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DEVELOPMENT CELL

A CNIC-LED INTERNATIONAL STUDY
DISCOVERS A NEW ORIGIN OF LYMPHATIC
VESSELS IN THE HEART

The study, publishedin Development Cell, has identified and characterized
a new vasculogenic niche that contributes to the development of the
cardiac lymphatic system. The study shows that the coronary lymphatic
vessels have varied origins and functions: the results of the study reveal
that the coronary lymphatic vasculature does not have a single origin, but
instead forms through the participation of cells from different tissues.
This study opens the way to future research into the mechanism
underlying lymphatic vasculogenesis in this new niche and the functional
diversity of coronary lymphatics.

This international study, led by Dr Miguel Torres’s group at the CNIC,
examined the origin of the coronary lymphatic system during the
formation of the heart in the mouse embryo. The study shows that the
heart contains a second population of lymphatic cells that is recruited
later during development and is derived not from veins, but from a
region called the second heart field.

The second heart field is composed of multipotent cells “able to

generate different types
of heart cells, including
cardiomyocytes (the cells
of the cardiac muscle),
smooth muscle cells, and

the endothelial cells of
the arteries and veins.”
One of the more surprising findings was that lymphatic cells
generated in the second heart field mix with lymphatic cells with a
different, likely venous, origin; the two populations together form
the lymphatic vessels in the ventral part of the heart.

This result indicates that the newly discovered cell population not
only contributes a large proportion of the cells of the coronary
lymphatic system, but also leads a specific and irreplaceable
process in the formation of the coronary lymphatic vasculature.
“This function reveals, for the first time, the specialization of
endothelial subpopulations in the formation of the coronary
vasculature and opens the way toward a better understanding of
the formation of lymphatic vessels, a process essential not only
for embryonic heart development but also for the response of the
heart to stress and disease in adulthood.”

Lioux, G., Liu, X., Temino, S., Oxendine, M., Ayala, E., Ortega, S., Kelly, R. G., Oliver, G., Torres, M. (2020). A Second Heart Field-Derived Vasculogenic Niche
Contributes to Cardiac Lymphatics. Developmental Cell, 52(3), 350-363. doi: 10.1016/].devcel.2019.12.006

NATURE IMMUNOLOGY
NEUTROPHILS ARE EQUIPPED WITH A
'DISARMAMENT' PROGRAM THAT STOPS THE
IMMUNE SYSTEM GOING 'OUT OF CONTROL'

Scientists at the CNIC have discovered a ‘disarmament’ mechanism
that protects our bodies against uncontrolled activity of the immune
system. This newly identified immune control system is located in one
of the most important cell types of the immune system, the neutrophil.
The findings, published in Nature Immunology, could have major
implications for the understanding and treatment of conditions such as
myocardial infarction, stroke, and acute inflammation.

The study identifies an intrinsic cell mechanism that modifies the protein
content of circulating neutrophils, leading to the progressive loss of the
toxic contents of the granules and therefore a reduced capacity to form
NETs. This program thus undermines the main offensive mechanism of
neutrophils. The study shows that this disarmament program is driven
by the receptor CXCR2 and regulators of circadian rhythms.

The findings show that neutrophils possess “an innate system that
gradually reduces their capacity to mount a toxic attack, so that as they
age, neutrophils disarm themselves before they can damage healthy

tissues. There are many diseases that cause more or less damage
according to the time of day, and this disarmament program helps
to explain the origin of these clinical differences,” explained the
researchers.

Adrover, J. M., Aroca-Crevillen, A., Crainiciuc, G., Ostos, F, Rojas-Vega, Y,
Rubio-Ponce, A., Cilloniz, C., Bonzon-Kulichenko, E., Calvo, E., Rico, D., Moro,
M. A.,, Weber, C, Lizasoain, I., Torres, A., Ruiz-Cabello, J., Vézquez, J., Hidalgo,
A. (2020). Programmed 'disarming’' of the neutrophil proteome reduces the
magnitude of inflammation. Nature Immunology, 21(2), 135-144. doi: 10.1038/
541590-019-0571-2
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CNIC SCIENTISTS DESIGN AN EXPERIMENTAL
MOUSE MODEL FOR INVESTIGATING THE
MECHANICAL FUNCTION OF PROTEINS IN VIVO

The CNIC Molecular Mechanics of the Cardiovascular System group,
led by Jorge Alegre Cebollada in partnership with an international
scientific team, has generated the first experimental mouse model
that allows direct analysis of the mechanical function of proteins in
living organisms. The model, published in Nature Communications,
is based on the insertion of the HaloTag-TEV module into titin, one
of the proteins responsible for the elasticity of skeletal and cardiac
muscle. The HaloTag-TEV module combines three key properties.
Dr Alegre explained: “Thanks to the introduction of this module
into the gene, we are able to fluorescently mark the protein, which
makes it easy to track the module and see where it has inserted
correctly.”

The module also includes a target for specific protein lysis, so that
the mechanical function of the target protein can be interrupted in
a controlled manner at any desired moment, allowing us to study
the effect of this interruption. Finally, the module provides a way
to anchor the isolated protein to surfaces, enabling the study of its

“All of this helps to establish a bridge between the modulation of
protein mechanical properties and observing the consequences of
this modulation at a cellular level,” said Dr Alegre.

The HaloTag-TEV module can be inserted into other proteins with
a mechanical function, so that in the future it could be used to
study other systems, including those related to diverse muscular
and cardiac disorders.

Rivas-Pardo, J. A., Li, Y., Martonfalvi, Z., Tapia-Rojo, R., Unger, A., Fernandez-
Trasancos, A., Herrero-Galan, E., Velazquez-Carreras, D., Fernandez, J. M.,
Linke, W. A., Alegre-Cebollada, J. (2020). A HaloTag-TEV genetic cassette for
mechanical phenotyping of proteins from tissues. Nature Communications,
11(1), 2060. doi: 10.1038/541467-020-15465-9

mechanical properties in isolation.

