 
treatment that will be ineffective, 
thereby suffering its side effects 
and consuming healthcare 
resources (the cost per patient is 
estimated at 30,000 euros).

Meanwhile, Luis Cabal-
lero has led research at 
the IFIC-CSIC-UV (Insti-

tuto de Física Corpuscular), joint 
CSIC-Universitat de València 
centre, to patent a novel device 
that performs guided biopsies 
in real time with direct applica-
tion to any type of cancer where 
biopsy and ultrasound must be 
performed. The device allows 
the biopsy needle to be directed 
to areas of increased tumour 
activity, combining ultrasound 

imaging with gamma radiation 
imaging. That is, it adds met-
abolic information, from the 
radiotracers injected into the 
patient, to the morphological 
information provided by the ul-
trasound devices. 

The device has three main 
advantages: it allows custo-
misation of cancer treatment; 
reduces the number of biopsies, 
and can be adapted to different 
ultrasound systems, thus reduc-
ing costs and facilitating market 

outlet. The system can also be 
used to tag the lymph nodes 
themselves by inserting the ra-
dioactive seed into the sentinel 
node for future identification 
after chemotherapy treatment. 
“We can perform and control this 
technique through the gamma 
image provided by our system, 
since we can monitor the seed 
deposition and ensure that it is 
deposited in the sentinel node 
and not in another,” explains Ca-
ballero.

More accurate biopsies

To determine whether a 
patient will respond well to 
treatment with BRAF inhibitors, 
CSIC researchers have identified 
a biomarker: the ERK enzyme 
activity levels in cytoplasm, 
which, in turn, are triggered by the 
BRAF protein. This relationship 
has already been established in 
preclinical models, showing that 
“the greater cytoplasmic ERK 
activity, the better the response 
to BRAF inhibitors,” summarizes 
Piero Crespo. Thus, they have 
developed and patented a method 
using an ERK-specific antibody 
to detect its activity in the 
cytoplasm. “This method could 
be employed in hospitals using 
standard tests, such as ELISA,” 
Berta Casar points out.

They are currently analysing 
patient samples in collaboration 
with the Hospital Universitario 
Marqués de Valdecilla (Santander) 
and Barcelona’s Instituto de 
Investigación Vall d’Hebron to 
undertake a validation trial, 
a prerequisite to start clinical 
trials, this year. Moreover, they 
are expanding the study to 
patients with invasive breast 
cancer (the most common of this 
type) and lung cancer, where 
this ERK biomarker also seems 
to be related to resistance to 
conventional treatments.

Microscopy image of  
a melanoma cell. / I3M

Image of Sentinella, a camera that detects potential tumour areas. / I3M
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3D hydrogels to culture T cells

Another highly active front 
in the fight against cancer 
concerns treatments. 

Immunotherapy is one of the most 
promising: it is based on using 
and strengthening the patient’s 
own immune system to recognize 
and fight cancer cells, without 
damaging healthy tissues. One 
of the possible treatments, called 
adoptive cell therapy, consists of 
removing some of the patient’s T 
cells, lymphocytes with the ability 
to destroy tumours, modify them 
to make them more active, then 
make numerous copies and re-
inject them.

In this field, a research 
group from the ICMAB-
CSIC (Instituto de Ciencia de 
Materiales de Barcelona) has 
participated in designing new 
hydrogels to facilitate T-cell 
cultivation. Hydrogels can 
mimic lymph nodes, where 
T cells reproduce, and thus 
provide high cell proliferation 
rates. Researchers Judith 
Guasch and Elisabeth Engel 
are running a project at ICMAB 
and UPC-IBEC (Universidad 
Politécnica de Cataluña-Instituto 
de Bioingeniería de Cataluña) to 
3D-print these new hydrogels 

and thus accelerate their 
availability on the market.

3D-hydrogels are made 
of polyethylene glycol, a 
biocompatible polymer widely 
used in biomedicine, and heparin, 
an anticoagulant agent. The 
polymer provides the structure 
and mechanical properties 
necessary for T cells to grow, 
while the anticoagulant is used 
to anchor various biomolecules 
of interest such as cytokine 
CCL21, a protein present in lymph 
nodes, which plays a major role in 
cancer-cell migration and tumour 
proliferation.
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Nanoparticles against prostate cancer

Meanwhile, researchers 
from the ITQ-CSIC-UPV 
(Instituto de Tecnología 

Química), a joint CSIC-Universidad 
Politécnica de Valencia 
centre, have developed a new 
nanomedicine for theranostics 
(diagnosis and treatment) of 
prostate cancer based on covalent 
organic frameworks (COFs). The 
treatment is able to selectively 
destroy cancer cells in the 
prostate gland and local lymph 
nodes. In this way, the therapy 
is more effective and free of side 
effects. 

The theranostic system 
consists of a COF nanoparticle, 
in which the molecule of a 
therapeutic agent is inserted, 
in this case Docetaxel, the drug 
most frequently used to treat 
prostate cancer resistant to 
hormonal therapy. In addition, 

a monoclonal antibody, which 
selectively interacts with FOHL1 
membrane receptors in prostate 
cancer cells, and radionuclides 
for positron emission tomography 
(PET) are incorporated into the 
nanoparticle.

The treatment is administered 
via intra-tumour route, which 
drastically reduces the side 
effects of the drug, whose high 
toxicity when administered 
intravenously limits both the 
dose and duration of therapy. 
“Our nanomedicine requires a 
lower dose than conventional 
chemotherapy and its therapeutic 
effect is greater. In vitro studies on 
prostate cancer cells reveal that 
our system can provide a 15-fold 
improvement in the anticancer 
activity of Docetaxel,” explains ITQ 
researcher Pablo Botella.

The system, which has been 

patented, can also identify 
cancer cells and destroy them. 
This is thanks to the principal 
molecule, which interacts with 
FOHL1, and the PET imaging 
technique, which helps locate 
tumour nodules in the prostate 
with unicellular precision, thus 
facilitating disease diagnosis in 
the early stages. In addition, the 
release of the therapeutic agent 
can be monitored for hours or 
days, and the nanoparticle used 
is 100% organic and completely 
biodegradable, which facilitates 
its complete elimination by the 
body.

Thus, CSIC researchers 
continue working on the 
development of new diagnostic 
methods and innovative 
treatments that can transfer basic 
lab research to medical practice in 
hospitals and clinics. Metastatic animal cell.  / CIC

Hydrogels developed by ICMAB researcher Judith Guasch can mimic lymph nodes. / ICMAB
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Mission Possible’, published by the 
European Commission’s Cancer 
Mission working group. “Every 
year 2.6 million cancer cases are 
diagnosed in the EU. This number 
is expected to increase rapidly due 
to ageing populations, unhealthy 
lifestyles and unfavourable 
environmental conditions.” The 
working group also warns: “If firm 
action is not taken, the number 

of cancer cases in Europe will 
increase 25% by 2035.”

The Cancer Mission —
following the idea of the Apollo 
mission that brought man to the 
Moon, in terms of mobilizing 
technical and human resources—
comprises a set of actions 
encompassing research projects, 
administrative measures and 
even legislative initiatives, to 

achieve a goal that could not be 
achieved with individual actions. 

The goal set by the mission 
is to save three million lives 
by 2030, improve both survival 
and quality of life. The mission 
seeks to improve three pillars 
in the battle against cancer: 
cancer prevention, diagnosis and 
treatment, and quality of life for 
patients, survivors, their families 

C ancer research is one of 
the priorities targeted 
by European science. 
Cancer is an umbrella 

term for a set of diseases that 
cause almost 1.9 million deaths 
yearly in Europe. It is therefore a 
top biomedical, health, economic 

and social challenge. The 
European Commission has set 
cancer research as one of its five 
main missions within the new 
European Framework Programme 
for Research, Development and 
Innovation, namely Horizon 
Europe (2021-2027), the largest 
funding tool for science and 
innovation in the European 
Union. Nine projects are currently 

running promoted by CSIC 
researchers under the Horizon 
2020 framework programme, 
seeking new diagnostic and 
treatment methods.

“Europe has a quarter of all 
cancer cases, but less than 10% 
of the world’s population, so 
cancer poses a huge threat to EU 
citizens and health systems,” says 
the report ‘Conquering Cancer: 
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By Alda Ólafsson and Gema de la Asunción

Protons to attack 
tumours and 

nanomaterials to 
improve diagnosis

The European Union has identified 
cancer as one of this decade’s scientific 
challenges. CSIC researchers are working 
on European projects to test proton-
based radiotherapy, develop predictive 
models for drugs and test nanomaterials 
to obtain more accurate diagnoses and 
more effective therapies

INTERNATIONAL INTERNATIONAL



and caregivers. To achieve this, 
it is essential that basic science 
improves our understanding of 
cancer mechanisms.

Proton therapy, an 
alternative radiation 
therapy

At the IFF (Instituto de Física 
Fundamental) in Madrid, Gustavo 
García Gómez-Tejedor’s research 
team has worked on European 
projects to evaluate proton and 
ion beam therapy, two more 
efficient alternatives to traditional 
non-selective radiotherapy. In 
regular radiation therapy, one 
of the most commonly used in 
cancer treatment along with 
chemotherapy and surgery, 
radiation causes small breaks 
in cellular DNA, thus killing 
cancer cells. The problem is that 
it does not distinguish cancer 
cells from healthy ones, so it 
can damage the areas of healthy 
tissue surrounding the tumour. 
By contrast, as the researcher 
explains, proton or ion beam 
therapy (carbon, oxygen or 
helium) can target cancer cells 
more accurately, thus limiting the 
impact on healthy tissue. But it is 
not without risks.

“The great advantage of 
beams of charged particles 
(electrons, protons and heavy 
ions), compared to traditional 
radiotherapy, based on photon 
irradiation, is that in the former 
the energy of the primary 
beam gradually decreases until 
reaching a value at which the 
probabilities of interaction with 
the molecules of the beam are 
maximum. This increases the 
energy deposit considerably 
in that area, concentrating 
the radiation effects on the 
specific area to be treated. This 
phenomenon is known as the 
Bragg peak,” explains García 
Gómez-Tejedor, who leads the 
project.

The depth at which the Bragg 
peak occurs in the target depends 
on the incident energy, a factor 

enabling most of the beam energy 
to be deposited within the tumour 
and, thus, minimize its effect on 
healthy tissue. “This technique 
reduces the risk of secondary 
cancer and improves the patient’s 
quality of life after treatment. 
Either with protons or heavy ions, 
conservation of the surrounding 
tissues is preserved,” says García 
Gómez-Tejedor, adding: “The 
biological effect of radiation 
within the region of interest 
is reinforced by the injection 
of nanoparticle-based radio-
sensitising drugs that increase 
cancer-cell sensitivity to radiation 
and boost its effects.”

This therapy runs the risk 
that irradiation generates a large 
amount of secondary electrons 
and free radicals in the areas 
near the point concentrating the 
energy deposit of the proton or 
ion beam (or Bragg peak), greatly 
increasing the biological effect 
of the radiation. To evaluate this 
risk, García Gómez-Tejedor’s 
team is developing models based 
on molecular interactions that 
measure the relative biological 
effectiveness of this type of 
radiation; that is, it measures 
whether the risk of generating 
secondary electrons and free 
radicals compensates the 
effectiveness of the proton beam 
on the tumour. 

García-Gómez Tejedor’s 
project has been partially funded 
under a Marie Sklodowska-
Curie action, Horizon 2020 
framework programme, thanks 
to which he has trained three 
doctors specialized in proton 
radiotherapy. Through this 
action, they have collaborated on 
radiobiological experiments in 
proton therapy centres in France, 
Czech Republic and Denmark, and 
in heavy ion therapy in France 
and Germany.

