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B (W) ¥—Molecubes#t #y-CUBE, X-CUBE) 2% AL . #0Di& Az & Bradio-theranosticstt £ D 2 8k
TREAZM3CLEZHRNEL, bV T, HBRFERTE (F4Y, RINVX—HE) IZEHKFR Ta—7
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3, P xLDLic BT O H BRI L E 2 5N A B A HXh (K1) . R kI kAR R —
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VFEREZRAOVT, MRV TOERZFEMTE3REBEL, NotchZBERTIIVAVFBRRE TS
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5/ AT 4% X (Theranostics) | & [&. ;A& (Therapeutics) & B (Diagnostics)
ZHAEHLEEHLOVERRNTHY .. BEERICEITHREREZEREITIRA-LT.
BUGEREERTI L EBRL TV F- iFEEEAOHMLTERFEREZHE L.
BESABREZERTAHLLWVERY JO—F (FLVar - AT4oY) HNEEM
[EFBSINTWDS, TLiar-ATqairbld, BEELZOMRE. EixF. ZERK
PLAFCERRLGZEOHEZ REAERBRTZAVAFLARIILTHET S & THEFIC
TJI—FEL., BYGHRE. AERLFHEZRBETIERTHY. 2015 FREA/NATTK
HEN—RBERROEN TN ET—BER LG Tz, TLIDaV-ATad
VORRICEYRBIESNABIERITNE. EEEROERICEEML . EFDQOL
MLEIZHEEND, SoICE. BEICHEINZRESTIL—TIZRAWSH-HAEREEDOR
RBEICENLY  FERARONEZREMLESE, BIESFICHLRESLEEERIZT
EEABND, TCT. TLiPav - ATV DHEICE 5/ RAT4 9 REE
BELRREERL-TLHFIATLDS,

S/ RATFA OV RERRTDHIZHBITO—DE LT 9FA A =D U IRMHNETS
Nd, PFAA—DUTHEIIE, B/ MELARILICEWTELEEN - 2 FEYENL
TOtXOARLEAEEE L. ERHARE - BREKHR - BIEARG E~DGALIEE SN
TWA ERDPFAA—DUTITIE AL - B GEFRNAGEDREFRT 55,
RS EBIRZ ZF AT 5 MRI (magnetic resonance imaging, BT LIBERZHT) .
at#RZ AL % PET (positron emission tomography. 5% F Gt & Wi E#RF2) > SPECT
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RFHHE I E 21— WERFE SPECT) AR FA A—2 05 T70— T DK & EGFR-
TKIDBEDRFRACEBNRHELREZEETML S 20FA A—C U T EOHEILE
EHTWND, CNFETOHRICENT, 1 REE(KEGFR (L858R) ZHaHiwIAE%: PET A
DFAA—205TA—TELIFIAPP-1 L [PFIFTP2 #3R&E L CTE 1=, BE. 2 REE
K EGFR (L858R/T790M) ZHHT 2R FA A—2 o5 TO—T &L T, AELLEYT
HBHFIRT-19ZRHEST EITHYILTEY ., BERKK YL /n vivodFBZEDT
WB(E4), CRETOHMRICENT, SHAERZFMFEZA L EGFR-TKI RHIREHE
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& T, gefitinib ICK 2 EELRERADOBIRMEZEIET 5 2 &, HIFELAEREIRIRE
[CHE5T52LT. EEBENRNYBFTELAEMELH D, F1- EGFR DR L EH
EDOESMEGRENEICKY EGFR-TKI OARBESDRFA - FTEFAIAMEELEG Y.
gefitinib LS DMED S FEFERICLICHATREGEGZME L THHFTE 5. A
RORRIE. ERZHEREZEICLEZELAOREICELE T - ABRZAEEE T 550
BH - ENLGEEER (F—F—AA FER) ORRIZFEETEDHLLELIC. DA
DIBREANZZXLEZTDZE - BREVSEBRREDLS. PNAD RS VAL—2aF )L
Y —FDO—BERNIEET S ENEFEIND,

2) EphA2 Z#RM & L1= SPECT AR FA4 A —P I TR—T D%
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B L7z, Eph receptor 77 2 V) —(F. 2BAREFOL VX F—E L LTHLOA, BEE
FTE14BEODFMoEBREEIN TS, Eph receptor 77 2 ) —[EZTNFET., #iF
HEDOMMEDIBIELE WS> EHRGEEKEZALTWS I LMo TS UED T
EDNLARP|RTIE. RHER. ELAADCHILRNA TEE|IFIE L TLVS EphA2 ITFEBE L.
NADEWZEZREEL T 5 SPECT AR FA A= d T0—JOREETo 1=,

ALW-11-41-27 [% Eph Z2BAMBEER|E L THRESNATW2H, RFAA—DUTT
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AR LT ETBIZDLNT, EphA2 I HPREEM &M@ L=, F71=. BIFF D EphA2 [H
FHIE BT S ALW-11-41-27 OEFFEHLFFMLIzE S A, ALW-11-41-27 &
ETB @ EphA2 IZxt9 S PRE &4 (X FFEEE (1050 ALW-11-41-27, 67.2 =+ 18.9 nM; ETB,
90.2 = 18.9 M) THo=C &b, AVRDEBEANRMEICEE LGV EARSN
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ARARIERA L YRS VRE ETB & L1-. ["PIIETB [(EM&HEFRIURE 70. 2
+ 1.8% (2.9-3.1 MBa) . SHEFMIFIE 99% LI ETH LNz, —A. ['PIIETB Mkt
EPROURER (X 30.1 = 5.6% (25.6-59.1 MBa) & I ALY BLEMA =L DD, ML
FRIME 9% LU ELEEWVEETENOIEEYNEoNTZ(E6),

BuSSn\(j)ng\W \C(JK\N/\ 123.(,,125.\(%\/[3\’( CF%N/\

['2%1] or ['21]ETB

(i) ['#*1]Nal or ['?*I]Nal, N-chlorosuccinimide, MeOH/CH;COOH=80/20, rt, 30min.
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THRASHERZERE Lz, BERRHLIVERE~OERETE . TOERBEHEFSI
B5IEMNDM oIz A A—DUTDERLLGIBEBMALIFHSE 30 POBEATS U
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S 512, UBTMG #ERR{BEETILY Y X ZRAWTI'™IIETB O SPECT/CT & & 1To1-&
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NTWB, TOHRTE PET X, BLVRE - EEME - ZRISREE - BEREMD-D. 7F
A A= DORDHEMITHY . PETA A -V EBDMREEM EE LI, MRS
DOHFEEETIELZD PET T0—J L ZDOERAEICET 5MFEIFEHMIZITHATL
%, BFETIE, BREBRNFOELLMREL. PET EHOME LB LTS, PET &
FIO—TDERKICEWVWTIE, FL—YEDERKICHEHE LI-HMEEREDRRE. MR
DEBRDB AN SEHEBD/NEE, HCIZAWDREOEFEHAICIE C-EEME 8
DFEINERDONTIND, ERE PET fF T 0 —TJI((X. FEREHAHLH 20 4. 110 &
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O, EHETHERLICERT ILERENIRO OIS, FEAEDPET #FTO—TIE,
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Fl-. SEERIEAYA 0TI 2 —%RU=["FISFB ® one-flow &MIZDLNT
H|ELTWLS (K 1), [PFISFB (IR TF FOEAELEDE L FILEYD °F 1ZH

HELLTHWLWLOATLS,

[*FIKF

2Ot

.l"BEI'“C 10 min

13F—©—DGDH L
MelN

FSI'—_IFE'J“'. J9C, 2 min

[ Without Dehydration ]

J : channel from inlet | to the junction
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Hydroxide

MeCHN
H120°C, Bmin

material : silica glass
fabrication : sandblast
chip size : 50 x 50 mm
volume : 5.6, 1.1, 4.5 uL

cross-section of channel
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(nm)
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COEAICK Y. EWOD EHix
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YBZOHTERBETES - S N——
=& (K 13). FAZERTERID E = I Glass
BEETSTA 0 ORBL R Off Off On Off
mY ., REBCEEEEDOR
(2.9 <1z LTy E13 EWOD IC K HiREDTEE
TILEERT B EMNTES,

BETNA RIZE B [PTCIDTPADERET->THY (REZE 9.7 + 0.13%).,
BIZERL LT=[*TcIDTPA ZFERA L =<9 X DD SPECT / CT A4 A—C U F 21 Y
LT3 (E14),
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3) M F-18 IJBEDFHRE

AEEEME EMSERM TR F TEEBLEEME. PET JO—J L LTRIAEh
TW3, FA—T~®D "F EAIZIE "Fgas ZAVSREFEBRRG & "FERALSKEK
BRIGD 2 EEADH D, REFERRISERAWVSAETIE, EMLGEHTEMRATHE
HHN, EEEMA T “Fgas ZHART 570, F5h D "“Fgas OLLBFTEEIFIEL .



"Figas KYUEHT D F ZHILEMOLLBSTRELEN EARBELHE>TWL S, —A.
REREBRREZAWVSAETIE, BEATFARETETHY .. SVLLHRSTEEET
% FEHBILEMIBEOND, TORH. ERICERIKTRAWVL SN S [FIFDG #ZE5E(C °F
BAEE LT FICKBARBEBRIGHNERELE DTS, LHALENS, *FORZKME
BRURGHEMNMEWN=O, LBHSEEGEILETHY . TOPFTLEFEELHFITEN
DEAIR#BETHSELHMHERELTEITOND, CNET, EFEELFERAD
BF BAKIE, EFREIELLTHLRZLNEEZETSH7 ) —ILFERIIHT 5104 TY
BEfRA—RMUTHY . BETIE. I—F=DLE, 3—F=DLA) K, ELTRIK
ZOLEICT ARBEBRDRE SN TINS, ZOMIZEH. “F ZEHAELRAVMHE
ZEELRAR SN, [PFISFBARTF ROZ /R E~AD F ZBICK<AVLND,
ZIT.BREFL-LGEBEEREL LT, Ay T) VI REERW-REZERENED
EEZ ZHEDORARICEF Lz, SET, HAIX['®F]Fluoroiodobenzene (['*F]FIB)
[Tk 28RNy T oI RIEER WV -MEE#ZZRALVS 2 & TP ]pitavastatin @
BRERELTEz, SOLRIARAMORLEEZRIEL. F HELLTROUEBFERK
ERAWVWSCLEZEAT, F BEAOUEBERRICEYNOSTVEDL M) TS5 - M ER
EDBEREEICHLTEAY TV TAEEE 4D, DO, EBEDORO VBFERER
DRELRY., FEBNLYBHICHEDIIENFEIN, 4k, "FEEARDUER
F E K ['*F14- (4, 4,5, 5-Tetramethyl-1, 3, 2-dioxaborolan-2-y|) f luorobenzene
(["*F]TDBFB) MEMRUARZERXRZA LV F ZHILEVOERIZEILTLS (K
15),

Previous study

18F
oy
0 Pd catalyst -

precursor for 18F labeling Suzuki-Coupling reaction 18F L abelled compound
This study " 18F )
X =1, QTf Br, etc d
. v
. Pd catalyst
precursor for 18F labeling - 18F | abelled compound

Suzuki-Coupling reaction

15 ["®F]TDBFB % FAL =25k



4) fRfiEEFAV-AR A O BRAERED S OBEHE D RIFHRIGORFR
BEHEIVRERELS LT, MESIMHERES S UVERFEEOSE AL . R X -5
HEIADRKRBRICERAWVWDIHAENAAINTWS, LM LGNS, COBREIRER
PICHEELERAXLEMHIZRE T 5RO, A AFIBRAEOREEINE  REANGREIC
TRAZELGEEDHERDPZEIFOND, EF. ThOoDMERETHET L FRAGKRSHE
AVREENRESINATE Y., TO—D& LT, AMEZRALV=AR O U EERIERAN S
DOBFHE I IFRZBENBIT O NS, CORKGIE. ERTOERIAGETHY., =51
RO VEERTEMARII R AR L LB L TREMIN BV -ORIDREFLAETH L. R
O EAERAZRAL: FERBICOVWTIERRN S Z L DBELHEIM. ZNITMZ T,
"Br, 2At, "CNZREICEAT AMEIETETH Y. Sk, SOITFANEEDLZ LNF
BaInd, ROVEICIZW DOHODREENEFEET DN, alEPTREEN SN TL
F5LP, FICHRENIDELCETLEVWI LI H D, LIZD-T, REROEE
DZHRIZ, EOBEDFEEEZ D0 EMB I LISHIBMAESRHITSILTEETH S,
ZITHRF. ROVEBOREEDOFTHL —BMICERABENEGVEFI—IILIRXTIL
BOGRERICESAZRY. GEEOBEIZLD Y] EBH~AOEELARDLILIZLT=,
Tz, REREDOERAAIE LT, BRRTF FTHS c(RGDyk) D "1 |2 & ZREEH
RUEEEZEBICOLWTHEREZToz (R16),

The specific radioiodination under the mild condition.

H? Boin Na'2°| 125)
HO’B i Cu catalyst
R or R > R
MeOH, r.t.,10 min

@ The application to a direct radio labeling of ¢c(RGDyk).

Na'25| 125

HO
HO’B
Cu catalyst H
|os: ® 1
MeOH, r.t.,
0 10 min 0

16 SR %EAL=AR DO D ERATERE, o ORBSHE I O RIFERE

AR —)LBEET T, £R0O UEEFTER{A & Na'?1 % Cu(pyridine)4(0Tf), ARIEFET
T A0 50ME. ZBETRESE%&. 5 P4 TLC RV HPLC AW THREHEZZE#:5 (RCC)
ZHEHLULE LTz, E5ITRCCHMELVMEDLDICE L TRIGAEDKRET 1T o1, £1=.
(4- (2, 5-dioxopyrrol idine-1-carbonyl) pheny|)boronic acid (PB-NHS) » & @
['®112, 5-dioxopyrrolidin-1-y| 4-iodobenzoate (['®I]1IB-NHS) ~DFEBILDEH%



i bt L= ET.c(RGDYk) DREEMGIRBETT o1z, & 5IZPB-NHS ZF LV T.c (RGDyk)
MR O VEEETERIR (PB-c RGDyk)) Z &AL, SAAEEZET T Na®l & RIESE 1=,
SE. EAREEToHEEICENT, EFI—LIRTILBEOREREEZE T HRIER
ARIFREEZASGOVATERARZANR#EE, £I2 80-09%EEIMEZRL., R
EOFENMEERICKELGHEZRETHEID G, o=, £, MEERKIZE TSR
BECOLREGEFIEREINT  AAENITEAE 2 HNETHREROEZEEZR(TTIC
ZHLOTVFETHDICEMNTRENT, KEITEKYERSNF[PITIB-NHS ZHWNT
c (RGDyk) ZFEIIEMNIC '] THEET 2 &M K, 51T, BEFHBRFTORR. PB-
c (RGDyk) Mo DEEMG PIZFICELBDILE: (R17). ChoD#ERM S, KIEEHE
(X, RTF FRHICIAVLGFREAGVFDIENRER I,

(A)
12‘i|
H NE‘\ZS‘ H o
s " Cu(pyriding)s(OT;
—_—
NH o MeOH NH 0
NH HN——/H\N/Y 10 min, 1.t NH HN—/gH
HoN N/\/ HN N/\/
PB-c(RGDyk) ['#1IB-¢(RGDyK) @ Radioisolated yield: 64.4-69.0 %
@ Working time: 27.7-32.1 min
(B) Step1
Na 125|
\©W Culpyridinel(©Tha QY
b EtOH b
10 min, r.t
Step 2 HO
125|
H o o 4a, Trie thy\ mine H e}
HN N )H OH
\/\;z N NH\Orr DMF H\(r)(
" HNwN/\“/ 1hr, rt )Nlll HN——/(I?H/\[T
HZNJLN/\/ HN N/\/ @ Radioisolated yield: 36.5-39.3 %

c(RGDyk) ['?5]1B-c(RGDyk) @® Working time: 140.5-157.3min

B 17 RIF FERAWVE=RDOUEBREEREN S OMEHE D - FEREOIE ARG

E{R BT DBASE

AZIZEA LT= Molecubes £ v -cube DMHREFTMZER L= (K 18), lRFEENT
WABMEDaY A—2ELT. YD AADY A—% (GP mouse col | imator ,FOV 12x32mm)
ETy A A—% (GP rat collimator, FOV 24x60mm) @ 2 fE3EH HH. LLTDH
BEEFE CIET D RAAQY A—42FRAL: (FA19),




19 A : GP mouse collimator. B : GP rat collimator. C: GP rat collimator Z#H 5
R-EE

20 ISR EMARA 7 7 > R AIZ, *Tc0s % 10MBg FEHE L TIRIEE1T o1z, HRIBIE.
1553, 303, 45 73, 1 M. 2B TENTNIRIZL . EREERIIUTOEE TEE
L=,

E&EER

« 9Tc energy window (141 keV +/- 10 %)

= 3D maximum |ikelihood-expectation maximization algorithm (500 iterations)
HHE. AARTIHREBHEES S CRBHEILIT > TLVELY,

1.2 mm 1.5mm

E20 FEEAZ 7> A



REERBOBRELIY ., REFF 155 THER0.8 m OREIHBICHEIATEY.
RGHMZ 2BFMECEETELER0.6 m ONETHREICHESA: (K21), §E
DIRFATIE, 10MBag ZFIEL THRIELERDATH A=, SRIIFTET S Rl OE
EEATEHEZTS, 5120 L "in, Y6a TLRKORFAETIFETH S,

RIS 15min RAKESR: 30min 1B RIERT : 45min
IRBSRT: 1hr IRESRS: 2hr

E21 AT 7> FATORGHER

TR TORERZREFA . RIS VERTOBRGIEMZE. T VREZRAWVTEREL -,
A A= 5T7a—TJE LTI, Pl-iofulupane & '"PI-INP ZFULMV-, B 22 (Z(F, 'Z1-
iofulupane @ SPECT E{&%:~9 , '®I-iofulupane % 26 MBq %5 60 ©#&HM 5. 30 4R
BEBZET2REESH RERANDERBRETHABIHEHT A ENTER, S0l BEE
Z4MBgETRELLTH., BEAKRANDEREHE TSI ENTE,

B 22 '2]-jofulupane @ SPECT Ej{&



23 1Z1%. "I-IMP @ SPECT B % RY . '“I-IMP % 29 MBq #& 5 60 53#m 5. 30 43
MG EIT2-ECH, HADERZHABICHEET S ENTE, Sl £EARRT
BI-IMP AN o it B L 1= '] OFRRIR~NDOEBELARICHE T 52N TES,

B 23 '2I-IMP @ SPECT &

UEDHERIY., TERLEDORL I 0B LMREFTFEILETHSH. Molecubes 1D
y-cube BNEMMIDA A —S U THMRICERATH S EMNREINT, SHITEKEAIF. A
BRAZETOEBZRILZEIEL. Molecubes $#t & HET r-cube EHOE I RI/)LF¥—FI
J)A—2 DK EEDH TS,

[&#%(Z])

RZIZBWTHES/ ATV AABREMAB L THENRBBL. RLIZEANTHIRBEL
DOHEIMTDEEMNLCRBIMEINSIETIZEEL>TULVEL, LMALEGLAL, mEX
EHERBEORMEEISEDERICBVWTEELGKREZR-TLEAONDZOH . S/
ATA VD AREDERIDERARTHS, SHICEAIL, FEHEEOKREREN [+
5/ AT 49 RBIERE] ITMHEIET, FHLOLEH - BAEEICHT HRVERLE
BEENZFITA T - REKOERMEAREOERICELEIESHEFZHTOERLL KT
SUTA VI REZRAI— M. SESISIZELOMEEDAR ERDMICERAEZE
S, ERICEMRTE 2EFIOCEMOBARZEDTOEVEEZ TS, KRTHEN
LEMRRERE. KMOTELBOMBRE. YHEEMHOELBAE L. BLHE
BOBRAHMEBLICKEZREENOBYTHY. CSICFERBBOEERLET,



I/ RT 4 RAROHELICANT A A—D O T M DOEBER L

AIESFH (AR TRAEE 2 —)

(#5]

REDREMRAZDFLANILTED DBRERICEVT. AREIZEROHEMZZD5
WMRICEARATL Z LITKVERICE T 20 FEYEN T O RO MM - FRINELLE
invivo [CTHRAIfRIE. EHIRRODEBRELTFEDHD EERRFAA—D T 1 OFEEIILL
RHINBIZESTz (1), S6IC, BEDERKTIE. COFEEEEHE L THRER
DHEREE<DEETHREIZEZER L DD, MRHABE~NLERSIE S T2 EBED
&1 €5/ AT 4% X (Theranostics) NEliiE > TS, AEE IZRAKEEN
BRI EEE LT HNAMGTRRNAEE (radio-theranostics) EMWR DRI D
HMIZEEFN TS Radio-
theranosticsl gt 5/ X744
AD—HETHY . ITEME
BERENET S, Thbs, B

A=V N p4F [ BERIEEE
JO—J DRE 4x_yy9“ﬁ\£1ﬁiﬂ>ﬁﬁﬁ

ASBIRMIZERET DL aIzxt /,/ (SPECT, PET, Optical) "\
LT3W (EESBH) H50 T —

(FAHR (MRRREE) IS@ELk
MEHRERHE T S MEHERLIT

« JRRE - EIEMBEDEOUT

. _ -
% (Radioisotope : RI) ’é‘L»F]%\ . ;ﬁ%ﬁﬁ?ﬁﬁﬁ
BYIHELE#REE S L TR g %gﬁg.ﬁwﬂzﬁ

BrEBEO—REEERL. M

INSADHE LS., REIZER e

L 1= h DIRAMARE 4T ABLERER IaRUADRITE

HEMMERLEER D 1 DFA A= THMTOER~DEM
FD—AT. €53/ RT4Y

REWVWSHEIL, LETE THIEEICH L TRELABREET HOT7TO—F L& i
PHESVVRBETERTICL] LERAOND, CNIERYIESTRER LG DHE

BAEMESICRE NG LI & ZER L. JAF Tld Neuro-theranostics (18#% R 781

1> Cardiovascular-theranostics (fE¥R#F R EE) . & 5[ Metabolo-theranostics ({{#t%

M) FEOHEZTILEFEN TS, ZRITHEAREDREGZFRIIRL-DEHD

WEEMDFITEB L. ChoDERECHEEERZAIRLE. invivo BIET 5BHIZEHE T

[FERXDFAA—T VT LB LT, Single-photon emission computed tomography
(SPECT) 4> Positron emission tomography (PET) W=ttt To—J & A3



BEFHFENEE EHRICEND
SIRIETES (ERDEHIERESS
h3) WS ATERMET KAVT
—CEALTWS, Chbs&EsL
L. A2E5/ RTF 49 ZAHEIE, %
toa—RIZRESAE=NEMA
SPECT HEEB#AW-{EETILEY . =
TOFMEZE DI, X#RCT IZTHRE » ERBROIS *RL &% 70—7
ShAMEEROEI. 512 in ERsLQUR SR

vitro, ex vivo EReMaabess [ P .5‘3?_\
SEESIERLEEZTNS (B2), AN
UF €5/ AT R1EF—"7 R
—RELESHIS VTV BE , -4
CHEVWTAZARERRL TN ME meabeon) N )
BOZEHMNLBENLEBL SN - FERELE TR ODARAA
BB DFESL | IZA TR E % - EFRHRERIBAD T —RN\wD
BET S M2 €5/ A7 15 REEHR

[/NE¥ A SPECT 8K U CT ZRA WV -EEIFIZEET HHR3E)
@ SPECT 2 & 5 2 #% 2R iR

LIS UT4 U EEICEHEL, N)LF¥—Molecubes 1 E /NI SPECT (v
-CUBE) B&U X # CT (X-CUBE) #2018 &£ 5 BIZAKZIZBAShT-, XEEZH
W=—#&M7 70 3L TIE, X-CUBE IZ& 5 CTEHROEFRICI VA HEWNET Y
FE2REELTWSRILE—EFFDFEFEY-CUBE [CBEISE., BT HETFOEY
[CERESN-BEETO—TORALHEZEZIET 5, ChickY . BEEE (CT) &
WEEER (SPECT) OBMEMNAIREL G D, TRE. KFITHE LT v-CUBE TAIEDORR
LS TWSHREEREITTRIE ¥Ga, T, Min, 21, 2'TI D 5 EETH DM, EIEIC
BRCTAVOATLAHMAMEEREZ I VRICEE LI-EREHITT 5.

ERAFXFIAFLURRARUET Y R F L (PTc) (¥ Tc-HMDP) [FERRR KR Y
BRE O Tc DERZBATHY . BEOBEEATHS/NA FAXIT7IREA4 FED ) U
AN LIEEMERBEERYT 5128, BEECEFENOZEHICFIAINS, ddY 7
A (688, H#M) (Z39.6 MBq® *"Tc-HMDP Z&#ArNIRE L. %5 120 H&ICK
EIL S, 30 9D SPECT & EEME L=, TR, CTEE (BH) &—HL1
EEMDOE~DHHAEAHERD- BICRETERGIA CHIELNEEELTE Y.



BRERDBEAGEGIZERYAEND &
LVS " Tc-HMDP D&EBHFICEET 5
LOTHH-T= (H3),

F1- ik 1) ™ L 2T (ROTITICH
5 L-EARDRGEHER Lz, —fi
DIBA+ 2 THSD TIEK &1+ $E
AGEL (T 1.50x107°m, K*: 1.38x
10" m), EBLHIZEZEL WSS .
Na'/K'-ATPase %4 LT 5#gapy(c | Anmat ddv. 6w, male

- i Body weight: 28.09
BEBMICRYRAENS Z &ML, (DM ! Dose: 39.6 MBqg

Sagittal Coronal Transverse

REMEAE LTRASATLS, &b | Protocol

54 ddY XY R (688, M) 12186 | “120min Omin  30min-

MBq QPOTITICI & ARAIESE L. &5 | onTC-HMDP  Euthanasia  SPECT |
! injection acquisition !

5 RICKRFEFRS . 30 7fED SPECT
RBZET o2& 5 DEANDBABRGK
SHRERIAZEADz. T, HRRIRO—
DTHATRLBH STV (K4,

ST B FOBECHREERZER
RILTHEEDFEY S & LT IEHD
ERDFDERFA A —D U Tl hE
(Fohd,PET TIXEEFHREKEEZR
WBHH, BT HHBRBRFRO T RILF ‘\
—MFELC511keV DT, EHDOEL . Sagittal C;)ronal Transverse
% PET ZEDQFHETEEL, £ZT.

fl Animal: ddY, 6 w, male

fIETEL\I*)LiF‘—ﬁEi;k‘@ Y{fﬁb X {fﬁ;& Body weight: 29.09
R ICIRIE T ST DAL ESD 5h | Dose: 18.6 MBa

T, B DM EEEREE +TH <. § Protocol
HHEFIBEL-ELIRENSE | jm OT o
6*’25&0)7&%'& I‘ I/_'H-_ODEJJ % 555 E [.20.]“17[(:[ Euthanasia SPECtT .

