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Research in the Vascular Pathophysiology Area (VPA) focuses on the
biology of the cardiovascular system in health and disease, using a
multidisciplinary and transverse approach, embracing molecular
and cellular biology as well as translational and clinical research. The
work in the VPA is broadly divided into 2 programs: Cardiovascular
Biology and Signaling & Inflammation. VPA research groups use
a wide variety of techniques, including animal, tissue, cell and
molecular models, to investigate normal vascular function and the
key steps in the vascular alterations that underlie cardiovascular
diseases. VPA groups work on translational and clinical research
through several research projects, including Secure and PESA. We
also have a major interest in cardiovascular proteomics. The VPA
hosts three technical units: Genomics, Proteomics/Metabolomics,
and Bioinformatics.
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Molecular and genetic
cardiovascular pathophysiology

RESEARCH INTEREST

The World Health Organization has estimated that cardiovascular disease (CVD) will by 2020 be the
main health and socio-economic problem worldwide, in part due to the progressive aging that the
world population is experiencing. Atherosclerosis and heart failure contribute significantly to CVD-
related morbimortality in the elderly. These anomalies and the aging process are greatly accelerated
in Hutchinson-Gilford progeria syndrome (HGPS), a rare genetic disorder caused by the expression of
progerin, a mutant form of lamin A. The most serious aspect of HGPS is extensive atherosclerosis and
cardiac electrophysiological alterations that are associated with early death (average lifespan: 13.5 yr,
range: 8-21 yr), predominantly from myocardial infarction or stroke. Progerin is also expressed at low
level in aged tissues of non-HGPS individuals, suggesting a role in normal aging. Understanding how this
mutant form of lamin A causes CVD and premature aging may therefore shed light on normal aging.

Our research currently focuses on: 1) Identifying mechanisms through which wild-type lamin A/C
regulates CVD; 2) Identifying tissue-specific and systemic mechanisms through which progerin promotes
atherosclerosis and aging, and developing novel therapeutic strategies; 3) Generating a porcine model
of HGPS using CRISPR/Cas9 technology to accelerate translational research in HGPS; and 4) Unraveling
molecular mechanisms common to premature and physiological aging and specific to each process.

New method for high-resolution imaging of intravascular atherogenic inflammation in live mice allows simultaneous
tracking of inflammatory leukocytes and platelets within the carotid artery of atherosusceptible Mafia:ApoE/- mice.
A) Myeloid leukocytes (green) rolling at the bifurcation of the carotid artery in mice fed standard chow or high-fat
diet (HFD) for 10 days. Scale bars, 25 pm. Arrows show the direction of blood flow. B) Number of rolling cells (left and
middle) and rolling velocity (right) of neutrophils (red), monocytes (green), and T lymphocytes (blue). Data from 18 to
94 fields from 4 mice. Lines show mean + SEM. **P<0.01 and ***P<0.001 (From: Chévre et al. Circ Res. 2014;114:770-
779).

Head of Laboratory

Vicente Andrés Garcia

Postdoctoral Researchers:
Lara del Campo Milan

José Maria Gonzalez Granado
(Miguel Servet Programme)
Alvaro Macias Martinez
Cristina Rius Leiva

José Rivera Torres
Predoctoral Researchers:
Alberto del Monte Monge
Victor Fanjul Hevia

Pedro Molina Séanchez
Magda Rita Hamczyk
Amanda Sanchez Lopez
Raquel Toribio Fernandez

Visiting Students:

Maria del Carmen Ortufio Costela
Dunia Asensio Cobo

Javier Gomez Ortega

Lab Manager:

Beatriz Julia Dorado de la Corte
Technicians:

Maria Jesus Andrés Manzano
Marta Blanco Berrocal
Cristina Gonzélez Gémez
Visiting Scientists:
Immacolata Giordano
Giovanna Granata

Claudia Gucciardi

Andreu Llobera Adén
Ricardo Villa Bellosta




RESEARCH AREAS

> 2. Vascular Pathophysiology

Lamin A/C deficiency in immune cells aggravates atherosclerosis. LdIr-KO mice transplanted with wild-type bone marrow
have perinuclear lamin A/C (green) in circulating monocytes and neutrophils (red), which is absent in mice reconstituted
with Lmna-KO bone marrow. Qil-red-O staining reveals significantly increased atherosclerosis in aortas of BM-Lmna-KO-