NATURE
COMMUNICATIONS

CNIC SCIENTISTS DISCOVER A NEW
MOLECULAR MECHANISM THAT
REGULATES THE SENTINEL CELLS
OF THE IMMUNE SYSTEM

A team at the CNIC, working in partnership with re-
searchers at Mount Sinai Hospital in New York, has
discovered a new molecular mechanism mediated by
nuclear receptors that determines the identity and ex-
pansion of macrophages—one of the cell types that act
as immune sentinels in the body. The newly discovered
mechanism specifically affects the macrophages resi-
dent in the serous cavities, the membrane-surround-
ed cavities that enclose and protect many organs. The
findings, published today in Nature Communications,
could have important implications for the treatment of
diseases that affect the serous cavities and the organs
they contain, including many cancers and myocardial
infarction.

There are three serous membranes: the peritoneum,
which covers the abdominal cavity; the pleura, sur-
rounding the lungs; and the pericardium, which covers

the heart. “One of the main functions of the
macrophages residing in these cavities is to
maintain homeostasis by removing dead
cells,” explained study coordinator Dr Mer-
cedes Ricote. In addition, recent studies have
demonstrated that these macrophages can
infiltrate adjacent injured organs, “generating
an effective rapid repair response that is inde-
pendent of the recruitment of macrophage
precursors via the blood supply.”

The study demonstrates that the expansion

of peritoneal macrophages after birth and
their maintenance during adult life are controlled
by retinoid X receptor (RXR), a member of the nuclear receptor family.

Using models of ovarian cancer in mice, the study shows that peritoneal macrophages can
infiltrate ovarian tumors and act as ‘tumor-associated macrophages’ that “support tumor
growth,” explained Dr Ricote.

The findings demonstrate that loss of RXR function leads to a decrease in the number of
macrophages in the peritoneal cavity, resulting in a decreased contribution of these macro-
phages to growing ovarian tumors, slowing the progression of the disease.

The researchers are especially interested in the possibility of modulating RXR with drugs,
including some that are currently used to treat cutaneous lymphomas. “Our research could
have implications for the treatment of diseases in which serous cavity macrophages con-
tribute to disease progression, such as cancer, or to the repair of damaged tissue, as in
myocardial infarction”.

Casanova-Acebes, M., Menéndez-Gutierrez, M. P, Porcuna, J., Alvarez-Errico, D., Lavin, Y., Garcia, A., Kobayashi, S., Le Berichel, J., Nunez, V., Were, F,, Jiménez-
Carretero, D., Sdnchez-Cabo, F, Merad, M., Ricote, M. (2020). RXRs control serous macrophage neonatal expansion and identity and contribute to ovarian cancer
progression. Nature Communications, 11(1), 1655. doi: 10.1038/541467-020-15371-0
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ATHEROSCLEROSIS PROGRESSES RAPIDLY IN HEALTHY PEOPLE FROM THE AGE OF 40

Almost half of apparently healthy people between the ages of
40 and 50 could be accumulating fatty plaques—atheromas—in
their arteries at a much faster rate than was previously thought.
The Journal of American College of Cardiology (JACC) has today
published new data from the PESA-CNIC-Santander study
demonstrating that atheroma plaques extend rapidly through
the arteries of 40% of asymptomatic individuals aged between
40 and 50 years.

Researchers at the CNIC, led by Dr Valentin Fuster, Director of
the CNIC and lead investigator on the PESA-CNIC-Santander
study, have also found that the progression of atherosclerosis is
directly related to classical cardiovascular risk factors: age, sex,
hypertension, cholesterol, smoking, and diabetes.

The researchers conclude that the findings, although they await
validation from future events in the PESA cohort, will be of great
value for identifying strategies to stall the cardiovascular disease
epidemic.

EUROPACE
PERSONALIZED MEDICINE
FOR ATRIAL FIBRILLATION

Patients with atrial fibrillation, the most
frequent cardiac arrhythmia, are closer
to accessing personalized medicine. This
is the claim of a new study led by Dr David
Filgueiras, of the CNIC, the Hospital Clinico
San Carlos de Madrid, and the Centro de
Investigacion en Red de Enfermedades
Cardiovasculares (CIBERCV). The study
results show that it is possible to monitor
and predict individual progression of
atrial fibrillation from cardiac electrical
signals obtained from implantable devices
(pacemakers or defibrillators).

The study, published in the latest edition
of Europace, involved the participation of
51 Spanish hospitals and the Fundacion
Interhospitalaria para la Investigacion
Cardiovascular. The results show that
cardiac electrical signals from patients
fitted with pacemakers or implantable
cardioverter—defibrillators can be used to
monitor and predict the progression of the
arrhythmia in a personalized and specific
manner. This is achieved with standard
data transmission technology installed in

disease progression.”

Ldpez-Melgar, B., Fernandez-Friera, L., Oliva, B., Garcia-Ruiz, J. M.,
Sanchez-Cabo, F.,, Bueno, H., Mendiguren, J. M., Lara-Pezzi, E., Andrés,
V, Ibanez, B., Fernandez-Ortiz, A., Sanz, J., Fuster, V. (2020). Short-Term
Progression of Multiterritorial Subclinical Atherosclerosis. Journal of
the American College of Cardiology, 75(14), 1617-1627. doi: 10.1016/j.
jacc.2020.02.026

of atrial fibrillation, thus establishing disease status and the rate of progression.
According to Dr Filgueiras, “this technology opens up enormous possibilities in personalized
medicine for atrial fibrillation patients because it allows us to determine the progression
rate of the arrhythmia in each individual and to optimize the timing of medical intervention
with current treatment options.”

In addition, Dr Julidan Villacastin, director of the Instituto Cardiovascular del Hospital
Clinico San Carlos and an author on the study, this new approach to atrial fibrillation
diagnosis will allow physicians “to monitor the influence of different interventions on

Lillo-Castellano, J. M., Gonzélez-Ferrer, J. J., Marina-Breysse, M., Martinez-Ferrer, J. B., Pérez-
Alvarez, L., Alzueta, J., Martinez, J. G., Rodriguez, A., Rodriguez-Pérez, J. C., Anguera, I., Vinolas,
X., Garcia-Alberola, A., Quintanilla, J. G., Alfonso-Almazan, J. M., Garcia, J., Borrego, L., Canadas-

Godoy, V., Pérez-Castellano, N., Pérez-Villacastin, J., Jiménez-Diaz, J., Jalife, J., Filgueiras-Rama, D.

implantable devices such as pacemakers.