BB EMTETREICANIE, EARA DI M /
HTEIEREEIREMICIEXRT S L 4 <9 R SPECTEf& ([®'TITICI)
H#FESnBA. SPECT [T RILE—H

EHD RO X SEERNCERETELENSHMEROILNS, EICCOR
WISET2ESXYTF1+—ThHb, TIT. r-CUBE [ZH LTREA S 2 BEDKETHER
HAERFECKEREANL . RETRLE— 58T 2RBEEORIECHE L1
ICEONDIEBODRZAAIZDODNTHRIEL =,



Na[®"Tc]TcOs (Tc-99m DHF I RIILF—E—% : 141keV) E[P'TITICI (TI-201 D
HFIRILF—E—% :70.8 keV, 80.3 keV) DKBERERIDIAH OF1—TIH
FLf, RHORAYA—AEEELE-SPECTEEIZTIND 77V FLAZREL, B85
NEIRILF—E—UZRE5(2RT, Tc-99m H B LI TI-201 B THEL-IHE L
DEEICEWTHEZRESIEEBIROARY FLAELONz-H. ZEITRILE—E—
DEZINTNOREDELDE LTHANTAEETH D S LRSIz, RIZ, BT ERML
TRICKETHIIRILF—E—V ZEBIER L. BEEER LR, Tc-99m O #H .
HBHWNE TI-201 OAZFEBRIETEfz, K12, Tc-99m & TI-201 DI RIILF—E—SH
FRBSIEDILOIBRETDHE . NANERELEON-ERE L THE I (B6),

200 TI-201 D

ooooo

300000 £ eoono

§
ooooooo

5 Tc-99m/TI-201 DI RIILF—E—4

Z I T, ¥IRITHLTt=-240 DB
R & T 42.5 MBq O *™Tc-HMDP % . t= -5
S OBSRESAT 20.4 MBq Q['TITICI 2%
NENEIRAIRE L., t=0 D IZLREFESE
f=o TD#%. 90 LD SPECT &g % £t
L. Bk0D Tc-99m & T1-201 [Z%4d 3T
ITNFX—E—V FETNETNERICERT
5E5FEL-LTEBBEREZITO -,
FOHRE. Tc-99m O I RIL X —4EHE

(%" Tc-HMDP) TIEEA®D . T-201 O T % .
LE—GEE TITICD TIROHE (B&u GRSl
Eig) ~DEFEMLRS e mERDT -, » )
CREE R L—Y—E R TRE LR L
cESNF-ER (K3, M4) &—FHLTL
fzCEhn, IMERWN-REITE 2 #%5E
FIFRENAETHSIZENEILE S NI

(E|7),

6 2 %IERFRE
(Tc-99m, TI-201)



k. /NEVA SPECT (7v- , ‘
CUBE) l:f*ﬁ*ﬂ*ﬁﬁ@lﬂﬂ#?ﬁ{% ] ' 7\ ‘ energy range:
MEBETHD S EEESAIZL | ‘
= REIREBEFD v RO
X EDIRIILF—E—IMNER
LEHGREOHEAELEICZS
WCHEATE%, LE=A- T,
Ga-67 (93.3keV, 185 keV) 4 In-
111 (171 keV, 245 keV). 1-123

(159 keV) %, X FKMI7: SPECT
BETEBLE-ELEYMERET
HBLETHRBETILEYNDSE
MG EHEA T EEE T Y 25/ R
TADRARARNKELHIET S g'/_Animal: Y. 6. male

%@&,ﬂs}ﬁ#éhéo : Body weight: 27.6 9

! Dose: 42.5 MBq (9°m"Tc-HMDP)
20.4 MBa ([2O'TUITICD

_ R : Protocol
@ SPECT [C&BEIRILF— ; -240min  -5min Omin  90min
T (X)) MEREOEZL | ; ! —> >
: 99mTc-HMDP [29'TUTICl Euthanasia SPECT
| injection injection acquisition

SPECT TlistE 7 o—J | mection injection  acausition
AR EREREFD - FF 0 =7
PEUGRTFUEDORY y k(T
JA—R) #EFL. BEOARN LK v & GFHEXR) OAFHRER (PoFL—
A)ZEESIE D, ZTDEH. Y BROFODIRILX—FLUFL—RICKYRANETHRL,
COREBDNHZELELICEBEZRET I BEEEECOVA—FEIUFL—2ITK
F9 5., —fikHI% SPECT TIX 50~350 keV BBED I RILX—D v BOBRHEEZEE
LTHEY. REICEASI TS ¥-CUBE 4 Tc-99m (141 keV) *° In-111 (171 keV,
245keV) EWVSZFEIZDOVWTDREELEHE > TS, —A. SPECTDHMELE LT, &
IRILX—r BRERET DIEE. TRILX—DORAEBRNEA LN D -HRBREEEHS
LO0. AEDOREELN SN REEMNMEC D (EFGHAHELCED) EVWSTAY Y FHYE
LRI EREITFLND,

Y IR AFED 11125 (X, T OEBIELEMETRRE LTEBICAFTESLLEITTH
K HREBLEESFORTF R, ERFLHEBLADEEMBAT LI LLAHET
Hd, oI, PEMERPA 0 BERELNDTITIO—TE L TORBMEHIZENT
BY. BIEODFEMFEOEHB THAINTE, LHAL., yBOIRILF—H 355
keV L1E< (BREZIETH S Te h OE SN B4 X RO TR IILF—I[E 27.5 keV, 31.1

9MTc-HMDP & [2'TITICI @ dual imaging



keV). NEMWIZERF E LT SPECT A4 A =S U HI2ENTIEERME (AR ZZFX
ELRMEEICELELHENEFEEINLGA, HREADORRICIIL, KFEOD SPECT TENTE
ERBLEBGEZIETELINMMEF L THEBENHLEEAT,

FP. XA 0F2—TIZTNMIMBqDI2tF UL (B) (["PNal) KiBZKZE
BAEL. YOROYA—4%FEEFLI-y-CUBE T60 nRRELIzEZ A, 11125 125%
LI BIRILX—E—VERETE R, SOICT—HZEERLER. BELG D7

FLEBRZEFLONTZ(RK8),
RIZ.['®INal &5 L 1=
Y RAMD SPECT &%
Hlz. BIRRTRILEDZHE
BT 5=, BRRDIE
fafRaEIaviemas+ o %
Na*/I"##E K Z 9+ L THE
faRA~EREBBET D,
C57BL/6 ¥ X (6 8Es, &
%) 12 1.45 MBq ®['*I]Nal
ZEkNES5 L. 15305
BICKREFRESHE, 60 2HED
SPECT #&f&%17of-& C
5. FARERA~ DA ARG
REEBEZRO- (H9),
F1=. BIDOERTITEIL
LDL (Oxidized low-density
lipoprotein: oxLDL) % 1-125
THEHL ("®l-oxLDL). %
DAERNH D SPECT &%
ZiHT=. £ . oxLDL A
Lectin-like oxLDL receptor-
1 (LOX-1) 4> CD36 DX
ARy —%B/KIZED
k. MRRICEZESN
5 EEERIT, KaHET

-
150000 - ~
125000 - -

@
§ 100000
g

el ¢ 35:5keV (1),
8 50000 - 27.5 keV (Te-Ka), 31.1 keV (Te-KB)

25000 -

0 100 200 T 300 400
Energy (keV)

100
8 M2 I RIILF—FE—HUDHEEET 7Y MLETE

R RN o ~ Animal: C57BL6/N, 6w, male |

‘Vp Body weight: 18.59g
M{ Dose: 1.45 MBa (['2511Nal)
® O
Protocol

L9
Thyroid

=+ ["25IINal injection
kawashiman/ test 12511251 30 min

=+ Perfusion, fixation

\ 4

60 min SPECT acauisition

9 ["lNal Z#& 5 L1-< > XM SPECT E

D% 123 (Y I RILFX—:159 keV, YRR HHA 13.3 BFRE) 4258 oxLDL ('2l-oxLDL)
DIRANEREZ v -CUBE IZ TEEMIZH#ET L 1= .Chloramine-T ZBWLT['2I) ZE1E L.
oXLDL #m% /38U & (ApoB-100) [Zxtd AREBEFEMMRIEIZLY ?°l-oxLDL Z4EH
L7=., 0.838 MBq M '®l-oxLDL #&EET M C57BL6/N ¥ o R (itE, 6:@E) <D XRIZ



FIRAE S L. 10 2k, EHRAICKY REFRSH., Bl - ZREE LRICXEECT
H & U 6 BFfE D Static-SPECT g £t L =#ER. i CEEOMm. ZAFFE DM
[CTEANDEFHIGHRSTEEEREZRND: (R10), BEHFEMTEZRS KLU Dil-oxLDL #H
WA 5. ThiZBaAsH#EE (Brown adipose tissue : BAT) 1243 %7 L 1= '2%l-oxLDL
[CHET B ENRESNT,

123

S

q,L

\//’- N
&
o
o

Animal: C57BL6/N, 6w, male
Body weight: 19.59

b )
icsphate buller B 7.4) oGseane® Dose: 0.838 MBq (123I-0xLDL)

3 min
123].oxLDL
Protocol

123]-oxLDL injection

=+ Perfusion, fixation

6hr | SPECT acauisition
Sagittal Coronal v

10 "Pl-oxLDL DR E <9 R BAT ~DETE

—7. BE#DFET l-oxLDL #4E&L, ZD 1.18 MBq ##HARMIX 5 L 1= C57BL/I6 7
R (6 B, HiE) (23 L TELRM 70O k3L T Static-SPECT {8 21T o1=& 2 5.
23.0xLDL & —H L =S RER i E/ o iz, £z, BAT £E X NS EBLI~DIETEE
£H(X. BAT #8IB9 52 &Ik YEk Lz (B 11),

Animal: C57BL6/N, 6 w, male
Body weight: 18.7 g
Dose: 1.18 MBq (725I-oxLDL)

Protocol

- 125]-oxLDL injection
10 min

=+ Perfusion, fixation

\4

After BAT removal

18 hr SPECT acaquisition
v

11 '25]-0xLDL DT ™9 X BAT ~D&EFE



UL, BZ - EXOEBEHETAAIA TS EIRILY— y ERHEHZED 11125 D
BERIEICE L, D ELEMICHE T2 EEMGEARRALROFFEIEFRIEETH S &M
REntz, %I SPECTEHELEDHS—X T —IL EREHREDEAIE., & 5 LV exvivo
T—bSPHTISL(SOFINI/TTL) KUBLNLIMHEERELOHEEBANS. E
EMBITEDHINEEBRASERLVEEZ TS,

(U]

KARTIE RETES/ ATV ARARZHET 516, TOEBRMELTOA
A= UTERYT 4 UNENA SPECT, X #& CT) OFERZEZ®RETL, BEICHR
REz&SI2. 2S5/ AT AUV RATIEEBE—A—ADERKFEREHE LA S RELABE
FZEBINTZ 510, BEERE (Precision medicine) #ARL 5 3FHRELTEIRS
NTVR ARZICEVWTLEADKEEREZMRELTRMMSBEANE D —LLRIZHRY
FTBERARERHICHEILT S50, 2F - o2 —[f. SSICIZERNDOKEDCTH
fE. AREELEEEZM > TP IENEEICHDEER D,

Fl=. £33/ AT 49 A0HTHHILEA Radio-theranostics & (&, $H2ZRIREE(IC
ERIHIEEMIHL. ChERBELT H-HOBFAERLTREEA L [DFA A
—OUT1 L REEZEME LEBMEAMRMTREEAT S REFARE] ZREeStE
HDTHY . EITHABRB~NDERAINBEAMICED SN TIND, TOLIGH, HE
HIETREZICETLIZME I WARIL Y IREL REAVLLZLONETH =M. ]
HIXofRHEBREICLIBREZABNBERTAESCEESIATEY .. %0 Radio-
theranostics ~NDERELEDLY DDH 5, afFMHRBEORETLFHE LT, MR
ENEHMICHEL &N D (BRERE) DHVBSETHLAAICKTT HAERMRELNRER
THRETINEZONATWS, LML, BEZRYBRTI CLICRFZTDILD, T4HB
FRFOILEHAME=FHLLEYME L TOREUOARRNEREIZILT HEFEEA—F
T. BRATRHEERIIFEET SIEROBEOSHEEHT S LIFEREICHLL,
ZCT. ROAARELTIEINOKRIEZARILT D LICHEHEEFATIN D, aiRE
DOERICIRF#% (BEFEHE) M oRFICHE SN SEIRIILE—0 v 04 X B2 H5
BT S EMNaREEGNIE, BREBOERECELBREOAMZEHTE S, Ch
EEBRIDICEBEREZH-TEECRERNOBMEL VNV SEIXZIFOTI LAY
RAI—DB LR EZDN AFENICIE o RREZEEONE TR & IREFRETEAREIC LT
Radio-theranostics FENDERRIZHFT 5L ZATH 5,



Notch RBRZIZM & T 2RAEEICED CHAMES AREDRA

K&K, BRERESH (REF AKSFE 5 —)
IMNRE L (EREFERE)

EBs. AEmF (—REBESH)

AIESFH (AR TRAEE 2 —)

[IZL&HIZ]

HAMEBORRE L TEBAFE—MARITONS, BERICIE., EEEENHL
M LM WNEIATR Y —ITRET 5, WoABRLEESOERIL., LEEEE
MR, S BUEMENEET 5120 EEX DN TS, LEEEE MR 3
EEEMNEL . ["®FIFDG-PET TORHLEH# THS., —AT. LREEIEEMEICE
Notch ZBRAENEZHERIE L TW%, £ TAMETIE Notch 12 & L., ['®FIFDG T
HERH# L EPREEREMAEZ Notch VAV FTRHETES TO—J2R%T 5, &
SI2, KRTO—TZ2NRABREIHAT I L CHAMEBEEOH-HAREZRET 5,
F71- Notch ZEKRDFMHILKIBLMAL. FHROBEHFICE D EFIRMEEZENL
LTEDEBRMHAREITS.

INHERE T (SHIREA R —HIC L 2 HAEEORKRHID—DOTHL, ERIIIEIH
F T/l EOEFIER S K UHMEARH— ST DOV THERZEESD. Notch >4
ILRERF I — IS 5 2 L PEEEEEREME~NDOERIZFESE TSI L%
BELTWS, ChoDHMEFELC T, MERIHEMEREE H69 MR L Z DR EEAIE
MR HEOAR Z#H T D L L L ICHRIRBINITWELFEETEI TS, L LH
EREFINFET, ZEROEH BB CHEEEFRATMOBEENBINET>TE, F
IR EBRER & DA BREZBAD ZEHXLIEERIDHET LB EFEREAREZED T
W5, AEIEHME R TRERWN A A—C Uy F R FENE LT, TOo—T4
BOERERBETMEZEZTILLELICES/ RTA UV RAAEALERLTLS,
AEARARRETIE. CAETRARENRBICERL TEHAREZEZR/E L. Notch
BADLDLTFIVGREIZRD 2 /Y BEREEERAOHENT LEEFIBARICERY T,
BAMICIE, BB - BiLLRIE Noteh 1239 2R AR DOEE. AEFIDESERE
PRI 21T 5. EBEIL. Notch RREANBVERMMEZRTVHY FORFARUZREK L
)AL FOERICE T HBEMEEREITE 1T 5, /M4 - BREBIE Notch BHK Y Y FDE&
BRETS. £AE - RA/NELEOHAEDOERICE CTEMETILEERL, REL
F-EFURWEIZH L. SPECT/CT BREXFAWVWTEE LMD & ERDOEBEERMEIZD
WTEHEZ1TS. ChoDERAEASDE LT, Notch ZEREZIEMET 55/ X
T4 RTO—TDRIEIZHAT,



(B - #BE]

FJIE Notch 2BRIHEE T H2ERIFAKZIT> 2 L THifTL TEFMZREEZNE
REERTAOD. 7—0XT7—2a iAWV 3ab—2 3 U%EE#EL. Notch %
BAROEHIEHBZHERENICENT 5, SHICTOERIHAEL LT, BHERM L
BEHEEERODFREZT 5. RICKENMEHMICE > TERTF FEIEOHT %
BR{E L. RETSN=FEBIDEREITO . FLFHRFEZID Notch SBE~DRMNM ZHEER
THEOICFHERZREEL., ERMNTET LE=ERZIERETET 5,

#¥ 1 DEOB@ETHS Notch &
SFILOEEZAERETHEN. T T P -
[Z Notch1 REAKEZDYHY RTH e
% Delta-like (DIl}4 & DEESEDIESR
BELHREINTWHS (K1) , 2
TENESEIZ D4 OEBHRTF R 7/
£&M L. 20 Notch! SEAADE {
BREZEME L - FT ARSI L
LTI DII4 O 185 Hh > 204 BE(ZE
B L. Fmoc BEIf8&MEIZ & Y DI4(185-204)F kxS LT=, B ZHET 571
IS NFKRIHIZKRYTF LYY a—)L) > h—%H L TFITC(fluorescein isothiocyanate)
R ELTEMLI-, 85N FITC-DI4 (185-204):F & AN %, recombinant

1 Notch 2BAKDUA U NEEELDHEIE

35

25 /é/

absorbance (450nm)
1/V

0 2000 4000 6000 8000 110° 1210 0 0.0005 0.001 0.0015 0.002 0.0025

Concentration 1/[S]
SHIYRAVToTOYE SA U T—/\—/N\—oTOvk
2 recombinant NOTCH1 I=39 % FITC-DLL4 (185-204)% th o) S04 ST

Notch1 ZFRWTEREI L=, §RfIi% & L TIX 96 5vF L — k< recombinant Notch1 #[&
FEL. FIITEBEZIR ST FITC-DII4 (185-204)iFE A E RIG S, kB EBICH FITCHi
KEZAWVWTEEZTI & TREMMBMIRZEROT-, TDFER. FITC-DI4 (185-204)D



HIME Ky) (£21uM THEZELSI-F- (B 2) , SEIFZDE ST FITC-DI4

(185-204)FFEADHEREFTE Z 1T L.
[CEFTEHFETHD

RIZ FITC-DII4 (185-204)5& k(D Notch ZZ A
EEfEICOLWTHIRERWV -7yt EZEEEZHIEL
f=. F/NiERa MRk THSH HE69 ZTRL . Notch 5
BARENLI-HRaEEEERZEE I SHZLET Noteh
VY FILTH®D Notch ZRRAEMBERAR ALY
(NICD)D R AT B EEBEITT AT HREIULL
EIFBHILEEA -, MRAMEEERZEFD HE9
faZEfEM T H5-DIC  BERELTIE 3D HBEET
W RT7TAAMREERSESIEELTZ, TDT=HIC
H69 #fZXTTAART (/AL —TEEL, #
fazmplse -, TDOMERE 5L, NICD %
Western blot [C&UEE T A EERTEEDH TS,
9 TIZ NICD OiFRHEHFEFIRELTEY, X720
AFEERMEEHEASE & HEIFEZT>TLS (R

FELIZHEAMEOEWWRTF K

SYIDERK

kDa

180
135

100

IE «—— NICD

63
48

75—

35

25 —

3 NICD @) western blot

3),5#%IE. 8L D4 FEFFERI7O/RIIREIE T, FOEEFHOMMELR)L

TORFAZETITETH D,

Possible stages for “Context” determlnatlon S|gnaI|ng

L|gand

EGF Domains

}/M]B or

Pulling force by
Clathrin dependent

..1;" endocytosis
S

S

Epsin (interacts with AP2)

C2 Domains

F:E EGF Domains

Notch
Receptor

A

For receptor and ligand, there may be
lipid dependent structural change for the
context dependency.

2

ADAM for S2
cleavage

//
4,
%
Z|

Intramembrane
Proteolysis

4 Notch ZBAKFEIHLEBEDOEXK

—7 . Notch ZRFZEZFEMELIH-AREDNFAREZEE IO HABFEDLT
FUVTHBO D FHREBDORERICEIT =R EITo TS, Notch ©J U2 T (E, #l2D



EHFETR—DREVST-ZEHIR—OHERDRENHIBIEICL>TRLGEDHILLE(C
RN 5 k512 context dependent THDH LS, D context dependency FHE FTDY
FIV T B DREBENRREDRBETH D, ifi. Notch ZRIKYH K Delta-like(DIl)1 &
Di4 LTIEZBAEEITHESHIBOLAR ANEGLSIEN TSN ' TOHRETIE
DIl1 A% Notch1 Z2&{KIZ#EA I HE T, y-secretase [IZKDIRNYIET A 5D Notch Z &K
HRBEARAC(NICD)D R (ZRIRDFEMIL) L/ LRABIZELSHH, —A. Dl4 DfFE
SZRAERADIEEE NICD OMEEFHFEMICELSEEIENTRINT, ZOHRE LB DR
REIETICE>THREENS NICD (&, ZOFFERRNICHITLEEICES T 41=8. NICD A
I ORITEMEZTHEFHMON TGN, DFY, BEDUAVIYREZERIZES
L. Z0O#ER. REF N\ VEHAENMBERICKESNDD ., ZOREHAHNEGESILET.
ERHEGTFRENELD, COMERK . FAFIVRICEEEZEZ S context &IHMAH,
ZTOHBIIEDIIBION? CONFHRIBEALHELTIKIEATHRED B THS.

ER®D Notch Z2FRADUHURIZDONWTIZLER® D1, D4 #&T 5 EELAMONS,
Chillakuri 1% Jagged-1 EWVSU AU RDOEERETMN S, ZOMBSNEIZICZIE C2 FAS &
FIENDIEERERENFETHILERUIZ % RICZ DI, D4 [2H C2 RAMUNFET
BHIEMREN, FRIATIE Notch ZEAKRDEMHLIZEVWTIIVAUFDOIEERHLES TS
EEZBNDEIITHEOTLNS °, Notch ZBIADHERED glycosphingolipid IZIKF T HIEM
HEAEMZNERTRINTLSL | REOREIL. TEDKSIZ? 1THY. COMREILE
KR OEREBEITLILTIEERELE R D, HAIXLABD context dependency D
WIEMERZBETIZHT-Y. Notch ZBERLIEEDIHERBOAN=_XLIZEETHILL
L7,

BN B ERREDHERLHEN T A LETOHBO—DIEARRRET DIEFV/NVED
HREZHIH T 2B ENLGIEEEZERETEIAIZHD, COAICELT, ERIEBERFZEAEK
(EGFR)IZEAL TIZ. lipid ordered (lo) phase ## 3 2 DIE~D BB N ZER I,
AVTIVAIRD—D2THAS GM3 NZEERFHEHEITHIENREINA TS ', ZOFHR
EHFESEICL, HAIXGCM3IZEL T Notch 2BAREDHEMEREZATLNKIEELT-, — A,
HARFETHAN . KMRTIEH. £ . 2 FHHEMEE (MD simulation)IZ&>T Notch
SZRARLIBEODHEERICHAYEDITTHMD, £FE, mutagenesis FNAELFHEER. 18
ERRNERETICEEL . T ERICHRETDHRICEALT. CCTIIAIBEZEE
HZ Notch ZR{AD RS R EEEIM)-REETM)-HfaERREEIIMET 2 /3
B R ZaELI-RETHIEICLI ATREEZEEDFRAE. TOHEBDODEENESZT
HBIENKRZLR R LMD, EIM-TM-IUM BRIERRLETHEICEALTIE. £@RZIBHT
[FHENWCEARAELEDZZEIETRICEREBL TSN, HRIEITBEEISRIARESHEE
#2159, TOREELOHEEERBINCEN. BERIZBITAEAV N\ VEDOEMILER
BITAEICBITEHRATHY. CCTHRONDIHMBEFLIVYE XA, 374h5, M. BEALA
IVDBITICENT ENBETHS, ZZTIE Notch 2K EIM-TM-IUM BLIDIEE —F



BhIcHT5EE., #E. ZLTUAUREIEE OHEERAD#ENTZE MD simulation [2&>T
ToERERRD,

F9 . Notch Z2FAD EJIM-TM-JM E2F|IZBIL TihRBH, 22T EJM ELTWLWVADIE, —
fiZ#1Z1% Notch regulatory region (NRR)EFEENZEBITHAD(HE 4 DEXEESE),
NRR [EUHUREESEIZE TS EGF domain JE—r& TM SO ICEKET S,
Blacklow 5IZ& WU EMMTAER SN TEY *°, Notch ;FHALIZE T HBEELDETILL
RIBEN TS, K4 OEXKZEALDIET, Noteh BT EEBE BN S, £9. &
¥4 H#Ra(signal sending cel)DREICHFHETAVAVRES T FILEZET S
(signal receiving cell) EIZFIE L 7= Notch ZEA D EGF domain JE—HNIHEET S (HEE
EBELIERESNTULND) , TDIKREIZH VT, YA KR signal sending cell IT&DIURHA
b= REZIT5, TOFER. VAUREFEELTULVS Notch ZFKIL. ZDHME O SMEIA [
AN (ML) ERIT BT LTS, COMLIDD NS IEIZES>TINRR ([EEUT:
21272Y . NRR RERICFFEL TULV= S2 S ER L A /AU E R EIZEH L. ADAM10 IZ&
SUMERITHI LGS, TOFER. MRRELEIZEST-22 /OB H¥ y-secretase D
BLibd,

SEAEICEALTHEICHRARS, EIM-TM-IUM B2 RICET 2B EDORE ILHFELE
LND T, Blacklow 512&% NRR D#&1& ° & Sanders 52k % TM-IUM D1Ei&E '° D EEAZ (pdb
T74I)%E CHIMERA EWSY IR T 7 TRIFHAILT,. SEDFHETHWSMEAEELL
f=o COWEAEEIZRAL T CHARMM GUI &LV web YA LIZEWT, BEADIEDAHE
TN "2 MD simulation Y77 NAMD &> TERFHFD MD it EE1To1=. 56
EROFHEICEWNTIE EIM-TM-IUM F. ZHFEERICEEL-, SEIE2FFEDARE
L. 945, POPC/POPS, DOPC/sphingomyelin/cholesterol/GM3 A TOEHE£1T5
ZEELTz, BEDHRIX lo phase /T D ENBEATHAHATHY. FibdD EGFR
DEBERRTOREEBRITER ' CBLWTEALLATLVEDTHS,

EIM-TM-UM BN =S FDEE_ERFICHTLETENHERTHLHA . LikOmAEEHE
HKIZHEWT, EIM-TM-IUM 2F & EIM EREENLTZEREER TS of=, F
f=. EIM 8B4ii. 97%H5. NRR (X GM3 ZNH L TRIZHE AT HI Lt otz SNHDHR
FFRDELDTHY . INDEMENICEBLLGIAEEMEAHHILIFRITHRD,

CHERIAEITLIRELUINFEIL NRR A GM3 LHEEERALISILERHLIzATH S,
GM3 [FHIKIE LD microdomain, ISR IICHFETHEEZ LN TS ', Notch HZD
NRR-GM3 DHEEEAZNMLTIIMIFETHEVSHAIFRHRHEM LG, Z
BRD GM3 R 7F T HATREME (XA YLD, 22T, H 4 (F Notch, GM3 [2hIZ., YAV K%
COBERBOIR—RUMELT, ZORBEMHZERMICIEDSZLELTZ, DFY. Notch
DVHUETHS DI, D4 DIFEHEESEIZE L C2 domain & GM3 EDHEE{ERA%E MD
simulation THTL T &ELT =, AEICET H5EMITEIR T 5. CD C2 &£ GM3 D4
B {ERENTIE MARTINI A5ZE AL HERIEETILTITOCEEL S,



DI

DIl4

B1-B2 loop B1-B2 loop
interacts with interacts with\ ¢ /A
GM1 and GM3 GMT. A2
B2-|§3 is free B2-B3 |700p
from lipids. interacts with
GM3.

