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ffective transfer of the new knowledge, mechanisms, and techniques generated by advances in
basic science research into new approaches for the prevention, diagnosis, and treatment of
disease is essential for improving health. This first step of translational research (T1) refers to the
bench to bedside enterprise up to the first testing in humans. It should ideally be followed by the
transfer of results from clinical studies into everyday clinical practice and health decision making (T2).

However the process is rarely that simple. The bench to bedside enterprise occasionally yields
breakthroughs that markedly improve diagnosis, prognosis, or patient therapies and interventions.
Furthermore, the medical environment is rapidly changing: the costs of patient tfreatments and care are
increasing, the budget crisis has encouraged politicians to decrease health spending, diseases are
becoming increasingly chronic with patients being treated over a much longer period of time (cancer,
cardiac and neurological diseases, ...), the population is aging and “personalized medicine” for
individual patients is strongly encouraged.

To overcome these difficulties, the European Commission, the French National Research Institutes and the
NIH in the US have made translational research a priority, encouraging and forming centers for
translational research (60 in the USA by 2012) that take into account all the problems and pitfalls
involved in turning new knowledge into clinical practice.

Non - or minimally-invasive imaging technologies are providing researchers with exciting new
opportunities to study animal models and human diseases. With continued improvements in
instrumentation, identification of better imaging targets and better designed imaging probes using
innovative chemistry, imaging technologies promise to play increasingly important roles in disease
diagnosis and therapy. Nevertheless, improving patient care while controlling expenditures remains a
major goal. Although, imaging techniques are technologically expensive, they may become one of the
methods of choice and the "charter" could be described as follows :

® |mproving diagnosis through in vivo characterization
of the cellular and molecular mechanisms of disease
in individual patients

® Monitoring treatments or target delivery of
therapeutic agents and performing longitudinal
evaluation of targeted therapies

® Substituting interventional imaging procedures for
surgery

® Serving as surrogate markers of drug efficacy for
clinical trials

® Personalizing patient care

Exploring populations to better understand diseases
® Attracting medical industries to create wealth and
employment
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he Translational Research
and Advanced Imaging
Laboratory (TRAIL) program

/I /‘ seeks to facilitate

interdisciplinary, collaborative

basic and clinical research (T1) in image-based diagnostics
and novel bio-compatible technologies for evaluating
treatments, interventions and drug delivery strategies (see
section 5.2). It will also provide evaluation on imaging
techniques for patient care, public health impact and medico-
economics impact (T2) (see section 5.2.1.3).

In 2007, in Bordeaux, we inaugurated a Bio-Imaging Institute
called IBIO that brings together multi-disciplinary human
resources (189 people working in the Bio-Imaging field) and
task forces (CNRS — CEA - INSERM — University of Bordeaux —
University Hospital — Cancer Hospital) around the development
of in vivo imaging methodologies and applied sciences for
clinical imaging applications. The IBIO is strongly supported by
a national and local government grant program CPER of
12Meuros for imaging equipment (4M) and a new facility
building (8 M) opening early 2013. It is also a priority research
program for the University of Bordeaux and several of
national research institutes CNRS, INSERM and CEA. Over the
past 5 years the research projects of [IBIO-partners
laboratories have collected 27.5Meuros and more than 60
grants.

The “laboratory of excellence” tender, as part of the “future
investments” project, represents an opportunity for IBIO to
move forward and create a strong organization for
translational research in in vivo imaging called the TRAIL
project. With the ultimate objective of significantly contributing
to patient care through imaging methods, we seek to create a
showcase of talent, training, resources, and facilities that will
attract both traditional academic support as well as corporate
investment. This goal fully concords with the academic mission
of the University to develop and deploy new knowledge and
technology related to the improvement of human health, and
principally for cancer, neurology, cardiac, lung and kidney
diseases.
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The core partners are eight teams from seven research laboratories, all being units from the national
research institutes CNRS, CEA, INSERM, and setting at Universities of Bordeaux 2 and Bordeaux 1,
made up of researchers, engineers and teachers/researchers (n=189).

A  Magnetic Resonance of Biological
Systems Laboratory (CNRS/UB2 Unit) —
Unit Head: JM Franconi, PhD

A Bio-active molecules and Synthesis
Team — Head: E Fouquet, PhD - Molecular
Sciences Institute (CNRS/UB1 Unit) — Unit
Head: P Guarrigues, PhD

N Cardiac ElectroPhysiology Team -
Head: M Haissaguerre, MD, PhD - Cardio-
Thoracic Research Center of Bordeaux
(INSERM/UB2 Unit) — Unit Head: R
Marthan, MD,PhD

N  Bronchial Remodeling Team — Head: P Berger, MD, PhD - Cardio-Thoracic Research Center of
Bordeaux (INSERM/UB2 Unit) — Unit Head: R Marthan, MD,PhD

A Neurofunctional Imaging Group (CNRS/CEA /UB2 Unit) — Unit Head: B. Mazoyer, MD, PhD

A Nevurofunctional and Cognitive Imaging Team — Head: M Allard, MD, PhD - INCIA
(CNRS/UB1/UB2 Unit) - Unit Head: JR Cazalets, PhD

N  Neurobiology of Myelin Diseases Laboratory (INSERM U 1049/UB2 Unit) — Unit Head: KG
Petry, PhD

M  Centre of Clinical Investigation in clinical Epidemiology CIC-EC7 INSERM — Bordeaux 2
University — Bordeaux University Hospital / Bergonié Cancer Institute (INSERM 2010 A) G. CHENE
MD PhD and P. PEREZ MD PhD

UB2: University Bordeaux 2; UBT: University Bordeaux 1; CNRS: Centre National de la Recherche
Scientifique; INSERM : Institut National de la Santé et de la Recherche Médicale ; CEA : Commissariat &

I'Energie Atomique

3/102



federation of laboratories and teams working on imaging research constitutes the core of

LabEx working towards translational research in imaging. Physicists, chemists, biologists and

physiologists from CNRS, INSERM, CEA, University faculties and medical staffs meet the criteria
of excellence to join TRAIL. They have substantial experience in sharing research and will work together
on the T1 bench to bedside steps described below.

