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@ RESEARCH INTEREST

The myocardial pathophysiology area integrates scientists
from multidisciplinary fields. Basic scientists, cardiologists,
and engineers work in a coordinated way to provide invaluable
information on the molecular mechanisms that manage
the cardiovascular system in homeostasis and disease. Our
experimental strategy comprises in vitro and in vivo studies in
animal models and humans, an approach that not only provides
basic understanding of health and disease, but also improves the
translational potential of diagnosis and treatment. Our research
focuses on several topics: the oxidative phosphorylation system,
role of nuclear receptors in lipid metabolism and inflammatory
responses, metabolic syndrome and stress kinases,
immunobiology of inflammation, inherited cardiomyopathies,
cardiac arrhythmias, electrophysiological characterization of
healthy and diseased cardiomyocytes, epigenetic regulation,
alternative splicing in cardiac development and heart disease,
and cardioprotection during myocardial infarction.
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Inherited
cardiomyopathies

@ RESEARCH INTEREST

Our research into cardiovascular disease is based on a simple principle: create to understand,
create to treat.

Animal models are essential investigative tools for expanding our understanding of disease;
however, the generation and maintenance of genetically modified mouse colonies for research is
costly. We have developed an alternative method that uses adeno-associated virus (AAV) vectors,
widely used for gene-therapy approaches, to express disease-causing dominant-negative mutants
to generate disease models in wild-type mice. Single systemic injection of AAV virus is more
versatile, cost-effective, simpler, and time-efficient than transgenic approaches for generating
mutant animals.

Our major area of interest is arrhythmogenic right ventricular cardiomyopathy (ARVC). This heart
muscle disease is characterized by right ventricular anatomical abnormalities and ventricular
arrhythmias that can lead to sudden cardiac death, especially in young athletes. To be able to study
the effect of exercise on hearts of mice carrying the most prevalent ARVC-associated mutation in
plakophilin-2 (PKP2), we used AAV to express the R735X mutant in wild-type mice. Our work shows
that injected AAV-R735X animals develop an overt ARVC phenotype when subjected to endurance
training, supporting the recommendation for exercise cessation in carriers of this mutation.

At the histological level, the right ventricles of endurance-trained R735X-infected mice display
connexin 43 delocalization (Cx43) at intercardiomyocyte gap junctions, a change not observed in
sedentary mice. To better understand the molecular mechanism underlying the effect of mutant
PKP2 expression on Cx43 mislocalization we have developed new molecular reporters and live cell
imaging approaches to monitor this important process.
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General working-model used in the laboratory
to investigate and test compounds in a specific
disease. For example, for ARVC we have already
developed a cellular model in human induced
pluripotent stem cells (iPS) and a mouse model. In
the near future we plan to develop a pig model of
ARVC, to take advantage of the closer similarity to
human physiology.
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Super-resolution studies to analyze the effect of the PKP2 mutant protein R735X on its interacting
partner connexin 43 (Cx43). Mouse cardiomyocytes from right ventricle expressing human R735X
were immunolabeled for gap junctions (Cx43, red) and mitochondria (Tom20, green). Nuclei are
visualized by DAPI staining. Z-stacks were acquired at 0.15 pum intervals, and maximum projections
of different channels are shown.
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Fluorescence recovery after photobleaching (FRAP) measurements to elucidate human PKP2
assembly stability in desmosomes. (A) Typical FRAP experiment using GFP-PKP2 and confocal
optical sectioning. The image brightness was adjusted to more clearly depict desmosomes. A
reference region in a nonphotobleached area (ROI, blue) was used to correct for unintentional
bleaching. A negative control region (ROI, yellow), also outside the photobleached area, was
selected to confirm successful correction for unintentional photobleaching, following the
correction steps using the reference region. (B) Fluorescence recovery dynamics of GFP-PKP2
(blue) and the mutant GFP-R735X (grey).
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Barbara Gonzalez-Teran, Juan Antonio Ldpez, Elena Rodriguez, Luis Leiva, Sara Martinez-Martinez, Bernal JA, Luis Jesus Jiménez-
Borreguero, Juan Miguel Redondo, Jesus Vazquez, and Guadalupe Sabio. p38y and & promote heart hypertrophy by targeting the mTOR-
inhibitory protein DEPTOR for degradation. Nat Commun (2016) 7:10477

Cruz FM, Tomé M, Bernal JA*, Bernad A*. miR-300 mediates Bmil function and regulates differentiation in primitive cardiac progenitors.
Cell Death Dis (2015) 6:1953

* Co-corresponding Authors

Cruz FM, Sanz-Rosa D, Roche-Molina M, Garcia-Prieto J, Garcia-Ruiz JM, Pizarro G, Jiménez-Borreguero LJ, Torres M, Bernad A, Ruiz-
Cabello J, Fuster V, Ibafiez B, Bernal JA. Exercise triggers ARVC phenotype in mice expressing a disease-causing mutated version of
human plakophilin-2. J Am Coll Cardiol (2015) 65:1438-50