5 DI, DIi4 ®#Ei&EE B1-B2(Fk), B2-B3loop (F) o

AW-EE_EROMMIEILLTOD 3 4. POPC/POPS. POPC/POPS/GM1 .
POPC/POPS/GM3 T#H% ., 5 E?M MD simulation [IZ&>TtHhh->1=Z&I& DIl1, DIi4 @ C2
domain £ GM Z N LTCIRIZHEE THZETH S, DI [TBIL TIL, C2domain 1 FHB & 2
ZB D B strand(K5)DRE D loop(B1-B2 loop)hs GM1, GM3 TNENIFEETEHEND
Mof=o —A.DlI4 IZEHL T, GM1 IZxfLTIZ B1-B2loop NHEEBEERAT S EMNERERSN T
A, GM3 [ZxLTI& C2 domain #1 2 FEE 3 FE D B strand (K5) DRED loop(B2-B3
loop) M HBEVEAL. BICIEFES M h oz, COFRERIFEBRIELY, Hozumi H5DREIC
&5E. D4 IZHFHZD B2-B3 loop (EEFEICIETDRDEFIZH N THB T HEREDIE.
Notch ZBARLDFEEICEAETEHIEMNRINTEY . 2D loop MEITEFES>TLES L.
SZRREIHEERALEWEDHANTRETH S,

SEIDEFETIE, Notch ZFKIE GM LHEEERALSSIED RSN, ZDVHAURTH
% DI, Dlli4 DB RHERGIE GM LFEE L. Sl DI ITEWLTIE. RBRREDHEEEH
BRGLAN. ER D GM3 LHEERAL. EICEF-TLESIZ L RSNz, CNODFER(E
Notch ZZ&{K& microdomain, 7 DEEEZEZ TLKETIX, SROELFHIEER (BB
BRTORMICAREESZ 53D THS,

Notch Z&{k& microdomain DHEIE. £FRELICEITHEREEZEZ T LETIEIEE
[CZEKRONAENRTHS . RIADIMETIL. y-secretase DEH &L TD Notch 25 AT
F.2FY, ffas s ERIELI-(NRR £ &% 4L EE5I(E Id (lipid disordered) phase [
BEITBHIENTREINTD ", SEIDHFERLEHETEZSE NRR A Notch ZEA% lo
(lipid ordered) phase. DEY. microdomain [CREIZHFEESE S, =X, FTADHEAZE



FIELTWDLDHRETED, — A SEIFBEINT-DI4 C2 domain O GM3 [Zx19 5
AHRKEREN, 2 DHEEIZTHS context dependency ZFEZEAM T EZATIE,
D4 DZREFMHILIZEITHERUEEZAS55FRTHALEDHE RN AREETH D, b
DFERELEEL. EYMLEN. BEILEMEREZIT>TLIETHD.
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ERA A= U TRiTE IPS MERTOMEIZL S
IN—F 2V VIRDIRERREA & HR2H - AREDRRE

mBLLESEH iR FHiE=E
mYELEESH B#H BHES
MEERFR R SHM=E

MEERFR B#H AMER

sHT
r$~
sHT
r$~

[IZL&HIZ]

IN—F Y UREIE PNERED BN UaENRIRMICEMSRE T SHEEMERET
HY. BRIZIFH 16 A, HATIIH 700 EADEBEBN NS ESNTINS, HEED
ZLE 5 BULDEHETHA b, BEMEHRZDZ-BARIZE ST, /13—
FUOVIRDFHES S UVIRABAEEDHEILIZEZARAAD QOL M LONBICELSE
ERESLUVEEREEOBEZHOB AN LEREDOREL T > TS,

WMAEDRREIL, EYEBCKESFEEEG EDMEFRENTRTHY . FEIRDE
TIXTELEDZENTZHLOD. KEDETZDLDIFMZ ST EAH L LY, —HFM
[SIR—F VY UFEDEBEERARET S AHIZIE, BEFELTULS K/ UM
20%ETFES>TWAEINTHEY . RELTHLHBRREOFHEREZELTLFENT
HdEEZLND ', O TN—F VY IURORELTRAICIH C I LIE, AEHE LG
OTEETHY . N—F UV URDFHEEHEILT 50121, PRSI UHEORES
KU, TORBEDRIEEME LTECHAREBHELEZVLRIRA. REZHEZHRT
5T EMRDEND,

F i E, FEMEERHIRE (embryonic stem H#HRE; ES #fE) LA I Z e E#IRE (induced
pluripotent stem #AR&; iPS flifa) & & DL REM BN SFE LT /S UiiEiEla %
AW MBEBEAEORENED LN TS, COARBEEDH AL, FERHSRIE LI-#&
THEZ-MEEMICBIET 5 L THREBEOHENRAHLRATHY (. BEIZTD
ni-hiths RBIEFEAE CILER 2:EX L, REMNLGHENRONLS LALLM ELG
THY 2 S, SRR AV -HRBIELEREO—RIE/HHFTINDS,

CHERDLE, AMERBETEHA—F OV URORELRSEDLYDHS o-> X
DULAVE VNG BEENE L. ERA A= U BITERW=REDTRIE & iPS
i ZzME S E-MRBEEZAIM L. BREFZIGA LN AICKL SREDREIZLY .
N—F Y UROBRHZEE S AR AL (neurotheranostics) DRI Z BT,
EBICIE. a-P R LA VDEERS S URHEIEDBREICE T 5B ENLTEL 31
[CEEHTTHIET, a-I XY LA VICKDRERGMELEPT LS LE2BET.



(5% - #5R]

1. a-Y X9 LA UDRRGROLERA A —D 0TIk 5 RHZHEDRFSR

N—F 2V UEOREMR E LT RF NI UAEICLE—/IMREMFETh SHElaE
RPBAERIRENDZENMON TS, FERADHMETE a->X I LM V2 Y
NI BERN—F Y VRN RIET DRIRMEN S, BE. EESLUVY VEEGE, oV
T A= aVvERESELACRANZERET S EAHALNIHE L TETWNS 3, 1§
2T, NS UHEHRNREZIRODANIICEC D a-X I LA VDEA T I VI
BEBEZLSLIURNGEZ. A ERUTRTEREHEL-EEMEAVA A —DY
TIZEYRRIELT B ENTENE . N—F 2V VFEORADEHE L UERED T
ERRED—BICLGDEZAOND, ECTAHETHE, a-o X I LA Vv ORREREEZR
BTEYET L EEMRETLOERE LIV a-v XY LS VITHET H1EEY.
SHICTEENFIGEEZET SILEMDRI ) —Z VT ZROEKEEITo 1=,

11. -2 X7 LA VOBRAGREOERS A—S VT E#BELEIVRETILOMER
a-> XY LA VDKNIEEE in vivo TEHETESETILYVRDEEZIT o712, In
vitro TERLT=E b - XY LA 2B 2N B PFF (preformed fibril) &% < ™ R ik
(RER) ITHEFAL. a-O X LA AN ED PFF (- X9 LA »-PFF) @
HPNGHE, BE - MBS SV VBRILOBINEITo=, EFa-P XV LA U-PFF £ 5
HGSEALT=2 » B OMBZMBITICSE T, E b a- XY LA U-PFF (&, SEAEM
M OIKNORTEREIA > THE L., FITKRHREIZE WL THEHaOMEKIZ. T0T
FILHER SN (B1A), S5I2, AR VRADEEY > TILICH T SHBFM 75 f2 4T
ZiTof& A, PN UMEHRAOMIEKIZY) VBE o> X LA UNESHERL
TWBIEMBALMNEL STz (B1B), £z, R/ U HBOMIBIKIZIE,. EFa-PX
JLAODITFILEER SN (B1C), §&(F. COETILIVRIRT /A—F>
YV URKRIREE DML HET EED S L L IC. REIZHNEDRILIZAITT,. 2D a-¥ X
LA UDERAEGIEEZ SPECTA A=V VI TIRADZENTEDIMNERIIL TV F
ETHb,



Eha-XoLA1>

7 >{TH/Nuclei Eha-2X %27 LA 2/THINuclei

hSNCA-PFFE52E| G hSNCA-PFFi% 5.8f

1. Ebo-YRXRO LA U-PFF5 ug ZEEY IV RADBERIZHEEIA 2 y ARIZH T
i88%, (A-A") BIBEE. RERB L URBEICBTSE b a- XU L1 DEEE,
BXEEX. £ SNCABHMEETRT ., (B,B) REEBEZHICHITS) VBt a-o XY
LA UvEXUFOL VKB EEE (TH) ORESREE, (C) BEBEHIZHTHE L
a-V XY LA UELUVTH DRELRERE,

1.2. £ ~iPSHilaZAWERETILERV-RERSE

RIZ, E - IPS HEBEZRAVT a-o XU LA VOMBEGEES L VREXBEZBHRT
E5in vitro BN ETILDMEIL E1To1z, £ FIPSHIEEN S =R THBEFELZZANTE
B-REABREBOMETILOERET o>z, E FiPSHIlaM S ZRTEFEEALT.
i K/ U miE e ORI T H HEAIFA (ventral midbrain; VM) —Za—0X 7
I7E. PRSI UBBEOBRFAETHIREKADAERE THLINAERERREE

(lateral ganglionic eminence; LGE) M =—1—ARXR 7z 7% FTNhZNFEL., mMEZR
BIEHILICKYRE-REABRBOERETTo- (B2A), FE20 HBIZHEIT5E
EFREBTICHVT, LGE Z2—AX Tz F7TIEVM Z2—O0R Tz T EHELT
LGE BLUKY—H—TH5 GSH2 5L UV FOXGT1 DHFEBEMNE., —ATVM =2
—AXTI7TIELGEZa—AR Tz 7EHRBELTVMI—A—THS LMX1A B &
U FOXA2 DEWVWRBRMFER I VM fEi8H &K U LGE B DEY R IFATETLNS C



ENFERENT- (B 2B), S5ITCALNDZ1—ARTIT74mASE. 64 BETH
BETV., RELAICEIEBENENTZT>IEIA. RN UHREOI—H—TH
5F 0O UKEEEEESR (tyrosine hydroxylase; TH) Bl D#iZehss, REEEEN HR
EAREHICEFLTWA I ENHESN: (B2C), 5%, fRILIz=2—0ORT7T
DY A XPMEDIA I VTR EDRFAZTV., RE-RERBROKETIVEMHILL.
a-o XY LA RO A D =X LERICHIT-MEETILOBEEXEIET.

A PEPIE
chb \
E F iPS dpa
FHE208E Fide4 g8
B FOXG1 GSH2 LMX1A FOXA2
1.5 154 150- 100 - 4%
* £ 3
2 ® 80+ [ ]
& @
1.0 1.0- 100-
S = % S 60
ol . } E
> sk -
&= 05 0.5- 50- 40 »
& il - 2.
L t 3+ 3
0.01— ' 00— eoo— olege—  oleees
LGE VM LGE VM LGE VM LGE VM

THIFOXA2/Nuclei

L '
* 20Qym ! 100 ym

2. E~IPSHIBBEEMETILZAV-RE-REAEROER, (A) BRE-REEKE
BEERLBREDEXE, (B) Q-PCRZAM-LGEZ2—0RJxz7HELUP VM =Za1—0O
A7z T7ITB T HELRFHREREDOLLE, **p<0.01; **p<0.001 vs LGE, (C-C") E k iPS #H
RBRRE-REFERBICE T 2RERBE,



HE., LROBRETLERAVTREFRANSEERAD a->X I LA U DIEEEE
BILETIDEHEZEDH TS, COBEMZETERT H-HOIC BERKRIZE TS -2 X
JLAVDFEBRZI FA—I)ILTEEERRRADEENTARTHS, €T a-¥ XY
LA UDREBREEABNIZOY FO—)LTESE L IPSHBEOEREIT Iz, 0- XV L
14 VDFERBOHIEIZIEX. FFH 49 1) (doxycycline; DOX) FHE T TEEDNDA A =
VT a-Y R LA VEBRFHBERTEZVATLERY AN, EMERDIRI2—Dk
HHETo72 (BW3A), CDRNYA—%FFHLT, Piggybac VATLIZKYE b a-XY
L4 > & mCherry #a— K3 585 %45/ LADNAICEA LTz, COMIBIEX FFI 94
1) VRN 24 BEEICEWNT, ER o-v XY LA & mCherry 2B LTS &
MR Iz (B 3B), §%&. C0iPS #ifahs o wiFMEA~NTEEL, - X L12D
REOO FAO—LERETEIFETHY . a- XV LA VICEB LI-REBRETIL
ELTOERMEZHEIILTLL,

B

| IRes (GRS EF1a + nTA {IRES [ PuroR |

{mCherry/Nuclei
+DOX

50 um

3. Eba-U XU LA UAHIRIRE ~iPS MBI, (A) a-2 X T LA & idibil5E
REEL-HDRIE—DTH A 2, (B) DOX iHiN 24 BEEICH T 5 RBEREBRE,



Ff-, — R FANS DERIINENIZ - XAV FRBELTWS 2 ELHL
NTW5, a-2 XU LA UDOMREIGEZHRET 5EKBRRITEWLT, /A2 VR o-
DRXROLAVDUTFILHERINIIEE. REMICRBELTWDS -0 X LM E
ERELTEa- X LA /’&EﬁUL’CﬁgT%)LZ\Eh“&éo % ZT. CRISPR/Cas9
DRATLERAWTa-V XY LA ViERF (SNCA) #/ v 7 kLI=E iPS #iflgad
W %ET o>k, A4 F RNA &Y — )L T&H % CHOPCHOP

(https://chopchop.cbu.uib.no/) #FWLVT SNCABRZFDI XYV 2 #ZEME LT/ v
D79 b%EToz (B4A), HA FRNAB KLU CasO DTSRI FEEALTIPS
fan s o—%EHERL, 7/ L DNADESZHERALIZEIA, —DOYA—VIC
BT, TXVYU2 LIC1IEERBIZEKETIL—LY T FOEAICEYILT: (H4B),
SH&IE. COMBEAVTa-OX I LA UNKERLENWI EE/ERAL. AIETHERL
ERETILERAVT a-o X7 LA VOGRS S WREREMFOMERIZEAL TV
FETHD.

o B
Human SNCA locus | =E b

WT GTGGTGCATGGTGTGGCAACAGGTAAGCTCCATTGT
1
f |

f

|| |1‘ Il

|

] || ly ot |

_m_ | |I i | Inl\
I|||.-JI ||I |||'| |‘u| I| I|I||"| ||| |"||| nllll ‘IIH ‘

|! 5!|

[ Eaip %

SNCA-/- GTGETGCATGGTGTGE-TECAGGTARGCTCCATTET

r
|| I ‘n N |’I N
Target PAM e, ] i

il
"""h“" "||ll l‘ﬂ'l't.‘lul "l“'.“'w'"'(

SgRNA 5 -GTGGTGCATGGTGTGGCAACAGG-3

4. SNCA 7 v 27 hE K iPS HIFADHIL, (A) CRISPR/Cas9 Y AT LZRALV:
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SO REGHL - BENECEDH S 45, R—X VY VRO RIS - AEEDRRER
ERDBMREEFIRMBIAL, - XY LA UD5E - #REBIBIZDULNTD in vitro f&HT
== L=,

21. YaAYEFUrE P oY XU LA VDR EEE - BHLTHEROEE

EERICAWAYIAYVEF Y FE OO LA VORGRARR -BRUREEBEL:.
KBENTHRBESIEE: His 27MEEF ooV XY LA VEBERBEBEICTHEL.
N7 IA4=T4VBINTS5T4—ICTHRLIz, TD®R. 2 VEINZTOT—E0E
[CTUIBL. BEN 774 =749 A IS T4—%752 LT, Eba-¥XH L
AVFERAB Lz, AFETEFO-VXI LA UAELNTINS Z &% MALDI-TOF-MS
[CTRERRB LTz, Efz. FRILTz 0-> XY LA »I1& SDS-PAGE [ZT 95% LU LDEMET
HY., KBEEBEZR1LHMS20~30mgDE U BEZRKERELE (B5),
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NEELTRELELDBEL. QRICHERNIEREEL TREALBRI IBEO R
BTHETITDHENS, EARKEMHERETIVICAKT S o7, ZC T ThT IFRIZIERIEL
W=, BABEN LR LIBEOSETOHMBIIZRTRBIEIC, ThT HEABENERMI
EFRIHHMII R BRRBEICIIGTEHIRT), COETILICEDNT ThT HARET —
AERITL. B BB DRIV DT IERRT B/ 5A—FTH S lag time ELUVH M T DFRHE
BREEEH kpp #EBHTHIET, a-XRILAIVDNBINREBEOEIEATIAARGRE
DEBIEIZERDEEER T,
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7. FAOSED T HEBEITES a-2 XIL AT IOA N RS BT

N—F Y URREERDVEDIZ, HBRATO o-> X7 LA U OBERBRHNH D
8, LIEMEESHEBETHSD 20-50 M TD a-X I LA VD7 I 04 FIEHBERERAN
=& 23, BEKREMIC lag time [$5EHE L =A%, kapp (FBREITIKST—ETH-1=,
CDIENL BEKRTIEE/ Y—RLTOEREL EDEEKRFHTARENERIZE D H.,
BUEBRTEIE/ I —EREBHEDESTIERISEI Y., B HEEBOREDOM AL
EVWSREHKENLZBAENMERTHD Z ENTRE SN,

a-RXRY LA VIFBEHMTIES VA LIAMILTHEN., —ED o-> X LA UITHERA
TOFTRPMBIZHEALTaNY v I RERBT S S, BREE a-> XU LA Uh\RH
MRIZEZ 2 EEHARLH. OF TRNMEEEBLEZATEEE/NMIOXEFETTO
TIOAf MR ETF@ELz. TORKRE. BREE oo XV L1 VREITKELT:
lag time DEMEE kapp D EFNZEOH SN, BHEER - XV LA OO & RMEHE
DOEBREEZRET S NN o, BEROARICKL ZREBRBIEOREKRFED
BV BEELTRKPEFRGIBETREBRRNMECSZLZRLTEY (B8).
HIRATO a-O X LA VOBMBIEICEVNT, BEEHEEROEENAEELERD
VDEDTHAZENTRESINT,
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23. R—FX VY IURERIZLD a-V XY LA VDR - LR EBBORBNT
IN—F Y UEDREICIE,. ad X LA VOEESPHFIELR EDEMEILHEL B
DB N—FY UROREICEAL SELFERICIK REFE TIC8FELE (A18T.A29S,
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3. RN—F UV URICHT IHMRBEARICS TS BEMROZEE=4) V4B
L 7= neurotheranostics B8 DEAFE

RE ZREMRMRE AL AA—F 2V URICHT SR EREDOHREN N EDH N
TW5, fifaBtEaRICE VT, BEMEORATE=2) VJICL5nBEEHEDHEIL
FEZELGFETHD. BEICTONIAA—F 2V URISHT S RMEEBHEIZH 55
BiNZERWEAETIE. BHELEZHEAD a-O XTI L1 U2 0N BDRE - EEHE
BINTWD B, COZ &b, REIMNGHRBIESEDNREDIERICIIFHEHE L f-Hia
DEZRVJICKEREEBEOLEENHEEEAOND, LIEZAST  a-¥ XU L
AVDRRA RN OBIEMEADEEOARILS K CEEHEETIC K SHEEEHE

(neurotheranostics) MBFEMNMFRKRHONEEEZ NS, £ T, COBELZER
TELERRDMEINT SO . BHEICHWS E b iPS HIFEHE /S U MiFFIERMEIRD
FEEOEIAISLUVN—F VY URETILEYOMILZ1To 1=,

3.1. £ ~iPSHIRREK F/S U HENEEHMROFRS L UHREL

E kiPS #ifaN 5. BHEICALS R/ DRI FELIDORBIELET o1
FEMREOHRICIX., MEBERRICAVWSZEEZBELTIVSEE 16 HEDOHIRE
FRAVWT., RERBICKIREBEYT—HI—DOBHEOFEET o1z, £9. FE LMK
[CHITHHBFEDRT—CEHRET =01 HRAERMART—H—THS SOX2 &
K UHEHET—H—TH 5 doublecortin (DCX) DIBERDERETo-EZ 5. %
NENK 87%E 13%THY . FELI-MEIEK < BEIERMEOKEZR>TL
5T EPFER SN (B 10A), S5ITHN K/ UHEHBREROYT—h—THD
LMX1A, FOXA2, OTX2 [ZWLvIht 0% LU LEDBHETHY ., BEL THIN K/
HRATERMREFETE S I EAER SN (K 10B,10C), /- 1 BIO#HBZFENE
(12 % —L 275 2T, #1500 FEDHMENESNEZ ELERSNE,
S&IE. ETLEBYAOHBEBERBZHBEL TSN, 1 EH-YB LT 40 FEOD
HEBEZREEL TSI LMD, —EOFEERMILHFEON LMK T. SEULD
BT ABEERICEVTHL LM ERETESII L EHREL,
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(ATTER 10 DERER)
B 10. £ b+ iPS il 5FE L-H ik F/\ 3 UaiZaiERifan:TE GFE 16 BHE),
(A) SOX2 & DCX D#REEAEE, (B) LMX1A & FOXA2 DRZEEEE, (C) LMX1A
& OTX2 DREZBR,

32. =X VY URETILIVRADER L SPECT IZ & 55RO
HEBHEOREICOVTIE. Sy FEAVEETLREFEELTWSA, T (XFHE
BEFELT. TOREFRAVWTA—F Y URETIVOEREEZT o>z, RN U#HEST
&% % 6-hydroxydopamine (6-OHDA) % C57BL/6 ¥ AN EAIDRNAIRIKE (medial
forebrain bundle; MFB) 125 ug M=ZFAT 52 ETHAIMN—F VY URETILOE
BETo1z. ETIEENS 4 BREZRICEVWTAZ YT 242 2 UFRKEEEE % 151E
(2. NN—F OV URETILDEREEMLUIz, TORKRE. FRLIZAN—F 2OV IRET
JLVIETEH LT 771.88175.2 E/90 43 (4 &) DEIERHZRL. LWIhOBEKRE —HRIL
IN—F Y URETILOERETH S 540 @/90 HZE#H=- LT = (B 11),
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SHICERTHERLEEFAMEN—F Y URETILIDRIZIEITS RS D
SPECT 4 A =D VT %4725t PN U#BEOFRHICE Bl A4 TRy (KRS
FSURR—E—DUHUF) ZRAVT, 1{EASHRY 21Mbg &4 5 & 5 ICEFIKE
BckYUkE L., RABRETICHEWLT CT 8&U SPECT DR F#1To1-., TOHRE.
ERELIZN—F Y URETIAIVREIVTNEEEROBREARTIE B4 F TR
DT FIHBBRHEIN=DIZH L, BERIOREFATIE. Bl AF 7LD TFIL
FRESNGEI STz, SO ENL. FEIEN—F VY URETILIDANMERETES
. BEU B A F TRV ERWN SPECTIRIZICK Y, £E-FF R/ AR
DIRFEOEREZERETED LN RSN (B12),

SPECT
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12. BEIE/NS—F 2V URETIVIZE TS "Bl 44 7))L FBULV = CT/SPECT &
B, BRREIE R/ o HBOREEHLERLTLS,



33. AEFL S vy AW -HRBEERRROMEIL

WE. Sy FZ2ANT, SO ETILERILTARCRIFZHEDHTINNS, -
FHEEERICIE, £ iPS HIREHE /NS U miEaiEMiE s A—F 2V ORIy FETIL
[CHBHET HEETHD, TORHEERIE (E LSy R IT&>TERIN S REIEHR
[Ck DB HEMIEDOREZEZR CTzH. REFRES Y kb (F344-l12rg°"e*es) #BA LTz,
DZ v bE, £ ~iPS fRfa B RAZAIERMBEORKBIEICS L TH, REEENEE SN
BOWIENERSINTHEY ., SEROEBHEBEERRICERATHLILEEATLS S, &
DSy bEAWVWTLERTHEEL-E ~ IPS MERAE /NS O mHEEIERMMEAR O HEEER
[CRIF-FlatRet 21T o1, AEZEEL T, FE 16 BEDE ~iPS #ifAHEK K/ S 1
RABRMRE 2 AR S v FO R BIOREARICH 40 BEBIEZTL. 2 BFRICKY > T
ILERE LEBFMBITZiT o1z, £ FERBBENT—H—THSHE + NCAM (neural
cell adhesion molecule) fifAZALV-REZBTIH. 5 v MKIZEWTE MERIDRITF
BEFMIER SN (B 13A), SHICE FEBEMRAEZRAVEBIZEVNVTHEL
=& hHEREIE. MERIEEME Y —h—TH S SOX2, k/ = U waiFaiEMia~—h—T
5 FOXA2, HiIlEAHI—H—THI K67 EEBELTWSIENBELMERY B
2 BRRICEWTIX, 3EEEE L1z R/ VR HIERARNBIEMID X EHERME
BThHdIELALMNEL STz (B13B,13C), =T —EOMMIT. F/8S Ui
I—H—THAHATHZHBELTWAHILLHLMEL - (B 13D), §&. TDT v
FEAVWTHA—F Y URETILEAEEL., BEMEAD o> X L1 U DEEOE
BEZBERITLIFETHY .. EERRNICHEVTRIEHEBEAD a-> XU LS U DIEEETRT
ETILELTOFERMEERIELTLS,
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MOLECUBES SPECT/CT at Kyoto Pharmaceutical University, Japan

MOLECUBES will install a SPECT/CT whole-body rat and mouse benchtop imaging solution at Kyoto
Pharmaceutical University in Japan. The systems will help discovering new insights in biological

pathways and accelerate the development of new pharmaceuticals.

