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3. Scientific highlights

1. New methods for analyzing gene
function

A study published by CNIC scientists in Cell will allow
any researcher to induce and analyze multispectral
genetic mosaics in vertebrate models such as mice
and zebrafish. The new technology will allow a high
spatio-temporal resolution definition of the function
and interaction of genes during development and
disease. Genes encode the information needed to
synthesize proteins, the functional building blocks
of our cells.

According to study leader Rui Benedito, the
improved methods for studying gene function will
allow researchers to “increase knowledge about
how the genome operates in the multiple cell
types that make up our bodies and understand
gene interaction networks and their regulatory
hierarchies.” This knowledge, moreover, is crucial
for the design of efficient therapeutic strategies to
modify or correct genetic activity in disease.

Pontes-Quero, S., Heredia, L., Casquero-Garcia, V.,
Fernandez-Chacon, M., Luo, W., Hermoso, A., Bansal,
M., Garcia-Gonzdlez, 1., Sdnchez-Mufioz, M. S., Pereaq,
J. R, Galiana-Simal, A, Rodriguez-Arabaolaza, 1., Del
Olmo-Cabrera, S., Rocha, S. F.,, Criado-Rodriguez, L. M.,
Giovinazzo, G., Benedito, R. (2017). Dual ifgMosaic: A
Versatile Method for Multispectral and Combinatorial
Mosaic Gene-Function Analysis. Cell, 170(4), 800-814
e818. [IF: 30.410]

2. Inhibition of a specific protein prevents
and reverses aortic aneurysm in
models of Marfan syndrome and
similar diseases

The inhibition of a protein—inducible nitric oxide
synthase, or Nos2—in the arterial wall is able
to reverse aortic disease in a mouse model of
Marfan syndrome and other types of aneurysm.
The findings, published in Nature Medicine, suggest
a major potential for Nos2 inhibitors in the
treatment of thoracic aortic aneurysm. The study
was codirected by Miguel Campanero of the CSIC
Instituto de Investigaciones Biomédicas Alberto Sols
and CNIC scientist Juan Miguel Redondo.

An aneurysm is a swelling or abnormal enlargement
ofaportion of anartery, resulting from a pathological
weakness in the blood vessel wall. For long
periods, an aneurysm is an indolent condition that
provokes minimal or no symptoms; however, it is an
extremely dangerous condition prone to sudden,
catastrophic, and often fatal complications. Effective
treatment therefore requires early and accurate
diagnosis, close patient management, and surgical
repair when conditions allow. The vessel dilatation
increases the risk of arterial rupture, and current
pharmacological treatments are therefore aimed
at reducing pressure on the vessel wall. However,
these treatments are of limited use because they
do not arrest the deterioration of the aortic wall
in aortic diseases, including Marfan syndrome, a
disease caused by defects in the fibrilin-1 gene.
The only truly effective therapy available is surgery,
but this dangerous intervention is indicated only
when the risk of surgery is lower than the risk of
rupture. Moreover, surgery does not cure or stem
the underlying condition, which is progressive and
not confined to a specific artery wall segment. There
is therefore a need to identify the mechanisms
underlying aortic wall degeneration and to discover
new pharmacological targets for slowing the natural
progression of these diseases.

The research team on this study identified two
potential therapeutic targets for the treatment and
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prevention of aneurysm: the metalloproteinase
Adamts1 and the nitric oxide synthase Nos2. The
study demonstrates that mice lacking Adamts
develop a disease similar to Marfan syndrome and
that the genetic inactivation of Nos2 expression
prevents aortic disease in these mice and in a mouse
model of Marfan syndrome. But the study goes
further, also demonstrating that pharmacological
inhibition of nitric oxide production rapidly and
effectively reverses aortic dilatation and aortic
medial layer deterioration, both in mice lacking
Adamts1 and in the mouse Marfan syndrome
model.