Nakagawa Y, Sedukhina AS, Okamoto N, Nagasawa S, Suzuki N, Ohta T, Hattori H, Roche-Molina M, Narvaez AJ, Jeyasekharan AD, Bernal
JA, Sato K. NF-kB signaling mediates acquired resistance after PARP inhibition. Oncotarget (2015) 6: 3825-39

Roche-Molina M, Sanz-Rosa D, Cruz FM, Garcia-Prieto J, Lopez S, Abia R, Muriana FJ, Fuster V, Ibafez B, Bernal JA. Induction of sustained
hypercholesterolemia by single adeno-associated virus-mediated gene transfer of mutant hPCSK9. Arterioscler Thromb Vasc Biol (2015)
35: 50-9
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Functional genetics
of the oxidative
ohosphorylation system

@ RESEARCH INTEREST

The group researches the mammalian mitochondrial electron transport chain (MtETC) and H+-ATP
synthase, which together constitute the oxidative phosphorylation (OXPHQOS) system. We view this
system as a functional entity, and use a range of approaches aimed at determining its role in health
and disease. We are particularly interested in role the OXPHOS system in the development of the
cardiovascular system, its relevance to ischemia-reperfusion, and its influence on microvascular
blood flow. To better understand the role of mitochondria and their response to metabolic
challenges during aging, angiogenesis, and lung performance we use mice with the same nuclear
background but carrying different nonpathological variants of mitochondrial DNA throughout the
organism (conplastic mice) or a mix of mtDNA variants in the same cell (heteroplasmic mice).

We also study the organization of the respiratory complexes and interacting partners using methods
to visualize and quantitatively estimate the supercomplexes (I/1lI/1V, I/1ll, and 1lI/1V) in intact cells
without the use of detergents that disrupt the mitochondrial inner membrane. This research line
includes the use of stimulated emission depletion microscopy to observe different combinations of
respiratory complex subunits in mitochondria.
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Ultrastructural analysis of type Il alveolar epithelial cell (AEC) alterations in heteroplasmic mice. A) Control BL/67 mice. B) Conplastic BL/6N?8 mice. C)
Heteroplasmic BL/6%7-N28 mice. Cytoplasm is shown in red, nuclei in blue, and mitochondria in green. Arrows indicate lamellar bodies (LB), lysosome-related

secretory organelles of epithelial cells.
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A) Scan of emission wavelengths for Alexa 532 and 488 STAR secondary antibodies bound to the specific IgGs used in this study. (B) Left. p°ct"' cells were
labeled with anti-DNA and 488 STAR (green) or Alexa Fluor 532 (red) secondary antibodies. Right. Confocal and STED images were acquired, quantified, and
represented as bare particle outlines from Imagel. (C) Data show mean particle area (um2) £ s.e.m. ***p <0.0001 by Mann Whitney test.

& MAJOR GRANTS
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[© sececteo pusticaTions | - 0@

Cogliati S, Calvo E, Loureiro M, Guaras AM, Nieto-Arellano R, Garcia-Poyatos C, Ezkurdia |, Mercader N, Vazquez J, Enriquez JA. Mechanism
of super-assembly of respiratory complexes Ill and IV. Nature (2016) 539: 579-82

Garaude J*, Acin-Pérez R*, Martinez-Cano S, Enamorado M, Ugolini M, Nistal-Villan E, Hervas-Subbs S, Pelegrin P, Sander LE, Enriguez JA?,
Sancho D. Mitochondrial respiratory-chain adaptations in macrophages contribute to antibacterial host defense. Nat Immunol (2016)
17:1037-45
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ACo-corresponding authors
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Flores, Jesus Vazquez, José Antonio Enriquez. mtDNA and nuclear DNA matching shapes metabolism and healthy ageing. Nature (2016)
535:561-5

Guards A, Perales-Clemente E, Calvo E, Acin-Pérez R, Loureiro-Lopez M, Pujol C, Martinez-Carrascoso |, Nufiez E, Garcia-Marqués F,
Rodriguez-Hernandez MA, Cortés A, Diaz F, Pérez-Martos A, Moraes CT, Fernandez-Silva P, Trifunovic A, Navas P, Vazquez J, Enriquez JA.
The CoQH2/CoQ Ratio Serves as a Sensor of Respiratory Chain Efficiency. Cell Rep (2016) 15(1): 197-209

Enriguez, J. A. Supramolecular Organization of Respiratory Complexes. Ann Rev Physiol (2016) 241: 78:533-61
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Advanced development
N arrhythmia
mechanisms and therapy

@ RESEARCH INTEREST Head of Laboratory:

