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Bioimaging is an exciting field at the interface
between Mathematics, computer science,
chemistry, physics, life science, biology and
medicine.

The main goal of Bioimaging is to improve
human health using imaging modalities to
advance diagnosis, treatment and prevention
of human disease.
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» SUB-TRACK Imaging from Molecule to Human (IMH)
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» IMH@bme-paris.org

» SUB-TRACK Imaging Modalities and Processing (IMP)
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Biolmaging Track

« Complementary skills from: ma?;:r;“aﬁg;‘f:ﬁ‘;:;cs,
— University Paris Descartes, chemistry
— Paris Diderot
— Engineering schools of ParisTech Applied mathematics:

signal& image processing,
numerical analysis

* BIM program:

— 15 courses (UE) at the M2 level. Biology and Medicine:

— Co-organized by faculty members diagnostic tools, innovative
screening, contrast agents,

biomarkers, image-based
modeling

experts in the field.




BioImaging Track Program

UNDERGRADUATE STUDENTS UNDERGRADUATE STUDENTS
IN CHEMISTRY, MASTER OF BIOMEDICAL ENGINEERING IN PHYSICAL SCIENCES, ENGINEERING

LIFE SCIENCES, MEDICAL SCIENCES Ist year MATHEMATICS, COMPUTER SCIENCES

“ MASTER | LIFE SCIENCES, ‘ ( S J
D A N ‘ ‘ \_ MATHEMATICS, COMPUTER SCIENCES /

IMAGING FROM MOLECULE BIOIMAGING (BIM) IMAGING MODALITIES AND

TO HUMAN (IMH) 2nd year PROCESSING (IMP)

Core courses

Elective Courses Elective Courses
Autumn Semester

Seminars
> 6 ECTS among > 6 ECTS among
» Interdisciplinary project (6 ECTS)

Chemistry Il — Molecular Tools for Imaging Optical Imaging — Il
(3 ECTS) > 12 ECTS among (3 ECTS)

Advanced Biology for Imaging Optical Imaging - | (6 ECTS) Acoustics and electromagnetics for Imaging

(3 ECTS) Medical Image Analysis - | (6 ECTS) (3 ECTS)

Diagnostic Imaging (6 ECTS)
Medicine — Molecular Imaging Chemistry for Imaging (6 ECTS) Medical Image Analysis- |l

(3 ECTS) Physics and Technology of Medical Imaging (3 ECTS)

(6 ECTS)
Medicine — Functional and Metabolic Imaging Tissue optics and laser interactions

(3 ECTYS) (3 ECTS)
Spring Semester

> 6 ECTS among Ethics in bioengineering > 6 ECTS among

» Bioengineering Economy and Industry

Core courses Core courses

Elective Courses of IMH or IMP tracks > Research Internship (27 ECTS) Elective Courses of IMH or IMP tracks




BIM Research Labs

Image Processing Labs:

— Telecom ParisTech: Medical image processing group

— Paris Descartes — UFR Mathematics-Computer Sciences
— Mines ParisTech: Biological image processing

— Arts et Métier ParisTech: musculo-skeletic imaging
Radiology Labs:

— Hospitals Ste Anne, HEGP, Lariboisiere,....

— PARCC Paris Cardiovascular Center of Research
Optical Imaging Labs:

— Animal imaging platform: Microscopy, Spectroscopy via
Electronic Paramagnetic Resonance,

— Institut d’Optique Graduate School ParisTech
— ENSTA ParisTech: Laser-tissue interactions
— ESPCI: novel elastography ultrasound imaging

Chemistry Labs:

— Chimie ParisTech: bio photonics, scintillators, luminescence
nano-chemistry

— University Paris Descartes: molecular imaging
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8 schools involved in Biolmaging
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TELECOM
ParisTech

A Telecom ParisTech

Department of Signal and Image Processing

*  Faculty:
— Elsa Angelini (elsa.angelini@telecom-paristech.fr)
— Isabelle Bloch (isabelle.bloch@telecom-paristech.fr)

. Speé:iali.lty : )medical image processing (denoising, segmentation, registration, anatomical
modeling,..

* Imaging modalities : MRI, CT, PET-SPECT, ultrasound, retinal imaging, microscopy
e  Clinical applications: brain, cardiac, thorax, obstetric, mammography, optical imaging

. ﬁcademic collaborators : CNRS, INSERM, INRIA, Institut Pasteur, several hospitals, Columbia
niversity

* Industrial partners : Philips Healthcare, GE Healthcare, Siemens Corporate Research, Dosisoft,
Echosens, ...
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e Tooh Mines ParisTech

Centre de Morphologie Mathématique

Large " vs. Small
artifacts “Positive”  artifacts

Faculty :
— Etienne Desenciere (etienne.decenciere@ensmp.fr)

Specialty : biomedical image processing (interactive 3D segmentation, quantification, dynamic
analysis), mathematical morphology

Imaging modalities: DNA and cells microarrays, MRI, CT, retinal imaging, microscopy

