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Structural studies of human picornaviruses

Many picornaviruses are human pathogens that cause diseases varying in symptoms from common
cold to life-threatening encephalitis. Currently there are no anti-picornavirus drugs approved for
human use. We propose to study molecular structures of picornaviruses and their life cycle
intermediates in order to identify new targets for anti-viral inhibitors and to lay the foundations for
structure-based development of drugs against previously structurally uncharacterized picornaviruses.
We will use X-ray crystallography to determine virion structures of representative viruses from
Parechovirus, Kobuvirus, Cardiovirus, and Cosavirus genera and Human Rhinovirus-C species. We will
use cryo-electron microscopy to study picornavirus replication complexes in order to explain the
mechanism of copy-choice recombination of picornavirus RNA genomes that leads to creation of new
picornavirus species. We will determine whether picornavirus virions assemble from capsid protein
protomers around the condensed genome or if the genome is packaged into a pre-formed empty
capsid. Furthermore, we will investigate how picornaviruses initiate infection by analyzing genome
release from virions and its translocation across lipid membrane.

A major innovation in our approach will be the use of focused ion beam micromachining for sample
preparation that will allow us to study macromolecular complexes within infected mammalian cells
by cryo-electron tomography. Our analysis of virion structure, cell entry, genome replication, and
particle assembly will identify molecular details and mechanism of function of critical picornavirus
life-cycle intermediates.

Project End Date: 2/28/2019
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European Research Council
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Principal Investigator: Dr. Mariusz Nowacki
mariusz.nowacki@izb.unibe.ch

Host Institution: Universitaet Bern, CH

Mechanisms of RNA-guided genome editing in eukaryotes

The goal of this project is to contribute to our understanding of RNA-mediated epigenetic
mechanisms of genome regulation in eukaryotes. Ciliated protozoa offer a fantastic opportunity to
investigate the complex process of trans-generational programming of chromosomal
rearrangements, which is thought to serve as a form of immune defense against invasive DNA.
Developmental processes in ciliates include extensive rearrangements of the germline DNA, including
elimination of transposons and the precise excision of numerous single-copy elements derived from
transposons. This process is considered to be maternally controlled because the maternal genome
provides essential information in the form of RNA that determines the offspring's genome content
and organization. This programmed DNA subtraction, the so-called ‘RNA scanning’ process, is
mediated by trans-generational comparison between the germline and the maternal somatic
genome. One of the most intriguing questions is how a complex population of small RNAs
representing the entire germline genome can be compared to the entire rearranged maternal
genome, resulting in the efficient selection of germline-specific RNAs, which are able to target DNA
deletions in the developing genome. All this occurs in a very short time and involves a massively
coordinated transport of all the components between three types of nuclei. This project focuses on
characterizing the molecular machinery that can orchestrate the massive genome rearrangements in
ciliates through nucleic acids and protein interactions. It also addresses the question how RNA
targets DNA cleavage at the right place. In addition, this project aims to investigate the role of RNA in
guiding chromosomal rearrangements in other eukaryotic systems, particularly in human cancer cells
where genome editing often occurs on a large scale. This work may be the first step in providing
novel insights into the process of programmed DNA rearrangements in higher eukaryotes.

Project End Date: 4/30/2021
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2D Conformal mapping of protein surfaces: applications to Visualization and DOCKing software

The goals of structural biology include developing a comprehensive understanding of the molecular
shapes and forms embraced by biological macromolecules and extending this knowledge to
understand how different molecular architectures are used to perform the chemical reactions that
are central to life. Since the first resolution of protein structures by X-ray crystallography and NMR,
structural biology seeks to provide this picture of biological phenomena at the molecular and atomic
level by analyzing 3D structures. In the present proposal, we propose to change this paradigm by
changing the mode of representation of protein surfaces to 2D maps. That will open new avenues for
1. the development of innovative high-throughput computation of protein interactions and
relationships and 2. the emergence of new forms of visualization and analysis of protein structures
and properties. We will apply this powerful tool of conformal mapping to structural biology by
representing protein surfaces that are complex 3D surfaces in 2D conformal maps that we will call
positive conformal maps. We will extend this representation by also generating the 2D conformal
maps of the negatives of the 3D surface of the proteins. These positive and negative 2D conformal
maps of the surface of proteins will constitute a new representation of the protein surfaces that will
be the basis for innovative high-throughput and/or interactive simulation methods, visualization
methods and more generally that will give an other insight on the structure of proteins. The major
impact of this proposal lies in the fact that it will at last open the gates of the long awaited proteome
docking. Using a simplified representation of protein surfaces will allow to perform faster complete
cross docking calculations and create a new classification of the protein structures based on their
surficial similarity.

Project End Date: 6/30/2020
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European Research Council
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petr.cejka@irb.usi.ch

Host Institution: Fondazione Per L'Istituto Di Ricerc A In Biomedicina, CH

Nucleases in homologous recombination: from basic principles to genome editing

Homologous recombination plays a crucial role to repair DNA strand breaks that may occur
spontaneously upon replication fork collapse, during the course of radio- or chemotherapy or in a
programmed manner during meiosis. Understanding the molecular mechanisms of re-combinational
repair is thus very important not only from a basic research viewpoint, but it is also highly relevant
for human health. Here, we will define the function of nucleases in homol-ogous recombination.
First, we will study the initial steps in this pathway. We could show previously that the S. cerevisiae
Sae2 protein promotes the endonuclease activity of the Mrel1-Rad50-Xrs2 (MRX) complex near
protein blocked DNA ends. This initiates nucleolytic resection of DNA breaks and activates
homologous recombination. Our biochemical setup will be instrumental to define how is the activity
of Sae2 regulated by phosphorylation on a mech-anistic level and how physiological protein blocks
direct the Mrell endonuclease. We will ex-tend the study to the human system, and attempt to
apply the gained knowledge to improve the efficiency of genome editing by activating recombination
in conjunction with the CRISPR-Cas9 nuclease system. Second, we will study how homologous
recombination promotes gen-eration of genetic diversity during sexual reproduction. DNA strand
breaks are introduced in-tentionally during the prophase of the first meiotic division. They are then
processed by the recombination machinery into Holliday junction intermediates. These joint
molecules are preferentially converted into crossovers in meiosis, resulting in exchange of genetic
infor-mation between the maternal and paternal DNA molecules. This is dependent on the MIh1-
MIh3 nuclease through a yet unknown mechanism. We will study how Mlh1-Mlh3 in complex with
other proteins guarantee crossover outcome to promote diversity of the progeny.

Project End Date: 9/30/2021
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TOR and Cellular Homeostasis

The Target Of Rapamycin (TOR) proteins are ser/thr kinases conserved in Eukarya. They nucleate two
distinct multiprotein complexes, named TORC1 and TORC2, which regulate many, widely varying,
aspects of cell and organism physiology. TOR inhibitors, such as rapamycin and derivatives, are used
clinically to treat cancer, cardio-vasculature disease and to prevent organ rejection. We recently
reported that both TORC1/2 are wired in feedback loops, where their downstream cellular effectors
are at the same time upstream regulators. It is this feedback loop that ultimately mediates the
intrinsic role of TORC1/2 in cellular homeostasis: TORC1/2 detects deviations from a steady-state
condition and by means of these feedback loops returns the cell to its homeostatic situation. We
propose to systematically identify the TORC1/2 homeostatic signalling loops. Subsequent
characterization will focus on the signalling networks controlling intermediary metabolism. Our
ultimate goal is to comprehensively unravel the TORC1/2-dependent metabolic networks composed
of regulatory feedback loops which will reveal the fundamental role of the TOR Complexes as
molecular devices to achieve cellular homeostasis.

Project End Date: 3/31/2019
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The ABC of Cell Volume Regulation

Cell volume regulation is crucial for any living cell because changes in volume determine the
metabolic activity through e.g. changes in ionic strength, pH, macromolecular crowding and
membrane tension. These physical chemical parameters influence interaction rates and affinities of
biomolecules, folding rates, and fold stabilities in vivo. Understanding of the underlying volume
regulatory mechanisms has immediate application in biotechnology and health, yet these factors are
generally ignored in systems analyses of cellular functions.My team has uncovered a number of
mechanisms and insights of cell volume regulation. The next step forward is to elucidate how the
components of a cell volume regulatory circuit work together and control the physicochemical
conditions of the cell.l propose construction of a synthetic cell in which an osmoregulatory
transporter and mechanosensitive channel form a minimal volume regulatory network. My group has
developed the technology to reconstitute membrane proteins into lipid vesicles (synthetic cells). One
of the challenges is to incorporate into the vesicles an efficient pathway for ATP production and
maintain energy homeostasis while the load on the system varies. We aim to control the
transmembrane flux of osmolytes, which requires elucidation of the molecular mechanism of gating
of the osmoregulatory transporter. We will focus on the glycine betaine ABC importer, which is one
of the most complex transporters known to date with ten distinct protein domains, transiently
interacting with each other. The proposed synthetic metabolic circuit constitutes a fascinating out-of-
equilibrium system, allowing us to understand cell volume regulatory mechanisms in a context and at
a level of complexity minimally needed for life. Analysis of this circuit will address many outstanding
guestions and eventually allow us to design more sophisticated vesicular systems with applications,
for example as compartmentalized reaction networks.

Project End Date: 6/30/2020
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The polyA machinery: Elucidating the molecular mechanisms of mRNA polyadenylation,
deadenylation and RNA recognition

Gene expression is tightly regulated to allow rapid responses to cellular stimuli. In eukaryotes, the 3’
polyA tail of mRNAs plays key roles in post-transcriptional control. The Cleavage and Polyadenylation
Factor (CPF), Ccr4—Not and Pan2—Pan3 multiprotein complexes add or remove polyA tails to regulate
mRNA stability and efficiency of translation. They control expression of genes in the inflammatory
response, miRNA-targeted gene silencing and expression of maternal mRNAs in oocyte development.
These processes are deregulated in disease, including cancer and neurological disorders. Although
the proteins that add and remove polyA tails are known, their mechanisms are poorly understood.
My lab recently established methods to reconstitute the polyA machinery. This led to new insights
into the link between transcription and polyadenylation, new understanding of the molecular
mechanisms of deadenylation, and details of RNA recruitment. In this proposal, my objective is to
understand the molecular basis for polyadenylation and deadenylation of specific mRNAs. This is now
possible because of our novel methodological and biological advances. We will determine high-
resolution structures of the polyA machinery using electron cryo-microscopy (cryo-EM), reconstitute
their biochemical activities in vitro and study their in vivo functional roles. We use this integrated
approach to study intact multiprotein complexes, not individual subunits or domains. This involves
considerable technical challenges and an investment in developing high quality purifications and new
structural methods. | will determine how the four enzymatic activities of CPF are coupled, the
mechanisms by which Ccrd—Not targets specific RNAs, and the molecular basis for RNA recognition
by Pan2—Pan3. Together, this will provide new biological and technological insights, leading to
understanding of fundamental processes in gene expression and the role of polyA tails in disease.

Project End Date: 3/31/2022
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Chemistry and Biology in Synergy -

Studies of hydrogenases using a combination of synthetic chemistry and biological tools

My proposal aims to take advantage of my ground-breaking finding that it is possible to mature, or
activate, the [FeFe] hydrogenase enzyme (HydA) using synthetic mimics of its catalytic [2Fe] cofactor.
(Berggren et al, Nature, 2013) We will now explore the chemistry and (bio-)technological potential of
the enzyme using an interdisciplinary approach ranging from in vivo biochemical studies all the way
to synthetic model chemistry. Hydrogenases catalyse the interconversion between protons and H2
with remarkable efficiency. Consequently, they are intensively studied as alternatives to Pt-catalysts
for these reactions, and are arguably of high (bio-) technological importance in the light of a future
“hydrogen society”.

The project involves the preparation of novel “artificial” hydrogenases with the primary aim of
designing spectroscopic model systems via modification(s) of the organometallic [2Fe] subsite. In
parallel we will prepare in vitro loaded forms of the maturase HydF and study its interaction with
apo-HydA in order to further elucidate the maturation process of HydA. Moreover we will develop
the techniques necessary for in vivo application of the artificial activation concept, thereby paving
the way for a multitude of studies including the reactivity of artificial hydrogenases inside a living cell,
but also e.g. gain-of-function studies in combination with metabolomics and proteomics. Inspired by
our work on the artificial maturation system we will also draw from our knowledge of Nature’s [FeS]
cluster proteins in order to prepare a novel class of “miniaturized hydrogenases” combining synthetic
[4Fe4S] binding oligopeptides with [2Fe] cofactor model compounds.

Our interdisciplinary approach is particularly appealing as it not only provides further insight into
hydrogenase chemistry and the maturation of metalloproteins, but also involves the development of
novel tools and concepts applicable to the wider field of bioinorganic chemistry.

Project End Date: 1/31/2022
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Prenylated-flavins: Application and Biochemistry

Our group has recently discovered a new type of cofactor: a prenylated-flavin that has azomethine
ylide properties. This cofactor is an integral part of the widespread ubiD/ubiX system. The latter is
implicated in the non-oxidative reversible decarboxylation of aromatic substrates, and plays a pivotal
role in bacterial ubiquinone biosynthesis or microbial biodegradation of aromatic compounds. We
established UbiX acts as a novel flavin prenyltransferase, linking a dimethylallyl moiety to the flavin
N5 and C6 atoms. Formation of the holo-UbiD enzyme involves oxidative maturation of the new
cofactor, creating the novel azomethine ylide moiety. The dipolarophile substrate binds directly
above the azomethine ylide group, and our data strongly suggests 1,3-dipolar cycloaddition
chemistry supports reversible decarboxylation in these enzymes. While 1,3-dipolar cycloaddition is
commonly used in organic chemistry, this presents the first example of an enzymatic 1,3-dipolar
cycloaddition reaction. Our model for UbiD catalysis hints at new routes in alkene hydrocarbon
production or aryl (de)carboxylation. The current application builds ambitiously on these results and
takes the project altogether to another level: we seek to investigate structure/function of
relationships of the wider UbiD family, ultimately including the multi-subunit enzymes that couple
ATP-hydrolysis to benzene or naphthalene carboxylation. Furthermore, we will explore and harness
the unusual properties of the prenylated flavin, through targeted evolution of (monoxygenase)
flavoenzymes to create artificial prFMN-dependent self-sufficient monoxygenases. Our approach
seeks to harness both the UbiD and the artificial prFMN-dependent enzymes in novel green routes to
commodity chemicals.

Project End Date: 8/31/2021
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Mechanisms of alternative pre-mRNA splicing regulation in cancer and pluripotent cells

Alternative splicing of messenger RNA precursors is a prevalent form of gene regulation that greatly
expands the coding capacity and regulatory opportunities of higher eukaryotic genomes. It
contributes to cell differentiation and pluripotency and its deregulation promotes cancer
progression, as evidenced by the frequent occurrence of cancer-associated mutations in splicing
factors, which are also targets of anti-tumor drugs. Despite its prevalence and relevance, the
underlying mechanisms of regulation remain poorly understood. This proposal aims to develop and
apply systematic approaches that can allow us to carry out the equivalent of genetic analysis of
splicing regulation in cancer and pluripotent cells. These technologies can help to unweave the
complex network of functional interactions within the spliceosome and of the spliceosome with
regulatory factors, exhaustively map the contribution of regulatory sequences and be used to
investigate, with unprecedented detail, mechanisms of regulation for essentially any regulator or
alternative splicing event operating in a particular cell line. Such approaches can offer a unique
opportunity to address key unresolved mechanistic questions, including the molecular basis for
positional effects of splicing regulatory factors (RNA Maps), the regulatory potential of the core
spliceosome and the integration of alternative splicing with other cell regulatory programs. We will
combine these approaches with biochemical and cellular assays to investigate detailed mechanisms
of regulation relevant for the control of cell proliferation and/or pluripotency in cancer and induced
pluripotent stem (iPS) cells. Progress in this area can contribute to reveal the molecular logic
governing a key layer of gene regulation and has the potential to discover novel factors and
regulatory circuits that trigger or modulate cell growth, differentiation and cancer progression.

Project End Date: 9/30/2020

-10-
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Self-Organization of the Bacterial Cell

One of the most remarkable features of biological systems is their ability to self-organize in space
and time. Even a relatively simple cell like the bacterium Escherichia coli has a precisely regulated
cellular anatomy, which emerges from dynamic interactions between proteins and the cell
membrane. Self-organization allows the cell to perform extremely challenging tasks. For example, for
cell division, more than ten different proteins assemble into a complex, yet highly dynamic machine,
which controls the invagination of the cell while constantly remodeling itself. Although the individual
components involved have been largely identified, how they act together to accomplish this
challenge is not understood. It has become clear that sophisticated biochemical networks give rise to
intracellular organization, but we have yet to uncover the underlying mechanistic principles.

In this research proposal, | aim to develop a detailed mechanistic understanding of the self-
organizing, emergent properties of the cell. To this end, my research group will develop novel in vitro
reconstitution experiments combined with high-resolution fluorescence microscopy and theoretical
modeling. Following this “bottom-up” approach, we will quantitatively analyze collective protein
dynamics and emergent mechanochemical properties of the bacterial cell division machinery. | aim
to answer the following fundamental questions:

1) What is the biochemical network giving rise to the dynamic assembly of the divisome?

2) How do the components of the divisome interact to generate force?

3) How do peptidoglycan synthases build the cell wall?

By comparing protein dynamics in vitro with those measured in vivo, we will provide a link between
molecular properties and the processes found in the living cell. This project will not only improve our
understanding of the bacterial cell, but also open new research avenues for eukaryotic cell biology,
synthetic biology and biophysics.

Project End Date: 3/31/2021
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Polycomb repressor interactions in relation to the mammalian epigenome.

In mammals Polycomb group (PcG) repressors play a central role in maintaining cell type specific
gene expression patterns in stem cells and through differentiation and development. Accordingly,
deficiencies in the Polycomb system are important in disease, notably in several types of cancer.
Although it is established that the effector function of PcG proteins is in large part attributable to
intrinsic histone modification activities, the mechanisms that target PcG proteins to defined loci
remain poorly understood. A number of different models have been proposed in order to account
for PcG targeting to CpG islands at the promoters of target genes, the inactive X chromosome, and in
defined circumstances, to pericentric constitutive heterochromatin. Our recent studies, and those of
others, have highlighted that underlying chromatin state and DNA methylation play an important
role, and based on this we have developed a general model that can account for PcG localisation at
all target loci. The central aim of this proposal is to test the general model and to determine the
mechanisms by which underlying chromatin states dictate PcG factor binding. In a series of
integrated experiments we will define chromatin modifications on mononucleosomes purified from
PcG target loci, determine the activity of major PcG complexes in vitro using nucleosome templates
assembled with recombinant histones/histone variants bearing specific chromatin modifications,
and, using a novel photo-cross-linking strategy, define, at the atomic level, interactions of PcG
complexes with chromatin templates in vitro. Finally, based on our findings we will establish de novo
PcG target sites in cells and/or disrupt preexisting PcG target sites. These studies will help to define
the fundamental mechanisms that determine PcG protein targeting, and in addition will provide
insight into misregulation of PcG proteins in disease.

Project End Date: 1/31/2019
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Proteolytic processing in plant stress signal transduction and responses to abiotic stress and
pathogen attack

Site-specific proteolytic processing is an irreversible post-translational protein modification that
generates distinct protein species with new functions, interactions and subcellular locations. In
plants, proteolytic processing regulates hormonal and stress signaling leading to adaptation of
metabolic pathways and is implicated in plant-pathogen interactions. Despite their importance,
proteolytic processes have largely been identified serendipitously, specific cleavage sites have rarely
been identified and only a few of the hundreds of proteases encoded in plant genomes (>800 in
Arabidopsis) have been linked to any substrates.Positional proteomics enables system-wide
identification of proteolytic processing and protease substrate repertoires through quantitative
determination of protein N- or C-termini. ProPlantStress will employ these approaches, which | co-
developed during my postdoctoral research, to two linked abiotic and biotic stress conditions: i)
Time-resolved mapping of chloroplast protein processing induced by high intensity light will reveal
novel mechanisms of retrograde signal transduction, stress response and acclimation; ii) Profiling of
protein processing triggered by pathogen recognition, combined with substrate identification for
selected host and bacterial pathogen effector proteases will identify proteins with novel functions in
plant immune responses and systemic signaling.Importantly, ProPlantStress will not merely catalogue
termini and substrates: Mapping of cleavage sites to the protein domains and correlation with other
modifications, such as phosphorylation, generates testable hypotheses on the function of processed
protein species that will be examined in detail.ProPlantStress will thereby provide fundamental
insights into proteolytic mechanisms underlying plant stress responses that are unattainable by other
means. In the long term such knowledge is needed to develop new strategies for crop protection and
mitigation of harvest loss.

Project End Date: 5/31/2020
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Molecular Characterization of the microRNA Life-Cycle

Small silencing RNAs regulate gene expression in nearly all eukaryotes and have enormous
biotechnological and therapeutic potential. MicroRNAs belong to the larges family of trans-acting
gene regulatory molecules in multicellular organisms. In flies and mammals, they control more than
half of the protein-coding transcriptome, and act as key regulators of organismal development,
physiology, and disease.

Here, we propose to study the molecular mechanisms that regulate microRNA homeostasis. We aim
to understand how distinct small RNA profiles are established and maintained to coordinate the
expression of more than half of all protein coding genes in flies and mammals. Our studies will
provide insight into the processes that regulate the function of miRNAs, determine possible causes
for aberrant miRNA levels, that have been associated with human diseases, and provide guidelines
how to efficiently inhibit miRNA function for analytical and therapeutic purposes.

We aim to identify and characterize the molecular determinants of microRNA stability, to dissect the
pathways that promote the sequence-specific degradation of microRNAs, and to understand the
biological consequences and therapeutic potential of small RNA decay. We will develop novel tools to
obtain a view on the intracellular dynamics of RNA silencing pathways, in order to determine the
molecular features associated with small RNA biogenesis and decay.

Because of its genetic and biochemical tools, we will use Drosophila melanogaster as a model
organism. We will employ a combination of bioinformatics, cell-free biochemical experiments, cell
culture methods, and in vivo genetics. What we learn in flies we will test in vitro in mammalian cell
extracts, in cultured human cell lines and in vivo in mice to identify where these processes are
conserved and where they diverge.

Overall, our goal is to determine fundamental biological mechanisms of RNA silencing, a
phenomenon with enormous biological and biomedical impact.

Project End Date: 1/31/2019
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Catching in action a novel bacterial chaperone for respiratory complexes

Cellular respiration provides energy to power essential processes of life. Respiratory complexes are
macromolecular batteries coupling electron flow through a wire of metal clusters and cofactors with
proton transfer across the inner membrane of mitochondria and bacteria. Waste products of these
cellular factories are reactive oxygen species causing ageing and diseases. Assembly and maturation
mechanisms of respiratory complexes remain enigmatic because of their membrane location,
multisubunit composition and cofactor insertion. E. coli Complex |, one of the largest membrane
proteins, composed of 14 conserved subunits with 9 Fe/S clusters and a flavin, is a minimal model for
its 45-subunit human homologue. When proton pumping by respiratory complexes is affected,
bacteria become resistant to antibiotics requiring proton gradient for uptake. Based on the latest
genetic data, we realize that the huge E. coli macromolecular cage, the structure of which we
recently solved by cryo-electron microscopy (cryoEM), in conjunction with a novel protein cofactor, is
a specific chaperone for Fe/S cluster biogenesis and assembly of respiratory complexes. This
integrated multidisciplinary project combines cryoEM and other structural, biophysical and
spectroscopic techniques, to uncover the functional mechanism of this emerging chaperone. The
structural plasticity of the chaperone fuelled by ATP hydrolysis, and its interaction with Fe/S cluster
biogenesis systems and the main respiratory complexes as a function of stresses, will be scrutinized
to gain quasiatomic insights into the way the chaperone operates on its substrates. A novel
technology for synergetic in situ investigation of protein complexes in the bacterial cytoplasm by
optical imaging, state-of-the-art cryogenic correlative light and electron microscopy, and
subtomogram analysis, will be developed and used to obtain snapshots of the chaperone-substrate
interactions in the cellular context.

Project End Date: 9/30/2020
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Molecular Adhesion and Interactions in the Nervous system

Surface-attached proteins establish cell-to-cell contacts and generate signals to control development
and function of tissues. It is not clear how protein structure and interactions organize into
intercellular assemblies to regulate signalling and adhesion. Using a hybrid approach and focusing on
two cell-signalling systems critical for nervous system function, | will determine how protein
conformation, interaction and spatial arrangement form cis and trans assemblies to control
intercellular adhesion and signalling. In the mammalian nervous system where intricate intercellular
connections are highly abundant, two protein interaction systems play essential roles and have been
studied extensively on a cellular and in vivo level:

1. Notch receptors with Jagged and Delta-like ligands in neurogenesis and neuronal plasticity

2. Contactins with Casprs, Neurofascin and Amyloid Precursor Protein in formation and maintenance
of the nervous system.

In addition, Notch signalling triggered by Contactins promotes cell maturation and interlinks these
two signalling systems. The detailed molecular-level structures and interactions, however, remain
largely unresolved and, consequently, our understanding of how Notch and Contactin
conformational and oligomeric changes trigger cell signalling and adhesion is limited. The overall aim
is to resolve the extracellular interactions of adhesion and the molecular mechanisms underlying
signalling in the Notch and Contactin systems. | will combine X-ray crystallography and cryo-EM to
determine structures of proteins, complexes and higher-order assemblies in the pre- and post-
intercellular state, and use biophysical and cellular methods to probe cis and trans multivalent
interactions. This will provide the molecular basis of intercellular communication and a stepping
stone for the development of therapeutics to treat Notch and Contactin associated neurological
disorders and cancers.

Project End Date: 2/28/2021

-16 -



AN Project ID: Project Acronym: Evaluation Panel:
' . LS2 - Genetics,
European Research Council .
Executive Agency Genomics,
Bioinformatics and

Established by the European Commission 614944 SySPharmAD Systems Biology

Principal Investigator: Dr. Patrick Aloy
patrick.aloy@irbbarcelona.org

Host Institution: Fundacio Institut De Recerca Biomedica (Irb Barcelona), ES

A systems pharmacology approach to the discovery of novel therapeutics in Alzheimer’s disease

Alzheimer’s disease (AD) is the most common form of dementia, with over 35 million people
suffering from it worldwide, and it constitutes a personal and societal tragedy of immense
proportions. Fifty years of intense research have revealed many key elements of the biology of this
neurodegenerative disorder. However, our understanding of the molecular bases of the disease is
still very limited, and the available medical treatments for AD are purely symptomatic and hardly
effective. It is now clear that the modulation of a single target is unlikely to yield the desired
outcome, and we should move from gene-centric to network-centric therapeutic strategies. In
addition, we should focus on early (asymptomatic) phases of AD, before the brain damage is
irreversible, and the identification of molecular biomarkers to monitor the response of patients is
paramount. Accordingly, the main objective of our proposal is the identification of novel biomarkers
in AD to monitor the onset and progression of the pathology from very early stages, and to discover
combinations of drug targets and chemical compounds able to modify the biology of the disease. We
will first run proteomics and transcriptomics experiments, in AD mouse models, to reveal the
organization of proteins and genes that are up- or down-regulated at different ages and AD stages,
and their potential translocation into/out of mitochondria. We will then construct the AD-associated
network, incorporating clinical data, which we will use as a framework for the integration and
analyses of the —omics data collected. We will transform the static data snapshots, corresponding to
the different AD stages, into a dynamic model able to explain the progression of the disease,
providing hints as to the best strategies to monitor and modulate AD evolution. We will finally design
and validate a systems pharmacology strategy, based on concerted multi-target perturbations with
small molecules, to modify the biology of the disease.