This technology can be used to monitor

cardiac electrical activity during episodes euz331

(2020). Personalized monitoring of electrical remodelling during atrial fibrillation progression via
remote transmissions from implantable devices. Europace, 22(5), 704-715. doi: 10.1093/europace/
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SCIENCE ADVANCES
THE MECHANISM THAT REGULATES
MITOCHONDRIAL ENERGY PRODUCTION

CNIC scientists have identified the molecular mechanism by which
mitochondria—the main source of the cell's energy supply—
regulate their function to optimize energy production in order to
meet the body’s changing needs. The discovery, published in the
journal Science Advances, helps to explain how the body regulates
its metabolism.

The study, led by CNIC scientists Jesus Vazquez and José
Antonio Enriquez, shows that mitochondria adjust the efficiency
of the electron transport chain (ETC) to meet the body’s
needs by regulating the associations between its component
macromolecular structures. The researchers found that the
protein SCAF1, discovered by the same team in 2016, plays a
key role in this metabolic regulation by optimizing mitochondrial
energy efficiency in response to high energy demand.

The research team conclude that SCAF1l-mediated physical
and CIV
mitochondrial energy production. SCAF1 is a regulatory factor that

interaction between CllI is essential for optimal

allows mitochondria to adapt to the available nutrient sources of

SCIENCE ADVANCES

SPANISH SCIENTISTS DISCOVER A SYSTEM
ESSENTIAL FOR LIMB FORMATION DURING
EMBRYONIC DEVELOPMENT

Researchers at the CNIC have discovered a system that provides
cells with information about their position within developing organs.
This system, studied in developing limbs, tells cells what anatomical
structure they need to form within the organ. The article, published
in Science Advances, shows that malfunctioning of this system
causes congenital malformations and could in part explain the effect
of thalidomide, a drug contraindicated in pregnancy because it
induces limb defects.

The CNIC team, working with partners at the National Institutes of
Health in the USA, analyzed the molecular basis of limb formation.
The scientists discovered how cells obtain information about their
position on the proximodistal axis of the limb bud, or primordium
(the rudimentary state of a developing organ.)

The study shows that the signal that tells cells where they are is
the growth factor FGF. The strength of the signal received by cells
depends on how close they are to the FGF-producing cells at the
distal tip of the limb bud.

The researchers demonstrated that the molecule in receptor cells
that interprets FGF signals is a transcription factor called Meis. This
transcription factor is distributed in a linear abundance gradient, so
that it is highly abundant in proximal cells (close to the body trunk)

]

sugars, fats, or proteins. This capacity for metabolic adaptation also

explains the ability of mitochondria to adapt to stress situations,
for example during intense physical exercise.

The study was supported by funding from The International Human
Frontier Science Program Organization (HFSP RGP0016/2018),
Fundacié Maratd.TV3, and the “la Caixa” Foundation.

Calvo, E., Cogliati, S., Hernansanz-Agustin, P, Loureiro-Lopez, M., Guaras,
A., Casuso, R. A., Garcia-Marques, F.,, Acin-Pérez, R., Marti-Mateos, Y,
Silla-Castro, J. C., Carro-Alvarellos, M., Huertas, J. R., Vdzquez, J., Enriquez,
J. A. (2020). Functional role of respiratory supercomplexes in mice: SCAF1
relevance and segmentation of the Qpool. Science Advances, 6(26),
eaba7509. doi: 10.1126/sciadv.aba7509
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and becomes progressively less abundant in more distal positions.

This system, emphasized Torres, “is essential for the correct
formation of the limbs.” The mechanisms described in the study
advance understanding of the origin of phocomelia, a congenital
defect in which the embryonic limbs only form hands and feet, with
the rest of the limb failing to develop. In the study, experimental
elimination of FGF—Meis signaling resulted in all limb-bud cells
receiving the incorrect instruction that they were distal, resulting in
phocomelia.

The findings establish a new model for the generation of
proximodistal identity in the developing vertebrate limb and provide
a molecular mechanism for the interpretation of FGF gradients
during axial patterning in vertebrate embryos.

Delgado, I., Lopez-Delgado, A. C., Rosello-Diez, A., Giovinazzo, G., Cadenas, V., Fernandez-de-Manuel, L., Sdnchez-Cabo, F.,, Anderson, M. J., Lewandoski, M.,
Torres, M. (2020). Proximo-distal positional information encoded by an Fgf-regulated gradient of homeodomain transcription factors in the vertebrate limb.

Science Advances, 6(23), eaazo742. doi: 10.1126/sciadv.aazo742
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CNIC SCIENTISTS DISCOVER THE MECHANISM OF
COMPETITION BETWEEN MITOCHONDRIAL GENOMES
COEXISTING IN THE SAME CELL

Research at the CNIC has identified the mechanism of competition between distinct mitochondrial
genomes coexisting in the same cell. The study, published today in Science Advances, examines why
the simultaneous presence of more than one variant of mitochondrial DNA (mtDNA) in a cell is rejected

in most tissues, which select a single mtDNA variant that differs between different tissues.

The results show that cells are able to detect and select between mitochondria with distinct mtDNA
variants that make them more or less efficient for different cell types depending on their metabolic needs. This explains how the preferred mtDNA
variant can differ between cell types.

The study establishes that the selection of a mtDNA variant depends on the cell type and not the tissue, as was thought previously.

Moreover, the researchers add, the study has identified molecular targets for the development of tools to control mtDNA selection and cell
metabolism in order to prevent the accidental generation of heteroplasmy through new medical procedures. These new technologies include the
transplantation of healthy mitochondria to prevent mitochondrial diseases, injection of mitochondria into oocytes to increase fertility, and the

proposed transfer of mitochondria in cell therapies to treat diverse diseases, including cardiovascular, lung, and neurological diseases.

The study was supported with funding from The International Human Frontier Science Program Organization (HFSP RGP0016/2018).

Lechuga-Vieco, A. V., Latorre-Pellicer; A., Johnston, I. G., Prota, G., Gileadi, U., Justo-Mendez, R., Acin-Pérez, R., Martinez-de-Mena, R., Fernandez-Toro, J. M., Jiménez-
Blasco, D., Mora, A., Nicolds-Avila, J. A., Santiago, D. J., Priori, S. G., Bolanos, J. P, Sabio, G., Criado, L. M., Ruiz-Cabello, J,, Cerundolo, V., Jones, N. S., Enriquez, J. A. (2020).
Cell identity and nucleo-mitochondrial genetic context modulate OXPHOS performance and determine somatic heteroplasmy dynamics. Science Advances, 6(31),

eabas345. doi: 10.1126/sciadv.abas5345

PROCEEDINGS OF THE
NATIONAL ACADEMY OF

SCIENCES
A NEW MECHANISM CONTROLLING LIVER
CANCER DEVELOPMENT

CNIC researchers have discovered a mechanism controlling the
development of a type of liver cancer. This study, published in The
Proceedings of the National Academy of Sciences (PNAS) and partly
funded by the Spanish Association Against Cancer, has identified a
protein that, when blocked, dramatically reduces the impact and
progression of this type of cancer, called cholangiocarcinoma. This
work was possible because CNIC researchers developed an animal
model in which alterations in the production of bile acids cause this
type of tumor.