The partners are helped by ten collaborators, defined as major research teams in the same area as
the partners and with whom collaboration is essential to develop translational imaging research.
Several of those collaborative teams are involved in other Laboratory of Excellence projects creating a
pull effect in the close environment of TRAIL. One partner is identified as developing socio-economic
studies and evaluating the patient-care impact of our research (T2 steps).

Our project is helped by well-identified nine support service
structures that allow and foster basic research, clinical research or
technology transfer. They include the Bordeaux University Hospital
clinical research support services and the cancer hospital of Bordeaux,
two of the leading hospitals in France. Technology transfer will be
promoted through a newly elaborated structure that merges hospital
clinical research with pharmaceutical and technological industries:
“Bordeaux Recherche Clinique”.

We defined 7 Work-Packages (WP) according to either recognized
excellence (5/7) or emerging original risk-taking topics (R* 2/7):

AWPI1: MR Guided High Intensity Focused Ultra Sounds — B
Quesson CNRS / UB2
AWP2: New MRI Contrasts — New MRI Sequences — JM Franconi
UB2/CNRS - S Miraux CNRS/UB2
NWP3R*: Dynamic Nuclear Polarization — JM Franconi UB2/CNRS -
E Thiaudiére UB2/CNRS
AWP4: Radiopharmaceutical Tracers and Contrasts Agents — E
Fouquet CNRS / UB1 - M Allard UB2 /CNRS/CHU
NWP5: Targeted Biological Markers for Bio-Imaging — KG Petry
INSERM/UB2
AWP6R*: Mathematical Simulation and Modelling — ) Palussiere CLCC/CNRS - P Jais
UB2/INSERM /CHU
AWP7: Structural/functional neurcimaging tools for preclinical, clinical and population studies —
B. Mazoyer CNRS/CEA /UB2

UB2: University Bordeaux 2; UBT: University Bordeaux 1; CNRS: Centre National de la Recherche
Scientifique; INSERM : Institut National de la Santé et de la Recherche Médicale ; CEA : Commissariat a
I'Energie Atomique; CHU: University Hospital; CLCC: Cancer Institute
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Interactive Researches for Translational Research between WP and Applied Medical
Fields
WP1 WP2 WP3 WP4 WP5 WP6 WP 7 WP8
MRI guided New DNP Tracers Biological Mathematic | Methodology | Translational
HIFU Contrast / and Bio-lmaging Simulation Neuro- methodology
New Contrast Markers and Imaging
Sequences Agents Modelling
Oncology Interventional
J Palussiere MRI and
Ph Fernandez
C Moonen Tumor Tumor Tumor Tumor
F Couillaud Metabolism | Metabolism | Molecular growth
H Trillaud Imaging modelling
Neurology Functional
B Mazoyer Aging Functional Inflammation MRI
M Allard brain PET Imaging Cohorts
V Dousset Imaging Human MRI
B Hiba Aging 7T
brain
Cardiology
M Interventional | 3D Cardiac Modeling of
Haissaguerre MRI for coronary Purkinje cardiac
P Jais cardiac velocity Network electrical
B Quesson ablation mapping Targeting disorders
H Cochet
Pneumology
P Berger Bronchial Metabolic Inflammation
F Laurent wall and imaging
Y Crémilleux Imaging molecular
imaging
Nephrology
N Grenier Kidneys Inflammation
B Denis de Functional Imaging and
Senneville MRI fibrosis

Ph Fernandez

The development of each WP fosters the development of translational research with imaging

specialties. Our choice takes into account the existing excellence of research in those particular fields as

attested by rate of publications, patents, evaluations from national research agencies, international

attractiveness, etc. Themes: Oncology, Neurology, Cardiology, Pneumology, Nephrology.
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The Trail project is supported by an imaging platform that offers the multiple accesses for pre-clinical
and clinical research works:

AMRI and Spectroscopy for small animal: 0.2T MR imaging system; 4.7T MR imaging system; 7T MR
imaging system (2010); 9.4 T spectrometer and imaging system 400MHz; 11T spectrometer 500MHz

AMRI for Human and for large animals Pre-clinical Molecular and Functional Imaging: 1.5T MRI
system; 3T MRI system

AMRI for Human at hospitals facilities for clinical research: 4 x 1.5T Clinical Systems (one with HIFU)
University Hospital Bordeaux; 3T MR imaging system (2010) University Hospital Bordeaux; 1.5T Clinical
System with HIFU Cancer Institute Bordeaux

APET for Human clinical research and for large animals pre-clinical: PET/CT Research Imaging
System University Hospital Bordeaux

A Optical Imaging: 2 In vivo Optical Imaging Systems

In order to be consistent with our laboratory of excellence TRAIL aims and to foster our research, we
have responded to several of the calls from “investissement d’avenir” to acquire 4 types of cutting-
edge equipment:

- EquipEx: Micro-Cyclotron + MicroPET/SPECT/CT (PRECLIMI) for WP4 and WP5

- EquipEx: 3.0T Interventional MRI in cardiac imaging (EP-XMR) for WP1 and WP6

- InfraStructure Nationale*: 7.0T MRI for Human clinical research for WP7

- InfraStructure Nationale®: 7.0T MRI for pre-clinical application and translational research
for WP2, WP4, WP5 and WP7

* a national platform of 3 x 7.0 T MRI for human clinical research with Universities of

Marseille, Lyon and Grenoble.