Project End Date: 3/31/2019
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Dicer-Dependent Defense in Mammals

Viral infection or retrotransposon expansion in the genome often result in production of double-
stranded RNA (dsRNA). dsRNA can be intercepted by RNase lll Dicer acting in the RNA interference
(RNAI) pathway, an ancient eukaryotic defense mechanism. Notably, endogenous mammalian RNAi
appears dormant while its common and unique physiological roles remain poorly understood. A
factor underlying mammalian RNAi dormancy is inefficient processing of dsRNA by the full-length
Dicer. Yet, a simple truncation of Dicer leads to hyperactive RNAi, which is naturally present in mouse
oocytes.The D-FENS project will use genetic animal models to define common, cell-specific and
species-specific roles of mammalian RNAi. D-FENS has three complementary and synergizing
objectives:(1) Explore consequences of hyperactive RNAi in vivo. A mouse expressing a truncated
Dicer will reveal at the organismal level any negative effect of hyperactive RNAI, the relationship
between RNAi and mammalian immune system, and potential of RNAI to suppress viral infections in
mammals.(2) Define common and species-specific features of RNAi in the oocyte. Functional and
bioinformatics analyses in mouse, bovine, and hamster oocytes will define rules and exceptions
concerning endogenous RNAI roles, including RNAi contribution to maternal mRNA degradation and
co-existence with the miRNA pathway.(3) Uncover relationship between RNAi and piRNA pathways in
suppression of retrotransposons. We hypothesize that hyperactive RNAi in mouse oocytes
functionally complements the piRNA pathway, a Dicer-independent pathway suppressing
retrotransposons in the germline. Using genetic models, we will explore unique and redundant roles
of both pathways in the germline.D-FENS will uncover physiological significance of the N-terminal
part of Dicer, fundamentally improve understanding RNAi function in the germline, and provide a
critical in vivo assessment of antiviral activity of RNAi with implications for human therapy.

Project End Date: 6/30/2020

-18 -



«o., 00@€
"e:’:n::ﬁ
o l%ooe! Project ID: Project Acronym: Evaluation Panel:
o . LS2 - Genetics,
European Research Council .
Genomics,

Executive Agency
Bioinformatics and

Established by the European Commission 670881 SYSM ET Systems Biology

Principal Investigator: Dr. Maria Antonietta De Matteis
dematteis@tigem.it

Host Institution: Fondazione Telethon, IT

Systems Biology of Membrane Trafficking

Membrane trafficking is fundamental for homeostasis of the internal membrane system and
transport to and from the extracellular medium. Although we have gained detailed knowledge on the
molecular organization of membrane trafficking machineries a global view of its function and
regulation is lacking. To date membrane trafficking is often regarded as a constitutive process with a
high degree of functional redundancy. However, the fact that mutations of single trafficking genes
with ubiquitous expression give rise to tissue-specific human diseases and discrete sets of trafficking
genes have differential effects on tissue development challenge this view.Here, using a combination
of state-of the-art technologies, we will apply a systems biology approach in specialized cell types to
establish a physiological and functional spatiotemporal map of membrane trafficking genes and
proteins (membrane trafficking modules; MTMs). To this end we have curated a list of 1,187 genes
representing ER, Golgi, Endosomes and Lysosomes (EGEL) around which we develop independent but
interconnected approaches: (i) RNA-seq and antibody microarrays to identify co-regulated MTMs; (ii)
high-content siRNA screening to define functional MTMs; (iii) epistatic functional analysis between
EGEL genes and five membrane trafficking disease genes (TRAPPC2 in chondrocytes, Sec23A in
osteoblasts, OCRL and CLCNS5 in proximal tubular epithelial kidney cells, and VAPB in neuronal cells);
and (iv) studies of protein-protein interactions to generate functional and physical networks
centered on the disease genes.SYSMET will generate a unique resource by defining the impact and
interplay of the different regulatory layers of the entire membrane trafficking system with important
implications for human health.

Project End Date: 12/31/2020
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An experimental and bioinformatic toolbox for functional epigenomics and its application to

epigenetically making and breaking a cancer cell

Epigenetic alterations can be detected in all cancers and in essentially every patient. Despite their
prevalence, the concrete functional roles of these alterations are not well understood, for two
reasons: First, cancer samples tend to carry many correlated epigenetic alterations, making it difficult
to statistically distinguish relevant driver events from those that co-occur for other reasons. Second,
we lack tools for targeted epigenome editing that could be used to validate biological function in
perturbation and rescue experiments. The proposed project strives to overcome these limitations
through experimental and bioinformatic methods development, with the ambition of making and
breaking cancer cells in vitro by introducing defined sets of epigenetic alterations. We will focus on
leukemia as our “model cancer” (given its low mutation rate, frequent defects in epigenetic
regulators, and availability of excellent functional assays), but the concepts and methods are general.
In Aim 1, we will generate epigenome profiles for a human knockout cell collection comprising 100
epigenetic regulators and use the data to functionally annotate thousands of epigenetic alterations
observed in large cancer datasets. In Aim 2, we will develop an experimental toolbox for epigenome
programming using epigenetic drugs, CRISPR-assisted recruitment of epigenetic modifiers for locus-
specific editing, and cell-derived guide RNA libraries for epigenome copying. Finally, in Aim 3 we will
explore epigenome programming (methods from Aim 2) of candidate driver events (predictions from
Aim 1) with the ultimate goal of converting cancer cells into non-cancer cells and vice versa. In
summary, this project will establish a broadly applicable methodology and toolbox for dissecting the
functional roles of epigenetic alterations in cancer. Moreover, successful creation of a cancer that is
driven purely by epigenetic alterations could challenge our understanding of cancer as a genetic
disease.

Project End Date: 11/30/2021
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Exploring and exploiting the potential of extinct genome sequencing

Palaeogenomics is the nascent discipline concerned with sequencing and analysis of genome-scale
information from historic, ancient, and even extinct samples. While once inconceivable due to the
challenges of DNA damage, contamination, and the technical limitations of PCR-based Sanger
sequencing, following the dawn of the second-generation sequencing revolution, it has rapidly
become a reality. Indeed, so much so, that popular perception has moved away from if extinct
species’ genomes can be sequenced, to when it will happen - and even, when will the first extinct
animals be regenerated. Unfortunately this view is naive, and does not account for the financial and
technical challenges that face such attempts. | propose an exploration of exactly what the limits on
genome reconstruction from extinct or otherwise historic/ancient material are. This will be achieved
through new laboratory and bioinformatic developments aimed at decreasing the cost, while
concomitantly increasing the quality of genome reconstruction from poor quality materials. In doing
so | aim to build a scientifically-grounded framework against which the possibilities and limitations of
extinct genome reconstruction can be assessed. Subsequently genomic information will be generated
from a range of extinct and near-extinct avian and mammalian species, in order to showcase the
potential of reconstructed genomes across research questions spanning at least three different
streams of research: De-extinction, Evolutionary Genomics, and Conservation Genomics. Ultimately,
achievement of these goals requires formation of a dedicated, closely knit team, focusing on both
the methodological challenges as well as their bigger picture application to high-risk high-gain
ventures. With ERC funding this can become a reality, and enable palaeogenomics to be pushed to
the limits possible under modern technology.

Project End Date: 3/31/2021
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Revealing the ubiquitin and ubiquitin-like modification landscape in health and disease

Post-translational modifications (PTMs) of proteins are a major tool that the cell uses to monitor
events and initiate appropriate responses. While a protein is defined by its backbone of amino acid
sequence, its function is often determined by PTMs, which specify stability, activity, or cellular
localization. Among PTMs, ubiquitin and ubiquitin-like (Ubl) modifications were shown to regulate a
variety of fundamental cellular processes such as cell division and differentiation. Aberrations in
these pathways have been implicated in the pathogenesis of cancer. Over the past decade high-
throughput genomic and transcriptional analyses have profoundly broadened our understanding of
the processes underlying cancer development and progression. Yet, proteomic analyses and the PTM
landscape in cancer, remained relatively unexplored.

Our goal is to decipher molecular mechanisms of Ubl regulation in cancer. We will utilize the PTM
profiling technology that | developed and further develop it to allow for subsequent MS analysis.
Together with cutting-edge genomic, imaging and proteomic technologies, we will analyze novel
aspects of PTM regulation at the level of the enzymatic machinery, the substrates and the
downstream cellular network. We will rely on ample in-vitro and in-vivo characterization of Ubl
conjugation to:a. Elucidate the regulatory principles of substrate specificity and recognition. b.
Understand signalling dynamics in the ubiquitin system. c. Reveal how aberrations in these pathways
may lead to diseases such as cancer. Identifying both the Ubl modifying enzymes and the modified
substrates will form the basis for deciphering the molecular pathways in which they operate in the
cell and the principles of their dynamic regulation. Revealing the PTM regulatory code presents a
unique opportunity for the development of novel therapeutics. More broadly, our approaches may
provide a new paradigm for addressing other complex biological questions involving PTM regulation.

Project End Date: 4/30/2021
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Understanding and manipulating the dynamics of chromosome topologies in transcriptional
control

Transcriptional regulation of genes in eukaryotic cells requires a complex and highly regulated
interplay of chromatin environment, epigenetic status of target sequences and several different
transcription factors. Eukaryotic genomes are tightly packaged within nuclei, yet must be accessible
for transcription, replication and repair. A striking correlation exists between chromatin topology and
underlying gene activity. According to the textbook view, chromatin loops bring genes into direct
contact with distal regulatory elements, such as enhancers. Moreover, we and others have shown
that genomes are organized into discretely folded megabase-sized regions, denoted as topologically
associated domains (TADs), which seem to correlate well with transcription activity and histone
modifications. However, it is unknown whether chromosome folding is a cause or consequence of
underlying gene function.

To better understand the role of genome organization in transcription regulation, | will address the
following questions: (i) How are chromatin configurations altered during transcriptional changes
accompanying development?

(ii) What are the real-time kinetics and cell-to-cell variabilities of chromatin interactions and TAD
architectures?

(iii) Can chromatin loops be engineered de novo, and do they influence gene expression?

(iv) What genetic elements and trans-acting factors are required to organize TADs? To address these
fundamental questions, | will use a combination of novel technologies and approaches, such as Hi-C,
CRISPR knock-ins, ANCHOR tagging of DNA loci, high- and super-resolution single-cell imaging,
genome-wide screens and optogenetics, in order to both study and engineer chromatin
architectures.

These studies will give groundbreaking insight into if and how chromatin topology regulates
transcription. Thus, | anticipate that the results of this project will have a major impact on the field
and will lead to a new paradigm for metazoan transcription control.

Project End Date: 5/31/2021
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Novel Therapeutic Avenues for dynein-related Ciliopathies

Background: Cilia are hair-like, microtubule-based organelles protruding from most quiescent
mammalian cells. They play essential roles in cell signalling (primary cilia) as well as movement of
fluid (motile cilia). Although individually rare, cilia dysfunction affects up to 1 in 500 people in
Europe, significantly reducing quality of life and lifespan due to dysfunction of multiple organs,
including the kidneys, liver, heart, brain, retina, airways and the skeleton. To date, treatment is
purely symptomatic. Aim and Approach: TREATCilia aims to decipher novel treatment avenues and
improve clinical management for dynein-related ciliopathies. Next-generation sequencing based
gene identification for dynein-related ciliopathies (ciliary chondrodysplasias and Primary Ciliary
Dyskinesia, PCD) is employed to dissect the molecular basis and identify new therapeutic targets.
Revealing genotype-phenotype mechanisms and their underlying cell signalling defects provides
further insight into potential treatment options. Novel innovative curative approaches include high-
throughput substance screening in model organisms such as the green algae Chlamydomonas and
mammalian cells specially adapted for this purpose. Impact: Identification of novel ciliopathy genes
will not only improve the biological understanding, but also reveal new treatment candidates.
Furthermore, scrutinizing the molecular mechanisms of disease yields pharmacological entry points.
TREATCilia develops a pre-clinical pipeline towards gene and mutation-specific treatments for
hereditary conditions resulting from dynein-related ciliary dysfunction.

Project End Date: 1/31/2022
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Memory in biological regulatory circuits

The emergence of intelligence —the ability to remember and analyze data to make decisions— was a
milestone in evolution. Intelligence and memory are usually associated with plastic neuronal
connections in higher organisms. However, new discoveries hint that a rudimentary form of
intelligence is rooted in networks that regulate gene expression in a wide range of organisms,
including bacteria and yeasts. Specifically, we and others have shown that microbes show plastic
behavioral responses to past experiences, such as previously available nutrients or stresses. This
implies that information about the past is somehow retained and passed to next generations, where
it influences cellular regulation. The goal of this project is to use a simple eukaryotic regulatory circuit
as a model to obtain a comprehensive picture of the different genes and molecular mechanisms
underlying history-dependence (hysteresis) in cellular regulation. Specifically, we will study maltose
(MAL) regulation in budding yeast, because this signaling pathway serves as a model for gene
regulation circuits in other organisms, including humans. We will use a combination of genetic
screens, live-cell microscopy in custom-built microfluidic devices, and mathematical modeling to
pursue four aims: 1. To provide a comprehensive quantitative analysis of hysteresis in MAL
regulation

2. To unravel the molecular mechanisms contributing to hysteresis

3. To unravel the epigenetic mechanisms allowing hysteresis to extend over several generations

4. To characterize the ecological relevance of hysteresis This project will establish an innovative
model for hysteresis and generate a genome-wide, systems-level view of how past influences can be
stored in regulatory cascades to influence cellular decision-making. The results will contribute to a
paradigm shift in our view of biological regulation and memory, with possible applications in fields as
diverse as industrial microbiology, synthetic biology and medicine.

Project End Date: 9/30/2021
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Why do cancers occur where they do? A genetic and evolutionary approach.

Tumorigenesis is a form of somatic evolution, a topical subject given the advent of cancer genome
sequencing. However, we contend that some features of Darwinian evolution have been neglected
when cancer is studied, as have some aspects of evolution that are special to cancers. For example,
tumours comprise an expanding population of cells, cancers must occur within a normal human
lifespan, and genotypes detrimental to growth of the tumour as a whole may be selected. These
factors may render invalid the classical model in which successive mutations with large advantages
arise and spread through the tumour in selective sweeps. To incorporate these neglected features
and to test how tumorigenesis depends on factors such as mutation rate, selection and size
constraints, we shall set up a comprehensive model of tumour growth incorporating cell birth, death,
division and mutation parameters. We shall examine specific aspects of cancer-as-evolution in mice.
By marking mutant clones using fluorescent proteins, we can track them and see how they persist,
spread and die. We shall also determine the mutation profiles and genetic diversity of mutant clones
and whole tumours in mice and humans using next-generation sequencing. Specific experiments will
determine: (i) the fate of new advantageous clones arising in an existing tumour; (ii) whether new
disadvantageous clones can persist in tumours; (iii) whether apparently maladaptive traits for
tumour growth, such as suppressing the growth of competitors, can be selected; (iv) why do
housekeeper gene mutations cause cancer in specific sites; (v) can cancer cells have too much
genomic instability; and (vi) whether all cancers develop owing to driver mutations with big effects,
or are there “mini-drivers” of tumorigenesis? There will be continual cross-talk between the
experimental and modelling work. The results of the project will enhance our basic understanding of
tumorigenesis and suggest strategies for anticancer therapy.

Project End Date: 8/31/2019
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Connecting RNA and protein degradation machineries

RNA silencing has become a major focus of molecular research around the world with important
implications in biotechnology and medicine. RNA silencing involves processing of dsRNA by the
enzyme Dicer, into small RNAs, 21-to-25 nucleotides in length. One of the two RNA strands is then
incorporated into a protein complex called RISC (RNA induced silencing complex) that invariably
contains a member of the highly conserved ARGONAUTE protein family. The incorporated small RNA
then guides the complex to silence partly or fully complementary RNA. RNA silencing is important for
the regulation of development in animals and plants, but plays also an antiviral role in plants and
invertebrates (including worms and flies). In light of the apparent importance of RNA silencing in
most eukaryotes, it is surprising that molecular mechanisms regulating ARGONAUTE proteins (and
RISC) turnover have received so little attention. For instance, it is unknown whether ARGONAUTE
proteins remain very stable when incorporated in RISC and how many times they can operate on
different mRNA targets while loaded with the same siRNA/miRNA. More importantly, intriguing
guestions concern ARGONAUTE protein turnover under stress conditions. For instance, it is unknown
whether ARGONAUTE proteins (and RISC) are degraded during stress, a situation where
siRNA/miRNA populations quickly change and RISC re-programming is expected. My research project
aims to answer to these questions. The content of this program is multidisciplinary combining
molecular and cell biology, genetics, biochemistry and structural biology. Based on its approaches
and already pioneering data recently obtained in my lab, | believe that this ERC research project has
the potential to go substantially beyond the current state of the art in this field by providing deep
insights into the regulatory mechanisms that control and mediate ARGONAUTE proteins turnover, in
particular during stress responses.

Project End Date: 2/28/2019
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Molecular and cellular determinants of cell monolayer mechanics

Epithelial monolayers are amongst the simplest tissues in the body, yet they play fundamental roles
in adult organisms where they separate the internal environment from the external environment and
in development when the intrinsic forces generated by cells within the monolayer drive tissue
morphogenesis. The mechanics of these simple tissues is dictated by the cytoskeletal and adhesive
proteins that interface the constituent cells into a tissue-scale mechanical syncitium. Mutations in
these proteins lead to diseases with fragilised epithelia. However, a quantitative understanding of
how subcellular structures govern monolayer mechanics, how cells sense their mechanical
environment and what mechanical forces participate in tissue morphogenesis is lacking.To overcome
these challenges, my lab devised a new technique to study the mechanics of load-bearing
monolayers under well-controlled mechanical conditions while allowing imaging at subcellular,
cellular and tissue resolutions. Using this instrument, my proposal aims to understand the molecular
determinants of monolayer mechanics as well as the cellular behaviours that drive tissue
morphogenesis. | will focus on four objectives: 1) discover the molecular determinants of monolayer
mechanics, 2) characterise monolayer mechanics, 3) dissect how tension is sensed by monolayers,
and 4) investigate the biophysics of individual cell behaviours participating in tissue
morphogenesis.Together these studies will enable us to understand how monolayer mechanics is
affected by changes in single cell behaviour, subcellular organisation, and molecular turnover. This
multi-scale characterisation of monolayer mechanics will set the stage for new theoretical
descriptions of living tissues involving both molecular-scale phenomena (cytoskeletal turnover,
contractility, and protein unfolding) operating on short time-scales and rearrangements due to cell-
scale phenomena (cell intercalation, cell division) acting on longer times.

Project End Date: 8/31/2020
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Global Dynamics of Proteolytic Quality Control Networks in Stress Response and Aging

Accumulation of damaged and aggregated proteins is associated with age-related neurodegeneration
in Alzheimer’'s and Parkinson’s patients. The ubiquitin/proteasome system (UPS) is a major
proteolytic route functioning in a cellular network that maintains the proteome during stress and
aging. Degradation of damaged proteins is mediated by the 26S proteasome upon attachment of
ubiquitin (Ub) proteins (ubiquitylation). Another proteolytic system supporting protein homeostasis
(proteostasis) is the autophagy-lysosome pathway that degrades proteins inside activated
autophagosomes. An age-related impairment of either of these systems causes enhanced protein
aggregation and affects lifespan, suggesting functional overlap and cooperation between UPS and
autophagy in stress and aging. Despite the progress made in searching for key substrates that are
destined for degradation, the major challenge in the field is to understand how these proteolytic
systems are mechanistically coordinated to overcome age-related proteotoxicity. The ultimate goal
of the proposed research is to assemble a global picture of stress-induced proteolytic networks
critical for aging of multicellular organisms. The tissue-specific regulation of protein degradation
pathways will be addressed using the powerful genetic model of Caenorhabditis elegans. The
suggested project will systematically analyze: inducible protein degradation pathways (Aim 1), the
regulation of UPS and autophagy by microRNAs (miRNAs) (Aim 2), and tissue-specific adaptation of
proteolytic networks (Aim 3) in stress response and aging. To this end, comprehensive transcriptome
analysis, large-scale genetic screenings combined with deep-sequencing technology, and candidate
approaches based on in vivo imaging and degradation assays will be performed. Together, we
propose a highly complementary research plan that aims to break new grounds in the understanding
of proteolytic networks in aging and disease.

Project End Date: 5/31/2019
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Understanding Cytokinetic Actomyosin Ring Assembly Through Genetic Code Expansion, Click
Chemistry, DNA origami, and in vitro Reconstitution

The mechanism of cell division is conserved in many eukaryotes, from yeast to man. A contractile
ring of filamentous actin and myosin Il motors generates the force to bisect a mother cell into two
daughters. The actomyosin ring is among the most complex cellular machines, comprising over 150
proteins. Understanding how these proteins organize themselves into a functional ring with
appropriate contractile properties remains one of the great challenges in cell biology. Efforts to
generate a comprehensive understanding of the mechanism of actomyosin ring assembly have been
hampered by the lack of structural information on the arrangement of actin, myosin I, and actin
modulators in the ring in its native state. Fundamental questions such as how actin filaments are
assembled and organized into a ring remain actively debated. This project will investigate key issues
pertaining to cytokinesis in the fission yeast Schizosaccharomyces pombe, which divides employing
an actomyosin based contractile ring, using the methods of genetics, biochemistry, cellular imaging,
DNA origami, genetic code expansion, and click chemistry. Specifically, we will (1) attempt to
visualize actin filament assembly in live cells expressing fluorescent actin generated through
synthetic biological approaches, including genetic code expansion and click chemistry (2) decipher
actin filament polarity in the actomyosin ring using total internal reflection fluorescence microscopy
of labelled dimeric and multimeric myosins V and VI generated through DNA origami approaches (3)
address when, where, and how actin filaments for cytokinesis are assembled and organized into a
ring and (4) reconstitute actin filament and functional actomyosin ring assembly in permeabilized
spheroplasts and in supported bilayers. Success in the project will provide major insight into the
mechanism of actomyosin ring assembly and illuminate principles behind cytoskeletal self-
organization.

Project End Date: 10/31/2020
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Mechanism of centriole inheritance and maintenance

Centrioles assemble centrosomes and cilia/flagella, critical structures for cell division, polarity,
motility and signalling, which are often deregulated in human disease. Centriole inheritance, in
particular the preservation of their copy number and position in the cell is critical in many
eukaryotes. | propose to investigate, in an integrative and quantitative way, how centrioles are
formed in the right numbers at the right time and place, and how they are maintained to ensure their
function and inheritance. We first ask how centrioles guide their own assembly position and centriole
copy number. Our recent work highlighted several properties of the system, including positive and
negative feedbacks and spatial cues. We explore critical hypotheses through a combination of
biochemistry, quantitative live cell microscopy and computational modelling. We then ask how the
centrosome and the cell cycle are both coordinated. We recently identified the triggering event in
centriole biogenesis and how its regulation is akin to cell cycle control of DNA replication and
centromere assembly. We will explore new hypotheses to understand how assembly time is coupled
to the cell cycle. Lastly, we ask how centriole maintenance is regulated. By studying centriole
disappearance in the female germline we uncovered that centrioles need to be actively maintained
by their surrounding matrix. We propose to investigate how that matrix provides stability to the
centrioles, whether this is differently regulated in different cell types and the possible consequences
of its misregulation for the organism (infertility and ciliopathy-like symptoms). We will take
advantage of several experimental systems (in silico, ex-vivo, flies and human cells), tailoring the
assay to the question and allowing for comparisons across experimental systems to provide a deeper
understanding of the process and its regulation.

Project End Date: 12/31/2021
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Dissecting the function and regulation of centriolar satellites: key regulators of the
centrosome/cilium complex

Centrosomes are the main microtubule-organizing centers of animal cells. They influence the
morphology of the microtubule cytoskeleton and function as the base of primary cilium, a nexus for
important signaling pathways. Structural and functional defects in centrosome/cilium complex cause
a variety of human diseases including cancer, ciliopathies and microcephaly. To understand the
relationship between human diseases and centrosome/cilium abnormalities, it is essential to
elucidate the biogenesis of centrosome/cilium complex and the control mechanisms that regulate
their structure and function. To tackle these fundamental problems, we will dissect the function and
regulation of centriolar satellites, the array of granules that localize around the centrosome/cilium
complex in mammalian cells. Only recently interest in the satellites has grown because mutations
affecting satellite components were shown to cause ciliopathies, microcephaly and schizophrenia.
Remarkably, many centrosome/cilium proteins localize to these structures and we lack
understanding of when, why and how these proteins localize to satellites. The central hypothesis of
this grant is that satellites ensure proper centrosome/cilium complex structure and function by
acting as transit paths for modification, assembly, storage, stability and trafficking of
centrosome/cilium proteins. In Aim 1, we will identify the nature of regulatory and molecular
relationship between satellites and the centrosome/cilium complex. In Aim 2, we will elucidate the
role of satellites in proteostasis of centrosome/cilium proteins. In Aim 3, we will investigate the
functional significance of satellite-localization of centrosome/cilium proteins during processes that
go awry in human disease. Using a multidisciplinary approach, the proposed research will expand our
knowledge of the spatiotemporal regulation of the centrosome/cilium complex and provide new
insights into pathogenesis of ciliopathies and primary microcephaly.

Project End Date: 5/31/2021
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Roles of Palmitoylation networks in ER architecture and functions

The endoplasmic reticulum (ER) is the largest intracellular organelle of mammalian cells. It fulfills
major functions such as folding and quality control of membrane proteins, lipid biosynthesis, calcium
storage, and modulation of apoptosis. This diversity of functions is accompanied by a complex 3D
architecture, the maintenance of which is essential, since alterations lead to disease. How this
architecture is generated, how proteins localize to specific subdomains and how structure and
functions are coordinated is poorly understood. Our unpublished observations show that many ER
membrane proteins, involved in key functions or in organelle shaping, are lipid modified, by the same
palmitoyltransferases, and in a switch-like manner. We hypothesize that palmitoyltransferases act as
regulators of the mammalian ER, controlling the function of a network of key proteins through
reversible acylation, analogous to the control of signaling networks by phosphorylation. To establish
the role of palmitoylation in coordinating ER structure/function, we propose a program integrating
biochemical, functional and modeling approaches. We will determine the ER palmitome and
investigate the impact of acylation on the function of individual proteins, on ER architecture and on
the ER lipidome. We will analyze the interplay between and ubiquitination in controlling ER
functions. Since we found that the DHHC6 palmitoytransferase is essential in mice and palmitoylates
key ER proteins, we will study this enzyme in depth in terms of structure, function, target specific and
regulation. Finally, we will combine the information emanating from these studies into a
mathematical model of the ER palmitoylation network.

Project End Date: 1/31/2019
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Understanding the molecular mechanisms controlling the orientation of plant cell divisions

Due to the presence of a rigid cell wall, plant cells are fixed within their tissue context and cannot
move relative to each other during development. Plants thus need to rely on directed cell elongation
and cell division to generate a full three-dimensional (3D) structure. Controlling cell division
orientations relative to the tissue axis is therefore the fundamental basis for 3D growth. In the root,
plant cells are organised in cell files and undergo two main types of cell division to allow directional
growth: anticlinal cell divisions (AD, adding cells within a cell file) and periclinal cell divisions (PD,
creating new cell files, organs and tissues). Understanding the mechanisms that control cell division
orientation is a key question in developmental biology and the main focus of this application.

PDs are challenging to study as they only occur sporadically and typically in the most inner tissues of
the root. | recently constructed a powerful system to induce strong, fast and homogenous PDs in any
tissue type. | therefore now have the perfect tool at hands to tackle the fundamental question of
how plants control the orientation of its cell divisions by: 1. Understanding the cellular events that
occur prior to PD using a set of complementary techniques.

2. ldentifying novel downstream components that translate the known genetic triggers for PD into
changes in cell division orientation by performing an unbiased genetic screen.

