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HEBorn
July 30, 1957 in Nanterre, France (French citizenship)

B Education and Training
Medicine (University of Paris):

1987 French Board Certification in Radiology.

1984 MD, Doctor in Medicine with Distinction, University of
Paris.

1981-87 Residency in Neurosurgery, Nuclear Medicine and
Radiology.

Physics (University of Paris):

1987 PhD in Physical Sciences, with High Distinction, Ecole
Polytechnique.

1985 Extensive Studies Degree (DEA) in Nuclear and
Elementary Particles Physics, with Distinction.

1984 Maitrise ("MA") in Fundamental Physics, with High
Distinction.

1983 Licence ("BS") in Fundamental Physics, with High
Distinction.

Human Biology (University of Paris):

1979 Higher Studies Degree in Neurophysiology and Central
Nervous System Functional Exploration.

1978 Extensive Studies Degree (AEA) in Biomathematics,
Data Processing and Statistics, with major in
Mathematical Models in Medicine.

1977 Higher Studies Degree in Computer Sciences.

B Employment History
NeuroSpin, CEA-Saclay, France 2007-present: Director

Kyoto University, Japan: 2005-06, 08-present: Invited Professor,
Graduate School of Medicine, Human Brain Research Center.

Federative Research Institute on Functional Neuroimaging, Paris,
France: 2000-present: Director

Service Hospitalier Frédéric Joliot, CEA, Orsay, France 1999-2006 :
Director, Laboratory of Anatomical and Functional
Neuroimaging 1997-98: Vice-Head and Research Director
1994-96: Chief, Research and Methodology Section.

Georgetown University Hospital, Washington, DC, USA, 1991-96:
Clinical Associate Professor of Radiology, Dept. of Radiology,
1989-91: Clinical Assistant Professor of Radiology, Dept. of
Radiology.

National Institutes of Health, Bethesda, MD, USA 1990-94: Chief,
Diagnostic Radiology Research Section (with Tenure) 1987-90:
Visiting Associate, Diagnostic Radiology Department, Clinical
Center.
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[Imagerie par Resonance Magnetique (Bases
Physiques) | Masson, Paris(19844F)

Magnetic Resonance Imaging of Diffusion and
Perfusion (Applications to Functional Imaging) J
Lippincott-Raven Press, N.Y.(19954F)

FWater, the forgotten biological molecule (4 1L55 18 3
20114) 1 Pan Stanford Publishing, Singapore

FLe cerveau de cristal, ce que la neuroimagerie nous
révéle ] (in press, Odile Jacob)

M Biographical Sketch

Denis Le Bihan has achieved international recognition for his
outstanding contributions to the development of new imaging
methods allowing, in particular studying human brain function.
His work has combined extremely innovative methods, developed
for Magnetic Resonance Imaging (MRI) with the application of these
methods to questions of the utmost scientific and clinical
importance. He is a full member of the French Academy of Sciences
and currently the Founding Director of NeuroSpin, a new Institute
aimed at developing and using ultra high field Magnetic Resonance
to understand the brain, from mouse to man. He has authored or
co-authored over 250 articles, book chapters and review articles in
the fields of MRI, imaging, neuroscience and radiology. For his
contributions, he was awarded in 2001 the Gold Medal of the
International Society for Magnetic Resonance in Medicine. He is
also the 2002 recipient of the Lounsbery Award from the National
Academy of Sciences (USA) and French Academy of Sciences and a
2003 corecipient (with S. Dehaene) of the prestigious Louis D.
Award of the Institut de France. He is Knight of the French
National Order of Merit.

M Publications

Imagerie par Resonance Magnetique: Bases Physiques.
Masson, Paris, 1984. Magnetic Resonance Imaging of Diffusion
and Perfusion: Applications to Functional Imaging.
Lippincott-Raven Press, NY, 1995. Water, the forgotten
biological molecule (with H. Fukuyama), 2011, Pan Stanford
Publishing, Singapore, Le cerveau de cristal, ce que la
neuroimagerie nous révéle (in press, Odile Jacob)
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This report is the gist of the commemorative lecture at the 33rd Honda Prize Award Ceremony at the Imperial Hotel, Tokyo on
19th November 2012.
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Ecotechnology of the water molecule
in the human brain

Denis Le Bihan
NeuroSpm CEA Saclay France

Water, the molecule of life
“If there is magic on this planet
it is contained in water”
Loren C. Eiseley, 1946

Neurosp/f\n

GE, ZOXIBRADHDEZHS ZEITRD, FNAKKRTT, ZOEITHEA A, 50
RWICEE M Lo B OMRERBICHT 207 EBNETH, BAITIZIRNEF 2K
CHHARENSEMNGFHMEiSNAZZEE, MEDINLEETNVET, RAITIIHARIZEZESZTAD
RADNET, GHIZDOHBIZEHIT DT TS NEZRABDIHDEB A, £/ELD Armelle
ZOERBETHRSFS TN TVET, HWITKED Christiane 1. 55 EO2 RO RFEITHTH
TWbK% Carolyn OFE¥EXNERD, RETIZ2HETATLE. BOFEEHEET 5720
WHTEI 2 &5 2 &2l 2B LLE3 N,
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HONDA OFHEERICHESHILHBHL LITET,

ZOEIFIMEADETIIRL, AEXATINEFEE. MEOEZEE > TWET, Haans
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NZEBEFIZTOIZDITED DIFBOLL ' . BAENR S EHBBEVZKLSDIE, Dia< EBHL
DA %@%%ﬁﬁA”&jot&%f? TS, AHEOZEIIME O RS BEIAIC
DEL, RROWMFITELFER EITHD., BHLEZWTY AT 7NLEZEHD ET, ZOHIZS
%ﬁ%éﬁﬁfm<Lf\ﬁ%mlzw$—_mé&%miﬁo
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The radiology revolution
from dried bones... .... to wet tissues

Roentgen I »
irst Physics Nobel
Prize 1901

X-rays and wet tissues:
When physics married
computer sciences
“Rontgen photography” plaque published in 1896

" Nowvelle Iconographie de la Salpetriere",
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THRNOEBRNPHENDEDITRDE LD, HBICELDIFIEIIHETT. bEAAHOTHRANEZ
RoN5EXITE57DTINS, ZNETTRIEATIEIHD LT, UL, KROFOMME T
BN EWSRAND D L .

X BITR<SRFERIL, X IO 2 E 2 —YEGBMATEE ZHAGOE 20 2 Ea— S KiEiRE.
WHWSL CT AF v > OFEHATY, CT OBNT THRNOEMRE. DEVRSNESNDXDITRR
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Z ZTHRFEINZON, WSILEmE &L (Magnetic Resonance Imaging). &L T MRI T9Y,
FHIE T dH B b2EE D Lauterbur it & EE2EE O Mansfield |, 2003 12/ — X)L A B -
EEEEZELTHWET, MRUIMHBEDOKGSNENVWZIERSEEEZT 5720, KEPN/KTTE
TWBIKIT DN TIE, R MA B R ZHE O ND LD DELZ, LEBWELT 201
HAICOZ 2 ERZ B DOHA L1, BT 2 IV U LEFITEEY TR X 6. Kot
D EMERT 50T (FOobh>) IEHLZ MRI ANOERTH D, HEHREEICES TE, K&
WO BDDEENZHH T HHATHOIEFTALT.
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MAGNETIC RESONANCE IMAGING
Water: A unique source of signal for multiple contrasts

WATER
(hydrogen nuclei)

Radiolologists: Magicians manipulating
WATER magnetization (and its relaxation)!