David Filgueiras Rama

The laboratory focuses on the mechanisms underlying complex cardiac arrhythmias found in highly Graduate Technician:
prevalent cardiovascular diseases, as well as in specific population subsets at particular risk of Jorge Garcia Quintanilla
sudden cardiac death. Atrial fibrillation (AF), ventricular fibrillation (VF), and infarct scar-related
ventricular tachycardia (VT) are three of the most prevalent cardiac rhythm disorders, and the
capacity of current therapeutic strategies to accurately eliminate or prevent the arrhythmogenic
substrate in these diseases is limited. Our goal is to achieve in-depth insight into the mechanisms
of these complex arrhythmias through the use of appropriate experimental and numerical models, Res@CNIC Fellow:

and for this insight to be used to improve patient care and develop new and more specific therapies. Daniel Enriquez Vazquez
We use a translational approach to study infarct scar-related VT in pigs and clinical infarct-related
reentrant VT. High-resolution MRI images, both in humans (in vivo) and animals (ex vivo) provide

Predoctoral Researchers:
Daniel Garcia Ledn
Jose Manuel Alfonso Almazéan

Visiting Students:

detailed structural information for creating anatomically precise patient and animal-specific Christopher Pablo Cop
3D reconstructions of the ventricles. Electrophysiologically realistic numerical simulations can José Maria Lillo Castellano
be incorporated into the 3D model to induce and characterize reentrant VTs. Computational Manuel Marina Breysse

simulations are validated and compared with electropysiological data and outcomes obtained Conrado Javier Calvo Sainz

during the electrophysiological study and ablation procedure, either in animals or in patients.

Sensing and detecting VF with current implantable cardioverter defibrillators (ICDs) is highly
reliable in the vast majority of cases. However, an adequate R-wave/electrogram amplitude during
VF is crucial to avoid undersensing during spontaneous episodes, which otherwise might lead
to a delay or even cessation of ICD therapy. We recently reported that baseline rhythm R-wave
amplitudes €2.5 mV (interquartile range: 2.3-2.8) can increase the rate of VF R-wave undersensing
to the point where detection drops below the minimum nominal sensitivity during spontaneous
VF, potentially causing delays in or cessation of VF therapy.

For AF, we aim to develop new computational tools for accurate mapping of the propagation
dynamics during fibrillation that will enable clinical electrophysiologists to effectively target
the main drivers of the arrhythmia. We use a porcine translational model of different AF stages
(paroxysmal, persistent, and long-standing persistent AF) that resembles the human disease. The
combination of detailed structural characterization of the atria with in vivo and ex vivo propagation
dynamics will provide the most precise data to date about the propagation dynamics underlying
AF maintenance.

Endocardial and epicardial reconstruction of
infarct-related susbtrate.

Voltage maps of the endocardium and
epicardium of both ventricles. The structures
are superimposed in the lower left panel, and
separate in the top panels. The right panel
shows an X-ray view of the cardiac silhouette
and the multipolar catheters (color coded as
indicated) used to charactherize VT activation
upon programmed ventricular stimulation and
induction.
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R-wave amplitude distribution in the four subgroups of BR R-wave amplitude and calculation of the safety
threshold.

(A) R-wave amplitude variability during ventricular fibrillation (VF) in two sample episodes of low (upper trace)
and high (lower trace) BR R-wave amplitude. (B) Probability density function (PDF) of amplitude differences
occurring in the episodes shown in A. (C) PDF of amplitude differences in the four BR R-wave amplitude
subgroups. (D) Calculation of the safety threshold for BR R-wave amplitude values using the PDF and the
estimated undersensing risk function from the >2 to <7 mV subgroup. Three BR R-wave amplitude values are
depicted to show a progressive increase in undersensing rates of VF R-waves as the BR R-wave amplitude
decreases, mostly due to R-waves <0.3 mV.

& MAJOR GRANTS

- Ministerio de Economia y Competitividad (SAF2016-80324-R)
- Salud 2000 Foundation.

- Jesus Serra Foundation.

- Pro-CNIC Foundation.

e

Quintanilla JG, Perez-Villacastin J, Perez-Castellano N, Pandit SV, Berenfeld O, Jalife J, Filgueiras-Rama D Mechanistic approaches to
detect, target, and ablate the drivers of atrial fibrillation. Circ Arrhythm Electrophysiol (2016) 9 e002481

David Filgueiras-Rama, José Jalife. Structural and functional bases of cardiac fibrillation: differences and similarities between atria and
ventricles. JACC Clin Electrophysiol (2016) 2: 1-3

Lillo-Castellano JM, Marina-Breysse M, Gomez-Gallanti A, Martinez-Ferrer JB, Alzueta J, Perez-Alvarez L, Alberola A, Fernandez-Lozano
I, Rodriguez A, Porro R, Anguera |, Fontenla A, Gonzalez-Ferrer JJ, Canadas-Godoy V, Perez-Castellano N, Garofalo D, Salvador-Montanes
0O, Calvo CJ, Quintanilla JG, Peinado R, Mora-Jimenez |, Perez-Villacastin J, Rojo-Alvarez JL, Filgueiras-Rama D Safety threshold of R-wave
amplitudes in patients with implantable cardioverter defibrillator Heart (2016) 102: 1662-70