Based on our extensive background in imaging research, and
support from national institutes for research, from local and
government research departments, and from one of the top
three university hospitals in France, we aim to become one of the
leading sites in Europe with international recognition for our
topics of interest in translational research and imaging.

Letters of support and Intend situated in Annexe 7.5 are from:
the President of the University of Bordeaux, the President
General Director of INSERM National Institute, the Scientific
Director of CNRS National Institute, and from several private
corporates: the General Manager of AGFA Healthcare, the
President of General Electric Healthcare France, the Director
Imaging and Therapy of Siemens, the Clinical Science Director of
Philips, the Research and Development Director of Guerbet, the
director of Sanofi-Aventis, the director of CRO ITEC.
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01/

Application to the actions of
the programme
“investissements d’avenir”



he following figure summarizes several applications to the Actions of the national programme
Investissements d’Avenir, and their link with TRAIL.

Initiative of Excellence
the University of Bordeaux, chosen in 2008 by Operation Campus among the 10 top sites in France,
has decided to seize the opportunity of the national Inititiative d’Excellence call to accelerate its
development.

Laboratory of Excellence

The University of Bordeaux conceives a laboratory of excellence (LABEX) as a grouping of research
teams whose excellence is widely recognized (within the terms of the discipline concerned), who have
wide international visibility and who are willing to contribute to an ambitious innovative research
project. Of key importance is the project's capacity to promote the valorization of research, whether in
terms France's research reputation or in terms of direct socio-economic benefits (development, training).
The University of Bordeaux is promoting eight “Laboratory of Excellence” projects among which several
are associated by design with our proposal of TRAIL Labex: "SP2 (METIS)" on health and society issues,
"BRAIN" on basic neurosciences, "TIC (CPU)" on numerical certification and "AMADEUS" on advanced
materials. Teams within these different LabEx projects are currently collaborating with several teams of
TRAIL and intend to promote stronger collaborations through the pull effect given by the LabEx call.

Institut Hospitalo-Univesitaire: We are linked to the LIRYC project, a call for IHU “Institut

Hospitalo-universitaire”, based on Bordeaux's excellence in cardiology and
rythmology. One of our applied medical imaging fields is in cardiology
(see section 5.2 scientific program).
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Equipment of Excellence:
In September 2010 we have applied for two EquipEx calls (results not yet announced) that are
necessary to develop our research:
= PreClimi: a Micro-cyclotron and a MicroPET/SPECT/CT that will foster our research on bio-
imaging markers (WorkPackage 5) and on Tracers (WorkPackage 5). It will allow translational
research with pre-clinical imaging in the aim of reaching the clinical level through our full-time
research-orientated PET/CT for humans. A commitment from the General Electric company has
been obtained for this project.
= EP-XMR: a 3.0 Tesla MRI coupled with an X-Ray angio room for developing innovations in the
field of interventional MRI in cardiac imaging. This will foster the development of HIFU applied
to the heart (WorkPackage 1) and cardiac modeling and simulation (Work Package 6).
In addition we aim at developing innovative risk-taking research (Work Package 3) concerning
Dynamic Nuclear Polarization, a very challenging new technology in the field of MRI. The investment
will require that we apply in 2011 or 2012 for a future grant call for Equipment of Excellence. The
commitment of the Siemens company has been obtained for this project.

National InfraStructure:

In October 2010 we applied to this grant call (results not yet announced) for a project together with
the universities of Marseille, Lyon and Grenoble to promote a national platform and network
(NMRINet) of technology and knowledge for human MRI operating at 7.0 Tesla. In this call, our
Bordeaux site has asked for one MRl at 7.0 T (for Work Package 7, applied to neurology) and a small
animal MRI operating at 7.0 T for making the translation of research from animals to humans easier.
The commitment of the General Electric company and Bruker company have been obtained for this
project.

The several components of the “Investment of Avenir” initiative will allow us to reach the level of an
international expert center in translational bio-imaging research.
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Management of the the
partnership



The LabEx project is composed of 7 laboratories with complementary
expertise on bioimaging research.
Among these laboratories 8 teams will be directly involved in the LabEx:

P Magnetic Resonance of Biological Systems Laboratory (CNRS/UB2
Unit) — Unit Head: JM Franconi, PhD

P Bio-active molecules and Synthesis Team — Head: E Fouquet, PhD -
Molecular Sciences Institute (CNRS/UB1 Unit) — Unit Head: P Guarrigues,
PhD

P Cardiac ElectroPhysiology Team — Head: M Haissaguerre, MD, PhD -
Cardio-Thoracic Research Center of Bordeaux (INSERM/UB2 Unit) — Unit
Head: R Marthan, MD,PhD

P Bronchial Remodelling Team — Head: P Berger, MD, PhD - Cardio-Thoracic Research Center of
Bordeaux (INSERM/UB2 Unit) — Unit Head: R Marthan, MD,PhD

P> Neurofunctional Imaging Group (CNRS/CEA /UB2 Unit) — Unit Head: B. Mazoyer, MD, PhD

P Neurofunctional and Cognitive Imaging Team — Head: M Allard, MD, PhD - INCIA
(CNRS/UB1/UB2 Unit) - Unit Head: JR Cazalets, PhD

P Neurobiology of Myelin Diseases Laboratory (INSERM U 1049 /UB2 Unit) — Unit Head: KG Petry,
PhD