@ MOLECUBES NEWS ~ PRODUCTS  APPLICATIONS

MOLECUBES
High-end benchtop preclinical imaging

12,062 04

OLECUBES installs SPECTCT MPIC meeting — St.-Louis EMIM 2018 meeting — San

at KPU, Japan Sebastian
Looking forward to the 4th annual Midwest Preclinical
MOLECUBES has recently installed a SPECT/CT Imaging Consortium (MPIC) meeting, May 6-8, 2018 MOLECUBES will be exhibiting at EMIM 2018 booth #9
imaging solution at the Radioisotope Research Centerof ~ hosted by Mallinckrodt Institute of Radiology (MIR) at in San Sebastian. The conference takes place from 20th
Kyoto Pharmaceutical University. Moreover, in Washington University School of Medicine. St. Louis, 10 23rd of March in the Kursaal Donostia, San
with the i of the MO. We will be presenting the latest NEMA Sebastian, Spain. We invite you to come to our booth to

Radioisotope Research Center is equipped with an characterisation poster by UPenn, highlighting the find out about our latest scientific advancements in
animal breeding facility and molecular imaging research specifications of our B-CUBE SPECT imaging and installations world wide.

using radioisotopes spanning 60 available nuclides has
been conducted.
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Radio-theranostics % 1E
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ThHbH, LL, FEME AD ZRDOFNTHI G [FE Sk 2 72 RN B R O3 _XTH,
BN AR DFEAYEINC A 595 Z &3 L. AD JWREBIE LD A D 5| & 3K
ABDEFEHEIMCTHD ET D 7 I A RO A — RG] DMRE SNz, Z OEELE,
BIfE, AD WREBIEAURT A LIS D b A 7edt & U CHRMIC R 2/ T %,

TILY A T —fRBEEDORFEINR

T IvA RhARr— REGAERE S TLRE, 2 E TOXAWEETIE/R< AD ©
IEEAGEREZ 2 b e — L C & R BMESGRE (disease-modifying therapy : DMT) @
BAFSIZIANT . AB AR & LTCRBRRFZE N R Tl 72, OIS & LT, AB DE
ARHIOTDD B £72iTy-E 7 L E—BIHEFEIE, BEREE, SEEDTZOD ARV
7 F RN AR FUAN G « BEH S, BRIREBR S 28 ST, UEE, R OHE
X ROBERMIC £ 20080 DEL PR A BB R A CREAMl SAL72 23, A2 3R 72388
TR ETORREIITIEENTZ, ZDIHED AR Y 7 F AZHOWTITBIFRE T IR bR
FHOENBUFHEN I S, BTN TY 7 F BRI L5 ABBOIEN TSN
5, RN S R BEFIEIROWEITERD bR o 1o, BERERS BT 58 15
END 20 L E BRI D AR OIMNEREIFBEICHEE > TNWDH I EEEBETDH L, ADH



RIER D5 &4 & U TR RIRICAE T2 AR 2R IEEME TIEM & 372 2 &3, 1A
ELTHHINET 5L BERADNDICE ST, 61T, BN & < BEMEDOR P
DEERIMRAE O A TR 25l 5 Z L OREE LA 0 E e o7z,

FILYNA T —ROERZHEMORK EEEZN
JE 72 D AR O KM A Z T, R DEERAE X0 S RBCEHBMER < AD
BRRIER OET DRI C& . & DICHE RS CH 5 38IERT (preclinical stage) <°. B
FRABEREREE  (mild cognitive impairment : MCI) D BT AD T2 252 & DT
X DBWrE RO B D X 5127 o 72, & Z T 2005 ££12 13, magnetic resonance imaging
(MRI) 12 X 2 A FEHIE . [*®F]fluorodeoxyglucose (FDG) -positron emission tomography
(PET) 12 & ZRBEAHIEIG, AB O r—T 2 W=7 e, KA A=Y 7
72 E OB & IR I P O AT~ — 0 — 2L A &S D
. AD OFJECHEIT A FIEEICE =% —9 2 HIEERE - LT 572010, KRE#E
MEWTH 5 E2 M D S8R SE (Alzheimer’s disease neuroimaging initiative : ADNI) 73 K [E
THtEENT-, FU < BARTIX, 2007 4L Y J-ADNI 23326 B Bz,
CORRIZE Y BUE, AD EGZITIEMALSh, MCl 2527 % AD FHEoHh
HE WV CRIREE 720 | FilzZea v 7 M E2AT 500 A PUik7s & ORG KBRS
Bl TW D, EU4E T, BR2HO X 575 Rz, R o RV %
VN2 ABIZXFS 5 PET A 7" 1 — 7 <2 single photon emission computed tomography (SPECT)
A7 a—7ORBELTTOLNATEY, — Tk, BAKERT &mOHEBEEEZET 5
PRRIFRRHEE b ORI 2 ATRE & 32 U gk 2 U 7 L XV BTk 5 7 r — T DRSS
HED BN TND,

T ILYINA I —IRDERZ A 5 neurotheranostics (ZT 1T

Neurotheranostics @ AD TOREBEIIZ ED X 5 REIE A AIEETH A 9 v, KW ©
AUNBELNDLRY T ) —UbEWM I VT U ORFZRIR, T OSERRT & L TRIZIC
Bip, VIV INTENERTOMWETHY . AR ~DFEEMEDN S AR O BRI % 12
AR TH DY, FI/ NI IEPETROMRI HHOT I A A A=V 7 7n—7k
L CHRRMED SN TEY | FOFEMKIT AR RHE 2 [1E L TR R#EER 2/~ 32,

#7272 neurotheranostics MBHZEIZH VT Ap AV I~— (KO FEAE) 1T H
LHIEHEEZ OND, AR IEEWVEHCEEMEEZA L, BIEIZE S TEA IR~ ERMELT
DN, FOEAEFEKRTHS ABAY I~v—DDEmWREEEFT 5, 204 d~v—
TP RAI TR L. B L CERE L AP TIEARWHREIEOARIE L 72 % A D
ke, r—7 DA L dEMEE D~ A XV REIRHCATREIC 22 AT, 2 & 1a0E
EREOMTT ., & DITIIREE ST O b RE S BT 2 Y — v 155, 72,
AP BREEALICIT. MO GEH S T OERMAEIC LY AP OREICHEERT S
7a 7 VT RERLTEY . ZOAPERKEAILEM TRIET HZ ENFARETH D,
INETICHERENTEET I 0, R A=V A7 o—7%2EMd X, Ap EE
ESAL O EERETEI 7 07 ) 7O AP ARSI EE RIS T2 D ATREME L 5 5,

7= 72 E&T& % neurotheranostics D BAZE L. HERIMIAOMIZEN LA TH Y . £ &
IZ AD OJRTE AL Z = b e — LT DR BEMIRIL OB Y — L & LT, £ DIRE
HZDOHLDE L TADIREDORILE L E LT 2@mWART vy VaFT 5,

1) Garcia-Alloza M. et al., J. Neurochem., 102, 1095-1104 (2007)
2) Yanagisawa D. et al., Neurobiol. Aging, 36, 201-210 (2015)
3) Takata K. et al., Neurobiol. Aging, 62, 197-209 (2018)
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Learning from nature -

bioinspired drug delivery

Institute of Pharmacy, University of Wurzburg,
Am Hubland, Germany
Lorenz Meinel

Nature precisely tunes the spatial and temporal availability of bioactive molecules. This
presentation details two examples in which we “learned form Nature”, one for small chemical
molecules and one for protein delivery.

The solubilization of poorly water soluble drugs (PWSD) is critically impacted by the
presence of vesicles in the gut formed from bile fluids. We detailed the interaction-dynamics
of model PWSD with bile vesicles and the interplay in presence of relevant concentrations of
pharmaceutical polymers by NMR, DLS, analytical ultracentrifugation, and Cryo-TEM. The
choice of polymer was essential in preserving the natural solubilization system and
impacted the flux across model membranes. Future in vivo studies are required detailing the
pharmacokinetics resulting from the perplexing impact of pharmaceutically relevant
polymers on bile-vesicle structures.

Nature enzymatically binds biopharmaceuticals to the extracellular matrix (ECM). We are
building off this natural process by translating it to pharmaceutical application. For that, we
detailed Nature’s ability of binding Insulin-like growth factor I (IGF-I) to the ECM to position
K68 within IGF’s D-domain in presence of transglutaminase Factor Xllla. Subsequently, the
D-domain was fused to various other therapeutically relevant proteins and peptides. More
than 80 % of these fusion proteins and peptides including IGF-I bound to engineered ECM
in presence of Factor Xllla within less than 5 minutes. We further improved these
bioconjugates by placing peptide sequences responding to matrix metalloproteinases
between the D-domain and the biotherapeutics. One example, [IGF’s D-domain]-[MMP
sensitive peptide linker]-[Interleukin 4] was tested in a canine model system of arthritis
following intra-articular injection. Whereas neither Interleukin 4 nor Factor Xllla alone
modified disease progression, administration of Factor Xllla along with [IGF’s
D-domain]-[MMP sensitive peptide linker]-[Interleukin 4] positively modified inflammation
and structure in the index joint. Control MMP sensitive peptide linker synthesized of d-amino
acids failed in contrast to linkers made of I-amino acids, detailing the necessity of locally

releasing Interleukin 4 from the bioconjugate.



As a result, we provided insight into the natural solubilization process of PWSD and to which
extent pharmaceutical polymers impact that delicately balanced system. Further, we
translated a natural strategy of localizing proteins into effective pharmaceutical depot
systems, formed by minimally invasive injection of two liquids resulting in covalent
decoration of the ECM with the biopharmaceutical.



Functionalized molecules against

& age-related diseases

Pharmaceutical and Medicinal Chemistry, Institute of Pharmacy and
Food Chemistry, Julius-Maximilian-University of Wirzburg

Michael Decker

With increasing life expectancy all over the world, diagnosis and therapy of age-related
diseases is becoming an increasing problem for patients, as well as societies and health
systems. Our group works on novel enzyme inhibitors and G protein-coupled receptor
(GPCR) ligands in the context of neurodegenerative disorders, especially Alzheimer’s
disease, as well as other age-related disorders, like cardiac and renal diseases.

In our drug discovery and development efforts, we apply different innovative approaches to
known compounds, starting either from lead structures from nature, or already developed
ligands. In the “hybrid molecule approach” we connect or merge different pharmacologically
active molecules, like GPCR ligands and enzyme inhibitors, into one molecule to get a
molecular entity acting at two or more targets, but still being selective over undesired ones.
With this approach we were able to get small-molecule hybrid compounds with an over-
additive neuroprotective effects opening prospects to more than symptomatic treatment of
Alzheimer’s disease (AD).

For development of clinically applicable diagnostic agents, we develop synthetic pathways
to access positron emission tomography (PET) ligands. In these efforts we develop the first
irreversible PET ligands for the AD target butyrylcholinesterase (BChE), and we also
described '8F-labeled radiotracers based on clinically applied sartanes for renal imaging.

In a third approach, the photopharmacological one, we introduce photoswitchable moieties,
such as azobenzenes, into biologically active molecules. If correctly designed, it is possible
to obtain GPCR ligands or enzyme inhibitors that can either be “switched on” or “switched
off” at their molecular target and therefore be used to spatiotemporally control biological
activity in a yet unprecedented manner. We have applied this approach to develop
photoswitchable cannabinoid receptor and muscarinic receptor ligands.

Using innovative chemically highly functionalized ligands it is possible to advance drug
discovery efforts, diagnostics as well as the discovery of innovative molecular probes against
a portfolio of age-related diseases.
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ZD—FH., €7/ RAT4 7R [HHFEEIH L TCRERAELZET OO T7 70 —F
ERDZPHMEESVWEETITIZ L] LHTERTED, INIEINRNRELIEEHLNBEUERIC
BREINBWZ EABBRL THY ., ETIE Neuro-theranostics (FRIRHRERFEE) *
Cardio-theranostics (1&B¥R25 % %815). Metabolo-theranostics ({X#i%EI) FDFE:E
EENTWDS, ZIRITHZ2EEDOREGZFHFRICREL -OEROAFITEFEL, Thoo
EFRECHEERZ AR, 1 ERTREICAEY 52 BrJICH WL T SPECT (Single-photon
emission computed tomography) H'IEE ICEN/-Y—LTHEI L DL H, 5. AF
I/ RT 4 ARG E L X —RICKESN/NBYASPECTEBICL 2EEET L
Y O Z /OIS, X R CT ICTHE S N A FEREGROET L HArah I NEh o EH
LTw<HbnEEZS,

SEDHECTIE. €7/ RATAIR] #F—T—FELEEBRT IV T4 v TEEIC
BOWTERENREBEL TW5 REDRZHD OREA LB L 20 FEITIIR ORI IS
M 7= HEE D BRI IC DWW T SPECT, X#RCT 2RI T & &I, TDERE
mize LTEa7e O 1-123 #R#E{L LDL, @ TI-201 3|1k & ) v L% RW B DiR&s) %
OB L=



Molecular Imaging

. mDevelopmeﬁt of
Synthesis of imaging modalities

new imaging probes and analytical methods
“Molecular imaging- p .

=~ Searchfor ™~
~.potential biomarkers .~

—

| e ‘ ‘ functional
- Pathophysiological Diagnosis “(’;ié%Q?PET, Optical)
+ Pharmacokinetic Analysis @commememary

- Therapy Response Evaluation

.0
Development of novel therapeutic drugs _
@jw ﬁmﬁ@ﬁﬁ @—1@ m(cc):':rr,)rI:/Iole%llfrasound)

\
\

7
4

~ i

Concept of Theranostics

Theranostics

The,rap.feutics, Diag{r:o,s,tics,
- S

Seamless transition from diagnosis to therapy

~_=

Achievement of Precision Medicine

Radio-theranostics Image-guided

Imaging A therapy

67/68 11 99 .
Ga, ™n, ®"Tc etc. easy conversion

Radiation Therapy

Y, 177| yy, 186/188Re etc.

Target-directing probe "1In/%0Y-ibritumomab ti




Dual-lmaging ('"In vs. %°mTc)

for detection:

Mn

Both

Energy peak settings ==

Sagittal

Coronal

Transverse

"In- or 9°MTc- solutions
were filled in two separate
syringe phantoms.

Normalized counts/ pixel

10 g

o J g ‘
I il i ‘

LT — .

{4ty Animal: C57BL/6 mouse (male, 10w)

123]-0xLDL (30 MBq) was injected via tail vail.

10 100 seconds
Log (time after i.v. injection)

Nakano A, Kawashima H. Nucl Med Mol Imaging. 52 144-153 (2018)




SPECT Image of %3|-oxLDL

A . A
.+.

Brewn*adipose,tissue

NanoSPECT/CT
(BIOSCAN)

Animal: C57BL/6 mouse (male, 8 w)

Mouse was sacrificed by bleeding at 10 min after i.v.
injection of 23]-oxLDL (30 MBq), and then fixed by PFA
perfusion.

Sagittal Transverse

Normal
X-ly- CUBE
(MOLECUBES)
Animal: SD rat (male, 8 w)
Ml mOdeI Left anterior descending coronary
(2 w) artery (LAD) was permanently
occluded by ligation. [2'TITICI

(12.6 MBq) was injected via tail
vail after 2 weeks of the operation.




Assessmentin Regenerative Therapy

Ischemic

myocardium
-

SPECT/CT scanning

Histological

Assessment of cell survival (viability) and myocardial functional
recovery after the cell sheet transplantation

- Mouse embryonic fibroblasts (MEF) expressing human Na*/ 1~ symporter - [#™Tc]TcO,”
+ Cardiomyocytes differentiated from iPS cells > "'In-iodinated anti-GLUT4 antibody
+ Cardiac function > [2'TI]TICI, '23l-BMIPP, ®F-FDG ...

Establishment of “Theranostics”

* Visualization and quantitative
analyses by Rl/fluorescent probes

Specimen » Comparison of images W|th

.- .the histopathological characteristics -

Model animal

A‘A 7
* Acquisition of
biofunctional information

| >

SPECT, CT

in=vitro
Establishment of platformfor A

(radlo -)theranostics based on\

imaging techniques in KPU e Elucidation of pathological mechanisms
exvivo

in'vivo o e Fusion of diagnosis and therapy

www.molecubes.com J

- Adopted by Ministry of Education, Culture, Sports,
Science and Technology in Japan (2018)




DFAA—05Tn—JpRR

AYGR RO VIYFTUORETAILYTILY
PDFAA—DUTE

O Esh

DFAA—VUTE, “DFRIEHELAILOEKXRESZ . FHREMICHRL - 5HRITS
Bili” EEBRSN D, MEEREICE > TRBSNHRALTO-—T 2RV S REFHNTE
(PET, SPECT)IZ. ERERICAMFIREGERMTTHY . DFA A—D T DHDIMED T o
%o BRHDOEREPET EECLHE L —RMOERICL Y. EERATOKRLGSF - #
FDESZ IRATEEERE LTIRADS ZEMNFRICAY ., ORERIRELGRETORLR
Rk, Q< DREICEOLE-ERNLERY—H—. QERMARERDEROCHNGERKIG A

(FSUVRAL—=Y a3 FIHR) FOHELAREBBEH LEDSERBRME LTHFESL
TW5, FIS, DA A= 2HTE, DEHMR, ODHAHE . B . SRRl
HF (RBAEEE) . BRAIREFONAFI—N—0EZEICRYBATNS,

AETH. RBERKZLOHARPREOKRTF. AREREITHELBIC. AVIR TS

VINTIURZETAWYTIVIREDDFA A= VT SHRERERBNT 5.
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NRASOAHES /I AT4H2RTA—TD
BHRIK]

REERKE - KEOTFEREH AN B2z

5/ XT49 A (Theranostics) 1 &1 ;8 (Therapeutics) &2 W (Diagnostics) # A B H
EHLODERBRTTHY . BEERICE T HREBEERICIRA - LT, BUaREMNEL
BIIEEBIELTWS, T B EBEB/AOFMTERFEREZMEL . MELWAERETER
FTEHLLWERET7IO—F (TL2av - AT ) NEBRMISEREIATNS, TLiday A4
TaovelE, BEELROM., ELF. LREROLAEKERBRLREDENE. RENRENE
BAOAFLARILTHATEIETRFIZT IL—FEL, BURKRE ARETFHEZRETIER
THY. 2015 FREF NTEIAMES— BB EEROL,NTHN-CET—RBFER LGS, T
Li2av - AT4 U DRERICEYRBILSNICABARRINE. AEBROERICLEML.
BED QOL MLEIZHEND, ST BHICHBINREY IL—T TRV SHT- 1 AEE
DEAFREICELY . HEMREOMEERE(A LI, BIEDFICERELEELRIFTLEE
ZAbNd, TIT. TLPar - AT U DHEEICIE, B/ ATAOREEELR KRB R-T &
HRHFEINTVD, EI/RATAOREER T HZEBRMO—DLL T, R FAA—DU T Hfin g 1F
BB EREDFAA—UTBEMIOPTEHIC. REDEFREIRZA 5 LDTESMEMETO
—J%&RU = PET, SPECT R FAA—DU T &, £EFOKREMUEFHFMIC=RTERICL
TRATESIERLEHETHY. TL D3 AT o ADE A (Imaging Based Precision
Medicine) [&. JFREMICHEAMRED A FREZEENTFECEIE—DT7TO—FTHSHEE
Abnd, EADRAREZEDO TSI/ ATAIRTA—T DHFEIL. VEDDHFEIZENRH
A=Yb Uoh—a=Ib FL—TAV T AV DE LIV DEEREELZ . TNENHIL
THELEA=VrE BHICHAEDLED 2=y YT TR SFTO—T 1 EVSBEICE
DVWTHFITA—TDEHEHETO>TVAEILTH S, KFETIE. REED TLSRIILIRA AL
IAA. DA BREASAFIZNELIzES/RATAIRTO—=TIZ2DLTOHRFKERE S EH KR
EHRET D

Ft-. KETEI/RATAVARARE LT 57612, 2018 & 6 A1 )LF—-MOLECUBES #t
B10) SPECT #i& (7r-CUBE) .CT && (X-CUBE) #EALTL\%, RA¥ THFL 1= SPECT.CT
EREBNTHEELIT KEBEEHEALLERELRAS,
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Current and Future Nuclear Theranostic Approaches

68Ga- and "77Lu-
DOTATE

68Ga- and "77Lu-
PSMA

iobenguane

68Ga- and 77Lu-FAPI

68Ga- and '77Lu-3BP-
227 NTR1

antagonist

124|_ and 131|_
girentuximab

123]- and 13'|-iodine

Somatostatin
receptors

PSMA

Norepinephrine
reuptake transporter

Fibroblast activation
protein

Neurotensin receptor
1

Carbonic anhydrase
9

Sodium/iodide
symporter

Nuclear theranostic Application No. of patients/y
pair

68Ga-DOTATE:20,000
77Lu-DOTATE:7,500

%8Ga-PSMA:160,000
77Lu-PSMA:40,000

NETs
Prostate cancer

Neuroblastoma,
paraganglioma,
pheochromocytoma
Multiple cancers

Pancreatic cancer

Renal cell cancer

Thyroid diseases

Unit Coupling Theranostic Probes

-RI(RIM)
-Metal element

Targeting units

“image-guided
therapy”

[Targeting units]
EGFR, FGFR, PSMA, GLP-1R
EphA2, PD-L1, ALK1, PI3K, FAP

12



- 2-PMPA (-) 2-PMPA (+) - 120-154 min  High
O CO,H o L B n
H CO»s ) O~ f
[ ‘ N\)L :
Gy N o=t 13
CO,H o ) COH
fe) 2 Coronal Image
o]
[**1IGLCE 1o ] o9m Jg* :
HOch” HH OzH >°™Tc]TMCE HOCN™ NRTOH
Journal of Medicinal Chemistry, 56 (20), 7890-7901 (2013) Bioorganic & Medicinal Chemistry, 2251-2256 (2016) 1,cerseImage  Low
SPECT Probe ™
{ COH PSMA targeting probe
N O
HO CAHJLH CO,H
18 i
PET Probe ['*F]FSU880 PET/CT images
O
N
H
| 13F |
18 :
[FIFsugso HOzc/\HJLH CO,H
Journal of Nuclear Medicine, 57, 1978-1984 (2016) Cancer Science, 110 (2):742-750 (2019

)

PET/CT Study in INS-1-Bearing Mice:

Time Course
Administration of

X-ray CT

Anesthetized A
acqwsm\on

1

Insulinoma Imaging

Euthanasia

[8Ga]Df12-Ex4 !

\

\

PET acquisition

(5.3 MBq) ‘

Time (min) 0 5 60

65 70 80

4{

86

Acquisition parameters for PET
o Injected radioactivity :
5.3 MBq/100 yL
o Acquisition starting :
5 min after injection of
[68Ga]Df12-Ex4
o Acquisition time : 60 min

o Reconstruction: 3D-OSEM

HIGH

Rostral
(J=
Acquisition parameters for X-ray CT
o Tube voltage: 60 kV
o Tube current: 310 A

Caudal
Coronal Image

LOW

15-30
min p.i

Tumor

!

Ventral

Transverse Image

13




SPECT.y-CUBE CT: X-CUBE(Molecubes)

Picture provided by Molecubes

e g Lrra
Collimator
CT SPECT
FOV 200x72mm  [12x32mm(GP mouse
collimator)
24x60mm(GP rat
collimator)
resolution 0.05mm 500 pm (GP mouse
collimator)
sensitivity - 0.12%
resconstruction FDK/ISRA 3D MLEM
y-CUBE weight 106 kg 78kg
SPECT/CT Imaging
X-ray CT Injection dose
acquisition  Anesthetized 123]-jofulupane: 26 MBq
Injection a ‘ \ 23]-IMP: 29 MBg
| | v SPECT acquisition >
0 45 55 58 60 90

> Imaging device

SPECT:y-CUBE CT: X-CUBE
(Molecubes)

Acquisition parameters for SPECT Acquisition parameters for X-ray CT
o Method: helical-orbit scan o Tube voltage: 50 kV

o Collimators: Multi-lofthole o Tube current: 100 pA

o Reconstruction: 3D-MLEM o Reconstruction: ISRA

14



SPECT/CT ('%3l-iofulupane)

m1 Iteration10 m1 Iteration20

191023 ohupane ot )
™ s geaeareaspose SRAT

m1 Iteration20 159 kev

191023, onupane_mi
1/ spret gonere papose  1SRAT
piteri ity

m1 Iteration20

Thyroid




N—XY UEDREAIRIEIZKS
SFRZE - AEEOREFEICRITT

REIEMKPFREERFR BN BR

HEitttsZ0A -BAR, 20 FED 2040 F(2H T4 65 mLU EDOERE ST . #7 4,000
AN (AODH 35%) ITETHEIHEBSINTNS, FMEERDIEHLAGKERENDYRY
AELLEEN., MBEZDLONEREFLELGIRELDLGLGN, N—F 2V R, &F
Ml S/82 DREAEIRMICHER I 2 MREMKRETHY .. BRIZIFHN 16 EADEBEEN D
EEnTWd, RENHARFORZAEV S EBHEEOERZET S0, EELT S E
—ATHELFEZXDCENTET, 2EANGNENDELLGIBAEAMDEETHD, £
ST-HFMREZEET S ENTELRVELE MIEST, COKEEZRRT BHICIE. F
TE—IC, FASUBERROBEERCIEN. REFHOBENLEETHS, —
RIEBERNFIET DEICEEFL TS RS UL 20% %2 TERI>TWWS EEHN
THEY ., EERMPFEL THLFHEREZELTL, LEPFERTHS VY, oT/A—F Y
VIRDREIEZETHT HICIE. PN UHBRORELS S Y. TORZFEBRVEEDHDDF
DEFHZVLERA. BRHZWICRITEHZEARDOND,

FEF, BEAERMWT J0—F & L THREMBMERA%K /NS U aiEalEkMiaz AL
-HRBEAROAENEATI D, BEIITHON-Pitis RMEBEICE TR 2T«
—TlEX, LYET Y bORKMEMAEN S BIE L -HEHMRARES VAV EOGRENRE
SNTHY. REMTARDIREEDICE, BEL-HMROKEZE=42) T L., A&
DRFRCBRAHREICRITIVDELSHDEZZATD Y,

CDEIBERDLE, BRIE X"—F UV UROREBRELFZNMEDYDHS -2 X
2LA4Y (SNCA) 3\ BEEEME LT, OSNCA 2 NI BEDKNBEDAIRILIZ &
SRHAZHEDFERE. QRSB ESROGENARLLIZLSERMNROIEMELEEZBIEL T,
MEZEMALTVS, KROURDOLTIE, CNETORYBAITOVTHEERL, §ED
MEBEDRREICET 574 T 7 OHEAROTREIEICDOVNTER L =LY,

1) Schapira et al., Nat. Rev. Neurosci., 18, 435-450 (2017)
2) Lietal, Nat. Med., 14, 501-503 (2008)
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Toward the development of novel diagnosis and
therapeutic strategies by imaging the pathology
of Parkinson’s disease

Kaneyasu Nishimura

Division of Integrated Pharmaceutical Sciences

@) mERFERLR LA

Kyoto Pharmaceutical University

Parkinson’s disease

Normal brain PD brain

(Nikkei Science,1997)

a-synuclein (SNCA) distributes in aged-brain

Cerebral cortex (KEMERE)
T
Amygdala (RHE)
T

Substantia nigra (BE5)
T

Brainstem (fX&t)

Proc. Jpn. Acad., Ser. B (2014) Braak et al., Neurobiol. Aging (2003)
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Progression of Parkinson’s disease symptoms

Diagnosis A[NO symptomatic]
. i treatment

—————
7

Level

With
Symptomatic
treatment
Dopaminergic neurons A
------ Motor symptom Pl
Time

@ Schapira et al., Nat. Rev. Neurosci., (2017) Modified

Towards the development of early diagnosis based on live imaging strategy

Production of human SNCA protein
—

[SDS-PAGE] [MALDI-TOF-MS]
Induction Purification
%10° _
M Pre Post 1 2 3 SNCA (Mw) =14614.32
kDa 1.0~ 7308.052
50 ';'
©
o -
25 =
20 % 0.5+
£

15

4872.005

]
5000 10000 15000 20000 25000
miz

10

1. Tagged-SNCA:34.0 kDa
2. Tag-seq:19.4 kDa
3. SNCA:14.6 kDa

Prof- Saito and Dr. Ohgita
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Evaluation of amyloid formation of SNCA protein in vitro

Thioflavin T (ThT)

SNCA monomer Incubation Amyloid fibrils
HzN/CHa (37°C, 10 rpm)
tH !
i s >
o &;D 10 days
:binds to amyloid fibrils ThT fluorescence ThT fluorescence
(—) (+)
ThT fluorescence spectra Atomic force microscopy

500

o-Synuclein WT FL
= Monomer

- — Amyloid fibril
2501

ThT fluorescence intensity (a.u.)

450 500 550 600

Collaborated with Dr. Haraya Y. (NIHS
Wavelength (nm) vay.( )

Prof. Saito and Dr. Ohgita

Distribution of injected-hSNCA protein in mouse brain

Injection of h\SNCA monomer
into mouse striatum 1 week after injection (striatum)

hSNCA

Allen Brain Atlas

Injected-hSNCA Ipsilateral Contralateral

We are checking...
» distribution of injected-hSNCA protein
- conformation change of hSNCA (phosphorylation and aggregation...)
* the difference of WT-SNCA and mutated (A53P)-SNCA
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New regenerative therapies to treat Parkinson’s disease

~ Current therapies

Pharmacotherapy

W

Deep brain stimulation

~

Cell transplantation
using pluripotent stem cells

Gene therapy

Healthy ;

Gene /IS

”Virus Vector
with Healthy
Gene

Virus
Vector

FDA

In vivo direct reprogramming

C@ (rp)
6-OHDA model Xy 2 &
GFAP-iTa mouse e

astmoyte Infected iDAN Mature iDAN
nnnnnnnnn eyte THGFA TH'GFAP™ SLCEAS"

& TRt
Viral infection Reprogramming Maturation
W
e
i
%
HGFAP™

Rivetti di Val Cervo et al., Nat. Biotech., 2017

Neuronal induction from human iPSCs

Human iPS cells (1231A3)

Origin : Peripheral blood
Reprogramming : Episomal vector

(OCT3/4. SOX2, KLF4, L-MYC. LIN28, shRNAp53. EBNAT1)
Culture : Feeder-free, xeno-free, Chemically defined medium

Undifferentiated iPSCs

Neuronal induction

hiPSC-derived neurons

* Feeder-free

- Xeno-free

= Chemically defined condition

* Mimicking human brain development

>
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Notch 2EHZ IR E T SNAREICE TS
At ERARAEDRA

REAERKRFARFAESZ L2 — KRB U

BRICH A BB OABREFRAENITONRTVEN. TATHLREEBERORLNAR OGN
BUWEAMEENEET 5, TOFRT/ERMEILX. EfMNATRD 1IWEEZ D, b F4
BEMN20MEE L VELELC, ZTORBERAREINRD o TULVS, /MEREHE D BB EE
HEHELTIEEATY—MAZETFO NS, BERICITIEFEEREDOD CHAE L HH AL
HEAFY—IZRET S, EMARIZE T o-ABNLEESETY., tRREERM
HEAHTNEEFEL., TIHLBUEMBASEET 5LEX 5NTULNS, E2EEER
R TR B EEAEC . FOG-PET TORELE#TH D, T THLRIE. EERTH—%
[CEB L. LFEREEREHEBIC L., 28 - BERETOOORIEBRRFERZITS
cE&eE L=,

b ECE BRI (X Notch RBANSHRIE L. /NEIEHH
BHEOFETHLIHBRNDBES~OMEEIF LTSS
ENRE SN TILNS, 2 THALIL Notch ZEAKICHEET 5B
DFVAVFERIZREL. TIITHRGHEHT D & TEMH -
BEETOICEEEZT, TTIC Notch ZRKIE., ZOREN
)H Y FTHSDLLA & DSERD X IREERERT S AL
AEENRESNATLS (B1), TOEHREL &IC, DLL4 DF
BAMEERBLEZREERTF FEF & LTER L. Notch &2
BARLEDEESHRMMEETMT IMELRELEDO TN D, ZHNK
LIBEETHEBERTIFFIRZEY MEEE L. S&IEE S
[CHEEEHHEEAME~RFATESIFETH S,

£15—ANTAP Y LE LT, Notch ZHRMADEMHLHE
fEBAIC K DFTIRFAMERSBBLLOERLEH TV S, Notch ZH
KIZITUAY REHEHREEL, B8 YAV RZEITTRAOV T FILEEHEANEILLT S
ZENHMLENTLS, ERIFZDEHENL Notch ZRIADEMHLMELMERT S L T,
FLOEFEARLEZREE 2D TEELMNEEZTIVS, BHTE, Notch ZEKFMHEIEA~AD
BEELEEREDIRL, YAV FTHA DL LDREEBIZL Z2BEELOHRALEED FIZ
BRICEZ D EDBFTEDFHNFEHEICL>TIToTWS, SEHCEIENABR SN
nIE, TS L TEMNLGHEERIZERATEDSEEZA TS,

1 Notch1-DLI4
A NN IV I N A
(PDB: 4X1.1)
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Small cell lung cancer (SCLC)

as a refractory cancer

SCLC accounts for about 15% of all newly diagnosed lung cancer in Japan.