MRI: « plain » virtual image of the
brain magnetized water molecules
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MET—<THD. KT HFHE L WVERBEDL ZENTEET, L LERIZAYDIKTIZRL,
HLETHMNOKD TEELLZBRICEZT ZEA. DEOREZBNRTVLDIE, KEWNWD T
AN —ZRBLEMOIE =TGSR N, WD ZETT., HADFILIIH D DIIAY DN TIL 7
W, HWIZZIDZ EaEnd, MREEBIIHODRITRD X8 A.



The brain .... An organisation by regions
Coupling between localization & function (Broca, circa 1861)
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The « image » revolution ...

The normal brain virtual dissection of the diseased brain

One of the brain secrets lies in its architecture: function and localization are intimely
linked, at all scales, hence the importance of neureimaging...
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Hypertrophy of hippocampus
in London taxi drivers

Genes, Environment & Plasticity

Long term
platicity

The pjanist’s brain

Plasticity aming: Jugglers

Short term
plasticity

La Timone Hospital + SHFJCEA +
MeGill University (ICBM)
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Development of the central nervous system

24 weeks

(Mangin,
Cachia at al.)

32 weeks
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Ao E BT HEEIRIZ T2 S TS BEFRBOMNDICRE EBNWET,

Development of the central nervous system

» At birth the brain weight is 350g
(1400g at the end of teenagehood)

% ALL neurons (100 billions. ..) are in place, mainly
at the brain surface (2-4 mm cortical ribbon):
production of more than 250,000 ienrons per ninte
during pregnancy.

¥ Connexions (synapses) develop during the last
months of pregnancy, up to about 500

Mouse embryo: 13.5 days after
conception (11.7T MRI)

Mouse brain: 1gram!
100 millions neurons...
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MRI Zffi5 &, FXIMOERZER> THMONAEZFL <AL ZENTEET., Bh 5k
EARET B0, IMOFZEOH T bIRFEEETT. AHIXE FTIIABR< XA OBIEDEBKTT,
FAIOFEHMIZ 21 H T, ZOEKIZ 1L HEOHD T, FAEMRIZEL TIDLS
EGHEEMEHSHDOHKZDIZL TWETN, WOBMEIFSNET,

B BOLD AT & 2 HEREM MRI & bR br

ZZETORAT, MRI 52 T NBHENRERICONWTIEB N D WieZT - EBNnE
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The « image » revolution ...
seeing the normal brain at work

TR .
MRI: Function <= Structure

Functional MRI
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."The brain possesses an intrinsic mechanism by which its
H i H H vascular supply can be varied focally in correspondence with local
See’ng Is behev"ng """ variations of functional activity"...
Roy, C.W. & Sherrington, C.S. J Physiol 1890, 11: 85-108.

Functional MRI (fMRI

Increase of cerebral blood flow in
active regions

e 4 Change in water magnetization
near capillary blood vessels in
activated regions

1990- ... Blood Oxygen Level Dependent fMRI
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F U7z RIIHERER MRI & WS Fifz/afiff, a2 7 M EFHL 281 A =7 T, /NIFEAER.
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INNFEAEDZEH Uz Did, MRI MR O ZLITIEF ITHUSRE & WD KTT, MICE £NSIRIMER
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MG Z R > TWT, i s Sl TR FEz eI 2 %E 2S5 0+ T, ZOHEFIFA
EJ/OECORFBAMBIGC THRMELL Y. SN MRI ORFOH TANE/OE > 25
ATZIRIMERDNBAIINE 238 5 & &, ARIMERIZMIRICIS U TG 22T 85, IS REAICR5 &
WS ZETY, ZLTELSICVWSAKGFH, FHOMBEICEER /20, MKOZEIIECTH
SIEbOWIBBENSIEET., ZUIDITNREMLTIN, aI2Ea—FY 7 bEfAE E¥t
U 72 85 ThAE U 72 /KICEN RGN L E T —F ICIRDIAA T, Bt T2 2 EMTEET,
BRI MRI OFTAI ) —2% ZEITRD &, ARSI ADEBEHIZBWTKOBENE(LL
9. MRI 2 21, ZOHXFENFICHWAD LD ICHETEZ 23T TY, Zomiiz{tzd MRI DR
ETHNNEAEDERES L nEEIZ, BOLDBlood Oxygenation Level Dependent)i & U THENT
I, ZOHEEM S FHEER MRT & U TREEL £ U7k, BEERER MRIIZS RS TIERL T
WET,
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Seeing the inner world: Mental imagery

Klein I, Paradis AL, Poline JB, Kosslyn SM, Le Bihan D (2000). J. Cogn. Neurosci.
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T, ZOfERE, BRBKEEDO ) HA JIVNTETOWTHEBC 20N EBZTHEETIEDT
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TN THGRE BEWENRDIIEET o2& 2 A, ITIEZICRED 5 [BIEEN RERINIIE L T
WBOTIN, FRFICHEBRBIEHIEL TWDENSDTY, THUIALICERES LWRETIER
WTL & D%

7= b OIFRIZE SITHEA T, FLLOEBNEDEE L, b OHREEIT. R SFEU
TY, ZRUITATITAOLEPTOSDTTN, LICRALZOONEEE TIIIATE, EICRAL
HONEIT D TY, WHAZS ORKIE. BEEDOKEZ RIUIZICE > = HETHEREE Z2IEMHEL
LE7, KEOHEZ BT, BIOHETIERILL T, TOEEOMLHDENH, MRI EHN S5
HENDDTT,

« Mind » reading...
brain-machine interfaces

$1 LH Pereeption Imagery

Horizontal vs Vertical

X —11

(—11) F7=bOERTIE. MHIFECEREBEEICASTH S, FEEZIIKFEDON 8%
SHICHEWENRTIELWEEKEEL Lz, EB5Z2BNENRTVWEINEAZEICHEITFTIC. &0
IRMAETT, £ LOBEGRN SN2 KD MEERBNENES S ZBNENARTN LN Z,
FWERTENWY THIENTELZDTY, bo /LTI, NeuroSpin @ Bertrand Thirion 1#
- & Stanislas Dehaene &1 & 3 [F T, M HFICLTFZ2EBNENRTHS5IERETVWE L2, B
ENOHHFIIH LT TRXFOH, M, £2IF R ZEVWENAXRTLEZI N SEKELET, fiz
513 MRI B ORN S, BHIEDEVWENRTVWS L FEEIEEITIEMHICHRT S Z &N TEE
Lize DEDEBERL NV OFLMHRI L DT TT,

ZHUITEWANAFRBRRENE Z 5N 508 TY, flAIERIE. ASIMO O/)X7 +—< > ZIT
FEHL L L7220 ASIMO DX D IaEtEEn Ry M ABOBEZHEE THRMTE A5 ESTL
9. BREEENOHHEEZ GG, 25 LIk ofiiz2 2385 TL L5, BHIE
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D MRI TIEED DICETET XA, MikFo LD 1/N - RETHE S OMOEFHz2E=
Y—LTORy b ALOFIEFTZED, ABOFREICRO TIHE#HIBDZENTEET,

... consciousness
Detecting Awareness in the

B—12

(M—12) #HER MRI OIGHIZE SITAN D TWET, A EICHZ D13, FHEIREICH 250
TR ANDIMT T, WMAIRBERICEL D FIRREE 2o /27/20, B ZEBRMICKIETHZEH
TEEBA. RAOFEED Owen LN S, ffigsd MRIZEEICAN TEMREMRITL THLS E DM
EREINE Lk, I TZORZMHIZ MRI #EIZASTHLHW, [BEAFTIL ) LFENMTEL L.
BHEL TWAHHZN51E. BBEAA0RKHNKINIEH D F8 A, LU MRI Hifg L TIX, SiEHaE
2% 70— EIEINSEMEEEL TW/D T | DX HIIERMZBMEL, MO T
BEZLTVWEZDTT, T IZTHSMNTZAZ L TNWSEIAZEBNWEMMONETN?] &
FIWNTE Lz, RIIDEEL TWAHELNSRFIIHD A, UL UEEG ETIX BEENT
Z2ZLTWSHSZEBWENND EEIEHET 20 EF UMM, EHEEL ThWELE, 512