Gonzélez-Cambeiro MC, Rodriguez-Mafiero M, Abellas-Sequeiros A, Moreno-Arribas J, Filgueira-Rama D, Gonzalez-Juanatey JR. Prognostic
effect of body mass index in patients with an implantable cardioverter-defibrillator for primary prevention of sudden death. Rev Esp
Cardiol (2016) 69: 990-2

Rivera-Torres J, Calvo CJ, Llach A, Guzman-Martinez G, Caballero R, Gonzalez-Gomez C, Jimenez-Borreguero LJ, Guadix JA, Osorio FG,
Lopez-Otin C, Herraiz-Martinez A, Cabello N, Vallmitjana A, Benitez R, Gordon LB, Jalife J, Perez-Pomares JM, Tamargo J, Delpon E, Hove-
Madsen L, Filgueiras-Rama D, Andres V_Cardiac electrical defects in progeroid mice and Hutchinson-Gilford progeria syndrome patients
with nuclear lamina alterations Proc Nat/ Acad Sci U S A (2016) 113: E7250-E7259.
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@ RESEARCH INTEREST

The primary focus of our laboratory is the study of myocardial diseases, from ischemia/reperfusion to heart failure, combining basic and clinical
research and including experts in molecular biology, clinical cardiology and neurology, and cardiovascular imaging. We specialize in advanced
imaging techniques in animal models that can also be applied to humans, which potentiates the translational nature of our research. Our clinical
research is carried out in close collaboration with the Biomedical Research Institute of the Fundacion Jiménez Diaz University Hospital.

One of our main interests is cardioprotection during myocardial infarction (MI). We study the mechanisms underlying the beneficial effects
of several cardioprotective strategies in rodent and large animal models of MI, mainly related to modulation of the beta-adrenergic system.
The group is pioneering the use state-of-the-art magnetic resonance imaging (MRI) to better characterize post-infarcted myocardial healing by
combining studies in large animal models and human study participants, having also conducted several clinical trials. We have already published
the results of the successful randomized METOCARD-CNIC clinical trial, which used MRI to evaluate the effectiveness of early intravenous
metoprolol in patients suffering a myocardial infarction, and the study has been continued with the EARLY-BAMI trial, conducted in the
Netherlands and Spain. Our most recent trial is the VF-3D-ESSOS study, designed to revolutionize the use of cardiac MRI in the clinical setting.
The goal of this study is to clinically validate the use of two ultra-fast sequences that could shorten the duration of cardiac magnetic resonance
studies from the current 45 minutes to less than 60 seconds. After validating the sequences in large animals and healthy volunteers, the VF-3D-
ESSOS study is now being performed in patients with different types of cardiac injuries.

In parallel with these clinical trials, we study the cellular and molecular mechanisms underlying the observed cardioprotective effect of beta-
blockers in in vitro assays and genetically modified small animal models. In addition, following a recent discovery by our group, we are also
opening new fields of research focused on the metabolism of heart failure and the study of revolutionary nutritional approaches to treat this
condition.

Thegroupisalsointerestedinthe myocardial response to pulmonary
hypertension. We have developed small and large animal models of
pulmonary hypertension and use imaging technology to evaluate
the response to different therapies. We have identified beta-3-
adrenergic receptor stimulation as a novel therapeutic approach
for the treatment of pulmonary hypertension in preclinical studies
and have received funding to bring this therapy to a pilot clinical
trial (SPHERE-HF) that will start during the coming year.

mice.

necrosis in
Immunofluorescence images of 20-week-old Yme1l knockout mice (right) and
control mice (left), showing increased cellular necrosis (Evans Blue staining in
red) in mutant hearts. Hearts were stained with Evans Blue (red), wheat germ
agglutinin (green), and DAPI (blue).

of Ymell induces

Deletion

cardiomyocyte
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Ablation of Ymell induces dilated cardiomyopathy in mice. Positron emission tomography—computed
tomography (PET-CT) images of 40-week-old Yme1ll knockout and control mice after [18F]FDG injections,
showing increased glucose consumption in failing hearts.

& MAJOR GRANTS

- Ministerio de Economia y Competitividad - EXPLORA CIENCIA (SAF2013-49663-EXP)

- Ministerio de Economia y Competitividad - Acciones de Dinamizacion Europa investigacion (EUIN2013-50881)
- Ministerio de Economia y Competitividad. ISCIII-FIS (P113/01979)

- Ministerio de Economia y Competitividad. ISCIII-RETICS (RiC, RD12/0042/0054)

- Maratd, Fundacién TV3 (REF: 70/C/2012)

- European Commision FP7-PEOPLE-2013-ITN (CARDIONEXT).