Clinical applications: quantitative cytology and histology, angiogenesis quantification, cancerology
Academic collaborators : Institut Gustave Roussy, Institut Curie

Industrial partners : GE Healthcare, sanofi, I'Oréal

Petrarchaque

spots and noise



AW Arts et Métiers ParisTech

Laboratoire de Biomécanique

*  Faculty:
— Sébastien Laporte (sebastien.laporte@paris.ensam.fr)
— Wafa Skalli (wafa.skalli@paris.ensam.fr)

*  Specialty : anatomical modeling

* Imaging modalities: X-ray, MRI, musculo-skletic imaging

. C!ini;al applications: numerical simulations, prosthesis design, surgery
planing

*  Academic collaborators : University of Montreal, several hospitals
* Industrial partners : EOS Imaging, Renault,...
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ESPCI ParisTech

Institut Langevin

Faculty:
— Emmanuel Bossy (emmanuel.bossy@espci.fr)
— Remi Carminati (remi.carminati@espci.fr)
*  Specialty : imaging of complex media, imaging devices, nanophysics, nanostructures, nanomaterials
* Imaging modalities: laser, ultrasound, photo-acoustic, elastography, holography, adpative optics, thermal
imaging
e Clinical applications: cell imaging, biology, vessels, tissue characterization,
Academic collaborators : Institut Langevin, University P5, Institut Pasteur
* Industrial partners : I'Oréal
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Mesure quantitative de I’effet Doppler.
Limite : diffusion de la lumiére.
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fa POLY TECHNIQUE
Polytechnique

Laboratoire d’Optique et Biosciences (LOB)

*  Faculty:
— Emmanuel Beaurepaire (Emmanuel.Beaurepaire@polytechnigue.fr)
e Specialty : multiphotonic microscopy, design of imaging devices
* Imaging modalities: laser, SHG, THG, spectroscopy
* Biological applications: nanoparticuls tracking, embryonic development, extracellular matrix imaging

* Academic collaborators DGA, INRIA, Institut Curie (Paris), Hospitals Bichat-Lariboisiére (Paris), Centre rech.
Cardiovasculaire (Paris), ESPCI, ENS-Paris, Institut Neurobiol. Alfred Fessard (Gif), ENS Lyon, UPMC (Paris)

o Industrial partners : |magine OpﬁCS ; Fastlite LOB Expertise: étude des sources de contraste endogéne pour la
g EOIVTFCHNIQUE microscopie NL + microscopie multimodale (2PEF/SHG/THG...)

Imagerie non linéaire dynamique de la morphogenése embryonnaire
Emmanuel Beaurepaire (contact), Delphine Débarre (2009) SHG Myocytes 2PEF [ THEG

(cceur de grenouille)

embryon de Drosophile

Photoablation/biomécanique Mise en forme spatiale

LOB Polytechn Imagerie des de la lumiére LOB Polytechpiguel
déﬁ’mﬁons ......................
tissulaires Comection des abemrations I
pendantla - énierie du front d’onde pour la I
(Drosophile). I I
2PEI SHG THG
Modulationde la
morphogenése
par ablations
Q zg"l‘:‘,‘l':f’e':’;:“ Collaborations: ESPCI, ENS (Paris), 5 -
3 Imagine Optic (Orsay) .+ 2PEF LOB Polytechhiigue
Collab. Institut Curie ( st. Alfred Fessard (Gif), Soutien ANR/RIB 2008 Exc.l u SHG " "
Soutien ANR/PCV 2006 1})’ THG Boulesteix ef al, OL 2004 Débarre et al, OL 2004
- - Tissu non marqué: THG / SHG / 2PEF X
nature|methods ~ Microscopie THG — : I z
- Etude des mécanismes de contraste S pubiications ) N . o
Imagerie multimodale e oo " Artére carotide ex vivo (Rat)
2PEF-SHG-THG o o oy e Adventitia :
g . > PNAS 102, 1047 {2005) z o S .
. THG < i >Mod. L App. 20, 207 (2005) Tissu SHG collagéne

sans marquage (embryons) P8 > Opt. Lett. 20, 2881 (2004)
Application 2: Une source de
contraste majeure: les
gouttelettes lipidiques
(diabéte, stéatose) P

; Media :
| LOB - .
amurmcmqut LOB Polytechnique 2PEF Elastine

Boulesteix ef al, Cytometry 2006
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Institut d’Optique

Group Lasers & Biophotonics
*  Faculty:
— Arnaud Dubois (arnaud.dubois@institutoptique.fr)

e  Specialty : fluorescence microscopy, OCT, biochips, device design

* Imaging modalities: laser, microscopy,

e Bio-Clinical applications: imaging in diffusing media, retinal imaging, prostate, genetic diagnosis

* Academic collaborators : CNRS, INSERM, LPPM et Centre de Photonique Biomédicale (UPSud), IEF
(Orsay), CGM (Gif/Yvette) LOA (ENSTA), Hotel Dieu (Paris), CEA LETI (Grenoble), CHU Bordeaux,