3. Determining the developmental specificity and convergence of the known genetic pathways
capable of inducing PD through studying their transcriptional targets in an ectopic tissue context.

4. Establishing a cell-culture based system for genetic and high throughput chemical perturbation
studies of cell division orientation. | thus aim to perform a global and comprehensive study of cell
division orientation, a process crucial for 3D growth in general and vascular development in specific.

Project End Date: 1/31/2022
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The quantitative Bcl-2 interactome in apoptosis: decoding how cancer cells escape death

The proteins of the Bcl-2 family function as key regulators of apoptosis by controlling the
permeabilization of the mitochondrial outer membrane. They form an intricate, fine-tuned
interaction network which is altered in cancer cells to avoid cell death. Currently, we do not
understand how signaling within this network, which combines events in cytosol and membranes, is
orchestrated to decide the cell fate. The main goal of this proposal is to unravel how apoptosis
signaling is integrated by the Bcl-2 network by determining the quantitative Bcl-2 interactome and
building with it a mathematical model that identifies which interactions determine the overall
outcome. To this aim, we have established a reconstituted system for the quantification of the
interactions between Bcl-2 proteins not only in solution but also in membranes at the single
molecule level by fluorescence correlation spectroscopy (FCS).

(1) This project aims to quantify the relative affinities between an reconstituted Bcl-2 network by
FCS.

(2) This will be combined with quantitative studies in living cells, which include the signaling pathway
in its entirety. To this aim, we will develop new FCS methods for mitochondria.

(3) The structural and dynamic aspects of the Bcl-2 network will be studied by super resolution and
live cell microscopy.

(4) The acquired knowledge will be used to build a mathematical model that uncovers how the
multiple interactions within the Bcl-2 network are integrated and identifies critical steps in apoptosis
regulation.

These studies are expected to broaden the general knowledge about the design principles of cellular
signaling as well as how cancer cells alter the Bcl-2 network to escape cell death. This systems
analysis will allow us to predict which perturbations in the Bcl-2 network of cancer cells can switch
signaling towards cell death. Ultimately it could be translated into clinical applications for anticancer
therapy.

Project End Date: 3/31/2019
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Building minimal cells to understand active cell shape control

Understanding how cells control their shape is an important scientific goal, since cells in our body
constantly need to undergo shape changes to perform vital tasks such as growth and division.
Conversely, abnormal cell shape changes contribute to life-threatening diseases such as cancer and
developmental disorders. | propose to resolve the physical basis of active cell shape control by
studying minimal cells built from purified cellular components. The main determinant of cell shape in
animals is the actin cortex beneath the cell membrane, which contains molecular motors that
actively generate forces. There is growing evidence that cells tightly balance these active forces with
passive forces arising from cortex-membrane adhesion and elasticity. However, it is unclear how
these forces are generated and controlled on the molecular level given the enormous complexity of
cells. To circumvent this complexity, we will reconstitute cell-free actin networks and couple them to
model biomembranes with the essential cellular linker protein septin. Using various advanced
microscopy techniques, we will study (1) how active cortical networks and lipid bilayers influence
each other’s spatial organization; (2) how active cortical networks control membrane shape; and (3)
how spatial gradients in cortex contractility can cause cell shape polarization. My long-term ambition
is to bridge the gap between the physical properties of cell-free model systems and biological
functions in living cells. Thanks to recent breakthroughs in our understanding of the biophysical
properties of contractile actin networks, we can now build more relevant cell-free model systems
that can mimic active cell shape changes. To test the biological relevance of our findings, we will
confront our results with live cell observations in fly embryos, together with a developmental biology
group. Ultimately, the model cells developed here will enable a wide range of further studies of
cellular (mal)functions.

Project End Date: 11/30/2018
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Dissecting the mechanisms governing centriole formation

Centrioles are critical for the formation of cilia, flagella and centrosomes, as well as for human
health. The mechanisms governing centriole formation constitute a long-standing question in cell
biology. We will pursue an innovative multidisciplinary research program to gain further insight into
these mechanisms, using human cells, C. elegans and Trichonympha as model systems. This program
is expected to also have a major impact by contributing a novel cell free assay to the field, thus
paving the way towards making synthetic centrioles. Six specific aims will be pursued:

1) Deciphering HsSAS-6/STIL distribution and dynamics. We will use super-resolution microscopy,
molecular counting, photoconversion and FCS to further characterize these two key components
required for centriole formation in human cells.

2) The SAS-6 ring model as a tool to redirect centriole organization. Utilizing predictions from the
SAS-6 ring model, we will assay the consequences for centrioles and cilia of altering the diameter and
symmetry of the structure.

3) Determining the architecture of C. elegans centrioles. We will conduct molecular counting and
cryo-ET of purified C. elegans centrioles to determine if they contain a spiral or a cartwheel, as well
as identify SAS-6-interacting components.

4) Comprehensive 3D map and proteomics of Trichonympha centriole. We will obtain a ~35 A 3D
map of the complete T. agilis centriole, perform proteomic analysis to identify its constituents and
test their function using RNA.I.

5) Regulation of cartwheel height and centriole length. We will explore whether cartwheel height is
set by SAS-6 proteins and perform screens in human cells to identify novel components regulating
cartwheel height and centriole length.

6) Novel cell free assay for cartwheel assembly and centriole formation. Using SAS-6 proteins on a
lipid monolayer as starting point, we will develop and utilize a cell-free assay to reconstitute
cartwheel assembly and centriole format

Project End Date: 3/31/2019
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Blood Vessel Development and Homeostasis: Identification and Functional Analysis of Genetic
Modifiers

The vascular system is a complex network of blood vessels that transports gases, nutrients and
hormones throughout the organism. Most blood vessels that form during development and growth
arise by the sprouting of new capillaries from pre-existing vessels, a process termed angiogenesis. An
imbalance in angiogenesis contributes to the pathogenesis of numerous disease states: insufficient
angiogenesis limits tissue recovery in ischemic disease, whereas stimulation of angiogenesis by
cancer cells promotes tumor vascularization and growth. Angiogenesis inhibitors are already in
clinical use for anti-tumor therapy; however, multiple reports of resistance are calling for the
identification of additional targets. Furthermore, vascular malformations are a significant cause of
morbidity and mortality. While the genetic basis for some vascular malformations is known, many
genetic factors, including modifiers that affect the age-of-onset and severity of phenotypes, remain
to be identified. Identifying modifier genes is important not only to fully assess genetic risk, but also
to provide novel targets for therapy; however, identifying modifier genes has proven challenging.
We recently uncovered a novel and simple way to identify modifier genes. By investigating gene and
protein expression differences between knockout (mutant) and knockdown (antisense treated)
zebrafish embryos, we found that mutations in specific genes, including some encoding angiogenic
factors, lead to the upregulation of compensating (i.e., modifier) genes while knocking down these
same genes does not. We hypothesize that the modifier genes identified through this approach in
zebrafish also play important roles in humans. Thus, we will use this simple strategy to identify new
genes that regulate vascular formation and homeostasis, and subsequently analyze their function in
zebrafish as well as in mammalian models, as they are likely to play key roles in vascular
development and disease.

Project End Date: 9/30/2021

-38 -



e Project ID: Project Acronym: Evaluation Panel:
' LS3 - Cellular and

European Research Council .
Developmental Biology

Executive Agency 639478 AuxinER

Established by the European Commission

Principal Investigator: Dr. Jiirgen Kleine-Vehn
juergen.kleine-vehn@boku.ac.at

Host Institution: Universitaet Fuer Bodenkultur Wien, AT

Mechanisms of Auxin-dependent Signaling in the Endoplasmic Reticulum

The phytohormone auxin has profound importance for plant development. The extracellular AUXIN
BINDING PROTEIN1 (ABP1) and the nuclear AUXIN F-BOX PROTEINs (TIR1/AFBs) auxin receptors
perceive fast, non-genomic and slow, genomic auxin responses, respectively. Despite the fact that
ABP1 mainly localizes to the endoplasmic reticulum (ER), until now it has been proposed to be active
only in the extracellular matrix (reviewed in Sauer and Kleine-Vehn, 2011). Just recently, ABP1
function was also linked to genomic responses, modulating TIR1/AFB-dependent processes (Tromas
et al., 2013). Intriguingly, the genomic effect of ABP1 appears to be at least partially independent of
the endogenous auxin indole 3-acetic acid (IAA) (Paque et al., 2014). In this proposal my main
research objective is to unravel the importance of the ER for genomic auxin responses. The PIN-LIKES
(PILS) putative carriers for auxinic compounds also localize to the ER and determine the cellular
sensitivity to auxin. PILS5 gain-of-function reduces canonical auxin signaling (Barbez et al., 2012) and
phenocopies abpl knock down lines (Barbez et al.,, 2012, Paque et al., 2014). Accordingly, a PILS-
dependent substrate could be a negative regulator of ABP1 function in the ER. Based on our
unpublished data, an IAA metabolite could play a role in ABP1-dependent processes in the ER,
possibly providing feedback on the canonical nuclear IAA-signaling. | hypothesize that the genomic
auxin response may be an integration of auxin- and auxin-metabolite-dependent nuclear and ER
localized signaling, respectively. This proposed project aims to characterize a novel auxin-signaling
paradigm in plants. We will employ state of the art interdisciplinary (biochemical, biophysical,
computational modeling, molecular, and genetic) methods to assess the projected research. The
identification of the proposed auxin conjugate-dependent signal could have far reaching plant
developmental and biotechnological importance.

Project End Date: 5/31/2020

-39-



e Project ID: Project Acronym: Evaluation Panel:
' LS3 - Cellular and

European Research Council .
Developmental Biology

Executive Agency 681443 CODECHECK

Established by the European Commission

Principal Investigator: Dr. Helder Maiato
maiato@i3s.up.pt

Host Institution: Instituto De Biologia Molecular E Celular-lomc, PT

CRACKING THE CODE BEHIND MITOTIC FIDELITY: the roles of tubulin post-translational
modifications and a chromosome separation checkpoint

During the human lifetime 10000 trillion cell divisions take place to ensure tissue homeostasis and
several vital functions in the organism. Mitosis is the process that ensures that dividing cells preserve
the chromosome number of their progenitors, while deviation from this, a condition known as
aneuploidy, represents the most common feature in human cancers. Here we will test two original
concepts with strong implications for chromosome segregation fidelity. The first concept is based on
the “tubulin code” hypothesis, which predicts that molecular motors “read” tubulin post-
translational modifications on spindle microtubules. Our proof-of-concept experiments demonstrate
that tubulin detyrosination works as a navigation system that guides chromosomes towards the cell
equator. Thus, in addition to regulating the motors required for chromosome motion, the cell might
regulate the tracks in which they move on. We will combine proteomic, super-resolution and live-cell
microscopy, with in vitro reconstitutions, to perform a comprehensive survey of the tubulin code and
the respective implications for motors involved in chromosome motion, mitotic spindle assembly and
correction of kinetochore-microtubule attachments. The second concept is centered on the recently
uncovered chromosome separation checkpoint mediated by a midzone-associated Aurora B gradient,
which delays nuclear envelope reformation in response to incompletely separated chromosomes.
We aim to identify Aurora B targets involved in the spatiotemporal regulation of the anaphase-
telophase transition. We will establish powerful live-cell microscopy assays and a novel mammalian
model system to dissect how this checkpoint allows the detection and correction of lagging/long
chromosomes and DNA bridges that would otherwise contribute to genomic instability. Overall, this
work will establish a paradigm shift in our understanding of how spatial information is conveyed to
faithfully segregate chromosomes during mitosis.

Project End Date: 6/30/2021
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Morphogenesis of proliferative epithelial tissue

Shape is a conspicuous and fundamental property of living multicellular organisms. Questions related
to embryo shape or morphogenesis have naturally haunted developmental biologists for decades.
Recent advances have highlighted that the understanding of the morphogenesis of proliferative
tissue will require (i) the dissection of how subcellular cytoskeleton dynamics controls cellular
processes such as cell division orientation and adherens junction formation; (ii) the study of the
interplay between biochemical and mechanical processes regulating collective cell behaviours and
thus tissue movements. In addition, whole tissue imaging has revealed that distinct local cell
dynamics account for tissue shape regulation. Yet, it remains poorly explored how gene expression
patterns specify distinct local cell dynamics within a proliferative epithelium. To decipher the
mechanisms of Drosophila epithelial tissue morphogenesis, we aim to apply a series of
complementary, state of the art methods (quantitative measurement of cell and tissue
morphogenesis, mechanical stress inference, opto-genetics, computer simulation and advanced
statistics) in order to:

1. Dissect the molecular and mechanical mechanisms regulating cytoskeleton and cell dynamics by
focusing on mitotic spindle orientation and de novo adherens junction formation during cell division
and cell rearrangement.

2. Link cytoskeleton organization, cell dynamics and mechanics to the regulation of large-scale tissue
deformation.

3. Introduce a ‘morphogenomics’ approach to understand how combinatory gene expression
patterns can account for distinct cell dynamics observed in the different regions of a tissue.

By exploring the mechanisms of tissue morphogenesis at different time-scales and length-scales, as
well as by focusing both on its genetic and mechanical regulation, these complementary aims should
advance the understanding of morphogenesis in animals.

Project End Date: 2/28/2019
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Defining novel mechanisms critical for colorectal tumourigenesis

Cancer genome sequencing has led to a paradigm shift in our understanding of oncogenesis. It has
identified thousands of genetic alterations that segregate into two groups, a small number of
frequently mutated genes and a much larger number of infrequently mutated genes. The causative
role of frequently mutated genes is often clear and are the focus of concerted therapeutic
development efforts. The role of those infrequently mutated is often unclear and can be difficult to
separate from ‘mutational noise’. Determining the relevance of low frequency mutations is
important for providing a full understanding of processes driving tumourigenesis and if functionally
relevant may have broader implications on the applicability of targeted therapies. This project aims
to begin addressing this by defining the function of all genes mutated in colorectal cancer (CRC) in
the earliest stages of tumour formation. | have performed a whole genome screen in a 3D organoid
CRC initiation model identifying several potentially important mediators of this process. Crucially,
some of these genes are mutated in CRC at low frequency but not described as cancer driver genes.
Thus, | hypothesize that rather than ‘mutational noise’ infrequently mutated genes contribute to CRC
initiation. | will test this by addressing two aims: 1) Determine the role of genes mutated in CRC
during tumour initiation

2) Validate and determine the function of a subset of identified genes potentially defining novel
cancer mechanisms | will use a combination of CRISPR genetic disruption in state-of-the-art 3D
mouse and human organoid cultures and advanced mouse models to address these aims. This
comprehensive approach will provide a foundation for understanding the importance of the entire
spectrum of mutations in CRC and open new avenues of research into the function of these genes.
More broadly, it has the potential to make a profound impact on how we think about tumourigenic
mechanisms and cancer therapeutics.

Project End Date: 4/30/2022

-42-



“'”::@f,
“w Project ID: Project Acronym: Evaluation Panel:
European Research Council LS4 - PhV,SIOIOgy'
Executive Agency Pathophysiology and
337479 ProlongBileSignaling Endocrinology
Established by the European Commission
Principal Investigator: Dr. Konstantijn (Stan) Van de Graaf
k.f.vandegraaf@amc.uva.nl
Host Institution: Academisch Medisch Centrum Bij De Universiteit Van Amsterdam, NL

Improving Metabolism via Prolonged Bile Acid Signalling
targeting hepatic bile acid uptake to fight metabolic diseases

Bile acids play a pivotal role in energy supply as they facilitate the solubilization and absorption of fat
in the intestine. Furthermore, bile acids are recently identified as important signalling molecules
regulating glucose metabolism, inflammation and energy expenditure. Targeting bile acid signalling
is, therefore, appealing to treat metabolic diseases such as diabetes and atherosclerosis. These
disorders are potentially affecting >1 billion individuals worldwide and current options to treat them
remain insufficient. | postulate that the hepatic bile acid uptake transporter NTCP (gene name
SLC10A1) provides an excellent novel target to improve human health as it determines the duration
of bile acid signalling by controlling how fast bile acids are removed from serum after a meal. In this
proposal | will elucidate the contribution of bile acid dynamics to energy homeostasis and
metabolism and identify the molecular mechanisms that regulate NTCP. My aim is to generate novel
strategies to reduce hepatic bile acid uptake to prolong bile-acid signalling and increase energy
expenditure, improve glucose handling and reduce atherosclerosis. My key objectives are:

1. to determine the consequence of NTCP modulation on systemic bile acid dynamics, glucose and
energy metabolism in animal models. To this end, | will perform careful metabolic analysis of a
unique Slc10al knockout model in combination with diet-induced and genetic models for
atherosclerosis and diabetes.

2. to identify novel means to inhibit NTCP-mediated bile acid uptake. To this end, | will make use of
a FRET-based bile acid sensor that | recently developed to characterize the molecular regulation of
hepatic bile acid uptake and to identify FDA-approved drugs that inhibit NTCP-mediated bile acid
uptake. This will establish my new research line on serum bile acid dynamics and ultimately provide
new ways to treat metabolic diseases related to disturbed bile acid, lipid, glucose and energy
homeostasis.

Project End Date: 11/30/2018
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Nucleotide Excision Repair: Decoding its Functional Role in Mammals

Genome maintenance, chromatin remodelling and transcription are tightly linked biological
processes that are currently poorly understood and vastly unexplored. Nucleotide excision repair
(NER) is a major DNA repair pathway that mammalian cells employ to maintain their genome intact
and faithfully transmit it into their progeny. Besides cancer and aging, however, defects in NER give
rise to developmental disorders whose clinical heterogeneity and varying severity can only
insufficiently be explained by the DNA repair defect. Recent work reveals that NER factors play a role,
in addition to DNA repair, in transcription and the three-dimensional organization of our genome.
Indeed, NER factors are now known to function in the regulation of gene expression, the
transcriptional reprogramming of pluripotent stem cells and the fine-tuning of growth hormones
during mammalian development. In this regard, the non-random organization of our genome,
chromatin and the process of transcription itself are expected to play paramount roles in how NER
factors coordinate, prioritize and execute their distinct tasks during development and disease
progression. At present, however, no solid evidence exists as to how NER is functionally involved in
such complex processes, what are the NER-associated protein complexes and underlying gene
networks or how NER factors operate within the complex chromatin architecture. This is primarily
due to our difficulties in dissecting the diverse functional contributions of NER proteins in an intact
organism. Here, we propose to use a unique series of knock-in, transgenic and NER progeroid mice to
decode the functional role of NER in mammals, thus paving the way for understanding how genome
maintenance pathways are connected to developmental defects and disease mechanisms in vivo.

Project End Date: 12/31/2020
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Ribosome defects in cancer

Cancer cells are defective in vital cell functions such as cell cycle control and response to growth
signals. We found that cancer cells acquire defects in yet another vital function: translation of mRNA
into proteins. We saw that 9.8% of children with T-cell leukemia (T-ALL) harbor acquired mutations in
the ribosome, the cellular protein translation factory. We found mutations in RPL10, RPL5 and RPL22,
3 proteins of the large 60S ribosomal subunit. Strikingly, 6.5% of T-ALL patients had the same RPL10
R98S missense mutation. Although congenital ribosome defects were previously linked to higher
cancer risk, the concept that defects in the ribosome are acquired during life and are selected for in
cancer is novel. In addition, it is currently not understood by what mechanism ribosome defects are
carcinogenic.

Patients with inherited ribosome defects are predisposed to all types of cancer. Therefore, other
cancers than T-ALL may show acquired defects in the ribosome and | want to explore the prevalence
of acquired ribosome defects in various cancer types. Second, | want to explore by which mechanism
ribosome mutations promote cancer. Initially, | will focus on the RPL10 R98S mutation, the most
frequent acquired ribosome defect we found so far. We will test the effect of RPL10 R98S on cell
behavior parameters such as self-renewal capacity and resistance to apoptosis. | hypothesize that
altered translation of a subset of cellular mRNAs, including mRNAs coding major tumor suppressors
or oncogenes, may explain the oncogenic action of RPL10 R98S. Therefore, we will identify all mMRNAs
with altered translation efficiency or fidelity in RPL10 R98S cells. In addition, we will test if RPL10
R98S promotes cancer by altering extra-ribosomal roles of RPL10 or by driving inactivation of the
TP53 pathway. Finally, acquired ribosome defects may represent a novel target for cancer therapy
and we will test if ribosome defective cancer cells are hypersensitive to translation inhibitors.

Project End Date: 12/31/2018
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Epistasis analysis of angiogenes with high cellular definition

Blood and lymphatic vessels have been the subject of intense investigation due to their important
role in cancer development and in cardiovascular diseases. The significant advance in the methods
used to modify and analyse gene function have allowed us to obtain a much better understanding of
the molecular mechanisms involved in the regulation of the biology of blood vessels. However, there
are two key aspects that significantly diminish our capacity to understand the function of gene
networks and their intersections in vivo. One is the long time that is usually required to generate a
given double mutant vertebrate tissue, and the other is the lack of single-cell genetic and phenotypic
resolution. We have recently performed an in vivo comparative transcriptome analysis of highly
angiogenic endothelial cells experiencing different VEGF and Notch signalling levels. These are two of
the most important molecular mechanisms required for the adequate differentiation, proliferation
and sprouting of endothelial cells. Using the information generated from this analysis, the overall aim
of the proposed project is to characterize the vascular function of some of the previously identified
genes and determine how they functionally interact with these two signalling pathways. We propose
to use novel inducible genetic tools that will allow us to generate a spatially and temporally regulated
fluorescent cell mosaic matrix for quantitative analysis. This will enable us to analyse with
unprecedented speed and resolution the function of several different genes simultaneously, during
vascular development, homeostasis or associated diseases. Understanding the genetic epistatic
interactions that control the differentiation and behaviour of endothelial cells, in different contexts,
and with high cellular definition, has the potential to unveil new mechanisms with high biological and
therapeutic relevance.

Project End Date: 2/29/2020
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Cardiac Connective Tissue: Beat-by-Beat Relevance for Heart Function in Health and Disease

Cardiac connective tissue is regarded as passive in terms of cardiac electro-mechanics. However,
recent evidence confirms that fibroblasts interact directly with cardiac muscle cells in a way that is
likely to affect their beat-by-beat activity. To overcome limitations of traditional approaches to
exploring these interactions in native tissue, we will build and explore murine models that express
functional reporters (membrane potential, Vm; calcium concentration, [Ca2+]i) in fibroblasts, to
identify how they are functionally integrated in native heart (myocyte => fibroblast effects). Next, we
will express light-gated ion channels in murine fibroblast, to selectively interfere with their Vm
(fibroblast => myocyte effects). Fibroblast-specific observation and interference will be conducted in
normal and pathologically remodelled tissue, to characterise fibroblast relevance for heart function
in health & disease. Based on these studies, we will generate 2 transgenic rabbits (fibroblast Vm
reporting / interfering). Rabbit cardiac structure-function is more amenable to translational work,
e.g. to study fibroblast involvement in normal origin & spread of excitation across the heart, in
pathological settings such as arrhythmogenicity of post-infarct scars (a leading causes of sudden
death), or as a determinant of therapeutic outcomes such as in healing of atrial ablation lines
(interfering with a key interventions to treat atrial fibrillation). The final ‘blue-skies’ study will assess
whether modulation of cardiac activity, from ‘tuning’ of biological pacemaker rates to ‘unpinning’ /
termination of re-entrant excitation waves, can be achieved by targeting not myocytes, but
fibroblasts. The study integrates basic-science-driven discovery research into mechanisms and
dynamics of biophysical myocyte-fibroblast interactions, generation of novel transgenic models
useful for a broad range of studies, and elucidation of conceptually new approaches to heart rhythm
management.

Project End Date: 6/30/2019
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CD40 goes innate: defining and targeting CD40 signaling intermediates in the macrophage to treat

atherosclerosis

Atherosclerosis, the underlying cause of the majority of cardiovascular diseases (CVD), is a lipid
driven, inflammatory disease of the large arteries. Despite a 25% relative risk reduction achieved by
lipid-lowering treatment, the vast majority of atherosclerosis-induced CVD risk remains unaddressed.
Therefore, characterizing mediators of the inflammatory aspect of atherosclerosis is a widely
recognized scientific goal with great therapeutic implications.

Co-stimulatory molecules are key players in modulating immune interactions. My laboratory has
defined the co-stimulatory CD40-CD40L dyad as a major driver of atherosclerosis. Inhibition of CD40,
and of its interaction with the adaptor molecule TRAF6 by genetic deficiency, antibody treatment or
(nanoparticle based) small molecule inhibitor (SMI) treatment, is one of the most powerful therapies
to reduce atherosclerosis in a laboratory setting. Although CD40-CD40L interactions are associated
with adaptive immunity, | recently identified the macrophage as a driver of CD40-induced
inflammation in atherosclerosis. We will use state-of-the-art in vitro experiments, live cell-, super
resolution imaging, proteomics approaches and mutant mouse models to unravel the role of
macrophage CD40 in atherosclerosis. Moreover, using structure based virtual ligand screening, | will
develop lead SMiIs targeting macrophage CD40-signaling, which | will deliver using macrophage-
targeting nanoparticles. My goal is to define the role of macrophage CD40 in inflammation and
immunity and disentangle how its activation affects atherosclerosis. | will finally test the feasibility of
targeting macrophage CD40-signaling as a treatment for CVD.

These studies will define the role of CD40-signaling in the innate immune system in health and
(cardiovascular) disease. As components of macrophage CD40-signaling have the potential to be
amenable to pharmacological manipulation, we will establish their feasibility as novel targets for
(CVD) treatment.

Project End Date: 11/30/2021
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Metabolic regulation of mitochondrial morphology

The need for mitochondria in the body is ubiquitous yet the shapes these organelles take vary widely
across tissues and change rapidly in response to nutrient availability. How and why this occurs is not
well understood. Therefore, we propose an interdisciplinary research program that will investigate
the molecular basis and metabolic regulation of mitochondrial morphology. Mitochondrial
morphology is defined by opposing events of fission and fusion, which must be tightly controlled. We
discovered that accelerated mitochondrial fission impairs cardiac metabolism and causes heart
failure in mice, revealing an intriguing link between mitochondrial dynamics and metabolism.
Seeking to understand how metabolic signals drive mitochondrial fission, we will characterize the
inner membrane protein MTP18, whose fission activity is controlled by the PI3K nutrient-signalling
pathway. First, we will define the interactome of MTP18 to discover the molecular components of
the inner membrane fission machinery. Second, we will investigate the how mitochondrial fission is
regulated by PI3K nutrient-signalling pathway the heart, liver, and kidney. We will determine
whether cardiac dysfunction, liver cancer, and kidney failure caused by over-active PI3K signalling in
the mouse can be rescued by blunting the downstream activity of MTP18 and re-balancing
mitochondrial dynamics. Third, we will determine the disease relevance of mitochondrial fission in
humans. For the first time, mitochondrial morphology from patient-derived cells will be evaluated in
automated, high content screens to identify human mutations that drive imbalanced mitochondrial
dynamics in a truly unbiased manner. Genome-wide RNAi screens in these cells will reveal novel
modulators of mitochondrial dynamics. Taken together, this work aims to understand the metabolic
pathways that control mitochondrial morphology and to develop a new technology to identify yet
unknown modulators of mitochondrial dynamics.