- Fundacion BBVA. Ayudas a Equipos de Investigacion Cientifica (Proyectos-BBVA-2016 )
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Ibanez B, Heusch G, Ovize M, Van de Werf F. Evolving therapies for myocardial ischemia/reperfusion injury. J Am Coll Cardiol (2015) 65:
1454-71

Wai T, Garcia-Prieto J, Baker MJ, Merkwirth C, Benit P, Rustin P, Ruperez FJ, Barbas C, Ibanez B*, Langer T*. Imbalanced OPA1 processing
and mitochondrial fragmentation cause heart failure in mice. Science (2015) 350:aad0116.

Garcia-Alvarez A, Garcia-Lunar |, Pereda D, Fernandez-Jimenez R, Sanchez-Gonzalez J, Mirelis JG, Nuno-Ayala M, Sanchez-Quintana D,
Fernandez-Friera L, Garcia-Ruiz JM, Pizarro G, Aguero J, Campelos P, Castella M, Sabate M, Fuster V, Sanz J, Ibanez B. Association of
myocardial T1-mapping CMR with hemodynamics and RV performance in pulmonary hypertension. JACC Cardiovasc Imaging (2015)
8:76-82

Garcia-Alvarez A, Pereda D, Garcia-Lunar |, Sanz-Rosa D, Fernandez-Jimenez R, Garcia-Prieto J, Nuno-Ayala M, Sierra F, Santiago E,
Sandoval E, Campelos P, Aguero J, Pizarro G, Peinado VI, Fernandez-Friera L, Garcia-Ruiz JM, Barbera JA, Castella M, Sabate M, Fuster V,
lbanez B. Beta-3 adrenergic agonists reduce pulmonary vascular resistance and improve right ventricular performance in a porcine
model of chronic pulmonary hypertension. Basic Res Cardiol (2016) 111: 49

Garcia-Ruiz JM, Fernandez-Jimenez R, Garcia-Alvarez A, Pizarro G, Galan-Arriola C, Fernandez-Friera L, Mateos A, Nuno-Ayala M, Aguero
J, Sanchez-Gonzalez J, Garcia-Prieto J, Lopez-Melgar B, Martinez-Tenorio P, Lopez-Martin GJ, Macias A, Perez-Asenjo B, Cabrera JA,
Fernandez-Ortiz A, Fuster V, lbanez B. Impact of the timing of metoprolol administration during STEMI on infarct size and ventricular
function. J Am Coll Cardiol (2016) 67: 2093-104
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Cardiac arrhythmia

@ RESEARCH INTEREST

The laboratory investigates the causes of cardiovascular disease and arrhythmias at the molecular, cellular, and electrophysiological
levels. Our specific research interests center on 1) the mechanisms of atrial and ventricular fibrillation at the structural and functional
level, 2) the molecular genetics of cardiac fibrillation, and 3) the cellular basis of cardiac arrhythmia in genetic and rare diseases that
can lead to sudden death, and 4) the use of human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) to investigate
molecular mechanisms of arrhythmogenesis.

The laboratory has well-established collaborations with expert engineers, biologists, and clinicians around the world, as well as with other
CNIC groups. These partnerships provide a unique research environment in which to generate new and clinically relevant breakthroughs
on arrhythmia mechanisms to the benefit of the medical and basic science communities, and ultimately the patient.

An ongoing multidisciplinary project is the whole genome characterization of large animal models of atrial fibrillation with a clear
translational impact. The project aims to define transcriptomic changes in a sheep model of induced atrial fibrillation. Bioinformatic
analysis of changes in gene expression and correlation with proteomic data generated by the group will enable mapping of the networks
and pathways altered in paroxysmal and persistent states of atrial fibrillation. These results are also being validated in a pig atrial
fibrillation model that has recently been established at the CNIC. The use of these models will allow us to better understand the molecular
determinants and consequences of atrial fibrillation and to offer new insights into therapeutic targets for this disease.

Ca2+ spark frequency (CaSpF) is higher in control and catecholaminergic polymorphic ventricular tachycardia (CPVT) Purkinje cells (PCs) than in
ventricular myocytes (VMs). The figure shows 3-dimensional surface plots of representative line scan images for a CPVT VM and CPVT PC for baseline (left)
and after treatment with 10 nM/L isoproterenol (right). Willis BC. et al Circulation 2016.

Structurally mature human iPSC-derived cardiomyocyte (CM)
monolayer cultured on a soft surface. The figure shows CMs with well
organized sarcomeres and localization of troponin T (red), N-cadherin
(green), and nuclear dapi (blue). Jalife et al, unpublished.
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In cardiac fibrillation, the rotor is the driver of reentry located at the center of a spiral
wave. The rotational speed determines the degree of turbulence (wave fragmentation)
around the rotor; the higher the spin speed the greater the degree of fragmentation. Rotors
are not easy to find in the heart. In this computer simulation, the mother rotor occupies
less than 0.1% of the total area; the rest is fibrillatory conduction. Samie F, et al. Circulation
Research 2001.