The IFF team works in 
collaboration with three public 
hospitals in Madrid: the Ramón 
y Cajal, the Puerta de Hierro and 
La Paz University Hospital. In 
Spain, the first two private proton 
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Section of mouse colon 
with colorectal cancer, 
showing cell nuclei 
(blue) and T cells (pink).  
/ CNB



therapy facilities were opened 
in 2020, but public healthcare 
still lacks the necessary 
apparatus. “We conducted joint 
radiobiological experiments in the 
proton accelerator at the Centre 
for Materials Microanalysis at 
the Universidad Autónoma de 
Madrid. Also, in collaboration with 
Madrid’s Hospital Universitario 
Ramón y Cajal, we are developing 
a new dose determination model 
based on molecular damage for 
applications of intraoperative 
radiation therapy with electron 
beams,” says the researcher.

Nanomaterials for 
diagnostics and therapy

Nanomaterials, which are 
compounds tinier even than 
human cells, play a key role 
in novel ways to diagnose 
and treat cancer. Not only are 
nanomaterials useful to detect 
and confirm the presence of 
a tumour through biomedical 

INTERNATIONAL INTERNATIONAL
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“With specially primed 
nanomaterials —manufactured 
with carbon nanotubes, for 
example,— we have obtained 
ultrasensitive images in vivo, 
applicable to cancer diagnosis, 
as well as to the treatment 
of metastatic lung cancer in 
animal models. The combination 
of radioactive imaging and 
therapeutic agents enables us, for 
example, to monitor the effects 
of a given treatment in real time,” 
explains Tobías-Rossell.

Predictive models and 
systems biology

One of the great challenges 
facing cancer research is to 
efficiently use the huge data sets 
on the disease that are becoming 
available to scientists around 
the world. These omic data, 
which provide information on 
genes, proteins and metabolites 
—and on which genomics, 
proteomics and metabolomics 
are based, among other fields— 
are enormously complex and 
often very heterogeneous. 
However, our ability to analyse 
and interpret them is essential 
to achieve earlier diagnosis and 
even to prevent disease onset. 
Furthermore, treatments based on 
each patient’s information could 
be much more effective.

“We are developing and 
validating new concepts and tools 
based on systems biology and 
bioinformatics for the systematic 
interpretation of these huge 
heterogeneous sets of omic data,” 
says researcher Julio R. Banga, at 
the Vigo-based IIM-CSIC (Instituto 
de Investigaciones Marinas), one 
of the partners in the European 
project CanPathPro, funded with 
600,000 euros. “The ultimate 

goal is to generate predictive 
mathematical models of cell 
signalling in cancer; in short, 
what we seek is to be able to guide 
new discoveries through these 
models so that, in the future, we 
can develop new drugs more 
systematically.” 

The CanPathPro project has 
generated a huge database from 
a large number of experiments. 
This has enabled it to start 
building and calibrating predictive 
dynamic models of the cell 
signalling phenomena in cancer, 
i.e., the process by which tumour 
cells respond to substances from 
outside by signalling molecules or 
receptors on its surface or inside 
it. Cell signalling is important for 
normal cell growth and function. 
Observing and characterizing 
abnormal patterns in signalling is 
crucial in order to prevent cancer 
onset.

“Omics technologies provide 
the basis for generating predictive 
and reliable mathematical models 
of the alterations in cell signalling 
networks underlying many types 
of cancer,” says Banga. “These 
models can then be used to guide 
new discoveries, both in basic 
cancer research, as well as in 
personalized medicine and the 
discovery and development of 
new drugs,” he concludes.

As the Horizon Europe 
framework programme’s Cancer 
Mission gets underway, the 
covid-19 pandemic is impacting 
on basic cancer research and 
clinical practice. At the CSIC, 
supported by European funding, 
research teams delve into 
understanding cancer and weave 
intersectoral and international 
collaboration networks with 
scientific groups across Europe. 
The challenge cancer poses 
to our continent requires the 
collaboration of all the human 
and technical resources within 
the European Research Area 
if we are to obtain better, more 
accurate, personalized and 
effective diagnostic methods and 
treatments. 

Researchers at ICMAB are developing radioactive 
nanomaterials to diagnose and treat prostate  
and lung cancer"

imaging, but also to deal with 
it. This is because they can be 
loaded with a particular drug that 
targets cancer cells specifically.

“One of the greatest challenges 
when developing new diagnostic 
and therapeutic agents is their 
concentration in the affected 
area,” explains Gerard Tobias 

Rossell, researcher at the 
ICMAB-CSIC (Instituto de Ciencia 
de Materiales de Barcelona). 
“Nanomaterials are valuable 
because, after intravenous 
administration, they keep 
circulating in the body for longer 
periods than drugs do, facilitating 
their accumulation in the tumour 

and, thus, its detection by imaging 
techniques,” he adds. “What is 
more, these same nanomaterials 
can later be used for therapy 
using biomolecules (drugs) 
anchored on their surface, which 
can selectively target the tumour.” 

Tobías-Rossell is working on 
the design of nanomaterials for 
radiodiagnosis and radiotherapy, 
two techniques that use radiation 
emitted by certain compounds, for 
biomedical purposes. Radiation 
therapy requires high doses of 
radiation to destroy and shrink 
tumours in a certain area. His 
project, called Nest, is funded 
with two million euros from the 
European Research Council (ERC) 
through a Consolidator Grant.

Tobias-Rossell explains 
that tumours usually lead to 
the creation of blood vessels 
very quickly, a process known 
as tumour angiogenesis. 
Nanomaterials take advantage of 
the size of these blood vessels to 
enter and stay inside the tumour. 
“Once inside, they struggle 
to get out, which helps make 
the treatment more effective,” 
explains the scientist. “We make 
sure that the treatment takes 
place in the desired area, reducing 
the side effects,” he emphasizes.

His team is developing 
radioactive nanomaterials for the 
diagnosis and therapy of different 
types of cancer, such as prostate 
and lung cancer. This research is 
underway in collaboration with 
experts in nuclear medicine and 
radiation oncology at Barcelona’s 
Hospital Universitario Vall 
d’Hebron, who are also teaming 
up to reveal how non-radioactive 
nanomaterials can increase the 
radiotherapeutic effect when 
external radiation sources are 
applied. 

Researcher Gerard Tobias, from ICMAB, studies the use of nanomaterials to reduce tumour growth. / ICMAB

Thin layer chromatography for molecular analysis. / ICMAB
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development based on circular 
economy principles,” Martin adds.

Sarah Martín is one of 
the young scientists trained 
and specialised at the CSIC 
to investigate cancer. Among 
them, noteworthy are those 
teams studying the mechanisms 
of lymphoblastic leukaemia, 
new forms of immunotherapy, 
metastasis in breast cancer, 
resistance to chemotherapy in 

region to deliver controlled 
anticancer drugs in response to a 
specific biomarker.

These hydrogels could be 
obtained “from the cross-linking 
of waste polysaccharides or 
carbohydrates,” explains Martin. 
They may provide an effective 
alternative to chemotherapy. 
“What is more, by using waste 
products we would promote 
economic growth and sustainable 

Young trainee researchers at CSIC study the mechanisms underpinning leukaemia, 
new immunotherapies, breast cancer metastasis, tumour microenvironment, and 
develop hydrogels to apply drugs

O ne of the challenges of 
cancer treatment is to 
obtain new methods to 
apply antitumor drugs. 

At the IQOG-CSIC (Instituto de 
Química Orgánica General), the 
intern Sarah Martin is working 
on a project to develop hydrogels 
that can be implanted in a tumour 

“Every cancer is different 
and each patient requires 
personalized treatment”

TRAINING TRAINING
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By CSIC Comunicación

From left to right, Victoria 
Martín Arroyo, Raúl 

Jiménez, David García and 
Sara Martín. 



liver cancer, the relationship 
between epigenetics and 
aging, and the development of 
hydrogels that mimic cancer 
cells.

“On the Spanish research 
scenario, the CSIC is the top public 
institution in cancer research, 
since it has a great many 
institutes working in this field. 
Its reputation and excellent track 
record in terms of publications, 
renowned researchers, the 
numerous projects underway, 
among other factors, make the 
CSIC an attractive choice as a 
place to further one’s research 
career,” emphasizes this young 
researcher.

Training the immune system

“Cancer is a very complex disease, 
which originates in our own 
body and threatens our very life. 
Therefore, defending ourselves 
with the weapons provided by 
of our own immune system is a 
huge scientific challenge,” says 
Almudena Mendez, researcher at 
the CNB-CSIC (Centro Nacional de 
Biotecnología). This trainee works 

with a team developing a new 
generation of immunotherapies 
against cancer, which will take 
advantage of the body’s own 
defence potential to destroy 
tumours.

Her team investigates the so-
called CD8+ T cells, which are 
immune system lymphocytes 
with great potential for attacking 
and destroying cancer cells. 
These lymphocytes must be 
activated to fight a tumour, and 
also able to resist its hostile 
environment and endure over 
time. 

“To achieve this activation, in 
the laboratory we work on what 
we call bacterial training. We 
generate genetically modified 
bacteria that contain molecules 
present in tumours so that 
another cell type, namely CD4+ 
T cell, captures these bacteria, 
degrades them, and uses the 
tumour molecules they contain 
to activate CD8+T cells. These 
will be in charge of travelling to 
the tumour and destroying it,” 
explains Méndez. 

The goal of her team is to 
develop individualized treatments 

for each patient, boosting the 
activity of their own lymphocytes. 
“In this way, not only could side 
effects of treatments be reduced, 
but also an anticancer immune 
memory can be created in the 
patient’s own defence system, 
making relapses less likely,” 
she says. This would be a great 
achievement of personalized 
medicine, one of the most 
promising therapies.

Boosting drugs against liver 
cancer

Blanca Cucarull is carrying 
out her research work in the 
group led by Albert Morales 
at IIBB-CSIC (Instituto de 
Investigaciones Biomédicas 
de Barcelona), which studies 
altered signalling pathways in 
liver cancer cells, their behaviour 
and possible strategies to stop 
their proliferation. Cucarull 
and colleagues are studying 
how to boost the anticancer 
effect of drugs administered 
for the systemic treatment of 
hepatocellular carcinoma, the 
most common liver cancer and 

fourth cause of cancer deaths 
worldwide. 

“We have identified the BCL-
XL and MCL-1 proteins, belonging 
to the BCL-2 family, as keys to 
tumour survival and resistance 
to chemotherapy treatment of 
hepatocellular carcinoma. This 
discovery has led us to use the 
regorafenib compound, a multi-
kinase inhibitor, in combination 
with a BH3 mimetic specific 
inhibitor of the BCL-XL protein, 
which is involved in regulating 
programmed cell death,” says 
Cucarull. 

“This combination has proven 
very powerful, triggering the 
death of liver cancer cells via 
the mitochondrial or intrinsic 
pathway,” she adds. The finding 
could improve future therapies, as 
current ones have limited efficacy 
because many patients end up 
developing drug resistance. 

Lymphoblastic leukaemia 
mechanisms 

“To be able to cure diseases we 
must have a solid knowledge of 
the pathological mechanisms 

underpinning them,” say 
Ernesto Saez and Lucía Garcia, 
researchers in María Domínguez’s 
lab at the IN-CSIC-UMH (Instituto 
de Neurociencias de Alicante) 
CSIC-Universidad Miguel 
Hernández joint centre. They 
study tumours formation in 
the fruit fly, formed due to the 
overexpression of two oncogenes: 
Notch/Delta and Akt.

“Using high-performance 
techniques, such as ultra-
precision liquid chromatography 
coupled with mass spectrometry 
and different genetic tools, we 
have discovered that these 
tumours can communicate 
remotely with other healthy 
tissues or organs and alter their 
metabolism to support their own 
growth,” says Saez. 