In the study, led by Guadalupe Sabio and Alfonso Mora, mice were
bred whose livers do not contain the proteins JNK1 and JNK2. The
researchers found that these two proteins control the production
in the liver of bile acids, which are essential for proper fat digestion
and the absorption of fat-soluble vitamins (A, D, E and K). "A lack
of JNK1 and JNK2 in the liver leads to changes in the enzymes
responsible for metabolizing cholesterol and bile acids," said Dr
Mora. In the analyzed mice, “we observed excess blood levels of
bile acids."

This model allowed the CNIC team to show that a key role in this
tumor process is played by the protein PPARa, which regulates the

metabolism of bile acids and liver lipids. According to Dr Mora,
mice lacking PPARa “have significantly fewer tumors or none at all."
Although it is still unknown if these data can be extrapolated to
human patients, the availability of this first animal model will allow
the study of a type of tumor that can still only be diagnosed in its
very late stages, when metastases have already occurred.

Earlier studies had shown that JNK blockade prevented the
development of steatosis in the liver, leading to a variety of clinical
trials with inhibitors of these proteins.

The researchers believe that the new findings are a ‘wake-up call’
for these drugs

The study was supported by funding from the Asociacidn Espafiola
Contra el Cancer and a BBVA Beca Leonardo para Investigadores y
Creadores Culturales (2017).

Manieri, E., Folgueira, C., Rodriguez, M. E., Leiva-Vega, L., Esteban-Lafuente, L., Chen, C., Cubero, F. J., Barrett, T., Cavanagh-Kyros, J., Seruggia, D., Rosell, A.,
Séanchez-Cabo, F, Gomez, M. J., Monte, M. J.,, JJ, G. M., Davis, R. J., Mora, A., Sabio, G. (2020). JNK-mediated disruption of bile acid homeostasis promotes intrahepatic
cholangiocarcinoma. Proceedings of the National Academy of Sciences of the United States of America, 117(28), 16492-16499. doi: 10.1073/pnas.2002672117
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NATURE METABOLISM
HOW IMMUNE CELLS REGULATE OBESITY

Two CNIC groups have described how macrophages regulate obesity in
a study published in Nature Metabolism that could lead to the design of
treatments for obesity and overweight, as well as for related conditions
such as fatty liver disease and type 2 diabetes.

The study, led by Drs José Antonio Enriquez and David Sancho, explains
how fatty tissue inflammation and obesity emerge from the activation
of mitochondrial metabolism in macrophages in response to oxidative
stress due to excess nutrients.

The research analyzed how macrophage metabolic changes regulate
the inflammatory process underlying obesity and metabolic syndrome.
The new findings reveal how the detection by macrophages of
oxidative danger signals—known as reactive oxygen species—leads to
mitochondrial metabolism changes in these immune cells essential for
their differentiation to the proinflammatory M1 macrophage type. This
oxidative stress is found in morbidly obese patients and seems to be
related to the high-fat diet typical in developed economies.

A key finding of the study is that a reduction of this oxidative stress
ameliorates some of the harmful parameters associated with obesity.
The results support the potential use of specific Fgr protein inhibitors to
treat patients with obesity or metabolic syndrome. The goal would be

to reduce the inflammation associated with these conditions,
reducing the impact of associated diseases fatty liver and type
2 diabetes and contributing to increased life expectancy and
quality-of-life.

The study was supported by funding from the Human Frontier
Science Program Organization (HFSP RGP0016/2018).

Acin-Pérez, R., Iborra, S., Marti-Mateos, Y., Cook, E. C. L., Conde-Garrosa, R., Petcherski, A., Munoz, M. D. M., Martinez de Mena, R., Krishnan, K. C., Jimenez, C.,
Bolanos, J. P, Laakso, M., Lusis, A. J., Shirihai, O. S., Sancho, D., Enriquez, J. A. (2020). Fgr kinase is required for proinflammatory macrophage activation during
diet-induced obesity. Nature Metabolism, 2(9), 974-988. doi: 10.1038/542255-020-00273-8

CELL
A CELL-CLEANING SYSTEM KEEPS HEARTS
HEALTHY

Two CNIC groups, led by Drs Andrés Hidalgo and José Antonio Enriquez, have
discovered a cell-cleaning system that is key to keeping a healthy heart. This
mechanism allows the heart's contractile cells (the cardiomyocytes) to release
damaged components outside the cell into particles called exophers. These
exophers are then taken up by a network of immune cells living inside the
heart, the macrophages, which are in charge of removing them before they
cause inflammation in the heart.

The study, published in Cell, compiles the results of over five years of research,
with collaborations with laboratories in Europe, Asia and the US. The insights
that this study provides suggest that cardiac dysfunction can emerge in
some instances from defects in resident immune cells, rather than from
cardiomyocytes. This finding has important implications for the diagnosis and
treatment of heart disease.

The fact that the heart requires a population of macrophages to do their
cleaning work, among other tasks, suggests that many heart diseases of

unknown origin can be explained by failure of these macrophages,”
said Dr Enriquez.

Another potential implication is that there may be similar processes
supporting the fitness of specialized cells in other tissues, including
the brain, whose cells share features with cardiomyocytes.

The authors conclude that the identification and elimination
of cardiomyocyte-derived mitochondria and other material by
resident macrophages establishes a new paradigm of how resident
phagocytes contribute to general tissue maintenance.