[CHAMEDOHFTHNTNT, WANARHDZE R TWAIHETFERBNWENMONE TN &/
WNT S &, RIRVEHERFEIZRNDOD, #EEDOHE SR UMERE DRy 87— NEELL
DT, /NISEAED BOLD EZ2 KA U 28860 MRLIZ, EAIVEHEREORFE L II 220 —
Tar EMNDSAEESEERWVICHULATE Lz, LOALITXRTOFBEEEESIIZEAEEAL. BER
SVWEDET A, 15~20%DRBEFETUNIREREL T 5 T,

BEEDIAI A== a 3RO N6 TiHED LT, FlAIL. RAOEMICA TAEEZ
FNEZR T2AZLTVWEHEZAZRBNWENRTLEIN, /—EZEZATNWEET, FOF%E)
EE->TNBHEIAZBWENRTLZI N EHRODDTT, MRI EE EoZ& bz Riud, Bk
W EELDERENDND LT, ZOHEZM > TAZENTVSFEEZENND LMW ENH D
E
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B P MRI O34

s 4
&
g__,q' 1905 - Einstein’s “miraculous” year:
famous articles which changed the way we see the world

v “On a Heuristic Point of View on the Creation and
Conversion of Light” (17 March 1905)
(Photo-Electric Effect) > Nobel prize in physics, 1921

v “On the Electrodynamics of Moving Bodies”
(30 June 1905)
v “Does the inertia of a body depend on its energy

content?” (27 September 1905)
(Theory of Special Relativity) 2 E = m ¢?

v “Investigation on the Theory of the Brownian |_%
Movement: On the motion of small particles
suspended in liquids at rest ...” (11 May 1905)

¥ “A new determination of molecular
dimensions” (PhD thesis, 30 April 1905)
(Molecular-Kinetic Theory of Heat) = diffusion theory

Albert Einstein, Circa 1905

X—13

(—13) Tk, RESNFEH L2908 MRI (diffusion MRI) 1IZDWTZ@HHLZNWER
WET, JEHL MRI NOIFENBHNNZDIIIEFITEH LS, 71 22281 D OEBITINDIFD £
9o 1905 . TA > ad A VIdBRHOmLEREL L Lz, O0EDIER BN HE&T/
—NIVEEZT D LT BEHNRICET DL O EDITHE AR E = me” BRI E S DR
KHEFERICDNWTOMXTY, FRKFICZDEEMIT. T OIEHE T —< & W HH OFR¥E
MY EEEDTNELZ, £, ZOWBHEWIHFHRITONWTHHLEL & 5,

DIFFUSION: From osmosis ...

Diffusion of
(red) wine...

J. van’t Hoff.
Won the Nobel Prize in
Chemistry for the Law of
Osmotic pressure in 1901

... in water

Disclaimer: Do not try this experiment at home (especially in FRANCE)
(does not work with transparent Sake...)

X—14

(M—14) 7A > a¥1 LA IEENT ZHUCBI L7238 T J. van't Hoff L2t ) —~X)Uk
FEEZITTBO, REMORHEEBEEZEZ SN TWE Lz, ADED., FIZITHRT A > EKkER
T2&, ~EORMZBVWTERIGEIDENET, ZORIDEGNE, YL KB EIFAT
WeDTY, ZOBRGERTRNANEINELLEDN, ES5LTRISZNEVDHEBITZN> THE
BFATLR, BiIZHUL, TIUHEBOLZDTYT, 7I77 2 EENE. fEYEE O Brown KA1,
KA U 7268 O kL T 2 BEMEE TER L TWZBE, MR FVERHREI L TWb 0z RTHA

13



LR T, HOQIHETODTIE. ToUEHZTOTWET, LM UETOEENFE
BIN=0lE, UEBD 1905 FDZ £ T,

Macroscopic world<=» Microscopc world
DIFFUSION: From osmosis ... ...to random walk

Brownian motion of mitk les in water

X —15

(®—=15) ABIANTA =P UITNOEATERLELEL LD, THE ARIATTER
R0 ET, INEABOREAIERO Z &2, YEILZEOMRTIE (25004 —7) &&K
BHUET, 71 2iad1 03 DB EEIZNOFPEL T, BN TOI oY LT +—
7EVWDEZSEEAL, 5T ORN R EBEE AT 2R EED EIFELE (B,

TA T ad A ORERBIERETRITES E LS, BT EQTOEED. TH 5 N IEHGES)
EHIERIL TWAHZEDFHHATEET, HFIEVWRKHLAEZARITIUE, 2 FIEHFE0EIA
TEERA. o EEVKRHKETIUL, 273 b o EESAEBIAEBHTZIZTTY, &25
M fEHZ D FIFRODBESABEHLETH, MEHFEWD 3 FOEEMNHF.LERTAS L, 4TI
HEOVBEFET, FELEEAEGEMCEEES>TVEDTY, ZNNT A >3 a1 > DL
TI,
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Macroscopic worlde= Microscopc world
DIFFUSION: From osmosis ... ... to random walk

Special barrel in a
famous Bordeaux
winery...
optimized for
using Brownian
motion in wine
fermentation

(but not nry
invention!)

X—16

(—16) TI7TEHINWANABREZATHHINTWET, FIZAITEE RIERIVE—0D
BMAIRTAFTY =Nz TIN, EZ0F—F —DNASEOELHZEMLE > TS D% LTE
ZFELz, ZOMIUA > OT Iy ViEEESEL T, SHICREDOYA D EEATIZITROT
TN RTIEETHEIES N EDICARAFBAT LR, THhEANIRZRE > TWRWEXKSTL
oo TUM—T T4 2TDITLEDD

{4 1985: WATER DIFFUSION MRI (from birth to adolescence)

=> Infering microstructure from macroscopic resolution Macrescopic

1,5Tesla magnet (hydrogen nuclei) Contrast: water
(13000 Gauss)

magnétization

Brownian motion of water

&

s

i SR S

Free water: D 3 10°m?/s

<x2>12=2 D t (~ 17um/50ms)
Einstein 1905

E—17

(=17  FUIELdNn<, 1985 FH, Y1 > a b1 ONEF R FOFEZGEHT % DITHA
BEREHW=X DT, IEESZ MR IBHATESDTII/BWNENIZEZINENTVE LTz, A
DREEERIT. THEDEFER NS (B L)  EETESTHIZITRFENRH D WD T L3N 5.
THEGOREEIZI Y BICEE 20, IR TIHHEBEOF T, Sl udz Vo 100 56 1,000
EONSIBHED L NV THPEE T LD 5RWN, ZNZEHDZn] LS HDTLK,