>LdIr-KO mice.
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Head of Laboratory

Jacob Fog Bentzon

Experimental pathology of
atherosclerosis

RESEARCH INTEREST
Visiting Scientist:

The development of atherosclerosis and its complications heart attack and stroke is a major constraint Kevin Jacobsen
to living long and heatlhy lives around the world. Our mission is to explore the mechanisms leading to

atherosclerosis and finding ways to prevent its progression. The group joined CNIC from Aarhus Universty

in September 2015 and the work involves extensive collaboration between Spain and Denmark.

An important element of our strategy has been the development of new tools for atherosclerosis
research. Gene modified minipigs with atherosclerosis, created by animal cloning and now established
at CNIC, offer human-like dimensions and pathology for studies with a direct translational outlook. As a
complementary method for basic research, we have devised a virus-mediated gene transfer technique
to induce atherosclerosis in mice, circumventing the need for complicated breeding programmes and
offering greater flexibility in the design of experiments. This method is currently being implemented in
many research groups around the world.

Applying these and other techniques, our group has recently described how blood flow controls
atherosclerosis susceptibility of arteries by regulating the composition of the arterial matrix and its
ability to sequester cholesterol-rich lipoproteins. Furthermore, we have identied a sorting receptor for
proinflammatory cytokines that facilitates the development of atherosclerosis in mice.

Fibroatheromatous atherosclerosis induced by injecting a PCSK9-
encoding recombinant virus in a mouse.

Retention of red fluorescencent lipoproteins in an area exposed to experimentally
induced atherogenic blood flow. The plane (left) indicates the location of the section
shown (right).
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Lack of sortilin in circulating immune cells impairs the development of atherosclerosis in hypercholesterolemic Apoe-deficient

mice.

MAJOR GRANTS 9

- Det Frie Forskningsrad, Sapere Aude Level Il grant (DFF — 4004-00459). Funds held at Aarhus University.
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Steffensen LB, Mortensen MB, Kjolby M, Hagensen MK, Oxvig
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lipoprotein retention in the artery wall: A key mechanism
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Thromb Vasc Biol (2015) 35: 1928-35

Mortensen MB, Kjolby M, Gunnersen S, Larsen JV, Palmfeldt J,
Falk E, Nykjaer A, Bentzon JF. Targeting sortilin in immune cells
reduces proinflammatory cytokines and atherosclerosis. J Clin
Invest (2014) 24: 5317-22

Bjgrklund MM, Hollensen AK, Hagensen MK, Dagnaes-Hansen
F, Christoffersen C, Giehm Mikkelsen J, Bentzon JF. Induction of
atherosclerosis in mice and hamsters without germline genetic
engineering. Circ Res (2014) 114: 1684-9

Bentzon JF, Otsuka F, Virmani R, Falk E. Compendium review:
Mechanisms of plaque formation and rupture. Circ Res (2014)
114: 1852-66
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Intercellular signalling in cardiac
development & disease

RESEARCH INTEREST

We study the molecular mechanisms that regulate heart development, as we believe that this is an
essential step toward understanding congenital heart disease and the eventual design of therapies to
treat it. In the last year we have studied the role of various intercellular signals in chamber and valve
development and cardiac regeneration, with the ultimate goal of identifying new molecular markers of
cardiac disease or processes eventually amenable to therapeutic intervention.

During ventricular chamber development, the Notch signaling pathway first connects chamber
endocardium and myocardium to sustain trabeculation. Notch signalinng later coordinates ventricular
patterning and compaction with coronary vessel development to generate the mature chamber, via a
temporal sequence of ligand signaling determined by the glycosyltransferase Manic Fringe (MFng). Early
endocardial expression of MFng promotes Dll4-Notchl signaling, which induces trabeculation in the
developing ventricle. Ventricular maturation and compaction require MFng and DIl4 downregulation in
the endocardium, which allows myocardial Jagl and Jag2 signaling to Notch1 in this tissue. Perturbation
of this signaling equilibrium severely disrupts heart chamber formation (Figure 1).