P> Centre of Clinical Investigation in clinical Epidemiology CIC-EC7 INSERM — Bordeaux 2
University — Bordeaux University Hospital / Bergonié Cancer Institute (INSERM 2010 A) G. CHENE
MD PhD and P. PEREZ MD PhD

UB2: University Bordeaux 2; UBI1: University Bordeaux 1; CNRS: Centfre National de la Recherche
Scientifique; INSERM : Institut National de la Santé et de la Recherche Médicale ; CEA : Commissariat a

I'Energie Atomique
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Demography

Lab Name Affiliation Staff
Magnetic Resonance 8 Researchers 12 Teacher-researchers
of Biological Systems
UB2 - CNRS
Laboratory (UMR 4 Post doc 4 PhD students
553¢6) 8 IATOS-Engineers 14 Other IATOS
s 3 Researchers 7 Teacher-Researchers
Molecular Sciences
. UBT1-IPB-CNRS
Institute (UMR 5255) 6 Post doc 16 PhD students
2 |ATOS-Engineers 4 Other IATOS
Cardio-Thoracic 0 Researcher 6 Teacher-researchers
Research Center of 3 Post doc 2 PhD students
Bordeaux - Cardiac UB2 - INSERM
ElectroPhysiology 0 IATOS-Engineers 0 Other IATOS
Team
Cardio-Thoracic 1 Researchers 9 Teacher-researchers
Research Center of |\ \nh | NSERM 1 Post doc 5 PhD students
Bordeaux - Bronchus -
Remodelling Team 2 |ATOS-Engineers 1 Other IATOS
Neurofunctional UB2 - CNRS 5 Researchers 3 Teacher-researchers
Imaging Group (UMR ;ZEA ) 1 Post doc 4 PhD students
6232) 2 |ATOS-Engineers 1 Other IATOS
6 Professors-Assistant
2 Researchers
INCIA UB1 - UB2 - Professors
CNRS 2 Post doc 5 PhD students
2 |ATOS-Engineers 2 Other IATOS
Neurobiology of 2 Researchers 4 Teacher-researchers
Myelin Diseases UB2 - INSERM 3 Post doc 4 PhD students
Laboratory
(INSERM U ]049) 1 IATOS-Engmeers 1 O'rher |ATOS
25 Researchers 52 Teacher researchers
and Professors
Total 21 Post doc 47 PhD students
19 IATOS-Engineers 25 Other IATOS
Total LabEx TRAIL 189 workers on the topic of TRAIL
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The LabEx TRAIL: overview of Skills and Know-How of
Partners (core), Collaborators and Supportive Structures

N Partners

The partners are defined as laboratories or teams fully dedicated to imaging research, the federation
of which constitutes the core of the LabEx focus on translational research in imaging.

» Magnetic Resonance of Biological Systems Laboratory (CNRS/UB2 Unit) — (AERES 2010 A) -
Unit Head: JM Franconi, PhD

Physicists and biologists specialized on MRI methodology with pre-clinical assessment

Research on new MR contrasts and new MR sequences — Risk-taking research on Dynamic Nuclear
Polarization

Involved in WP 2 and WP 3 — Applied to Oncology — Neurology - Cardiology — Pneumology

» Bio-active molecules and Synthesis Team — (AERES 2010 A+) - Head: E Fouquet, PhD -
Molecular Sciences Institute (CNRS/UB1 Unit) — Unit Head: P Guarrigues, PhD

Chemists specialized in the development of new methodologies in organic and organometallic chemistry for
two purposes: 1) Reactions taking care of environmental concerns, and application to the synthesis of
bioactive molecules. 2) Fast and practical methodology to be applied to the radiolabelling of ligands for
TEP Imaging.

Involved in WP 4 — Applied to Oncology and Neurology

» Cardiac ElectroPhysiology Team — (AERES 2010 A+) - Head: M Haissaguerre, MD, PhD -
Cardio-Thoracic Research Center of Bordeaux (INSERM/UB2 Unit) — Unit Head: R Marthan, MD,PhD

A world class team with high recognition on cardiac rythmology.

Interventional MRl and Heart Modeling

Involved in WP 1 and WP 6 — Applied to Cardiology

» Bronchial Remodeling Team — (AERES 2010 A+) - Head: P Berger, MD, PhD - Cardio-Thoracic
Research Center of Bordeaux (INSERM/UB2 Unit) — Unit Head: R Marthan, MD,PhD

An international leader team on the role of bronchial smooth muscle in asthma and chronic obstructive
pulmonary disease pathophysiology. An attractive team focused in translational respiratory medicine
involving physiologists, biologists, chest physicians, pharmacologists, physicists and radiologists.

Involved in WP 2, WP 3, WP 4 and WP 5 — Applied to Pneumology

» Neurofunctional Imaging Group (GIN, CNRS/CEA/UB2 Unit) — (AERES 2010 A) -Unit Head: B.
Mazoyer, MD, PhD

This unit has pioneered brain activation studies in France and contributed to the emergence of the cognitive
neuroimaging domain at the International level. Its staff has extensive expertise in the set-up and operation
of brain imaging facilities, and has made several key contributions both in image analysis and in the
cognitive neuroscience of language and visio-spatial functions. The GIN has also pioneered population
brain imaging for research on aging, and is currently acquiring and analyzing a large MRI database for
the study of human brain variability. GIN researchers have trained more over 30 PhD’s and organized

three summer schools.
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Involved in WP 2 & WP 7 — Applied to Neurology

» Neurofunctional and Cognitive Imaging Team — (AERES 2010 A) - Head: M Allard, MD, PhD
- INCIA (CNRS/UB1 /UB2 Unit) - Unit Head: JR Cazalets, PhD

A multi-disciplinary team examining disorders such as stroke, dementia and age-related cognitive decline
using a unique combination of research paradigms.