“In addition, we have seen 
how diet, and specifically 
certain amino acids, can play a 
very important role in tumour 
suppression. These clues could 
help us develop therapies against 
human cancers whose mutations 
are in Notch and Akt, as in acute 
lymphoblastic leukaemia of T 
cells for instance,” adds García.

Metastasis in breast cancer

The study of metastasis, 
secondary tumours derived from 
a primary one, is an essential step 
to develop future therapies against 
all cancer types. Raúl Jiménez, 
researcher at the IN, studies the 
role played by genes involved 
in tumour aggressiveness. “I 
analyse a mechanism known as 
the epithelium-mesenchymal 
transition, which enables cancer 
cells to invade other tissues and 
form metastasis. Through this 
process, cancer cells detach from 
the primary tumour and spread 
to colonise other organs. It occurs 
in all types of carcinomas, so any 
progress in this field is important,” 
he explains. 

Jimenez uses a genetically 
modified mouse model. On 
the one hand, thanks to the 
expression of a viral protein, 
the mouse develops breast 
cancer spontaneously, and also 
experiences tumour progression 
similar to that in humans.  On 
the other hand, cancer cells are 
altered to make them fluorescent, 
meaning they can be identified 

TRAINING TRAINING

70 CSIC INVESTIGA · July 2021 July 2021 · CSIC INVESTIGA 71 

From left to right, Almudena Méndez, Blanca Cucarull, Ernesto Sáez, Lucía García, Raúl Fernández and Regina Pamplona.



much more easily and monitored 
throughout the body. Finally, 
some of the mice are modified so 
they are missing a gene. This way, 
scientists can study its role and 
the impact it has on cancer.

“We are becoming increasingly 
aware that each cancer is different 
and, therefore, each patient 
needs personalised treatment. 
In recent years, research has 
established that cells forming the 
same tumour also differ, which 
can be very important,” explains 
the CSIC researcher, who uses 
single-cell RNA sequencing 
techniques, a procedure that 
combines molecular biology and 
bioinformatics, and provides 
individualised information on 
how active each gene is in each 
individual cancer cell. By having 
the information of each of the 
cells it is possible to identify those 
that may be destined to form 
metastasis.

The molecular biology  
of ageing

There are several ways to 
approach the development 
of cancer. Understanding 
the epigenetic mechanisms 
that occur and influence the 
development of cancer is the 
research goal of Raúl Fernández 
at the CINN-CSIC (Centro de 
Investigación en Nanomateriales 
y Nanotecnología). He 
explains: “Epigenetic marks 
are modifications that occur in 
our DNA without modifying its 
sequence and influence gene 
regulation. Generally speaking, 
these changes are reversible 
and, therefore, represent good 
candidates to design treatments 
to fight diseases.” 

The project no only opens new 
avenues for drug development, 
furthering endeavours to prevent 
or treat cancer, but also sheds 
light on the molecular biology 
of aging and cancer. “Aging is 
the main risk factor influencing 
cancer. Therefore, epigenetic 
changes could explain the 
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microenvironment and help 
us to develop more effective 
immunotherapy by modulating 
the role of these fibroblasts,” 
concludes García.

Nanomaterials for 
diagnostics

Maria Victoria Martín-Arroyo, 
researcher at ICV-CSIC (Instituto 
de Cerámica y Vidrio) in Madrid, 
is working to develop ceramic 
nanomaterials to detect cancer 
early on. The platform is based 
on combining three ceramic 
materials that act as specific 
markers for detection techniques 
such as magnetic resonance, 
optical imaging and computed 
tomography. Its nanometric 
size would also facilitate its 
incorporation in the cell.

“My project seeks to obtain 
a platform that allows several 
contrast agents to be used at the 
same time to better distinguish 
tumours. This would mean 
different diagnostic tests could 
be carried out on the same day, 
which would reduce harmful 
effects and the time spent in 
hospital by the patient,” explains 
the researcher. She believes that 
the biomedical applications 
afforded by nanomaterials can 
help improve outcomes in both 
diagnosis and treatment of the 
disease.

Hydrogels that mimic the 
tumour microenvironment

At INMA-CSIC-UNIZAR (Instituto 
de Nanociencia y Materiales 
de Aragón), Regina Pamplona 
is developing a platform of 
hydrogels that mimic, in vitro, the 
three-dimensional environment 
of cells in a tumour. “These 
three-dimensional models are 
important from both an ethical 
and economic perspective 
because they enable us to reduce 
animal experiments,” she says. 

This project has achieved 
a fine control of the rigidity of 
several types of hydrogels so they 

mimic different tumour scenarios: 
specifically pancreatic and colon 
cancer. By means of atomic force 
spectroscopy they analyse the 
mechanical properties at the 
micro- and nano-scale, just as 
they would be experienced by 
cells in vitro. “Cancer research 
still has a long way to go, and 
materials science certainly has 
a great deal to contribute,” she 
concludes.

Master’s degree in oncology

To promote training in 
cancer research, the CSIC and 
Universidad de Salamanca offer 
a Master’s degree in oncology, 
focusing on both the biological 
and clinical aspects of cancer. 
Created in 2011, it targets 
graduates with degrees in Biology, 
Biochemistry, Biotechnology, 
Pharmacy, Medicine and 
Computer Science. It offers 
interdisciplinary training in the 
study of cell processes in tumour 
transformation at the molecular 
level, and in applying this 
knowledge to clinical practice. 

Focusing on students 
developing a future research 
career, its practical nature is one 
of the hallmarks of this Master. 
Right from the beginning of the 
course, students form part of a 
research group and carry out 
their own research project. The 
practical part is combined with 
seminars by researchers from 
the CSIC and the Universidad de 
Salamanca, as well as prestigious 
experts in different fields. 

Here we have provided some 
examples of the projects carried 
out by young scientists working 
at the CSIC, aiming to discover 
new clues to the mechanisms of 
cancer. Our research institution 
offers young researchers an 
environment where they can 
specialise by working in reference 
centres, as well as through 
international collaborations, and 
contribute to finding solutions to 
the greatest biomedical challenge 
of this decade. 

different tumour processes, 
together with cell lines from 
mouse and human macrophages, 
and primary cultures from mouse 
bone marrow, to scrutinise the 
possible involvement of CAF in 
various processes. These include: 
macrophage recruitment, using 
cell migration experiments; 
polarization, using flow cytometry 
and qPCR; and investigating 
phagocytic capacity. 

Given the huge cellular 
heterogeneity of tumours, this 
type of research, which goes 
beyond the study of the cancer 
cells themselves, is essential 
to decipher the interactions 
between the different cell types 
and thus gain insight into how a 
tumour works. “Furthermore, in 
this case, my project could shed 
light on the role of the immune 

relationship between the two 
processes,” he says. 

Tumour microenvironment

David García, researcher at 
IBBTEC-CSIC-UNICAN (Instituto 
de Biomedicina y Biotecnología 
de Cantabria), is trying to unravel 
the role played by the tumour 
microenvironment in tumour 
development and progression. 
His research focuses on the 
role of fibroblasts, a type of cell 
responsible for the synthesis and 
organization of the extracellular 
matrix. Cancer-associated 
fibroblasts (CAF) are an important 
component of the connective 
tissue in the disease and increase 
the malignancy of nearby cancer 
cells, increasing the likelihood of 
metastasis.

“My project focuses on the 
interactions between these 
fibroblasts and the immune 
microenvironment, to try to 
understand their possible 
involvement in modulating 
the immune response in 
solid tumours. To do this, we 
have started by looking at 
macrophages, which develop 
a pro-tumour M2 phenotype 
that contributes to creating 
an immunosuppressive 
environment. The goal is to 
establish a link between the 
pathological role of these 
fibroblasts and the polarization 
of the macrophages towards this 
unwanted phenotype,” explains 
García. 

Scientists are using models 
of mouse and human fibroblasts, 
grown in the laboratory from 
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Image from David García’s work at IBBTEC, which analyses the role cells play in tumour progression. / IBBTEC



W hat is the 
relationship 
between cell 
division, cell 
specialisation 

and the onset of cancer? Karel 
van Wely focuses his work on 
answering this question. This 
CNB-CSIC researcher hones in on 
understanding what stem cells 
are and how they work, as well 
as on deciphering their role in 
cancer growth. He coordinates 
his research tasks with outreach. 
Author of several books, van Wely 
considers it a duty to popularise 
science and help the general 
public form their own opinions 
on scientific issues. This can 

affect, for example, the length of 
time —between 30 and 40 years— 
from generating knowledge in a 
lab until its transformation into 
an application, like treatment 
against tumours, for instance. 
When talking about the current 
scenario he takes up an idea: 
science cannot go against the 
flow, it cannot escape “fashion”. 
The current epoch marked by 
coronavirus has shifted research 
from other areas. Van Wely 
warns about the danger of this 
drift in healthcare systems, 
where the emergence of SARS-
CoV-2 can affect patients with 
other pathologies that are also 
urgent.

Por Mónica Lara del Vigo
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Question: We live in an epoch 
marked by a health crisis. To 
what extent is the pandemic 
shifting research from other 
important diseases like cancer?
Answer: That’s happening on 
different levels. In the research 
field, biomedicine is very much 
at the mercy of what we could 
call “fashion”. For example, 
regarding cancer, gene mutations 
and chromosomal instability 
have been on the rise for some 
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time. Now that’s changing 
and research is refocusing on 
what we call ‘omics’, such as 
proteomics and transcriptomics. 
These techniques pursue a 
highly applied approach, they 
try to determine the effects of 
chromosomal changes on cancer 
cell behaviour and how they 
influence patient prognosis. 
Due to coronavirus, on a more 
macroeconomic scale, research 
related to SARS-CoV-2 has 

overshadowed other fields in the 
past year.

Q: It looks like this process is 
going to last.
A: Sure, it is bound to last a 
while. At the end of April 2020, I 
looked up the average number of 
publications on the use of masks 
in the previous years. There were 
between 20 and 40, about one a 
week. In the first month of the 
coronavirus crisis it had already 

reached about 80 and my forecast 
was that by the end of 2020 we 
would reach 300, ten times more 
than usual. Right now, publications 
on the use of masks are not ten 
but 100 times higher than usual. 
The effect of these “fashions” and 
their influence on other research 
areas is huge. Some research that 
is only slightly related to viruses 
and coronaviruses has been 
refocused and rewritten because, 
if the word coronavirus appears 

“We are detecting fewer 
tumours because people 
are afraid of going  
to hospital”

KAREL VAN WELY CNB-CSIC RESEARCHER

The CSIC biologist and science populariser Karel van Wely 
carries out his research at the CNB (Centro Nacional de 
Biotecnología) to discover the role stem cells play in tumour 
formation and development.



in the title, it is easier to publish. 
This is seen in research. But what 
I think is worse for society is that 
something similar happens in the 
health system. This year we are 
going to detect between 25 and 
30% fewer tumours —this is an 
estimate based on data from other 
countries. I may be wrong, but we 
will detect much lower rates— but 
not because fewer people have 
cancer. This disease is more of 
internal process than a contagious 
one, and the numbers should be 
stable. Basically, we do not detect 
it because people are afraid to go to 
hospital.