5-year relative survival rates for small cell lung cancer is 20%.
SCLC is a type of lung cancer with neuroendocrine differentiation.

Travis WD, Brambilla E, Burke A, Marx A,
Nicholson AG. WHO Classification of
Thumours of the lung, pleura, thymus
and heart. Lyon: IARC; 2015.

Notch1 receptor

Notch1 pathway activation inhibits the differentiation of
precursor cells to a neuroendocrine fate.

Basic helix-loop-helix transcription factors regulate the neuroendocrine differentiation of fetal mouse
pulmonary epithelium. Ito T, Udaka N, Yazawa T, Okudela K, Hayashi H, Sudo T, Guillemot F,
Kageyama R, Kitamura H. Development. 127(18), 3913-21 (2000)

Non-neuroendocrine Notch-active small-cell lung cancer cells
are slow growing, consistent with a tumour-suppressive role for
Notch, but these cells are also relatively chemoresistant and
provide trophic support to neuroendocrine tumour cells,
consistent with a pro-tumorigenic role.

Notch1 controls cell invasion and metastasis in small cell lung carcinoma cell lines. Hassan WA,
Yoshida R, Kudoh S, Hasegawa K, Niimori-Kita K, Ito T. Lung Cancer., 86(3), 304-10.(2014)

Notch1 controls cell chemoresistance in small cell lung carcinoma cells. Hassan WA, Yoshida R,
Kudoh S, Kameyama H, Hasegawa K, Niimori-Kita K, Ito T. Thorac Cancer., 7(1):123-8. (2016)

Intratumoural heterogeneity generated by Notch signalling promotes small-cell lung cancer. Lim JS,
Ibaseta A, Fischer MM, Cancilla B, O'Young G, Cristea S, Luca VC, Yang D, Jahchan NS, Hamard
C, Antoine M, Wislez M, Kong C, Cain J, Liu YW, Kapoun AM, Garcia KC, Hoey T, Murriel CL, Sage
J. Nature., 545(7654), 360-364. (2017)
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Neighbor cells

Notch receptor signal transduction
mechanism, and targeted drug
candidates under clinical trials

DLL/JAG

Antitgdy blocking y-secretase inhibitors

/ SCLC cell

suppression
Nucleus
Expression of HES1, HEY1
| Activation

Research projects focused on Notch1 receptor

ase)aloes-i
\/
%

Cytoplasm

Notch transmembrane fragment

Ref. Xun Yuan et. al., Cancer Letters 369 (2015) 20-27

DLL/JAG

Blocking protein-protein interaction
with small molecule

Notch1 receptor

Interfering with receptor activation

Research projects

Design and synthesis of peptidomimetics and
evaluation for the binding ability to Notch1 receptor

& @ cytosol

would allow us to find new drug action sites. Notch1-DLL4 complex

Elucidation of activation mechanism of Notch1 receptor
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Design and synthesis of peptidomimetics, and
evaluation for the binding ability to Notch1 receptor

Design and Synthesis of Peptidomimetics A 277,
‘:
I
AA—AA--—--- AAn_1—AAn—O ———  AA—AA .-
Cyclization
- - Unnatural AA replacement
In vitro evaluation
Tag Tag modified
Peptidomimetics —HRP
> 2] /_/,_,,———’
‘ Determination
/ of Kd value
T o

Recombinant
Notch1 receptor
Quantification with

Anti-Tag antibody Saturation binding assay

Reaction peptidomimetics
with receptor

Design and synthesis of peptidomimetics, and
evaluation for the binding ability to Notch1 receptor

177y, 20Y, 131] etc. mmmm) therapy

In vivo evaluation
o, B nuclides
MIn, 87Ga, 99MTc etc. mm=m) diagnosis

v nuclides

Biodistribution

SPECT/CT
Anti-tumor effect

Injection of radiolabeled

peptidomimetics
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For better strategy in developing new drug
on Notch signaling system
~Elucidating the activation mechanism~

DLL/JAG

Notch extracellular subunit Basic strategy in regulating Notch signaling is to

develop inhibitors for ADAM and y-secretase.

Cytoplasm

Notch transmembrane fragment

Knowing the activation process in detail must contribute to develop new type of drug

Possible protein-lipid interaction
for Notch signaling process

Lipid sensing domain
(C2 domain) exits at
the N-terminus of the
ligand

)

7
9Sk)8109S-;

Cytoplasm

deperndade O
Notch transmembrane fragment 4/0

We focus on protein-lipid interaction for elucidating the activation mechanism
Preliminary data from MD simulation suggests DLL1 senses GM3
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News Release [fEEEE

ey T EE A~

@ mdpE Rl sn

T607-8414 FEPTH LIAHX Il 5 HT 5
URL:https://www.kyoto-phu.ac.jp

HOERIFRAAL

TR0 FEXBEPEE RIKXERRITIS VT VIER BREERDRE

ER{XRMRBRREAVTIY RO URO ) LERE
BAHRRBRAOE R ORAR LARAOL AL BiE L HRORR£5HE

REERKE CGRBMALER) X 2021 FE3A18 (A) 13EI»L IZRERBFENEBZLENZ
ERETHINARFPRANBEE (SOF LI/ ATV R) BARMADRAL X ICET HFEXRICD
WT. ERARPARBREDF T FWeb DRSO LZRELET, RBEIL, TR0 EFEE
XEFREE FAIKRFHMRITS VT 4 VT EE] OIEAFRELTOEETY,

RISUT4VTEETE. MRS LE-REERLTR (rBRREZE) zHARSKED
BETEREICUTET 5%E SPECT/CT (X)L —MOLECUBES #18!) ZER{# L. KB MsHENARE
DIREZEMELTHEETHEL TLET,

NETCORRELT.208FEICTXFYIFTVURDILERE.2020FE2 B 26 RIZIERA Y-
TV T REDILE - BEFHEARBHICET L EEBELMHE L CERBRESLHET 54
E. BRNGERMRAFZEBELTEE Lz, SEEE. RAIKXKERARITIS VT 09FEELELT
DEBEETHY . KROURSHLTIFHOMARREORKRKELTVET, SH. HEIOF
DA INWABREDEZECEAT, FoTI U RREICKYREIT I EEWN=LELE,
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Past, present and future of preclinical PET SPECT and
CT imaging: an overview of technology driven
innovation illustrated with relevant applications in

various therapeutic research areas

Niek van Overberghe & Kim Braeckman, MOLECUBES

In this webinar Dr. Kim Braeckman and Mr. Niek Van Overberghe aim
at providing the audience with more insights into the history, current
state and future perspectives of preclinical PET, SPECT and CT imaging.
The lecture will start with a chapter on a historic overview showing the
evolution in performance and capabilities in the last 20 years. In a next
chapter, we will introduce a state of the art bench top imaging platform
that causes a paradigm shift in preclinical imaging which has led to new
developments that will make preclinical imaging an even more powerful
tool in the future. To illustrate the performance of such benchtop
preclinical systems, the lecture will also showcase a few highlighted
applications in more detail before bringing us to a conclusion and some

take home messages.



Dr. Kim Braeckman

Dr. Kim Braeckman obtained her Master in Biomedical Sciences with
a Major in Medical Radiation Sciences at Ghent University in 2015
focussing on the development of bile acid analogues for the
visualisation of the enterohepatic cycle with SPECT. Soon after that she
joined the Infinity lab at Ghent University, where she carried out her
PhD studies under the supervision of Prof. Christian Vanhove and Dr.
Benedicte Descamps. She has been working on diffusion MRI
biomarkers to detect mild traumatic brain injury in rats and to
determine the influence of a cognitive training program. In 2019, she
obtained her PhD in Biomedical Engineering at the University of Ghent.
Dr. Braeckman started working at MOLECUBES as an Application
Specialist in October 2019.

Mr. Niek Van Overberghe

Mr. Niek van Overberghe obtained a Master in applied biochemistry
from the KU Leuven and a Master in biomedical engineering from the
University of Ghent. After completing his studies, Niek took on various
commercial roles at both small and large international companies such
as Sigma-Aldrich and Merck KGaA prior to joining MOLECUBES. Since
2017, Niek has been establishing an international network to promote
MOLECUBES product portfolio consisting of preclinical bench top PET,
SPECT and CT imaging devices. Today, he is leading a team of 4
experienced sales professionals dedicated to making molecular

imaging available for a broader community.



An overview of Preclinical PET in the translational
pathway

Christopher Cawthorne

Molecular Small Animal Imaging Centre (MoSAIC), Katholieke Universiteit Leuven

Translation can be defined as “The process of turning observations in the laboratory,
clinic and community into interventions that improve the health of individuals and the
public — from diagnostics and therapeutics to medical procedures and behavioural
changes”, whilst ‘translational research’ can be defined as “the endeavour to traverse a
particular step of the translation process for a particular target or disease.”

In the context of drug development, observations can be described as biomarkers,
defined as “a characteristic that is measured as an indicator of normal biological
processes, pathogenic processes or responses to an exposure or intervention, including
therapeutic interventions”. Biomarkers are thus vital to identify a patient population with
a particular pathology, or to that will benefit from a particular therapy. As such biomarkers
can be classified into four types: diagnostic, prognostic, predictive, and therapeutic. In
particular, imaging biomarkers have great potential to provide this information as they
are noninvasive, and allow access to the biological state of otherwise inaccessible tissue
(eg the brain).

Translation of imaging biomarkers is thus the process whereby imaging methods
developed and assessed in animals progress to application in the clinic. The key
contribution of preclinical imaging is longitudinal study, allowing parameters to be
measured over time and without sacrifice. Preclinical models can be created with defined

conditions (eg knockout). Preclinical PET thus has several major applications: initial



probe validation, interrogation of preclinical disease models as well as the assessment
of In vivo receptor occupancy for putative drug candidates.

The focus of this talk is to illustrate with example each of these applications at the
Molecular Small Animal Imaging Centre at KU Leuven, and also to summarise instrument
validation for a novel commercial hybrid modality, i.e. PET MRI.

For the validation of novel probes intended for cancer diagnosis and therapy, preclinical
imaging allows specificity of uptake to be assessed in tumour models with molecular
alterations to the target of interest. As well as probe specificity, classic pharmcokinetic
parameters can also be established; with compound residency assessable via repeat
imaging. For theranostic agents preclinical dosimetry is also able to be measured. Here
we illustrate this process for a putative CXCR4 theranostic agent.

Preclinical PET also allows the assessment of complex neurobiology in models of
addiction, and an example in the area of addiction is also presented. Finally, the
assessment and validation of candidate therapy response biomarkers for targeted
therapies in preclinical models of cancer is also demonstrated, making use of both
pharmacological intervention and molecular biology techniques to manipulate target
biology.

An overview of preclinical instrumentation at MoSAIC is presented, with a focus on PET
imaging of neuro-receptor occupancy in non-human primates with PET, the development
of high-throughput, low dose PET-CT for general small animal PET studies involving
novel and existing radiotracer probes; the use of preclinical SPECT with novel isotopes
and the application of novel hybrid modalities (simultaneous PET-MRI).

Finally, an overview of the validation process for simultaneous PET-MRI as a hybrid

imaging modality is presented.



Dr. Christopher Cawthorne

After completing a PhD in Molecular Pharmacology in the Laboratory
of Professor Caroline Dive in 2005, I moved to postdoctoral studies
under Professors Pat Price and Terry Jones at the Wolfson Molecular
Imaging Centre in Manchester UK, focusing on the preclinical
applications of PET in the field of Oncology. In 2013 I was appointed
Lecturer in Molecular Imaging at the University of Hull, where I was
also the Head of Preclincal Imaging at the University of Hull PET
Research Centre, focusing on the testing and validation of novel
imaging probes and radiolabelled compounds in preclinical oncology
models. In 2018 I was appointed as a Research Expert at the Molecular
Small Animal Imaging Centre at KU Leuven in Belgium, where I am
responsible for managing the Nuclear Medicine and Molecular Imaging
Infrastructure for Preclinical Research, across the domains of

cardiology, oncology and neurology.
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Translation @Rac,_e )

“The process of turning observations in the laboratory, clinic and community into interventions that

improve the health of individuals and the public — from diagnostics and therapeutics to medical
procedures and behavioural changes”.

“translational research’ is defined by NCATS as the endeavour to traverse a particular step of the
translation process for a particular target or disease.”

C.P. Austin, Nature Reviews Drug Discovery, 2018

Preclinical imaging aims to develop new imaging biomarkers, via validation of new or existing agents
via longitudinal measurement in preclinical models before and after interventions

Imaging biomarkers @RaCLe )

Defined as "defined characteristic that is measured as an indicator of normal biological processes,
pathogenic processes or responses to an exposure or intervention, including therapeutic interventions”.
(Biomarkers Definitions Workgroup., 2001)
Diagnostic/prognostic biomarkers — predictive of patient
outcome

Predictive biomarkers — predictive of patient outcome in
response to a particular therapy, enabling patient
stratification

Pharmacological (PK/PD)/response biomarkers — early
readouts of drug efficacy in clinical trials




Rationale for Preclinical Imaging @Rﬂc'—e )

Imaging enables longitudinal study of preclinical models

This allows their interrogation without sacrifice, reducing animal use and biological variability.

Arange of preclinical models can be used to create defined conditions, e.g. induction of specific target
related to pathology.

For initial probe validation:
+ Probe uptake to be quantified at a range of timepoints to be quantified in the same animal
+ Specificity to be assessed in same animals
For interrogation of preclinical models:
+ Repeat measures at different pathological stages or after multiple interventions; multiplexing with
other imaging (or non-imaging) biomarkers

In vivo receptor occupancy can be quantitatively assessed for drug candidates.

idati imaai (MiRacLe )
Validation of novel imaging probes \MRaCLe )
+ 84Cu-labelled CXCR4 antagonist (‘Theranostic’)
+ From single isotope delivery, specificity assessed in tumour models that express/lack CXCR4
+ Time-activity curves generated from imaging data
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Block

Burke et al, Journal of Nuclear Met

Validation of novel imaging probes \MIRaClLe )

64Cu-labelled CXCR4 antagonist (‘Theranostic’)
As probe identical to drug, basic PK parameters could be established from image data

Time i) Time i) Time min)

Dosimetry for probe (and theranostic counterpart) can also be derived

Burke et al, Journal of

SIS SIS PISISLIL LSS Nuclear Medicine 2020

Imaging at different times after administration of receptor blocking agents allows residency to be assessed




Interrogation of preclinical model systems MiRaCLe )
N’

« 8F-FPEB PET and 1H-MRS carried out before and after sucrose or intravenous cocaine self-administration, during
withdrawal, and during relapse in rats.
+  Longitudinal study allowed elucidation of the temporal dynamics of the biologic processes underlying addiction

Tosine Suwon e Waae e

FIGURE 1. Schematic overview of exparimental design for cocaine.
Qroup (top) and control geroup fbottom). From left 1o right. each set of
patterns represants riGT, "*F-FPER PET, and "H-MRS.

FIGURE 3. 000001,
iforoncos betwoen rats sof-adminstorng sucrose or cocaine during drug exposure (Y, with-
araval (8, and rolapse (C)

* Cocaine and sucrose have different effects on mGIuR5
availability

De Laat o al,, Journal of Nuclear Medicine 2018

. L S 3
Interrogation of preclinical model systems MIRaCLe

« 18F-FPEB PET and 1H-MRS carried out before and after sucrose or intravenous cocaine self-administration, during
withdrawal, and during relapse in rats.
+ Longitudinal study allowed elucidation of the temporal dynamics of the biologic processes underlying addiction

FIGURE 5. (4 Clustors of %-FPEB bining that posiuely conclaed with quanty ofcocaine
e "ot st on
suggess har

Gorced by low (oo, 1123, average (ed. 25-3.2),or Ngh (oreen. 3-4.4) YF-FFES bining
polontal, with each group containing approimately cre i of a cbservations. Enor

FiGURE .
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+ mGIuRS5 availability correlated with cocaine use at relapse De Laat et al., Journal of Nuclear Medi

Validation of novel imaging biomarkers

['8F]-FLT as an early therapy response biomarker for Pictilisib

awp
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Cell proliferation

+ Uptake of ["®F]-FLT depends on relative use of salvage pathway

Nguyen & Aboagye, 2010
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Validation of novel imaging biomarkers @RaCLe ) e )

[18F]-FLT as an early therapy response biomarker for Pictilisib

Longitudinal study design
Responsive and non-responsive _m
xenograft models actn
Tracer uptake at early timepoint m f
after therapy correlates with "——_m
response to drug e ——
‘Pathognomicity’ established via

ex-vivo anafysis

s

Cawthorne et al., Molecular Cancer Therapeutics 2013

Validation of novel imaging biomarkers

['8F]-FLT as an early therapy response biomarker for Pictilisib

« Tumour model created where drug target
was repressible in vivo
« silencing of target reduced tumour
growth as well as radiotracer uptake;
dual-tumour implants

« Orthotopic model to better
mimic clinical situation
* Previouslyinsensitive tumour line
sensitive to drug in orthotopic setting
* Radiotracer uptake decreased upon
therapy

«  Mass spectrometry imaging
demonstrated this was not due to
reduced drug availability

Cawthorne et al, Molecular Cancer Therapeutics 2013

High-resolution preclinical PET imaging @RaCLe )

Image resolution crucial to determination of small regional changes
L itudinal study allowed of prolif ion in an inal aortic aneurysm model

ool AT AR EE e

P -

S

Gandhi et al,, Journal of Nuclear Cardiology 2019

&
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Molecular Small Animal Imaging Centre (MoSAIC)

Integrates heavy infrastructure for

small animal imaging and ancillary

tools

WPET - pPET/CT - ySPECT - uCT -

UMRI: 9.4T +7.0T - yPET/MR

optical imaging

« radiopharmaceutical research
(autoradiography, ...) —
experimental radiotherapy

+ Housing — hotellab

MoSAIC: Nuclear Imaging Capabilities .

« WPET- Siemens Focus 220 large-bore
preclinical PET scanner

WPET/PET/CT — Dual Molecubes B-cube
PET scanners and X-cube CT scanner

USPECT — Molecubes y-cube | ﬂ

WPET/MR (7.0T) — Bruker Albira Si78 PET
insert, BioSpec 70/30 7T MRI

Validation of novel imaging probes @RaCLe )

Full quantitation of PET probes requires timecourse of radiolabelled parent in plasma to be established, which
requires blood sampling

In rodents this can be achieved via an arterio-venous shunt coupled to a beta-counter; in larger animals arterial
blood is passed through the counter and discarded as for humans

. W

Vein Pump

>~
/ 5
a

| KU LEUVEN
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Pharmacodynamic biomarkers:
Receptor occupancy of novel compounds

+ HDAC-6 PET tracer used to assess
receptor occupancy of existing and novel
agents

« Initial scans with full arterial sampling and
metabolite analysis established baseline
uptake and kinetic modelling approach

J—
£ Moo 2 o
g " K * Macaque 3 N
K 2 10]
P = .
& 20 =
o 3 ) T =0

%
Time (min
{min) Celen et al, ACS Chemical Neuroscience 2020
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Pharmacodynamic biomarkers: @RaCLe
Receptor occupancy of novel compounds

MR-guided spatial normalization to standard space
P h
&

tox
tox
rea

tor

+ white mat
© cerebellum
Rigid & siriatum
Non-linear
150

Time (min)

Seidiitz et al, Neurolmage 2018 Celen et al, ACS Chemical Neuroscience 2020

| KU LEUVEN

Pharmacodynamic biomarkers: @RaCLe
Receptor occupancy of novel compounds
A
« Kinetic modelling approaches compared and selected 5 ,:

Celen et al, ACS Chemical Neuroscience 2020




Pharmacodynamic biomarkers:
Receptor occupancy of novel compounds

Imaging repeated after
pre-administration of novel
and existing compounds
selective for HDAC-6
target

Occupancy assessed
under each condition via
Lassen plot

Comparative in vivo
affinity established

ERE]
Baseine v

Celen et al, ACS Chemical Neuroscience 2020

Translation to man

+ NHP studies supported first-in-man study for this radiotracer, which was
then validated for clinical use using LGA approach

16-2-2021

Males

Females

Koole et al, EJNMMI 2021

MoSAIC: Nuclear Imaging Capabilities

-— = fam) «
« WPPET/PET/CT — Dual Molecubes B-cube
PET scanners and X-cube CT scanner

[} FDG

¢ = 109.77 minutes

1 hour cynamic scan
10MBq inected per animal

Unique 2-scannor sot-up

allows simultancous
scanningof 2 rats

HUS 1]
['%Fl-and [#Gal- labelled PET probes +  <1MBq injected per animal

1 = 10977 67.71 minutes * 5060 minute timepoint

4.animals, 1 hour scan 2-scanner set-up allows simultaneous scanning of up to 4 mice




High-throughput, low dose PET imaging @RaCLe ) Bt )

High throughput imaging reduces:

Costs

Biological variability with higher group sizes

Low dose imaging reduces:

Dose to operators

Radiation-induced effects in biological models
(50-500mGy threshold)

Need for high volumetic activity

=3 Aide et al, EJNMMI 2012
Taschereau et al, Medical Physics 2007

KULEUVEN

MoSAIC: Nuclear Imaging Capabilities
* WSPECT — Molecubes y-cube

Allows the longitudinal assessment of radiolabelled
compound uptake for a variety of existing and novel
isotopes:

9mTe, Min, 7Ly, 161Th, 155Th

FOV selected via uCT scan for determination
of uptake in selected organs/tumour

[*Tbabelled compound

1 hour scan

<IMBq inected

MoSAIC: Nuclear Imaging Capabilities

L,

« WPET/PET/CT — Dual Molecubes B-cube
PET scanners and X-cube CT scanner

Day 0 pi

Day 3 pi

+ High quality standalone uCT used as
part of therapy assessment in a
hamster model of COVID-19

* Portable unit installed in a BSL3+
facility at the Rega Institute

Kaptein et al., PNAS 2020

16-2-2021




MoSAIC: Nuclear Imaging Capabilities

+ High quality standalone pCT used as part of COVID-19 therapy response monitoring and vaccine
candidate assessment

€ pCTimages d p-CT-gerived lung score @ -CT-derived lung volumes.
:
5 . -
i s =
jo 2
5o fwlos s
i S
£ e
g2
& 3 2o
. o 0

Sramsl2€0 §1 VRITD.

Boudewijns et al., Nature Communications 2020 Felipe-Sanchez et al., Nature 2021

UCT: BL3+ Facility use

MoSAIC: Nuclear Imaging Capabilities

* WPET/MR (7.0T) — Bruker Albira Si78 PET
insert, BioSpec 70/30 USR 7T MRI

Simultaneous PET-MRI imaging

+ Allows multiparameter longitudinal assessment in preciinical models
+ Applications in Oncology, NeuroPET and Cardiology
+ Superior mapping of organs for longitudinal biodistribution/blocking studies

Pre-block
High uptake in SSTR2-
expressing regions

Post-block
Reduced uptake in SSTR2-

16-2-2021

expressing regions Tshibangu et al., EJNMMI Radpharm Chem, 202f




1

Tshibangu et al., EJNMMI Radpharm Chem, 2020

KULEUVEN
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MoSAIC: Nuclear Imaging Capabilities

« WPET/MR (7.0T) — Bruker Albira Si78 PET
insert, BioSpec 70/30 USR 7T MRI
Simultaneous PET-MRI imaging

« Cl ion of tumour ion and glucose
+ Assessment of therapy response via ['6F]-FDG PET and ADC

Thomas et al., Eur. Urol., 2020

] KU LEUVEN

Performance characterization of
simultaneous preclinical
PET/MRI instrumentation at KU

Leuven

10



KUL PET-MRI setup @RaCLe )

« Bruker Biospec 70/30
BGA20S gradient with a bore size of 30 cm (ID).equipped with 20 cm ID actively shielded gradients (200 mT/m). Two quadrature
birdcage transmit/receive radio-frequency (RF) coils tested for mouse (ID of 40 mm,Quad40) and rat (86 mm ID,Quads6)
imaging.

+ Bruker Albira Si PET insert:

3 rings of monolithic LYSO crystal (50x50x10 mme) detector blocks coupled to an array of 12x12 SiPMs with 3x3 mm? active area
(4.2 mm pitch). PET data acquisition system uses 12-bit analog to digital converters, 250 ns integration window and a
programmable coincidence window of 3,5, 7 and 9 ns. Transaxial FOV 80 mm, axial FOV 150 mm. Temperature stabilized (+ 0.2
*C) using controlled air cooling in the range of 20-25 °C. PET electronics shielded from the RF field, without generating eddy
currents arising from the switching gradient field, using a cavity made of 3 layers of 200 ym overlaying carbon fiber sheets.

Study aims

+ Assess the effect of the PET insert on MRI acquisition
+ Tests carried out based on manufacturer acceptance criteria

Assess the effect of MR acquisition on acquired PET data
+ Tests carried out to NEMA-NU4 standard where possible

MRI radiofrequency noise + PET insert:

MRI radiofrequency noise map + PET insert: A: -PET, B: +PET.  Gsell etal,, Phys.Med.Biol. 2020

MRI Image quality, Signal to Noise Ratio and B, MRI field homogeneity mapping
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A: B, field maps for 30° flip angle + PET
B: Mean + SD and normalized pulse magnitude for a range of flip angles

Gsell etal., Phys.Med.Biol. 2020
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PET module performance
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Energy resolution (%)
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RAREZ)
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Effect of MRI sequences on energy resolution of PET detector modules at high and low activities (A); DOI
resolution from S1 (B).
Gsell etal,, Phys.Med.Biol. 2020
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PET spatial resolution:

Axial centre

204
e B . o FWHM, no MRI
o Fashet T = FWTM, no MRI
. & FWHM, EPI

5 104 - FWTM, EPI
wo E et - FWHM, RARE
w Eu.ﬁ- © FWTM, RARE
s o
b w2 % 4

Radial offset (mm)

1/4 Axial displacement

c 2.0
o FWHM, no MRI
T o = FWTM, no MRI
. £ -+ FWHM, EPI
5 1. v FWTM, EPI
- 2 + FWHM, RARE
2 8 osd © FWTM, RARE
A: PET spatial resolution at axial centre and with % axial displacement at different M—— 2,
radial offsets; B & C: plots of average resolution at axial centre and with % axiel .
displacement at different radial offsets as in table A Rciatoftast; i)

Gsell etal., Phys.Med.Biol. 2020
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PET resolution: Derenzo phantom

simultan

[*FJ-FDG).

iterations/0.