Project End Date: 3/31/2022
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Next-generation in vivo models for improved pancreatic cancer therapies

Maintenance and drug resistance of pancreatic ductal adenocarcioma (PDAC) depends on cancer cell
intrinsic mechanisms and a stroma that supports tumor growth. Mouse models of human PDAC have
provided important insights into the evolution of this highly lethal tumor, but there are no models
that allow secondary genetic manipulation of autochthonous tumors, the tumor microenvironment
or the metastatic host niche once the tumor has formed.We generated an inducible dual-
recombinase system by combining Flp/frt and Cre/loxP. This novel PDAC model permits spatial and
temporal control of gene expression enabling unbiased genetic approaches to study the role of
tumor cell-autonomous and non-autonomous functions in endogenous cancers. This tool provides
unparalleled access to the native biology of cancer cells and their hosting stroma, and rigorous
genetic validation of candidate therapeutic targets. We performed tumor cell-autonomous and non-
autonomous targeting, uncovered hallmarks of human multistep carcinogenesis, validated genetic
tumor therapy, and showed that mast cells in the tumor microenvironment, which had been thought
to be key oncogenic players, are in fact dispensable for tumor formation.In the proposed research
program, we will 1) develop and further improve next-generation PDAC models, 2) deploy these
systems to identify and target key features of PDAC maintenance in tumor cells and their
microenvironment, and 3) discover mechanisms of treatment resistance. The application of cutting
edge genetic engineering and screening technologies will allow us to address biological questions
that could not be addressed before. The PanCaT project will open new horizons for the functional
understanding of pancreatic cancer biology with a strong impact on clinical management and
prognosis of PDAC patients. It will also produce a unique set of highly versatile and widely applicable
genetic tools that will facilitate the study of PDAC at an organismal level.

Project End Date: 1/31/2021

-50-



B‘o”:O@pf
“w Project ID: Project Acronym: Evaluation Panel:
European Research Council LS4 - PhV.SIOIOgy'
Executive Agency PathophysmIOgy and
695190 MANNA Endocrinology

Established by the European Commission

Principal Investigator: Dr. Nektarios Tavernarakis

tavernarakis@imbb.forth.gr
Host Institution: Foundation For Research And Technology Hellas, GR

MacroAutophagy and Necrotic Neurodegeneration in Ageing

Necrosis contributes critically in devastating human pathologies such as stroke, ischemia, and age-
associated neurodegenerative disorders. Ageing increases susceptibility to neurodegeneration, in
diverse species ranging from the lowly nematode Caenorhabditis elegans to humans. The
mechanisms that govern necrotic neurodegeneration and its modulation by ageing are poorly
understood. Autophagy has been implicated in necrosis and neurodegeneration, both with pro-
survival and a pro-death roles. Autophagic flux declines with age, while induction of autophagy
enhances longevity under conditions such as low insulin/IGF1 signalling and dietary restriction, which
extend lifespan across diverse taxa. Our recent findings indicate that organelle-specific autophagy,
including mitophagy, pexophagy and nucleophagy, is an important, evolutionarily conserved,
determinant of longevity. We propose to dissect the molecular underpinnings of neuron vulnerability
to necrosis during ageing, focusing on cargo-specific macroautophagy. To this end, we will implement
a multifaceted approach that combines the power and versatility of C. elegans genetics with
advanced, in vivo neuronal imaging and microfluidics technology. Our objectives are fourfold. First,
we will monitor autophagic flux of organellar cargo, during neurodegeneration, under conditions that
alter lifespan and identify mediators of organelle-specific autophagy in neurons. Second, we will
conduct genome-wide screens for modifiers of age-inflicted neurodegeneration. Third, we will
interrogate nematode models of human neurodegenerative disorders for organelle-specific
autophagy and susceptibility to necrosis, upon manipulations that alter lifespan. Fourth, we will
investigate the functional conservation of key mechanisms in mammalian models of neuronal
necrosis. Together, these studies will deepen our understanding of age-related neurodegeneration
and provide critical insights with broad relevance to human health and quality of life.

Project End Date: 12/31/2021
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N-Myc and Aurora A: From Protein Stability to Chromosome TopologyN-Myc and Aurora A: From
Protein Stability to Chromosome TopologyMyc and Aurora A: From Protein Stability to
Chromosome Topology

There is an intense interest in the function of human Myc proteins that stems from their pervasive
role in the genesis of human tumors. A large body of evidence has established that expression levels
of one of three closely related Myc proteins are enhanced in the majority of all human tumors and
that multiple tumor entities depend on elevated Myc function, arguing that targeting Myc will have
significant therapeutic efficacy. This hope awaits clinical confirmation, since the strategies that are
currently under investigation to target Myc function or expression have yet to enter the clinic. Myc
proteins are global regulators of transcription, but their mechanism of action is poorly understood.
Myc proteins are highly unstable in normal cells and rapidly turned over by the ubiquitin/proteasome
system. In contrast, they are stabilized in tumor cells. Work by us and by others has shown that
stabilization of Myc is required for tumorigenesis and has identified strategies to destabilize Myc for
tumor therapy. This work has also led to the surprising observation that the N-Myc protein, which
drives neuroendocrine tumorigenesis, is stabilized by association with the Aurora-A kinase and that
clinically available Aurora-A inhibitors can dissociate the complex and destabilize N-Myc. Aurora-A
has not previously been implicated in transcription, prompting us to use protein crystallography,
proteomics and shRNA screening to understand its interaction with N-Myc. We have now identified a
novel protein complex of N-Myc and Aurora-A that provides an unexpected and potentially
groundbreaking insight into Myc function. We have also solved the crystal structure of the N-
Myc/Aurora-A complex. Collectively, both findings open new strategies to target Myc function for
tumor therapy.

Project End Date: 7/31/2020
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Arginine vasopressin and ion transporters in the modulation of brain excitability during birth and
birth asphyxia seizures

A transient period of asphyxia in the newborn is an obligatory part of normal parturition. A more
prolonged disturbance in cerebral blood supply is a major cause of neonatal seizures. Current
therapies of birth asphyxia seizures are ineffective and the underlying mechanisms are unknown.

Our recent landmark work on a rat model of birth asphyxia showed that asphyxia is followed by brain
alkalosis, which triggers seizures. The brain-confined alkalosis is generated by activation of Na/H
exchange in the blood-brain barrier (BBB). Both alkalosis and the consequent seizures can be
suppressed by graded restoration of the high CO2 level after asphyxia and with blockers of Na/H
exchange.

Our pilot data indicate that arginine vasopressin (AVP) triggers the post-asphyxia seizures by
activating the BBB-located luminal V1a receptor-coupled Na/H exchanger. Akin to human infants, a
very high level of plasma copeptin (a part of pro-AVP) is seen following asphyxia but, notably, the
copeptin levels remain low with graded restoration of normocapnia. Moreover, intravenous AVP Vla
receptor antagonists, acting on the BBB, block the generation of seizures. In striking contrast, AVP
suppresses network excitability when acting on V1aRs in the neonate hippocampus.

Thus, | hypothesize that AVP acts on the BBB to promote neonatal seizures, and that this effect is
paralleled by a central anticonvulsant action. Next to nothing is known about AVP actions on ionic
regulation in the brain. Our pilot data indicate that AVP inhibits the Na-K-2Cl cotransporter NKCC1
and activates the K-Cl cotransporter KCC2 in a manner consistent with reduction of excitability.

My laboratory has an internationally leading role in work on neuronal pH and Cl- regulation and on
functions of the immature brain. Understanding the mechanisms of AVP actions during normal birth
and birth asphyxia will provide novel insights on the control of the excitability of the newborn brain.
This work has a high translational impact.

Project End Date: 1/31/2019
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Molecular mechanisms of acute oxygen sensing.

Oxygen (02) is essential for life on Earth. This proposal deals with the study of the molecular
mechanisms underlying acute 02 sensing by cells, a long-standing issue that is yet to be elucidated.
In recent years, the discovery of hypoxia inducible transcription factors and their regulation by the
02-dependent hydroxylases has provided a solid framework for understanding genetic responses to
sustained (chronic) hypoxia. However the mechanisms of acute 02 sensing, necessary for the
activation of rapid, life-saving, compensatory respiratory and cardiovascular reflexes (e.g.
hyperventilation and sympathetic activation), are unknown. While the primary goal of the project is
to characterize the molecular mechanisms underlying acute O2 sensing by arterial chemoreceptors
(carotid body —CB- and adrenal medulla —AM-), we will also extend our study to other organs (e.g.
pulmonary and systemic arteries) of the homeostatic acute 02-sensing system. We will investigate
the role of mitochondria, in particular complex | (MCl), in acute 02 sensing. Previous data from our
group demonstrated that rotenone, a MCl blocker, selectively occludes responsiveness to hypoxia in
CB cells. In addition, our unpublished data indicate that sensitivity to hypoxia (but not to other
stimuli) is lost in mice with genetic disruption of MCI genes in CB and AM cells. We have shown that
the adult CB is a plastic organ that contains a population of multipotent neural stem cells. Hence,
another objective of the project is to study the role of these stem cells in CB modulation (over- or
infra-activation), which may participate in the pathogenesis of diseases. In the past, our group has
made seminal contributions to unveiling the cellular bases of arterial chemoreception. The discovery
of stem cells in the CB and the generation of new genetically modified mouse models, put us in a
leading position to elucidate the molecular bases of acute 02 sensing and their biomedical
implications.

Project End Date: 10/31/2020
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Heart regeneration in the Mexican cavefish: The difference between healing and scarring

Whereas the human heart cannot regenerate cardiac muscle after myocardial infarction, certain fish
efficiently repair their hearts. Astyanax mexicanus, a close relative of the zebrafish, is a single fish
species comprising cave-dwelling and surface river populations. Remarkably, while surface fish
regenerate their heart after injury, cavefish cannot and form a permanent fibrotic scar, similar to the
human heart. Using transcriptomics analysis and immunohistochemistry, we have identified key
differences in the scarring and inflammatory response between the surface and cavefish heart after
injury. These differences include extracellular matrix (ECM) proteins, growth factors and macrophage
populations present in one, but not the other population, suggesting properties unique to the
surface fish scar that promote heart regeneration. The objective of the proposed project is to
characterise and utilise these findings to identify therapeutic targets to heal the human heart after
myocardial infarction. First, we will analyse the identified differences in scarring and immune
response between the fish in detail, before testing the role of the most interesting proteins and
macrophage populations during regeneration using CRISPR mutagenesis and clodronate liposomes.
Next, we will link the key scarring and inflammatory differences directly to both the genome and the
ability for heart regeneration using new and prior Quantitative Trait Loci analyses. This will allow to
find the most fundamental molecular mechanisms directing the wound healing process towards
regeneration versus scarring. Together with an in vitro and in vivo small molecule screen directed
specifically at influencing scarring towards a more ‘fish-like’ regenerative phenotype in the cavefish
and mouse heart after injury, this will provide targets for therapeutic strategies to maximise the
endogenous regenerative potential of the mammalian heart, with the aim to find a cure for
myocardial infarction.

Project End Date: 2/28/2022
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Signaling Cascades in Metabolic Diseases

Over 380 million people suffer from diabetes worldwide, with majority of cases being attributed to
type 2 diabetes (T2D). Obesity is a major risk factor predisposing to the development of this disease.
T2D is characterized by peripheral insulin resistance in combination with relative insulin deficiency
that results in hyperglycemia and hyperlipidemia. Liver and adipose tissue are central for regulation
of glucose and lipids levels. However, during T2D the hepatic glucose uptake is reduced while rates of
gluconeogenesis and lipogenesis are increased. In the adipose tissue, T2D leads to decreased glucose
uptake, perturbations in secretion of adipokines and increased lipolysis. Importantly, dysfunction of
the liver and the adipose tissue during T2D is caused by defective phosphorylation signaling cascades
and normalization of these pathways was shown to attenuate the course of T2D. However, the
specific roles of different classes of signaling molecules in these organs remain poorly characterized.
We hypothesize that the cross-talk of different classes of signaling molecules determines regulation
of metabolism.

Thus, we aim to identify the signaling networks regulating metabolism. The results generated in my
own laboratory suggest that the Pkd family kinases are the crucial regulators of metabolic
homeostasis. Specifically, Pkd1l and Pkd2 promote obesity and diabetes while Pkd3 controls liver
function. Thus, we plan to characterize the molecular mechanisms controlling Pkds signaling. In
parallel, we will utilize screening approaches to identify novel, non-canonical signaling modules
(phosphatases and components of the ubiquitin system) regulating abundance, localization and
phosphorylation of targets of Pkds and, in the long term, also other kinases implicated in T2D.

By identifying and characterizing the essential signaling networks in liver and adipose tissue the
project will contribute to more targeted pharmacological strategies for the treatment of T2D.

Project End Date: 5/31/2021
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Functional and Molecular Analyses of the Interplay between Hematopoietic and Mesenchymal
Niche Cells in Human Myelodysplastic Syndromes.

Myelodysplastic syndromes (MDS) are heterogeneous clonal hematopoietic stem cell diseases mainly
affecting the elderly (45/100,000 in >70 years). The prevalence of MDS is expected to rise mainly as a
result of an aging population. MDS is characterized by ineffective production of mature blood cells
with peripheral cytopenias and the propensity to evolve to acute myeloid leukemia. Most MDS
patients rely on continuous blood transfusions resulting in significant costs to healthcare systems
and, most importantly, secondary effects leading to complications and patient deaths. The only
potential curative treatment for MDS is hematopoietic stem cells (HSC) transplantation, which is
limited to younger patients with suitable donors (<10% of MDS patients).

Increasing evidence indicates that myeloid neoplasms can be triggered by abnormal functional
properties of the bone marrow microenvironment in mice. However, it remains to be seen whether
this also applies to human hematopoietic neoplasms. Our work revealed that patient-derived
mesenchymal niche cells are essential to propagate human MDS HSCs in vivo, thus highlighting the
crucial role of the niche in human MDS. Moreover, our data indicate that human MDS hematopoietic
cells may “educate” their niche environment into a self-reinforcing one.

The goal of our proposal is to decipher the interplay between hematopoietic and mesenchymal niche
cells in human MDS, and to assess innovative means by which we could target diseased cells to
improve MDS patient outcomes.

We will perform a comprehensive molecular characterization of highly purified primary
mesenchymal niche cells to define new prognostic/therapeutic niche factors in MDS. More
importantly, we will take advantage of our unique xenograft model of MDS to translate our findings
into groundbreaking novel therapeutic strategies for MDS patients, by disrupting essential
niche/MDS stem cell interactions.

Project End Date: 7/31/2020
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Mitochondria, Peroxisomes and Lysosomes - the "menage a trois" of cellular metabolism

The metabolic roles of mitochondria, peroxisomes and lysosomes are well established. Numerous
genetic defects affecting the function of these organelles result in a wide spectrum of metabolic
diseases. The involvement of these organelles in signalling pathways is receiving increasing attention.
Furthermore, interactions between them and other cellular components have been elucidated.
Evidence is now emerging that dysfunction in mitochondria, peroxisomes or lysosomes causes
secondary perturbations in the other two organelles. The fundamental hypothesis presiding to this
proposal is that mitochondria, peroxisomes and lysosomes form an interdependent network
(MytoPexLyso), which is likely to have fundamental roles in cell biology, metabolism and metabolic
diseases.

To test this hypothesis and elucidate the role of the MitoPexLyso network in physiology and disease,
we will employ state-of-the-art imaging and systems biology approaches. First, we will uncover how
dysfunction of each MitoPexLyso organelle affects the network. We will test if mitochondrial
dysfunction can trigger lysosome biogenesis, and also systematically address how perturbations in
one organelle affect the other two. Second, we will identify signalling pathways sensing
perturbations on the MytoPexLyso network, and elucidate their pathologic significance, both in cell
lines and in animal models of metabolic diseases. Third, we will test a novel strategy to cure
mitochondrial diseases: enhanced removal of damaged mitochondria through increased lysosomal
autophagic capacity. We will generate a novel mouse model with higher lysosomal capacity in the
skeletal muscle, and use a mouse model of mitochondrial myopathy, to test this premise in vivo.

This proposal addresses key questions in cell biology and metabolism, and will lay the foundation for
a new field of “organelle networks” which will profoundly impact our understanding of metabolism
and metabolic diseases and drive future research endeavours.

Project End Date: 1/31/2019
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Cell-specific vascular protection by CXCL12/CXCR4

Cardiovascular disease including coronary heart disease remains the leading cause of death
worldwide. Atherosclerosis as the underlying pathology is a lipid-driven inflammatory disease of
arteries giving rise to vulnerable lesions prone to rupture and thrombotic occlusion. Lesions develop
at predilection sites with disturbed flow, where endothelial damage promotes intimal retention of
lipoproteins and inflammatory leukocyte recruitment. Past research has largely focused on
atherogenic factors and their inhibition but not on boosting a counterbalance by protective
mechanisms. We have recently found that the CXCL12/CXCR4 chemokine-receptor axis protects
against atherosclerosis by controlling neutrophil homeostasis and facilitating endothelial
regeneration in mice. This is supported by genome-wide association studies, identifying genetic
variants near CXCL12 associated with the risk of coronary heart disease. The protective regulation of
endothelial repair by microRNAs also involves CXCL12/CXCR4. However, the causal and cell-specific
impact of this axis remains unclear.

To balance the ongoing expansion of genetic risk variants, PROVASC aims to discover/elucidate novel
mechanisms for protective cell homeostasis and regeneration counteracting atherosclerosis in depth.
To this end, we will dissect cell-specific effects of the CXCR4-CXCL12 axis using an array of mouse
lines for conditional deletion and bone marrow chimeras to compare resident versus hemato-poietic
cell compartments. We will validate a role of coding and non-coding genetic risk variants affecting
CXCL12/CXCR4 in different cell types and humanized mouse models. By identifying relevant
microRNAs targeting CXCL12/CXCR4, we will unravel a regulation of this axis by cell type-specific
microRNAs. Given the ubiquitous relevance of CXCL12/CXCR4, we expect that the impact of such new
mechanisms will extend to other chronic inflammatory diseases, allowing for tailored strategies of
tissue protection and regeneration.

Project End Date: 9/30/2021
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Molecular mechanisms of induced protection against sepsis by DNA damage responses

Severe sepsis remains a poorly understood systemic inflammatory condition with high mortality rates
and limited therapeutic options outside of infection control and organ support measures. Based on
our recent discovery that anthracycline drugs prevent organ failure without affecting the bacterial
burden in a model of severe sepsis, we propose that strategies aimed at target organ protection have
extraordinary potential for the treatment of sepsis and possibly for other inflammation-driven
conditions. However, the mechanisms of organ protection and disease tolerance are either unknown
or poorly characterized.

The central goal of the current proposal is to identify and characterize novel cytoprotective
mechanisms, with a focus on DNA damage response dependent protection activated by
anthracyclines as a window into stress-induced genetic programs conferring disease tolerance. To
that end, we will carry out a combination of candidate and unbiased approaches for the in vivo
identification of ATM-dependent and independent mechanisms of tissue protection. We will validate
the leading candidates through adenovirus-mediated delivery of constructs for overexpression (gain-
of-function) or shRNA for gene silencing (loss-of-function) to the lung, based on our recent finding
that rescuing this organ is essential and perhaps sufficient in anthracycline-induced protection
against severe sepsis. The candidates showing the most promise will be characterized using a
combination of in vitro and in vivo genetic, biochemical, cell biological and physiological methods.
The results arising from the current proposal are likely not only to inspire the design of
transformative therapies for sepsis but also to open a completely new field of opportunity to
molecularly understand core surveillance mechanisms of basic cellular processes with a critical role in
the homeostasis of organ function and whose activation can ultimately promote quality of life during
aging and increase lifespan.

Project End Date: 9/30/2020
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Cellular diversity and stress-induced cell-state switches in the mammalian hypothalamus

The hypothalamus is an essential interface among neuroendocrine, autonomic and somatomotor
systems, allowing dynamic bodily adaptations to environmental cues via the orchestration of
complex physiological processes. Hypothalamic nuclei exhibit unprecedented molecular, structural
and functional diversity of neurons, reflecting the breadth of neuroendocrine output. To date, a
significant portion of hypothalamic neurons remains unaccounted for given the lack of identity
markers. For known hypothalamic neuron subtypes, their ability to undergo stimulus-dependent
expressional switches challenge their neurotransmitter- and neuropeptide-based classifications.
These gaps of knowledge limit conceptual advances on neuronal loci, dynamic synapse recruitment
and network hierarchy for metabolic control, and the molecular origins of disease. We have
established the single cell transcriptome landscape of the paraventricular nucleus including its
magno- and parvocellular domains. We will use this template to reveal novel cell identities and cell-
state switches upon acute stress. We describe >25 neuronal subtypes under stress-free conditions,
surpassing the resolution of any prior approach. Thus, we will resolve neurotransmitter-
neuropeptide relationships at the single neuron level, with a focus on corticotropin-releasing
hormone (CRH), determine biophysical parameters of CRH co-release with a fast neurotransmitter,
and decipher changes to afferent organization upon stress. A novel parvocellular subclass
constitutively expresses secretagogin, a calcium-sensor, which is indispensable for CRH release. We
will link secretagogin loss-of-function in CRH neurons to Addison’s disease (chronic adrenal
insufficiency associated with insulin resistance). Moreover, we propose a (pro-)hormone-like role for
secretagogin released from CRH neurons into the circulation. Overall, our work program will produce
new understanding on cellular diversity and organizational rules in the hypothalamus.

Project End Date: 8/31/2021
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Targeting replication stress recovery pathways in oncology

Genomic instability characterizes tumors, which have no clear ‘oncogenic-driver’ mutation, including
triple-negative breast cancers (TNBCs). These patients do not benefit from molecularly targeted
treatment and urgently need better treatment options. Increasing evidence points to replication
stress as the driver of genomic instability. Since replication stress compromises cell viability, cells
have evolved mechanisms to mitigate this threat.

Recently, | discovered a novel cellular mechanism—mitotic Replication Stress Recovery (RSR)—that
acts as an ‘emergency brake’ during mitosis, allowing recovery from high levels of replication stress.
This machinery is critical for tumor cell survival, and therefore constitutes a promising target for anti-
cancer drug development. However, it is unclear how this mitotic RSR is organized molecularly and
how it can be targeted therapeutically. In this project, | aim to molecularly define and therapeutically
target the Mitotic Replication Stress Recovery (RSR) machinery in triple-negative breast cancer cells.
To this end, | will implement a series of complementary innovative strategies. First, | will use mass-
spec-based proteomics to molecularly characterize components and wiring of the mitotic RSR
machinery. Second, to identify the genetic profiles of cancer subgroups that are sensitive to
inactivation of the mitotic RSR, functional genetic screens will be combined with visualization and
guantification of replication stress in genomically-defined human cancer samples. Finally, my findings
will be translated to the pre-clinical situation by exploring the feasibility of therapeutic inactivation of
the RSR machinery in vitro and in vivo in a panel of triple-negative breast cancer models. In summary,
TENSION will provide advanced insight into the composition and wiring of the mitotic RSR machinery
and will reveal the potency of targeting this pathway therapeutically for TNBCs and other hard-to-
treat, genomically instable cancers.

Project End Date: 7/31/2021
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Systematic in-vivo analysis of chromatin-associated targets in leukemia

Recent advances in genome sequencing illustrate the complexity, heterogeneity and plasticity of
cancer genomes. In leukemia - a group of blood cancers affecting 300,000 new patients every year —
we know over 100 driver mutations. This genetic complexity poses a daunting challenge for the
development of targeted therapies and highlights the urgent need for evaluating them in
combination. One gene class that has recently emerged as highly promising target space are
chromatin regulators, which maintain aberrant cell fate programs in leukemia. The dependency on
altered chromatin states is thought to provide great therapeutic opportunities, since epigenetic
aberrations are reversible and controlled by a machinery that is amenable to drug modulation.
However, the precise mechanisms underlying these dependencies and the most effective and safe
targets to exploit them therapeutically remain unknown. Here we propose an innovative approach
combining genetically engineered leukemia mouse models and advanced in-vivo RNAi technologies
to explore chromatin-associated vulnerabilities at an unprecedented level of depth. Following a first
screen in MLL-AF9;Nras-driven AML, which led to the discovery of BRD4 as a promising therapeutic
target, we aim to (1) construct a knockdown-validated shRNA library targeting 520 chromatin
regulators and use it to comparatively probe chromatin-associated dependencies in diverse leukemia
subtypes; (2) explore the mechanistic basis of response and resistance to suppression of BRD4 and
new chromatin-associated targets; and (3) pioneer a system for multiplexed combinatorial RNAi
screening and use it to identify synergies between established and new chromatin-associated
targets. We envision that this ERC-funded project will generate a comprehensive functional-genetic
dataset that will greatly complement ongoing genome and epigenome profiling studies and
ultimately guide the development of targeted therapies for leukemia and, potentially, other cancers.

Project End Date: 12/31/2018
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Lipoproteins and angiogenesis: A new look at an old problem

Cardiovascular diseases (CVDs) are the leading cause of death throughout the world. Elevated Low
Density Lipoprotein (LDL) is a well-known cardiovascular risk factor and endothelial (ECs)-lipoprotein
(LIPs) interactions underlie the initiation and progression of atherogenesis, thrombosis and other
CVDs.

The endothelium is a monolayer of cells that segregates the vascular contents from adjacent tissues.
In spite of being continually exposed to LIPs, ECs were long thought of as inert barriers, through
which lipids are exchanged between plasma and surrounding tissues. In contrast to this view, recent
work from my laboratory has uncovered a deleterious role of ApoB-LIPs as direct inhibitors of
angiogenesis in the developing embryo. These findings present only the tip of the iceberg, and the
underlying cellular and molecular mechanisms are largely unknown. In this proposal, we will tackle
this question by undertaking three independent but complementary approaches, aimed at
characterizing LIP-EC interactions at a different level: cellular, molecular or pathological. We will
explore these facets in zebrafish and mammals, utilizing live imaging, sophisticated lipidomic and
biochemical analyses, as well as tumor xenografts and genetic mutants. An important and unique
aspect of our approach is the focus on in vivo dynamics, in contrast to the extensive body of
literature on LIP effects on cultured ECs. When completed this proposal will have shed light on a little
explored, but critical aspect in the etiology of CVDs. Furthermore it will provide answers to important
unresolved questions: What are the signaling pathways activated in ECs upon LIP binding? How are
LIPs transported within ECs? Does ApoB possess additional functions beyond that of cholesterol
carrier? Can high LIPs levels inhibit tumor angiogenesis and metastasis? In a broader sense, a deeper
understanding of the effects of LIPs on ECs will be valuable for identifying new targets for therapeutic
intervention.

Project End Date: 11/30/2018
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Central integration of metabolic and hedonic cues in metabolic health

During evolution the brain has selected glucose as a main source of metabolic energy. This has
imposed homeostatic and behavioral constraints. First, the glycemic levels must be maintained at a
minimum of ~5 mM to ensure constant energy supply to the brain. Second, a high reward value has
to be attributed to glucose-containing foods to increase the motivation to obtain them. These
homeostatic and hedonic regulations depend on glucose sensing cells and neuronal circuits in the
central nervous system. These cells and circuits regulate the activity of the sympathetic and
parasympathetic nerves, which control the function of peripheral organs (liver, fat, muscles) and the
secretion of glucagon and insulin by pancreatic islet cells. They also attribute a reward value to
glucose-containing foods to control food-seeking behavior, a process that involves the mesolimbic
dopaminergic system. Here, we will focus on three interrelated aims: 1. Identify the physiological role
of glucose sensing neurons of the ventromedial hypothalamic nucleus (VMN, a key feeding and
glucoregulatory center) in glucose homeostasis and food preference; identify their cellular diversity
and their molecular make-up; and characterize their deregulations in metabolic diseases.2.
Characterize the molecular physiology of glucose sensing neurons of the paraventricular thalamus,
which modulate the activity of the mesolimbic dopaminergic system to control motivated sucrose-
seeking behavior; determine their control by other interoceptive signals, including from glucose
sensing cells of the VMN.3. Establish new molecular approaches to characterize, at the molecular and
functional levels, the impact of early postnatal nutrition on the development and function of central
glucose sensing cells in the control of adult animal physiology. These studies will open-up new
perspectives in the understanding of homeostatic and hedonic regulatory pathways, which preserve
metabolic health over a lifetime.