Involved in WP2, WP4, WP 5 and WP 7 Applied to Neurology

» Neurobiology of Myelin Diseases Laboratory (INSERM/UB2 Unit) — (AERES 2010 A) - Unit
Head: KG Petry, PhD
A European competitive translational research team on Brain Inflammation and Multiple Sclerosis — Skills in

Biology, imaging and clinical research
Involved in WP2, WP4, WP 5 and WP 7 Applied to Neurology

» Centre of Clinical Investigation in clinical Epidemiology CIC-EC7 INSERM — Bordeaux 2
University — Bordeaux University Hospital / Bergonié Cancer Institute (INSERM 2010 A) G. CHENE
MD PhD and P. PEREZ MD PhD

Clinical research, large cohorts, methodological innovations (epidemiology, biostatistics)

Involved in T2 Translational Research
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N Collaborators

To achieve our research goals, we are working with collaborators defined as the major research teams
of the TRAIL pariners and with whom collaboration is essential to develop translational imaging
research.

» Labo ARNA (ARN: Régulations Naturelles et Atrtificielles) (A+); team "Small RNAs and
Aptamers" (AERES 2010 A) JJ TOULME, PhD

Research on Aptamers

Collaborate for biological targets (WP5) and new contrasts agents (WP4)

» Institut de Mathématiques de Bordeaux and INRIA MC2 (AERES 2010 A+) T COLIN PhD

The team develops numerical models for tumor growth that are patient specific based on medical imaging.
Collaborate for mathematical simulation and modeling (WP6) and for oncology (AET).

Pull effect on LabEx TIC: Numerical certification, reliability and proof of systems

» LaBRI Laboratoire Bordelais Recherche Image (AERES 2010 A+) P WEIL PhD
Contribution in the field of image processing and analysis (e.g. MRI, PET, CT imaging).
Pull effect on LabEx TIC

» ICMCB-CNRS UPR 9048 Group 5 "Chemistry of Nanomaterials™ (AERES 2010 A+) E Duguet
PhD

Tailor-made MRI contrast agents and dye-labeling based on inorganic nanoparticles

Collaborate to WP4 tracers and contrast agent and to WP5 biomarkers for bio-imaging

Pull effect on LabEx Advanced Materials by Design

» IMN: Institute of Neuro-degenerative diseases (CNRS Unit) Team (AERES 2010 A+) E
Bezard PhD

Translational development of therapeutic strategies for parkinsonian syndromes from animal models to
patients. WP7 applied Neurology

Pull effect LabEx Neurosciences

- IMN: Institute of Neuro-degenerative diseases (CNRS Unit) Team (AERES 2010 A+) Bruno
BONTEMPI PhD

Physiology and pathophysiology of cortico-subcortical relationships in support of memory formation and
retrieval, integrating the key role of vascular function and modulation. WP7 applied Neurology

Pull effect LabEx Neurosciences
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» Epidemiology and Bio-Statistics INSERM/ISPED/UB2 Team Epidemiology and
Neuropsychology of Brain Aging (AERES 2010: A) JF DARTIGUE MD,PhD

Cohorts: Paquid — 3 Cités = MSA — ALZ — Bordeaux Etudiants

Population-based cohort studies on normal and pathological brain aging. Repeated MRI at successive
follow-up screening on unselected participants. WP7 applied Neurology

Pull effect LabEx SP2: Health, Society, Politics

» Laboratoire Biomatériaux et Ingénierie Tissulaire Inserm U577 (AERES 2010: A) J. AMEDEE
VILAMITJANA PhD

Collaboration for therapeutic strategies for tissue regeneration and imaging of implanted mesenchymal
stem cells. WP5 Bio-imaging markers applied to Nephrology

Pull effect on LabEx Advanced Materials by Design

» Chemistry and Biology of Membrane and Nano-Objects — CNRS UMR 5248 — (Aeres A+) EJ
DUFOURC PhD

Research on spectroscopic and optical techniques for nanoimaging

Collaborate for new contrast agents (WP4) and biological targets (WP5)
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A Support Structures

To develop our research, the TRAIL will be supported by several support structures defined as
organizations that allow and foster basic research, clinical research or valorization.

» CHU de Bordeaux A Hériaud General Director

The 3300 bed University Hospital of Bordeaux has one Radiology and
Nuclear Medicine department of 500 employees with dedicated
technicians, 4 clinical research assistants and one supervisor for clinical
research imaging

» Direction Recherche Clinique et Innovation CHU de
Bordeaux JP Leroy Directeur, J Boussuge — N Hayes collaborators

The clinical research and innovation Direction of the Bordeaux
Hospital is composed of 4 departments: academic sponsorship
department, industrial sponsorship department, biotechnological

innovation department and a financial department

» Center of Clinical Investigation Pluri-thematic CIC-P CHU
de Bordeaux N Moore Director, S Blazejewski collaborator

The Bordeaux Clinical Investigation Centre (CIC) is a federation of
clinical research teams driving translational projects in collaboration
with labeled experimental labs.

The CIC performs clinical research in the special interest areas of
Neurosciences, Oncology, Chest Diseases, Cardiology and
Pharmacoepidemiology.