Multifocal Two-Photon
Fluorescence Lifetime

Microscopy Full Field Optical Coherence

Tomography

Total Internal Reflexion Fluorescence
Lifetime Imaging Microscopy
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ENSTA
ParislTech

ENSTA ParisTech

Laboratoire d’Optique Appliquée (Palaiseau)

*  Faculty:

— Karsten Plamann (karsten.plamann@ensta-paristech.fr)

* Specialty : laser eye surgery, OCT interventional imaging

* Imaging modalities: laser, microscopy,

* Bio-Clinical applications: imaging in diffusing media, retinal imaging, prostate, genetic diagnosis

*  Academic collaborators : Laboratoire Biotechnologie et (Eil (h6pital Hotel Dieu / université Paris V),
Banque Francaise des Yeux, Institut d’Optique Graduate School, Ecole Polytechnique, University

Paris Descartes

* Industrial partners : Imagine Eyes, Amplitude Systemes

Optical properties of the cornea
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TEM photographs of a periodic structure
below and above the lamellar plane in
which the incision was performed
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Human cornea cbtained from the Banque Frangaise
des Yeux (French Eye Bank)
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chimie paris

ParisTech

Chimie ParisTech

Laboratoire de Chimie de la Matiere Condensée de Paris

*  Faculty:

— Bruno Viana (bruno-viana@enscp.fr)

* Specialty : chemical agents for imaging, biophotonics, scintillation material, luminiscence material,

nanoparticles,

* Imaging modalities: PET, SPECT,
* Bio-Clinical applications: cancer imaging, small animal imaging
* Academic collaborators : CNRS, Paris 6, College de France

* Industrial partners: Saint-Gobain, Biospace

UMR-7574-ENSCP-ParisTech

Scintillation
Small Animal Imaging

Tomography imaging

S

(PET scan)

CRYSTALS

=> early detection of
tumours

The patient absorbs molecules marked with positons (8*)
emitting elements (18F, 1°0, 13N, 11C...) :
B*+e- => y; + v, (511 keV)

Scintillators with :
High density, fast decay, high LY

ParisTech
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UMR-7574-ENSCP-ParisTech

Small Animal Imaging

Collaboration D. Scherman et al.
UPCG & ENSCP-ParisTech

lungs
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electric
surface
potential <0

=>better
circulation,
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6T6 6roup Imaging

Scintillation
Small Animal Imaging

Outlook

New Materials for optical imaging

e Control of the size (ceramic scintillators precursors, and
nanoparticles for small animal imaging)

o Increase of the luminescence yield
¢ Mechanisms study
¢ New concepts and new applications
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University Paris Descartes

Charles André Cuenod (ca@cuenod.net)

Imaging Platforms and Resources
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UNIVERSITE
PARIS DESCARTES

University Paris Descartes

- Charles André Cuenod (ca@cuenod.net)
- Olivier Clément (olivier.clement@inserm.fr )

Anatomic, Functional and Molecular Imaging
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University Paris Descartes

- Charles André Cuenod (ca@cuenod.net)
- Olivier Clément (olivier.clement@inserm.fr )
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PARIS DESCARTES

KI University Paris Descartes

Sainte-Anne
Faculty:

- Catherine Oppenheim (C. OPPENHEIM@ch sainte-anne.fr)

%
Centre Hospitalier Sainte-Anne

Département of Morphological and
Functional Imaging

< Imaging Resources
1 CT 64 detectors (2008)

1 Interventional radiologu
1 Ultrasound
Ll

MRI 1.5 T (2008) and 3T (2010)

Neuroxm%ge soumis

Epilepsie

Thémes

2008

Psychla’me / Cognltlon
J Cogn Nel
Schi gR

SS.
Exp. Brain Re ;e BoPychSom\s

AJNR 2008; Stroke. 2009

Ischémie Aigué

JMRI. 2009

ARM Dynémique

<+ INSERM UMR 894. Stroke Unit

Paroi Artérielle |

A JACC imaging, soumis
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University Paris Descartes

IMAGERIE DU VIVANT

5 fields of research: Medicine, Biology,

Chemistry-Pharmacology, Physics, Laboratory UMR CNRS 8601
Mathematics et Computer Science Faculty:
-Yves Frappart (yves.frapart@parisdescartes.fr)

Laboratory MAP 5 Image processing
Faculty: Platform EPR imaging
- Lionel Moisan (Lionel.Moisan@parisdescartes.fr)

2:zz< 0 xz:zzm 2 5 gt
Laboratory LIPADE Image processing

Faculty:
- Florence Clopppet (florence.cloppet@mi.parisdescartes.fr )




BIM: alter the M2....

* R&D engineer:

— Main industrials of whole body screening: GE, Philips,
Siemens

— Startups in medical imaging: Supersonic, Echosens,...
— Biological imaging: Biospace Lab, Leica,...

— Pharmaceutical companies: Sanofi Aventis, Guerbet, ...
— Medical Imaging Software: Dosisoft,
— Additional: Loreal,....

e PhD:
— Medical image processing
— Medical imaging and Chemistry for imaging
— Biological and optical imaging