During cardiac valve development, endocardial DIl4-Notch1 signaling leads to epithelial-mesenchyme
transition (EMT) and formation of the valve primordia. Later, Jagl-Notchl signaling restrains Bmp-
mediated valve mesenchyme proliferation by sustaining Hbegf-EGF receptor signaling. Our studies
identify a mechanism of signaling crosstalk during valve morphogenesis implicated in the origin of
congenital heart defects associated with reduced NOTCH function (Figure 2).

Head of Laboratory

José Luis de la Pompa

Research Scientist:

Donal MacGrogan
Postdoctoral Researchers:
Beatriz Martinez Poveda
Belén Prados

Tania Papoutsi
Predoctoral Researchers:
Juliane Minch
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Stanislao Igor Travisano
Paula Gomez Apifianiz
Marcos Siguero Alvarez
Rebeca Torregrosa Carrion
Masters Student:
Alejandro Salguero
Technicians:

Patricia Martinez Martin
Vanessa Bou Pérez

Abel Galicia Martin

Sara Perruca Magro
We also investigate the behavior, morphology and role of the endocardium during zebrafish cardiac
regeneration. Time-lapse 3D-whole mount imaging in adult zebrafish hearts reveals a highly dynamic
endocardium: spared endocardial cells remain after cryoinjury and proliferate shortly after cryoinjury,
showing strongly upregulated Notch signaling (Figure 3). Endocardial cells expand within the injury site
and form a structure that persists throughout regeneration. Examination of cardiomyocyte dynamics in
Notch gain- and loss-of-function models reveals that Notch promotes cardiomyocyte proliferation. Notch
signaling is thus a key regulator of endocardial gene expression and morphology.

Visiting Scientists:
José Maria Pérez-Pomares

Res@CNIC Fellow:
Adolfo Sobrino Balandrén

Figure 1.

Notch signaling abrogation disrupts compaction.
E16.5 heart sections stained with endomucin
(green) and cTnT antibodies (red) to delineate
chamber endocardium and myocardium. The
WT heart (a-a”) has a thick, cTnT-positive
compact myocardium in both ventricles, with
compacting trabeculae covered by endomucin-
positive  endocardium. The  MFng';Tie2-

Cre heart (c-c’”) has a very thin compact
myocardium, uncompacted trabeculae and a
disrupted ventricular septum. The yellow bar
indicates the thickness of compact myocardium.
Scale bar=100pm.
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Figure 2.

Regulation of valve primordium formation
and  morphogenesis by sequential
ligand-dependent Notch activation. (a)
Endocardial DIl4, but not Jagl, is required
for EMT. (b) Endocardial Jagl is required
for post-EMT valve morphogenesis.
In WT valves, Jagl-Notchl signaling
restricts mesenchyme cell proliferation
by downregulating Bmp signaling via
Hbegf. Jag1oX;Nkx2.5-Cre mutants have
reduced Hbegf expression, resulting in
increased Bmp signaling and uncontrolled
proliferation.

Figure 3.

In the regenerating zebrafish heart the
endocardium expands within the injury site and
precedes regeneration of the myocardium. (a)
Volume rendering and an optical section of a
region of the inner injury border in an injured
ET33mi-60A; myl7mRFP ventricle at 3 dpci, with
endocardium labeled green and myocardium
magenta. Dense endocardial cells (green) surround
migrating  cardiomyocytes (magenta, white
arrowhead) and precede them into the injury
site. The dotted line demarcates the regenerating
myocardium.
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Papoutsi T, Odelin G, Moore-Morris T, Pucéat M, de la Pompa JL,
Robert B, Zaffran S Msx1CreERT2 knock-In allele: A useful tool to
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Matrix metalloproteinases in
angiogenesis and inflammation