C: Line profiles through the 0.9mm rods shown in B.

Al reconstructions carried out using MLEM/100

Gsell etal., Phys.Med.Biol. 2020
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(NECR):
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PET sensitivity, scatter fraction, count loss and random coincidence measurements

A: Sensitivity Profile across
the axial FOV with no MRI
or simultaneous EPI and
RARE MRI acquisition

B: Variation in Sensitivity
between EPI and RARE
versus no MRI sequence

C and D: Count Rate
performance for the NEMA
mouse and rat phantoms
respectively.

Mouse  Phantom  peak
@486 keps, Rat Phantom
peak @ 239 keps (23MBg).

Gsell etal., Phys.Med.Biol. 2020
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PET linearity and image quality:

Data were re
size, 25 iteratio

structed using MLEM reconst
nd o partial volume correction.

NEMA-NU4 image quality ph

ction with 0.25 mm isotropic pixel

Gsell etal., Phys.Med.Biol. 2020
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PET measurements: linearity
18 -
17
.
15
= 14 b
S 1 .
R n
2 10 - ®  NoSequence
5 8 . o Fah
B .
E 7 -
E = » are
g 6 - y=03338x
£ : oo R?=0,9992 A
1 oo Linear
o
o H 10 15 20 25 30 35 40 as 50
Activity in QA Phantom (MBq)
Linearity for quantitative PET Imaging. 30 mm diameter/ 140 mm length phantom filled with 18F; based on calibration range of 1-32MBg. Average
rror=-1.17 +1.48 %, -1.17 £ 1.52 %, - 0.89 + 1.64 % and -0.66 + 1.99 % for No Sequence, FLASH, RARE and EPI respectively.
Gsell et al., Phys.Med.Biol. 2020

Conclusions:

The PET insert does not influence the MRI field homogeneity (center frequency shift of ~ 80 Hz). Ni
RF noise observed as a result of the PET insert

MRl image quality was preserved in the tested conditions.

PET sensitivity (NEMA, centre FOV) is 11.0 % and is unaltered when EPI and RARE sequences are
obtained.

Noise equivalent count rate (NECR, NEMA): Mouse Phantom peak @486 kcps, Rat Phantom peak
@ 239 keps (23MBa).

Image Quality (IQ, NEMA) comparable to state of the art systems. 1Q is not significantly affected by
MRI acquisition for the sequences tested

Spatial resolution (MLEM) <1.0 mm across the FOV and for all MRI sequences tested

Linearity: linear response obtained across a wide activity range, unaffected by MRI sequences tested

Summary @RGCLE )

« Preclinical imaging can support compound characterisation and
ultimately translation at many stages, via enabling whole-body,
longitudinal readouts

High resolution (high throughput, low dose) PET and SPECT
imaging is key to delivering on the potential of preclinical
imaging

Hybrid instruments allow true multiparameter imaging, enabling
a wide range of readouts to be obtained in a single experiment

14
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FAFTIVIRIENRDH SN D, SPECT(Single-photon emission computed
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Radioactivity: ]1.92 MBa

CT SPECT
Voxel size: 100 um Resolution: 250 um

Iteration: 20
Acquisition time: 60 min



[125]INal &5 UIe Y I RADSPECTIRIZ(CT)

Animal: C57BL6/N, 6 w, male Protocol ] 30 min l 6hr

ah | | > >
Body weight: 18.59 [1251]Nal  Perfusion SPECT
Dose: 1.45 MBqg injection fixation acquisition

[125]]Nal %25 LY ADSPECTEE

[ensf'LU] Basmi
R - update disabled

Animal: C57BL6/N, 6 w, male
Body weight: 18.5g
Dose: 1.45 MB

> @

T Acaquisition time: 6 hr
FRYARR
! CT

Voxel size: 100 um

kawashimah/ test 125i /125i

SPECT

Resolution: 250 um
Iteration: 50
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1251-oxLDLZ 25 L7z Y I RDSPECTHZ(CT)

Animal: C57BL6/N, 6 w, male Protocol ,  1omin g 18 hr S
Body weight: 18.7 g ' J

o 125]-oxLDL  Perfusion SPECT
Dose: 1.18 MBq injection  fixation acquisition

125]-oxLDLZRSF UV I RADSPECTEIR

Animal: C57BL6/N, 6 w, male
Body weight: 18.7 g

Dose: 1.18 MBq

Acquisition time: 18 hr

TE AN CT
= ~ . Voxel size: 100 um
kawashima/ test 12.5[)‘_ 125i F ‘
SPECT

Resolution: 250 um
Iteration: 20
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Radioactivity: 16.2 kBa (BAT)
10.3 kBa (Thyroid)
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Thyroid BAT

Thyroid :
» s -« Thyroid BAT

CT SPECT

Voxel size: 100 um Resolution: 250 um
Iteration: 20
Acaquisition time: 2 hr
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’*’ \ Time Course Anesthetized (isoflurane: 2.5%)
Intravenous administration of 1
[3MHT-11 ' \ SPECT (60 min)
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| . P
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SPECT:y-CUBE CT: X-CUBE cT Time (min)

(Molecubes company)

Cell:U-87MG (Human Glioblastoma)
Animal:BALB/c nu/nu mouse (male)
7 weeks 17.0g

Acquisition parameters for SPECT

OCollimator: GP mouse collimator
O Injected radioactivity :
14.5 MBg/100 pL
O Acquisition :
60 min after injection of ['23IJHT-11
O Acquisition time : 60 min
O Reconstruction: 3D-MLEM

Acquisition parameters for X-ray CT
O Tube voltage: 50 kV
O Tube current: 100 pA
O Reconstruction: ISRA
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PET-CT image of ['8F] APP-1 3. H.Kimura., ACS Med. Chem. Lett,, 8, 418-422 (2017)
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Towards development of neurotheranostics for Parkinson’s disease by application
with human iPSC technology

EREHKXPARERMFER B AR

Kaneyasu Nishimura, PhD
Division of Integrated Pharmaceutical Sciences,
Kyoto Pharmaceutical University

BEttEz 0z -, 20 F£%0 2040 FIZHIT5 65 BLU EOEEERIEL. #4,000 5A
(AOD#35%) ITEFTHERHESINTLS, /A—F 2V UKL, FiK R/ DR ANEIRMIC
RETHMBEEMKRETHY . BRICITH 16 BADEENWNDEShTWS, RENHTFOE
ZAEVWOLEBMBREDEREET SN, BEELT EHE—ATHEEEFEZEDENTET, 2@
MAENBABELE L IHAEDEETHD, Lo-HRRMEEEET I ENTEAVLELE M
EoT, COKREBZARTBICIE. FITE—IC. RS UHRMABOBREZE CZENKREFHD
BRMoEETHS, MBMISESERNRET SEICITEFL TS /NS DR 20% % T E
D2TWBEEDLNTEY., ERNIBELTHLFHERZFHLTEH, LEOFERTHD V', 0T
IN—F VY URDRIEZFIHT BICIE. PRSI UHBORES LU, TORZEBVEEDH D5
FOEEFFEVEREIRA. BHZHICRI TSI LARHEN D,

CDESBEEDLHE, HREX. N—F VY UREDRERELENMEDYDH D a-> X7 L1V
(SNCA) B U/ BE%$EME LT, SNCA B U/ BEORNBEEDRIRILIZ & 5 REAZEEDR
FZHELTWS, ThETIZT, ATBIZAERBLI=E k SNCA 2 > /3% B D preformed fibril (PFF)
EVXOAMICEEIAT A ETHERLEETILNORATAVTHBEN LB EEDO TS, *
DFER. EFSNCA R VRNV EDFARICHAZILEM L TS Z EAMER SN, 4FITHhN K/ >
HRICEVWTIIRERE L FCBEROHZ ) VBIEL XV L, VOREISERINT, SHICHKA
. E~IPSHIRBEZERWM=in vitro IXETILZ/ER L. £ MYIREZEMT 52 L THREDEMEZ
HEHDZEEFELTLNS, £ ~MPSHIENSKRERS L UDREEDA LA/ 14 FEZFTNETNIE
BL, TNOLZMASEDETEBERMAEAILA/ 4 K (assembloid) DERIZHEIIL TS,
S#IEIZD IPS HBEBERAILA /A FETILERIRETILERAEAOLELEASE b SNCA &
VINDBIZHAT AILAEYMDIEREZED. FEDA A=V U BIUVBIT2EDLIFETH D,
FEE, BAEERNT7 70—F & L TEEeMaMaEE F/3 S U aiEaiBRiia = AL - i
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Context Dependency DH&A&E#ZAR(Z ] (T
SHMERNALERHER—BEENT AE B

Notch &5 F 1) J1EsamPadoNIhoBEBEMETCLLREINTS
Y, BEICEITLHHEOEMRE. F-HATHERE - BFEOEEGMEFICEASES
TH MO T Notch T+ VT DHEAEISHRRAGRERERECKEEBEFSISEIT,
E MIZIE 4 FE5ED Notch BAR., ZDUH Y FIXSEEEFEET S, SBADE
MHAEIX— AR (%R L -MfaRcE L b, B E#BICBALTIE DU AV R
DZBEADFEE, 2) 2FBHOBRICLIZIB[ARDOUE ; 3) IHRAMREEN
FAA D DHIBANDKRE EBRANDBITAIERELSEEZEZONT NS,

Notch 5+ 1) UV DBMAEIZEVWT. RLEERNAL N TOSDIEEHEEIZE
T4 Context Dependency Tdh b, — ®d Context Dependency [ZB§ L T. HRKZE
WERLAHILNS, T4H5, Notchl ZBEADY A KD EDI4 X, Zh
Th. R ZRE. BET S, CNIXELZD ) A FHAREZERICHEEL.
BIHOEETZAAMREEARN F A A4 UNMBRAKRE SN, ZRNBITT L. 2
CHDBERTENBARINILEWVIEDTHD, BRIFIZOEBOAEBAIZEL-
T, B TFTIV DR FHBICEITS2 TSI Ry I ROFEZHLNE
L. EFIRAR~NOFHEBOIZEEBEZBIEI 2L L LT,

HERELIZETA2EYIEZICEEREZFEOD>HANIELTWLWSDITAERKELIC
B+ % Notch ZEEDIEEE Notch T F UV TI2BITHBEDEESETH S,
SEIFZEEFICEDT S, Notch ) A2 FOMASNGEE N RiFICIEC2 FAA V&
FEIENSIEEESHEENTFET S (Suckling et al. EMBO J. 2017), 4E.
DINT &DINAICEALT. BB L DBEEREZS FHAEHEIZE >THTILNC Z
Ltz ZORER. Q2 FAAIEAVT VAL F(EEIZ G, GM3 =L Vi)
ENLT, REFEETHIENOI oz, Notch VA KD C2 KA VIE. £
DIEEF 1 BBL2BBDL-R SV FORMIZHEAET %)L— T (B1-B2 loop) A
EELDHBEMERICEAET S LM TEY (Suckling et al. EMBO J.
2017), SEIOFHETIE DI ICEALTIEX, ZOBEAKZBLIEVSHER LG
f=o —A. DI4IZEAL TIE, GM L DBEERAIEB1-B2 loop ZNMLTHHLDT
Hot=H, M3 EDHEEERIE. TDOEET 2FEBLIBZFBDB-AFFVFD
IZ#FET H)L— T (B2-B3 loop) ZNRNLTHELDEo1=,

AFERTIE. COFHEHERLE. Notch ZBEE, TD U A2 FOEEFENERZE
BhtE b ET. LD context dependency IR 2EEE1TS,



Notch Signaling

- Four receptors and five ligands are known
- Receptors and ligands are single transmembrane proteins
- Occurs between juxtaposed cells
- Involves multiple cleavages of Notch receptor itself
by ADAM (S2-cleavage) and then y-secretase (S3-cleavage)

Cleaved Notch intracellular domain (NICD) is released into
the cell and reaches nucleus for gene expression

Signal Sending Cell
DlI1,3,4, Jagged1

S2-cleavage by AD
-secretase

Notch 1,2,3,4

NICD
Signal Receiving Cell .

Nucleus

The biggest interest in our project:
Context Dependency

Delta-like 4 (Dl14) Delta-like | (DII1)
Signal sending cell I I
Notch | Notch |
Signal receiving cell I
Dll4 inhibits myogenesis DIl promotes myogenesis

Notch ligands activate distinct target through the same receptor



Then the question is...

Delta-like 4 (Dll4) Delta-like 1 (DII1)
Signal sending cell I I
1 |

How does each ligand sense the context,
the different mode of clustering?

\ 4 \

Notch 1 Notch 1

Signal receiving cell I I I I I I

DIl4 vs GM3

DOPC/GM3

All atom simulation
FF: CHARMM 36
Software: NAMD
Duration: 250 us
Temperature 298 K




Notch 2BHZHRNET S
BEFSREF DR

REMEMKFHRF ARSI L — REIN DR

BAGESORBRERFRENMTON TSN, TNTHREBERBEMEC ., BAEES
AHEET D, TOHRT/MHEEMMEX. EMAAFD 15%FEEZE GO, b FEFRN 2002E
EELS, EDBRERAELIROON TS, NMNARIMEDERER# LT HEBHD—DIC
BEARY—MAZETF oD, BEIEPREDOD MR EDN G VOHBENRY—IZEE
5, EWERICEYRNLEESTY., CFRREEREMBAZREL. TChABUE
MRS EIEY 5B A DN TS, EFFREENIEMBIXAHESEAE <. FDG-PET TOR
HRETHD, TS THRRF. BERAFRH—EICER L, EEREEREMEICH L.
DU - BRETOOOMMEARFFAREEZITS> L L

LERRIEHEMARIC(E Notch ZREANSER L. /MEREFEZMEORHTH 5 @EN
DREBA~ADSEEINH L TVESZ ENHESN TS, £ THAIL Notch ZEIRICHE
BIHENFUALFERZRIEL., SHOICKEHRERHT 6 L TR - AEEITADSIRE
FRREKIFRFEZFE LIz, 3 TIC Notch REAKIL, TDOREMV A FTHAHDLLL &D
HIEROET SN, FHTIARBENRESN TS, TECTEDERE D LITERAKIC
BETDAREMEOBVARTF FEHRE - 8L, F1= Notch ZEARADHEERIYE & 51l
Y OAEDHAEEIT O

Notchl UV FTHB DA DL RBABEEELUEEZAOND | RIBEESEIIRTFF
ERFTLERZET o=, BEABRMEFMDIHDIZ. 2TELTRIFFON Rig7 I/ &
[CFITC #BA LTz, HERMMEETFMIZIEY) 32 EF > b Notch ZBHEZEAWV=, TL—F
REICYIAVEF Y b Notch ZRKRZEEL. ZZICFITC-RTIF FERIESE, ZORKE
BEZMFITCHKICIVYEELz, COFEREZRAVERENT v A Z1T0. BEKGRE
LTIE KA ET 2.3uM DRTF REHBDIEICHILTLS, CORTF FESLICHEE
EMHERRALERAL, SoICHEROBVARTF FEFERT 5.

FRRAES SIT/MRamERREEEZRAL. XTF FORTREFMEZRAFEL TS, /D
RN SR T 4 TERBEE., £IITRTF FHmML. Notch &7 FIL0ilFI%)
REZHAOCHCTIHETH D, RIEMICIEFITC ZMEHEHICERT 5 L T, LW - JAE
EIT3-ODHAREREANERRSELITFETH D,
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Basic helix-loop-helix transcription factors regulate the neuroendocrine differentiation of fetal mouse
pulmonary epithelium. Ito T, Udaka N, Yazawa T, Okudela K, Hayashi H, Sudo T, Guillemot F,
Kageyama R, Kitamura H. Development. 127(18), 3913-21 (2000)

Notchi& 4 b2 -FEAE A 7 s 14 -/ Nl e Az HE R (XA R DR 12
TIEFBRECEIIEZ R L. RN WS (CREN LD
R— hZiT0, BIERHERER Bl 2RIz T

Notch1 controls cell invasion and metastasis in small cell lung carcinoma cell lines. Hassan WA,
Yoshida R, Kudoh S, Hasegawa K, Niimori-Kita K, Ito T. Lung Cancer., 86(3), 304-10.(2014)

Notch1 controls cell chemoresistance in small cell lung carcinoma cells. Hassan WA, Yoshida R,
Kudoh S, Kameyama H, Hasegawa K, Niimori-Kita K, Ito T. Thorac Cancer., 7(1):123-8. (2016)

Intratumoural heterogeneity generated by Notch signalling promotes small-cell lung cancer. Lim JS,
Ibaseta A, Fischer MM, Cancilla B, O'Young G, Cristea S, Luca VC, Yang D, Jahchan NS, Hamard
C, Antoine M, Wislez M, Kong C, Cain J, Liu YW, Kapoun AM, Garcia KC, Hoey T, Murriel CL, Sage
J. Nature., 545(7654), 360-364. (2017)
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HEINTWD, £Z TENESEIZ DLLY D5y
RTIF REHE L. D Notchl ZFEE~DFES

P L7z, M AEMEREALE LTI DLL4
D 185 77 204 F%ILICHEH L, Fmoc [EFHA HE
(2L Y DLL4 (185-204) & &Rk L7, BiFntE%RF
i 572 N KRy =F Lo 7Y a—u
U 73 —% 41 L C FITC (fluorescein isothiocyanate)
a7 L LT LT, /5 54172 FITC-DLL4 (185-
204)DFFIM: % | recombinant NOTCH1 % VTR
fili L7z, BRAMIEE L TIX 96 /X7 L — hIZ

recombinant NOTCHI1 % [E/E L, % ZIZIREZ R -
‘ ’ ‘ FITC '
QQ @ 96T L — M ICEE, F|TCTM5é:)§)*
NOTCH1 Protein, Human, AR
Recombinant (Fc Tag)
FITC __HRP __HRP
‘ PAY ’
FITC FITC
FITC- DLL4(185 204) ‘v
HRM“*‘ AHFTCHUA E RIE @ HRPTOREICL Y ER

(41 NOTCH1 ~DfAneatiis
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72 FITC-DLL4 (185-204)% S Jix &, it icht
FITC #iikZx W CTERZIT H 2 & TR A fafndh
WA RdT=, ZDfER, FITC-DLL4 (185-204)D#i
itk (Kd) 1% 2.3uM THH Z E3H 72 (K1),
L% Z D 572 FITC-DLL4 (185-204) DHHE
S EATV, 2 & BICHAMEOFm WA TF R
IV DORMICEFTLTETH D,

—fJMM1§§W%%%ELt%tﬁﬁ
WIEOBRE BT -0lc, a0y 7 F

U v T DS %#és%@ﬁ’qiﬁﬂ a7 gE &
1T>TCWb, Notch 7 F VU 7%, g4
FETRRF—=VRE WS T2 FR— O E
MOWENMINFEIC L > THRARDZ LR LI
Rohd X)
Z @ context dependency F/E F COL 7 F VU
THERE DRI N LER OFRE T H 5, %L, Notch
ZARIRY A7 R DLLL & 4 & TIEs s miEitl
WZFED IR D L AR v AN EI D 2 L VR &S
iz, F oA TIE DLLL 28 Notchl Z &F{IAIC
FEATHZ LT MRS OFMIEN KA A
(NICD)D it (2SR OTEMEAL) 133V A8
AU DM, —J. DLL4 DFIZEIE~DOREEIE
NICD OfiHZFRGEICAE L SE D 2 AR
Ni-, TOfEE, DLL1 OfEAIImERZ =T
73, DLL4 OFfEE I B % R E T %, Notch ¥
TF V7B W T Bk O BENEIWNIZ L -
THH SN2 NICD X, O FE E-ENICBITL
G\ E3 5729, NICD MY % &
BT HZ s Tuninyy, oFE D e
LV RRFAIESEEBRICHES L. £ OREE.
[FIAE & X7 TP SRR NS B S5 23,
ZOMHERN R D Z LT, B 58I F%
ﬁﬁébé@f%éo:®WM%ﬁ\ﬁ4fi
RCER A H 27 context & A, F O
%i&®i9ﬁ%@ﬂ°’@ TS
MEL TN ZERAMEOHTH S,

E R Notch U7y RiZid, = oiiasl ek o
N R¥#Z1% C2 domain & W 5 IEE AR AAVEREML
ﬂfﬁﬁé%lmosﬁﬁ®Nmm)w/%®
C2 domain |[Z VR Y —ALHEEST A ERRE
N, EHICHREN LD YR Y —0-1
7V &A1 Notch -V I FiEEIZH
EHEIND Z EDNRINT-(FRMIEE O FRE

REERKE

FAIRERETS T«

|Z context dependent T 5 & S 41,

VTERE

Questions to be soleved:

(@ Which type of lipid does the
C2 domain sense?

(@ How does the characterized
lipid affect structure of the
TM-JM region and its

,4 oligomerization status?

d Notch ligand

plus previously reported

<« C2 domain knowledge
) s\ Molecular basis on the Notch
" B

Drug design

X2 AAFZEICIT DIEZEMGE (U H > Rixi
JAANESR D A % T ,)

IZIEE S TWRWYE, ZOREZOLDIX, £
WHMHAEER, Thbb, BELHONE L
HDEN, Notch 7 F U o ZH5RICE T D
prototype ThH 5D a 7V a VAT S0
ZETCIE, BER, EMENICED LS ICH
HLTWADIAHATHLN, 7V AT R
M T TV T B e 525 2 ERHES
ncTns4 2F0 ., Notch 7V o 7id#x
NIEMMAEER ORI LT 22T 7Y
ﬁ/F#®$W%%ht@%ﬁ%%fﬁbi
STWDHEFADHIEAD,

2 NTTEMEALEAE IR L C— Do D ATREME &
BZTz, bbb, U Ay RO C2 domain 235
AMHFOZHEEREDIAHFET DRE T
% sensor & LT, ZDEREE (context) (235
T AR, T 2050 TH
%o 2% Y  Notch S ARTEMAGIZIS 1T 5 context
TR RIS & A EROMEERORRAET
% Z RO AR S . 26 K8 (clustering)]
WZE-oThHEZBNS,

AR RS AR S . AR & 7R R R, BRERL
Ko THERD, HIT, MBI Z o /X

7B OEECAERRIC KRE g B r 5
2%, Tk, IBHEIZZ OfFERRIC e@ioc
WL HZ D500, ZORITE SITARIFFRIC
WTIRETHEZATHLN, IFED Zi.&?i’j(
LT BHENALE LT, H—I L%K%ﬂ\% 3%
BEROREE KA A > (TM), £ L TR

(juxtamembrane: IM) $. ChH D, = T, K
W% TIX . Notch %2 5K JE M1k @ context
dependency Z B3 ~< | Notch U > K C2
DR E ORE & ZDIEE = & Tl

domain D37t
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#£1 HWHEITETMIZE D C2 domain & JBE —HEE DL A 5k
Protein Lipid Results
Outer Leaflet Inner Leaflet
DIl POPC Cholesterol POPC POPS Cholesterol | Not Bound
POPC Cholesterol GM1 POPC POPS Cholesterol Bound
POPC Cholesterol GM3 POPC POPS Cholesterol Bound
Dll4 POPC Cholesterol POPC POPS Cholesterol | Not Bound
POPC Cholesterol GM1 POPC POPS Cholesterol Bound
POPC Cholesterol GM3 POPC POPS Cholesterol Bound
B _EHERETICHET S Notch A TM-IM

%

AL OMEMMEDIRI 2 BYfa 4 2 & & LT,
Fex X 2k T RN 7% A IR (EGFR)
EOZREMF oL XY OlEEYE
HIAIFFE 2 [ NMR %5 D53 650 FE % Hn T
IToTELN AR B TE T8 1%
(Molecular Dynamics:MD) simulation %3 A L |
C2 domain 2MHAAEH T DIEE ORKEZIT S Z
L Uiz, EERNICITERZ < OFEEOIREDMF
TET DN, T, FBEMD outer leaflet |ZAFTET
HHTYFY RTHDH GMI, GM3 Z 8%t
%L L,DLLl,DLL4 ® _F¥HD Y H > KD C2
domain & DFEEEBET HZ L& LT, C2
domain OFJHIHEEIX, ZALZE 4 Burgess®, Lea’
DO N—FIC Lo THEINTZbDZ AW
7= . — J7 . 1-Palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) . cholesterol, GM1 if:
X GM3 Z G ATENRE _HFOMHE, S 6I1
domain % DIFE _HEND ZOA%EL“C%I/\
TR R AT O BRO MM SR OMEIT Y = 7
—E' A CHARMM-GUI’ EIZBW\WTiTo72, 1
[T MARTINI" % IV IR A3 20 fs, RHELIE
fi% 2-3 ps, IREEIS LOVEIL L bar, 303K T
—EE Lz, fHAEEF e 77 8y r—v
mmMMBmm%ﬁuﬁwF%%%l_mfo
AT IZIEE > TV WS, C2 domain X
GMLmﬁ%ahﬁaggﬁiuﬁéﬁézk
WoTz, £, KT & UL DLL4 D C2
domain & GM3 AV [FE _HJEg & DFEA TH 5,
X 3 129 & 912 GM3 43 1+1% C2 domain L2
D <IEHLOFITAYIANTNDND I HIT
RAD, TOMDGZEITIT IO XS IetEiEIT8

REBERKFE FAIAIKFHARITS >

TAVTEE

DIl4 C2
domaln

<] 3 DLL4 @ C2 domain & GM3 DL

a3, Wb H 7 U A Y Rk Q2
domain OEMITHEL TWVEHND X HICHES
Nz, 7272, 20O TELTWAE2rD L IR A
L85 THhoTh, W7 UAY Ro1iEC2
domain (2%} L ChES & ifBEAZ RV IRT D TIX

72, FFEDREATNIICHE ED &0 ) BIGA AL
Bilz, fRBEER A RO 550 E BN 17

I LTHUZ Y AT KE C2domain DFESIC
B DR R EORER AT O NERH D,

WIZ Notch Z KD TM-IM HRALIZEE L Cak
X5, U A2 Rl C2 domain 23NE'E sensor &
L CTHERET A D THIIX, D [sense 47~
JEE L Notch ZZFRITK LT, ED X5 7
%5195®# Notch ZZHKD L 5 7pf s
RIBIZBWT, IBEMORL KEREEELZ
F5DIE TM-IM S ThH D, bHAA, D
fitOFMIASL, MIEN S D2 DTHRE B
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#2 MebET I

i+ 5 Notch TM-JM ELF| D42

BT

) Lipid
Protein Results
Outer Leaflet Inner Leaflet
2 TM-JM POPC Cholesterol POPC POPS Cholesterol Dimerized
POPC Cholesterol GM1 POPC POPS Cholesterol Dimerized
POPC Cholesterol GM3 POPC POPS Cholesterol Dimerized
4 TM-JM POPC Cholesterol POPC POPS Cholesterol Clustered as one
POPC Cholesterol GM1 POPC POPS Cholesterol | Dimerized (2 dimers)
POPC Cholesterol GM3 POPC POPS Cholesterol | Dimerized (2 dimers)
BaZ T HILT THHD, v -secretase DILH T EWVWS BB DHFEIEIE LN b Z DS
H Y amyloid-B O HIEFA T &H 5 amyloid precursor ~ IREENH/R 2,8 TH D, KX 72 cluster DI &
protein (APP)ICEA L TiX, £ TM-IM S0t &K 2 H AL & L 72 & & K 2% context
ERNTIE 2 < OF SR EHmE 5 272 . ABF%E dependency Z1EV EIF 2D, FIZHEN D BB