Project End Date: 9/30/2021
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Mechanisms of Gene Silencing by the Glucocorticoid Receptor

| propose to decipher the unresolved molecular paradox of positive versus negative gene regulation
by the Glucocorticoid Receptor (GR). GR is one of the most potent anti-inflammatory drug targets in
clinical use today, and one of the most powerful metabolic regulators. Unfortunately, its unique
ability to efficiently shut off inflammatory gene expression is accompanied by serious side effects.
These undesired effects are attributed to the transcriptional activation of its metabolic target genes
and limit its therapeutic use.SILENCE uses cutting-edge genome-wide approaches to identify the
molecular mechanisms underlying the transcriptional repression, or silencing, of inflammatory genes
by GR. The general, open question | want to address is how one transcription factor can
simultaneously both activate and repress transcription.GR is a member of the nuclear hormone
receptor family of ligand-gated transcription factors. Upon hormone binding, GR can regulate gene
expression both positively and negatively, but the mechanism governing this choice is unknown. |
have previously shown that classical models and existing paradigms are insufficient to explain GR-
mediated gene silencing. Therefore, | postulate the existence of unknown coregulator proteins, cis-
regulatory DNA sequences, noncoding RNAs, or combinations thereof. To test these hypotheses, |
plan 1. a large scale RNAi screen to identify those cofactors that specify repression versus activation,
2. ChIP-exo experiments to map genomic GR binding sites at an unprecedented resolution, and 3.
GRO-Seq studies to define the role of noncoding RNAs during the silencing of inflammatory
genes.Inflammation is known to contribute to the pathogenesis of numerous human illnesses,
including cancer, autoimmune diseases, diabetes and cardiovascular disease. Understanding the
specific mechanisms involved in the silencing of inflammatory gene expression carries transformative
potential for novel therapies and safer drugs.

Project End Date: 7/31/2020
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Function and malfunction of the prion protein

Transmissible spongiform encephalopathies (TSE) are caused by the ordered aggregation of PrPC into
prions consisting of PrPSc. Similar pathogenetic principles operate in Alzheimer’s and Parkin-son’s
disease, and a growing list of further diseases whose prevalence is steadily rising. Familial TSE are
invariably associated with PrPC mutations, and the dearth of genetic modifiers has hampered our
understanding of prion diseases. Therefore, the first objective of my proposal utilizes a cell-based
high-throughput quantitative prion replication assay (developed during my previous ERC instalment)
for genome-wide unbiased screens employing new genetics tools (CRISPR, siRNA li-braries, next-gen
sequencing) to identify modifiers of prion uptake, replication, and secretion. The second objective
aims at clarifying the basis of prion neurotoxicity and will be developed along two alleys: (a) we will
uncover the molecular basis of spongiosis (the neuronal vacuolation characteristic of prion diseases),
which we suspect to be a main driver of pathology, and (b) we will perform CRISPR-based synthetic
lethality screens to identify genes that become essential to prion-infected cell lines (which do not
experience prion toxicity) and may not be expressed by neurons. The third objective is to understand
the function of PrPC in cellular physiology, and focuses on our evidence that (a) PrPC interacts with
an orphan G-protein coupled receptor to maintain peripheral myelin integrity and (b) that PrPC may
trigger cell death in response to ER stressors. While certain pathways of degeneration will
undoubtedly be specific to prion infections, | expect that some targets will prove common to a
variety of protein aggregation diseases including Alzheimer’s and Parkinson’s disease, and may
perhaps translate into novel diagnostics and therapeutics. Hence the proposed project may not only
open new perspectives in prion biology but also yield insights applicable to much more common
diseases.

Project End Date: 10/31/2020
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Whole-brain dynamics underlying self-generated behaviour

The first behavioural theories conceived the organism as primarily driven by external sensory stimuli.
However, the energy associated with momentary demands of the environment represent ~1% of the
brain's total energy budget, implying that the intrinsic activity represents a major aspect of the
brain's function. Indeed, more recent theories such as cognitivism and embodiment describe the
organisms as capable of generating complex behaviours emerging from the brain's intrinsic
dynamics.
Past and current studies that investigated the neuronal basis self-generated behaviours mainly focus
on the readiness potential (RP) signal, a build-up ramping activity in the premotor cortex, occurring ~
2 sec before the movement's onset. However, the neuronal mechanisms underlying the generation
of self-generated behaviours (how RPs are generated), the involvement of other regions, and how
the brain codes the impending movements (activity predictive of the onset and type of movement),
still remain poorly understood.
The combination of light-sheet microscopy, optogenetics, and the zebrafish larva model enables
monitoring whole-brain dynamics in an intact behaving vertebrate. Moreover, the diverse yet limited
and well described repertoire of motor behaviours will enable to perform experiments in more
natural unconstrained conditions, in comparison to previous studies, which were structured in trials
and limited to one or two behavioural choices. These advantages will allow us to go beyond the
current state-of-the-art in the field. More specifically, we propose to investigate the following
specific aims: 1) Whole-brain dynamics basis and mechanisms underlying self-generated behaviours.
2) A comparison between the neuronal pathways underlying the initiation of self-generated and
sensory

induced behaviours. 3) The internal and external modulation of self-generated behaviours.

Project End Date: 4/30/2022
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Functional wiring of the core neural network of innate fear

Fear is an emotion that exerts powerful effects on our behavior and physiology. A large body of
research implicates the amygdala in fear of painful stimuli, but virtually nothing is known about the
circuits that support fear of predators and social threats, despite their primal importance in human
behavior and pathology. Unlike painful stimuli, predator and social threats activate the medial
hypothalamus, a cluster of highly conserved brain nuclei that control motivated behavior.
Intriguingly, predator and social threats recruit largely non-overlapping nuclei in the medial
hypothalamus, and we have recently demonstrated that separate medial hypothalamic circuits are
essential for predator and social fear. We aim to build a functional wiring diagram of predator and
social fear in the mouse that will explain how these fears are triggered, coordinated, and
remembered. Such a functional wiring diagram will reveal the network logic of innate fear and put us
in a position to selectively intervene in fear processing. Electrical stimulation of the medial
hypothalamus in humans elicits panic responses and pharmacological agents that block these circuits
will offer unexplored therapeutic approaches to treat anxiety disorders such as panic, social phobia,
and post-traumatic stress disorder. Moreover, the relatively simple architecture of the medial
hypothalamic fear network and its robust and direct behavioral readout in the mouse will be a
powerful platform to test the role of several fundamental circuit features that are common to a wide
range of behavioral networks, but whose function remains unknown, including the role of feedback
loops, sparse cellular encoding of behavior, and overlapping processing of distinct behavioral
responses. In this way, the project will provide the first circuit-level understanding of predator and
social fear and answer a series of fundamental questions about how neural networks control
behavior.

Project End Date: 2/28/2019
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Function of Chemosensory Circuits

Smell and taste are the least studied of all senses. Very little is known about chemosensory
information processing beyond the level of receptor neurons. Every morning we enjoy our coffee
thanks to our brains ability to combine and process multiple sensory modalities. Meanwhile, we can
still review a document on our desk by adjusting the weights of numerous sensory inputs that
constantly bombard our brains. Yet, the smell of our coffee may remind us that pleasant weekend
breakfast through associative learning and memory. In the proposed project we will explore the
function and the architecture of neural circuits that are involved in olfactory and gustatory
information processing, namely habenula and brainstem. Moreover we will investigate the
fundamental principles underlying multimodal sensory integration and the neural basis of behavior in
these highly conserved brain areas. To achieve these goals we will take an innovative approach by
combining two-photon calcium imaging, optogenetics and electrophysiology with the expanding
genetic toolbox of a small vertebrate, the zebrafish. This pioneering approach will enable us to design
new types of experiments that were unthinkable only a few years ago. Using this unique combination
of methods, we will monitor and perturb the activity of functionally distinct elements of habenular
and brainstem circuits, in vivo. The habenula and brainstem are important in mediating
stress/anxiety and eating habits respectively. Therefore, understanding the neural computations in
these brain regions is important for comprehending the neural mechanisms underlying psychological
conditions related to anxiety and eating disorders. We anticipate that our results will go beyond
chemical senses and contribute new insights to the understanding of how brain circuits work and
interact with the sensory world to shape neural activity and behavioral outputs of animals.

Project End Date: 3/31/2019
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Defining functional networks of genetic causes for ALS and related neurodegenerative disorders

Brain and spinal cord diseases affect 38% of the European population and cost over 800 billion €
annually; representing by far the largest health challenge. ALS is a prevalent neurological disease
caused by motor neuron death with an invariably fatal outcome. | contributed to ALS research with
the groundbreaking discovery of TDP-43 mutations, functionally characterized these mutations in the
first vertebrate model and demonstrated a genetic interaction with another major ALS gene FUS.
Emerging evidence indicates that four major causative factors in ALS, C9orf72, TDP-43, FUS &
SQSTM1, genetically interact and could function in common cellular mechanisms. Here, | will develop
zebrafish transgenic lines for all four genes, using state of the art genomic editing tools to combine
simultaneous gene knockout and expression of the mutant alleles. Using these innovative disease
models | will study the functional interactions amongst these four genes and their converging effect
on key ALS pathogenic mechanisms: autophagy degradation, stress granule formation and RNA
regulation. These studies will permit to pinpoint the molecular cascades that underlie ALS-related
neurodegeneration. We will further expand the current ALS network by proposing and validating
novel genetic interactors, which will be further screened for disease-causing variants and as
pathological markers in patient samples. The power of zebrafish as a vertebrate model amenable to
high-content phenotype-based screens will enable discovery of bioactive compounds that are
neuroprotective in multiple animal models of disease. This project will increase the fundamental
understanding of the relevance of C9orf72, TDP-43, FUS and SQSTM1 by developing animal models
to characterize common pathophysiological mechanisms. Furthermore, | will uncover novel genetic,
disease-related and pharmacological modifiers to extend the ALS network that will facilitate
development of therapeutic strategies for neurodegenerative disorders

Project End Date: 3/31/2022
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Imaging synaptic contributors to dementia

Alzheimer's disease, the most common cause of dementia in older people, is a devastating condition
that is becoming a public health crisis as our population ages. Despite great progress recently in
Alzheimer’s disease research, we have no disease modifying drugs and a decade with a 99.6% failure
rate of clinical trials attempting to treat the disease. This project aims to develop relevant
therapeutic targets to restore brain function in Alzheimer’s disease by integrating human and model
studies of synapses. It is widely accepted in the field that alterations in amyloid beta initiate the
disease process. However the cascade leading from changes in amyloid to widespread tau pathology
and neurodegeneration remain unclear. Synapse loss is the strongest pathological correlate of
dementia in Alzheimer’s, and mounting evidence suggests that synapse degeneration plays a key role
in causing cognitive decline. Here | propose to test the hypothesis that the amyloid cascade begins at
the synapse leading to tau pathology, synapse dysfunction and loss, and ultimately neural circuit
collapse causing cognitive impairment. The team will use cutting-edge multiphoton and array
tomography imaging techniques to test mechanisms downstream of amyloid beta at synapses, and
determine whether intervening in the cascade allows recovery of synapse structure and function.
Importantly, | will combine studies in robust models of familial Alzheimer’s disease with studies in
postmortem human brain to confirm relevance of our mechanistic studies to human disease. Finally,
human stem cell derived neurons will be used to test mechanisms and potential therapeutics in
neurons expressing the human proteome. Together, these experiments are ground-breaking since
they have the potential to further our understanding of how synapses are lost in Alzheimer’s disease
and to identify targets for effective therapeutic intervention, which is a critical unmet need in today’s
health care system.

Project End Date: 10/31/2021

-72 -



RS oo Project ID: Project Acronym: Evaluation Panel:
' LS5 - Neurosciences and

European Research Council .
Neural Disorders

Executive Agency 683209 PRIORS

Established by the European Commission

Principal Investigator: Dr. Jaime de la Rocha
jrochav@clinic.cat

Host Institution: Consorci Institut D'Investigacions Biomediques August Pi | Sunyer, ES

Neural circuit dynamics underlying expectation and their impact on the variability of perceptual

choices

Just as our experience has its origin in our perceptions, our perceptions are fundamentally shaped by
our experience. How does the brain build expectations from experience and how do expectations
impact perception? In a Bayesian framework, expectations determine the environment’s prior
probability, which combined with stimulus information, can yield optimal decisions. While the
accumulation-to-bound model describes temporal integration of sensory inputs and their
combination with the prior, we still lack electrophysiological evidence showing neural circuits that
integrate previous events adaptively to generate advantageous expectations.

| aim to understand (1) how circuits in the cerebral cortex integrate the recent history of stimuli and
rewards to generate expectations, (2) how expectations are combined with sensory input across the
processing hierarchy to bias decisions and (3) whether the dynamics of the expectation can dominate
neuronal and choice variability. | will train rats in a new auditory discrimination task using predictable
stimulus sequences that, once learned, are used to compute adaptive priors that improve
discrimination. | will perform population recordings and optogenetic manipulations to identify the
brain areas involved in the computation of priors in the task. To reveal the circuit mechanisms
underlying the observed dynamics | will train a computational network model to classify fluctuating
inputs and, by adapting its dynamics to the statistics of the stimulus sequence, accumulate evidence
across trials to maximize performance. The model will generalize the accumulation-to-bound model
by integrating information across various time scales and will partition choice variability into that
caused by the dynamics of the prior or by fluctuations in the stimulus response. My proposal points
at a paradigm shift from viewing neuronal variability as a corrupting source of noise to the result of
our brain’s inevitable tendency to predict the future.

Project End Date: 8/31/2021
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Synergy and antagonism of cholinergic and dopaminergic systems in associative learning

Neuromodulators such as acetylcholine and dopamine are able to rapidly reprogram neuronal
information processing and dynamically change brain states. Degeneration or dysfunction of
cholinergic and dopaminergic neurons can lead to neuropsychiatric conditions like schizophrenia and
addiction or cognitive diseases such as Alzheimer’s. Neuromodulatory systems control overlapping
cognitive processes and often have similar modes of action; therefore it is important to reveal
cooperation and competition between different systems to understand their unique contributions to
cognitive functions like learning, memory and attention. This is only possible by direct comparison,
which necessitates monitoring multiple neuromodulatory systems under identical experimental
conditions. Moreover, simultaneous recording of different neuromodulatory cell types goes beyond
phenomenological description of similarities and differences by revealing the underlying correlation
structure at the level of action potential timing. However, such data allowing direct comparison of
neuromodulatory actions are still sparse. As a first step to bridge this gap, | propose to elucidate the
unique versus complementary roles of two “classical” neuromodulatory systems, the cholinergic and
dopaminergic projection system implicated in various cognitive functions including associative
learning and plasticity. First, we will record optogenetically identified cholinergic and dopaminergic
neurons simultaneously using chronic extracellular recording in mice undergoing classical and
operant conditioning. Second, we will determine the postsynaptic impact of cholinergic and
dopaminergic neurons by manipulating them both separately and simultaneously while recording
consequential changes in cortical neuronal activity and learning behaviour. These experiments will
reveal how major neuromodulatory systems interact to mediate similar or different aspects of the
same cognitive functions.

Project End Date: 4/30/2022
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Zebrafish vision in its natural context: from natural scenes through retinal and central processing

to behaviour.

All visual systems are specialised to best serve an animal’s sensory niche, yet how such
specialisations are achieved through phylogenetic and developmental adaptations of the ‘common
vertebrate visual system blueprint’ are poorly understood. | will study these adaptations in the visual
system of zebrafish. | will use two-photon functional imaging and computational modelling to
investigate how the visual system of zebrafish samples and processes behaviourally meaningful
stimuli in the natural world. | will then use optogenetic manipulations while zebrafish navigate a
virtual reality environment to directly probe the role of visual circuits in driving behaviour.
Specifically, | will pursue four Aims: 1. What is the zebrafish eye designed to see?

2. How does the fish retina form feature selective output channels?

3. What does the fish’s eye tell the fish’s brain?

4. How does visual input to the brain lead to behaviour? Visual specialisations begin in the optics and
movements of the eyes, and are subsequently deeply rooted in every step of neuronal computation.
Therefore, | will study visual processing at these different organisational levels. Here, the highly
‘visual’ zebrafish present a powerful model. They (i) offer exquisite genetic tools to record and
manipulate neurons, (ii) have transparent larval stages permitting optical access to the entire
nervous system and (iii) there is a large array of well-studied and easily quantifiable visual
behaviours. In addition, zebrafish undergo two distinct life-stages, from larva to adult - with distinct
lifestyles in different visual environments and hence different feature-detection requirements.
Comparison of processing strategies employed by the (a) larval and (b) adult zebrafish visual system
with that of other species, including a complementary database already recorded in mice (c), will
lead to an increasingly generalised understanding of biological vision.

Project End Date: 5/31/2021
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Cerebellar modules and the Ontogeny of Sensorimotor Integration

The perfect execution of a voluntary movement requires the appropriate integration of current
bodily state, sensory input and desired outcome. To assure that this motor output becomes and
remains appropriate, the brain needs to learn from the result of previous outputs. The cerebellum
plays a central role in sensorimotor integration, yet -despite decades of studies- there is no generally
excepted theory for cerebellar functioning. | recently demonstrated that cerebellar modules,
identified based on anatomical connectivity and gene expression, differ distinctly in spike activity
properties. It is my long-term goal to identify the ontogeny of anatomical and physiological
differences between modules, and their functional consequences. My hypothesis is that these
differences can explain existing controversies, and unify contradicting results into one central theory.
To this end, | have designed three key objectives. First, | will identify the development of connectivity
and activity patterns at the input stage of the cerebellar cortex in relation to the cerebellar modules
(key objective A). Next, | will relate the differences in gene expression levels between modules to
differences in basal activity and strength of plasticity mechanisms in juvenile mice (key objective B).
Finally, | will determine how module specific output develops in relation to behavior and what the
effect of module specific mutations is on cerebellum-dependent motor tasks and higher order
functions (key objective C).

Ultimately, the combined results of all key objectives will reveal how distinct difference between
cerebellar modules develop, and how this ensemble ensures proper cerebellar information
processing for optimal coordination of timing and force of movements. Combined with the growing
body of evidence for a cerebellar role in higher order brain functions and neurodevelopmental
disorders, a unifying theory would be fundamental for understanding how the juvenile brain
develops.

Project End Date: 5/31/2021
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Presynaptic Regulatory Principles in Synaptic Plasticity, Neuronal Network Function, and Behaviour

Neuronal signalling via synaptic vesicle (SV) fusion is the fastest membrane fusion event in
mammalian cells. Its speed and the ability of presynapses to sustain SV fusion at high stimulation
rates are key requirements for brain function. Plastic changes of SV fusion rates have long been
thought to control complex brain processes such as working memory, but the link between
presynaptic plasticity and complex brain functions remains hypothetical. A key determinant of
presynaptic efficacy is that synapses maintain a release-ready or primed SV pool that can be refilled
rapidly. SV priming is mediated by a set of dedicated priming proteins (Muncl13s, CAPSs, and
accessory proteins), which are of pervasive and essential functional importance for synaptic efficacy,
and - based on in vitro studies - of capacious potential to regulate exactly the type of synaptic
plasticity that is associated with brain circuit characteristics involved in complex behaviours.
However, this 'catholic' role of the SV priming machinery in brain function has never been tested,
mainly because essential genetic models for studies in vivo have been lacking. Using (i) 4 newly
generated conditional KO and KI mouse lines, (ii) 17 additional KOs/Kls (12 ours), (iii) high-end EM
approaches (iv) KO-replacement strategies, (v) electrophysiological and optophysiological analyses,
and (vi) behavioural studies, we will examine the SV priming machinery in intact circuits in order to
(a) define the mechanisms and cell biological basis of SV priming, of its dynamics, and of defined
priming-dependent synaptic plasticity states, and to (b) define the causal links between SV priming,
synapse function, synaptic plasticity, circuit characteristics, and behaviour. These studies will
generate a comprehensive delineation of the role of SV priming in intact neural circuits, which is not
only essential for basic science but also for psychiatry, because all key priming proteins are linked to
neuropsychiatric diseases.

Project End Date: 8/31/2020
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The tiny and the fast: the role of subcortical sensory structures in human communication

In Europe, approximately one hundred million people are impaired in their communication abilities.
These include people with autism spectrum disorders (ca. 3 million) and individuals with dyslexia (ca.
50 million). Current neuroscience research typically associates cognitive functions including
communication abilities with the cerebral cortex. By and large, this approach ignores the complex
subcortical processing machinery before sensory signals reach the cortex. However, recent
pioneering studies imply that dysfunction in tiny subcortical sensory structures can cause selective
deficits in our ability to understand others. My goal is to (i) investigate the role of subcortical sensory
structures in analysing communication signals and (ii) specify how dysfunction in subcortical-cortical
interaction can cause human communication disorders. To do this we will combine very recently
developed ultra-high-resolution neuroimaging with a cutting-edge multimodal approach including
neurostimulation, and computational neuroimaging. The project will relate sensory subcortical
responses to concrete communication behaviour, as observed in healthy individuals and individuals
with communication disorders. | expect two key results: First, we will uncover the principles of how
subcortical sensory structures operate for dynamic auditory and visual communication signals; this
will lead to a novel model of subcortical-cortical interactions that can explain key functions in human
communication. Second, the results will resolve long-standing puzzles about the nature of two of the
most common hereditary communication deficits (developmental dyslexia and autism spectrum
disorders). Immediate consequences of this proposal will include a translational project aimed at
improving communication functions with behavioural interventions. Together, the findings may
revolutionise our understanding of how sensory subcortical structures shape one of our most
important cognitive functions—communication.

Project End Date: 12/31/2020
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Non-Invasive In-Vivo Histology in Health and Disease Using Magnetic Resonance Imaging (MRI)

Understanding of the normal and diseased brain crucially depends on reliable knowledge of its
microstructure. Important functions are mediated by small cortical units (columns) and even small
changes in the microstructure can cause debilitating diseases. So far, this microstructure can only be
determined using invasive methods such as, e.g., ex-vivo histology. This limits neuroscience, clinical
research and diagnosis. My research vision is to develop novel methods for high-resolution magnetic
resonance imaging (MRI) at 3T-9.4T to reliably characterize and quantify the detailed microstructure
of the human cortex. This MRI-based histology will be used to investigate the cortical microstructure
in health and focal cortical degeneration. Structure-function relationships in visual cortex will be
elucidated in-vivo, particularly, ocular dominance columns and stripes. Specific microstructural
changes in focal cortical degeneration due to Alzheimer’s disease and monocular blindness will be
determined, including amyloid plaque imaging. To resolve the subtle structures and disease related
changes, which have not previously been delineated in-vivo by anatomical MRI, unprecedented
isotropic imaging resolution of up to 250 um is essential. Methods for high-resolution myelin and
iron mapping will be developed from novel quantitative MRI approaches that | have previously
established. Super-resolution diffusion and susceptibility imaging will be developed to capture the
neuropil microstructure. Anatomical imaging will be complemented by advanced high-resolution
functional MRI. The multi-modal MRI data will be integrated into a unified model of MRI contrasts,
cortical anatomy and tissue microstructure. My ambitious goal of developing in vivo MRI-based
histology can only be achieved by an integrative approach combining innovations in MR physics,
modelling and tailored (clinical) neuroscience experiments. If successful, the project will transform
research and clinical imaging.

Project End Date: 8/31/2019
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Tracking information flow in the brain:
A unified and general framework for dynamic communication in brain networks

The brain is composed of a set of areas specialized in specific computations whose outputs need to
be transferred to other specialized areas for cognition to emerge. To account for context-dependent
behaviors, the information has to be flexibly routed through the fixed anatomy of the brain. The aim
of my proposal is to test a general framework for flexible communication between brain areas based
on nested oscillations which | recently developed. The general idea is that internally-driven slow
oscillations (<20Hz) either set-up or prevent the communication between brain areas. Stimulus-
driven gamma oscillations (>30Hz), nested in the slow oscillations, can then be directed to task-
relevant areas of the network. | plan to use a multimodal, multi-scale and transversal (human and
monkey) approach in experiments manipulating visual processing, attention and memory to test core
predictions of my framework. The theoretical approach and the methodological development used in
my project will provide the basis for future fundamental and clinical research.

Project End Date: 1/31/2022
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Flexible and robust nervous system function from reconfiguring networks

It is now possible to monitor and manipulate neurons in live, awake animals, revealing how patterns
of neural activity represent information and give rise to behaviour. Very recent experiments show
that many circuits have physiology and connectivity that is highly variable and that changes
continually, even when an animal’s behaviour and environment are stable. Existing theories of brain
function assume that neural circuit parameters only change as required during learning and
development. This paradigm cannot explain how consistent behaviour can emerge from circuits that
continually reconfigure, nor what mechanisms might drive variability and continual change.
Understanding this deep puzzle requires new theory and new ways to interpret experimental data. |
will develop a theory of reconfiguring circuits by significantly generalizing my previous work that uses
control theory to show how network activity can be maintained in spite of variability and continual
turnover of crucial circuit components. We will analyse how biological plasticity mechanisms steer
collective properties of neurons and circuits toward functional states without requiring individual
parameters to be fixed, resulting in circuit models with consistent output but variable and mutable
internal structures. In close collaboration with leading experimentalists we will challenge these
modelling principles to account for new findings which reveal that navigation, sensory percepts and
learned associations are underpinned by surprisingly dynamic, variable circuit connectivity and
physiology. This will generate new, exciting questions that will drive experiments and theory
together: how can known plasticity mechanisms generate reconfigurable neural representations? Do
continually reconfiguring networks possess unique functional flexibility and robustness, and are they
vulnerable to specific pathologies? And how can we design new experiments to test theories of
robust, reconfigurable networks?

Project End Date: 1/31/2022
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Telling the full story: how neurons send other signals than by classical synaptic transmission

The regulated secretion of chemical signals in the brain occurs principally from two organelles,
synaptic vesicles and dense core vesicles (DCVs). Synaptic vesicle secretion accounts for the well
characterized local, fast signalling in synapses. DCVs contain a diverse collection of cargo, including
many neuropeptides that trigger a multitude of modulatory effects with quite robust impact, for
instance on memory, mood, pain, appetite or social behavior. Disregulation of neuropeptide
secretion is firmly associated with many diseases such as cognitive and mood disorders, obesity and
diabetes. In addition, many other signals depend on DCVs, for instance trophic factors and
proteolytic enzymes, but also signals that typically do not diffuse like guidance cues and pre-
assembled active zones. Hence, it is beyond doubt that DCV signalling is a central factor in brain
communication. However, many fundamental questions remain open on DCV trafficking and
secretion. Therefore, the aim of this proposal is to characterize the molecular principles that account
for DCV delivery at release sites and their secretion. | will address 4 fundamental questions: What are
the molecular factors that drive DCV fusion in mammalian CNS neurons? How does Ca2+ trigger DCV
fusion? What are the requirements of DCV release sites and where do they occur? Can DCV fusion be
targeted to synthetic release sites in vivo? | will exploit >30 mutant mouse lines and new cell
biological and photonic approaches that allow for the first time a quantitative assessment of DCV-
trafficking and fusion of many cargo types, in living neurons with a single vesicle resolution.
Preliminary data suggest that DCV secretion is quite different from synaptic vesicle and chromaffin
granule secretion. Together, these studies will produce the first systematic evaluation of the
molecular identity of the core machinery that drives DCV fusion in neurons, the Ca2+-affinity of DCV
fusion and the characteristics of DCV release sites.

Project End Date: 4/30/2019
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Invasive cognitive brain computer interfaces to enhance and restore attention: proof of concept
and underlying cortical mechanisms.