- Clinical research Unit (USMR) University Hospital Bordeaux G. Chéne MD, PhD, Director, P
Perez collaborator MD, PhD
Clinical research, epidemiology, biostatistics, informatics, data management
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- Centre de Lutte Contre le Cancer J Reiffers General Director
A dedicated hospital for treatment, education and research against
cancer

Participation of the Radiology and Nuclear Medicine Department

for Clinical Research

» GBRC : Bordeaux Clinical Research Network

A one-stop-solution for industry sponsored clinical trials
(pharmaceutical, medical devices and nutritional industries)

» Aquitaine Valo (SATT) University of Bordeaux
Directror Maylis Chusseau - Technology Transfer office or the
University of Bordeaux

»
» 2ADI: Aquitaine Agency for Industrial Development J PASSEMARD Director, V LASCAUX
collaborator engineer

2ADI supports the organization of the TRAIL LabEx as part of the forthcoming Healthcare Cluster,
promotes links with industrial companies and attraction of new investors.

» Foundation Bordeaux Universities JR FOURTOU President R GOUIN Director
Nonprofit organization, raising funds to support the best research and education projects.
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Vincent Dousset, MD, PhD

Professor of Radiology and Medical Imaging

Teacher/Researcher in the Neurobiology of Myelin Diseases Laboratory
(INSERM Unit)

Vice-President of the University Victor Segalen Bordeaux 2 for External
Relations

Department Chairman of Radiology and Nuclear Medicine University
Hospital of Bordeaux

Born in 1961, qualified as an MD specialist in Radiology and
Medical Imaging in 1991. | trained as a Research Fellow at the University
of Pennsylvania in the Department of Radiology and Nuclear Medicine in
1990 and 1991. During that period, | was introduced to pre-clinical
research on a model of inflammatory disease of the CNS, then moved on to
clinical application on Multiple Sclerosis patients. | was awarded a Masters
degree in Health and Biology in 1994 and obtained my PhD degree in
Health and Biology in 1997 from the University of Bordeaux 2.

My research focuses on translational research from bench to bedside with the overall
goal of serving patient diagnosis or therapy.

Three examples :

® Magnetization Transfer Imaging applied to the CNS

This work was initiated during the time spent as a guest researcher at the Department of
Radiology at the University of Pennsylvania in 1990-1991. We found and established the MTR
ratio: a robust and reproducible value to quantify in vivo tissue destruction by MRI (Dousset et al;
Radiology 1992 Citations n=482). The work was started on animals with experimental acute
encephalomyelitis with histological correlations. We moved on to multiple sclerosis patients and
showed how to quantify tissue breakdowns including tissue that appeared normal with conventional
MR. MTR is now available as a standard application on all routine MR scanners and MTR is used in
clinical trials in the CNS (Tourdias et al; Stroke 2007 IF=6.3) and other organs as a surrogate
marker of the efficacy of a therapy. This work has received several awards (European Association
of Radiology; 1+ Lucien Appel Price European Society of Neuroradiology; ...)

=® MR Diffusion Imaging of the Spinal Cord

We developed a new sequence for the challenging exploration of the spinal cord with diffusion
imaging (Ries et al; Magn Reson Med, 2000 citations n=70). The initial work received an award
from the American Society of Neuroradiology in 1997 (best paper award). We applied the
sequence to patients with spinal cord compression and showed its usefulness over conventional
sequences (Demir et al; Radiology 2003 citations n=36)
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® Ultra-Small Particle Iron oxide (USPIO) applied to macrophage imaging in the CNS

We demonstrated, for the first time, that this new contrast agent might be used to target the
presence of macrophages in the brain during inflammatory processes (Dousset et al; Magn Reson
Med 1999 citations n=113; Am J Neuroradiol 1999 citations n=74). The work has now been
applied to patients with multiple sclerosis (Dousset et al; Am J Neuroradiol 2006 citations n=59). |
have written a collaborative review paper on this topic (Bakshi et al; Lancet Neurol 2008
IF=14.2). We recently obtained a national research grant (translational research grant INSERM-
Ministery of Health) of 100.000 Euros to use USPIO at 7.0 Tesla in patients with MS.

| am now dedicating most of my research time, in collaboration with a PhD student, a Japanese post-
doc and a technician, to studying the regulation of oedema of experimental CNS inflammatory
processes and its in vivo approach on animals and humans, with MRI and diffusion imaging (Tourdias et
al; Neurolmage 2009 IF=5.7).

In 2001 | became head of the Neuroradiology Unit at the University Hospital of Bordeaux (CHU).

From 2005 to 2007, | was asked to work on setting up a single Radiology and Nuclear Medicine
Department. From 2007 until now | am the Chairman of this Department which has 500
employees, with 65 physicians, and eight clinical imaging units spread across three hospitals. The
department receives more than 375000 patients a year, and all units are involved in the training and
teaching of all categories of students. It is one of the top research departments in the University
Hospital (rank3/24) with around 75 ongoing clinical research trials (Oct. 2010).

| also assist the director of the research laboratory (Laboratory of the Neurobiology of Myelin
Diseases) in determining scientific strategy and the management of laboratory colleagues and
employees. The Lab has been significantly promoted this year to become an INSERM (French National
Institute of Health) laboratory starting on January 1+, 2011.