T I TEADE, BT H HBSIRENDO/KD THYEET 2 & 1T, RIS MAE D K S 72k
FEMZERDOMO> TVWBIETLEEND T ETY, 2N bid, 7 F & XN IR T TR O T %
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BRTHIENTENL. 2O TOHER S ZEEYICET 2 EREHESNZITTTY., 2
TRETY 1 >y D OIBAERXZHHAL T, MRI OFEEREZITWE L, FE#ERI LI, 20D
EEMRI 2ffi>7z, IEE 37°C T5 50 1 BEREKEMA S EWSFRETITBNWT, Kot
WBHREIC 15X 270 A—=RML(@m), 9725 100 T5HD 15 A— RLOBEAL TR L /20T,
7= BITHRBN OMIIE DY A XIZDOW T, IELWREZRBAUZELD TLZ, 5 MRI OREARIZH
LD, 72EAI VB EWSHWREEOEBR TS, RN MENEEICRET 2 E#RESS
NdENSIEZHTY,

£ 1985: WATER DIFFUSION MRI (from birth to adolescence)

= Infering microstructure from macroscopic resolution

S/So = exp (HADC

CRASS 1985 (D. Le Bilan & E. Breton)

Acknowledgment to the
great grand-fathers...:

Hahn, Carr, Purcell,
btejskal, Tanner, etc.
Apparent
Diffusion
Coefficient
Map

......
G
------

X—18

(H—18) ZDOXDIZU THHE MR IR E > 72O TITH, PHEAFEHICIZ ZNLLEIBEAD
FtHho, 272, BHO MRI IZBWTIIER IR TH—REGZFE DR TUIR 0 AN, Ik
B MRI TIIKGDTDTH LT 4+ — 0 gk T 572012, BGEEAEZIZETARICT 5T 5
BNRHHZEZEZHFAL THELNWERBNWET, 2 U TERNOWSE 2R Z - &S0 FNILEIC X
STELK RS, [MENDHETIDEZDN TFOEMZRRIET DI ENTEBITTTYT, 1985 4F
2. FAEFEED Eric Breton 1320 A 500 k%) 2. JEEGERICEEK D" 28 ALK
EHMLTHENOIETHEELE LA, BIIZD D" 13, OELTFD Bhan/phnb E65NTWET
M BAUBTNEASTICHA > TWET, ILHZERRT 2 ZOHEADXR—-ZIZE>TNWE0
1. 1965 4 E WD BN Stejskal 1+ & Tanner fHIC k> TIREREINZT AT 17 TI,
MiIznz, MRI THEASEDICHKELE Uk, £ L TILH MRL AN DfiEgs. & D DOITIKOMH
1t % A R DRI K > T ABIICERRTE SO TOHEE L THICH S Z & &R0 L
TOIIZ, #H D MRI TH> 7ZIKOWEK T, #lZITENS HICEM OG22 E5 &,
MRI ERIIEBICE DK T UE T, (K FOEAVIIRANO S’ TRZ 5729, £ TR TO
Tov L iER A KL E§RAES5ND DT,
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B i MRI OISR : 2EiiEzES

{2 1985: WATER DIFFUSION MRI (from birth to adolescence)

= Infering microstructure from macroscopic resolution

1985....1989... 1991... ..1992...1994....1998... ...2004... ....2001....2006....

Stroke Brain connectivity Cancer ai ctional MRI

X—19

(—19) Ti& 8 MRI BEEZTICHHTESDOTL X D0, #HilZE, S2EHOKEZEDZ
Wricfli 2 9 L. MR E R EREREEOY Yy LD TEET, SSICH OZHIICHHATE S
RE, WHEIIELSTAEZALENADTT,

Major application: Diffusion MRI in acute stroke
(Michael Moseley, first in MCAO cat model, 1990)
Stroke: 3d common cause of death, Ist cause of long-term disabilities
30% patients need daily assistance, 70% have impaired occupational capacities
Huge societal impact:28B$/y

in health care, 15BS/year productivity losses

E Water
1 diffusion
A i 3
v il e Al
'

slower

Energy metabolism failure
-> Cytotoxic edema (cell swelling)

30 to 50% diffusion coefficient drop in the first 6 hours
(when an active reperfusion treatment may still work...)

X —20

(—20) BAIOZMEHOMEEZMICDONWTTITA, M—17 TBRELZEBFORLEIZZ
DIFFZETL - (). WMEIIRNMOB T L > TW T, MIROEHEAZIT 5NN IO D=
2— O LIED TWE T, MHEZEI— R FERICBWTH 37, BHEEOERICH > T
135 1 ALICRDWRTY .. BED 30%IIHEWRT#EEZLEE L, 70%3mREEE T, Znid
W oI DEBEE DA E VWD BREZT TR, 2B 24EEOEETHH D T, kb
EETZENFEICRALVWHRRDTT,

1990 £ 7 A Y 1T, FAD K A D Michael Moseley t#L73% 1 DRtEZEOFERF 2T 5 )L L. i
B MRI Z2f#> T, KOPLEREDRERBOE TS La2RRALELE (H), Za—DO2»
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FEW L DD B DIRDERLLTIE, KT OILBDELS 12> TNEDITTY, HRFIILH MRI % BHFE
L72id0 0T, RIHIOEN S BRI ICED > TWie/zd, 20X RPIMoOE &ERZ AFTE
L7k, BIETIR < HlICPift MR EEAFIH SN TWET A, SIS R2TEREEZE D Z W & ik
BREIR B TITA D FEENH VD EHAT L. CT AF v > TIIEZMICMEFHM BN >TLES
T, BEICIIFICEDRN 72D TY,

HIRZ BT ONKEE, FEND L<HFHMELRWV, KFANEIDENNT S, BEITH L WIHE
WM TDHENSERZRC N5, INEEOAEENH D LT OTTSBEZSAICHAL T
LIV, WIFEDOERE, BORE O 2 —0 RNEATHEET, FENRE T 6 BT
1. BOFENTY, Za—DO 3 —ERATLES EEEAEZRD EFEA. LLRKERGET
2 MRI 2l 22, BRIICOEENTEZU L TES5DT, AlhdADa—0r
H, T L TRBHIMBEEENEL R0 9, Za—0icmeE 7 RN frER< Loz,
FEOERIIBE < FICHA LS. BHFIZEMICEETSDTT,

Z DX DITHEE MRI ZW3d 280 Bz DT, EBRICZ DB EZZIT TS DI NkiiZ%E
BEODOLIT N IXICBZTETA. BEADLT T2 ADX D7 ftEEITIE. MRI [k & B EEEE
fii> TWETA, MEITYOBRENMIEEZHRL TWRWATY, 58%IF. 25 LD A %
NOBEFENPBHESAET ., BEOEZFICE > THHDHHIMD AU v FEARITETLTE 0D
DI, FSRXAHEOHZIIN R STAIEERNET,

ZTDRT, ZROMETELD ZOEMZARHMHIGHEL T /LS > &z, IERITIRIT
BWEd, TLUTHKFIZ, X055 EL<0MaHo TNnELVE-RS>TNET,

Prediction of Infarct Growth
Based on Apparent Diffusion
nadongr: e 50 e 1—ny 0 COETFiCients: Penumbral
Assessment without Intravenous
Contrast Material’

>Customized therapy (thombelysis)
Prediction of final clinical status (handicap)

X —21

(—21)  $LH MRI 1%, MEEZEDAREIR DR S T ED K DITHEFT L T <M OHEE I HFIH
SINET, ZOEBGOMFEEDYE. BHUNITEMRL NINTET 5 &0 D PRIFE RS E L
7= (Fi . ZHUET <IEFELRITIUIVNIT A, HITERIES S#EfTE 9. HILo FZERD
HTWdiud, BRU EOUBIIAE LB INSIEZFDNET, WTHZLTH, JEH MRI
IIREREDIBE S # 2T ETEERY —ILERS>TVET,
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Diffusion-Weighted Body MRI
and cancer screening [

E“FDG-PET”: .
- hypermetabolism of cancer cells
- indirect, non specific reflect of tumor malignancy
- requires PET, cyclotron, radioactivity
- low image resolution = PET/CT

Cell
< MRete
w2 00
v “Diffusion body MRI” (DWIBS)

Takahara T. et al. (Tokai University).