Describing the study, Redondo affirmed that it
“shows that pharmacological inhibition of Nos2
not only prevents thoracic aortic disease, but also
is also curative.” The researchers also confirmed
that the Nos2 inhibitor 1400W is equally effective
in young and old Marfan mice, suggesting that
Nos2 is essential for both disease initiation and
progression. The authors recognize the need for
cautioninextrapolatingresultsfrommouse models
to the human disease; however, Campanero was
keen to underline that “the strong and extremely
fast action of Nos2 inhibition in reversing aortic
disease in the mouse models fully justifies the
initiation of preclinical and clinical trials with Nos2
inhibitors, both for Marfan syndrome and for other
aortic diseases.” The safety of Nos2 inhibitors has
been demonstrated in clinical trials targeting other
diseases, including rheumatoid arthritis, migraine,
and endotoxemia, and therefore specific Nos2
inhibitors could be brought into use to treat aortic
disease within a very short time frame.

Oller, |., Méndez-Barbero, N., Ruiz, E. J., Villahoz, S.,
Renard, M., Canelas, L. I, Briones, A. M., Alberca, R.,
Lozano-Vidal, N., Hurle, M. A., Milewicz, D., Evangelista,
A., Salaices, M., Nistal, J. F., Jiménez-Borreguero, L. .,
De Backer, )., Campanero, M. R., Redondo, J. M. (2017).
Nitric oxide mediates aortic disease in mice deficient in
the metalloprotease Adamts1 and in a mouse model
of Marfan syndrome. Nature Medicine, 23(2), 200-212.
[IF: 29.886]

Healthy Acria Marfan Aora
o - -
- - -
Healthy Aorta Diseased Aona Diseased Aoria
Untreated

Unlreated Traated

Elastic £
liksers

Collagen E

3. A new anti-cancer drug linked to
cardiovascular problems

Inhibitors of the enzyme PIlk1 were recently
authorized as an “innovative therapy for leukemia”
by the US Food and Drug Administration (FDA).
However, a study published in Nature Medicine by
researchers from the Spanish National Cancer
Research Center (CNIO) in collaboration with
researchers at the CNIC suggests that prolonged
use of these inhibitors can lead not only to
hypertension but also to blood vessel rupture and
severe cardiovascular problems.

Progress toward personalized medicine depends
on knowing the function of each of our genes
and proteins and selecting the appropriate drugs
targeting these proteins according to the specific
alterations in each patient. In recent years,
regulators of the cell cycle, the process that controls
the proliferation of all cells, including tumor cells,
have demonstrated their usefulness against various
cancers, including breast cancer. Among the new
drugs used in this strategy is the PIk1 inhibitor
volasertib, which has shown very promising results
in acute myeloid leukemia and was recently
recognized as an “innovative therapy” by the FDA
due to its effectiveness against this type of tumor
in clinical trials.
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In the new study, the CNIC research group led
by Juan Miguel Redondo participated in the
characterization of cardiovascular defects in mice
with decreased PIk1 activity, resulting from genetic
deficiency or treatment with volasertib. Together
with scientists at the Centro de Investigacion del
Cancerin Salamanca, the Universidad de Salamanca,
and the London Research Institute, the CNIO and
CNIC team found that while volasertib treatment of
a mouse strain with low PIk1 levels did not cause
growth defects, it did cause artery rupture and
secondary cardiovascular effects. These results
indicated that the arteries are more sensitive to Plk1
inhibition than other adult tissues. The team went
on to show that PIk1 is essential for the contraction
of cells lining the artery wall, an essential process
for maintaining an appropriate blood pressure.

Cardiovascular disease and cancer are the main
causes of morbidity and mortality in modern
societies. The involvement of Plk1 in the control of
both processes will have a major impact on future
biomedical developments.