Nicolds-Avila, J. A., Lechuga-Vieco, A. V., Esteban-Martinez, L., Sdnchez-Diaz, M., Diaz-Garcia, E., Santiago, D. J., Rubio-Ponce, A., Li, J. L., Balachander, A., Quin-
tana, J. A., Martinez-de-Mena, R., Castejon-Vega, B., Pun-Garcia, A., Traves, P. G., Bonzon-Kulichenko, E., Garcia-Marques, F,, Cusso, L., N, A. G., Gonzélez-Guerra,
A., Roche-Molina, M., Martin-Salamanca, S., Crainiciuc, G., Guzman, G., Larrazabal, J., Herrero-Galan, E., Alegre-Cebollada, J., Lemke, G., Rothlin, C. V., Jimen-
ez-Borreguero, L. J., Reyes, G., Castrillo, A., Desco, M., Munoz-Canoves, P, Ibanez, B., Torres, M., Ng, L. G., Priori, S. G., Bueno, H., Vdzquez, J., Cordero, M. D.,
Bernal, J. A., Enriquez, J. A., Hidalgo, A. (2020). A Network of Macrophages Supports Mitochondrial Homeostasis in the Heart. Cell, 183(1), 94-109. doi: 10.1016/j.

cell.2020.08.031
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ADDITIONAL DATA ON THE
EFFICACY OF BLOOD THINNERS
IN COVID-19 PATIENTS
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Anticoagulation therapy improves survival among
hospitalized COVID-19 patients by helping to
prevent fatal events associated with coronavirus,
such as infarction and stroke. The study, published
in The Journal of the American College of
Cardiology and led by CNIC Director Dr Valentin
Fuster, shows that hospitalized COVID-19 patients

treated with anticoagulants—drugs that prevent 50% higher chance of survival, and roughly a 30% lower chance of intubation,
blood clotting—had a better survival rate than than those not on anticoagulants.

those who did not. The study examined 6 anticoagulant treatment regimens. Among these, the best
At the start of the pandemic, the same research outcomes were obtained with a therapeutic dose.

team demonstrated that anticoagulation therapy
Nadkarni, G. N., Lala, A., Bagiella, E., Chang, H. L., Moreno, P, Pujadas, E., Arvind, V., Bose,

S., Charney, A. W,, Chen, M. D., Cordon-Cardo, C.,, Dunn, A. S., Farkouh, M. E., Glicksberg,
hospitalized COVID-19 patients. This subsequent B, Kia, A., Kohli-Seth, R., Levin, M. A., Timsina, P, Zhao, ., Fayad, Z. A., Fuster; V. (2020).
observational study showed that patients on Anticoagulation, Mortality, Bleeding and Pathology in Patients Hospitalized with COVID-19:
A Single Health System Study. Journal of the American College of Cardiology, 76(16), 1815-
1826. doi: 10.1016/].jacc.2020.08.041

was associated with superior survival among

both a “therapeutic” or full dose, and those on
a “prophylactic” or lower dose, showed about a

JOURNAL OF THE
AMERICAN COLLEGE
OF CARDIOLOGY
VIGOROUS EXERCISE, SPONGY
HEART

Scientists at the CNIC and CIBERCV have used cardiac
magnetic resonance technology to measure exercise- Ehiysical seri:
related hypertrabeculation in a general, non-athlete Sedentary
population. The results of the study have important =
practical implications because “misdiagnosis of
noncompaction cardiomyopathy in people who
exercise regularly (whether professional athletes or
amateurs) can trigger medical recommendations to
stop physical exercise unnecessarily,” explained CNIC
General Director Valentin Fuster.

The authors conclude that cardiac magnetic

o ) . . Phwsical activity:
resonance criteria for diagnosing noncompaction Vigoraus

cardiomyopathy should not be interpreted in

isolation. Instead, imaging results should be placed in

the context of other clinical parameters, genetic tests, misdiagnosis of the disease. Misdiagnosis can result in the unnecessary cessation of
and the level of physical activity. This is important exercise, with all its associated negative physical and psychological consequences.
even in a population of non-athletes in order to avoid The study forms part of the PESA-CNIC-SANTANDER study.

De la Chica, J. A., Gémez-Talavera, S., Garcia-Ruiz, J. M., Garcia-Lunar, I., Oliva, B., Ferndndez-Alvira, J. M., Lopez-Melgar, B., Sanchez-Gonzalez, J., de la Pompa, J.
L., Mendiguren, J. M., Martinez de Vega, V., Fernandez-Ortiz, A., Sanz, J., Fernandez-Friera, L., Ibanez, B., Fuster, V. (2020). Association Between Left Ventricular
Noncompaction and Vigorous Physical Activity. Journal of the American College of Cardiology, 76(15), 1723-1733. doi: 10.1016/].jacc.2020.08.030
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A NEW ALGORITHM FOR PERSONALIZED
CARDIOVASCULAR RISK ESTIMATION IN
HEALTHY PEOPLE

CNIC scientists have designed an algorithm that provides a
personalized estimate of cardiovascular risk in healthy middle-
aged individuals based on a range of variables including age,
blood pressure, diet, and blood and urine markers. The EN-PESA
algorithm is an affordable tool for estimating the severity of
subclinical atherosclerosis—characterized by the deposition of
fatty substances in the arterial walls—especially in individuals
at higher risk. The researchers conclude that EN-PESA will “help
to personalize the estimation of cardiovascular risk, leading to
tailored treatments and follow-up plans.” The study is published in
The Journal of American College of Cardiology.

The success of machine learning algorithms derives from the
analysis and systematic processing of huge quantities of data
collected from a large number of individuals. One of the pioneering
studies in this area is PESA-CNIC-SANTANDER, led by Dr Valentin
Fuster.

Sifting through this immense quantity of information, the EN-
PESA algorithm identified a small set of variables that are easily
measured in primary care centers. These variables accurately
predict the extent of subclinical atherosclerosis and disease
progression in middle-aged individuals who are classed at low
or intermediate risk according to established cardiovascular risk
scales.

SCIENCE

A NEW CELLULAR DEFENSE MECHANISM
AGAINST VIRAL AND BACTERIAL
INFECTION

A study published in the journal Science and coordinated by researchers
at the CNIC, IDIBAPS, and the University of Barcelona describes a hitherto
unknown immune defense mechanism orchestrated by lipid droplets
(LDs), cellular organelles able to attract and eliminate invading pathogens.
LDs accumulate fatty nutrients that provide the energy cells need to
perform their functions. For example, LDs provide the energy for the heart
to beat, the liver to perform its metabolic functions, and muscles to move.
The newly identified mechanism highlights the intimate relationship
between metabolism and immunity, and could stimulate the development
of new therapeutic strategies at an especially critical time, when antibiotic
resistance is presenting an ever increasing threat to public health.