- direct detection of cancer cell proliferation

- MRI widely available

- high image resolution (intramodality fusion)

quantitative markes 0w-g
(lima M. et al. Radiology mm;

X —22

(M—22) $EHMRIL, HZBOSBHIZHIERICREREELHEZATWET, T2 OBZHIEE

BTRHO EH . BEDHZKNITIE, MRITIE AR Z)FartF2 7)) a—2 (FDG) &
DEANEMS, R O WiEE PET) EWoEEMNHWSNTWET, ZOHEER. b
FIH R L ZTAIIFDGICE N2 E L < RB#TH L NI RFMEFIAL TWET, Ll
PETIZH: BE™ DMK <. BRARAIATH > Ty, B2 RIE THBIERIEZERL TL £ 5 M)
Tl THICTHBMEEHRNZD, PETECTZMAGOREZPET-CTEZEZHWT, WD

HGZMESEE L, MATOEOBRIZEHFTT, ZOXIITWSDNORFIIH D FI 70,
FDG-PETIXEERK M & LTI o Er OREE EBWE T, ZIAAAOREFEEIZN. FAOJLH
MRITH MO L TWAE 2 RET D &, Ky FOT I VEHNEKFLTVWD Z L&
U E LUz, MRIZEGDEI2/20, PETICRD > TH > OZWPERICTBWTERELRDDD
HDET,

PEB MRI 13, ﬁy”ﬁﬁémﬁﬁﬁmﬁﬁﬁﬁ”%ﬂ%f%iﬁ HIZK o TR, HBEI
BELTHHEENRNWT —ZANH D 9, B TIE. EOTN TS W0 OHEITITEGE
FRINSEMNAMNND FIH, ZNTREFENCEZ>TLES b LNEEA. LN LILE MRI %
FZIL DR BV THETEET, bLEOHENZNDRS, FIOFKICYDEZ L Z &N
T&EE9,

IR HRZFZOHRBE L LB LT, X2ET T 7 0 THH > LB SN OHFIT, FLH
MRI THERT B EFEBRIIH > TRVWHDNEENTNDE I EEREIEDFE L. T LIEGEEE
. BB FHTORE O S BEEZ TSI EICRDET, HTHoTh, ZOHETHMES
MG B ROAMT ATV VWA BFEETT, DED,. IS0 — A THE 2 S 256337
MoODTY, TORERIE, TBOLERIA D EEZ TRONERTBEODEZHZDHDIC
REBGRBZHEDHDEEHNET,

HRRRAE QA 2RO DIEIED 1 D, HEMEICBVWTRED DD ZIEL <BMEEHET SHEE,
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Diffusion MRI: tissue anisotropy

Diffusion anisotropy
- Decreased water diffusion L white matter fibers (Moseley 1990: cat brain & spine)

e, 1991 Myelin fiber orientation mapping concept
b You (fiber direction color encoding)

MR Color Mapping of Myelin Fiber Orientation

Philippe Douek, Robert Turner, James Pekar, Nicholas Patronas, and Denis Le Biban

Key assumption:
Main fiber direction aligned along highest diffusivity axis

X —23

(—23) ISITIEHMRI 25 &, IR OEMRERO L HEHARDL LD TEET,
FIFEAEOERKIT, Za—O R EERT SRR EHBL EIFE L, P17 TH ZHY
L7z Moseley 1113, /KG3TO T 5 2 EEYIMRERE DRSS TH <, #RMEICEST 550
TESBDZEVWSIMHEZHERLE L FLHORAMN) . mEuEl L7 )L Oz niEn~N
TL SV, ZIVRIGEFHEBICR > TGED 94, HRZRY) S ARIEED 8 A

1991 EIT7 AU ATz & &, B X T Philippe Douek 1+ &3 [FET, Koy TOIEHZE Z D
AT CEHI L, i ORCHI H T 2 HI D IR 2TV E Uiz, BRHMEICTERST 2 AR, 7
e ESEATIRG N E. T ORI TT (B F) . ZHUIAEE DMV YR O T 2%, JEH MRI
& o THRRED HIZ R UZEERNSONE L%, ZOEEYHTERIETELZDTT,
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JOURMAL OF WAGNETIC BISTSANC. Scies B 104, 367354 194)

Fr‘

TER J. BASSER,* Jaui

Diffusion MRI: tissue anisotropy

Diffusion anisotropy
-> Decreased water diffusion L white matter fibers (Moseley 1990: cat brain & spine)

-Dxx Dxy Dxz
= I:Dyx Dyy DYZ]

Dzx Dzy Dzz

1992-94:
Diffusion Tensor Imaging

Estimation of the Effective Self-Diffusion Tensor
from the NMR Spin Echo

DTI

* w0 Divis Ll

Mori S, et al.
Johns Hopkins University

(K —24)

RGO LB IR Z BUG CE X,

X —24

T2 DT <HIZ, 1992 FOHEEEIZE > T5 Peter Basser, James Mattiello
OijfE L &[T, 22N AT ITEN TS HEEL MRI ORMEZFIFH L 7=,
% (Diffusion Tensor Imaging) EWHSHIEZHFEL £ L7z, ZOREEZF AL Sl

PEERT > )V

BT DK

1998 1T78% &, HEAY MRI Hif§ EOEMRZ T X TER L T #ED Ry b T —2 2 iAEig LS 2B
BNHEBE LTz, INERINHERELZDIE. YAV ADY 3 P AR TF 2 ARDOHFEBIE T, HEdT

RORTSEEET )V ) AL N TR E R R L.

THIERE DN ARBEIRNERR CE D I EZRLE L (B ),

ol Pun ol 2808

DIFFUSION MRI: From Brownian motion to the Human Brain Connectome

The Human Brain Connectome (30M$) NIH project

Guevara et al, 2011-12
Poupon et al. (Connectomist)
CONNECT/NEUROSPIN

(M—25) ZoOd—IvAEgZRT/ZX

X —25

W (B, INSIEE SOWEREO—FITT, T AUL

DOEREAENTET (NIH) TR THE 3000 ERIILVEHRUT, INORHEERE 2185 U 7= 159 o iF

7O /7 MEEETTT, BMNITIETTES)ND D FTHADTTEREL 200 & RILTIH,
® Connect Project £\ 70 x 7 M &FEML,

[tk

80 HBT—XDFT—EEMNTEkSEE L (),
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DIFFUSION MRI: From Brownian motion to the Human Brain Connectome

Poupon et al. (Connectomist/NeuroSpin)

X —26

(M—26) ZOELIXEMEIL, NeuroSpin @ Cyril Poupon O FIT72 %, ME#REIEE T

T (). ZHRUIEMMERTIERL, BEFOMNEBGRNSEDELZDBDTY, £ FOROHIC
I, EEZOX D ICHRRHEDNED K S SNTNEDTY, 20X REEIR 15 70 H b UIinE
TEET, HHEIC MRIEBHNICASTHSWN, LIILEBET (BABRSETWTHHNEY
A)o TNTZTT 16 S RITIE. Ml Zs kit 2 i 9 2 DI ER BB 5N 5D TY, MIT
@ Van Wedeen i3, B ARNICHEEL 2w T, MOBHRIET > Ea—F OEEFRITETHS
EBRNTWET (). XY R ARICERSNTWETN, ZoBMHROERES., D0
VAR IR 7 20 DI I I D TR IZBAfR L TV B D TIER WA, EW O HEERTY .
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Diffusion MRI: Brain development, plasticity, connection disorders