“Cardiac Channelosome”. In the heart, the strong inward rectifier potassium channel
(Kir2.1) and the main cardiac sodium channel (Nav1.5) form part of a macromolecular
complex ( “channelosome”) mediated by SAP97 through their respective carboxyl
terminus PDZ binding domains.
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Molecular regulation
of heart failure

@ RESEARCH INTEREST

Our laboratory investigates the molecular pathways driving heart remodeling and the development
of heart failure, which are still poorly understood. In particular, we focus on the role of RNA
binding proteins (RBPs) and alternative splicing in these processes. For this purpose, we developed
ATtRACT, an integrated database of RPBs and their associated RNA motifs (Giudice et al., 2016),
which is the largest RBP database to date. Using ATtRACT and other bioinformatic tools, we have
identified a potential role of some SR-rich splicing factors (SRSF) in post-infarction remodeling.
In addition, we have reported that the alternative splicing variant of calcineurin, CnAB1, has a
mechanism of action completely different from other calcineurin isoforms (Gémez-Salinero et al.,
2016). Instead of targeting the transcription factor NFAT, CnAB1 activates the Akt/mTOR signaling
pathway to regulate mesodermal differentiation in embryonic stem cells.

Our research also focuses on the study of the pathological mechanisms undelying different
cardiomyopathies. In recent years, we have focused on the study of Lafora disease. This disease is
characterized by seizures and epilepsy caused by the accumulation of abnormal glycogen deposits
in neurons. It was unknown, however, whether these deposits could affect cardiac function.
Using two mouse models of Lafora disease, we found that cardiomyocytes accumulate glycogen
deposits that result in cardiac hypertrophy and defective contraction. These results suggest that
Lafora disease should be considered an inherited metabolic cardiomyopathy like Fabri’s or Danon’s
disease and that Lafora disease patients should be assessed for cardiac abnormalities.
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Summary of the cross-linking immunoprecipitation and massive parallel sequencing (CLIP-Seq) protocol.
To identify the targets of an RNA-binding protein (RBP), RPBs are cross-linked to their bound RNA,
immunoprecipitated, separated on a polyacrylamide gel, and labeled with radioactive ATP. Following reverse
transcription, cDNAs of the appropriate size are selected and circularized. The circular DNA molecules are then
linearized, amplified by PCR and sequenced by next generation sequencing.
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Glycogen deposits in cardiomyocytes of a Lafora disease
mouse model. Heart sections from wild type (WT) mice
or mice lacking laforin (Epm2a”’) were analyzed by
Periodic acid-Schiff (PAS) staining, which labels glycogen
deposits. Lafora knockout mice develop Lafora disease
and show abnormal accumulation of glycogen deposits
in cardiomyocytes, which is associated with a decline in
systolic function. Wild type mice (left) are included as a
negative control. Bar, 5 mm (top) or 500 um (bottom).

& MAJOR GRANTS

- European Commission. Marie Curie Action Initial Training Network (ITN) (FP7-PEOPLE-2013-ITN, “CardioNext” 608027)
- European Commission. Marie Curie Action Initial Training Network (ITN) (FP7-PEOPLE-2011-ITN, “CardioNeT” 289600)
- Comunidad de Madrid (GRUPOSCAM10, “Fibroteam” S2010/BMD-2321)

- Instituto de Salud Carlos Il (MSI114/00027)

- Ministerio de Economia y Competitividad (SAF2015-65722-R)

[© sececte pusticaTions | - 0@

Ortiz-Genga MF, Cuenca S, Dal Ferro M, Zorio E, Salgado-Aranda R, Climent V, Padron-Barthe L, Duro-Aguado |, Jiménez-Jaimez J, Hidalgo-
Olivares VM, Garcia-Campo E, Lanzillo C, Sudrez-Mier MP, Yonath H, Marcos-Alonso S, Ochoa JP, Santomé JL, Garcia-Giustiniani D,
Rodriguez-Garrido JL, Dominguez F, Merlo M, Palomino J, Pefia ML, Trujillo JP, Martin-Vila A, Stolfo D, Molina P, Lara-Pezzi E, Calvo-Iglesias
FE, Nof E, Calo L, Barriales-Villa R, Gimeno-Blanes JR, Arad M, Garcia-Pavia P, Monserrat L. Truncating FLNC mutations are associated with
high-risk dilated and arrhythmogenic cardiomyopathies. / Am Coll Cardiol (2016) 68: 2440-51

Lara-Pezzi E, Desco M, Gatto A, Gdmez-Gaviro MV. Neurogenesis: regulation by alternative splicing and related posttranscriptional
processes. Neuroscientist pii: 1073858416678604. [Epub ahead of print Nov 10 2016]

Goémez-Salinero JM, Lépez-Olafieta MM, Ortiz-Sénchez P, Larrasa-Alonso J, Gatto A, Felkin LE, Barton PJ, Navarro-Lérida I, Angel Del Pozo
M, Garcia-Pavia P, Sundararaman B, Giovinazzo G, Yeo GW, Lara-Pezzi E. The calcineurin variant CnAB1 controls mouse embryonic stem
cell differentiation by directing mTORC2 membrane localization and activation. Cell Chem Biol (2016) 23: 1372-82