De Carcer, G.,, Wachowicz, P., Martinez-Martinez, S.,
Oller, |, Méndez-Barbero, N., Escobar, B., Gonzdlez-
Loyola, A, Takaki, T, El Bakkali, A, Camara, J. A,
Jiménez-Borreguero, L. J., Bustelo, X. R.,, Cafiamero, M.,
Mulero, F., De los Angeles Sevilla, M., Montero, M. |,
Redondo, J. M., Malumbres, M. (2017). PIk1 regulates
contraction of postmitotic smooth muscle cells and is
required for vascular homeostasis. Nature Medicine,
23(8), 964-974. [IF: 29.886]

4. Clustering for health

Ourimmunesystemprotectsusfrommultiplethreats
such as disease-causing microbes and cancer.
However, when our immune system is activated
inappropriately, it attacks the body and causes
autoimmune diseases. Historically, autoimmunity
has been considered the result of immune-
system hyperactivity. Recently it has become clear
that autoimmunity can also occur as the result of
weakened immune responses. In this situation, a
strategy based on pharmacological inhibitors would
be counterproductive, and an appropriate strategy
would be activation or substitution. Working with
this new concept, researchers at the University of
Freiburg (Germany) and the CNIC have identified
the protein caveolin-1 as a key regulator in a unique
model of autoimmunity caused by insufficient
immune function.

The team identified caveolin-1 as a crucial regulator
of the clustering of receptors in the plasma
membrane of B lymphocytes. Using experimental
models, the authors showed that, in the absence
of caveolin-1, B cell receptors are disorganized
and, crucially, do not efficiently detect threats. As
a result, B cells are not activated appropriately
and generate deficient immune responses. These
results demonstrate for the first time that the
organization of receptors in the B cell membrane
ensures the correct activation of these cells.

Minguet, S., Klasener, K., Schaffer, A. M., Fiala, G. .,
Osteso-Ibafiez, T., Raute, K., Navarro-Lérida, 1., Hartl, F.
A., Seidl, M., Reth, M., Del Pozo, M. A. (2017). Caveolin-
1-dependent nanoscale organization of the BCR
regulates B cell tolerance. Nature Immunology, 18(10),
1150-1159. [IF: 21.506]
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5. Spanish research confirms the
importance of breakfast in the
prevention of cardiovascular disease

Skipping breakfast or eating very little at the start
of the day doubles the risk of atherosclerosis. This
is the latest finding from the Progression and Early
Detection of Atherosclerosis study (PESA), led by
the CNIC in partnership with Banco Santander,
and published in the Journal of the American
College of Cardiology. The report shows that people
whose breakfast contains less than 5% of the
recommended daily calorie intake (100 calories
of a daily intake of 2000) have on average twice
the number of atherosclerotic lesions as those
who eat a high-energy breakfast. This increased
risk, moreover, is independent of classical risk
factors such as smoking, high cholesterol, and
physical inactivity. The report not only confirms the
importance of eating breakfast for cardiovascular
health, but also suggests that skipping breakfast
could indicate more generally unhealthy eating and
lifestyle habits.

Uzhova, |, Fuster, V., Ferndndez-Ortiz, A., Ordovds, |.
M., Sanz, J, Ferndndez-Friera, L., Lopez-Melgar, B.,
Mendiguren, J. M., Ibafiez, B., Bueno, H., Pefialvo, J. L.
(2017). The Importance of Breakfast in Atherosclerosis
Disease: Insights From the PESA Study. Journal of the
American College of Cardiology, 70(15), 1833-1842. [IF:
19.896]

6. 3D visualization of cholesterol
plaques improves cardiovascular risk
prediction

Three-dimensional ultrasound could become a
central tool for identifying individuals at risk of
developing cardiovascular disease. This is the
conclusion of a report, published in the Journal
of the American College of Cardiology, from the
CNIC-Santander PESA study (Progression of Early
Subclinical Atherosclerosis), a collaborative project
between the CNIC and Banco Santander that
studies more than 4000 middle-aged participants.
The report demonstrates that total atherosclerosis
burdenisaveryuseful parameterin the stratification
of individual cardiovascular risk, when considered
together with classical risk factors (blood cholesterol,
blood pressure, diabetes, smoking status, exercise,
and obesity).