In 2009, the Dean of the University of Bordeaux 2 called on me to coordinate the creation of the
Bordeaux Institute of Bio-Imaging which has several trustees: University Bordeaux 2, National Research
Institutes (CNRS, INSERM), University Hospital and Cancer Hospital. This federation of eight imaging
research laboratories aims at promoting translational research. These labs constitute the core of the
TRAIL project we are presenting here.

| teach several hours per week at the Medical School of the University Victor Segalen Bordeaux 2. | am
regularly invited as an international lecturer by many
scientific societies. | received the Outstanding Teacher Award
from the International Society of Magnetic Resonance in
Medicine (2008). | am regularly invited as a visiting professor
to the University of Kyoto. Most recently, we created a new
leading-edge Masters Course entitled the International
Master of Bio-Imaging at the University Victor Segalen
Bordeaux 2 starting in 2011 in collaboration with Laval
University in Canada.
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Impact
Factor

Citations

Tourdias T, Dragonu |, Fushimi Y, Deloire MS, Boiziau C, Brochet B, Moonen
C, Petry KG, Dousset V. Aquaporin 4 correlates with apparent diffusion
coefficient and hydrocephalus severity in the rat brain: A combined
MRI-histological study. Neuroimage. 2009 Aug 15;47(2):659-66. Epub
2009 May 3

5.739

Bakshi R, Thompson AJ, Rocca MA, Pelletier D, Dousset V, Barkhof F, Inglese
M, Guttmann CRG, Horsfield MA, Filippi M. MRI in multiple sclerosis:
current status and future prospects. Lancet Neurol. 2008 Jul;7(7):615-25

14,270

34

Tourdias T, Dousset V, Sibon |, Pelé E, Ménégon P, Asselineau J, Pachai C,
Rouanet F, Robinson Ph, Chéne G, Orgogozo JM. Magnetization transfer

imaging shows tissue abnormalities in the reversible penumbra. Stroke.
2007 Dec;38(12):3165-71

6.296

Demir A, Riez M, Moonen CTW, Vital JM, Dehais J, Arne P, Caillé JM,
Dousset V. Diffusion-weighted MR imaging with apparent diffusion

coefficient and apparent diffusion tensor maps in cervical spondylotic
myelopathy. Radiology. 2003 Oct;229(1):37-43

4.815

36

Ries M, Jones RA, Dousset V, Moonen CT. Diffusion tensor MRI of the
spinal cord. Magn Reson Med. 2000 Dec; 44(6):884-92

3.121

70

Dousset V, Ballarino L, Delalande C, Coussemacq M, Canioni P, Petry KG,
Caille JM. Comparison of ultrasmall particles of iron oxide (USPIO)-
enhanced T2-weighted, conventional T2-weighted, and gadolinium-

enhanced Tl-weighted MR images in rats with experimental
auvtoimmune encephalomyelitis. AJNR Am J NeuroRadiology. 1999
Feb;20(2):223-227

2.358

74

Dousset V, Delalande C, Ballarino L, Quesson B, Seilhan D, Coussemacq M,
Thiaudiére E, Brochet B, Canioni P, Caillé JM. In vivo macrophage activity
imaging in the central nervous system detected by magnetic resonance.
Magn Reson Med. 1999 Feb;41(2):329-33

3.757

113

Dousset V, Grossman Rl, Ramer KN, Schnall MD, Young LH, Gonzalez-
Scarano F, Lavi E, Cohen JA. Experimental allergic encephalomyelitis and

multiple sclerosis: lesion characterization with Magnetization Transfer
imaging. Radiology. 1992 Feb;182(2):483-91

3.307

482
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Description of the existing



The PRES/Université de Bordeaux as coordinating pariner is by definition the partner 1.

The University of Bordeaux is today one of the leading campuses in France, comprising more than 5
000 academic staff and around 60 000 students (including 3 000 PhD candidates). For more details,
see the description of the University of Bordeaux in the Annex 7.6.1 and the description of its strategy

within the programme Investissements d’ Avenir in section 5.3.

Presentation of LabEx teams -Partners 2 to 8

Partners are defined as fully dedicated laboratories or teams to imaging research, the federation of

which constitutes the core of the LabEx to aim at translational research in imaging.

Presentation at a glance :

PARTNERS (CORE) HEAD TEAM AERES Skills and Know-How
2010
Laboratory Magnetic | JM FRANCONI PhD A Physicists and biologists specialized on MRI
Resonance of Biological H Index: 14 methodology with pre-clinical assessment.
Systems (CNRS/UB2 Unit) Research on new MR contrasts and new MR
sequences
Molecular Sciences Institute E FOUQUET PhD A+ Chemists specialized in the development of
(CNRS/UB1 Unit) HIndex : 17 new methodologies in organic and
Bio-active molecules and organometallic chemistry.
Synthesis Team
Cardio-Thoracic Research M HAISSAGUERRE A+ A world class team with high recognition on
Center of Bordeaux MD cardiac rythmology.
(INSERM/UB2 Unit) H Index : 61 Interventional MRI and Heart Modelling
Cardiac ElectroPhysiology
Team
Cardio-Thoracic Research P BERGER MD PhD A+ An attractive team focused in translational
Center of Bordeaux HIndex : 17 respiratory medicine involving physiologists,
(INSERM /UB2 Unit) biologists, chest physicians, pharmacologists,
Bronchus Remodeling Team physicists and radiologists.
Neuroscience Imaging B MAZOYER MD A This unit has pioneered brain activation
Group (CNRS/CEA/UB2 PhD studies in France and population brain
Unit) H ndex : 51 imaging for research on aging
INCIA (CNRS/UB1,/UB2 M ALLARD MD PhD A A multi-disciplinary team examining disorders
Unit) H Index : 27 such as stroke, dementia and age-related
NeuroFunctional and cognitive decline using a unique combination
Cognitive Imaging Team of research paradigms.
Neurobiology of Myelin KG PETRY PhD A A European competitive  translational
Diseases Laboratory H Index : 27 research team on Brain Inflammation and
(INSERM/UB2 Unit) Multiple Sclerosis — Skills on Biology, imaging
and clinical research
CIC EC7 P Perez A methodological innovations
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Research and innovation

A Overview of research projects of TRAIL teams

® Partner 1 : University of Bordeaux

® Partner 2 : Magnetic Resonance of Biological Systems Laboratory (UMR CNRS 5536), Unit
JM. Franconi

The UMR5536 expertise is clearly situated in the field of the living organism exploration by NMR
imaging and spectrometry. We are able to develop and propose:

- very innovating concepts, methods and instruments (mouse flow quantification method, in vivo
nuclear dynamic polarization, new concepts of contrast agent quantification for molecular imaging)
- new strategies of metabolic and functional exploration for the understanding of living systems
(role of lactate in the cerebral metabolism, control analyses of the cardiac and skeletal contractile
function, understanding of metabolism in parasites)

- innovating methods of in vivo cellular and molecular targeting and marking followed by MRI
(follow-up of glial cells like vectors for the cellular and gene therapy against the gliome,
visualization of the unstable atheroma plaque).