(23T, Notch ZZAA TM-IM & ONEHE —
HEFFIZBI G, RS 7 A RED
HEE D5 2 52T U CEEM 2R AT H1T7 9 6
F 9, M MD simulation {Z &> T, GM1,
GM3 73 TM-IM BA DO IFE —HgHIcBIF o=
B EDX I R BEH XD DONEMHTL
T Z & & Lz, Notch Z 7K TM-IM #7.0
FIHREE X Sanders DD 7 L— T ko THE
SNTHEREL, TNWES T 7490V

7 K Pymol IZEBWT, TNEN2 5T, 40T
Z—20 pdb 7 7 A /LD, FEEEROFHE O

bl Lz, 2D TM-IM BiH~_7FF RO
~OHDIALIT, FiROE Y .CHARMM-GUI |
WCBW T To7, IREZDORM L By ¢

H5b,

2B MEIC BT DR A fHICE L DT,
GM1, GM3 2MBA L7-iRE —HEEF Iz T
Notch Z &K TM-IM %] 2 73 1 &2 HE S
B, %m)@ TTIEEE L EERERE LT,
Flz. RN 4 P HFESETZSEIE. GMI,
GM3 AV @%:a_iou\f 1%, 2 O@:aﬁiﬂiﬁkﬁ)
BEINT-,

I E TOERT TM-IM ﬁﬂﬂ@%‘r@: LT
bnol=Z Lid, EiRPIFHEIZEB WV T Notch
TM-IM ECHIIEE —E g i iob\fz:a L9
HEWHZ ETHD, ZOREEIZ. TOXCAT ¥~
AT BT BT, Notch TM LA 23 K5 B D i
T_BREZERT D ZENRESNTZZ LITF
JE L7 1202 LCHEHE & 5L, GM1, GM3

TIEH DN, SHOEBRICHIFEZ L-v,

A 1%1% C2 domain & iFE DM AIEH. TM-IM
BSI DOZE B D fEHTIZ BN T, RIRFET /LT
@® MD simulation Z{TV), ZILE CTEBIEINT~
FREFMM, S IR 21T 5, HE
ET BN TIL, Z 2RI EO ZRIEEDE
ESIVTUW D 72 ERIERNT 24T 5 LT ol

%’Jb%ét . BB R mE SRR Z TV T2
HIz ﬁ%%rw BIFDHENRAKRT

b5, é DT IR DM & LT, C2 domain, Notch
TM-IM Bl % 53 1 A0 £ 7213 G b2y
ICPHELL, NMR ZHl & LB/t F
B & o THEEM#IT 21T 9 2 & T, Notch ¥ 7
TV 7 D5y FHERE ORRET 2 6D T <
2 =B AN
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REERKE

FRAIKRFHARTS VT4 VITEE

A4 A= TE¢ T E iPS MIlRERTORBEIC
KBN—F VY UIRORERB LRS- A
EDBR

MEENFR
(L EE S

IN=F Y PRI, PR O RN R
BRI G D MR EEREBEDO 1 S2ThH
V. HARIZIEK 16 T, AR TIFTK 700 T AD
BENPND EEINTWD, BIEHEDLIT 65 ik
U bomEing ThsdZ Lnb, Bkttt
ZT-HEARIZE ST, =%V RO TRIER X
OMRIBTERRIE O ITBFE RN D QOL [ gt
Bz 5 BB FIREB L OEREER O A MR
WOBLENS BEEBROBE L 7o > T D, — 1Y
X —=F 2 Y VIR OEBIERNBHIET 5 2 AIC
IEL FRIE L T D KRS A I 20% % T [a]
STNDEINTEY, FBIE L THOMRIRED
THEZHE L TCLTFENTHDL EEZOND, i
STN—=F Y IROIIEL THIT HI1TiE, R
L UMROME R KON £ ORI ORI & LT
L Z HIRENE (LA VWD R, R EEE
BT EBROEND, ZOHRERODL &,
AK7w Yz hCIE, ERWIR LTS5 O 5 BRI
SEHFZ, B HEEFRBIEGS L O A SRR O H
B LB L T, N—F% 0 Y IRDOIIE & TR
<EDLYDHD a-> X7 LA (SNCA) & /3
JEEERIE L, A A=V T E W ERE
O A AL & L Re i T A mh A S 2R
AR A A L, BEEZA N NS K DR iE O
2k R=F Y RO BN X OVREN
I ANi%  (neurotheranostics) DHESNL % B9,

PN Y YROIFERFT R E LT, R AE RN
VAT L B ME & R 2 R IR N A
RN END Z ENMBN TS, £72 SNCA
XZDOVE—/MEDOFEERERR T ThHh D Z &0,
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SNCA O i85, (A30P, E46K, AS3T 72 &) 3%
MR —F Y VIRDRIRTH D Z &ERE bR
TEY ., SNCA & /3—F Y IREED BE 3 5
ENTWS, 72 SNCA ¥ X7 B3/ 8—F% 2
VIRMMBIET DATEMEN D, BE, EREB LV
VbR L, a v T A= g VEEEESE R
OIMNZRET D 2 EMHL IR > TETWY
Do e T, R/ UM % b oD 2 BT L
Z % SNCA DX A F X 7 Tl 20 % Kot
PERINE JC R TR L 72 b & E W To A A —
YLV AEET A Z ERTENIL, N—F
VRO B R X ORI O T B B %
D= b B2 LND, RFFRT —~ T,
SNCA DOENIEREZ HELCTX 28T T L, H&
AT L OFERLES X OVSNCA FE & 38 X OVEEEEM
HEEE AT HILEMD AT ) —= T RO
DTN D,

£7° SNCA DINIEHFE % in vivo TRHETE %
ET N~ AOEREITo 72, LB LT
DA L OB BB L » TR sz
JyarbeFr bk b SNCA £/ ~— GEEER
+%) % C5TBL/6 ~ 7 ZADFERITIETA L,
FRIFR) 72 N BN BE O ZAL DB 2 ik AT, 3T
et LT, A1 EM#ZIZEBIT 5 E b SNCA
B Ry DZE % Hie b SNCA Bk FHvWC

BT A FEATBNOELIZE b SNCA ¥
URTEDY T FIVBRER S IV, E T EANEAL
JEDIZERBWT, B U UHR{k SNCA iR K 5 4
BhiER sz, LrLans, FEA4EBEIC
BOTE, MoOWTROMEBAMIcB N THE b
SNCA [ZHRT B> 7 FIVIdER TX eono T,
IO EMNLEALTZE b SNCA I 4 BB O H
WEIZIHMN TR - lREShi-eEZxonbd, 4
%1%, & b SNCA @ preformed fibril (PFF) % EA
T 52 LT, MNBEEXOFEMREEIT) TET
H 5D,

F 72, ZOMIZ invitro TOMRTET L OIERLE
BEtL T2, & b iPSHIAE S 3 RoCHRRHE
EaE AW CTERERFEREOMA VT 7 4 RE
TV OVER AR T, I RS AR o i
R CH DT DO A NT 7 A4 K EFR K
R AR ORI T B D RRSRIR O RITBREIE T
& % lateral ganglionic eminence (LGE) DAV /

REPREKZF

FRAIKRFHRARTS VT« v TEE

A REENENFHFEL, MEZAAIELZ LT
I BB A T ) A ROEREZ D T
% (K1A), ZHETIZ, #FE 16 HRIZBWT,
JERIFRR DAV A 7 A R TlL FOXA2 OFBIH,
LGE DA IVH J A R TiX GSH2 O\ I BfERR S
THY ., BT MERS X O LGE fE0/ED 4
FIZEI L TWwg (¥ 1B), 4%, ERL7=4 /v
A RO ARXRLMEDH A I T 8D
FHEITV, BRERSEREOMA NI ) A4 RET
JVERESL L, SNCA [RIED A 71 = X MRBNIZ 1))
To M E 7 L OREEEE BT,

A
E ~iPSHifa

LGE
(Striatum) .

->.’

Ventral midbrain

BHERRE
FILHS AR

GSH2 FOXA2
(Striatal marker) (Midbrain marker)

2500~ 400=
300

1500+
2004

Relative quantity
Relative quantity

500+ 1004

0~ 0-

* & & PSS S
& & F ‘\Qé‘é&’@&b'?@

1. & ~iPSHIRaMh 5D EEHREAEAIL
H/ A4 FOESR

F 7o, AREOHT LB O AN E & WAz O W/
Db &, SNCA IZHEET DILAMOTRKE L HED T
W5, T, anle138b 58 R7Y SNCA % & TofipiE
& o R EICKEERRERTHZ ERP LN E
pole, ZOLEWE L L CERRERONE
E&ATUV, SNCA X Db e m <.
MELILERR A H T 2L MO REZED 5 T E
Thd, TLT, ZOEMAT )V —=2 T 54T
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T DI, R L ORI B EIC L 0 . SNCA

DRI CERE DFENT R DRESL A HED TN D, — i
FINZ, RN X X7 ETH D SNCA D¥ %
7\m4kﬁﬁ%%mféﬁﬁfﬁtéhéo:
DSNCA DT I 1A RHRHER RS OB 7)1
T, VarerFr bk FSNCA Z /37 E %R
T FRHETE B S @ in vitro fRMT 24T 2 772,

F4°. SNCA KA Izt — X% AT, 37°CT
3HBIRE S THZ LT, ALHIZT I A Ff
%%ﬁ%bkoﬁibtﬁﬂ%ﬁ%ﬁﬁﬁﬁ%f
BT DL, K2 DL REHREEY D RD
n\7\n4%ﬁﬁ%£m$ﬁ@$1%é%ﬁ7
Z ¥y T (ThT) &L, AR a2 ~7 K
NEIZTT I v A FERMEICRE 72 B o — M
EOERBHER TE T, LIn->T, ZO&MT
SNCA BT I m A R#MEA TR T 5 2 & 3 ifEsd
=7,

B2 a-oRXILAUT7 0S4 FREDETF
el D ERM IR EIR

RIZ, ThT & Y O R RFROHEIEIZ L D . SNCA

DT I v A FHETEROER 2 B L7z, £ ORER,

X 31Tk D7y 7 A RO ESERE (L)
BlSh=, 7 I8aA RBHEOERIL, #s v
NIENEE L TENEL Dilfe s | BICHER
DNERAES U CTRREES SR T 2 o — Bt
THEATT D, ThT ITRZTSUS L7222 oh | #OiR
FED EAT 5 E TOMMITEE AR, HT%
S EARANC LT 2 WA M Rl R
S35 (1X3),

FRAIKRFHER TS VT«

RERREKZF

VTERE

500+

1 Lagtime

EE=E21TD
R =R EE
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.0 12~ 24 36 48 .60 72 84

FF7 7 ETHAEE
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B RIBE apb B RBE

"“" L il
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¥E{t PI0OA Rt

B3 FAIIECTHRBEIZLD
a-XY LA 27 204 NRHER BT

ZDEFETMIESNTT — X i LT, il
FROEZ VT I 2T 537 A—F | lagtime
& FLINT O Rl B kapp 2 L, 0
KT DB FRER OEBEEZAM L=, £9°.
SNCA OAJHIREE DL G T2 L 2 A JREK
NI RGR BRI B A L7228, B R B
—EThHoTZ L0 b, KEEKF TIIE R
WHEHETH D Z ENRE Iz, RIT, FFRRAT
SNCA WfEGT 5 v 7 A/ it L 7= N TR
B aOIAFE T CEREZIT 7L 2 A, /Malz
fter L7 SNCA JREIHAF LT, R RGRER & #it
HEM RARAR O 7 AMEHE S Te, FEATRERATR
TRRRME R R ORI X, IR RIS T
BATxt L CKPOBEEERNHES T 2 M ZmRE
JCa<, BICREA LEHEEERS ReiceEs
TOHHRERMBEOFELZRET D (X 4),

k] PO PO R

& = o —— 00000000
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Sth. O FEEREOFERIZOWT, K EEH
PR 2 D T & | SNCA ~DFEGRER L U
HELIREREZ AT 2B ERFE T E LT R
DL Z BT,

EleTPlat s LT, v 7 A2 0 TR—F
VIRET NVOVER AT 572, RN UARRE T
& % 6-hydroxydopamine (6-OHDA) % C57BL/6 ~
7 ADFEAONAIFTAN A (medial forebrain bundle;
MFB) (T 5 pg MEFEAT S Z & THAME S—F
VI RETNVONEREIT 5T, BT AFRNS
4 JAREIZ I T AR I hE [ EE) 2 FEIR I, 3

—F Y URET VOERERHE L7z, T ORER,

EBRL L7 —F v VY UIRETVITES LT
771.8+175.2 [E1/90 43 (4 PL) DElEE A R L, W
NOER S — R —F Y VIFET L O K
HETH 5 540 [01/90 43 Z i 7= LTz,

I DICTRE E LT, AR ZHEHSZ S IO
T PE R JC FRFZE & o & — DT T5 e Btz
OWIIDb &L ERRTER L A ~—F Y
VIRET YT AICEBIT D KNI MR
SPECT A A —V V7 %AT o7, R/XI UARFROLE
HICIT B A F TN (KRNI T AR—
Z—D VY R) ZRWT, 1{E{KH=0 21 MBq
LD KO ICRBEIRESHC K 0 B L W AR
TIZEBWT CT B L SPECT OfRtg %17 - 7= (X
5),

X5 N—F2YURETILIIORIZEITS 12
AA TN EFRNERERFANSI UHEDOR
1%, BRI EREZTRT .

ZORER, ERIL72/R—F Y VIR ET L~ T A
DTS EFEMOMBEETIT PLAF TR0
DT TN SN T=DITk L, BERORRSE
KT, Bl A A TAN DO T F T En
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FRAIKRFHRARTS VT« v TEE

ol TOZENL, AAIMENS—F Y R
ETNVUANERCTEZZ L BB A 4
TN B VT SPECT iz kv, E&-%
FRANIUHROBMEOFELZHR TCELHI L
DR STz,

TaY =l MR OREERR L, TE
NOHFFEY Y — 2D EIFSFERZROEE
DRILBSEE DD D, 5%, (LEMDOERKE X
OFE, B 7 U =R COBEMLEDOEEE,
faET vk L OEWET LV EHWTZERA A —
VT BRI FHEEOR L WD —H# DA
T4 DOEEEED TN, FARAT e s
FOREBEL L OEEIE LD, S5 50
T N—T DLW X DM FER L EY KA DS
HTHDHEEBEZTWD, ZHERHEHLTTrY
=7 D TR HE L GO TR L
TNWETWnWEE LTS,

BT I)2AF 47 2% B LIS WAIR
A A= TR

RHHTE B
Ak Ez

¥ ) A5 42 A (Theranostics) &iE. 158
& (Therapeutics) &2Wr (Diagnostics) & —{K
EL72H LWERETCH VU | B~ OJRES
ZIEMIZE B RT29 2T, RERIERE T 17
Livary - A7 4 vy ~OISANED T
W, L var s AT vl BEOM
Ja. BIET. SRR X B3R EORE
%, EACEREAN &2 DT LTI L TR
BT N— L, @R EIE R E THa R
T 2ERTHDL, —ANDE D DERL L Th
WA ST IR EBL UL, BIER 72 & 6 B
L. BEDQOL [ Lico7nd 5, & HITITEEIC
IS NTIRRE 7 L — IO B BTz e TR SR
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@%%%L’Oﬁﬁ@ BB DR AR E <
Al S, A RS R e RIFT LB

z%%vcwéo%?7/27vfﬁxzt TDT L
Vay AT 4 OHEEICEEREE 2R
EHIFF STV,

FAHEBI R TIX, BT AT 4 7 AEHMFSE
fsk 2 e Uiz THUR RN e &M% (RT) &
H—| RIS OREREED TN D,
(2. MDA B e E ARG L L7 e
DFAA—T U TEORES, BT ) AT 4 7R
BB FEA~DIEH Z D TN D,

Fx D7 N—7"TiX, LLTFD 3 >OHEEKIZHEN
Tk®T ) AT 47 AW EHED TV D,

1. 7 7 A7 47 27 a—78% (FKAIBR)
B T 1 B PR R e (PET) » B - B il = o
v o — & Wik (SPECT) 70— DBi%. 14
B AN OBZFE (RT WAL A7 &)

2. Tu—T7 GBI ERRES . B
BR¥E) - #H 7 v FALIEDOBRZE, ~ A 7 v pUsdE
B~ A 7a )77 X —%fnG ki E O
s

B ETBR S ¢ L ¥ —Molecubes -0
SPECT #£i& (v —cube) & FW o g 51 D AL

vy —cube EHAOE =RV X—H a3V X —H DRI,

WA B AT o~ 3D 1 A Z T 5 Electron-
tracking compton gamma-ray camera (ETCC) @ BH
i

LUFICA RIS 36 1T AR R 2 ST 5,
1. B9 ) AT 47 A u—T7H% (EHIHER%)
ASZMRZS vy FLS Ay DS A, JEEZS AuZg & % st
RLLT, BT /AT 47 AT 0 —T ORF L
HTND, KFRTIE, TOFTHHRRHEAL T
% WA ARG S K -2 22K 1 (FGFRL) & #5HY &
L7 a—7BRIC O W TEBRNZHRET 5,

A 2 M R G S K 52 281K 1 (FGFRL) Z 4R & L
7= 7 u—7BA%

ZREMF o X —Bo L LTHD
ATV D RRMET AR iR 2 Bk 7 7 2 U —
(FGFR1-4) IX st U o FREG R A AL v, HE
WRAA Y BIOMREX T —EB RAL 0D
20, UA RTHD FCF BNiEAT 5 & Tyr-653

FRAIKRFHER TS VT«

RERREKZF

VTERE

BXO Tyr654 ~OBECCY UEg{fbZ I L T
RAS/MAPK #¢%  PI3K/AKT %8878 & Z1HME(L &4,
MO, B85, 7R b— AN 59
5 (X1), ¥z, thoF o o o mkdk Fl 20 Tyr-
766 ~D U UER{LIT PLC-y X° Crk 72 & Ofth Dl
WIS 7T a2 TEE LT 2 2 Rl STy
50¢?%\mm11%ﬁh HBAEFT LD E
T DA TR AN B TRREFE B RS i, fE
BOMBEEZE L TWVWD I ENRBINTND,
ZDI=, I TIXH T2 D AIBIRD 723D DIER)
CLTHEEN FGRR Fri v —EPaHET
% 47 T RERY R (FGFR-TKT) D B N HED H AL TV
5, ARWFFETIL, FGFR1 IZ%}3 5 PET 7Y'm—7 %
BRI 9 5 Z & TFGFRL @R BRSO A A —2 7
EATZDE T DT TR, NADHEITE L
FGFR1 O3Bl L ORE Zf#H L, & 5T FGFR1 %¥
BT e —7 OfEENOE /2D FGFR Fr v %
FT—EBHEKORB~EBSTHZ2HBE L

TW5a,
EEFGFR
-PW

PLCy

PIPZ
DAG ===  PKC

s 4N

RAS ® RAF #® MEK = MAPK

Mitosis 1
Apotosis |

N 1

X1 FGFR & # 0D iy 7

FGFR1 (25 L CoR\PHETEM: A2 7R AZD454T %
BRfEW &35, FHEIK [F19 23kGEh- Gk L
= (®2),

H;CQ

OCHj3

18|:/\/N\)

['°F19

X2 [¥F]9 o
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B LT2AbA M 9 0 FGER1 (%9 % BTG MEEE
iz Efi L7= & = A, AZD454T (1C5=56.2 + 5.4
M) £V HEEEEIIME T 560D, FGFR1 12
N LUCHEEEEZFLTCVWD I ERENTE
(IC5=172.6 + 44.2 nM), TZ T, A ERT
DOz tEDd D = & L Lz,

fEEET LV~ U AL FRS 5128H 72V . FGFR1
BB AR & L CHiE ST S HB20 A
Ja oD A A fdt L=, H520 Mifds L O H520 #la
OHFEET N~ AL LIEEICKIT 5
FGFR1 OFBLEZ T = AX T yT 4 728D
FFAM U 72 B4 A X 3 127, H520 Allfuds X O o
R IERS I FGFR1 (BEGFR4y & : 90-115 kDa) @
Ny RIS, FCFRLI BAEBLLTWAHZ L%
B L=,

e H520cell * H520 tumor
FGFR1 .
B-actin s fo—

X3 H520 A & PR ICIS 1) D FGFR1 D3
Bl

AT, BF BRI DA R A it Uz FERG AR
R 9 OARSMEE S LT, 2 B ORISR L o
TI®Fl9 2B LT (B14), &Rk LZ[¥F]9 1X&
WRR 7 v~ b7 7 7128058 L, R
AR 9 LRERORFIFTH D Z L AR LT,

4 ["F]9 OFERA K

RERREKZF

FRAIKRFHARTS VT4 VITEE

%I, [PF]9 % H520 Aty €7 L~ U A
BEH L, SBEsoRH Z & o [BF]19 O &4 N
E LT, 2 IS/ ik, Mg/ R, g
/i R, NS/ N beds K OMIESES/ Al b 23 L
A < . ['F19 1% FGFR1 36 BRI (TR RS L.
W+ LR ENT,

60 min 120 min
JEEIEE/ . 0. 86 1. 10
NS5/ i Y 1.91 2.08
155/ it 1.17 1.28

1 ["F19 OIS ErE

AZD4547 LALAEM 9 @ FGFRI (259 2 fl ARk
ERENTT 5 HIUT, MOE ZHW\W- RyF o7 o3
alb—varEElLe (K5),

AZD4547 LALAEM 9 @ FGFRI (259 2 fl ARk
(ZHERIPER R DA, TEMEOHEREN PRI S iz, £
72, AZDASAT O BT PV BRAPHICIE FGFRL & 0
MU EIBE N TFEAE L, AZDA5AT DO ERT VU BREHR
A E~DT7 VA a T VHEE A O YPEN K
FFahiz, LrLEens, /£ e bhaiciird
FGFR1 1Zxt3 2 BETE MR ORER LV . L&Y
9 DFLETEMEIXAZDASAT LD IR T L CWiz72,
BERyF Iy Ial—a ryOfTe . TR
EIEEON L2 B LB EROFRG 2D
TW5,
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AZD4547

. i 4
@

5 FGFRL (ZxI3 DfE6THI

2. u—T7 e

7'a— 7 AR BE LTI 0 7
W, KR COFEMRGEEITIEZ S CW=ExF
—gﬂo

3. EBYLEMTEAR

RN A LT Molecubes #H0 y —cube OERE
PR A S L7z (1 6), RGeS TWADtED =
YA—=FELLT, vVAH= U A—% (GP mouse
collimator, FOV 12x32mm) &7 v NH=a U A —#

(GP rat collimator, FOV 24x60mm) @ 2 FE¥H 3
D0, LFOMEREFHME Cld~ U A2 U A—4 %
Mz (K7),

RERREKZF

FRAIKRFHARTS VT4 VITEE

7 A : GP mouse collimator. B : GP rat
collimator, C:GP rat collimator ZAHNH & K7~
BHE

BIZ/RTRIIM 7 7 > b AT, ™'Te0s &
10MBq 723 L TR 51T o 72, Wi, 15 4. 30
5y, 46 4. 1 FEfE, 2 FEflCEnENARG L, |
BB FAER L T OSRMC5EhE L7z,

B R A AR
« 9"T¢e energy window (141 keV +/- 10 %)

3D maximum likelihood—expectation
maximization algorithm (500 iterations)
72X, AL CIXHGELIR A E 3 K OYRSsfiiE XA T
STV,

1.2 mm _1.5mm

o,

P

%
®

10 1T 12 13

X8 FHIMHT 7> b A

RGEBROFIRL LV | RERRH 16 53 THER
0.8 mm OIUIHABRICHI STk v | R %
2 WP CTHEIL 3 L EAE 0.6 mm D7 E THIRRIC
fitishe (M9), ARIOKF T, 10MBq & I8
HLIHREBLEEROATH LD, S%ITRHE
T5HRIOBEEZEZ TGHEZITo, SbiZ, L,
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Hin, “Ga THIRBEORNET D TETH 5.