The results of the study, directed by CNIC Director
General Valentin Fuster, show that among the
study participants (mean age 45 years) the total
atherosclerosis burden is twice as high in men as
in women (63.4 versus 25.7 cubic millimeters), is
higher in the femoral arteries than in other vascular
territories, and increases with age.

The CNIC scientists explored the most ather-
osclerosis-prone regions of the carotid and
femoral arteries. In each territory, the researchers
performed 3D ultrasound examinations of 6 cm
arterial segments in both branches, centered on
the carotid sinus and the femoral bifurcation.
The study population included 3860 middle-aged
participants with no disease symptoms and no
history of Ml or stroke. All participants were Banco
Santander employees based in Madrid. PESA is a
prospective cohort study that monitors patients
over several years. The patients were examined with
a new ultrasound system made by CNIC technology
partner Philips. The system uses a linear volumetric
transducer that acquires 3D images of the arteries
and atherosclerotic plagues.

Although 3D ultrasound is still in the development
phase, ithasalready shown clinical promisein several
areas, including quantification of atherosclerotic
plague volume. Direct quantification of plaque
volume by 3D ultrasound is more accurate than



C Scientific Report 17

2D techniques for estimating an individual's total
plague burden.

Borja Ibafiez, CNIC Research Director and a
cardiologist at Fundacion Jiménez Diaz university
hospital, commented that “conventional risk factors
(blood cholesterol, hypertension, smoking, etc.)
allow a broad prediction of the population risk of
severe cardiovascular events (infarction or stroke);
however, individualized predictions based on these
risk factors are not very accurate. Now, with the
ability to directly visualize atherosclerotic plaques
and quantify their number and size in the body, we
will be able to predictindividual risk more accurately.
The presence and extent of atherosclerosis gives
direct information about how risk factors affect the
arteries in each individual.”

Lopez-Melgar, B., Ferndndez-Friera, L., Oliva, B., Garcia-
Ruiz, |. M., Pefialvo, |. L., Gomez-Talavera, S., Sdnchez-
Gonzdlez, |, Mendiguren, J. M., Ibdfiez, B., Ferndndez-
Ortiz, A, Sanz, |, Fuster, V. (2017). Subclinical
Atherosclerosis Burden by 3D Ultrasound in Mid-Life:
The PESA Study. Journal of the American College of
Cardiology, 70(3), 301-313. [IF: 19.896]

7. LDL cholesterol is the main
modifiable predictor of
atherosclerosis in individuals with no
risk factors

LDL cholesterol (LDL-C), known as ‘bad’ cholesterol,
is the underlying reason why many apparently
healthy individuals have a heart attack or stroke
during middle age despite having no cardiovascular
risk factors such as hypertension, smoking, obesity,
dyslipidemia, or diabetes. Even at levels considered
normal, LDL-C, after age and being male, is the
main predictor of the presence of atherosclerotic

plaguesinthe arteries. This is the finding of research
conducted at the CNIC and published in the Journal
of the American College of Cardiology. The results
of the study, led by CNIC Director Valentin Fuster,
support the use of more aggressive strategies to
reduce LDL-C, including for individuals considered
at minimum risk. Fortunately, LDL-C is relatively
easy to modify and thus avoid the appearance of
atherosclerotic plaques. The new findings have
important societal and clinical implications because
they demonstrate the importance of aggressively
reducing LDL-C, both on an individual level and
in the general population. The new findings come
from a subanalysis of the PESA study (Progression
of Early Subclinical Atherosclerosis). PESA is a joint
project between the CNIC and Banco Santander
that uses the latest noninvasive vascular imaging
technology (magnetic resonance, PET, CT, and 2D
and 3D ultrasound) to answer important unresolved
questions about cardiovascular disease, such as
when and how it begins and what has to happen for
it to manifest clinically.