Giudice G, Sanchez-Cabo F, Torroja C,_Lara-Pezzi E. ATtRACT-a database of RNA-binding proteins and associated motifs. Database
(Oxford). (2016) baw035

Gonzélez-Santamaria J, Villalba M, Busnadiego O, Lopez-Olafieta MM, Sandoval P, Snabel J, Lopez-Cabrera M, Erler JT, Hanemaaijer R,
Lara-Pezzi E*, Rodriguez-Pascual F*. Matrix cross-linking lysyl oxidases are induced in response to myocardial infarction and promote
cardiac dysfunction. Cardiovasc Res (2016) 109: 67-78

*Co-corresponding authors.

SCIENTIFIC REPORT 2016




P RESEARCH

cnic PeYYll 1. Myocardial Pathophysiology

Molecular cardiology

@ RESEARCH INTEREST

The molecular cardiology laboratory was launched in April 2016, and the period since has been
occupied with installing equipment, recruiting expert staff, and establishing knock-in mouse
colonies from Professor Priori’s laboratory in the CNIC facilities. The patch clamp unit has been
set up, and work is progressing on finalizing equipment to simultaneously record intracellular
calcium and other ion currents in isolated cardiac cells. Methods are also being established to
derive cardiomyocytes from induced pluripotent stem cells (iPSC), with the goal of studying
cardiomyocytes differentiated from iPSCs of patients with inherited arrhythmias.

Dr. Priori has dedicated her clinical and research career to understanding the molecular
mechanisms underlying inherited arrhythmias, and since 2013 she has focused her attention on
the development of molecular therapies for these conditions. A major obstacle in the field is the
lack of models for the arrhythmogenic syndromes of interest. The team therefore dedicates part
of its effort to developing disease models, ranging from the patient-iPSC-derived cardiomyocytes
described above to knock-in and knock-out models in mice and pigs.

The team’s current research focuses on 2 severe inherited arrhythmogenic diseases: dominant
catecholaminergic polymorphic ventricular tachycardia (CPVT) and Long QT syndrome type 8
(LQT8). The group is currently working with mouse models of the dominant and the recessive
forms of CPVT to determine the effects of gene-therapy strategies on intracellular calcium handling
and cell electrophysiology. These strategies have been developed by the Molecular Cardiology
Laboratory at the ICS Maugeri Institute in Pavia, Italy. The group is also working on an ambitious
project to develop a knock-in pig model of LQTS.

Left: Mouse ventricular myocyte immunostained for the cardiac ryanodine receptor (RyR2), a protein
that mobilizes calcium (necessary for cell contraction) during the heartbeat. Right: Expanded view of
the RyR2 arrangement (super-resolution microscopy). We are investigating whether arrythmogenic
cardiovascular disease modifies the diversity of RyR2 cluster shapes, inter-cluster distances, and
cluster grouping into “super-clusters”.
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Correct expression of the pluripotency
markers Oct4, Lin28, and SSEA4 in
a CPVT-patient-derived iPS cell line.
Nuclei are counterstained with DAPI.
40x objective.

(A) During a linescan, a single line within
a cell is repetitively scanned. (B) Study of
RyR2 activity in linescan mode, through

calcium movements. In a healthy quiescent
cell, RyR2 activition is low, and each calcium
release event lasts a few milliseconds
(arrows). In unhealthy, stressed, or diseased
cells (eg, CPVT), RyR2 activity becomes
high (arrows), extremely high and grouped
(#), or extremely high, long-lived, and
propagated among RyR2 clusters (*). This
may interphere with membrane potential,

causing arrythmias. (C) Details of short-lived

calcium release events (sparks). Each spark Human iPSC-derived cardiomyocytes expressing typical lineage markers:
lasts for 20-50 ms (depending on cell status) cardiac transcription factor (NKX2-5), cardiac muscle troponin T (TNNT2),
and extends for about 2 microns. gap junction protein connexin 43 (Cx43), cytoskeletal alpha actinin (ACTN1),

and cardiac ryanodine receptor (RyR2). 40x objective.
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@ RESEARCH INTEREST

Macrophages are hematopoietic cells of the myeloid lineage with important functions in
development, homeostasis, tissue repair, and immunity. Macrophages can be found in practically
all tissues, making important contributions to their homeostasis and protection against injury.
Projects in our group focus on elucidating the transcriptional control of macrophages in different
tissues, especially in the heart and bone marrow, with special emphasis on their possible medical
utility in the treatment of metabolic and cardiovascular diseases.