RESEARCH INTEREST

In order for the vasculature to optimally deliver nutrients and oxygen throughout the body, endothelial
cells must adapt to varying tissue needs, and this results in a high degree of vascular heterogeneity.
However, we still know relatively little about the mechanisms that govern capillary patterning in
homeostasis and upon injury. Our group is dedicated to elucidating how the microvascular network
responds to inflammation and contributes to tissue repair. Our research focuses on membrane-type
matrix metalloproteinases, endopeptidases able to perform proteolytic and also non-proteolytic actions.
Our previous work showed that the protease MT1-MMP plays a key role in angiogenesis and inflammation
by processing extracellular matrix components or regulating intracellular signals, such as Racl pathway
components. We have also shown that the protease MT4-MMP is essential for proper arterial vascular
function through its cleavage of osteopontin. Our recent in vivo data suggest that these proteases have
different actions in endothelial cells and macrophages and that targeting MT1-MMP versus MT4-MMP
has distinct tissue- and context-dependent impacts on the microvasculature during inflammation. Our
laboratory is currently investigating: i) MT1-MMP and MT4-MMP actions in the cardiac microvasculature;
and ii) the role of macrophage-secreted MT1-MMP or MT4-MMP substrates in the vascular response
during cardiac repair.

We are pursuing these goals using 2D and 3D angiogenic models, high- and super-resolution microscopy,
3D image analysis, proteomics, bioinformatics, protein modeling, lentiviral strategies and genetically
modified mouse lines. We ultimately intend to apply this knowledge to develop novel angiotherapies
aimed at enhancing capillary perfusion and tissue performance in several pathophysiological contexts.
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In silico modeling of substrate/protease docking. In
collaboration with the Bioinformatics Unit, we use in
silico modeling to explore the accessibility of potential
novel substrates to the catalytic sites of membrane
type-matrix metalloproteinases. The image shows the
docking model of osteopontin (purple) with the human
protease MT4-MMP homodimer (green); note that
osteopontin is located close to the MT4-MMP catalytic
center (orange; see Martin et al., 2015, for more details).
In silico modeled cleavage sites are then experimentally

validated.
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Exploring macrophage/vascular communication
in vivo. The dorsal skinfold chamber model
allows direct visualization of macrophages
and endothelial cells during inflammatory
angiogenesis. Confocal imaging of genetically-
labeled mice shows in vivo capillary sprouting
(arrowheads in A), and macrophages labeled
with GFP (arrowheads in B) interacting with
Tomato-expressing endothelial sprouts (arrows
in B) in response to TNFa in the skin vasculature.

MAJOR GRANTS 9

- Ministerio de Economia y Competitividad (SAF2014-52050-R)

3D confocal microscopy image analysis of the cardiac microvasculature.
3D-volumetric composition of confocal microscopy images from thick heart
sections allows the visualization and analysis of the cardiac microvasculature
with unprecedented resolution. The image shows the maximal projection of
multiple images acquired from thick heart sections (60 pm) and stained for
the endothelial cell marker ICAM-2 (green). The heart in the image is from
a newborn mouse 5 days after cryoinjury; note that the affected area has a
reduced vascular density.
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Differentially Regulate Adamts-1 Induction by Stimuli Associated
with Vascular Remodeling. Mol Cell Biol (2015) 35 :3409-22

Martin-Alonso M, Garcia-Redondo AB, Guo D, Camafeita E,
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K, Chen CS, Enriquez JA, Dejana E, Sdnchez-Madrid F, Arroyo AG. An
EMMPRIN-y-catenin-Nm23 complex drives ATP production and
actomyosin contractility at endothelial junctions. J Cell Sci (2014)
127:3768-81
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Regulatory molecules
of inflammatory processes

RESEARCH INTEREST

Our group studies the control of inflammation in autoimmune and cardiovascular diseases. Recently, our
attention has focused on the potential of miRNAs derived from Th17 or regulatory T (Treg) cells in the
design of strategies to combat and diagnose these diseases. Much of our work is conducted in mouse
models of myocarditis and peripheral post-ischemic neovascularization, a model of peripheral artery
disease (PAD). The true incidence of myocarditis is unknown because it is frequently first diagnosed as
non-ischemic dilated cardiomyopathy; PAD affects 1 in 3 people aged 70 years or above. These diseases
can easily become chronic and life-threatening, and are associated with devastating long-term side
effects and high medical costs. Inadequate understanding of Th17 and Treg biology is an obstacle to
the development of immunotherapy protocols for these diseases. Our recent work characterized the
role of Th17 cells and Tregs in heart, skin and lung inflammatory diseases. Our current work focuses
on these antagonistic T cell subsets, expressing Roryt* and Foxp3*, and their central role in the control
of inflammation. Defects in the development or function of these cells exacerbates autoimmune and
cardiovascular disorders.