Ferndndez-Friera, L., Fuster, V. Lopez-Melgar, B.,
Oliva, B., Garcia-Ruiz, J. M., Mendiguren, J., Bueno,
H., Pocock, S., IbdAez, B., Ferndndez-Ortiz, A. Sanz, J.
(2017). Normal LDL-Cholesterol Levels Are Associated
With Subclinical Atherosclerosis in the Absence of Risk
Factors. Journal of the American College of Cardiology,
70(24), 2979-2991. [IF: 19.896]
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8. Five health indicators are enough to
predict cardiovascular risk in healthy
people

Just five indicators of cardiovascular health—blood
pressure, physical activity, body-mass index, fruitand
vegetable intake, and smoking status—accurately
predict cardiovascular risk in healthy individuals.
This is the conclusion of a study carried out at
the CNIC and published in The Journal of American
College of Cardiology. The study demonstrates that
the Fuster-BEWAT score, which is based on these
five cardiovascular health indicators, effectively
predicts the presence and extent of subclinical
(asymptomatic) atherosclerosis in healthy middle-
aged individuals with no known history of
cardiovascular disease. Moreover, Fuster-BEWAT
predictions are as accurate as those obtained with
the widely used Ideal Cardiovascular Health Index
(ICHS), the score currently recommended by the
American Heart Association, which additionally
includes blood analysis of cholesterol and glucose.
The new study forms part of the Progression and
Early Detection of Atherosclerosis project (PESA),
a CNIC initiative conducted in partnership with
Banco Santander. The results demonstrate the
usefulness of the Fuster-BEWAT score for evaluating
cardiovascular risk in situations where it is not
possible to obtain blood samples.

Ferndndez-Alvira, |. M., Fuster, V., Pocock, S., Sanz, |,
Ferndndez-Friera, L., Laclaustra, M., Ferndndez-Jiménez,
R., Mendiguren, |, Fernandez-Ortiz, A, Ibdfiez, B.,
Bueno, H. (2017). Predicting Subclinical Atherosclerosis
in Low-Risk Individuals: Ideal Cardiovascular Health
Score and Fuster-BEWAT Score. Journal of the American
College of Cardiology, 70(20), 2463-2473. [IF: 19.896]

9. Dogma overturned: new studies into
inflammation in the infarcted heart
could lead to changes in therapy

Scientists at the CNIC and the Fundacion Jiménez
Diaz (F)D) and Salamanca University Hospitals have
demonstrated that the human heart responds
very differently to an infarction than was previously
thought. The study, published in two independent
articles in the leading journals Circulation and
Circulation Research, overturns the established view

that an infarction is followed by progressive repair
of the myocardium.

The project arose from research begun more than
10 years ago at Mount Sinai Hospital in New York,
directed by Valentin Fuster, who is an author on
both of the new CNIC-led studies. Two years ago,
the CNIC and the FJD University Hospital signed a
collaboration agreement to coordinate their studies
of cardiac muscle after an acute MI. The study is the
firstin the world to study heart attack patients by MRI
so soon after the re-establishment of blood flow. In
addition to studies in patients, the team have also
extended their investigation of infarction in pigs, the
experimental model most similar to humans. The
unigue translational research infrastructure at the
CNIC includes equipment for directly comparable
imaging in human and animal studies, allowing the
team to demonstrate that treatments during an
infarction can change the composition of the cardiac
muscle during the first hours after reperfusion and
result in a much more rapid recovery of the heart.
In the words of study author Rodrigo Fernandez-
Jiménez, “MRI provides an extraordinary ability to
noninvasively visualize events occurring after an
infarction in real time, including inflammation, tissue
volume expansion, hemorrhage, and obstruction of
the microcirculation.”

The study was coordinated by Ibafiez, Director of
Clinical Research at the CNIC and a cardiologist at
FJD University Hospital. In his view, the discovery of
the bimodal inflammatory response in the human
heart “forces us to think about the best timing
for MRI scans used in clinical trials to quantify
irreversible injury and to monitor the effectiveness
of interventions to reduce this injury. Until now, this
question was considered unimportant, and cardiac
imaging studies have been conducted on any day
in the postinfarction period. The new findings show
that the optimal time for these scans is between
postinfarction days 4 and 7, when the second wave
of inflammation/edema is prominent and affects
the entire region that was shut off from the blood
supply during the infarction.”