2-4 month babies

Maturation of language networks

[ g LERF

5UB

<8 3 AF inf
~

I 1 AF sup, SLI

Asymmetry of temporo-frontal connections (arcuate
fasciculus) is already present between 1 and 3 months.
Dubois, Dehaene-Lamberiz et al., Cerebral Cortex2008
Arcuate fasciculus
i Lateralization Index
FA in Arcuate fasciculus

N parietal % i

temporal 5 A Left
L] o
1 § Right
i &
: Schizophrenia

e Skelly, et al. Schizo. Res. 2008
Left

parietal temporal

X —27

(R—=27) BAOREEMHITDNT S, JEH MR TIES N MRS &2 B2 &> THIAL EL £ 5,
FlFE, SHEEERIIENRCHDEHL ETE Lz, EB 2~ DADORE AT ETA. L,
LIS LERESADEFND & fRREEII A IR /R > TWRWZ ERbhD £9 (£ 1),
FERTORRHEDREDHNEAT, ZHUIRES AN L 2 RDUEEfFZL TVWDLDEEEZSNET,

ZBBIIHDE A 172> 7= Jessica Dubois EDHHETT (FL)., IREIFEZHBETZARN,
EY ZX b ORI DFEZEE G WX, DO NOMERHEIIKET 22 Enbn0E Lz, FE£D
D EZL, BTR R OME THREMIIOBHRNREEOEDD LI, 11~17 RKITKRD & &
NLLEDOR 2 BRI BN EBERICEADRENA S NERT L. TR ANITRIUT, BRI O/E
DEZIZIZE SICEWVKRRNDN D ET, EY /MWD ELBRD VRS, 125X /PNENEEITY
WIRSD 12 D3NN END DNFAD T RINA A TY,

RIZEFIE (T4 AL T2 7) OFEFITTH, :@T%@M@@%&%’ﬁ%ﬁ@IEAﬁ%é
ZENDMO TWET, AR ROBEGIIREEERFT OMNEG TN, SHECHAEFSICTHET S
AL DEEFMNIER TIRWZ EZRLTWET, LALUNEUZLTERICHRDDEDITKRS &,
R DR HRET DD TY, T LAEMZENS B, IMOMRERITSHAED B = o Tk
BRI D D 2 EMMMD T,

A TEMERFVEDOEFTY . OB, IR DR OATITER T 2 Z EARITIEHA SN
F L7, MERFEDCEZ L, L<LEEZREHRTLEBMEIITB I ENHDEBNET, HEE
i) MRI CTHEIgZ#ES EOND TN, 6 DM TIIERICE ZE < KOS HTWET, ZHUTE
SREMERTEID D ER . BEZDOHE. MHhEHEEIX TNEIESNELEZFTHOMADS
DTEHBNWEHFETEET., LrLEZZALAEEIE. WRSFH] 23T 2B ORI
BENHDE FEEBFICBIDWMANA A= DL, £5 THGESENTNREZ B TNWD
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KT, BEBOFELITNDAHZIADETORICTNAREL, APREZEZET, ZHUIKSHT
T, HEESLMOKHEES, MO d DM &R OMEEN D F<FEHIL Thian 2 ENEKTIX
sk, FAidEZXTWET,

B JAi MRI QIS @ : KA TMRI

Functional neuroimaging (BOLD fMRI):

Coupling between blood flow, metabolism and activation

Limitations of BOLD fMRI:
& Mechanism for CBF increase unclear
Indirect reflect of neuronal activation

Intrinsic limitation in spatial/temporal
resolution

Water diffusion fMRI:
Neuromechanical coupling?
Structural (mechanical) events induced
in cortical cells during activation
(cell swelling)

[Darquie et al. PNAS 2001, Le Bihan et al. PNAS2006]
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(M—28) HIZICHEN L2 WIEE MRT OIS BHE. IEREOMITICBID D £9, S EFE,
INTSEAEDNBFE I NZHEE S UWEEEER MRI 2 AL ELZ. TNTREERS, ¥z L%
HIETHENHLONEBDNLEND LNER A, BEEER MRI IZENHZIEBRO TN, R
HHDHDTT, TOMHHET. MREOZ N SIKHOBEZBR L £9, EE_a2—DO2Z2HATW
DO TIERNDT, MEBERCEEIL TW3IBEEtA. S50, MREDELE=Za2—DO
COIEEEY) DI IBBANZALIEREMIINTWRENWDTY, £z, B HHEEZE SN
2 DOMEFNFE—DME Z > TW555, BUROBERERN MRI TIRIMKOZE(N ES 5 DFEEIC
HHET DN, BETERVWEVWIRERLH DD T,

NS &I B akim 2 A, FMIIEE MRI Z2#lA b8 2 2 E2ELE L, —a—DO >
WBIEMET 2 &R LA £T. PUET 2D T, BICHL EIF7Z@0. 58 MRI 1340
HERERICE T TWET, LMo T #EEMN MRLICILH MRI 2flaabtiud, —o—0o>
DIEFHZDEEBETELEDITRDIITEZENSDON, FAORHT L. DD, Za—0O2D
EMERICBEL T iR 02 TIE7/a<, Mo kEZE U CHEOE b zitET WS Y Jo—
F T OKHEH IMRID)
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From neurovascular coupling to ...

I)lilusum fMRI

O U ¢

BOLD fMRI

, vy
a% » ey

Le Bihan et al.
PNAS 103, 8263-8268, 2006

o 50
b2400 time (s}

Water diffusion slowdown
during brain activation

= Faster response than (vascular) BOLD
2 New (cellular & tissue) origin
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(—29) ZORFHICED < ERIZ, ZERFTRIIITVWE L, £ LELOEBROF T, LA

KRIEE EMRI, Rl BOLD fMRI OE#TY, EB5bHEHOEBGE TEI<HmNTVWET, HE
B3, RKT250E A TS EEZITHML <TEMA L £9, BOLD fMRI Tid, FREITHT 2 Kk
ELUTHNDEMNRATENE Lic, EIADNKIBDE—7 NHNZDX, FIEOKTHTT, Z
UL BOLD fMRI it 02 b E R TWA 7720 T, mMEOAiE. Za—0> OEF#X0ENT
ZHDTY,

E@7k?f“ﬂ5szRI@777rb>bﬁﬁxémi PeBRE ORI MIEELT 5D Z &1, FIFRKFITK
DILHOEEN T2 > TWET, HiZiraflitnoid &, IHEEIX LR L £, fjt%f;,-f—i
1%, BOLD fMRI | %«T&m%ﬁ@ mﬂLW&MDu&Tﬁ}uh@m@#%ﬂ#%umLT
FIGDE =27 I3HIFEOBERICKEZ S ZEZERL TR, b a—0 A 582~ 5 LTk
OTWEHDTL K,

From neurovascular coupling to ..  ...neuromechanical coupling hypothesis

Diffusion & BOLD MR, rat somatosensory cortex
(Tsurugizawa, Ciobanu, Le Bihan, 2012)

Without With
nitroprussiate DfMRI nitroprussiate

. "%

oy Ao
Water diffusion €-> tissue microstructure : e /_::-,\ é
MECHANISM: Cell (neurons, astrocytes) swelling ? k ”‘\,
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(M—30) ZO77O—FnSnnhsdDid. /KILE TMRI 13 BOLD {£& k&< s> TWT,
M &R L TnADOTIE RS, EBNOMMHOHDERRL TS ENS ZETY, 2O &
JEal. FIAREE & NeuroSpin Tfro /2. R AIDMZF>=EBTHEMTFSENE L, *
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X2 ORI ZFE L 28546, KIEE IMRI TH BOLD fMRI THIDO GG ENET, &2
MNIMFHEO LR ZMETE22RhO0 TN REVWIEEFXLIIWCEGAAD E, MFENEFRT 2 BOLD
fMRI BRI ORI E/ AD, KIEHE EMRI BRI FiEI &R U s Zresk U E Lz,

ZOEBMNS, KL MR IZIMRICED 2R T3 <, Ml & EREY > 7 U ZiiEgh o
BALZRREICL T<NDH L WHi7ZE WS T 000D £75,

B KOEEN &

Water (the Blue Gold): a strange small molecule ...