This study represents a paradigm shift because until now LDs were thought
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The parameters include age, blood pressure, data collected
in routine blood and urine analysis, and answers to dietary
questionnaires.

The authors concluded that “this algorithm will improve the
clinical management of apparently healthy individuals with a low
cardiovascular risk according to established risk scores but who
have a generalized extent of subclinical atherosclerosis or a high
short-term risk of significant disease progression.”

Sanchez-Cabo, F,, Rossello, X., Fuster, V., Benito, F., Manzano, J. P, Silla, J.
C., Ferndndez-Alvira, J. M., Oliva, B., Fernandez-Friera, L., Lépez-Melgar,

B., Mendliguren, J. M., Sanz, J., Ordovds, J. M., Andrés, V., Ferndndez-Ortiz,
A., Bueno, H., Ibafiez, B., Garcia-Ruiz, J. M., Lara-Pezzi, E. (2020). Machine
Learning Improves Cardiovascular Risk Definition for Young, Asymptomatic
Individuals.

to be at the service of viruses or bacteria during infection. "In light of the

widespread resistance to current antibiotics, this study has deciphered an
important defense mechanism that could stimulate the development of
new therapeutic strategies to stop infections.”

The study was supported by funding from the Human Frontier Science
Program Organization.

Bosch, M., Sdnchez-Alvarez, M., Fajardo, A., Kapetanovic, R., Steiner, B., Dutra, F., Moreira, L., Lopez, J. A., Campo, R., Mari, M., Morales-Paytuvi, F,, Tort, O.,
Gubern, A., Templin, R. M., Curson, J. E. B., Martel, N., Catala, C., Lozano, F.,, Tebar, F., Enrich, C., Vézquez, J., Del Pozo, M. A., Sweet, M. J., Bozza, P. T., Gross, S. P,
Parton, R. G., Pol, A. (2020). Mammalian lipid droplets are innate immune hubs integrating cell metabolism and host defense. Science, 370(6514), eaay8085. doi:

10.1126/science.aay8085
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NATURE
A KEY MECHANISM IN HYPOXIA

Researchers at the CNIC and the /nstituto de Investigacion
Sanitaria del Hospital Universitario de La Princesa (IS
Princesa) have made a major advance toward deciphering
the mechanism through which the production of reactive
oxygen species (ROS) increases in the early phases of
hypoxia (acute reduction in tissue oxygen). The finding
represents an important advance in the understanding of
cell physiology and could be exploited in the future to treat
a variety of diseases in which hypoxia plays a role, such as
stroke and heart attack. The study was published in Nature.
The study shows that sodiumionsact as second messengers
that regulate mitochondrial function, specifically the
function of the mitochondrial electron transport chain
(ETC), by inducing the controlled production of ROS

This mechanism of ROS production is fundamental to
the ability of the pulmonary circulation to respond to
hypoxia by redistributing blood flow to regions with less
irrigation, a phenomenon known as hypoxic pulmonary
vasoconstriction.

Several of the study findings provide important information about cell physiology. First, the
study shows that mitochondrial sodium regulates cell membrane fluidity. This was unknown
before and could have major implications for the understanding of a multitude of cellular
processes.

A second important discovery is that the mitochondrial supercomplexes of the ETC play
an important role in this process by adopting structural conformations that are sensitive or
insensitive to sodium, thus ensuring that the action of sodium is nontoxic.

Finally, the study shows that inhibition of the mitochondrial Ca2+/Na+ exchanger NCLX is
sufficient to block this pathway, preventing hypoxia adaptation. This finding indicates that NCLX
could be a future therapeutic target for diseases in which hypoxia plays a role.

The study results reveal that sodium controls OXPHOS function and cell signaling in hypoxia
through an unexpected interaction with phospholipids, with major consequences for cell
metabolism.

The study was supported by funding from The International Human Frontier Science Program
Organization (HFSP RGP0016/2018).

Hernansanz-Agustin, P, Choya-Foces, C., Carregal-Romero, S., Ramos, E., Oliva, T., Villa-Pina, T,, Moreno, L., Izquierdo-Alvarez, A., Cabrera-Garcia, J. D., Cortes, A.,
Lechuga-Vieco, A. V., Jadiya, P, Navarro, E., Parada, E., Palomino-Antolin, A., Tello, D., Acin-Pérez, R., Rodriguez-Aguilera, J. C., Navas, P,, Cogolludo, A., Lopez-
Montero, I., Martinez-Del-Pozo, A., Egea, J., Lépez, M. G., Elrod, J. W., Ruiz-Cabello, J., Bogdanova, A., Enriquez, J. A., Martinez-Ruiz, A. (2020). Na(+) controls
hypoxic signalling by the mitochondrial respiratory chain. Nature, 586(7828), 287-291. doi: 10.1038/541586-020-2551-y

CELL

THE UNEXPECTED REPAIR FUNCTION OF NEUTROPHILS

The CNIC team lead by Dr Andrés Hidalgo has discovered that neutrophils, the most abundant cells of
the innate immune system, have many more functions in the body than previously thought. This finding
suggests possible new treatments for many diseases, including cancer.

In a study published in the journal Cell, the research team demonstrate that neutrophils acquire new
characteristics when they arrive in a tissue and that these specialized functions help to maintain organ
health.

Every day, the marrow inside our bones produces immense quantities of neutrophils. These cells then enter
the bloodstream and are distributed to almost all tissues of the body. Neutrophils have a short lifespan,
living for less than 24 hours. For this reason, scientists believed that these cells had a very limited capacity to
adapt to their environment and adopt new functions.

But the authors of the Cel/study found that when neutrophils leave the circulation and migrate into tissues
they acquire new, previously unknown properties.

According to Dr Hidalgo, the most fascinating finding is that neutrophils appear to acquire functions useful
to the specific tissues in each organ.

This ability to change cell properties was identified in healthy individuals, which suggests that neutrophils
participate in a great variety of normal functions in the body and are not limited to combating infection.
Previous studies had already identified neutrophil heterogeneity in several diseases. Indeed, these
neutrophil changes are prognostic markers in cancer and help to regenerate blood cells after bone marrow
transplantation.