This research project was possible thanks to the
scientific collaboration between the CNIC and
technology partner Philips Iberia. Physicist Javier
Sanchez-Gonzalez, a Philips researcher seconded
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to the CNIC, leads the technological development
of these cardiac imaging projects, and his input is
essential for transferring the initial findings from
the CNIC to collaborating hospitals, so that the new
algorithms can be tested in a clinical environment.

Ferndndez-jiménez, R., Barreiro-Pérez, M., Martin-
Garcia, A, Sdnchez-Gonzdlez, J., Agtiero, J, Galdn-
Arriola, C, Garcia-Prieto, J., Diaz-Peldez, E., Vara, P,
Martinez, |, Zamarro, I, Garde, B., Sanz, ., Fuster, V.,
Sanchez, P. L., Ibdfiez, B. (2017). Dynamic Edematous
Response of the Human Heart to Myocardial Infarction:
Implications for Assessing Myocardial Area at Risk and
Salvage. Circulation, 136(14), 1288-1300. [IF: 19.309]

Ferndndez-jiménez, R., Galdn-Arriola, C., Sdnchez-
Gonzdlez, J., Aglero, |, Lopez-Martin, G. J, Gomez-
Talavera, S., Garcia-Prieto, J., Benn, A., Molina-Iracheta,
A., Barreiro-Pérez, M., Martin-Garcia, A, Garcia-Lunar,
I, Pizarro, G., Sanz, ., Sdnchez, P. L., Fuster, V., Ibdfiez,
B. (2017). Effect of Ischemia Duration and Protective
Interventions on the Temporal Dynamics of Tissue
Composition After Myocardial Infarction. Circulation
Research, 121(4), 439-450. [IF: 13.965]

10. A new treatment target for
aggressive lymphomas

An estimated 400000 people worldwide are
diagnosed with lymphoma every year, and B
cell lymphomas kill more than 200000 people
every vyear. CNIC scientists have identified a
possible therapeutic target for two types of very
aggressive lymphoma. The CNIC team discovered
that the microRNA miR-28 regulates the terminal
differentiation of Blymphocytes, blocking the growth
of B cell ymphomas. The study, published in Blood,
establishes the therapeutic potential of synthetic
miR-28 analogs for inhibiting the growth of Birkitt
lymphoma and diffuse large cell lymphoma. These
findings could lead to the development of the first
miRNA analog therapy for the treatment of B cell
lymphoma and provide the basis for human trials.

Bartolomé-lzquierdo, N., De Yébenes, V. G, Alvarez-
Prado, A. F., Mur, S. M., Ldpez, |. A, Roa, S., Vdzquez,
J., Ramiro, A. R. (2017). miR-28 regulates the germinal
center reaction and blocks tumor growth in preclinical
models of non-Hodgkin lymphoma. Blood, 129(17),
2408-2419. [IF: 13.164]
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11. CNIC scientists discover an essential
mechanism in the immune response

A study led by Almudena Ramiro and published in
Nature Communications demonstrates an essential
role for the transcriptional regulator CTCF in
antibody production. The research shows that
CTCF is required for the ability of B lymphocytes
to correctly protect the body against infection. In
the absence of CTCF, the immune system does
not function correctly, a finding with implications
for vaccine research. The study reveals an
essential function for CTCF in the orchestration
of transcriptional changes during the terminal
differentiation of B lymphocytes and advances our
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understanding of the mechanisms that regulate the
immune response.