'Water is H,0, hydrogen two parts, oxygen one, but there is also a third thing, that
makes it water and nobody knows what it is.
D H Lawrence (1885-1930)

- me puzzling properties of water:

So o

v Water has unusually high melting point and boiling point
v' Large heat capacity—> thermal regulation

v" High latent heat of evaporation = large evaporative cooling.

v' Excellent solvent (ionic compounds and salts)

v" Unique hvdration properties towards biological macromolecules (particularly
proteins and nucleic acids) = 3D structure and function

Water has always been associated with life (or death from drought,
famine, triggering wars, or flooding), a key element of major religions

H,0 is going to play a much bigger role than CO, in the 215! century!
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(B—=31) FxiE KpFOT T HEHNSEDLDITHEL THWDTL LI, ZHITIF
IKEWD FEIEZEE R DHENHTE XY, KIFELBEAEREE ZF > 72, FES L < bEMRHER
DT CY. G L BT EBAN, OEDLETRNEIZOHAKOEENH D £, Thid DK
MKITELS] EWVD, —RARATHRVWERTY., THIIUL ARkHODELRNEREOTT, i
DIFAEDBE P SN TKIZE S T2 HER. KOEENSWKIIERIEATHEET, L LKIZED
TY, INNBRTNIZ A=y VOEBIBR I SBh>h b LNERA. &HORALZ DRk
EREANLDDHDETH, ENTHKIZEDDLIXTY —FFLELS{IAKINTHET,
KIFEMZEST, HEZWIEHITEMDIEIZ E > TIHFICEHBERFMETT, ARIANEDDT
K< THRHMDE DT, BFEEWINEBITRL KiIMeENITHFEEE DRV LY, L L
KRR LUTH, EMANDARLENELTHIENHDET, MBIV DD _FMLRFOI L%
LQICLTWET, KEZEILRFEIZNIVWAHTFT, KEIBIFEFFUCTIN, 5% 30 4. 50 F&
WORKRZRBLIEEEZ, OLAKIENKIEEIZRD E, RITHEELTHWET, E655ITE L,
KO ZRILIRFED COBREDOLTUREEICE > T, TOHEMIKRELLELSINSTL &£ D,
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(M—32) HF#ESTIIKZIDFEEND 21T ET, KIFEERFETT . HKFOKIZZDIES M
ITHICEATY, ZOMOHITIZT EIFE2KNH > T, HEDOKIZNY OKEFRUCTIEHD £
HFho KERDZ EFKICEWIZT T, £2<OFRTIE, KIDEEDDZHDEZEZLNTNE
T, WHEEDICHENWTREBRADIRNMEEE . EHDVVKNRIFIUIENBZNVTL £ D,
Tk, BYOEHNEEESELDITNNOKOENIEEICHEELINTNET,
ZHUFEEBEAKICHL T, BRIZWAWARMEHITZHEL TNWD XS5 T, flZIE. HDOED
ZHEINDHENNTT, TIUIEOREDOEEITWEND D L9, MOEYDOIETIIKITZEDE
FHOES, FUZROILS>TNEBA (BRAMTA ). UL LUHEDOETIE, KNED ETH
R0, FUREEBZAATHILEYT (B 7A RN, ZOFEMIE. &mEEILOBHEERER
ERATABEISHEIN THET,

Le Biian Phys. Med. Biol. 52 R§7-R90,2007 . .. .-

Intra-celiular

—Neuronal activation: fluxes of ions AND water

*Swelling of neurons (soma, dendrites) and glial cells
*Membrane surface scales with square of cell size

+Phase transition (/order) of water near polarized
membranes AND attached polymer-gel mairix

in Thin Elastic Membranes
nce 230;912-916, 2008

Fujiyoshi et coll Kyoto Univ. .« Life-scientists have ignored the water as the fish
Jforgets the water in the ocean... »
...Pollack
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(K—33)  Mld 80%AVKTHRTWET . MANICH D 10 HOTDS 5. 9 fEliZKDTTI.
DRI BOMNDIZIEZ EBNWET (B, €5, #0FFATT., FYOHHIITLESPo
THMHDTL &I, FETHF 2B, FRx NS IKNMBAHET, AITEDITEAL
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TWBDIZ, ES5LTTL&EIM. THUIEFRFRETH, KOG FOMDET NI EHIZ< >DNTN
LHM5TT, ZIMEN501E. KSFIENTHHRICIRD AW ETY . KOFIET S
DGR, ZOHATEATY NV EEBETHMEER> TWAHDTY,
MREDOAELTNDEDIE, KD FIIMEORE DB THIEDOXRMIZ< 5 DB TWD N5,
BN D TRV, EWD ZETY, MR T 5 SMEEORIENEA, L0£<
DARNEHEICHETEET . ZOFAIT. B TIEHRL L AL TRD T 50 > EEHELS 1258
G X<HATEET, DEOEMHCITHE S THRRESIZET 2205, B O QKO E0Ei% DT
o TOLEETHAMBDEDIT, RAEBIIKERICBITZ/KOBEENOHDIT, boEEEZE
HOREZEBNET,

Le Bihan D. The ‘wet mind”

Phys. Med. Biol. 52:557-90, 2007 ECOtechnology of WATER
in the Human Brain

BOLD fMRI

L h
Activation

Carm
Ablood flow Ablood flow & oxygenation
Aquantity of radicactive water Mmagnetized water relaxation
in activated tissues in/near vessels

Radioactive water Magnetized water Plain brain water
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(—34) PLhil~7zZ &2EKTiuL. BOLD fMRI THKILE IMRI TH, fMHEREZFEL <
BT HIENTEET. LnL, HADHEEIE<EEZ->TNSDTT, mﬁ?mibmﬁﬁé
EZ T NBETOHERETIE ARV E, BIZELCTWET, DX, Ko FIdMEEEICB W TIERIC

Egmﬁﬁ%ﬁofﬁb‘ﬂt%ww‘&t%@%%tmﬁ@@ﬁm;mﬁ¥uﬁﬁbfmé&a
ABDDTIIRANTL & DD
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Ecotechnology of WATER
in the Human Brain

Hypotheses and directions
for future studies

Cytoskeleton
in neurons and
astrocytes

Active role of water in cell depolarization, action potential?
-more water influx in cells than expected from ion transferts,
cytoskeleton interaction, dynamics of dendritic spines, astrocytes

»Role of blood water in heat transfert (increase in CBF)?
-activation --> water ordering = heat release (toxic) = CBF increase
(BOLD fMRI- COLD fMRI!)