However, the mechanisms that establish neutrophil hyperplasticity are poorly understood, and the new

results are a crucial step towards filling this

knowledge gap. Essentially, what the study
demonstrates is that neutrophils, despite their
sort lifespan, can change their function and
that they do this when they enter tissues. The
identification of these adaptations allows a
better understanding of the roles of different
immune cells in disease.

The study was supported by funding from
the European Regional Development Fund
(ERDF),  RTI2018-095497-B-I00, the “la
Caixa” Foundation, and Leducg Foundation
Transatlantic Network of Excellence (TNE-
18CVDO04).

Ballesteros, I, Rubio-Ponce, A., Genua, M., Lusito, E., Kwok, I., Fernandez-Calvo, G., Khoyratty, T. E., van Grinsven, E., Gonzalez-Hernandez, S., Nicolds-Avila, J.
A., Vicanolo, T., Maccataio, A., Benguria, A., Li, J. L., Adrover, J. M., Aroca-Crevillen, A., Quintana, J. A., Martin-Salamanca, S., Mayo, F., Ascher, S., Barbiera, G.,
Soehnlein, 0., Gunzer, M., Ginhoux, F., Sdnchez-Cabo, F., Nistal-Villan, E., Schulz, C., Dopazo, A., Reinhardt, C., Udalova, I. A., Ng, L. G., Ostuni, R., Hidalgo, A.
(2020). Co-option of Neutrophil Fates by Tissue Environments. Cell, 183(5), 1282-1297. doi: 10.1016/j.cell.2020.10.003
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ELIFE
NEUTROPHILS, THE HIDDEN CONTROLLERS OF THE LIVER'S INTERNAL CLOCK

CNIC scientists have discovered a mechanism
underlying the development of steatosis, or
fatty liver, one of the main risk factors for liver
cancer. The study, published in eLife, for the first
time shows that neutrophils act as “circadian
messengers” in the liver, controlling its internal
clock and lipid metabolism. The study opens
a window for potential therapies to treat liver
diseases.

The study findings establish that neutrophils
are active and crucial circadian regulators of
liver metabolism. This could provide a new
therapeutic target for the treatment of metabolic
diseases such as steatosis, which commonly
progresses to certain types of liver cancer.

The study was supported by funding from the

Asociacion Espafiola Contra el Cancer.

Crespo, M., Gonzdlez-Teran, B., Nikolic, I., Mora, A., Folgueira, C., Rodriguez, E., Leiva-Vega, L., Pintor-Chocano, A., Fernandez-Chacon, M., Ruiz-Garrido, I.,
Cicuendez, B., Tomas-Loba, A., N, A. G., Caballero-Molano, A., Beiroa, D., Hernandez-Cosido, L., Torres, J. L., Kennedy, N. J., Davis, R. J., Benedito, R., Marcos, M.,
Nogueiras, R., Hidalgo, A., Matesanz, N., Leiva, M., Sabio, G. (2020). Neutrophil infiltration regulates clock-gene expression to organize daily hepatic metabolism.
Elife, 9, €59258. doi: 10.7554/eLife.59258

SCIENCES
ADVANCES

THE ROLE OF THE

CTT PROTEIN IN THE
CONTROL OF IMMUNE-
SYNAPSE FORMATION

A new study published in Science
Advances identifies the role of the
cytosolic chaperone protein CCT in
the reorganization of the cytoskeleton
during the formation of an immune
synapse.

The research teams led by Francisco
Sanchez-Madrid and Noa Martin at
the CNIC and the IS Princesa and by
José Maria Valpuesta at the CNB-CSIC
have shown that CCT controls changes

in the arrangement of the centrosome components a- and B-tubulin.
and mitochondria by regulating This finding opens the path to the design of strategies aimed at blocking CCT for the treatment of
the production of the cytoskeletal autoimmune diseases that involve hyperactivation of lymphoid cells.

Ballesteros, I, Rubio-Ponce, A., Genua, M., Lusito, E., Kwok, I., Ferndndez-Calvo, G., Khoyratty, T. E., van Grinsven, E., Gonzalez-Hernandez, S., Nicolds-Avila, J.
A., Vicanolo, Martin-Cofreces, N. B., Chichon, F. J., Calvo, E., Torralba, D., Bustos-Moran, E., Dosil, S. G., Rojas-Gomez, A., Bonzon-Kulichenko, E., Lopez, J. A.,
Oton, J., Sorrentino, A., Zabala, J. C., Vernos, I., Vdzquez, J., Valpuesta, J. M., Sdnchez-Madrid, F. (2020). The chaperonin CCT controls T cell receptor-driven 3D
configuration of centrioles. Science Advances, 6(49), eabb7242. doi: 10.1126/sciadv.abb7242
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NATURE REVIEWS ENDOCRINOLOGY

STRESS KINASES COULD BE THE NEXT TARGET IN THE TREATMENT OF OBESITY-

ASSOCIATED DISEASES

CNIC investigators from the group led by
Dr Guadalupe Sabio reviewed the key P {
role played by stress kinases in adjusting

metabolism to changing conditions in
an article published in Nature Reviews
Endocrinology.

Stress kinases are proteins in the body that
are associated with obesity and metabolic
alterations such as insulin resistance and
diabetes. Understanding their mechanisms
and routes of action could be crucial for the
design of therapeutic strategies to combat mellitus.
the global epidemic of obesity, which
affects millions of people worldwide.
JNKand p38 SAPKs are known to act through
diverse signaling pathways and mechanisms
that affect metabolic processes such as
insulin  sensitivity, thermogenesis, and
lipolysis. Inaddition, SAPK activity inimmune
cells triggers inflammation in several tissues
and alters systemic metabolism in obesity.

The accumulated evidence also shows that

CARDIOVASCULAR
RESEARCH

SPANISH SCIENTISTS DISCOVER HOW THE
FLU VIRUS INJURES THE HEART

A study by a consortium of Spanish research groups has described the
potentially fatal cardiac effects of infection with the influenza virus,
especially more virulent forms. The research team showed that the
replication of flu virus particles infecting the heart blocks the transmission
of cardiac electrical impulses, which can lead to death. The results,
published in Cardiovascular Research, highlight the potential value of
testing patients with acute cardiac disease for flu infection during seasonal
outbreaks of the disease. The study was carried out by scientists at the
CNIC, CSIC, CIBERES, CIBERCV, and the Hospital Clinico San Carlos together
with scientists at the Universities of Michigan and South Florida in the
United States.