Q: The lower the rates of tumour 
detection, the higher the number 
of deaths, right? And lots of 
people are warning us of this 
trend.
A: Exactly. I have relatives who 
were diagnosed with cancer 
before the pandemic and during 
the crisis they couldn’t continue 
their check-ups and had to go 
to other hospitals due to the 
influx of coronavirus patients. 
As these are long-term follow-
ups, sometimes there are delays 
of several months and even half 
a year. Hospitals have a limited 
capacity; when we are at a peak 
of contagion, we must prioritize, 
for example, postponing follow-up 
appointments to make way for 
more urgent cases. Most countries 
have adopted a strategy to bend 
the curve of coronavirus cases. 
From the start of the crisis, we 
experts were clear that this was 
going to affect a large proportion 
of the population, and the only 
way to handle it was to try to 
spread it over a long time, and 
avoid a huge peak that would 
cause the health system to 
collapse. I’m not sure whether we 
were expecting it to last for years. 

Q: The scientific community 
believes there will be future 
pandemics or at least epidemics. 
What lessons can we draw from 
this crisis to manage future 
emergencies better? 

In certain types of leukaemia, we are trying 
to eradicate the disease and replace the 
patient’s immune system using his/her own 
or a donor’s bone marrow transplant”
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A: It is not realistic to have a 
very large part of the health 
system on standby. I think we 
need an academic discipline 
that can better predict what is 
going to happen. But this is very 
difficult because a lot of different 
factors come together. Some 
scientists will say that this is not 
possible, but it seems to me that 
in epidemiology we focus a lot 
on understanding how diseases 
and pandemics behave but, until 
now, we never thought they could 
have such a huge impact on 
other fields. Certain disciplines 
could move in that direction, with 
expert voices saying, for example, 
“we need to increase the number 
of hospital beds for a year.” 

Q: Do you mean fostering 
research and scientific profiles 
that combine epidemiology, 
statistics, mathematics, etc., to 
forecast trends in pandemics 
more accurately?
A: Exactly, I think this is a field of 
research still largely unexplored. 
For decades we have lived in a 
fairly predictable society, since 
World War II we have experienced 
75 years of almost exponential 
population growth. We have had 
economic crises, but nothing 
compared to those in the past, 
perhaps that is why we have lost 
the notion that we are not “all-
powerful”. 

Q: Recent decades have 
witnessed a great deal of 
progress in cancer therapies, 
such as chemo and radiotherapy 
as well as immunotherapy and 
other alternatives or even stem-
cell research itself. What do we 
know and what don’t we know?

A: This is important. As I have 
already pointed out, there is 
a huge gap, greater than we 
think, between basic oncology 
and its application in hospitals. 
This gap is not only related 
to drug development; many 
research findings are basic 
knowledge, which requires 
further development to be 
turned into an application. We 
need to know what aspects of 
cancer we can attack before we 
figure out how to do it, and then 
think about a tangible drug or 
application. Without this in-depth 
knowledge, developing a drug is 
too risky. Indeed, ready existing 
treatments such as radiotherapy 
have progressed a lot: we had the 
bases and we have put them into 
practice with technology. What 
is more, there is now a group of 
tumours we can treat much better 
than 30 years ago; in general 
they are tumours that depend on 
hormones, typical examples are 
women with breast cancer or men 
with prostate cancer. In the 70s 
and 80s we gathered knowledge 
about how these hormones work 
within cells, and now —in the last 
20 years— we have been applying 
it. We’re talking about 30 or 40 
years between acquiring very 
basic knowledge and turning it 
into something we know will 
work in patients, and how. We 
have extended the life expectancy 
of those patients with these 
types of tumours. But there are 
many others tumours that do 
not follow the same rules. We 
still don’t know very well why 
they appear, or we do not fully 
understand their physiology or 
their evolution, so we are honing 
in on them.
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Above, image captured by confocal microscopy, showing chromosomal fragmentation (blue and 
red) by action of the mitotic spindle (green). Chromosome breaks are among the most common 
genetic alterations in cancer, detectable in around 85% of all solid tumours. The lower Image 
shows how, in each division, a cell has to exert considerable force to separate from its stem cells. 
This photo shows the protein network required for this separation, highlighting the difference 
between the coupling of cells to the substrate (red) and their separation (green). These cell 
nuclei have already separated (blue). / CNB



Q: For instance?
A: Melanomas. We know that 
they appear due to overexposure 
to the sun, but we are not clear on 
how they evolve, once the skin 
cells lose their normal patterns 
of behaviour. We’re working on 
them, but it may take decades 
for the applications to arrive. 
Another example: we know that 
lung cancer is related to smoking, 
but we still struggle to control it 
accurately because these tumours 
do not follow a common or well-
known path. 

Q: In other words, there are 
certain types such as breast 
or prostate cancer with a well-
known pattern of development 
and evolution, but this does not 
happen with many others, like 
lung cancer.
A: Yes. In the first two types, 
even though the tumour is quite 
advanced when the patient is 
diagnosed, in many cases we can 
suppress the hormones that feed 
tumour growth. However, we do 
not know that type of stimuli in 

other tumours yet, so developing 
specific drugs to suppress their 
growth is complicated. We usually 
continue to use chemotherapy 
methods that target cell 
metabolism, to damage DNA and 
break down the genetic material. 
In this way, we are able to extend 
the patient’s life expectancy by 
one or two years, but not much 
longer. In tumours that depend 
on hormones this extends to five 
years or more, or even survival in 
some cases. Moreover, as cancer 
is also related to age, in very old 
patients it is sometimes better 
not to perform very aggressive 
interventional treatment, but 
rather to improve their quality 
of life, despite the tumour. In 
many cases surgery is still a good 
option, but if there is metastasis, 
it is better to avoid aggressive 
interventions and make life more 
comfortable. 

Q: Stem cell research and its use 
against cancer is underway at the 
level of basic science, are we still 
far from being able to apply it?

A: Yes, due to its novelty, stem-
cell research has been booming 
in the last decade. Now we 
have reached a calmer phase, in 
which we have to consolidate 
the data and relativize them. 
We know that stem cells do 
different things in our bodies. But 
in the lab, we cannot reproduce 
a whole organism. Our body is 
much more complex so it is not 
possible to simply reproduce one 
component in the lab, in a plastic 
tube, without taking into account 
the holistic aspect. For example, 
research into stem cells and their 
relationship with inflammatory 
processes has received a lot of 
attention for a couple of years. 
Now we know that we need to 
learn more about the physiology 
of these cells before we can come 
up with direct applications.
 
Q: However, there are some 
examples of stem cell transplants, 
such as bone marrow transplants. 
This is a potential use of these 
cells to improve cancer treatment, 
isn’t it?
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A: Yes, it’s a good example, a 
highly specific application. 
In certain types of leukaemia 
we are trying to eradicate the 
disease and replace the patient’s 
immune system using his/her 
own or a donor’s bone marrow 
transplant. If we remove bone 
marrow, we can tag the cancer 
cells and separate the good from 
the bad. So we have a kind of 
immune system backup that 
we can try to delete and restart 
if necessary. This enables us 
to apply a more aggressive 
treatment, subsequently 
replenishing the original 
immune system with good 
cells. One of the problems with 
cancer treatments is that our 
immune system comprises cells 
that are usually quite sensitive. 
With radio and chemotherapy 
patients suffer more, their 
hair falls out and their gut and 
immune system are altered. The 
good thing is that we have a lot 
of stem cells and they naturally 
know how to find their place in 
the body. I can illustrate this with 
a broken bone; when we break 
a bone, the bone marrow cells 
escape, and when the bone heals, 
these cells return to their place. 
That’s why I think bone marrow 
transplants work wonders. 
However, it is one of the few 
places within our body where 
stem cells behave like this.

Q: What are the future 
prospects for stem-cell 
research? 
A: It’s very complicated... 
we must learn more 
about what stem cells 
are. Science has led 
us to identify really 
important genes in 
many of these cells, 
what we call canonical 
genes. This is also the 
case, after decades 
of research, in cancer, 
where we have identified 
some common mutations. 
But then we realized that this 
is only part of the picture, and 

that many peripheral, less visible 
genes are just as important. With 
stem cells, we are just setting out 
on our research journey. Some 
of them can be manipulated 
by tinkering with three or four 
canonical genes, but that’s the tip 
of the iceberg, there’s a universe 
underneath that’s yet to be 
discovered, and that will give us 
a deeper understanding of these 
cells. Often we are biased, the 
knowledge we discover seems 
fantastic and we believe ourselves 
to be gods capable of doing and 
changing anything, but then 
we realise that we actually fall 
short. So more than spectacular 
advances, I anticipate that we will 
get to know stem cells better. In 
this decade, I doubt we will see 
new applications, but we will 

spend our time filling knowledge 
gaps. 

Q: What is your opinion about 
outreach related to cancer and 
cancer research?
A: For me the most important 
thing is to report these issues 
with sensitivity and honesty. It is 
essential to transmit knowledge, 
help people to form their own 
opinion, convey as much 
information as possible without 
highlighting sensational aspects. 
The most complicated thing for 
communicators is to leave their 
own comfort zone and consider 
different points of view. 

Q: How do you communicate 
cancer research?
A: I like direct contact with people, 
and especially visiting educational 
centres. I have participated in the 
project called Ciencia en el Barrio 
(“street science”) and in talks for 
Ciudad Ciencia, another project to 
popularise science. Perhaps I am 
a little romantic, but scientists, in 
general, draw on Greek philosophy, 
in which one fundamental 
component is person-to-person 
reasoning and argumentation. Not 
only is that important in the lab, 
but also in my relationship with 
the wider public. I like that idea 
of people walking around and 
exchanging opinions. 

Q: Do you think that as 
a researcher you benefit 
from your role as a science 
populariser?
A: Yes, outreach helps us to be 
better researchers. It pushes 
us out of our sphere and 

helps us to question our 
own investigations 
and opinions. This 
is an obligation that 
scientists sometimes 
lose sight of. 

There’s a huge gap between basic oncology 
and hospital application”
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Karen van Wely analyses how the development of cancer is reflected by stem cell behaviour. / GEMA DE LA ASUNCIÓN
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is to turn cancer into a chronic 
disease, so we won’t die of cancer, 
but we will die with cancer. 
Another longer-term goal is gene 
therapy, which is to recover genes 
that are modified or mutated in 
cancer. In this respect, we are 
obtaining better and better gene 
therapy vectors, and improved 
technologies. PCR has played a 
key role for many years and now 
CRISPR technology is essential 
to follow the path pursued by 
gene therapy, aiming to correct 
mutations.

Q: You have explained that cells 
have three responses to the 
signals they receive from outside: 
to grow, to stop growing and 
specialize, or to die. Certain genes 
would regulate each of these 
three options. Can oncogenes be 
understood as accelerators that 
are jammed and brakes that fail, 
causing the cell to grow out of 
control by itself?
A: They can be understood as 
both. We can draw similarities 
between cancer genes and the 
brakes and accelerator of a car. 
Just like when the brakes fail or 
the accelerator is jammed we can 
have an accident, when the genes 
mutate, the accident (to continue 
with the simile) would be cancer. 
In suppressor genes and proto-
oncogenes producing cancer, 
some have brake characteristics 
and others have accelerator 
characteristics, and both are 
fundamental elements to control 
cell proliferation. The brake, the 
accelerator and even both can fail, 
which is what usually happens in 
cancer, and this leads to tumour 
formation.

Q: What main breakthroughs 
have been achieved in the 
molecular biology of cancer in 
the last 20 years?
A: The first thing was to 
conceptually demonstrate the 
relationship between genes and 
the origin of cancer, which is 
the research we carried out in 
the eighties. Subsequently, there 
have been huge technological 
advances, mainly in genetic 
engineering; such as massive 
sequencing, PCR, providing 
very powerful diagnostics and 
prognoses, and more recently, for 
example, the CRISPR gene editing 
technique. 