Radiology. 2010 Feb;254(2):441-8 ; NMR Biomed. 2010 Jan;23(1):88-96 ; Proc Natl Acad Sci U S
A. 2009 Aug 4;106(31):12694-9 ; PLoS One. 2009;4(4):e5244 ; Magn Reson Med. 2009
Nov;62(5):1099-105 ; Magn Reson Med. 2009 Nov;62(5):1099-105 ; J Magn Reson Imaging. 2008
Aug;28(2):497-503 ; J Biol Chem. 2008 Jun13;283(24):16342-54 ; J Cereb Blood Flow Metab.
2008 Apr;28(4):712-24 ; Cell Metab. 2007 Jun;5(6):47 6-87.

® Partner 3 : Molecular Sciences Institute (UMR CNRS 5255), Bio-active molecules and
Synthesis Team, E. Fouquet

The activity of the team is directed towards organic and organometallic chemistry. The challenge is
to develop new reactions dealing with practicability, efficiency and speed. Furthermore, we are
engaged in developing all these new methodologies in a sustainable way.[®l As a consequence, this
chemistry will frequently appeal to metal catalyzed coupling reactions,['] either in a homogenousél
or heterogeneous fashion.[0]

The applications of these reactions are then all directed toward Life Sciences and Medicinal
Chemistry. They can be focused to the stereoselective synthesis of bioactive molecules,[234] in order
for instance to evidence their interactions with proteins.ls] But they are mainly devoted over recent
years to the labeling of small molecules or macromolecules such as peptides and oligonucleotides
for TEP Medical Imaging.7:8l

J. Org. Chem. 2009, 74, 1349-1352 ; ChemSusChem 2008, 1, 718-724 ; Curr. Med. Chem.
2008, 15, 235-277 ; Chem. Commun., 2006, 97-99 ; J. Org. Chem., 2005, 70, 1953-1956 ;
Biochemistry 2003, 42, 10385-10395 ; J. Org. Chem, 2003, 66, 3693-3712 ; J. Org. Chem,,
2001, 66, 6305-6312 ; Angew. Chem L.E.E. 2000, 39, 1799-10395 ; J. Org. Chem., 1997, 62,
5242-5245.

® Partner 4 : Cardio-Thoracic Research Center of Bordeaux (U INSERM 1045), Cardiac
ElectroPhysiology Team, M. Haissaguerre
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The Electrophysiology team headed by M Haissaguerre has always been ranked as the best for

the treatment of electrophysiological disorders in France. It was the first in the world to introduce

catheter ablation therapy for atrial fibrillation over 15 years ago, a therapeutic procedure that is
currently part of the international recommendations. The procedure is the most
widely performed ablation in Europe /USA, on more than 200 000 patients in 2010.
Our group is the most active in catheter ablation, CRT and defibrillation in France.
The team has also achieved substantial breakthroughs in understanding sudden
cardiac death, outlining the role of early repolarisation in unexplained deaths and
the triggering of ventricular fibrillation by the Purkinje tissue. The team has the most
experience in mapping of triggers of ventricular fibrillation in the world.
The team has also achieved major breakthroughs in cardiac electrical dysfunction in
heart failure and is a co inventor of cardiac resynchronization therapy for drug-
refractory heart failure (P Ritter).
The team has been awarded prestigious Louis-Jeantet prize of Medicine in 2010,
French Academy des Sciences prize of Medicine in 2010, Mirowski Award Excellence
in cardiology in 2009, Boston Award in electrophysiology in 2008, Best European
scientist award Gruntzig in 2005, Nylin Swedish Royal society of Medicine in 2004
and others for pivotal inventions in the field of clinical electrophysiology.

Michel Haissaguerre

N Engl J Med 2008 May 8,;358(19):2016-23 ; N Engl J Med 1998 Sep 3;339(10):659-66 ; N Engl
J Med 2004 Dec 2;351(23):2373-83 ; Circulation 2008 Dec 9;118(24):2498-505 ;
Circulation1997 Feb 4;95(3):572-6 ; J Am Coll Cardiol, 2010. 55(10): p. 1007-16 ; Circulation,
2002. 106(19): p. 2479-85 ; Circulation, 2006. 113(5): p. 616-25 ; Lancet, 2002. 359(9307): p.
677-8 ; Circulation, 2000. 101(25): p. 2928-34.

® Partner 5 : Cardio-Thoracic Research Center of Bordeaux (U INSERM 1045), Bronchus
Remodeling Team, P. Berger

The bronchial remodeling team headed by Patrick Berger is recognized as a leading team in
Europe in the field of airways diseases. During the last 4 years, the team has identified novels
mechanism implied in bronchial remodeling in asthma and has set up new imaging tools to
quantitatively estimate airway morphometry in patients. More specifically, our research activities
have led to the determination of molecular mechanisms implied in the auto-activation loop smooth
muscle cell — mast cell responsible for mast cell infiltration and adhesion in asthma, to the
identification of calcium-induced mitochondrial dysfunction lea