-increase of CBF and metabolism (energy demand) more

to restore baseline conditions after activation, ~ ‘housekeeping’
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(—35) TIFZ T, IEHIMRI O EZE S EIZL 2N DDNDIGHZEFIT L THZNE RN
IR

FEEAEDNFZT N TOERAD, IMTIEY A Iy VB EBHEATRI > THT, ThzE
HFET 5IIAKDFITHD T, Za—0 2 ITIIBRIREE S TN HZEENH D £92% U
FOATHEDITEITENINTWET, ZOFHEIT, Za—D02NZOMAEEZR/ZT 5 2 TAA]
RIEDTY, JLH MRI 1Z. 25 L= IHIILD ¥ > AR A 2 ZEMNTES ERIFEATY
ES

HHOED, T ERZ BOLD fMRI TEE L TWAIEMHITES MFEOEMAES L TRZ 5D
N EoED LEEHIZDNA D TOWEBWERL BT Lz, P T MAE ST 21ER LS
MERBTELZ. MO ERZERNOEZRNTHRD ST —FFEEEZATVWENSTY, 51
BAE DRI OIEZ EE XA TWE Lz, Wi (coldblood) EWHRBNIZ IMBERTWET, /K
WERENT, BVEEICEID D EISMRE A2 A TV A KSR DTY, MEOEKIT. EIEEL TEi
B U750 D EE R IF 572012, KEDIMH/KNZE ZNRIVADEWTIEBRWhEZBZ SN TNE
T 5 ASIMO E2NWFE LA ASIMO X 25 DI KRED IR F—2[5 DT, ASIMO
D M 2HETT7 2 2HATWELEZ. B NOMNOGBEIKSEDON TS Z E13, HiEE
TOFHIFERN S HHSNTY (VT 7). TISFIEEL <, BOLD fMRIZTEMAL U 72 idhH kk
ZHPTIMHEZMZFAL TWSDEMNS, “COLD” MRl KL4HIZZEAHNNND T &,
INNEREZNSIND DTTY,
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Ecotechnology of WATER
in the Human Brain

Hypotheses and directions
for future studies

Cytoskeleton
in neurons and
astrocytes

Active role of water in cell depolarization, action potential?
-more water influx in cells than expected from ion transferts,
cytoskeleton interaction, dynamics of dendritic spines, astrocyles

opi
F

synapse WIth gap synapse
~Role of neuromechanical coupling in information flow? Junction
-neurons, astrocytes: piezo-electrical transducers ?

-faster than neurotransmission (« wireless » connectivity!)
(gap junctions vs synapses) within neuronal clusters,
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(—36) ZITHEREDKH T, TAUIFFITHD =2 — 0> OBEBEITEHROER, HL
EERZIZBEBL TWL DTV, ENSHDTY, HEORALHTERICHE > TWD & X,
MRS LesogEzd L HOOANRMNZHEL 23T T, BL5<MWNTHREEDZ &
MEIOTVET, Za—a2THEIRIOHM FAbAYA ) THEWWDTYIA, MNHER
WBIETEET 2 EHGNLEZEATWET. 595 &, FMOHIES MuhhiElo7/k) &&U
T, LT 20TY. N7 +—VKEIOENEHEEF UL <ATT, DXD, HEIRAILH)
ZRAICEHL TNWDHDTY, ZOMEMLOEHEIIIEF ITEHT, > T A TOMRIZEDE DI
KD REXD bEETY . T OEMLOmEHZ TG SIPATHWET, EITHEL T
Wb Za—oO2 REEE BMICEETSZENTEET., LALLM ERzE<OZa—10
SHITEBATEWGS, 2o -0 IMRREE WD HETHEREZRA LT, MRkREL. BN

FIEWRZED TN ROBINET TN, BHRULHEOZAE - ROFRTIZELRZLD, A—D=a
—O AT TIEMEHON TR ONDb LN EE A,
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B MRI &3k

"Neurozmagmg A multiscale approach

rrrchrtamm of the brain:
-Cognitive codes
-Connections

» Today & tomorrow: Genes and brain
22000 genes (10" bits), 10" neurons, 10" synapses! = brain

» Tomorrow, the « neural code»:
Limited, constant set of low-level ceII
clusters assuming elementary
functions = mMesoscopic structure-
Sfunction relationship

t - >« Healtlr » aims:

X gz a/ > Rekabll!tanan/repmgmmmmg (« stroke », m]urxes)
pip by -“"m, AL B 3 Customized molecular therapies

millimétre

=2 Mesoscale & MRI-100um: Structure & Function
X —37

(=37 HOBFEBKDODIEONTEE Lz, BEIC MRIIZMNTET, ZhnbsESL
T2 DNITDNT, ﬁ@?wékﬁbkm&EMEToi%ﬁbti5ﬁ\mM%$®%%%MM
3. SERIRAE D B D% & D - MSARE 2 BT 5 Z &N TE £ T, £ L TILB MRI 24 213,
4N DBCAR, PR D f etk A %%é EMTEET, LALEOVREERLEEVNDTY, fizbH

DEETFOEIZDHTH 20,000 HTIAL, —2—D0213 1,000 EEHH D EI, D 1,000 ED%
NN 10,000 HU LD O Z 2 — O TR L TWET, ZOEMEERERICKD. MIZ
DOuHHEZEHRFFL TWET, AT b6iaEZ2 LT, FiLWRENLEZEEKETVWET,
BIETICELETI—REH2251E Z2—02iCb22—02I— RS 2D TIERWN, &
WO DHFDEZTY, IMOEM, HE EICZZa—0 BNEOL D ICHEEL-HER (V525 —)
DN DONH D, BLETHRET DREHREFIHEL TVET, ZOHFT-RICLTHETE
HEIITEBOTOERAN, Za—O NERT D/NSRT 5 A5 — Tl :;—Dyﬁi@%
BEMREREIAIZ B ZEMIC D EITBL LT TWE T, TN EE iR AIsRE 29 %, o]
MW OIE T, M nS, RCAMTSH T 5> A6E %ﬁA%%‘H$m DUFEEGET A
MHNDDTY, IMOuEMEZE > EESMHT ST, Z2a—D0> 0EZ2FH L < AR5 EKRKNOHHE
MBEEH NI REEE, (I BB TEXT, TITHA AV 27—V EIEATNS
B MER T, MERD0EZEBELCDSZDTT, AVAT—)IO=a2—02d— RyGhiud. 7L
YNA R —JF78 E DR MREBOMHPHED EBNET, HD0WIE. IMOBEED 07 5 AEHEH
ABHEBEBERTEHNBLNEY A,
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CEA/Irfu design for NeuroSpin 90cm bore 11.74Tmagnet

They did not know it was impossible, so they made it... (Mark Twain)

_ Whole-body actively shielded11.74T/500MHz magnet:
- cryostat: 4.6x4.7x4.7m?, 900mm internal dnameter 150 tons _

- - wetted double pancakes in superfluid He:
&=/ 18K pressured Hell

- superconducting wire: 65t NbTi (182 km)

9.2x4.9mm? section, 1500 amp
in driven-mode (ext power supply)

Cryogenic satellite

Hydraulic, vacuum and electrical links
towards magnet cryostat are realised within
multiple transfer line (cryoline)
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BESEL TWAHAHEAIT. EEMNKN S m bHIERBHDTT, FAibNT T 2 AN,
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E LT BRSO EIED £9, TELNT—FRAaET RTINS &, #I1 8,000 ki
H20, BIEDTSNMRIIMEN/ZICLR</BD £, fi/2B CEA OfffiZ. 77> Z2DX)V
7 3 =)L D Alstom & —fEIC. T LIReHOBA ZEEL TWSDTT,
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=9 *NEUROSPIN: Investigating the Human Brain
from mouse to man with Ultra-High Field MRI g

A \ \}?Neurosciegwes...

2 A 3 .
v Neure lo neurosurgery ?ﬂllﬂ (01‘ 1) s m ite & function
, rehabilitation |
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