We are also interested in the role of Th17 cells and Tregs in the rejection of allogenic grafts and heart
transplants. Several clinical trials are currently using Tregs to ameliorate the effects of graft-versus-host
disease (GvHD) in hematologic cancer and leukemia patients. However, the therapeutic use of Tregs in
transplant recipients is still under development, and new markers and protocols are needed for their
correct identification, purification and expansion.

Histological analysis of myocarditis. Left. Hematoxylin and Eosin staining of heart sections from mice in the
acute phase of experimental autoimmune myocarditis (EAM), 21 days after MyHC-a peptide immunization.
Small and large infiltrates are shown in mice with mild or severe EAM. Right. Masson'’s trichrome staining
reveals enhanced fibrosis in mice with severe manifestation of myocarditis in the chronic phase (56 days
after MyHC-a peptide immunization). Right panels; high-power views of infiltrates and collagen deposition
in the left ventricle (magnification x 100).
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Cardiac function in the chronic phase of myocarditis. M-mode transthoracic
echocardiography of left ventricular function reveals a reduction in cardiac
contractility in mice with mild or acute myocarditis. Left ventricular fractional

Electrophysiological study with implantable shortening (not shown) and ejection fraction (EF) were both significantly smaller

telemetry. Representative telemetrically than in controls (nonimmunized mice). RV; right ventricle, LV; left ventricle.

recorded ECGs from mice during the progression

of myocarditis, analogous to Holter monitoring

in humans. The ECGs were obtained from mice

fitted with implanted wireless radiofrequency

transmitters implanted into the abdominal cavity.

Recordings were performed before inoculation

with MyHC-a peptide and during the acute

and chronic phases of EAM. Telemetry reveals

a progressive increase in the number of sinus

pauses (indicated by red arrows) in parallel with

disease progression.
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B lymphocyte biology

RESEARCH INTEREST

B cells lead the humoral immune response thanks to the generation of a vast collection of antibodies that
can specifically recognize pathogens and tag them for removal. The very same mechanisms responsible
for antibody diversity have profound biomedical implications in autoimmunity, immunodeficiency, and
cancer.

Our lab is focused on the molecular and cellular events that take place in germinal centers—
microstructures generated by B cells during immune responses. Our interests cover basic aspects of B
cell biology, including the DNA remodeling associated with antibody diversification by the enzyme AID in
germinal centers, the regulatory programs driven by microRNAs in germinal centers, and the generation
of animal models to explore the impact of these events on the etiology of disease, most notably in
inflammation and cancer.

Our recent work has shown that microRNAs contribute to immune tolerance, and that individual
microRNAs play critical roles in the regulation of germinal centers and can act as oncogenes (miR217) or
tumor suppressors (miR28). In addition, we have developed mouse models to study different regulatory
aspects of AID activity in vivo. Finally, we are characterizing the functional contribution of antibodies and
their diversification to atherogenesis.

Head of Laboratory

Almudena R Ramiro
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Virginia G de Yébenes
Maria Pilar Delgado
Predoctoral Researchers:
Nahikari Bartolomé
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miR28 impairs B cell lymphoma growth. A) Xenograft tumors were
generated with Burkitt lymphoma cells lentivirally transduced with
either miR-28 or a scramble construct; cells were injected in the flank
of immunodeficient recipient mice. The picture shows representative
images of tumors after 21 days of growth. B) miR-28 impairs
proliferation and survival of lymphoma cells. Xenograft tumors
were stained with Ki67 to monitor proliferation (upper panels) and
caspase-3 (lower panels) to monitor apoptosis.
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CTCF is required for germinal center generation. A) CTCF-
deficient germinal center B cells were generated by crossing
mice bearing CTCF-floxed alleles (CTCFFY/F) with mice expressing
an AID-driven Cre recombinase (AIDCre*/T¢). Germinal centers
were generated by promoting a T dependent response in mice
and analyzed by flow cytometry of Fas+GL7+ cells from spleen.
Representative plots are shown of control mice (CTCFFL/ft
AIDCre*/T6, |eft) and CTCF-deficient mice (CTCFFL/fL AIDCre*/TS,
right). B) Representative immunoghistochemical staining with
the germinal center marker BCL6 in the same spleens as in A.
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Head of Laboratory