The investigators assessed the mechanisms of heart injury in mice
infected with the flu virus as well as in cardiac muscle cells derived from
human pluripotent cells. The results show that the most virulent viral
strain persists in the heart for longer and triggers changes, including the
modification of ion channels responsible for the transmission of cardiac
electrical impulses. These results provide a molecular explanation for the
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SAPKs have tissue and substrate specific functions and that their activation is involved
in disorders related to obesity, steatohepatitis, liver cancer, heart failure, and diabetes

The review concludes that the main goal in this field is to identify specific inhibitors for
each of the individual p38 and JNK members. These molecules can then be tested for
their ability to prevent and treat obesity and associated diseases.

Dr Sabio’s group is supported by funding from the Fundacién Cientifica de la Asociacion
Espafiola Contra el Cancer, a BBVA Beca Leonardo para Investigadores y Creadores
Culturales (2017), and the European Foundation for the Study of Diabetes.

Nikolic, I., Leiva, M., Sabio, G. (2020). The role of stress kinases in metabolic disease. Nature
Reviews Endocrinology, 16(12), 697-716. doi: 10.1038/541574-020-00418-5

early death of infected mice and suggest that screening for infection in
acute cardiac disease patients during seasonal flu outbreaks could enable
early diagnosis and treatment.

The authors concluded that “these findings highlight the potential benefit
of early detection of the virus in patients with acute heart disease during
flu outbreaks.”

Filgueiras-Rama, D., Vasilijevic, J., Jalife, J., Noujaim, S. N., Alfonso, J. M., Nicolds-Avila, J. A., Gutierrez, C., Zamarreno, N., Hidalgo, A., Bernabe, A., Cop, C. P,
Ponce-Balbuena, D., Guerrero-Serna, G., Calle, D., Desco, M., Ruiz-Cabello, J., Nieto, A., Falcon, A. (2020). Human Influenza A virus causes myocardial and
cardiac-specific conduction system infection associated with early inflammation and premature death. Cardiovascular Research. E-published ahead of print. doi:

10.1093/cvr/cvaalily

SCIENTIFIC REPORT 2020 31




32

NATURE

A NEW DIAGNOSTIC AND
THERAPEUTIC TARGET FOR
CARDIOVASCULAR DISEASE

A study published in Nature showed that
the mitochondrial protein ALDH4A1 is an
autoantigen involved in atherosclerosis. The
CNIC research team concluded that ADH4A1
is a potential marker for the diagnosis and
treatment of cardiovascular disease (CVD)

Atherosclerosis develops for many vyears
without causing symptoms, and there is
therefore a pressing need for new tools

for diagnosis and therapy. Study leader

SCIENTIFIC REPORT 2020

Dr Almudena Ramiro explained that, “we know that atherosclerosis includes an
immunological component and that the innate and adaptive immune systems are both
involved in the origin and progression of this disease.” However, little is known about
the specific response of B cells in these processes or the repertoire of antibodies these
cells produce during atherosclerosis.

Autoantigens are molecules produced by the body that, through a variety of
mechanisms, are recognized as foreign and trigger an immune response. “ALDH4A1 is
recognized by the protective antibodies produced during atherosclerosis, making it a
possible therapeutic target or diagnostic marker for this disease,” commented Ramiro.
The study shows that ALDH4A1 accumulates in plaques and that its plasma
concentration is elevated in the atherosclerosis-prone mice and in human patients with
carotid atherosclerosis, establishing ALDH4A1 as a possible biomarker of the disease.
The team also found that infusion of A12 antibodies into the atherosclerosis-prone mice
delayed plaque formation and reduced the circulating levels of free cholesterol and LDL,
suggesting that anti-ALDH4A1 antibodies have therapeutic potential in the protection
against atherosclerosis.

These results broaden knowledge of the humoral response during atherosclerosis and
highlight the potential of ALDH4A1 as a new biomarker and of A12 as a therapeutic
agent for this disease.

The study was supported by funding from the “la Caixa” Foundation, la Asociacion
Espafiola Contra el Cancer, and el Ministerio de Ciencia, Innovacién y Universidades.

Lorenzo, C., Delgado, P, Busse, C. E., Sanz-Bravo, A., Martos-Folgado, ., Bonzon-Kulichenko, E.,
Ferrarini, A., Gonzadlez-Valdes, I. B., Mur, S. M., Roldan-Montero, R., Martinez-Lépez, D., Martin-
Ventura, J. L., Vazquez, J., Wardemann, H., Ramiro, A. R. (2020). ALDH4A1 is an atherosclerosis
auto-antigen targeted by protective antibodies. Nature. E-published ahead of print. doi:
10.1038/541586-020-2993-2




NATURE
A NEW WAY TO MAKE ARTERIES

A study carried out at the CNIC not only advanced
understanding of the biology of blood vessels, but
also pointed the way to the design of new therapeutic
strategies to induce vascularization and more effective
blood perfusion of injured or ischemic tissues.

The study, led by Rui Benedito and published in Nature,
reveals a new cellular and molecular mechanism
essential for the development of arteries from blood
capillaries, a process called arterialization. Activation
of this mechanism could improve the recovery of
heart function after transient or long term reduction
in heart blood flow, as occurs after a heart attack.
The results also have important implications for the
use of drugs to boost angiogenesis—the formation
of new blood vessels—in ischemic cardiovascular
disease.

The study suggests that pro-angiogenic drugs that
stimulate general blood vessel proliferation will
suppress arterialization. “One of our future goals
will be to identify new ways to suppress proliferation

signals exclusively in pre-arterial cells, thereby promoting effective arterialization without
negatively interfering with the induction of capillary angiogenesis” said Dr Benedito.
From a translational standpoint, the authors conclude that the ability to modulate arterial
orvenous identity of blood vessels is of great interest for the treatment of coronary artery
disease and myocardial infarction. The results obtained could lead to novel therapeutic
approaches to induce effective arterialization in ischemic cardiovascular disease.

Luo, W,, Garcia-Gonzélez, I., Ferndandez-Chacon, M., Casquero-Garcia, V., Sdnchez-Munoz, M. S., Muhleder, S., Garcia-Ortega, L., Andrade, J., Potente, M.,
Benedito, R. (2020). Arterialization requires the timely suppression of cell growth. Nature, E-published ahead of print. doi: 10.1038/541586-020-3018-x
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