A special interest of our group is the molecular mechanisms regulating macrophage development
and function. Our laboratory has shown that the nuclear receptor retinoid X receptor (RXR)
plays a major regulatory role in macrophages, with implications for homeostasis, inflammation,
and immunity. Our studies have demonstrated that RXR regulates macrophage transcriptional
programs necessary for cell migration, debris clearance, macrophage polarization, cell proliferation
and osteoclastogenesis, antiviral response, and lipid metabolism. Our more recent studies suggest
that RXR may play important roles in the control of hematopoietic stem cell maintenance and the
development and function of different tissue resident macrophages, which might have implications
for tissue repair and regeneration. Other studies in our laboratory are aimed at deciphering the
role of RXR during heart development, as part of a wider effort to understand the regulatory
molecular mechanisms involved in cardiogenesis. To pursue these goals, we are currently
conducting complementary loss-of-function and drug-mediated gain-of-function mouse studies
and genome-wide transcriptomic (RNA-seq and GRO-seq) and cistromic (ChIP-seq) studies. Using
these approaches, we will examine mice lacking RXR in hematopoietic stem cells, macrophages,
endothelial cells, and cardiomyoctes, allowing us to examine the specific role of these receptors in
tissue homeostasis and injury.
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Role of RXR in hematopoiesis. (A) May-Griinwald-Giemsa staining of cytospinned bone marrow cells from RXR-deficient mouse. (B) Proliferating cells
revealed by Ki67 staining on sections of paraffin-embedded spleen from an RXR-deficient mouse. (C) H&E staining of sections of paraffin-embedded lymph

node from an RXR-deficient mouse.
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Role of RXR during heart development. (A) Gross morphological appearance of an RXR-deficient embryo (E12.5). (B) H&E
staining of the heart of an RXR-deficient embryo (E12.5).
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Stress kinases
iNn diabetes, cancer, and
cardiovascular disease

@ RESEARCH INTEREST

We are working on the role of stress kinases in the development of metabolic diseases such as
diabetes, fatty liver disease, and cardiovascular diseases. We have shown that these kinases
control TNF production through the phosphorylation of eEF2K and activation of the elongation
factor EF2 (J Clin Invest, 2013). Our recent work (EMBO J, 2016) shows that the lack of p38y and
p38& in myeloid cells impairs neutrophil migration to the liver and thus protects against diet-
induced steatosis and further liver damage. We have also demonstrated that these kinases control
postnatal cardiac growth (Nature Commun, 2016). Current projects in the lab are continuing our
efforts to uncover the role of these kinases in health and disease.

Infrared thermal image of a mouse showing regions surrounded by interscapular brown adipose tissue.
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Liver stained with Ki67, showing cell cycle initiation after partial
hepatectomy.

Mice lacking p38y and p386 have smaller than normal hearts size.
Representative images of hearts from a KO mouse (left) and a WT
mouse (right).
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@ RESEARCH INTEREST

We are interested in the manipulation of dendritic cells (DCs) and macrophages forimmunotherapy.
The analysis of different DC subsets indicates that they have specific functions and can be
selectively targeted to induce specific immune responses. We have investigated the role of DCls
in the generation of CD8* T cell memory and have found that these cells provide unique signals
for the generation of resident memory precursors (Figure 1), which are crucial for surveying and
mounting an effective and rapid immune response upon reinfection of skin and mucosae (lborra
et al. 2016a. Immunity).

C-type lectin receptors sense a diversity of endogenous and exogenous ligands that can trigger
differential responses. We recently found that Mincle detects a ligand in Leishmania (Figure 2)
that triggers an inhibitory axis characterized by SHP1 coupling to the FcRy chain. We conclude that
Leishmania shifts Mincle to an inhibitory ITAM (ITAMi) configuration that impairs DC activation.
Thus, ITAMi can be exploited for immune evasion by a pathogen and may represent a paradigm for
self and non-self sensing by ITAM-coupled receptors.

We also explored the mitocondrial adaptations following sensing of bacteria by macrophages
(Figure 3) and found that recognition of viable bacteria through TLR- and NLRP3-dependent
pathways induces a transient switch in the relative contribution of complexes Cl and Cll to
mitocondrial respiration in macrophages. Notably, pharmacological inhibition of Cll during E.
coli infection decreased IL-1B and increased IL-10 serum-concentrations, resulting in impaired
control of bacteria. Our research thus has potential for the development of new vaccines and
immunotherapy strategies.
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Wild-type mice (WT) or mice deficient in DNGR-1
(Clec9asfr/sP) or Batf3 (Batf3/-) were infected with
vaccinia virus and generation of resident memory
CD8+ T cells was tracked for 30 days post-infection in
the infected skin by immunofluorescence staining as
indicated. Scale bar: 10 um.
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Bone marrow-derived macrophages were preincubated with
Leishmania promastigotes, fixed, permeabilized and stained with
Mincle-Fc or Dectin-1-Fc. Confocal images are shown. Nuclei were
counterstained with DAPI. Scale bar: 5 pm.
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Bone marrow-derived macrophages were stained
for mitochondria using mitotracker (red) and
nucleus was counterstained with DAPI.
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