Juan Miguel Redondo Moya

Gene regulation in cardiovascular
remodelling and inflammation

RESEARCH INTEREST
Research Scientists:

Much of our work centers on the regulation of calcineurin (CN) signaling in angiogenesis and inflammation. Sara Martinez Martinez
In recent years, we have characterized the mechanisms and sequences involved in the interactions of CN Pablo Gémez del Arco

with NFAT and other substrates and with immunosuppressive drugs, and we have characterized how
specific CN targeting modulates inflammatory responses. More recently, we have studied mediators in
vascular and cardiac remodeling related to Angiotensin Il and CN pathways. We are currently elucidating

Postdoctoral Researchers:
Nerea Méndez Barbero

the mechanisms that mediate this remodeling and have generated conditional mice deficient for CN and Predoctoral Researchers:
Rcanl isoforms in the endothelial, vascular smooth muscle, and cardiomyocyte compartments. We have Yuri Chiodo

already identified genes regulated by CN in different mouse models of cardiac hypertrophy (CH), and are Jorge Oller Pedrosa
characterizing their roles in CH using conditional cardiac CN and Rcanlmice. We are also elucidating the Silvia Villahoz

role of Chd4/NuRD in cardiac homeostasis and have found that the NuRD complex determines skeletal Paula Soffa Yunes Leites
muscle identity by silencing the skeletal muscle program in cardiomyocytes and the cardiac program in Student:

skeletal muscle. Another major area of interest is the mechanisms that mediate aortic diseases such as
familial forms of thoracic aortic aneurysm and dissection (TAAD), including Marfan syndrome. We have
identified a number of mediators that play a major role in the pathogenesis of these diseases, and we are

now characterizing the underlying mechanisms. Dolores Lépez Maderuelo
Rut Alberca Rodriguez

Beatriz Carolina Ornés Poleo
Alicia Peral Rodriguez

Lizet Sandra Iturri Canelas

Technicians:

Visiting Scientists:
Angel Luis Armesilla Arpa
Miguel Ramén Campanero Garcia

Ang-ll induces C/EBP activation
in the aorta. Inmunostaining of
phosphorylated C/EBPB (brown)
in aortic tissue of a mouse
infused with Ang-Il. Nuclei are
counterstained in blue.
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Mouse model of aortic intramural hematoma (IMH) induced by vascular pathological
stimuli. This phenotype has been identified in several mouse models of deficiency for
recently identified targets in vascular wall remodeling. Intramural hematomas can develop

into life-threatening aortic dissections.
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Head of Laboratory

Francisco Sanchez Madrid

CNIC-UAM COLLABORATIVE PROGRAM
Intercellular communication in the
inflammatory response

RESEARCH INTEREST
Research Scientists:

The group pursues three main lines of research. Gloria Martinez del Hoyo

Maria Mittelbrunn
1) Regulation of immune synapse formation and function. We are exploring protein multiplexing at the
MTOC, specifically the role of MTOC folding complexes, and the post-translational modifications of Ser/
Thr kinases and the tubulin deacetylase HDAC6. We address the molecular mechanisms that control
mitochondria transport during leukocyte-endothelial adhesion and extravasation and maturation of
the IS. We are also analyzing the role of mitochondrial components in the biogenesis and secretion of
exosomes and their impact on macrophage and dendritic cell function.