Q: One of the greatest hurdles 
facing cancer research is moving 
basic research from bench to 
bedside. How can this gap be 
bridged?
A: Through translational cancer 
research, that is, transferring the 
results of research from the lab to 
clinical research. The expression 
from bench to bedside reflects 
precisely what we are trying to 
do at the CIC, following the model 
of the US Comprehensive Cancer 
Centre. At our centre we follow 
the translational model because 
we believe that it is the most 
efficient way to apply cancer 
research results to medical care.  

Q: Which drugs specifically 
target oncogenes?
A: Since the nineties we have 
identified about 500 or 600 genes 
involved in the onset of cancer. 
Also during this time, various 
laboratories have been designing 
molecules that specifically 
target each of these genes (brake 

or accelerator), in what are 
called biotherapies or targeted 
therapies. This type of therapy 
only affects a specific gene or 
protein, the cancer producing 
agent, and consequently, we 
avoid the harmful side effects 
of conventional chemotherapy, 
which indiscriminately attacks 
normal and oncogenic cells 
alike. If we look for an analogy, 
conventional chemotherapy was 
like the atomic bomb that wiped 
out everything, while targeted 
therapy would be like a guided 
missile, targeting the specific site 
where the tumour originates. 
We should also remember that 
in cancer, not just one single 
gene is affected, but several. 
We learned from HIV therapies 
that multiple therapy prevented 
resistance from developing. 
Something similar happens with 
cancer; when drugs are given 
to a patient individually, they 
end up developing resistance to 
treatments. To avoid this negative 
response, multiple therapies that 
attack several genes at once are 
more effective. 

Q: Is it feasible to obtain specific 
drugs for each of the 400 or 500 
oncogenes that can mutate to 
produce cancer?
A: Indeed, that is what we’re 
working on. This process is being 
carried out with thousands of 
molecules and is at different 
stages of development in 
numerous labs and companies. 
From the point of starting a 
study on molecules until the drug 
reaches clinical practice can take 
ten to fifteen years. And out of 
every thousand drugs that start 
the process, probably only one 
will reach this final stage, and 
all that implies an investment 
of between 800 and 1000 million 
dollars. Even though most drugs 
fall by the wayside, however, in 
this on-going research process, at 
the end of each year one or two 
new drugs are approved, which 
are effective in improving care. 
Some are having spectacular 
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Molecular biologist Eugenio Santos, co-discoverer of the  
first human oncogenes, directs the CIC (Centro de 
Investigación del Cáncer) in Salamanca. This joint CSIC-
Universidad de Salamanca cancer research centre combines 
basic research with clinical practice, and holds a promising 
future in our fight against cancer

I n the early 1980s, molecular 
biologist Eugenio Santos (b. 
Salamanca, 1953) achieved 
two great milestones in 
understanding the origin of 

cancer. While working in a labora-
tory at the US National Cancer In-
stitute with Mariano Barbacid, he 
managed to clone the first human 
oncogene (a gene that can cause 
cancer), the H-ras oncogene, and 
activate it by point mutation. Two 
years later, he demonstrated the 
close ties between the K-ras onco-
gene and cancer development in 
a patient. The discovery of the Ras 
family of oncogenes, which are 
present in 30% of tumours, was an 
important achievement in under-
standing the genetic mechanisms 
that trigger cancer, and gave rise 
to the field of molecular oncology. 

In 2000, back in Spain, he 
achieved another important 
goal: to launch a comprehensive 
cancer research centre, following 
the model of the Comprehensive 
Cancer Centre in the USA, 
combining basic, clinical and 
applied research. Thus the 
CIC-CSIC-USAL was born, the 
Salamanca-based cancer research 
centre (CSIC-Universidad de 
Salamanca), which is a national 
reference in cancer research.

Question: Will we ever rid 
ourselves of cancer?
Answer: At the basic or biological 
level, cancer is intimately linked 
with the process of aging. We will 
manage to get rid of it altogether 
at some point, and proof of this is 
the improvement in survival rates 
achieved yearly, representing 
1.5-2% over the previous year. In 
the eighties, when we discovered 
oncogenes, survival stood at 
about 30% whereas now it is over 
65%. These data indicate that one 
day we will be able to get rid of 
cancer altogether. We can’t say 
exactly when, but we’ll do it. 

Q: Is the goal for cancer to 
become just a chronic disease?
A: That’s right. In fact, we are 
already on course. Our first goal 

“Our first goal is to 
turn cancer into a 
chronic disease”

EUGENIO SANTOS DIRECTOR OF CIC  
(CENTRO DE INVESTIGACIÓN DEL CÁNCER DE SALAMANCA)
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About 500 or 600 genes involved in 
cancer onset have been identified. Labs 
design molecules targeting each of them 
specifically”

By Almudena Timón Sánchez



as Xosé Bustelo, Alberto Orfao, 
Marcos González, Atanasio 
Pandiella, etc. are associated with 
some of these research areas.

Q: What milestones have been 
achieved in recent years?
A: There have been many 
important milestones over the 
past 20 years. Among others, we 
can mention new treatments, 
ranging from those that are 
being applied worldwide for 
multiple myeloma, which was 
developed in Salamanca in 2008, 
to new methods to diagnose and 
classify leukaemia, developed 
at the CIC more recently by 
Alberto Orfao. In basic research 
we have also generated new 

Q: What are the CIC’s main fields 
of cancer research?
A: At the CIC we develop basic, 
clinical and applied research. In 
basic research we investigate, 
and here I include my group, 
Ras oncogenes and other 
oncogenes, aspects such as cell 
signalling, epitranscriptomics 
and even biophysics. In clinical 
studies, haematological cancers 
are important, in areas related 
to diagnosis and new drug 
treatments. In applied science, 
I’d stress the work related to 
new treatments for specific 
tumours, such as breast cancer, 
or molecular diagnosis of some 
hereditary cancers. Names of 
prestigious researchers, such 

effects, like Glivec, to treat chronic 
myeloid leukaemia. 

Q: Your discovery of the H-ras 
oncogene has already led to 
improved diagnosis by detecting 
the mutation long before it 
appears clinically. What type of 
cancer can it be applied to? Can it 
be used in treatment?
A: Nowadays it is applicable 
only to early diagnosis and 
prognosis of responses to new 
therapies; however, we have 
not achieved application in 
treatments yet, because the drugs 
have not reached that degree 
of effectiveness. It seemed that 
huge progress had been made 
because it was highly effective 
in animal models; in fact, mice 
were cured with these drugs but, 
unfortunately, it did not work 
like that in humans. Despite this 
therapeutic hurdle, detecting 
Ras mutations is very effective 
in early diagnosis, even in 
prognosis. If Ras gene mutations 
are detected in a patent, we can 
tell a priori whether this person 
will respond or not to certain new 
treatments, targeted therapies 
such as antiangiogenics, or 
tyrosine kinase inhibitors.

Q: What are the best ways to fight 
cancer? 
A: There are three: 
immunotherapy, personalized 
therapies and gene therapy. 
Today, we are fully engaged in 
developing new drugs. At first we 
thought that the development of 
targeted drugs would be short-
term, immunotherapy would 
be mid-term and gene therapy 
would be long-term. Fortunately, 
however, immunotherapy has 
made tremendous advances 
that have put it at the forefront. 
Gene therapy is the future, and 
its progress depends on us being 
able to develop new gene therapy 
vectors that will enable us to cure 
cancer. Drugs stop cancer, whereas 
gene therapy would remove the 
cause; hence, the effort to achieve 
this goal in the long-term.

Drugs stop cancer, whereas gene therapy 
would remove the cause”
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knowledge about mutations and 
the molecular mechanisms of 
various oncogenes in tumour 
development. This is thanks 
to various teams like those led 
by Bustelo, Pendás, Lazo or, 
indeed, my own team, among 
others. Also, there are the new 
bioinformatics-based approaches 
to tumour alterations, developed 
by Javier de las Rivas.

Q: How do you coordinate your 
work with hospitals?
A: We have important 
collaboration instruments. 
The first is FICUS (Fundación 
de Investigación del Cáncer, 
Universidad de Salamanca), 
which helps us establish this 
connection between basic science 
and clinical research, and also 
coordinates these relationships 
with the pharmaceutical 
industry, both administratively 
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and functionally. Also the 
cancer research networks 
(RTICC), are really important, 
which were created from here, 
from Salamanca. We currently 
have the CIBERONC [Centro de 
Investigación Biomédica en 
Red en Oncología], which is a 
highly active network. Although 
the administrative structure of 
CIBERONC has changed, this basic 
collaborative philosophy of the 
RTICC is maintained. This type 
of interaction, established by the 
CIC, is fundamental to coordinate 
basic lab work with clinical 
practice. In short, these tools have 
been highly useful not only in 
hospitals, but also on the clinical 
scenario, including biotechnology 
companies. 

Q: The CSIC includes cancer 
research as one of its 14 strategic 
missions for 2030. How can the 
multidisciplinary nature of the 
CSIC benefit cancer research?
A: The role of the CSIC is essential 
for the lab research facet that 
is necessary to develop the 
model of the Comprehensive 
Cancer Centre, which requires 
a combination of laboratory 
research and clinical practice. 
Following this approach, there 
must be an equal contribution 
from both basic lab and clinical 
research. And thanks to the 
strategic mission outlined by the 
CSIC, its contribution may achieve 
this goal even more efficiently. 

Q: You stress the need to have a 
network structure comprising 
several research centres, 
including the CNIO, CIBERONC, 
together with universities and 
hospitals, to achieve critical 
mass in Spain. Has this network 
been strengthened?
A: We started it in 2003, this 
philosophy worked between 2003 
and 2017 through the RTICC; since 
2017 it has been called CIBERONC, 
and this network provides the 
coordinated critical mass of basic, 
clinical and applied science. What 
I do notice is that there is a lack 

of funding. In fact, at one point, 
the funding received by the RTICC 
was more than double what the 
CIBERONC receives nowadays. 
Governments must show they 
believe in science, because we 
scientists already believe in it, and 
that’s why we tell them: “put your 
money where your mouth is”.

Q: Cancer is now included as a 
challenge in new European R & D 
framework programme, Horizon 
Europe. How will this boost 
cancer research in Europe?
A: The important thing is to 
support excellence in cancer 
research, selecting the best 
in Europe, and fostering 
coordination and interaction 
between them. It would be 
desirable to create this European 
RTICC, and establish something 
similar to the American National 
Cancer Institute, transferring this 
research model, which is proven 
to work, to Europe.

Q: What role should companies 
take in funding cancer research?
A: Just as happens in the United 
States, companies should be 
interested and should coordinate 
with public research. This model 
could be quite interesting for us. 
It would mean that companies 
finance the initial research more 
than they do now. Currently, in 
Europe and Spain companies 
receive input from researchers 
and then they simply undertake 
the development. 

Q: The CSIC White Paper on 
Biomedicine sets the challenge 
of improving cancer patient 
survival rates from the current 
55% to 70% by 2030. Is this the 
greatest biomedical challenge of 
the decade? 
A: Yes, I believe it has been in the 
past decades, and still is today. 
It is also a challenge that can be 
achieved. Thanks to this yearly 
increase in survival and research 
developments, it is reasonable to 
think that 70% cancer survival 
will be achieved by 2030. 

Researcher Eugenio Santos in his lab at the CIC.  / CIC



84 CSIC INVESTIGA · July 2021 July 2021 · CSIC INVESTIGA 85 

Q: Will we ever get rid of cancer 
altogether?
A: That a very difficult question 
to answer. About 80 years ago, 
virtually all cancers were a death 
sentence. Today, over 50% of 
tumours are treated with a high 
success rate, provided they are 
diagnosed in the early stages. 
And there are some types for 
which over five years of survival 
are achieved in more than 90% 
of cases. Most likely, in the near 
future, these figures will improve. 
Currently, as we get to know and 
treat different types of tumours, 
new types will emerge. As this 
problem involves basic biological 
mechanisms, there will always be 
something that escapes us.