The present project focuses on a barely scratched aspect of invasive cognitive brain-computer
interfaces (cBCls), i.e. closed-loop invasive cBCls to augment and restore attentional functions. Its
aim is to achieve an efficient enhanced cognition protocol both in the healthy brain and in the
damaged brain and to study the local and global plasticity mechanisms underlying these effects. The
project relies on the unique methodological combination of multi-electrode multisite intracortical
recordings and functional magnetic resonance imaging, in association with reversible cortical lesions
and intracortical microstimulations, in an experimental model allowing to approach the attentional
human function and its dysfunctions to the best. Our goal is to achieve:

1. A closed-loop invasive cBCl for augmented attention, by providing the subjects with a feedback on
their cortical spatial and feature attention information content as estimated from real-time
population decoding procedures, using reinforcement learning, to have them improve this cognitive
content, and as a result, improve their overt attentional behavioural performance.

2. A closed-loop invasive cBClI for restored attention, by inducing a controlled attentional loss thanks
to reversible cortical lesions targeted to key functionally-identified cortical regions and using the
closed-loop cBCl to restore attentional performance.

3. An invasive cBCl for stimulated attentional functions. We will identify the neuronal population
changes leading to a voluntary enhancement of attentional functions as quantified in aim 1 and inject
these changes, using complex patterns of microstimulations, mimicking spikes, to enhance or restore
attention, in the absence of any active control by the subjects.

This project will contribute to the development of novel therapeutical applications to restore acute
or chronic severe attentional deficits and to provide an in depth understanding of the neural bases
underlying closed-loop cBCls.

Project End Date: 9/30/2021
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The role of parvalbumin interneurons in cognition and behavior

Cognition is a collective term for complex but sophisticated mental processes such as attention,
learning, social interaction, language production, decision making and other executive functions. For
normal brain function, these higher-order functions need to be aptly regulated and controlled, and
the physiology and cellular substrates for cognitive functions are under intense investigation. The
loss of cognitive control is intricately related to pathological states such as schizophrenia, depression,
attention deficit hyperactive disorder and addiction. Synchronized neural activity can be observed
when the brain performs several important functions, including cognitive processes. As an example,
gamma activity (30-80 Hz) predicts the allocation of attention and theta activity (4-12 Hz) is tightly
linked to memory processes. A large body of work indicates that the integrity of local and global
neural synchrony is mediated by interneuron networks and actuated by the balance of different
neuromodulators. However, much knowledge is still needed on the functional role interneurons play
in cognitive processes, i.e. how the interneurons contribute to local and global network processes
subserving cognition, and ultimately play a role in behavior. In addition, we need to understand how
neuro-modulators, such as dopamine, regulate interneuron function. The proposed project aims to
functionally determine the specific role the parvalbumin interneurons and the neuromodulator
dopamine in aspects of cognition, and in behavior. In addition, we ask the question if cognition can
be enhanced. We are employing a true multidisciplinary approach where brain activity is recorded in
conjunctions with optogenetic manipulations of parvalbumin interneurons in animals performing
cognitive tasks. In one set of experiments knock-down of dopamine receptors specifically in
parvalbumin interneurons is employed to probe how this neuromodulator regulate network
functions.

Project End Date: 1/31/2019
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Functional Brain Tractography

Single-pulse direct electrical stimulation of cortical regions in patients suffering from focal drug-
resistant epilepsy who are explored using intracranial electrodes induces electrophysiological
responses. Such cortico-cortical induced potentials can be used to infer functional and anatomical
brain connectivity. We will develop methods to analyse those responses using neuroimaging tools in
order to create a new probabilistic atlas of functional tractography of the human brain, which will be
made freely available to the clinical and neuroscience community. Several thousands of stimulation
runs performed in several hundreds of patients will be included in the atlas database to reach a
nearly full coverage of the human cortex (inclusion of 540 patients retrospectively and of 172
patients/year prospectively, from 8 French and 1 Czech epilepsy surgery centres). As a proof of
concept, we generated for F-TRACT scientific document a preliminary database of 1535 stimulation
runs performed in 35 adult patients. To illustrate the potential of our approach, in particular to refine
neurobiological models of cognitive systems, we use here this preliminary atlas to demonstrate the
asymmetry of the functional connectivity between Wernicke’s area and Broca’s area, two key nodes
of the language network. This new atlas of functional tractography will be very useful to understand
how the brain works and to develop neurocomputational models at a large scale. It will also allow
the development of new clinical tools for the presurgical evaluation of intractable epilepsy. It is very
complementary to other structural and functional approaches, such as MRI diffusion and functional
mapping derived from metabolic, optical and electromagnetic techniques. The open access to this
unique atlas of functional tractography will allow to explore in the future its numerous properties in
relation to distributed brain networks in the domains of neuroanatomy, neurocognition and
neurophysiopathology.

Project End Date: 7/31/2019
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NEUROBIOLOGY OF EPILEPSY GENES

lon channel genes have long been linked to Mendelian focal epilepsies, but my recent finding of
frequent mutations in DEPDC5 opens completely new perspectives. DEPDC5 is an inhibitor of the
MTORC1 (mammalian target of rapamycin) signaling pathway, the master regulator of cell
proliferation and growth. Mutations of this gene are found in a wide spectrum of focal epilepsy
syndromes, with or without cortical malformations. | propose to examine the links between DEPDC5
and the mTORC1 pathway in cortical development and the genesis of epileptic activity.

My proposal work will combine high-throughput sequencing, in vivo proteomics, biochemistry,
electrophysiology, and animal behavior testing (video-EEG). Functional analyses will be made on
human postoperative tissue and neuronal cultures from human iPSC and specific rodent models.
These approaches will enable me to (1) ask if and how the mTORC1 signaling pathway may
contribute to epileptogenesis and seizures in patients with DEPDC5 mutations, (2) attempt to explain
the diversity of phenotypes, in particular the presence of cortical lesion by searching for somatic
brain mutations in the gene, (3) explore neurobiology pathways and partners of DEPDC5, and (4)
identify novel actors for inherited focal epilepsies.

Our results will help us understand the genesis of epileptic networks, and more generally how
defects in mTORC1 signaling cascade cause neurologic conditions. We anticipate genetic studies on
germline and somatic mutations will have a significant clinical impact for genetic counseling and
improved prognosis. The molecules and pathways that will be studied in this proposal differ
completely from ion channels and receptors that have been so far associated with focal epilepsies.
Thus | hope to provide a new orientation for the field, to identify novel genetic mechanisms and to
provide an unbiased route to new molecular therapeutic targets.

Project End Date: 9/30/2021
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Myelinic nanochannels in neurodegenerative diseases

Myelin is made by highly specialized glial cells and enables fast axonal impulse propagation. We have
discovered that oligodendrocytes in the CNS are, in addition to myelination, required for the integrity
and survival of axons, independent of the presence or absence of myelin itself. More recently, we
found the underlying mechanism and could show that glycolytic oligodendrocytes provide axons with
pyruvate/lactate.

These metabolites are transported through a system of myelinic nanochannels to the axonal
compartment, in which mitochondria generate ATP. The finding was a paradigm-shift for the
physiological function of axonassociated glia, and opens now the intriguing possibility that
oligodendrocytes are important modifiers of neurological diseases in which myelinated axons are
lost. This includes, in addition to multiple sclerosis, also classical neuropsychiatric disorders. We will
generate novel genetic tools in mice that allow us to study the role myelin and secondary axonal loss
in higher brain functions. We will test the challenging hypothesis that reducing oligodendroglial
support of axonal metabolism is a risk for differen neurodegenerative disorders.

These involve the previously neglected ultrastructure of CNS myelin with cytosolic (20-300
nanometer wide) channels within the myelin sheath. These 'nanochannels' couple the
oligodendrocyte soma metabolically to the adaxonal space, but are vulnerable to aging and physical
injury. We hypothesize that cellular mechanisms as diverse as neuroinflammation and the
aggregation of misfolded proteins in myelinic nanochannels cause perturbations of the axonal energy
metabolism. When combined, the findings of MyeliNANO will shed new light on previously unknown
functions of CNS myelin and will pave the way for metabolic neuroprotection as a therapeutic
approach to a range of neurodegenerative diseases.

Project End Date: 3/31/2021
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Neurovascular Interactions and Pathfinding in the Spinal Motor System

Neurons and blood vessels rely on common guidance signals to wire into elaborate neural and
vascular networks that are closely juxtaposed and interdependent: vascular supply of oxygen and
nutrients is essential to sustain the high metabolic rate of the nervous system, and conversely neural
control of vascular tone is crucial for circulatory homeostasis. However, it remains unclear how the
nervous and vascular systems establish an intimate physical and functional relationship. This
proposal seeks to reveal the developmental mechanisms that link neuronal connectivity and
vascularization of the nervous system, focusing on the interactions between vascular endothelial
cells and spinal motor neurons that control locomotion, respiration and autonomic responses. Motor
neuron diseases and a variety of other neurodegenerative conditions are precipitated by vascular
abnormalities. Thus, understanding the molecular basis of neurovascular crosstalk may offer novel
therapeutic opportunities.

My group will use mutagenesis-based forward genetics in reporter mice combined with gene
profiling of motor neurons and endothelial cells to screen for novel regulators of neurovascular
interactions and pathfinding. Candidate genes will be further characterized using in vivo mouse and
chick models, in addition to in vitro studies to uncover the mechanisms of action. Through this multi-
disciplinary approach, the proposal will address these fundamental questions: (i) Do neurovascular
interactions instruct the assembly of neural and vascular networks? (ii) What signaling pathways
connect region-specific vascularization of the CNS to the local metabolic and functional demand of
neuronal tissues? (iii) What mechanisms account for specificity, spatiotemporal control and
integration of guidance signaling? In addition, this research plan will generate comprehensive
transcriptional/proteomic datasets and novel mouse mutants for future studies of neurovascular
communication and patterning.

Project End Date: 12/31/2019
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The role of immune cells in Alzheimer's disease

Alzheimer’s disease is the most common form of dementia affecting more than 35 million people
worldwide and its prevalence is projected to nearly double every 20 years with tremendous social
and economical impact on the society. There is no cure for Alzheimer's disease and current drugs
only temporarily improve disease symptoms.

Alzheimer's disease is characterized by a progressive deterioration of cognitive functions, and the
neuropathological features include amyloid beta deposition, aggregates of hyperphosphorylated tau
protein, and the loss of neurons in the central nervous system (CNS). Research efforts in the past
decades have been focused on neurons and other CNS resident cells, but this "neurocentric" view
has not resulted in disease-modifying therapies.

Growing evidence suggests that inflammation mechanisms are involved in Alzheimer's disease and
our team has recently shown an unexpected role for neutrophils in Alzheimer's disease, supporting
the innovative idea that circulating leukocytes contribute to disease pathogenesis.

The main goal of this project is to study the role of immune cells in animal models of Alzheimer's
disease focusing on neutrophils and T cells. We will first study leukocyte-endothelial interactions in
CNS microcirculation in intravital microscopy experiments. Leukocyte trafficking will be then studied
inside the brain parenchyma by using two-photon microscopy, which will allow us to characterize
leukocyte dynamic behaviour and the crosstalk between migrating leukocytes and CNS cells. The
effect of therapeutic blockade of leukocyte-dependent inflammation mechanisms will be determined
in animal models of Alzheimer's disease. Finally, the presence of immune cells will be studied on
brain samples from Alzheimer's disease patients. Overall, IMMUNOALZHEIMER will generate
fundamental knowledge to the understanding of the role of immune cells in neurodegeneration and
will unveil novel therapeutic strategies to address Alzheimer’s disease.

Project End Date: 8/31/2021
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Crosstalk of Metabolism and Inflammation

Inflammation is a response to noxious stimuli and initiates tissue repair. If resolution fails, however,
chronic inflammation develops, which drives tissue damage in many diseases including
autoimmunity, cancer and infections. Inflammatory processes are increasingly being appreciated as
tightly integrated with metabolic pathways. The molecular crosstalk occurs on different levels
including secreted metabolites and cytokines. | hypothesise that this interface of metabolism and
inflammation represents a functional rheostat that shapes tissue damage and disease. Here, |
propose to analyse the metabolic and inflammatory processes in a mouse model of chronic viral
hepatitis. | chose this model to explore the inflammatory rheostat because the liver is the central
organ for metabolism and a hotspot for receiving, processing and distributing local and systemic
signals. Cutting-edge technologies including deep sequencing, quantitative proteomics and
metabolomics will let us create longitudinal multi-dimensional maps of virus-induced alterations.
Paired with immunological, virological and pathological analyses, | expect to identify novel regulatory
nodes between metabolism and inflammation. Within our systems-wide experiments and supported
by preliminary results, we will specifically focus on the immunomodulatory roles of the metabolite
bile acids and oxidative metabolism. These as well as other candidates will be investigated by genetic
and pharmacological perturbations in cell culture and in mouse models. Bioinformatics integration of
the orthogonal profiling kinetics is expected to reveal novel properties of the molecular networks
mediating between metabolism and inflammation. This proposed cross-disciplinary approach aims to
improve our understanding of the crosstalk of metabolism and inflammation. The results of this
project may be relevant to viral hepatitis in man and bear broader implications for other
inflammatory diseases.

Project End Date: 3/31/2021
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Cell intrinsic control of CD4 T cell differentiation by cytosolic DNA sensing pathways

This proposal aims to investigate the role of cytosolic DNA sensing pathways in CD4 T cell
differentiation.

Cellular host defense to pathogens relies on the detection of pathogen-associated molecular
patterns including deoxyribonucleic acid (DNA), which can be recognized by host myeloid cells
through Toll-like receptor (TLR) 9 binding. Recent evidence however suggests that innate immune
cells can also perceive cytoplasmic DNA from infectious or autologous origin through cytosolic DNA
sensors triggering TLR9-independent signaling. Activation of cytosolic DNA sensor-dependent
signaling pathways has been clearly shown to trigger innate immune responses to microbial and host
DNA, but the contribution of cytosolic DNA sensors to the differentiation of CD4 T cells, an essential
event for shaping adaptive immune responses, has not been documented. This proposal aims to fill
this current knowledge gap.

We aim to decipher the molecular series of transcriptional events triggered by DNA in CD4 T cells
that ultimately result in altered T cell differentiation. This aim will be addressed by combining in vitro
and in vivo approaches such as advanced gene expression analysis of CD4 T cells and use of
transgenic and gene-deficient mice. Structure activity relationship and biophysical studies will also be
performed to unravel novel immunomodulators able to affect CD4 T cell differentiation.

Project End Date: 7/31/2021
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Innate immune responses to human hepatotropic viral infections

Chronic hepatotropic infections including hepatitis B (HBV) and C (HCV) are a major public health
concern. Even though both viruses belong to completely distinct families the pathogenesis they elicit
is strikingly similar, leading to liver fibrosis and cirrhosis. Treatment for HBV and HCV consists of
either direct-acting antivirals or pegylated interferon (IFN)a. In contrast to HCV, these treatment
regimen are noncurative for HBV. Little is known to date about the host/pathogen interactions
determining viral persistence.Both viruses are sensitive to IFN, activating the JAK/STAT signalling
pathway to activate interferonstimulated gene expression (ISG), which are ultimately acting as
antiviral immune effectors. Nevertheless, neither type | or Ill IFN are very effective in their
treatment.

Here, we suggest investigating the mechanistic details of type | and type Il IFN action on HCV and
HBV in vitro and vivo with the goal of uncovering not only the differential ISG induction but
furthermore characterise viral immune evasion strategies. Building on our previous success in
dissecting the host response to HCV and creating the first immunocompetent mouse model for HCV
we aim at using both, novel microfluidic culture systems based on 3D hepatocyte cultures susceptible
to both HCV and HBV as well as human liver-chimeric mice in combination with single-cell analysis of
the antiviral response against

HBV and HCV elicited by type I and Il IFN. Additionally, we will utilize lentiviral high throughput
screening used previously for HCV to identify interferon effector molecules active against HBV. This
project will not only provide new insights into the innate immune response to chronic hepatotropic
virus infections but furthermore holds the potential of uncovering novel drug targets, aiding in the
curative therapy for both, HCV and HBV and offer novel insights into vaccine design.

This project has the aim of identifying novel host factors and drug targets enabling the development
of immunomodulatory antiviral drugs. This ranks the scope of the proposal between LS6 Immunity
and Infection and LS9 Applied Life Sciences and Non-Medical Biotechnology. Evaluating novel
bioengineered human liver culture systems and building on human liver-chimeric mice clearly places
this proposal at the forefront of identifying novel drug targets and assisting in the development of
novel biotechnology and preclinical projects.

Project End Date: 5/31/2020
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Mitochondria as regulators of fungal virulence

Fungal diseases represent a significant and growing threat to human health, particularly since the
AIDS pandemic and increasing use of immunosuppressive drugs has produced a massive population
of people with impaired immunity who are vulnerable to fungal infections. A great challenge in
medical mycology is to understand how fungal virulence evolves. The vast majority of fungal species
are not human pathogens and, for those that are, virulence appears to have evolved independently
on many different occasions. Identifying the step(s) that convert an environmental fungus into a
human pathogen, as well as subsequent changes in virulence within a pathogenic lineage, is
therefore of fundamental importance. Based on a number of lines of evidence, | hypothesise that a
critical regulator of fungal virulence in animal hosts is the activity of the fungal mitochondrion, an
energy-generating organelle present in almost all eukaryotes. | propose to test this hypothesis
comprehensively by combining genetic and cell biological approaches with high-resolution imaging
methods.

Project End Date: 2/28/2019
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Antiviral Defense in the Vector Mosquito Aedes aegypti: induction and suppression of RNA

silencing pathways

BACKGROUND: Mosquitoes and other blood-feeding arthropods transmit important human and
animal viruses (arthropod-borne viruses, arboviruses). With the increasing global threat of
arboviruses, it is essential to understand the virus-vector interactions that determine virus
transmission. The mosquito antiviral immune response is a key determinant of virus replication and
transmission. We recently showed that arboviruses are targeted by a poorly-understood RNA
silencing pathway in the major vector mosquito Aedes aegypti: the Piwi-interacting RNA (piRNA)
pathway. Our (published and unpublished) observations imply that the piRNA pathway contributes to
antiviral defense against different classes of viruses in somatic tissues of mosquitoes. Moreover, we
identified a novel class of endogenous gene-derived piRNAs in mosquitoes that may form a new
paradigm for piRNA-based regulation of cellular gene expression. AIM: This proposal has a three-fold
aim: i) to delineate the biogenesis and function of the novel classes of virus- and gene-derived
piRNAs, ii) to characterize mechanisms by which (arbo)viruses suppress or evade antiviral RNA
silencing pathways, and by doing so, iii) to establish mosquitoes as an experimental model to
characterize the complex piRNA machinery. APPROACH: We will use Aedes cell lines that recapitulate
all aspects of piRNA biogenesis. This allows us to use a unique, powerful approach of genomic, cell
biological, biochemical, and proteomic methodologies to study piRNA biogenesis and function.
IMPORTANCE AND INNOVATION: This is the first study to comprehensively characterize viral and
cellular piRNA biogenesis and function in mosquitoes. This proposal provides novel insights into the
antiviral response in mosquitoes and may uncover novel regulatory functions of endogenous piRNAs.
Moreover, it establishes a platform for functional and biochemical dissection of the complex
biogenesis of piRNAs - the most enigmatic class of small silencing RNAs.

Project End Date: 7/31/2019
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New Concepts in Bacterial Response to their Surroundings

Bacteria in nature exhibit remarkable capacity to sense their surroundings and rapidly adapt to
diverse conditions by gaining new beneficial traits. This extraordinary feature facilitates their survival
when facing extreme environments. Utilizing Bacillus subtilis as our primary model organism, we
propose to study two facets of this vital bacterial attribute: communication via extracellular
nanotubes, and persistence as resilient spores while maintaining the potential to revive. Exploring
these fascinating aspects of bacterial physiology is likely to change our view as to how bacteria sense,
respond, endure and communicate with their extracellular environment.

We have recently discovered a previously uncharacterized mode of bacterial communication,
mediated by tubular extensions (nanotubes) that bridge neighboring cells, providing a route for
exchange of intracellular molecules. Nanotube-mediated molecular sharing may represent a key
form of bacterial communication in nature, allowing for the emergence of new phenotypes and
increasing survival in fluctuating environments. Here we propose to develop strategies for observing
nanotube formation and molecular exchange in living bacterial cells, and to characterize the
molecular composition of nanotubes. We will explore the premise that nanotubes serve as a strategy
to expand the cell surface, and will determine whether nanotubes provide a conduit for phage
infection and spreading. Furthermore, the formation and functionality of interspecies nanotubes will
be explored. An additional mode employed by bacteria to achieve extreme robustness is the ability
to reside as long lasting spores. Previously held views considered the spore to be dormant and
metabolically inert. However, we have recently shown that at least one week following spore
formation, during an adaptive period, the spore senses and responds to environmental cues and
undergoes corresponding molecular changes, influencing subsequent emergence from quiescence.

Project End Date: 3/31/2019
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Molecular Basis of Toxoplasma gondii Encystation and Persistence

Toxoplasma gondii is the most successful obligate intracellular parasites infecting virtually all warm-
blooded animals. A infection initiates with the dissemination of the fast-replicating tachyzoites. At
the onset of the immune response tachyzoites convert into slow-growing bradyzoites that form cysts
in the central nervous system and in striated and heart muscles. Encystation ensures life-long
persistence and poses a significant threat of reactivation during immunosuppression and can lead to
encephalitis and severe clinical manifestations. Despite the importance of encystation for
pathogenesis and transmission, our insight into how T. gondii defies the immune responses to take
up permanent residence in the immunocompetent hosts is rudimentary. We propose to determine
the molecular mechanisms governing cyst wall formation and parasite adaption to encystation. We
will capitalize on the increased sensitivity of -omics approaches, the power of the CRISPR/Cas9
genome editing, the high-resolution microscopy, and on the ex-vivo tissue examination by MALDI
imaging mass spectrometry and NanoSIMS technologies.The specific objectives are to: 1. Identify the
components of the Cyst Wall (CW), Parasitophorous Vacuole (PV) and PMV Membrane (PVM) of the
cyst2. Determine the parasite factors responsible for CW formation and maturation via targeted and
unbiased approaches3. Define the metabolic network of parasite that is able to initiate encystation
and ensure persistence 4. Measure subversion of host metabolic functions by parasite effectors
during encystation and persistenceWe anticipate fundamental discoveries on i) the regulatory and
trafficking circuits that govern CW formation as a biological barrier during encystation ii) metabolic
adaptation and subversion of host cellular functions during encystation. Ultimately, understanding
parasite strategies and versatilities that ensures its parasitism in immunocompetent hosts and
bottlenecks as new targets for intervention.

Project End Date: 9/30/2021
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Microbial invasion and dissemination within the host, mechanisms and effects

An infection is defined by the deleterious consequences of the interactions between a pathogen and
a host. Thus, studying the biology of infection reveals critical properties of hosts and pathogens, and
is a way forward to address basic biological questions and improve health.

We study listeriosis, a systemic infection caused by Listeria monocytogenes (Lm). Lm is a human
foodborne pathogen that crosses the intestinal barrier, disseminates systemically, replicates in liver
and spleen and reaches the central nervous system (CNS) and fetoplacental unit. Given the
remarkable journey Lm makes in its host, studying listeriosis offers unprecedented opportunities to
understand host cell biology, physiology and immune responses, guided by Lm. The mucosal, CNS
and fetoplacental tropisms of Lm are shared by other microbes which pathogenesis is far less
understood. Lm therefore stands as a unique model microorganism of general biological and medical
significance.

The major challenge of this project is to go beyond reductionist approaches and embrace the
complexity of actual infections.

We will use stem cell-derived organoids, live imaging, genetically engineered mouse models, the
clinical and biological data from a unique cohort of 900 patients and the corresponding causative Lm
strains, to investigate the molecular mechanisms of Lm tissue invasion, dissemination and host
responses.

Specifically, we will (i) decipher the cell biology of microbial translocation across the intestinal
epithelium; (ii) study the impact of microbial portal of entry on microbial fate, dissemination and
host responses; (iii) harness Lm biodiversity to identify novel virulence factors and (iv) discover new
host factors predisposing to invasive infections.

Building on the unique combination of advanced experimental systems and exclusive clinical data,
this integrative and innovative project will reveal novel, physiologically relevant mechanisms of
infection, with scientific and biomedical implications.

Project End Date: 10/31/2021

-97 -



e Project ID: Project Acronym: Evaluation Panel:

) LS6 - Immunity and
European Research Council

Executive Agency 714224 MIX-Effectors Infection

Established by the European Commission

Principal Investigator: Dr. Dor Salomon
dorsalomon@mail.tau.ac.il

Host Institution: Tel Aviv University, IL

T6SS MIX-effectors: secretion, activities and use as antibacterial treatment

Bacteria use various mechanisms to combat competitors and colonize new niches. The Type VI
Secretion System (T6SS), a contact-dependent protein delivery apparatus, is a widespread, recently
discovered machine used by Gram-negative bacteria to target competitors. Its toxicity is mediated by
secreted proteins called effectors, yet the identity of many effectors, the mechanism of secretion of
different effector classes, and their toxic activities remain largely unknown. | recently uncovered a
widespread class of T6SS effectors that share a domain called MIX. MIX-effectors are polymorphic
proteins carrying various toxin domains, many of which with unknown activities.

Many bacterial pathogens have acquired resistance to contemporary antibiotic treatments,
becoming a public health threat and necessitating the development of novel antibacterial strategies.
Thus, as a relatively untapped antibacterial system, studying the T6SS and its MIX-effectors presents
a double incentive: 1) previously uncharacterized antibacterial activities of MIX-effectors can
illuminate novel cellular targets for antibacterial drug development; 2) the T6SS machinery can be
used as a novel toxin delivery platform to combat multi-drug resistant bacterial infections, using
polymorphic MIX-effectors.

In this proposal, | will focus on T6SS MIX-effectors and elucidate their activities, mechanism of
secretion, and utilization as antibacterial agents, by combining microbiology, molecular biology,
genetic, biochemical, and proteomic approaches. Specifically, the goal of this proposal is to utilize
T6SSs and MIX-effectors to develop a novel T6SS-based, antibacterial therapeutic platform in which a
nonpathogenic bacterium will be engineered to carry a T6SS that can secrete a diverse repertoire of
polymorphic antibacterial MIX-effectors. This innovative platform has several advantages over
current antibacterial strategies, and can be used as an adjustable tool to combat multi-drug resistant
bacteria.

Project End Date: 1/31/2022
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Regulation of inflammatory response by extracellular ATP and P2X7 receptor signalling: through
and beyond the inflammasome.

Inflammatory diseases affect over 80 million people worldwide and accompany many diseases of
industrialized countries, being the majority of them infection-free conditions. There are few efficient
anti-inflammatory drugs to treat chronic inflammation and thus, there is an urgent need to validate
novel targets. We now know that innate immunity is the main coordinator and driver of
inflammation. Recently, we and others have shown that the activation of purinergic P2X7 receptors
(P2X7R) in immune cells is a novel and increasingly validated pathway to initiate inflammation
through the activation of the NLRP3 inflammasome and the release of IL-1B and IL-18 cytokines.
However, how NLRP3 sense P2X7R activation is not fully understood. Furthermore, extracellular ATP,
the physiological P2X7R agonist, is a crucial danger signal released by injured cells, and one of the
most important mediators of infection-free inflammation. We have also identified novel signalling
roles for P2X7R independent on the NLRP3 inflammasome, including the release of proteases or
inflammatory lipids. Therefore, P2X7R has generated increasing interest as a therapeutic target in
inflammatory diseases, being drug like P2X7R antagonist in clinical trials to treat inflammatory
diseases. However, it is often questioned the functionality of P2X7R in vivo, where it is thought that
extracellular ATP levels are below the threshold to activate P2X7R. The overall significance of this
proposal relays to elucidate how extracellular ATP controls host-defence in vivo, ultimately depicting
P2X7R signalling through and beyond inflammasome activation. We foresee that our results will
generate a leading innovative knowledge about in vivo extracellular ATP signalling during the host
response to infection and sterile danger.

Project End Date: 8/31/2019

-99.