Pérez-Garcia, A, Marina-Zdrate, E., Alvarez-Prado,
A F, Ligos, |. M., Galjart, N., Ramiro, A. R. (2017).
CTCF orchestrates the germinal center transcriptional
program and prevents premature plasma  cell
differentiation. Nature Communications, 8, 16067. [IF:
12.124]

12. A specific protein regulates the
burning of body fat to generate heat

CNIC scientists have identified a protein that holds
promise as a target for therapies to reduce obesity.
Drs. Guadalupe Sabio and Nuria Matesanz have
demonstrated that MKK6 controls the conversion
of fat stores, known as white fat, into brown
fat, in which lipids are burned to maintain body
temperature and reduce obesity. Obesity is a global
epidemic, with overweight or obesity affecting an
estimated 2200 million people worldwide. In the
study, published in Nature Communications, the
research team showed that the elimination of MKK6
stopped the progression of obesity in mice and led
to body mass reductions. These results confirm
MKK6 as a potential therapeutic target in the fight
against obesity.

Matesanz, N., Bernardo, E., Acin-Pérez, R., Manieri,
E., Pérez-Sieira, S., Herndndez-Cosido, L., Montalvo-
Romeral, V., Mora, A, Rodriguez, E., Leiva-Vega, L.,
Lechuga-Vieco, A. V., Ruiz-Cabello, J., Torres, J. L.,
Crespo-Ruiz, M., Centeno, F., Alvarez, C. V., Marcos, M.,
Enriquez, |. A, Nogueiras, R., Sabio, G. (2017). MKK6
controls T3-mediated browning of white adipose tissue.
Nature Communications, 8(1), 856. [IF: 12.124]

13. A decades-old drug stops the spread
of injury after a heart attack

Acute myocardial infarction is a serious disease that
affects more than 50000 people a year in Spain.
Treatment has advanced a great deal in recent
years, especially in the extensive use of coronary
angioplasty, in which a catheter is used to re-
establish blood flow through the blocked coronary
artery. Nevertheless, many heart attack survivors
have seriously impaired heart function that limits
their long-term health and generates major health
system costs. The search for treatments to limit
the irreversible damage caused by a heart attack
is an extremely important research area in relation
to both patient care and health policy. In an article
published in Nature Communications, CNIC scientists
report a new mechanism of action of metoprolol, a
drug that can limit the damage produced during a
heart attack if administered early.

TheteamledbyBorjalbafiez, CNICClinical Research
Director and a cardiologist at the Fundacidn
Jiménez Diaz University Hospital Health Research
Institute (lIS-F|D), has identified the mechanism
that explains why this drug is so beneficial: rapid
administration of metoprolol during a heart
attack directly inhibits the inflammatory action
of neutrophils, a type of blood cell. The reduced
inflammation translates into a smaller amount of
damaged tissue in the post-infarcted heart. The
finding opens the route to new applications for
this cheap, safe, and simple drug.
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Garcia-Prieto, J., Villena-Gutiérrez, R, Gomez, M.,
Bernardo, E., Pun-Garcia, A., Garcia-Lunar, |,
Crainiciuc, G., Ferndndez-/iménez, R., Sreeramkumar,
V., Bourio-Martinez, R., Garcia-Ruiz, . M., Del Valle,
A. S, Sanz-Rosa, D., Pizarro, G., Ferndndez-Ortiz, A,
Hidalgo, A, Fuster, V., Ibdfiez, B. (2017). Neutrophil
stunning by metoprolol reduces infarct size. Nature
Communications, 8, 14780. [IF: 12.124]

14. The key to improved cancer
immunotherapy

CNIC researchers have investigated how different
subtypes of essential immune-response cells
called CD8+ T lymphocytes cooperate to mount a
stronger anti-tumor response. The results show
that generation of an optimal immune response to
cancer requires cooperation between two types of
memory T cell—one circulating in the blood and the
other resident in tissues—that can be reactivated
with current immunotherapy strategies. These
results, published in Nature Communications,
have the potential to improve current cancer
immunotherapy strategies, especially in relation to
the prevention of metastasis (dissemination of the
tumor to organs distant from the site of origin).