Q: The three main treatments 
include specific drugs, immune 
approaches, and gene therapy. 
Which is the most promising?
A: All three have advantages and 
disadvantages. I wouldn’t venture 
to go for any one exclusively. I 
believe that, in the future, the 
success of cancer treatments will 
lie in the complementation of 
different therapeutic strategies. In 
fact, in preclinical models, the joint 
application of immunotherapy and 
signalling pathway inhibitors has 
spectacular results in some types of 
tumours. 

Q: What are IBBTEC’s main cancer 
research fields?
A: We are running several areas 
of investigation. The first is 
being explored by Javier León 
and Dolores Delgado, which 
focuses on the study of the Myc 
transcription factor and its role 
in the pathogenesis of leukaemia. 
[Myc factors are proteins that 
regulate, switch on and off genes 
to ensure that they are expressed 
in the right cell, at the right 
time and in the right amount 
throughout the life of the cell and 
the body]. The second, developed 
by Dr. Fernando Calvo, studies 
how the interaction between 
the cell microenvironment 
and the tumour itself affects 

PIERO CRESPO
DIRECTOR OF IBBTEC (INSTITUTO DE BIOMEDICINA Y BIOTECNOLOGÍA DE CANTABRIA)

“Early diagnosis saves  
more lives than any treatment”

Biologist Piero Crespo directs IBBTEC, a reference centre in 
biomedical research and biotechnology where scientists study the 
genesis of leukaemia, the cancer microenvironment, metastasis, 
and tumour heterogeneity. They focus on transferring their 
results to clinical practice.

S
cientist Piero Crespo in-
vestigates the regulatory 
mechanisms of a signal-
ling pathway involved 
in tumour development 

to find new therapeutic targets 
for cancer treatment. These sig-
nalling pathways are the various 
forms of communication between 
the numerous components of the 
cell and with the exterior.  Crespo 
focuses on MAP kinases, a type of 
protein involved in directing cell 
response to various stimuli. Above 
all, MAPKs regulate key cell func-
tions, such as proliferation, gene 
expression, differentiation, mitosis, 
cell survival and programmed cell 
death, all of which are fundamen-
tal processes in the origin and de-
velopment of cancer.

 Crespo, who holds a PhD in 
Biological Sciences (Universidad 
de Cantabria), directs the IBBTEC 
(Instituto de Biomedicina y 
Biotecnología de Cantabria), a 
joint centre between the CSIC 
and this University together with 
the Government of Cantabria. 
Researcher at the National 
Institutes of Health (in the USA), 
the director of IBBTEC is confident 
that a survival rate of close to 
70% will be attained in the next 
25 years, but warns that new 
resistant cancer typologies will 

By Alejandro Parrilla 

continue to emerge. Within the 
context marked by the Covid-19 
pandemic, Crespo leads a project 
that studies the repositioning 
of anticancer drugs targeting 
MAP kinases to prevent both 
the infection by the coronavirus 
SARS-CoV-2 and the inflammation 
resulting from this infection.

Question: Why is it so hard to 
unravel the key causes of cancer?
Answer: Firstly, because what 
we call cancer is an umbrella 
term encompassing about 200 
different diseases and, in many 
cases, the differences between 
them are huge. What is more, and 
of greater relevance, cancer lies 
in a failure to regulate the inner 
and most essential processes 
of cells, namely proliferation, 
differentiation and survival. 
Therefore, any possible therapy 
that involves the disruption of 
these primary processes will 
be highly unspecific, because 
these mechanisms are, broadly 
speaking, common to all cells. It 
is very difficult to find a treatment 
that is specific enough to target 
cancer cells alone without 
affecting normal cells. That is the 
problem, since anticancer drugs 
are, to a greater or lesser degree, 
toxic to normal cells.
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country working on common 
issues. As for how all the CSIC 
groups working on cancer could 
be more fruitful, fundamentally 
depends on the funding we 
receive to promote this initiative. 
Interactions between groups 
always arise spontaneously when 
there are common interests, 
and this happens without being 
promoted. Certainly it could be 
beneficial to establish strategic 
areas that could channel future 
initiatives. But there must always 
be funding to drive them forward; 

around 6 per cent. I think that 
setting such demanding goals is 
very risky but, most likely, those 
treatment success rates could be 
achieved in the next 25 years. 

Q: Is the goal to turn cancer into a 
chronic disease?
A: It is one of the objectives, 
since, to consider cancer has 
been fully eradicated, unless it is 
surgically done, is tremendously 
complicated. One of the strategies 
currently being followed is to 
control its proliferation and 
dissemination, so that it develops 
very slowly. In this way, a patient 
with cancer could live for many 
years and enjoy a good quality 
of life, even with a tumour in a 
dormant state. 

Q: How can you bridge the gap 
between lab and clinic?
A: Both the laboratory and the 
clinic must advance side by side. 
It is true that in some cases we 
speak different languages, but we 
have always recognised that the 
lab and the clinic are destined 
to understand each other; and I 
think that it is fundamental for 
both sides to do so. Something 
that would probably bridge this 
hypothetical gap would be for 
clinicians to have more direct 
experience of the lab. Perhaps in 
the post-graduate stage it could 
be very beneficial for Resident 
Medical Interns to spend a 
period of time in the lab, to see 
how basic science works and its 
potential application to clinical 
medicine. 

Q: In its White Paper on 
Biomedicine the CSIC proposes 
setting up a virtual cancer centre. 
What form should it take?
A: We are not inventing anything 
new. The existence of virtual 
institutes working on a specific 
topic, whether this is cancer or 
another, is the order of the day 
in Europe. I think the clearest 
example is the Karolinska 
Institute in Sweden, which 
has partner groups across the 

cancer progression. The third 
area, directed by Nacho Varela, 
studies tumour heterogeneity, 
one of the major problems of 
cancer, since this heterogeneity 
underlies practically all drug 
resistance mechanisms. The 
fourth area is run by Berta Casar, 
and focuses on metastasis. 
Finally, there is my research 
area, which involves studying 
the molecular mechanisms 
regulating the Ras-ERK pathway 
and, in particular, how the spatial 
regulation of Ras-ERK pathway 
signalling can provide new 
therapeutic strategies. In addition 
to these five areas there is a 
complementary one, developed 
by Alberto Sánchez’s research 
group. Although he does not work 
strictly on cancer, his study of the 
mechanisms of cell-cycle control 
in yeasts can well be extrapolated.

Q: What have been the main 
achievements in cancer research 
since IBBTEC was founded? 
A: I think it is very important 
to identify the role of the 
Arid2 gene in more aggressive 
lung cancers. Also, in a paper 
published in Cancer Cell, we 
identified ERK dimerization as a 
potentially promising therapeutic 
target. Moreover, we found the 
drugs aimed at blocking ERK 
dimerization can be applied as 
anticancer therapies in preclinical 
models. 

Q: How could more efficient 
treatments be achieved?
R: Clearly, if Arid2 expression 
levels are associated with more 
aggressive tumours, these levels 
could serve as markers that 
determine the aggressiveness of 
a subgroup of lung cancers. This 
could help us to classify lung 
cancer patients, to determine who 
can be treated for more or less 
aggressive conditions. 

Q: Can we achieve the challenge 
of bringing the survival rate up to 
70% in a decade? 
R: We have currently reached 

The success of cancer treatments lies in 
combining different therapeutic strategies”
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otherwise, they end up being no 
more than a pointless gesture.

Q: The IBBTEC is working on a 
project to apply cancer research 
knowledge to treatments for SARS-
CoV-2. What exactly is this?
A: This project is based primarily 
on preliminary observations of 
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the two previous coronavirus 
outbreaks: SARS1 and MERS. 
Preclinical experiments and cell 
research in the lab using MAP 
kinase inhibitors, specifically 
inhibitors against ERK2 and p38 
kinases, showed the potential to 
prevent virus replication. Based 
on these experiments, we are 

trying to elucidate whether MAP 
kinase inhibitors, specifically 
MEK inhibitors, which are 
currently being successfully 
used to treat tumours such as 
metastatic melanoma, could 
also exert an antiviral effect. If 
this were the case, a drug could 
be obtained quickly, without 
having to go through the entire 
certification process, because 
these drugs are already approved 
by both the FDA (Food and Drug 
Administration, USA), and by 
the EMA (European Medicines 
Agency). 

Q: How important is early 
diagnosis?
A: Early diagnosis of cancer 
saves many more lives than 
the best treatments. Most 
commonly, diagnosing cancer 
in the preliminary stages makes 
it possible to surgically remove 
tumours, and get rid of the cancer. 
The importance of early diagnosis 
is fundamental. 

Q: What are the main advances in 
less invasive treatments?
A: In melanoma, we have found 
that the higher the cytoplasmic 
MAPK-ERK levels, the more 
sensitive the cells are to BRAF 
inhibitors, which are the drugs 
currently used to treat metastatic 
melanoma. This would serve 
to stratify those melanomas 
that are susceptible to BRAF 
inhibitor-based treatment, 
and differentiate them from 
melanomas that will not benefit 
from the use of these inhibitors. 
So, on the one hand, we save 
millions of euros in healthcare 
spending on useless treatments 
and, on the other hand, and more 
importantly, we prevent patients 
from being exposed to treatment 
with nasty side effects that will 
not provide any benefit. This 
research is based on an antibody, 
which is patented. We have 
already begun to design clinical 
trials in order to market it, and 
thus transfer this concept to the 
clinical scenario. 

IBBTEC investigates 
metastasis 

mechanisms. /IBBTEC
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it as one of the five major social 
challenges within the Horizon 
Europe programme [the multi-
annual EU funding plan]. In Spain 
alone, cancer kills over a hundred 
thousand people every year. But of 
course, we must also bear in mind 
other challenges such as new 
epidemics and pandemics, like 
those we are currently facing, or 
neurodegenerative diseases, also 
associated with aging. 

Q: Nobel Laureate Paul Nurse 
says that we will never eliminate 
cancer altogether because it 
involves cells’ ability to adapt 
and evolve. But we will be able to 
detect it sooner and treat it more 
effectively, and thus no longer 
fear it as we do. Do you agree?
A: Absolutely. We will be able 
to diagnose it sooner, this is 
already a fact for many types of 
cancer, and with increasingly 
personalized treatments we 
will be able to increase both life 
expectancy and quality of those 
suffering these diseases. But 
there are still types of cancer 
that cannot be detected early and 
which have a very high mortality 
rate, such as glioblastoma or 
pancreatic cancer.
 
Q: Will increased life expectancy 
lead to more cancers emerging?
A: It’s already a fact. Although it 
can occur at any age, cancer is an 
aging-related disease. The longer 
we live, the greater the incidence 
of cancer in the population will be.

Q: Cabimer is one of the CSIC’s 
most outstanding joint centres in 
cancer research and was chosen 
by Nature as one of the 100 most 
outstanding biomedical research 
institutions in the world in 2019. 
How does Cabimer organise its 
cancer research?

A: At Cabimer, there are research 
teams specialized in different 
areas of Biomedicine, taking 
different and complementary 
approaches. In cancer, we 
investigate cell models of 
tumours with alterations in the 
BRCA2, SWI/SNF, mTOR, ATRX 
genes, the glutamine metabolism, 
securins, microRNAs, TRAIL 
factor of cell death and repair 
of chromosomal breakage. We 
complement this research with 
murine models [mice] that 
express the Myc oncogene or are 
inactivated for the p53 tumour 
suppressor. This helps us to 
understand the mechanisms 
giving rise to the tumour and 
epithelium-mesenchymal 
transition, the origin of 
metastases. The aim is to define 
potential therapeutic targets, 
as well as the effect of different 
treatments in preclinical models 
or in paediatric cancer. Some 
of these projects are funded 
by foundations such as the 
Asociación Española Contra 
el Cáncer, Vencer el Cáncer, 
Worldwide Cancer Research UK, 
Ligue Contre le Cancer in France, 
or pharmaceutical companies 
such as PharmaMar.
 