°
e ®0%
N3]
10 FC
R
al%lor Project ID: Project Acronym: Evaluation Panel:
‘ ) LS6 - Immunity and
European Research Council fecti
Executive Ageney 647455 RegulRNA Infection
Established by the European Commission
Principal Investigator: Dr. Sébastien Pfeffer

spfeffer@unistra.fr
Host Institution: Centre National De La Recherche Scientifique, FR

Modulation of RNA-based regulatory processes by viruses

Small and large non-coding RNAs are essential components at the heart of gene expression
regulation. The past fifteen years have witnessed the emergence of a new field of research impacting
diverse domains of biology. Among these, virology is no exception and discoveries such as the
antiviral role of RNA silencing, virus-encoded microRNAs (miRNAs), or miRNA-based regulation of
viruses have notably shifted our views of host-virus interactions. Although we know a lot about the
mechanisms of action of ncRNAs, and their role in the context of viral infections, we know much less
regarding the control of the regulatory RNAs themselves. In other words, how are the regulators
regulated? To provide answers to this burning question, we propose to use different viruses as
models to investigate the various levels where modulation of regulatory RNA can occur. Thus, we will
study the importance of RNA secondary and tertiary structure as well as accessory proteins in the
regulation of miRNA primary transcript processing. In a second axis, we propose to investigate how
the functional, mature miRNAs can be controlled. To this end, we will focus on the mechanisms of
target-mediated miRNA decay and the role of competing endogenous RNAs. We will finally turn to
the regulation of antiviral RNA silencing. Although it seems that this kind of defence mechanism exist
in mammalian cells, it is not yet clear how physiologically relevant it is and how it interfaces with
other innate immune mechanisms. In this multidisciplinary project, we will use a combination of
techniques ranging from bioinformatics to cellular biology to achieve our goal to get a
comprehensive view of how RNA silencing processes are regulated during virus infection.

Project End Date: 12/31/2020
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Novel etiology of autoimmune disorders: the role of acquired somatic mutations in lymphoid cells

Molecular pathogenesis of most immune-mediated disorders, such as of autoimmune diseases, is
poorly understood. These common maladies carry a heavy burden both on patients and on society.
Current therapy is non-targeted and results in significant short- and long-term adverse effects.Large
granular lymphocyte (LGL) leukemia is characterized by expansion of cytotoxic T- or NK-cells and
represents an intriguing clinical continuum between a neoplastic and an autoimmune disorder.
Patients suffer from autoimmune cytopenias and rheumatoid arthritis (RA), which are thought to be
mediated by LGL cells targeting host tissues. My group recently discovered that 40-50% of LGL
leukemia patients carry in their lymphoid cells acquired, activating mutations in the STAT3 gene —a
key regulator of immune and oncogenic processes (Koskela et al, N Engl J Med, 2012). This
breakthrough discovery gives insight to the pathogenesis of autoimmune disorders at large. | present
here a hypothesis that a strong antigen-induced proliferation is a mutational driver, which causes
somatic mutations in lymphoid cells. When mutations hit key activating pathways, autoreactive cells
acquire functional advantage and expand. The target antigen of the expanded clone determines the
clinical characteristics of the autoimmune disease induced. To prove this hypothesis, we will separate
small lymphocyte clones from patients with autoimmune diseases and use sensitive next-generation
sequencing methods to characterize the spectrum of somatic mutations in lymphoid cells. Further,
we will study the function of mutated lymphocytes and examine the mechanisms of autocytotoxicity
and end-organ/tissue damage. Finally, we aim to understand factors, which induce somatic
mutations in lymphoid cells, such as the role of viral infections.The results will transform our
understanding of molecular pathogenesis of autoimmune diseases and lead to accurate diagnostics
and discovery of novel drug targets.

Project End Date: 8/31/2020
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Systematic discovery of functional elements in RNA virus genomes: an Encyclopedia of RNA Virus

Elements

Identification of the full complement of genes and other functional elements in any virus is crucial to
fully understand its molecular biology and guide the development of effective control strategies. Our
recent discoveries of new 'hidden' genes in the potyviruses, alphaviruses, arteriviruses, flaviviruses
and influenza A virus have demonstrated that, even in the most well-studied and economically-
important viruses, small overlapping genes can remain undetected throughout decades of research.
Comparative computational analyses can be used to efficiently identify hidden features and target
experimental analyses, thus saving time and cost, and minimizing animal experiments. With the rapid
increase in sequencing data, for the first time it is now possible to map out at high resolution
functional elements genome-wide in hundreds of important virus species.Our research involves the
development of powerful new tools for virus comparative genomics, and the application of these
tools to uncover hidden genes and other functional elements in RNA virus and retrovirus genomes.
Hidden genes are often translated via non-canonical mechanisms, such as programmed ribosomal
frameshifting, and we are particularly interested in discovering and characterizing new types of non-
canonical translation. Deciphering these 'exceptions-to-the-rule' enhances our understanding of the
mechanics of protein synthesis. Further, these novel mechanisms may also be relevant to cellular
gene expression.The goals of this project are:1) To computationally identify all 'hidden' genes and
major functional non-coding elements in the genomes of RNA viruses and retroviruses of medical,
veterinary and agricultural importance.2) To experimentally characterize the most interesting new
features.3) To characterize novel translation mechanisms utilized by RNA viruses.4) To develop web
interfaces to our software and an interactive RNA virus comparative genomics database.

Project End Date: 8/31/2020
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Vascular Tree Formation in Multi-Structural Tissue Engineering

Engineered tissues offer a great promise to the field of medicine as an alternative for donor tissues,
for which the supply is not meeting the demands. However, the clinical application of engineered
tissues is hampered. The integration of engineered tissues after implantation is limited due to the
lack of a vascular network. Currently, strategies to include vascular networks rely on the spontaneous
organization of vascular cells, or on the patterning of these cells. However, this results in either
vascular networks that are not organized, or networks that lose their initial organization fast. This
project will use a unique and novel approach to control vascular development and will therefore
result in a vascular network with a controllable long-term organization. By allowing for anastomosis,
and increasing nutrient delivery, this project will tackle an essential problem and will greatly enhance
the clinical applicability of engineered tissues. Within VascArbor, fluid flows through engineered
tissues will be designed and controlled to guide vascular organization. Apart from that, growth
factors will be patterned in space and time to further direct the formation of a vascular network with
a controlled organization. In parallel, computational models will be developed that can predict
vascular organization and development based on processing parameters. This will be a breakthrough
in vascularized tissue engineering by enabling a direct link between a desired vascular organization,
and the tissue construct geometry and processing conditions that are needed to acquire this
organization. To maximize the impact of VascArbor on the field of tissue engineering and medicine,
the principles that will guide vascular organization are compatible with multiple current and future
tissue fabrication technologies. Within VascArbor, tissue building blocks and bio-printing will be used
to engineer vascularized cardiac muscle tissue based on the principles developed in this project.

Project End Date: 3/31/2022
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Brain network based stratification of mental illness

To reduce the burden of mental disorders it is a formidable aim to identify widely applicable disease
markers based on neural processes, which predict psychopathology and allow for targeted
interventions. We will generate a neurobehavioural framework for stratification of psychopathology
by characterising links between network properties of brain function and structure and
reinforcement—related behaviours, which are fundamental components of some of the most
prevalent mental disorders, major depression, alcohol use disorder and ADHD. We will assess if
network configurations define subtypes within and if they correspond to comorbidity across these
diagnoses. We will identify discriminative data modalities and characterize predictors of future
psychopathology.

To identify specific neurobehavioural clusters we will carry out precision phenotyping of 900 patients
with major depression, ADHD and alcohol use disorders and 300 controls, which we will investigate
with innovative deep machine learning methods derived from artifical intelligence research.
Development of these methods will optimize exploitation of a wide range of assessment modalities,
including functional and structural neuroimaging, cognitive, emotional as well as environmental
measures. The neurobehavioural clusters resulting from this analysis will be validated in a
longitudinal population-based imaging genomics cohort, the IMAGEN sample of over 2000
participants spanning the period from adolescence to adulthood and integrated with information
generated from genomic and imaging-genomic meta-analyses of >300.000 individuals.

By targeting specific neural processes the resulting stratification markers will serve as paradigmatic
examples for a diagnostic classification, which is based upon quantifiable neurobiological measures,
thus enabling targetted early intervention, identification of novel pharmaceutical targets and the
establishment of neurobehaviourally informed endpoints for clinical trials.

Project End Date: 9/30/2021
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Pathways to Alzheimer's disease

Critical to our understanding of Alzheimer’s disease (AD) and also to finding therapies is determining
how key pathological factors interact and relate to neuronal toxicity, symptoms and disease
progression. My research has focussed on amyloid beta (AB) moities and demonstrated that
cerebrospinal fluid (CSF) AB42 correlates with cerebral AR pathology; that AR accumulates in the
brain 10-20 years prior to onset of symptoms; and that CSF AP abnormalities precede CSF tau
changes. However, it is increasingly clear that a simple linear model of AD aetiology and progression
is inadequate. This proposal aims at developing and validating new diagnostic and prognostic
biomarker tools to examine the AD pathogenesis in humans taking a broad view of AD’s multiple
pathophysiological features and their putative biomarkers. The major questions, all relevant to
therapeutic research, that will be addressed in my proposal include: (i) how are different forms of AB
produced and modified; (ii) what is the toxicity of these different forms; (iii) how is this toxicity
mediated; and iv) what other pathologies may contribute to or modify AD-like phenotypes? We and
others have shown that AB monomers are relatively non-toxic. We will address the hypothesis that
AP starts to accumulate in the brains of certain individuals due to defective clearance of the peptide.
Once aggregated, AP acquires chemical modifications during brain incubation over years. These
modified AB forms then induce tau hyperphosphorylation and concomitantly over-activate the
immune system, resulting in neurotoxicity. Other pathologies, including a-synuclein and TDP-43, may
contribute in this process. In PATHAD, we will develop and validate new diagnostic and prognostic
tools using a combination of groundbreaking technologies and unique clinical materials to dissect the
underlying molecular pathogenesis of AD in much greater detail than what has been possible before
and facilitate the development of effective treatments.

Project End Date: 11/30/2021
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Novel Approach to Systematically Characterize Exercise- and Nutrient- responsive genes in Type 2

diabetes and cardiovascular disease

Proposal summary

Type 2 diabetes and cardiovascular disease are devastating and costly morbidities whose prevalences
are increasing rapidly around the world. As such, there is an urgent need to develop innovative and
effective prevention and treatment strategies. As numerous clinical trials have shown, lifestyle
modification is by far the best way to prevent these diseases, with lifestyle being twice as effective as
the best drugs, less costly and free from side effects. Yet, human biology is complex, causing some
people to respond well and others poorly to the same lifestyle interventions. Thus, a huge, as yet
unrealised opportunity exists to optimize the prevention and treatment of cardiometabolic diseases
by tailoring lifestyle interventions to the patient’s unique biology.

NASCENT is an integrated programme of research through which | will functionally annotate and
later translate discoveries of gene-lifestyle interactions made through the interrogation of large
epidemiological (N>100,000) datasets at my disposal. The functional annotation of these discoveries
will be done using state-of-the-art epigenomic and targeted gene editing tools, whereas the
translation of those findings will be achieved using a innovative and powerful clinical trial design that
focuses on treatments that are tailored to the participant’s genotype (genotype-based recall).
NASCENT capitalizes on a solid foundation of cohorts, methods, and expertise that | have built-up
over the past fifteen years, but also exploits state-of-the-art epigenomic and gene-editing
technologies that have not previously been used in studies of gene-lifestyle interactions. | expect the
integration of these established and new approaches in NASCENT to propel major advances in
understanding gene-lifestyle interactions in cardiometabolic disease that help optimise disease
prevention.

Project End Date: 1/31/2022
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Reversing the epigenetic state of oligodendrocyte precursors cells in multiple sclerosis

Oligodendrocytes (OL) are glial cells that mediate myelination of neurons, a process that is defective
in multiple sclerosis (MS). Although OL precursor cells (OPCs) can initially promote remyelination in
MS, this regenerative mechanism eventually fails in progressive MS. OPCs go through several
epigenetic states that ultimately define their potential to differentiate and myelinate. OPCs in
progressive MS stall in a distinct epigenetic state, incompatible with differentiation and
remyelination. We hypothesize that these OPCs regress to an epigenetic state reminiscent of the
state of embryonic OPCs, which remain undifferentiated.

In this proposal, we aim to uncover the causes behind the remyelination failure upon disease
progression in MS. We will determine the epigenetic/transcriptional states of OPCs during
development and in MS, using single cell and bulk RNA sequencing and quantitative proteomics. We
will further investigate how the interplay between transcription factors (TFs), chromatin modifiers
(ChMs) and non-coding RNAs (ncRNAs) contributes to the transition between epigenetic states of
OPCs. The results will allow the identification of ChMs and ncRNAs that can modulate these states
and thereby control OPC differentiation and myelination. We will use this knowledge to investigate
whether we can reverse the epigenetic state of OPCs in MS, in order to promote their differentiation
and remyelination. The unique combination of leading-edge techniques such as SILAC coupled with
immunoprecipitation and mass-spectrometry, single-cell RNA sequencing, ChIP-Sequencing, among
others, will allow us to provide insights into novel epigenetic mechanisms that might be underlying
the effects of environmental and lifestyle risk factors for MS. Moreover, this project has the potential
to lead to the discovery of new targets for epigenetic-based therapies for MS, which could provide
major opportunities for improved clinical outcome of MS patients in the near future.

Project End Date: 8/31/2021
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Frontier Research on the Dielectric Properties of Biological Tissue

The dielectric properties of biological tissues are of fundamental importance to the understanding of
the interaction of electromagnetic fields with the human body. These properties are used to
determine the safety of electronic devices, and in the design, development and refinement of
electromagnetic medical imaging and therapeutic devices. Many historical studies have aimed to
establish the dielectric properties of a broad range of tissues. A growing number of recent studies
have sought to more accurately estimate these dielectric properties by standardising measurement
procedures, and in some cases, measuring the dielectric properties in-vivo. However, these studies
have often produced results in direct conflict with historical studies, casting doubt on the accuracy of
the currently utilised dielectric properties. At best, this uncertainty could significantly delay the
development of electromagnetic imaging or therapeutic medical devices. At worst, the health
dangers of electromagnetic radiation could be under-estimated. The applicant will embark upon
frontier research to develop improved methods and standards for the measurement of the dielectric
properties of biological tissue. The research programme will accelerate the design and development
of electromagnetic imaging and therapeutic devices, at a time when the technology is gaining
significant momentum. The primary objective of the research is to develop a deep understanding of
the fundamental factors which contribute to errors in dielectric property measurement. These
factors will include in-vivo/ex-vivo measurements and dielectric measurement method used,
amongst many others. Secondly, a new open-access repository of dielectric measurements will be
created based on a greatly enhanced understanding of the mechanisms underlying dielectric
property measurement. Finally, new electromagnetic-based imaging and therapeutic medical devices
will be investigated, based on the solid foundation of dielectric data.

Project End Date: 9/30/2020
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617060 DIRECT Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Marc Vooijs
mvooys@gmail.com

Host Institution: Universiteit Maastricht, NL

Disabling Radiotherapy resistance in Cancer Treatment

Cancer is a devastating disease affecting 1 in 3 people in their lifetime. The incidence is rising because
of our aging population and causes a huge economic impact on our society because of hospitalization
and lost productivity. Radiotherapy alone or in combination with surgery and/or chemotherapy is
used in ~50% of all patients and uses ionizing radiation to induce DNA breaks that are lethal to cells.
While significant progress has been made, radiotherapy is often limited because of side-effects in
normal tissues and tumor control often fails because of resistance and metastases. Novel treatment
paradigms are urgently needed. Among the key classical biological factors that determine radiation
response in normal and tumor cells are the 4R; Reoxygenation, Repopulation, Redistribution and
Repair. They are determined by intrinsic (genetic) as well as extrinsic factors from the tumor
microenvironment and underlie tumor heterogeneity a hallmark of cancers and a decisive factor in
clinical response. Yet, standard cancer treatments are largely based on the flawed assumption that
tumors are homogenous within and between patients. We hypothesized that NOTCH signaling and
tumor hypoxia cause tumor heterogeneity and are tumor selective therapeutic targets. First we will
study key biological mechanisms that determine intra tumor heterogeneity, second we will establish
their role in therapy response and third we will exploit this knowledge to enhance radiotherapy and
provide proof of concept of a highly innovative approach to selectively activate cancer therapeutics
targeting the NOTCH stem cell pathway in therapy resistant tumor cells without adverse effects in
normal tissues.

DIRECT interrogates the molecular details of key cancer therapy response parameters providing
opportunities for the next generation of tumor cell specific treatments that improve disease
outcome.

Project End Date: 4/30/2019
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678905 CoBABATI Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Jordan Dimitrov
jordan.dimitrov@crc.jussieu.fr

Host Institution: Institut National De La Sante Et De La Recherche Medicale (Inserm), FR

Cofactor Binding Antibodies — Basic Aspects and Therapeutic Innovations

The immune repertoire of healthy individuals contains a fraction of antibodies (Abs) that are able to
bind with high affinity various endogenous or exogenous low molecular weight compounds, including
cofactors essential for the aerobic life, such as riboflavin, heme and ATP. Despite identification of
cofactor-binding Abs as a constituent of normal immune repertoires, their fundamental
characteristics and have not been systematically investigated. Thus, we do not know the origin,
prevalence and physiopathological significance of cofactor-binding Abs. Moreover, the molecular
mechanisms of interaction of cofactors with Abs are ill defined. Different proteins use cofactors to
extend the chemistry intrinsic to the amino acid sequence of their polypeptide chain(s). Thus, one
can speculate that the alliance of Abs with low molecular weight compounds results in the
emergence of untypical properties of Abs and offers a strategy for designing a new generation of
therapeutic Abs. Moreover, cofactor-binding Abs may be used for delivery of cytotoxic compounds to
particular sites in the body, or for scavenging pro-inflammatory compounds. The principal goal of the
present proposal is to gain a basic understanding on the fraction of cofactor-binding Abs in immune
repertoires and to use this knowledge for the rational design of novel classes of therapeutic Abs. In
this project, we will address the following questions: 1) understand the origin and prevalence of
cofactor-binding Abs in immune repertoires; 2) characterize the molecular mechanisms of interaction
of cofactors with Abs; 3) Understand the physiopathological roles of cofactor-binding Abs, and 4) use
cofactor binding for the development of novel types of therapeutic Abs. A comprehensive
understanding of various aspects of cofactor-binding Abs should lead to advances in fundamental
understanding and in the development of innovative therapeutic and diagnostic tools.

Project End Date: 8/31/2021

-110 -



AN Project ID: Project Acronym: Evaluation Panel:

-~ LS7 - Diagnostic Tools,
Therapies and Public

682540 TransMID Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Niel Hens
niel.hens@uhasselt.be

Host Institution: Universiteit Hasselt, BE

Translational and Transdisciplinary research in Modeling Infectious Diseases

TransMID focuses on the development of novel methods to estimate key epidemiological parameters
from both serological and social contact data, with the aim to significantly expand the range of public
health questions that can be adequately addressed using such data. Using new statistical and
mathematical theory and newly collected as well as readily available serological and social contact
data (mainly from Europe), fundamental mathematical and epidemiological challenges as outlined in
the following work packages will be addressed: (a) frequency and density dependent mass action
relating potential effective contacts to transmission dynamics in (sub)populations of different sizes
with an empirical assessment using readily available contact data, (b) behavioural and temporal
variations in contact patterns and their impact on the dynamics of infectious diseases, (c) close
contact household networks and the assumption of homogeneous mixing within households, (d)
estimating parameters from multivariate and serial cross-sectional serological data taking temporal
effects and heterogeneity in acquisition into account in combination with the use of social contact
data, and (e) finally the design of sero- and social contact surveys with specific focus on serial cross-
sectional surveys. TransMID is transdisciplinary in nature with applications on diseases of major
public health interest, such as pertussis, cytomegalovirus and measles. Translational methodology is
placed at the heart of TransMID resulting in the development of a unifying methodology for other
diseases and settings. The development of a toolbox and accompanying software allow easy and
effective application of these fundamentally improved techniques on many infectious diseases and in
different geographic contexts, which should maximize TransMID’s impact on public health in Europe
and beyond.

Project End Date: 9/30/2021
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677772 RespMicroFlows Health

Established by the European Commission

Principal Investigator: Dr. Josue Sznitman
sznitman@bm.technion@.ac.il

Host Institution: Technion - Israel Institute Of Technology., IL

Unravelling respiratory microflows in silico and in vitro: novel paths for targeted pulmonary
delivery in infants and young children

Fundamental research on respiratory transport phenomena, quantifying momentum and mass
transfer in the lung depths, is overwhelmingly focused on adults. Yet, children are not just miniature
adults; their distinct lung structures and heterogeneous ventilation patterns set them aside from
their parents. In RespMicroFlows, we will break this cycle and unravel the complex microflows
characterizing alveolar airflows in the developing pulmonary acini. Our discoveries will foster ground-
breaking transport strategies to tackle two urgent clinical needs that burden infants and young
children. The first challenge relates to radically enhancing the delivery and deposition of therapeutics
using inhalation aerosols; the second involves targeting liquid bolus installations in deep airways for
surfactant replacement therapy. By developing advanced in silico numerical simulations together
with microfluidic in vitro platforms mimicking the pulmonary acinar environment, our efforts will not
only deliver a gateway to reliably assess the outcomes of inhaling aerosols and predict deposition
patterns in young populations, we will furthermore unravel the fundamentals of liquid bolus
transport to achieve optimal surfactant delivery strategies in premature neonates. By recreating
cellular alveolar environments that capture underlying physiological functions, our advanced acinus-
on-chips will deliver both at true scale and in real time the first robust and reliable in vitro screening
platforms of exogenous therapeutic materials in the context of inhaled aerosols and surfactant-laden
installations. Combining advanced engineering-driven flow visualization solutions with strong
foundations in transport phenomena, fluid dynamics and respiratory physiology, RespMicroFlows will
pave the way to a new and unprecedented level in our understanding and quantitative mapping of
respiratory flow phenomena and act as catalyst for novel targeted pulmonary drug delivery
strategies in young children.

Project End Date: 5/31/2021
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639125 DE-ORPHAN Health

Established by the European Commission

Principal Investigator: Dr. David Gloriam
david.gloriam@sund.ku.dk

Host Institution: Kgbenhavns Universitet, DK

DEtermination of Orphan Receptor PHysiological Agonists and sigNals

G protein-coupled receptors make up both the largest membrane protein and drug target families.
DE-ORPHAN aims to determine the close functional context; specifically physiological agonists and
signaling pathways; and provide the first research tool compounds, of orphan peptide receptors.
Determination of physiological agonists (aka de-orphanization), by high-throughput screening has
largely failed. We will introduce a new research strategy: 1) developing highly innovative
bioinformatics methods for handpicking of all orphan receptor targets and candidate ligand
screening libraries; and 2) employing a screening technique that can measure all signaling pathways
simultaneously. The first potent and selective pharmacological tool compounds will be identified by
chemoinformatic design of focused screening libraries. We will establish the ligands’ structure-
activity relationships important for biological activity and further optimization towards drugs. The
first potent and selective Gs- and G12/13 protein inhibitors will be designed by structure-based re-
optimization from a recent crystal structure of a Gg-inhibitor complex, and applied to determine
orphan receptor signaling pathways and ligand pathway-bias. They will open up for efficient
dissection of important signaling networks and development of drugs with fewer side effects. DE-
ORPHANSs design hypotheses are based on unique computational methods to analyze protein and
ligand similarities and are founded on genomic and protein sequences, structural data and ligands.
The interdisciplinary research strategy applies multiple ligands acting independently but in concert to
provide complementary receptor characterization. The results will allow the research field to
advance into studies of receptor functions and exploitation of druggable targets, ligands and
mechanisms. Which physiological insights and therapeutic breakthroughs will we witness when these
receptors find their place in human pharmacology and medicine?

Project End Date: 4/30/2020

-113 -



AN Project ID: Project Acronym: Evaluation Panel:

-~ LS7 - Diagnostic Tools,
Therapies and Public

714866 REJUVENATION Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Gerard Boink
g.j.boink@amc.nl

Host Institution: Academisch Medisch Centrum Bij De Universiteit Van Amsterdam, NL

Repair of Junctional Atrioventricular Conduction and Impulse Formation

Background: To bypass hardware-related complication there have been substantial efforts to create
biological pacemakers. Effective strategies have been identified and are now being refined for
delivery of long-term function and clinical application. Yet, currently developed biological
pacemakers only provide pacing to atrium or ventricle thereby aiming at ~20% of pacemaker
patients. To unleash the full potential of biological pacing, targeting virtually every pacemaker
patient, effective repair of atrio-ventricular (AV) conduction is crucial. With the arrival of advanced
stem cell-based therapies, now is the time to meet this important challenge. Objective: To develop a
stem cell-based therapy that restores impulse formation and conduction at the interface between
atrium and ventricle. Approach: Human induced pluripotent stem cells (hiPSCs) will be used to
produce cells with hallmark features of AV nodal cells. After in vitro testing, these cells will be
implanted in vivo (together with biomaterials) to form AV bypass tracts in sheep that are in
permanent AV block. In this setting, approaches will be tested for their ability to bridge electrical
activity from the atrium to ventricle and protect the ventricle from atrial tachycardia. The final steps
of this project focuses on the development of dedicated implantation catheters (in collaboration with
Medtronic) and optimization of cellular constructs that are regulatory compliant and ready for
clinical testing. Impact: By developing novel therapies to re-establish AV impulse formation and
conduction | will broaden the application area of biological pacing to nearly all patients. In Europe
~300.000 pacemakers are implanted annually representing cots of ~8 billion Euros. Five per cent of
these implantations result in serious complications requiring re-implantation or other invasive
treatments. Biological pacemakers are expected to reduce these complications, improve quality of
life, and reduce healthcare costs.

Project End Date: 3/31/2022
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671055 NSETHIO Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Robert Colebunders
Robert.colebunders@uantwerpen.be

Host Institution: Universiteit Antwerpen, BE

Nodding Syndrome: a trans-disciplinary approach to identify the cause and decrease the incidence

of river epilepsy

Nodding syndrome (NS) is a neurological, incurable syndrome, currently affecting mainly children
between 5 and 15 years of age in South Sudan, Uganda and Tanzania. Since 1950, when NS was first
described, its cause has remained a mystery. NS is characterized by head-nodding (an atonic form of
epilepsy), often followed by clonic - tonic seizures, developmental retardation and faltering growth.
In the affected regions, NS is a major public health problem associated with severe socio-economic
consequences. After exploratory missions to South Sudan, Uganda and the Democratic Republic of
the Congo (DRC), we gathered epidemiological evidence that supports the hypothesis that NS is a
disease caused by a pathogen transmitted by blackflies, the vectors that transmit the parasitic worm
that causes onchocerciasis. This pathogen could be an unknown neurotropic virus or another
pathogen that is transmitted either independently or as a symbiont of the worm. We postulate that
this pathogen is able to cause typical NS, but also other forms of epidemic epilepsy. We hypothesise
that the same disease is also endemic in other onchocerciasis hyper-endemic regions e.g. in the
Mbam valley, Cameroon and the Orientale Province, DRC (where it is referred to as “river epilepsy”).
In this project we aim to investigate our hypotheses in South Sudan, Uganda, Tanzania, Cameroon
and the DRC with a trans-disciplinary approach including clinical-epidemiological, post-mortem, eco-
entomological, and metagenomic studies. We will study the effect of vector control methods and
ivermectin distribution on the incidence of river epilepsy. So far a multi-country study on NS was
never done and nearly all previous studies were cross-sectional, carried out during short country
visits. With this long term research plan we hope to finally discover the cause of NS and detect
effective control strategies to decrease the incidence of epilepsy in onchocerciasis endemic areas.