Postdoctoral Researchers:
Hortensia de la Fuente
Noa B. Martin

Vera Rocha

Danay Cibrian

Lola Fernandez Messina

2) Fine tuning of T cell biology by miRNAs and exosomes. The production of exosomes by different T Predoctoral Researchers:
cell subsets is being examined with the aim of identifying and characterizing specific miRNAs delivered Francesc Baixauli
to target cells. We also investigate the molecular mechanisms underlying the specific sorting of proteins Cristina Gutiérrez
and miRNAs to exosomes. This information may allow engineering of immune cells to produce exosomes Giulia Morlino
able to specifically modulate the immune response. Norman Nufiez
M2 Laura Saiz
3) Immunoregulatory molecules and miRNAs in inflammatory diseases. We are analyzing the role of Carolina Villarroya
immunoregulatory molecules such as CD69, galectins, aminoacid transporters and HDAC6 in animal Olga Moreno
models of atherosclerosis and psoriasis in humans in order to identify the molecular basis of these Noelia Blas
inflammatory diseases. Eugenio Bustos
Daniel Torralba
José Pintor
Technicians:

Marta Esther Ramirez
Maria José Lopez
Visiting Scientists:

Maria Navarro

Laura Martinez Mufioz
Aranzazu Cruz

Student:

Irene Fernandez Delgado

HDACS regulates lytic granule localization at the immune
synapse.
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Intercellular communication between a T cell (blue) and an antigen-presenting cell
(red) through the immune synapse. lllustration by Lucia Gutiérrez Vazquez.
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Cardiovascular proteomics

RESEARCH INTEREST

Our group works on the development of high-throughput quantitative approaches for the dynamic
analysis of the deep proteome, which are being applied to basic and translational projects in the
cardiovascular field. We are developing novel bioinformatics algorithms for the analysis of very large
numbers of samples, including protein identification and systems biology interpretation of quantitative
data, and for the study of posttranslational modifications (PTM).

Among other projects, we are using these approaches to explore the molecular mechanisms underlying
the byphasic pattern of edema in the pig heart after infarction, and the preconditioning effect of
treatments that ameliorate the heart damage produced by ischemia/reperfusion.

We have developed a novel data-independent mass spectrometry scanning technique (DiS) that
improves on the performance of conventional shotgun approaches and also allows in-silico-targeted
quantification of any suspected peptide, including PTMs. We are using an extension of this technique
(Blue-DiS) to generate an extremely detailed structural map of components of mitochondrial oxidative
phosphorylation supercomplexes in several models, which include characterization of novel factors and
PTMs that modulate complex and supercomplex assembly.

We are also performing translational studies in large cohorts of human samples to uncover molecular
mechanisms and biomarkers of cardiovascular disease. We are currently undertaking a high-throughput
proteomics analysis of plasma from participants in the PESA study, in the search for factors that correlate
with the extent of subclinical atherosclerotic events such as calcium deposition and plaque formation.
We are also setting up a mass spectrometry-based platform for targeted and hypothesis-free analysis of
lipids and small metabolites.

Head of Laboratory

Jesus Maria Vazquez Cobos

Postdoctoral Researchers:
Estefania NUfiez Sdnchez
Elena Bonzén Kulichenko
Inmaculada Jorge Cerrudo
Alessia Ferranini

Spyridon Michalakopoulos
Predoctoral Researchers:
Fernando Garcia Marqués
Marco Trevisan Herraz
Marta Loureiro

Navratan Bagwan
Aleksandra Ronja

Masters Students:

Celia Castafis Garcia

Jesus Lavado Garcia
Visiting Scientists:

Elena Burillo

Diego Martinez Lopez
Montserrat Baldan

Analysis of DEPTOR phosphorylation by
p38y and p388 kinases in vivo by mass
spectrometry. (a) Scheme of DEPTOR
phosphorylation sites. (b) Quantitative
analysis of phosphorylation. (c) MS/MS
spectra of each phosphopeptide, showing
its sequence and assignation of the
modified site.
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Systems biology analysis
of protein abundance
changes in a pig infarct
model. A high-throughput
quantitative proteomics
analysis was performed
to compare heart
tissue  from infarcted
and remote areas after
1h ischemia and 1h or
24 hreperfusion. The
analysis revealed a clearly
coordinated behavior
of proteins belonging to
the indicated functional
categories.
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