Q: Your department studies 
genomes, including the origin 
of genome instability, which is 
a key to cell pathology in many 
cancer cells. What exactly does 
this instability entail?
A: The genetic material, DNA, 
is reliably transmitted from 
one generation to the next. 
However, there are cellular 
pathologies, occurring in 
cancer cells, which cause such 
information to change at an 
abnormally high rate, in many 
cases due to dysfunction of the 
DNA and chromatin replication 

and repair mechanisms. This 
causes mutations to accumulate, 
as well as chromosomal 
reorganizations that affect the 
cell gene expression, increasing 
the probability of affecting 
cancer suppressors and genes 
involved in metastases, which are 
responsible for the formation of 
tumours and their progression.

Q: A second department at the 
Cabimer works on cell division 
and death, as well as the 
metabolism and transmission 
of signals that make division 
possible. Why is knowledge 
about these mechanisms 
important in understanding 
cancer?
A: Knowing how the signalling 
mechanisms that control cell 
growth, division, metabolism 
and proliferation operate at 
the molecular level, how they 
are uncontrolled in the cancer 
cell, and, above all, how we 
can attack them to selectively 
eliminate cancer cells in patients 
is a primary objective in the 
fight against cancer. It is also a 
priority to understand cancer-cell 
metabolism, since this paves the 
way to being able to use nutrition 
as a therapeutic tool to treat 
cancer.

Q: One of the greatest hurdles in 
cancer research is moving basic 
research from bench to bedside. 
How can this gap be bridged?
A: We must be cautious in this 
respect. We cannot skip certain 
steps, since any research in 
humans has its risks, so first we 
have to use experimental mouse 
models. One of the greatest 
problems of running clinical 
trials, however, derives from the 
high costs involved, so at this 
point we need collaboration 
between private enterprise 
and the public health system. 
Establishing mechanisms and 
formulas that facilitate this, as 
well as promoting better funding 
and coordination, is one of the 
issues we should foster. 

G
eneticist Andrés Aguil-
era (b. Larache, Morocco, 
1957) explores one of 
the mechanisms crucial 
to understanding the 

mutations giving rise to cancer: 
genome instability, i.e., alterations 
in the transmission of genetic 
information from one cell to an-
other during cell reproduction. Re-
searcher and Professor of Genet-
ics at the Universidad de Sevilla, 
Aguilera heads one of the leading 
Biomedical Research Centres in 
Spain: Cabimer (Centro Andaluz 
de Biología Molecular y Medicina 
Regenerativa). This Seville-based 
joint research centre (CSIC-Uni-
versidad de Sevilla-Universidad 

The longer we live, the greater the  
incidence of cancer will be”

Geneticist Andrés Aguilera directs CABIMER, an international reference centre in biomolecular 
research based in Seville. Here scientists study the mechanisms underlying cancer and metastasis in 
the search for new therapeutic targets

By Erika López

Pablo de Olavide and Junta de 
Andalucía) specialises in Molec-
ular Biology and Regenerative 
Medicine. The journal Nature has 
ranked it among the top hundred 
centres for biomolecular research 
in the world. Among other diseas-
es, Cabimer investigates the mo-
lecular mechanisms of tumours 
and metastases to identify ther-
apeutic targets that can attack 
cancer, while testing treatments 
in preclinical models. 

Trained in New York and 
Darmstadt and a member of the 
RASC (Royal Academy of Sciences 
of Sevilla), Aguilera says his 
greatest reward will be to see how 
genetics and molecular biology 

drive the greatest advances in 
Biomedicine in the coming years. 
He points out that research is 
already improving early diagnosis 
in many types of cancer and 
predicts that personalized 
treatments will enhance patients’ 
life expectancy and quality.

Question: Cancer kills nearly two 
million Europeans every year. 
Is cancer the biggest biomedical 
challenge of the decade? 
Answer: Undoubtedly, it has 
been -and will continue to be- 
the greatest challenge, mainly 
due to lifestyle and the aging 
population. Not surprisingly, the 
European Commission includes 
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ANDRÉS AGUILERA, DIRECTOR OF CABIMER

“Personalized 
treatments 
improve cancer 
patients’ life 
expectancy and 
quality of life”



A: By fostering coordinated work 
between different groups, making 
more funding available for projects 
and hiring qualified personnel. 
Also, facilitating the access of 
basic researchers to clinical and 
hospital research, as well as 
increasing research funding of the 
health system, beyond Institutes 
and Health Networks.

Q: The CSIC White Paper on 
Biomedicine mentions the need 

This is important as, for example, 
they may react to therapies 
differently. These techniques 
provide the basis of personalized 
medicine.

Q: How can basic research 
contribute to improving 
diagnosis?
A: By identifying new mutations 
and molecular alterations 
specifically associated with 
types of cancers, in addition to 
identifying specific cancer cells 
that may be targets of therapy. 
This enables us to design 
detection tools for diagnosis. 

Q: What about treatments?
A: Similarly, the identification of 
cancer-related mutant proteins 
and molecular structures 
facilitates the search for drugs 
that have an effect on them and 
specifically eliminate cancer cells.

Q: The new European R & D 
framework programme, Horizon 
Europe, includes a mission 
fostering cancer research. How 
will this boost cancer research in 
Europe?
A: Supplying increased 
funding and facilitating the 
interconnection of basic and 
clinical research groups between 
different European countries. In 
this case, national institutions 
in Spain, must become involved, 
particularly the ISCIII [Instituto 
de Salud Carlos III], which will 
promote greater participation of 
basic research teams, currently 
disassociated with hospitals or 
health networks.

Q: How could cancer research be 
promoted in Spain?

Q: What have been the greatest 
advances in the fields of genetics 
and molecular biology targeting 
cancer in the last 20 years?
A: Progress has been made in 
diagnosis and in new targeted 
therapies against specific 
cancers, always taking into 
account that each type of cancer 
is a different disease. However, 
immunotherapies are already 
providing very encouraging 
results in a number of cases and 
are stirring up great expectation. 
We should also highlight the 
massive generation of genome 
sequences of cancer cells from 
thousands of patients, available 
in public databases. These data 
are speeding up the identification 
of new gene candidates involved 
in cancer, and will provide key 
information for personalized 
treatments. The development 
of liquid biopsies, which allows 
for early, minimally invasive 
diagnosis, is a huge step forward 
in this respect.

Q: Cancer research has 
focused on gene mutations 
and chromosomal instability, 
and has recently focused on 
omics, such as proteomics and 
transcriptomics. What exactly do 
they involve? 
A: These are all necessary 
approaches that continue to be 
implemented. It is still essential to 
associate the growth of tumours 
with gene mutations, because 
that is what enables us to identify 
the cancer suppressors involved 
in each tumour. Proteomics and 
transcriptomics are techniques 
that provide information on all 
proteins and the expression of 
all the genes of a tumour or a 
tissue. This provides a global 
characterization that helps us 
to understand all the processes 
involved at the same time and to 
differentiate some tumour types 
from others much more reliably. 
Nowadays, what we used to 
consider as one type of tumour, 
we can now classify into several 
subtypes using these techniques. 

One of the greatest problems facing clinical 
trials is the high expense involved, which calls 
for collaboration between private enterprise 
and public health systems”
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to create a virtual cancer CSIC 
institute that brings together 
basic, translational and clinical 
researchers, in coordination with 
universities and hospitals. How 
should it be organised?
A: Cabimer researchers, and in 
particular our vice-director Raúl 
V. Durán, have been key players 
in coordinating and drawing up 
the CSIC White Paper addressing 
the Cancer Challenge, proposing 
the creation of a virtual 
cancer institute at the CSIC. 
This structure should provide 
national coordination of cancer 
research undertaken by CSIC 
teams, promoting internal 
collaboration and increasing the 
visibility of cancer research at 
the CSIC and at other national 
and international scientific 
centres. 
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Q: How can cancer 
research benefit from the 
multidisciplinary nature of the 
CSIC, with teams investigating 
pharmacology, nanotechnology, 
photonics...?
A: Multidisciplinarity is a 
hallmark of the CSIC. Today it 
is undeniable that the solution 
to complex biosanitary issues, 
such as cancer, will come from 
implementing multi- and inter-
disciplinary approaches. The CSIC 
virtual cancer institute would 
provide an excellent platform for 
the coordination of CSIC teams 
belonging to different disciplines.
 
Q: Why is continuity of research 
funding so important for public 
institutions?
A: Research is not something 
that can be put on hold. If an 

investigation that has taken 
several years to reach a certain 
point is left on standby for a 
year, resuming it after a break 
will duplicate or triplicate the 
costs. But, above all, we must 
bear in mind that the goal of all 
research is to obtain results that 
can be beneficially applied to 
society and, as far as possible, 
recover part of the public 
funding invested in order to be 
able to continue investigating. 
In research, being the first 
to obtain results and license 
patents is essential. Today, the 
international research system is 
a competitive system; we cannot 
forget that.

Q: What role should companies 
take in funding cancer research?
A: Private companies must 
become more involved in research 
by taking more risks and not 
having such a short-term payback 
mind-set. Research is a long-term 
process, and companies should 
take more interest in the results 
of public research before it shows 
signs of potential success. In this 
respect, rather than company-
based funding, perhaps what is 
lacking in Spain is the inflow of 
investment funds into national 
research projects. 

Q: Should successful 
developments in mouse trials 
be reported when they are very 
premature, or is it better to wait 
for clinical trial results?
A: Communication is always 
good. On the one hand, it draws 
attention to the importance of 
investing in research. On the 
other hand, a greater involvement 
of researchers, and the media, 
in disseminating knowledge 
is essential to assess scientific 
communications in their proper 
light and to know how the tax-
payer’s money is being spent. 
It is quite another thing to use 
communication to create false 
expectations, which especially 
affect the sick; so we must take 
great care with this.  

Andrés Aguilera’s 
team investigates 

cancer mechanisms 
in search of new 

therapeutic targets. 
/ CABIMER
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detection and more effective 
treatments”. But he is also 
cautious, predicting that cancer 
research will always have to keep 
up with the Darwinian selection 
processes by which cells escape 
treatments: “We will have to 
continuously catch up with the 
cells that manage to develop 
resistance to the manoeuvres we 
design, so not only will cancer 
endure, but it will become a 
chronic disease.”

Question: Why is it so hard to 
unravel the key causes of cancer?
Answer: Because cancer is 
extremely complex in terms of 
how it generates and evolves, 
and in the way tumours interact 
with the body and how they are 
treated. Cancer is actually not 
one disease but many. Each type 
of cancer is different, so experts 
estimate that we are facing about 
100 or 200 different diseases. 
Although they have common 
elements, such as uncontrolled 
growth, cell migration, invasion 
capacity, etc., they are really 
very different from each other. 
Moreover, even within each 
type, the tumour itself is very 
heterogeneous and contains 
a number of totally different 
cell populations. Therefore, to 
understand and address the 
causes of each one in all its 
complexity is really difficult. 

Q: Will we ever get rid of cancer 
altogether?
A: We must be optimistic, because 
we have made great progress in 
early detection and treatment. 
However, we must bear in mind 
that cancer is a very tricky 
disease. So, one minute, a group 
of cells are fine in our body but, 
for some reason, the next minute 
they lose control and generate a 
small tumour that grows silently 
inside our body without causing 
any apparent changes. Therefore, 
an essential key to addressing 
cancer is early detection and 
treatment. We can improve 
detection, control, treatment, but 

it will be very difficult to get rid of 
it altogether. Cancer results from 
our own biological makeup and it 
is here to stay. 