Project End Date: 9/30/2020
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681524 LeukaemiaTargeted Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Irmela Jeremias
Irmela.Jeremias@helmholtz-muenchen.de

Host Institution: Helmholtz Zentrum Muenchen Deutsches Forschungszentrum Fuer
Gesundheit Und Umwelt Gmbh, DE

Selecting genetic lesions with essential function for patients' leukaemia in vivo as targets for

precision medicine

In Europe, around two million individuals die from cancer each year. Cancer is a genetic disease and
each patient's tumour contains several genetic lesions which are identified by next generation
sequencing (NGS) and influence patient's outcome. A global current challenge lies in translating NGS
data into benefit of cancer patients.

As attractive novel therapeutic concept, precision medicine addresses genetic lesions using targeted
therapies. A large number of targeted drugs and compounds exist and are currently developed such
as kinase inhibitors; unfortunately, numerous clinical trials on targeted therapies failed.

In order to better exploit NGS data, it is important to discriminate between genetic lesions that are
required and maintain patients' tumours in vivo and others that do not — an impossible mission so
far. My proposal aims at solving this key question.

Using acute leukaemia as model tumour disease, we propagate primary tumour cells from patients in
immuno-deficient mice. We recently pioneered a worldwide unique technique which allows the
distinct genetic manipulation of individual patients' tumour cells while they grow in vivo.

We will molecularly target tumour-specific genetic lesions one by one; if tumour load is reduced, the
lesion fulfils an essential function; essential lesions represent attractive therapeutic targets. Using
our cutting edge technology, we will identify genetic lesions with essential, tumour-relevant function
(i) in established tumour disease and

(i) in the clinically challenging situations of minimal residual disease and relapse.

Our approach implements a new paradigm for target selection in oncology. Our work introduces
molecular target validation as important step into the value chain of precision medicine which will
tailor drug development by industry and academia. Our approach will improve patient care and the
success rate of clinical trials for the benefit of patients suffering acute leukaemia and putatively other
cancers.

Project End Date: 7/31/2021
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681870 OCLD Health

Established by the European Commission

Principal Investigator: Dr. Yaakov Nahmias
ynahmias@cs.huji.ac.il

Host Institution: The Hebrew University Of Jerusalem., IL

Tracking the Dynamics of Human Metabolism using Spectroscopy-Integrated Liver-on-Chip
Microdevices

The liver is the main organ responsible for the systemic regulation of human metabolism, responding
to hormonal stimulation, nutritional challenges, and circadian rhythms using fast enzymatic
processes and slow transcriptional mechanisms. This regulatory complexity limits our ability to create
efficient pharmaceutical interventions for metabolic diseases such as fatty liver disease and diabetes.
In addition, circadian changes in drug metabolism can impact pharmacokinetics and
pharmacodynamics affecting our ability to optimize drug dosage or properly assess chronic liver
toxicity.

The challenge in rationally designing efficient drug interventions stems from current reliance on end-
point assays and animal models that provide intermittent information with limited human relevance.
Therefore, there is a need to develop systems capable of tracking transcriptional and metabolic
dynamics of human tissue with high-resolution preferably in real time. Over the past 5 years, we
established state-of-the-art models of human hepatocytes; oxygen nanosensors; and cutting-edge
liver-on-chip devices, making us uniquely suited to address this challenge.

We aim to develop a platform capable of tracking the metabolism of tissue engineered livers in real
time, enabling an accurate assessment of chronic liver toxicity (e.g. repeated dose response) and the
deconstruction of complex metabolic regulation during nutritional events. Our approach is to
integrate liver-on-chip devices, with real time measurements of oxygen uptake, infrared
microspectroscopy, and continuous MS/MS analysis. This innovative endeavour capitalizes on
advances in nanotechnology and chemical characterization offering the ability to non-invasively
monitor the metabolic state of the cells (e.g. steatosis) while tracking minute changes in metabolic
pathways. This project has the short-term potential to replace animal models in toxicity studies and
long-term potential to elucidate critical aspects in metabolic homeostasis.

Project End Date: 9/30/2021
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336493 NATURE NANODEVICES Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Francesco Ricci
francesco.ricci@uniroma?2.it

Host Institution: Universita Degli Studi Di Roma Tor Vergata, IT

Nature-inspired theranostic hanodevices for tumor imaging, early diagnosis and targeted drug-

release

Late diagnosis and difficult treatment represent major obstacles in the fight against cancer. | propose
here the development of self-regulated theranostic nanodevices supporting both early cancer
diagnosis and targeted, tumor-cell-specific drug-release. Specifically, | will exploit the “designability”
of nucleic acids to design and optimize molecular nanodevices that undergo binding-induced
conformational changes upon target binding and, in doing so, signal the presence of a specific tumor
marker or release a toxic therapeutic cargo. The inspiration behind my approach is derived from
nature, which employs similar nanometer-scale protein and nucleic-acid-based “switches” as devices
to detect —and respond to- specific molecules even against the complex background “noise” of the
physiological environment. Furthering on this “nature-inspired” synthetic biology view | will also
exploit naturally occurring regulatory mechanisms (e.g., allostery, cooperativity, etc.) to tune and
edit the dose-response curve of these nanodevices, improve their analytical sensitivity, and optimize
drug-release efficiency. In summary, | will use biomimetic “tricks’ taken directly from nature to move
beyond the state-of-the-art of sensor design, with the goal being improved diagnostics and
“smarter,” more effective drug delivery. Achieving these goals will require multidisciplinary expertise
in the field of analytical chemistry, biophysics, electrochemistry, bioengineering, computational
chemistry and synthetic biology. In my career | have demonstrated skills and expertise in similarly
complex projects and in each of these challenging fields. Finally, the development of the proposed
nanodevices will significantly impact the safety, compliance and efficacy of therapies and medical
procedures bringing to scientific, technological and socio-economic benefits.

Project End Date: 3/31/2019
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695376 TAROX Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Thomas Helleday
thomas.helleday@scilifelab.se

Host Institution: Karolinska Institutet, SE

Targeting oxidative repair proteins for treatment of cancer and inflammation

Oxidative damage and defects in DNA repair are frequently underlying many diseases, e.g., cancer,
autoimmune diseases, ischemia/reperfusion injury, neurodegenerative disorders, viral diseases and
ageing. Although some molecular understanding into oxidative DNA lesions and repair proteins exist,
a thorough understanding on the link to diseases is largely missing, and therapies exploiting oxidative
DNA damage and repair have not emerged. Here, we will study mechanisms of nucleotide
metabolism and oxidative DNA damage and repair, and generate tools and make use of ‘omics’
approaches to explore the function of the Nudix and glycosylases family enzymes in relation to
oxidative metabolism. Furthermore, we will progress and understand the basic mechanisms how
oxidative DNA lesions are processed and kill cells. Importantly, we will develop small molecule
inhibitors targeting Nudix and glycosylases, e.g. MTH1, NUDT15 and OGG1, and use our newly
developed inhibitors to increase our knowledge of these enzymes in oxidative metabolism and
disease. We will further optimize these inhibitors into drugs and explore therapeutic approaches in
cancer and inflammation as well as in exploratory studies in a variety of diseases involving oxidative
stress. Altogether, in this programme we contribute to deepen our knowledge into the fundamental
biology of oxidative stress and its links with disease, and providing the scientific community with an
innovative repertoire of selective inhibitors for numerous enzymes involved in repair of oxidative
lesions. This will enable exploratory basic science discoveries as well as potential novel therapeutic
interventions ‘outside the box’. The programme will also generate high value to the industrial
competitiveness of Europe in form of novel inhibitors for treatment of diseases.

Project End Date: 7/31/2021
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European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Seppo Yla-Herttuala
seppo.ylaherttuala@uef.fi

Host Institution: Ita-Suomen Yliopisto, FI

Novel Gene Therapy Based on the Activation of Endogenous Genes for the Treatment of Ischemia -
Concepts of endogenetherapy, release of promoter pausing, promoter-targeted ncRNAs and
nuclear RNAi

Background: Therapeutic angiogenesis with vascular endothelial growth factors (VEGFs) has great
potential to become a novel, minimally invasive new treatment for a large number of patients with
severe myocardial ischemia. However, this requires development of new technology. Advancing
state-of-the-art: We propose a paradigm shift in gene therapy for chronic ischemia by activating
endogenous VEGF-A,-B and -C genes and angiogenic transcription programs from the native
promoters instead of gene transfer of exogenous cDNA to target tissues. We will develop a new
platform technology (endogenetherapy) based on our novel concept of the release of promoter
pausing and new promoter-targeted upregulating short hairpinRNAs, tissue-specific
superenhancerRNAs activating specific transcription centers involving gene clusters in different
chromosomal regions, small circularRNAs formed from self-splicing exons-introns that can be
regulated with oligonucleotides and small molecules such as metabolites, nuclear RNAi vectors and
specific CRISPR/gRNAmutatedCas9-VP16 technology with an ability to target integration into
genomic safe harbor sites. After preclinical studies in mice and in a newly developed chronic cardiac
ischemia model in pigs with special emphasis on the analysis of clinically relevant blood flow,
metabolic and functional outcomes based on MRI, ultrasound, photoacoustic and PET imaging, the
best construct will be taken to a phase | clinical study in patients with severe myocardial ischemia.
Since endogenetherapy also involves epigenetic changes, which are reversible and long-lasting, we
expect to efficiently activate natural angiogenic programs. Significance: If successful, this approach
will begin a new era in gene therapy. Since there is a clear lack of technology capable of targeted
upregulation of endogenous genes, the novel endogenetherapy approach may become widely
applicable beyond cardiovascular diseases also in other areas of medicine and biomedical research.

Project End Date: 10/31/2020
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636855 ONCOMECHAML Health

Established by the European Commission

Principal Investigator: Dr. Florian Grebien
florian.grebien@lbicr.lbg.ac.at

Host Institution: Ludwig Boltzmann Gesellschaft Gmbh, AT

Common Oncogenic Mechanisms in Multi-Partner Translocation Families in Acute Myeloid

Leukemia

Acute Myeloid Leukemia (AML) is the most frequent cancer of the blood system, with >80% mortality
within 5 years of diagnosis. Straightforward clinical decisions are complicated by the genetic
complexity of AML. In particular, fusion proteins arising from chromosomal aberrations are
recurrently found in AML and often act as strong driver oncogenes. In “Multi-Partner Translocation”
(MPT) families, one specific gene is fused to many recipient loci. Due to this modular architecture,
MPT families are of particular interest to comparative studies of oncogenic mechanisms. The three
most common MPT families in AML represent translocations of the MLL, RUNX1 and NUP98 genes.
Despite their clinical significance, the molecular mechanism of transformation remains unknown for
the majority of fusion proteins and it is unclear if transforming mechanisms are conserved within and
across different MPT families.We hypothesize that common oncogenic mechanisms of fusion
proteins are encoded in physical and genetic cellular interaction networks that are specific to MPT
families. We propose to delineate critical common effectors of oncogenic mechanisms in AML driven
by MPT families through a comprehensive, comparative, functional analysis of 20 clinically
representative MLL-, RUNX1- and NUP98-fusion proteins using a unique experimental pipeline.
Characterization of protein interactomes and their effects on gene expression will identify common
cellular denominators of MPT families, whose functional contribution will be assessed through
pooled shRNA screens in clinically relevant model systems. High-confidence hits will be validated in
mouse models and primary cells from AML patients. This project will generate large informative
datasets and novel experimental systems that are of relevance for basic and clinical cancer research.
It will contribute to improved understanding of oncogenic mechanisms, which may directly impact on
diagnostic and therapeutic strategies in the management of AML.

Project End Date: 5/31/2020
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681219 PeptiCrad Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Vincenzo Cerullo
vincenzo.cerullo@helsinki.fi

Host Institution: Helsingin Yliopisto, Fl

Personalized oncolytic vaccines for cancer immunotherapy

This grant application proposes to develop a novel, customizable and personalized anti-cancer
vaccine: peptide-coated conditionally replicating adenovirus (PeptiCrad).

Anti-cancer vaccines represent a promising approach for cancer treatment because they elicit
durable and specific immune response that destroys primary tumors and distant metastases.
Oncolytic viruses (OVs) are of significant interest because in addition to cytolysis they stimulate anti-
tumor immune responses, thereby functioning as anti-tumor vaccines. However, their efficacy
among cancer patients has been modest. One reason for this shortcoming is that the immune
responses generated by virus infection primarily target the virus rather than the tumor. In addition,
tumors differ across patients. Specific and personalized approaches (rather than generic virus
infection strategies) are required to optimize therapy. To this end we propose to develop a novel
vaccine platform that combines the strengths of OVs with the specificity of vaccines. Our technology
is called PeptiCrad. PeptiCrad is a virus “dressed as a tumor”. It directly kills cancer cells (i.e.,
oncolytic viruses) and expresses immunomodulatory molecules (i.e., cytokines or the immune
checkpoint inhibitors anti-CTLA4 or anti-PDL1); most importantly, it diverts immunity toward the
tumor (i.e., the capsid becomes covered with MHC-I-restricted tumor-specific peptides).

The method that we have developed to cover the virus with tumor peptides is novel and exceeds
current state-of-the-art. Importantly, it is fast and does not require genetic or chemical manipulation
of the virus; this feature has a significant impact on the translational capability of the project.

Our preliminary results show great potential but significant questions regarding the development
and the personalization of PeptiCrad remain to be studied. In this grant | propose two lines of
research, one focused on the development and the other one on the personalization of PeptiCrad.

Project End Date: 6/30/2021
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682379 OPTOACOUSTOGENETICS Health
Established by the European Commission
Principal Investigator: Dr. Daniel Razansky
dr@tum.de
Host Institution: Helmholtz Zentrum Muenchen Deutsches Forschungszentrum Fuer

Gesundheit Und Umwelt Gmbh, DE

Hybrid Volumetric Optoacoustic-Ultrasound Tomography for Noninvasive Large-Scale Recording of
Brain Activity with High Spatiotemporal Resolution

Non-invasive observation of fast spatiotemporal activity patterns of large neural populations
distributed over entire brains is a longstanding goal of neuroscience. Not only would such abilities
significantly promote our knowledge on brain function and its pathophysiology but they are also
expected to accelerate development of novel therapies targeting neurological and neuropsychiatric
disorders. The progress is hampered by the limited capacity of state-of-the-art functional
neuroimaging tools, which do not permit simultaneous monitoring of whole-brain activity with an
adequate spatiotemporal resolution. Our recently developed five-dimensional optoacoustic
tomography technique is ideally poised to overcome these limitations — it has shown excellent
capacity for imaging intrinsic contrast in entire brains of vertebrates and rodents non-invasively;
delivers unmatched temporal resolution in the milliseconds range for true volumetric imaging in real
time; capable of label-free observations of hemodynamic changes and sensitive to genetic markers of
neural activity.

Yet, several fundamental challenges ought to be addressed before true potential of optoacoustic
functional neuroimaging is unveiled. First, optoacoustic monitoring of fast neural activation under
physiologically relevant stimuli and in real disease models has not been achieved. Furthermore, a
variety of acoustic effects introduced by the skull compromise performance of optoacoustics in
transcranial imaging of murine models, further hindering its clinical translation potential. Finally,
technology needs to be developed that can deliver information from single neurons while
maintaining high volumetric imaging speed. By resolving those challenges, the current project will
yield a unique and groundbreaking functional neuroimaging method that can truly transform the
existing paradigms in neuroscience by delivering real time information from hundreds of thousands
or even millions of neurons simultaneously.

Project End Date: 9/30/2021
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Established by the European Commission

Principal Investigator: Dr. Miguel Angel Martinez Gonzalez
mamartinez@unav.es

Host Institution: Universidad De Navarra, ES

Long-term effects of an energy-restricted Mediterranean diet on mortality and cardiovascular
disease: the PREDIMED PLUS Study

The impact of weight loss on cardiovascular disease risk within the frame of the Mediterranean
dietary pattern has not yet been tested using a sufficiently large randomized trial (Malik, Hu, 2007).
We propose to run a parallel group, multi-center, randomized, primary prevention trial (PREDIMED
PLUS) on men aged 55-75 years and women 65-75 years, with a body mass index =27 to <40 kg/m2
and meeting at least 3 criteria for the metabolic syndrome. The objective of the present research is
to address the cardiovascular effect of an intensive weight-loss lifestyle intervention based on an
energy-restricted traditional Mediterranean diet in comparison with a less intensive program using
Mediterranean diet, but with no energy restriction, behavioural intervention or physical activity
programme. The end-point is a composite of major hard clinical cardiovascular events. We
hypothesize that an intensive weight-loss lifestyle intervention, including physical activity, based on
the traditional Mediterranean food pattern is a sustainable long-term approach for weight reduction
among overweight/obese adults and that the achieved lifestyle changes will exert beneficial effects
on cardiovascular disease incidence, according to our experience (Estruch R et al., 2012) and research
by other investigators (Shai et al., 2008). The rationale for the proposed investigation is that it can
provide a new, affordable, and sustainable approach to reduce excess cardiovascular morbidity and
mortality among overweight/obese adults, beyond what was already observed in the PREDIMED |
trial.

Project End Date: 4/30/2019
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676904 NanoSCAN Health

European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Jason Holland
jason.holland@chem.uzh.ch

Host Institution: Universitaet Zuerich, CH

Developing multi-modality nanomedicines for targeted annotation of oncogenic signaling
pathways

Spatial and temporal changes in the underlying biochemistry of cancer control disease progression
and response/resistance to treatment. Developing methods to detect changes in oncogenic signaling
at an early stage is vital to further our understanding of cancer, and will advance the next generation
of anti-cancer therapies. Nanomedicine is the medical application of nanotechnology to diagnose or
treat disease. In light of the recent introduction of tools like Positron Emission Tomography/Magnetic
Resonance Imaging (PET/MRI) scanners, there is now a new opportunity to develop hybrid imaging
protocols that can simultaneously take advantage of the functional and anatomic information
available from PET/MRI to address changes in oncogenic signaling pathways. The work outlined in
this interdisciplinary ERC Project is designed to advance new chemistry and imaging methods to
measure changes in oncogenic signaling in various cancers before, during and after treatment using
PET/MRI. The long-term goals are to expand the scope and utility of radiolabelled nanomedicines as
dual-modality PET/MRI probes for detecting changes in oncogenic signaling in various cancers and
develop efficient methods for translating new technologies to the clinic. Successful completion of this
ERC Project has the potential to transform personalised clinical management of cancer patients via
advanced PET/MRI detection of oncogenic signaling processes.

Project End Date: 8/31/2021
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Y.vanKooyk@vumc.nl
Host Institution: Stichting Vumc, NL

Novel vaccine generation for the treatment of cancer. A glyco-nanomedial approach instructing T
cells

There is an urgent need to develop vaccines for the induction of CD8+ T-cell immunity to treat cancer
and infectious diseases. Dendritic Cells (DC) have shown potential to induce antigen specific CD8+ T-
cell responses with the help of CD4+ T cells, yet the efficacy by which the induction is achieved still
has its limitations. The main challenge is: (a) to increase targeting efficacy to the complete repertoire
of DC subsets; (b) to trigger T-cell responses by the DC that is powerful enough to eliminate a tumour
(c) to implement novel human read-out systems, that mimic he human body response to evaluate
vaccine efficacy. The aim of this research project is to develop new glycan-based nanomedicines
targeted to DC to induce powerful T-cell responses. Within the scope of this research project these
new glycan-based nanomedicines will be tested to (i) trigger a strong T-cell response to pathogens,
(ii) induce a powerful and adequate T-cell response to self antigen in a tumour induced immune
suppressive environment and (iii) render fundamental insights to establish a vaccine platform
relevant for the treatment of cancer and infectious diseases. GlycoTreat employs an unconventional,
novel glycan biotechnology approach to target a multitude of DC subsets in the human skin to
validate the groundbreaking hypothesis that the local administration and molecular size and glycan
valency of the targeting compound affect the efficiency of the T-cell stimulating vaccine. This
research project joins the chemical design of glyco-nanomedical vaccines with immunological
outcomes in our advanced in-vitro, in-situ human skin and in-vivo mouse DC model systems. While
crossing the established disciplinary boundaries between chemistry, biology and medicine, Prof. van
Kooyk will generate a new field of expertise in vaccine development applied in the field of cancer
treatment.

Project End Date: 1/31/2019
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Principal Investigator: Dr. Deniz Dalkara
deniz.dalkara@inserm.fr

Host Institution: Universite Pierre Et Marie Curie - Paris 6, FR

Modeling and treating retinal degenerative disease

Gene therapy using adeno-associated viral (AAV) vectors has shown early promise in clinical trials.
The therapeutic transgene cassette can be packaged in different AAV capsid pseudotypes, each
having a unique transduction profile. At present, AAV capsid serotype selection for a specific clinical
trial is based on effectiveness in small animal models. We (and others) have shown substantial
progress in improving gene therapy for eye diseases in rodents. However, small animal studies are
not often predictive of human outcome when it comes to the efficacy of viral delivery. Moreover,
non-human primates used as pre-clinical animal models do not display any pathology making them
unsuitable for testing efficacy. Here, | propose to overcome these bottlenecks in translational gene
therapy by generating non-human primate models of retinal degeneration where effects of therapies
and prosthesis on sight restoration can be tested. Generating transgenic primates using germline
transgenesis would be very costly and ethically problematic. | thus propose to induce retinal disease
locally, following delivery of pathogenic genes within specific subsets of cells in the non-human
primate retina (Aim A). In Aim B, | propose to develop novel AAVs for use in human gene therapy
using directed evolution. This bioengineering approach has yielded AAVs with enhanced delivery
properties in the murine retina and applying it to post-mortem human retinas will generate AAVs
responding to a clinical need in gene therapy. All together, the creation of models of disease in
primates combined with novel AAVs tested in human post-mortem retinas will enable us to validate
therapies aiming at vision restoration and neuroprotection in retinas with a macula and high central
visual acuity, removing a major roadblock in the development of ocular therapeutics for humans.

Project End Date: 11/30/2019
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682549 VIREX Health
Established by the European Commission
Principal Investigator: Dr. Mette Marie Rosenkilde
rosenkilde@sund.ku.dk
Host Institution: Kgbenhavns Universitet, DK

Mumps VIRus EXploitation of the human adhesion receptor GPR125

Mumps virus is a re-emerging pathogen that causes painful inflammatory symptoms, such as
parotitis (salivary gland infection) and orchitis (testis infection). It is highly neurotropic with evidence
of brain infection in half of cases and clinical evidence in up to 10%. It is a small RNA virus belonging
to the family of paramyxoviridae that includes e.g. viruses for measles and pneumonia, all having a
huge impact on global economics and human health. Current vaccine programs have not managed to
eliminate mumps and infections occur also in vaccinated individuals.

Seven transmembrane (7TM) receptors are important drug targets. Large DNA viruses (herpes- and
pox-) assign large parts of their genomes to exploit 7TM receptors. No such mechanism has however
yet been described for small viruses.Based on strong preliminary data, | will in this interdisciplinary
project test the groundbreaking hypothesis that the adhesion 7TM receptor GPR125 is central for the
organ damage caused by mumps virus via an interaction with the mumps virus-encoded short-
hydrophobic (SH)-protein. | will do so by determining:

1 - The functional consequences of GPR125-SH-interaction at a single cell, organ and whole body
level within the context of mumps virus infection

2 - The structural requirements for the GPR125-mumps virus interaction using NMR and resolution of
crystal structure in preparation for future drug design

The project is high risk and high gain, yet the gain clearly exceeds the risk. On account of my past
expertise in pharmacology and virology, and that of several expert collaborators, the project is
indeed feasible. It has tremendous perspectives as SH-proteins are present also in other viruses. The
SH-GPR125 complex might thus represent a general principle for organ damage and a mode of action
more generally amenable to therapeutic interference. In fact, novel approaches, mechanism-based,
might be seen as more appealing to those who fear current vaccination 'modes'.

Project End Date: 6/30/2021
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Principal Investigator: Dr. STEFANO BIFFO
STEFANO.BIFFO@UNIMLIT

Host Institution: Universita Degli Studi Di Milano, IT

Noncoding and Translational Modulation of Gene Expression and Epigenetic Changes

Gene expression studies rely on high throughput techniques, which do not take in account
conceptual limits. | will overcome this situation by exploiting two biological facts. First, RNAs that are
important in tissue function are a subset of the global mass, but are always associated with the
ribosomal machinery and as such should be identified. Second, gene expression is the outcome of
dynamic fluctuations that with time create a unique expression pattern. We need to dynamically
label cell populations that undergo stress and follow them to generate a gene expression signature.
To achieve my goal, | will consider: 1. Translational stress generated by viral infection or
accumulation of misfolded proteins; 2. human CD4+ T lymphocyte subsets which are key to
orchestrate immune responses; 3. EIF6 model of metabolic reprogramming.

1. Activation of elF2alpha phosphorylation by viral infection generates a translational response in
which silent mRNAs containing upstream ORFs (UORF) are translated. | will exploit this observation to
construct the first in vivo reporter model of translational stress. We will label genetically cells that
have translational stress, to identify all the changes that a single cell undergoes after viral
infection/accumulation of undegraded proteins.

2. | will selectively sequence for the first time mRNAs and ncRNAs associated with the ribosomal
machinery in human cells with a defined functional status.

3. Spectacular data have shown that translation factor elF6 regulates tumorigenesis by inducing a
profound metabolic reprogramming. This observation suggests that, in vivo, translation acts
upstream of transcription. We will model how a short translational input results in a complex
epigenetic change.

Significance: a revolution in finding biomarkers/drug targets. Generate a map of predictors of the
process from stress to disease. Dscriminate biologically active sequences from background. Define
how transient translation reshapes gene expression.

Project End Date: 4/30/2019
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European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Simo Saarakkala
simo.saarakkala@oulu.fi

Host Institution: Oulun Yliopisto, Fl

Development of 3D Histopathological Grading of Osteoarthritis

Background: Osteoarthritis (OA) is a common musculoskeletal disease occurring worldwide. Despite
extensive research, etiology of OA is still poorly understood. Histopathological grading (HPG) of 2D
tissue sections is the gold standard reference method for determination of OA stage. However,
traditional 2D-HPG is destructive and based only on subjective visual evaluation. These limitations
induce bias to clinical in vitro OA diagnostics and basic research that both rely strongly on HPG.
Objectives: 1) To establish and validate the very first 3D-HPG of OA based on cutting-edge
nano/micro-CT (Computed Tomography) technologies in vitro; 2) To use the established method to
clarify the beginning phases of OA; and 3) To validate 3D-HPG of OA for in vivo use. Methods: Several
hundreds of human osteochondral samples from patients undergoing total knee arthroplasty will be
collected. The samples will be imaged in vitro with nano/micro-CT and clinical high-end extremity CT
devices using specific contrast-agents to quantify tissue constituents and structure in 3D in large
volume. From this information, a novel 3D-HPG is developed with statistical classification algorithms.
Finally, the developed novel 3D-HPG of OA will be applied clinically in vivo. Significance: This is the
very first study to establish 3D-HPG of OA pathology in vitro and in vivo. Furthermore, the developed
technique hugely improves the understanding of the beginning phases of OA. Ultimately, the study
will contribute for improving OA patients’ quality of life by slowing the disease progression, and for
providing powerful tools to develop new OA therapies.

Project End Date: 1/31/2019
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European Research Council
Executive Agency

Established by the European Commission

Principal Investigator: Dr. Bruno Paiva
bpaiva@unav.es

Host Institution: Universidad De Navarra, ES

Integrated next-generation flow cytometry and sequencing to uncover the pathway of curability in
multiple myeloma

Multiple myeloma (MM) represents a unique model to investigate cancer stem cells (CSCs),
circulating tumour cells (CTCs), and the mechanisms of malignant transformation and
chemoresistance. Despite the substantial improvement in MM patients’ out