Immunotherapy—the use of the immune system to
fight cancer—is revolutionizing treatment, and was
selected by the prestigious journal Science as the
major scientific advance of 2013. According to study

leader David Sancho, “Cancer evades the control
of the immune system because the cytotoxic T
lymphocytes that should recognize and eliminate
tumor cells are inhibited. Current immunotherapy
is based on reactivating these T lymphocytes;
however, little is known about how cytotoxic T cells
can be generated more effectively, and in particular
how immune memory can be triggered to prevent
the development of tumors and metastasis.”

The study suggests that an optimal anti-tumor
immune response requires the generation of both
circulating and tissue-resident T cell memory.
Both memory T cells subtypes can be reactivated
with current immunotherapy treatments, and
reactivation of both requires DC1 dendritic cells.
Cancer immunotherapy is not simply a treatment
that can effectively promote the rejection of primary
tumors; above all, it is a fundamental tool for
impeding metastasis after surgery to remove the
primary tumor.

Enamorado, M., Iborra, S., Priego, E., Cueto, F. |,
Quintana, J. A, Martinez-Cano, S., Mejias-Pérez, E.
Esteban, M., Melero, |, Hidalgo, A, Sancho, D. (2017).
Enhanced anti-tumour immunity requires the interplay
between resident and circulating memory CD8+ T cells.
Nature Communications, 8, 16073. [IF: 12.124]
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15. Cell “cannibalism” trains our
defenses

Phagocytosis is a biological mechanism whereby
specialized cells ingest and degrade old, dead, or
damaged cells to prevent them accumulating and
causing tissue damage. A CNIC-led study has now
reported that phagocytosis appears also to have
an educational role. The journal of Experimental
Medicine report is the fruit of a joint effort by teams
from the Spanish National Cancer Research Center
(CNIO), the Spanish Superior Scientific Research
Council (CSIC), and groups from the USA, and
was coordinated by Noelia Alonso-Gonzalez and
Andrés Hidalgo of the CNIC. The study shows that
phagocytosis not only eliminates useless cells, but
also trains macrophages, the immune cells that
carry it out.

It is a paradox of nature that death is a prerequisite
for the continuation of life. This is no more evident
than in our own bodies, in which billions of cells
in the intestine, the blood, the skin, and other
tissues die every day so that new ones can take
their place. Scientists have long been interested
in how organisms eliminate the debris from these
expired cells. One of the commonest mechanisms
turns out to be that specialized cells eat the old,
dead, or damaged cells. This digestive process,
called phagocytosis, is carried out by cells called
macrophages, a name that means “big eaters”.

An important conclusion of the study is that the
act of ingesting expired cells trains the immune
system in how to maintain tissues in a clean and
healthy state, and that macrophages play a very
important role in this process. The study identifies
in detail the molecules that carry out important
tasks in the phagocytic process in each tissue, from
the gut to the liver and bone marrow. Surprisingly,
the researchers found that each tissue has its own
specific molecular toolkit for eliminating unwanted
cells. According to Alonso-Gonzalez, “This discovery
suggests that in principle it should be possible
to modulate phagocytosis in individual organs,
without altering events in neighboring organs.
One could, for example, promote the elimination
of dangerous cells in the spleen without risking
elimination of beneficial cells in the lung.” Although
any therapeutic application lies in the future, the

study, in describing how the body maintains itself
clean and healthy, suggests that in time it may be
possible to coordinate the work of these cleansing
macrophages to our benefit.

A. Gonzdlez, N. Quintana, |. A, Garcia-Silva, S,
Mazariegos, M., Gonzdlez de la Aleja, A., Nicolas-Avila,
J. A, Walter, W., Adrover, |. M., Crainiciuc, G., Kuchroo,
V. K., Rothlin, C. V., Peinado, H., Castrillo, A., Ricote, M.,
Hidalgo, A. (2017). Phagocytosis imprints heterogeneity
intissue-resident macrophages. Journal of Experimental
Medicine, 214(5), 1281-1296. [IF: 11.991]