Q: Is the goal for cancer to 
become just another chronic 
disease?
A: In a way, yes, I think that’s 
what is going to happen. The 
tumour is a heterogeneous 
structure composed of different 
cell populations. One cell can 
differ greatly from the next one, 
and also, as the tumour grows, 
its cells change the molecular 
properties and adapt, they are 
very aggressive and very smart. 
Let’s say we treat cancer with any 
given approach and we manage 
to eliminate some of the cells 
but one cell gets away, what 
we’re actually doing is selecting 
cells that are resistant to that 
treatment. 

Q: Survival of the fittest.
A: Sure, it’s a Darwinian 
adaptation mechanism. In that 
sense, we will always have to 
keep adapting to the cells that 
manage to become resistant to the 
schemes we design, so not only 
will the cancer stay with us, but 
it will become a chronic disease. 
We will have to adapt to the tricks 
it comes up with to escape our 
manoeuvres to eradicate it. 

Q: Which is the most promising 
treatment?
A: Let’s not forget that the initial 
treatment -and the best in many 
cases- is surgical. On the other 
hand, chemotherapy works very 
well in general, but it has two 
problems. One is toxicity: drugs 
that kill cancer cells also kill 
proliferative cells in the healthy 
organism. The other problem 

is that the cancer develops 
resistance against chemotherapy. 

Q: What can be done?
A: Research is underway to 
try to combat these difficulties 
using pharmacogenomics. This 
makes it possible to apply mass 
genome sequencing techniques 
to patients to identify markers 
that can be associated with 
specific treatments. For instance, 
if we have a patient who does 
not respond to the regular 
treatment and it turns out that 
he or she has markers associated 
with treatment using another 
drug, which may not have 
been used before because it is 
more cytotoxic, we can use this 
alternative if we know in advance 
that the patient will respond well. 

Q: What advantages does 
immunotherapy offer?
A: It is the most recent and 
perhaps the most promising 
approach. On the one hand, it 
allows us to immunologically 
attack the tumour without 
damaging other organs, since 
the body’s own immune system 
is sparked into action when the 
tumour forms, but manages to 
escape. In immunotherapy, we 
extract some the patient’s own 
lymphocytes, “train” them so that 
they recognize the cancer directly 
and then inject them back into the 
patient. 

Q: Does it have any drawbacks?
A: It’s a promising approach, but 
it does have some drawbacks, 
even toxicity. Alternatives are 
being studied and researchers are 
discovering that it is unnecessary 
to re-inject the lymphocytes; 
rather, it may be enough to simply 
take the exosomes that release 

M
ario Vallejo holds a 
Doctorate in Med-
icine and Surgery 
as well as in Ap-
plied Biology. He 

is the director of the IIB (Instituto 
de Investigaciones Biomédicas 
Alberto Sols-CSIC-UAM), a joint 
CSIC-Universidad Autónoma de 
Madrid centre. Here, research on 
the causal mechanisms for can-
cer takes a central role, with its 
own department and 15 teams. 
There are teams that study the 
processes causing leukaemia, 
colon, breast and gynaecological 
cancers, and cancers of the pan-
creas and thyroid, among others.  
This research centre is a pioneer 
in identifying the mechanisms 
of the epithelium-mesenchymal 
transition, a modification of can-
cer cells that enables them to de-
tach from the tumour and migrate 
to other organs where they start 
metastasis, causing 90% of cancer 
deaths. 

An expert in the molecular 
mechanisms of the pancreas, 
Vallejo is optimistic “we have 
made a lot of progress in early 

The CSIC is strong in terms of 
multidisciplinarity and must support its 
leading cancer teams to enhance synergies”

MARIO VALLEJO, DIRECTOR OF IIB ALBERTO SOLS

“Cancer results from 
our own biological 
makeup and is here 
to stay”
Mario Vallejo holds a PhD in Medicine and is director of 
the IIB Alberto Sols. This Biomedical Research Institute is 
pioneer in investigating the key mechanism underlying 
metastasis, as well as the processes originating colon, 
breast, pancreatic and thyroid cancers in the search for new 
detection tools and treatments

By Begoña García Sastre and Alejandro Parrilla
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A: There are groups using mice 
modified with mutations similar 
to those carried by patients with 
leukaemia or lymphomas. This 
enables us, on the one hand, to 
study the molecular mechanisms 
by which the disease is produced; 
and on the other, to take a 
first step towards developing 
and evaluating potential 
pharmacological treatments. 
There is a research area focusing 
on colon cancer, which is one 
of the most common and has a 
relatively high mortality rate. We 
have shown that the metabolite 
calcitriol has antitumor properties 
in colon cancer. We also study 
breast and gynaecological 
cancer using mass sequencing 
techniques to identify new 
therapeutic approaches. 

Q: What about your results?
A: We found a resistance marker, 
a gene that encodes a protein 
called gasdermin B, which 
-when present in these tumours- 
confers resistance to treatments. 
Immunotherapy is being used to 
try to inactivate this protein using 
antibodies that recognize this 
molecule in order to disable it and, 
in doing so, make cancer more 
vulnerable to other treatments. 
What is more, the antibody itself 
can be associated with cytotoxic 
agents and boost their ability to 
kill cancer cells. 

Q: You also study the molecular 
biology of the pancreas, don’t 
you?
A: Yes, we investigate the 
mechanisms that produce 
pancreatic cancer. A group is 
instigating cancer stem cells, 
namely, the first cells that 
generate the tumour. They aim 
to understand the mechanisms 
by which these pancreatic cells 
acquire the ability to become 
progenitor cells and generate 
cancer uncontrollably. 

Q: Promising work is also 
underway on thyroid cancer.  
A: This is the most common 

Q: You also work with antibodies, 
don’t you?
A: We participate in research 
aiming to develop multifunctional 
antibodies, or trimerbodies. A 
trimerbody is an antibody that 
enables us to target the tumour; in 
other words, it is an antibody that 
specifically recognizes antigens 
in the tumour and only goes there. 
Another antibody is associated 
to this inside the tumour (but 
not outside, to minimize side 
effects and toxicity), which sparks 
the localised activation of the 
endogenous lymphocytes. One of 
the problems with cancer is that 
the body’s immune system should 
recognise it as an enemy, but this 
is not always effective because 
cancer looks for ways to dodge it. 
With this type of technique, we 
can trigger our immune system 
within the tumour itself. 

Q: How can we combat the 
resistance mechanisms cancer 
uses to escape the immune 
system?
A: We are endeavouring to 
identify and combat these 
resistance mechanisms. The 
tumour sets in motion stratagems 
to deactivate the signals by 
which our immune system can 
recognize it. Mechanisms to 
defuse these manoeuvres are 
being investigated. There is a 
research area investigating the 
use of nanoparticles harbouring 
specific antibodies that recognize 
the tumour, which have the 
advantage that we can monitor 
them. 

Q: What types of cancer are being 
studied here?

the lymphocytes in culture and 
reinject them into the patient. 
These exosomes manage to enter 
the tumour and act in a similar 
way to the lymphocytes they 
are taken from. Another action 
is to inhibit the mechanisms 
triggered by cancer to defend 
itself and dodge the immune 
response. And finally, perhaps 
one of the most promising is 
targeted therapy using antibodies 
as vehicles to transport cytotoxic 
substances directly to the tumour. 
Monoclonal antibodies are used, 
which are able to identify proteins 
expressed in the tumour but not 
elsewhere, so all cytotoxic activity 
is concentrated locally. 

Q: What are the IIB’s main 
research areas addressing 
cancer? 
A: The IIB has many research 
areas addressing different 
diseases, not just cancer. We have 
a cancer department made up 
of experienced research teams, 
about 15 groups in all, working on 
different aspects of the biology 
of cancer and on different types.  
Many collaborate with companies 
in the search for treatments and 
drugs; some researchers belong 
to the Network of Biomedical 
Research Centres CIBER, working 
on cancer (CIBERONC) and we 
also work closely with various 
hospitals such as La Paz, El Puerta 
de Hierro, the Anderson Cancer 
Clinic in Madrid, etc. 

Q: Which areas of 
immunotherapy are being 
addressed?
A: Research is underway 
to identify new anticancer 
drugs in collaboration with 
pharmaceutical companies and 
to develop ways to transfer these 
drugs directly to the tumour 
by association with a specific 
antibody. That would enable 
treatment to be far more effective 
because we minimize the 
undesirable effects of cytotoxicity 
that these types of drugs can have 
on other cells.
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endocrine cancer. The thyroid is 
the only organ in the body able to 
capture and concentrate iodine 
to synthesise thyroid hormones. 
To do this, thyroid cells express 
iodine-specific transporters that 
concentrate it very efficiently. 
This can be used to fight this type 
of cancer because by injecting the 
patient with radioactive iodine, it 
concentrates inside the tumour 
and works like endogenous 
radiation therapy, and is highly 
localized. The problem is that 
there are thyroid cancers that 
develop resistance because they 
inactivate or stop expressing 
these iodine transporters. We 
have observed that one of the 
oncogenes most commonly 
associated with these tumours 
(BRAF) inhibits the expression 
of this transporter. This opens 
up a possible course of action, 
because if we inactivate this 
oncogene we will facilitate 
continued functioning of the 
iodine transporter, enabling us to 
use approaches like, for instance, 
administering radioactive iodine. 

Q: Are researchers also seeking 
new drugs?
A: There are groups that study 
pharmacological aspects of 
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cancer treatment. On the one 
hand, they search for drugs 
in close collaboration with 
the pharmaceutical industry, 
specifically to treat melanoma, 
which promote the reactivation of 
oncogenically deactivated nuclear 
proteins in these tumours. They 
aim to open new therapeutic 
avenues for this type of tumour, 
which is very difficult to detect and 
treat, and is also very aggressive. 

Q: What have been your centre’s 
main achievements in cancer 
research? 
A: Our centre pioneered the 
identification of the mechanisms 
underpinning a process in 
cancer called the epithelial-
mesenchymal transition. This 
transition involves a modification 
that takes place in cancer cells, 
enabling them to break free 
from a situation in which they 
are all together, forming an 
epithelium, and acquire the ability 
to detach and migrate, travelling 
some distance and settling in 
another organ where they form 
a metastasis. As soon as they 
settle in another organ, the 
reverse process occurs, namely 
the mesenchyma-epithelial 
transition. This is very important 

in the generation of metastases, 
which is one of the fundamental 
problems of cancer and 
compromises patient survival.  

Q: How can the multidisciplinary 
nature of the CSIC benefit cancer 
research?
A: One of the great strengths of 
the CSIC is its multidisciplinarity. 
There are expert groups in 
virtually every field. What would 
benefit the CSIC is to put this 
within a framework. There are 
many pioneering groups and 
world leaders, but perhaps they 
work very independently. We 
have to make an effort to relate 
to groups in other disciplines and 
not just in our own field. I think 
it is of the utmost importance 
to create a specific CSIC Virtual 
Cancer Institute, as stated in the 
White Paper on Biomedicine. 
It would increase visibility and 
enhance synergies. If the model 
being pursued is like the CIBER 
launched by ISCIII, with thematic 
virtual institutes on diseases, we 
have seen that they do work. It is 
important to provide a structure 
incorporating the groups 
currently working on cancer in 
different institutes and spotlight 
the CSIC in this area.  

IIB Alberto Sols director, Mario Vallejo, investigates cellular metabolism. / CÉSAR HERNÁNDEZ

We have to keep up 
with the tricks that 
cancer employs to 
dodge us”
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