1mEREFRE: 15min 1BIRBERS: 30min

IRIGBFR: Lhr IRIGBER: 2hr
B9 FHIHT 7> N A TORGHER

FRTOMGRREEE R, RIZA L ERTO
WGz~ 22 MOTERBE LT, A A=
7 7a—7L LT, ®PI-iofulupane & 'ZI-IMP
ia: LAY/ N 1 0121, '"“*I-iofulupane @ SPECT
Eifg % ~1, P*I-iofulupane % 26 MBq ¥ 5- 60 43
%D, 30 G R T o2 L 2 A, BEEA~D
ERAPIBRICHM T N TE, 6T, ¥
HE% 4 MBq ETHS LTH, MEE~0ERE
HiHT 52N TET,

X 10

128T—iofulupane @ SPECT [H[{&

1 1120, "BI-1IMP o SPECT g % =, 21—
IMP % 29 MBq #5- 60 5305, 30 sy 217
STl TAH W~OERBEPARICHIE T 5 2 &2
T&7m, EBIT, ERNT BI-IMP 25 ik L 7=
BT OHURIRA~OERE L HIRICHINT5 2 &R T
=77,

REERKE

HRIEBERS 1 45min

11

Z37-TMP ¢ SPECT W%

UEORERID, EEMELED S 556
S MLEETH S0, Molecubes #0 y —cube 23
INBN DA A= U TIRICERTH D Z &R
RENT, S HICHFx L, WEAEE COEEBAL
ZH¥ L. Molecubes #t& R T vy —cube BHHD
BITRNAFX—Hal) A—XOREERFTL TV
Do

KL BITDE®T ) AT 4 7 AW EBLA L
TEEDRB L, RAIFNTHIRELODDOH D
MNEDOEEWNIESBAMEND ETIZIFEEST
W2, LU B, i 722 B L IR OGS
IEASHOERICB W CTEEREE 2 RI-T &5
ZoNDT=0, BT ) AT 4 7 AR RIS
BERARTHD, DI IT, FHFERKRT
BeEns 27 2 27 4 7 ZRIFEME) (25 2
ETL F LW - IRIRIEICTT DIV ER & 5
EERE 1 & B ITAT T 7o i AR SE AR & B FEE o
BRIZHEHTWNETN,

TG TR LI AFZERRR I, IR R - R
T F o B O PR P AR KRR A, B D
AotRE L LR OB AT LD
ZRBEBNOBMTHY , WMEERTHE L HIT,
IS EHOBEERLET,

FRAIKRFHARTS VT4 VITEE
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T ) AT 4 7 ARRGEOHEEIT AT T2
A A= v T EHr O FEBIAK

TR RIAL T RATSE
B F—
g FHF0

KR IR B O IR REMERA DN 55 F L~ L T 1
AERE T Ol 2 2 O 5T RIS AR T
T ETEEICRT 0T AEMFH T n e X D%
IRy - REMMIZ2 L% in vivo (2 TRk, £l
ROREIRD D VERGFA A=V T OF
FPEIIRS B ENDHICEY | HEFEE « K2
O—FELLTEE L (K1), &biz, BliE
DR TIX, ZOFEZ L L THRREOM
KA BFEAENE N THIREIZZ M LoD, 2hRrY72
R~ R ST (WS BRO/E) . &7
J A7 4 27 A (Theranostics) 23EAFRE & 72> T
Do RFIZBWT S [ZARFrRAYEG LT 2
EET D0 A BEHNAEEE (radio-
theranostics) WFFEHLS OFEEL ] 23 A% 30 4R D
FSERFHIET T 0T 4 v 7 F¥E CEIRFAE)
BRI ENTZ, FEOAMITEEND [Radio-

AA=TT B LS -
FO— TR ¢ xSy RITEDRIR
)/ (SPECT, PET, Optm %

A I ey
\_/ =

- ol R DR
- EBERRAT
R ANE ORI

=

FRUARR - BRADRFRE
L oA A= THINOER~DOHERK

theranostics) 1Z&®T J AT 4 7 AD—EETH
D, EBICEMEEREAENET D, Tbb, B
BRI T Db EWIcx LTl (AiRiFEim

RERREKZF

FRAIKRFHARTS VT4 VITEE

) & DV TIERRE GIARREME) (25 L 72 i
% W3 B B PERIAZ ot (Radioisotope : RI)
A, WUNCHALE S5 2 & T2l & inik
O—RILZLEB L, WUIRADORR LT, £2HIC
W LTS A DIRAIRREZ /T 26D ThH
%o
FDO—HT, BT /AT 4 7 A% [ DHHEEIC
*LUCTHRERIBEERT 2007 7a—F L7
HEFEEZWHEZFETHZ L] EHLERTE S,
THTERY b E S PTRIG L e DR A N E
WIRE SR Z & ER L, L4 Tld Neuro-
theranostics (fHFERAEIEK) <° Cardiovascular-
theranostics (TEBRAREED) . S 51T Metabolo-
theranostics (fRERHEE) FOFEEGLEEN
TW5, ZIGIZH7 2RBOWRESRZ MRS
T2 OB OBEEN Y TICHER L, 25 OFRES
MAAERH Z " b, in vivo CIRIFRFIZHIET 25 H
FIIZ BTl Single—photon emission computed
tomography (SPECT) 23 FEH BN — /L 72D
bbb, Ak, KERT AT 4 7 AR
Yo F —NITERIE S LT/ NEM ] SPECT 24i& %
FW =& FEE T VB T OFEN 2 0z, X#RCT
[CTHUS SN D TEREEHE DM, & HIZ in vitro,

EFILEM

__Jp_ j@{"'
a [
% RINL—H— |7
-
\SRECT, Gy b

L] N
« ERIERDENE R, & 70—7
EEYEEQLE 1CHPEERIL

www.molecubes.com

 S——

- JRAELEIBEDAREA
- AEDRHBEBIBADT—R Ny

M2 &7/ A7 47 ZARIFENTE

NEWS LETTER




ex vivo EEREMAEDOERNLERL TP b
nEEZD (K2),

LR, 87 VAT 4 7 A &#%—U— K& LT
BT T UT 4 TREEICBOTARENBAEH
FELTCWD REOZWNDIGHFE~E B L 5708
FEBTBFZE O FEST ) (AT T2 B R B s DT X
# CT, SPECT %&i@E Z Hclii 42 & & bic
OFAEMZE & U CRA T O 1-123 FE#%EE{L LDL,
@ P'T1EAEZ U ¥ A& AW -8 o g bl %
AT 5,

SPECT \Z KL % 2 B fd [l iR % SE 5k

SPECT IZ=RAF—NE2 2 v #0 X #% 505
L CTHEBETE D LW FBE D, L72i» T,
B 21 & D (EIRIC %n%nﬁ&é#@ﬁEﬁé@
BOBHME N L—Y—2E5 LTHGE, 260
RN AT % [RIRELZ \#O%ﬁ_EM#é_&#T
BETHDH, T ZTIE AFITEA STV A/NEY)
A SPECT #:f& (MOLECUBES #f:#4 y —CUBE) Z%f L T
W70 2 FREAOBURE RN TSR & & Tk & i
L, BT X —2 34T D HEE A D5l
ZRRE LTRSS DR DB O B 2 HFIZ oW TR
GE L7,

F9. Na[*Tc]Tc04 (Tc—99m DYeF = % /LF—t°
— 7 141 keV) & [MIn]InCls (In-111 YT X%
JLF—E—7 :23.2 keV, 171 keV, 245 keV) O
KEEWR (%5 MBq) ZFHEE L, Hlx DU PITH
HL7, vURa ) A—&—%%E5 L7 SPECT %
BIZTZO7 7 bAZHRBL, Honizoxv
¥F—b—7 %M 3 TR T, TIT, ERENDIK
SHERICRITIEYS T 5 =R F—— 7 )l
(IR L, R AR L7 R, Te-99m D&, &
HWNT In-111 OB TE 72, 7235, Te=99m
CIn- 11l DR NLF—E— 7 2B EE DL LK
ETDHE, MENERGDOE L EGE L THE
Hanz (X4),

99mTc¢
150000 111 I n

125000 ¢ ¢ ¢

100000

75000

Collected e

50000
25000 \

0
0

100 200 300
Energy (keV)

3 Tc-99m & In-111 DT FLF—E—7
REEHKF

MM REAER TS >oT 4

Coronal

Transverse

1Mn

1Mn

X 4 2 BRERIEA A— 07 (%" & Mn)

F 72 Na[*Tc]Tc0, & [*'T1]TIC1 (T1-201 D+
TRAF—E—72 :70.8 keV, 80.3 keV) DKIA
KER % D~A 7 aF 2a—TI2hEL, FEEOR
MEAToTz & A ME BN TE 7= (M 5),

ZOEIT, TRAXF—DRRD RO X HE
T 2B E O AR, Bl TE5EX Y
TA—DIERIE, BT AT 4 7 AR EED D
ECHOTHERESZSZ BN,

99M T + 201T]

5 2 KRR A A—Dv 7 (W7 L 21T
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1-123 f=Ee L LDL  (**1-oxLDL) D{ENEhREMRHT

BRI, B ORI CAFAE T D hE
B R D— CD36 IR NG AER & M PN I
Wk T 5 T VAR —TH Y, 2HFOIFEN
WA L EBHIT, TETIHEEEOEWAM
I TORRLMESNLTWD, -, BEOBRL
)/%E%&MJT&/Aﬁgémﬁﬁézﬁ
RV Y —Z /R E LT, BIRELFHRICE
%ﬁﬁ%@%m®7ﬁh—yx\ﬁﬁif§—7
FERA~DOEG LRI TS, Z0XHiC, £
KR A A AL ADHEFFE & HITZE OBED K
FENKE X RIRBOER Lo TNDH T END,
CD36 DAEFFHEREZH LML, EHIZiF=a
hr—vd % 2 & BEEE B O TR - AIEE - 1B
%W’k%<ﬁﬁﬁék@ﬁéhé T, A
W2 TlE, A H 5 WITRAREBIZ BT 5 (D36
DFEIZTHOEAL A— //7%’#2%)1%\“(%@&
FEPRIFCHET AR S LD B R (ZETERE
) SCHREVEIES O H E AT B E X D Z &
ZHME LT,

e — 2 L L CEe{b LDL (Oxidized low-
density lipoprotein : oxLDL) 7% Lectin-like
oxLDL receptor-1 (LOX-1) <°CD36 ZED A B~
Uy — SRR X D%, RN S D
ZEEEERIC, BT UE 1-123 2k oxLDL

WﬂoﬂM)@mW@ &% y —CUBE |2 C ZEfE
L7=, £, Chloramine-T Z W\ C['*I]1 #E1L
L. oxLDL #§pk % > 7327 & (ApoB-100) |(Z%f9 %
KA BN T 2 I-oxLDL 2 /EHL L 72 (12 6) ,

g,

123]~ / Chloramine-T (7.6 mM) :’% XLDL
X0 i3

%ﬁ&
123].oxLDL

0o o 123

©\A$B-100 e
b K Z Cl
"{L ) f;\‘?. HaC

Phosphate buffer (pH 7.4)
3 min

X6 1-123 12K % oxLDL O E 5k s

T @ "1-oxLDL % HEE T 35 J OV#REE T D C57BL6/N
~ A (HEME, 6 i) ~ U ARG L,
RNEREZ Lhle U7, RO 2 G~ 2RI
I%. Medetomidine, Midazolam, Butorphanol —f&
IRAFREE%Z ' T-oxLDL #5-0> 30 47 Ril Hﬁﬁjﬂw&h
gbtomlmwuaﬁw P&, SHMEBLFTIC

REERKE

FRAIKRFHARTS VT4 VITEE

S, FEREE L-%IC X & CT BXLW

Static-SPECT #xf & FEhi L7, = DOfER, HEE T
D~ T A TN NE A, 22478 FE oI
T A\ ENENMHE (Brown adipose tissue :
BAT) ~DRHEA 722 I RESEFR 23R D T3 BRI T
TIE BI-0xLDL @ BAT ~DRAT B IHH S
7z (7)),

Sagittal

Coronal

Under anesthesia

[X] 7 '2*I-oxLDL @ BAT ~DEFMITII
@E/‘%EB

—J5. DRI A2 A T H 2 1] 15—
(43— F7z2=1)-3R,S)-AF N HTH
g (1 BMIPP) B, DL~ DTGA AT
1% CD36 | REEhiE B 595 Z b
Twéo%_f\H%_PW@%Ltvﬁx_
IZ3T-BMIPP % &#ARPNFE 5- L SPECT #f% L 7= 73, BAT
"Téﬁ%%%ﬁ@ﬁ%iﬁnéﬂﬁ#o%
(1% 8) . [l UHUGAZKERE A1 LTz 2 DO JsH
L—t— f_@ioﬁé%@ﬁgﬂébé_k
VBRI S . AEFRAYIZ CD36 3B L TN D DD
SFEA TORRE B, KRR RO 5L
EENAE PRSI o T Y (EEE )
Bk & W 2 {liEIDN B CD36 BERE D fEMT 2 FERE L 7=
WEEBZ TS,
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[hnsfU] Ba/ml
sy 1802

[SPDPSPRRN = cisablect
fe0d

| ] ‘.;
Undery, |
anesgh Sia

123|——<:>—-(CHz)12—gHCH2—COOH

s aspgmIpp

8 'PI-BMIPP @ BAT ~D4EFH

[MT1]HEAL 2 D o N W T2 O SE o LB

O L 5 1. it B D AR

MR ORI D B feipiRik & LT,
HEZERIEC B NN T2 aeMEriig (hiPSC) 7~ B AE
LMY — NS HAERDO R E LT
EHINTEY, EAMBICHIT 2R ED 51
TW5, BREZIZRIT 5 ORI X IR BERY

72 in vivo ARAFMETIENE L TWD Z &b,

BUTE, DRI B3 DHRENE & © R B A
e L7 m—70RBERAATEBY, Zheil
T CHBIIRE RAZEITIC L 2T VB D IE
LS 24T o 72,

F. Ml P 2L S5 BT, 8
Sprague-Dawley 7 > b (HEVE, 6 BHfn) Z8IRL
7o FREE T CAN TR SR CBEGE, B L, EEIIR
FERT FATEE & Al Bk LRI D& 14 HIRITOf)
M &2 WA TH 5 [P TIITICT % FARAN G-
L7zo X # CT 38 X OF SPECT #4\ THEZR L 74
B R U7 Tl A DK T AR Stz
(¥19), 7=, R THITHEH L7z Do R
L7z DD s AT R Tl DAREOE Ak, £
DEBEOIEF AR S -, &5, YARE
EERIL, A— T V47T 7 0 — (ARG) &4T-
el Z A, BREHSRED /34T SPECT Eifg & o —
WARBDT, HREYEOIC X DMERBFAIREE D b

REERKE

DR DEEFE A RO T- 2 LG HEIR OGS 2
WXV EY R O EE T VENM NERICE 7=
o &I L=,

Sham-operated

Postoperative
day 14

:: Autoradiogram

‘ Left ventricle A

B9 OFEEET AT Y MBI 0L
[LIEES

A 11X Sprague-Dawley 7 v F CHLELTCET
NAERLSAIRE & 72 0 R, SfE AT » b (F344-
rnu/rnu) \ZCREROREMT 21T 5, OIfEZEET L
(BRI A L, ekt e 52 Ry
BORBETEETDHE LI, LEEEZFHEL 5
LEBOREE N —Y—F2 AW THRED R
BETNHIET D,

FRAIKRFHARTS VT4 VITEE

b, R¥ETET ) AT 4 7 A EHEET S
BT, FORBEME Lo A= TEH
U7 4 (X#RCT, SPECT #:&) DAz OWTHI
RLU, BHICHRRZXHC, BT AT 47
ATIHBEE A~ ANOERERERAE LD
RERIFEELZRIRTE 2710, HEER
(Precision medicine) Z{AHLL 9 H5FEE LT
HFHINTWD, RECBWNTHHEE A OB X}
G L LTRBBIRFE A~ L > — A L RITKEOMY
D RRY R I e i LRl VAR SR el IS . 5 i eV
Z—, X DITEFENAOKRZLRBE, 7R
CHEEZE S T ZENEBEIIRDEER D,
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1. ZRE&fE—: Design and evaluation of functional
molecules interacting with  Epidermal
Growth Factor Receptor (EGFR).
Presentation topic for 2019 Research Day and
International Conference at National Taiwan
University (Taipei), 2019.5.

2. EHEF=E ARk 7 e 2 ) TR E T
I NA = =R OISR IRENE, 5 46 [ HA
RS (BH) , 2019.11.

3. REME— TR NTTF MMEITHESLT
n 7 7 —EIEAOBE &AL, AES TR
A (KBR), 2020.1.

4. KA # 2 : T Trends in research and
development of PET probes for cancer
imaging| . ERAERKFZRFEHE PET 5k
(A2), 2019.12.
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FIIKFAFRT

S>54>08%

IR ENESLRMEEE LIS

NABSHEANAESE (radio-theranostics) TAZTHARRDAZHK

News Letter Vol.3

— I XC®IT —

HHIERETE
BIFR

RE &E—

KL SCRFE D D BRE S L2 2018 FEFL
SEREERIGE T T T v SR [ R R
BALEAT % HeE & 3D 28 AU SRR N R 1 (radio-
theranostics) WFZEHLRDTERK ] 23 AFEFE THRAEAR
FEAAZ 2021 3 Ax b o THEEN V-T2 AR
TWiZLET, REEIIARFO N E CTORSMH
= 3E S A28 D AR & KFRIRD T ST v 2K
Za b e MR N R & U CRE & g
ESNTHFHETT, AFETCINETEDTEX
WFZERE 22134 NEWS LETTER vol3 2% TOD
TIUT 4 TR Y T L ETHEEN LT
FWNY FE LD, JIEKHBoOREELLTELD
TEYET, —EW=ZTF IS0 W2
5 EBDETR, H LA A SREERN AR EE B
B L7z Seimir st O skt & 72 DN Z < & %
NTEY, REENZNLDOFHTRERORE 72
BRI 7207 Z L XK R LTVHERELETEY
F9, Flo. INOHOWEERDIZE A EITFN
D IrTe B TUEI & G D T2 ok & o IR R IR ]
EHAE LT HHO T, REEDFFE DTS
IN—T DHTIERLKFDAT — 7 R)VF—

RMEMKE BIKRERARIS VT U ITEE

EELEL DI RO DLERETH-T-Z &
DGR KRFZRIB O EE 2 X 5 2Hbd
HFERIZ O MN oL EZTEY £4,

ZD XD BRBLENG, RFEEPKFZORROM
BRI ORND e N A TRFREL LRTN
TR0 EHA, SCHRFEOFEL U UIAREE
THRT LRV ETN, KEETHA L TEEAR
O EAR T T R B & AT RR IS T 5 72
JORERE IR O THY £, RIFEZ,
DX REREARE L T D KFEND OMEEN
XEEGDIZOITH R E A LT Tw
STENFESMEDOEB THHAHIEEXTE
0 ET, REEMRRLEREH & LTRELLHL
WIFFZEREIR S A EN D Z L2 RWICHIFF L TF
DET,

bt A2 FaR

BEEER R R

CERE-25- iR
HEE-FERE)
s Ei

HRAMH
HSADBEHRM A& radio-theranostics| B Bl O FL

D SPECTE{R BT HHSRENE

=l
B 0mxﬁx#mwsa4 S

: EWMES T (SRRSO R/FHER/EE-EHR)

HEE 24— (MRHE IO T TREE4—/4R
n;mguu;tw—mmaixwm
k=

AT

FHAR-FATL-— R

HEPPEE NN E H G

FHEHKAPOBETISUF

SMMREICEZShF-RPTOI L3 T LOFAR
[ 58 LRadio-theranostics B Z2 L&)
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REIZ, TNETOTKBIZELSELP L RS
DL EHIT, BIEREARFOBMREAL D DIRD
WIS EABEOWELE L TRE L SET
lEEET, RITEELALLIBENNZLET,

—uxy MRERE—

EFEAM A v F—
B Dt

Rk 30 RIS A
AR 2 A T A AL T &
FEAE & T D D AR N R L (radio-theranostics)
WL DTER” & O WA CTRNLKRFGE T F
T TEEICEIRE N, A EEL TE T,
RGN IFAR AL O mHABIC X S
FIRESE M O BGEHZWHED BB ZE T LT\ 5,
EF LRI, TRLICET 2R %
ChemMedChem, 15(18), pp 1699 — 1705 (2020)\7 %
HLEOTHRNT 5,

AR EICAFAET D2 A RITEAER & LT
BITND Z ENZV, TETIE, ARERIEE
FIOBR L L AThbNTn5b, LML, ZOHE
ISR E BT HHEBIZULIBELRY, 22
THEHIBHIE & [FIRFICEZE & 72 2 D)8, BRI
FERISZ AR FEEL L TN il L, TR I E
Bl & L CRlrd 23857 (m =42 o
B TH D, BIE, ALBPADIBETHO OGNS
ARSI AYEEA Trastuzumab (X, O TH D
HER2 ARSI 2 GRS LT MRS T 5, £ 2
THOLATW D ZENEIT, RSk bk
5 L OVFISH (Fluorescence in situ hybridization) 7%
T %, FISH HAITSEMET Bl L - i 2 292,
—J7. SRR P BRI T EDMEE T h D 23,
MR ENESWIUADRLETH D, £ 2T, EF

REERKE

FAAIRPERETS VT«

2TR=-%

HIZEN GO LT, EREE O AR
ERRR AT T2,

IR L Y VL T RIRICHER T 20
RERHICHWS, UL, IHE, EELITZE
oYU T REERaMM L, Uy RFERE
el UTHW, RIS 2 7EZBRF L.
DR ) NFERRaE L AT (K
1) . AIETIEE ZTHEGRY > REKOE S, 1
FOZFERIHEER., ¥ 7B DR E W
THA S TEOZ AR EYE - k25, #7
ELTE7ZvALEAL Y (FITC) VW5,

Ei=
HRPIRE@INS Ik @

SOTRUAN > R

NS4 20N/ ED
FAIRNZEE

1 U r gk

AW SCCIIERIZ AR L LT, Kissl HF K%
BATE, Kissl S RIL, kisspeptin 2 U T K&
U, WS ASCRRIR S A7 BICmBET 5 2 &0
WEINTWD, £ L TZEORBLRE & iBEEN
BT 5 2 & b S, FEARERE LCTHER S
LTS, L, Kissl SZZARIT G E O =
PUADIE, £ CTEEOITY T FHEIRGE
%M L, kisspeptin 2 T Kissl S22 R OfR
HEZBRA%E LT,

F Y IRH| & 72 D FITC-kisspeptin & {1545 ik
L7z, IRIZ Kissl Z ARz @3B 2 25 AUk &
HENMZTT L0, b MEMakkz HnTx27 )
—= U T EAT ol FORER, Wi A, BRI
\ZHRT DMk CREAMR L, £ TR
RS RR AR S 5 5 R R iR & LT, Ml
Wit~ B, IR PR R BE AR oD s B
YR & 4EFTOANFL, VT NFEREEL
1To7c. TOREE, MldE. MR LR, /N
Ja g, FURIRBERE & Al W T STz,
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Jg—(CRIR (206
X 2

FroY A ORER, T, R LR, FRRIR
BRI 4 0] & & JEBHARIC —RRICTR S ea S
Too EAUTKE L. /AR 1 2 528 AN ds)— |2 Y
Bl (M2), 2o, b MEMIak T Kissl
ZREFBID R SV O 5 B /Nl it
DFWRIBII A —RFETH D Z Lo 7,
O Z EE Kissl R RN & L2858,
Jiti /N RS C U RRE Y 72 2h B L 2 22 WE BT 2% &
HTEEERT S,

PLEOFESR, 1RRERTIC I 7] BEAEF & MERE 3 2
CLEFEETHY . AExAHviIEn s iz
ITRADZ N nholc, FIEAREITHUATITZARL
(LGRS AIREZR U Y RIBEARE WD, Lo
THET, L &I, £ LTI A
PHFEFEECTH U | ik b PRl R D o h
BEE L THIRICEOMREEZZbND,

W, T 70T 4 v T HIETIIARTZ EERE
Wil LTRAT A, MY - Ta YTy
Ky &G 2588 UILRM 28It L T &
7o HEH LI, T oY Ty KEFOR O
LR LR D £ DR % Journal of
Labelled Compounds and Radiopharmaceuticals.
64(1), pp 40 — 46, (2021) I[ZHE L7-D THENT 5,

NI 2-7 v A e (BF) FAF Y LE B
—/L (FDS) 2MEARND & ORI bW S T,
TR ICE PRt S 2 EE 2 FIH L. PET (&
G2 L) CEMRENAMN 21T > FiE &R L T
W5, G340 FDS 1E, &bILH S D
PET K| TH D 2-7 A m (BF) TAF 7 L=

RMEMKE BIKRERARIS VT U ITEE

INHIE i T BR G i oD e el SR

—2Z (FDG) #iEL LA IND, FDG (T3S
BT U ANY —THEATE, PET R Z G L
Wi CHLRARRETH D, TITHETH, A
RERIE 72 < Ch . ffEIZ FDG 75 FDS % il
FTLIFENERTEIE, E O T BHEHE
BNAREL 10D, & 2 CHIMELRARIEDRFICE
FHIXH FHATE,

ARk AEREENC LT 2 ERIE, &R oHl &
WIS Z & SISRICARI 228 oAl 2 0 L
pH SR#E AT ZENETF b5, TZTEND
DORIEZ R~ EFICHEE S U70E oHl &
A BUSTRIE A ERAED 2 Tl T 4 4 B
D RE ., BBEENEZINZ D720 T pH 21725
FiEERE L (K3) .,

CHO CH,OH
H—118 H—_l 18F
H—-OH BH,-ALO; H—-OH

HO——H HO——H
H——OH H—OH
CH,OH _l%OH

3 FDG 7»5 FDS ~Dig7T

BITAlE LT, A A R BsE RS L OV LR
FHARE e 2 FEOEFAEEF BHy 285 L
7oo EORER. FDG 12 A A 2B i THEF BH,
WIS L, £-72< FDS 2156 ehnotz, &
A AR IR A WA T AR &
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NTEY ., FDG bRERICHRE SN EHF 2T, —
J7. TV HEF BHy 1E 2 4y O#EE T FDS ~0D
BICSHET L, AIREMED A TiEILHl Z bRk
T&ET, AHRITY U FEREEIR & IR 5721 T pH
TR RIS S e, 2D OFER, AR
I 10 SBAN & 72 0 | TERIEIC AR5 R D
[ C FDS AN AlRE & 72 o 7,

LU OfE B {872 FDS ARIEABHET 5 2 &
W) LTz,

BT ) AT 47 2% B LIEEEDA]
Bl M AU TR

AT E B

A HZ

dih

[2Z 7 A5 4 27 A (Theranostics) | &1, B
(Therapeutics) & @2 (Diagnostics) % #HA51
B LWERENCH Y | BEME L IZBT 50
e 2 B2 B O 2 D CEfMICI 2 72 k
T, MUIRREE T E A B LTV D, T,
YT AT 47 AT AR O T H
SNTVD,

FHEFERI K TIE, ©7 2 A7 4 7 AHHME
Mk A # i U7z TR PERIA CRAFZE (RD &>
Ho—| NI RIS OBEEED TN D,
(2, MARHFRIRRIE B e & & k5 & LTz Jehniy
DFA A=V TEORES, ¥ T /) AT 4T A
RIEERFFE~DISH 2D T 2,

KERORBEIRZAD Z EDOTE DM v
— 7 % H\ 7= PET (positron emission tomography,
BoieE - HUR BT B2 ) <> SPECT (single photon
emission computed tomography, HiL Y% b
W) oA A=V TEIRNT, 25 ORBEAL
< ERLSFEMIC=ROTFEHRICL TRHAETE S
SRR ENETH Y | IR RFTRE O
TR E ERENMICE DME—DT e —F

2TR=-%

FAAIRPERETS VT«

REERKE

Th D, BFONTHEBGER BRI TR
Fl 2 ~DERIREEREE T 5, THFE, 7Y
A¥Z ) A7 17 A (Radio-Theranostics) 7 & —
7 OBRFE B FEMRHIIZAT I TV S, PET X° SPECT
DESTHEEZATRZD LIICTE LW
BN PESEAN 2 o 72 [3FA A= T8l T
RRDOZWr AT D & &b, [A UAHAA TR
F R PESEH) 2 B IS 26 0 IARIF IR 24 -
7o THOERIG TR AR E ] TY9RKDIAR )
TELHEITTDHHIETHD,

BEFOFICCIL, LRI & B EIE S 27
U7 B = i 22 W & i M R oo 32 PN
BEMAETHZET, VBT IV RAT 4V A%
FHLTWD, BRIZEREMLE LTEKRINL TN S,
-123/1-131 71 72 v (HARBRE OB & 1695%)
R Y-90/In-111 A 7V VE~TF X%t (B M
RAPEFIER V% U L/ JEO R & VRFR) T Z AT
YT LR EE R D, BUE, HRAITIER S
TWD DD, PN 53 WA O MR BT 83
LV FAZFUZRREENLE L M-
DTPA-Octreotide/"""Lu-Dotatate <°, Bii 3223 A D HH
Je W52 38 B9~ % Al 2 e A IR BT (PSMA:
Prostate specific membrane antigen) Zf%f) & L7z
8Ga-PSMA /'""Lu-PSMA Th 5,

Terx DT N—T"TiE, LLTD 3 SOEBITIN
TET ) AT 47 AfREED TN D,
1. 89 AT 47 A7 0—7B% CGEAIBEZ)
b1 i A b s (PET) » BOE i A =
Yo — X WiERE (SPECT) H 7' v —7 OBH%,
R HEA OB (RINHBIERZER R L)
2. T —T7 EHREANBR (RS, B RS
BHZS) Bl 7 RGBT, ~ A 7 v O %
B~ A 7w )77 7 —%RHnicaacdEE o
%%, Electro Wetting On Dielectric (EWOD) #1f7 %
FIH U 7o AR8 A R Bty D B 5
3. EBALEATE %S ~L ¥ —Molecubes 1D
SPECT #%i& (y-cube) & V7= Bd St D feaf b
y-cube HEHADETZRAF—H 2 A —F DBHFE,
AR S IEE T o~ 3D B A Z T 5 Electron-
tracking compton gamma-ray camera (ETCC) D%

S BIZRNERFME T T T 4 T FETIL,
EERERNTE (RA>Y, ~F =7 ) IZhze A
ncTruyes MO TE,
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AFE UL, AlflEloO NEWS LETTER CHESr T 72
ol 7 =T SRR OB & BT F-18 1Rk
TEOBRIZOWTHET D,

BORtE 7 v —7 & B O BR

TFFA A= T EAITERR M s s
WTCHEARTR - S MR 7 v 2D AL
ZE[REL L. FEAEOISE - BRI - AISEAFSE 2 &
~DISHABHEFE SN TS, BICERRERR I )
T, BART IINA v —Tp EOREBA A=
YTICBLHWSLNTWS, FOHRTY PET I,
e VB - M - 22 R RE - ARRERME D T2
DAA A= T OFRLEMRTHY . PET A A
— U ZEEEOMRER S L b, AR ORFTE
HEBACRix O PET 'm—7 L ZDERKITIEICEH
THHBEBENOIATOA TS, TFETIE, A
B R B DEL IR 5t b . PET GO E %
fAtE L T\ %, PET 07 B —7 DHEREITIENT
%, b U—H EOERICEHE L2 E S E OB
I RO MR OBLR D & G RS E O /N,
A ONZ I 288 0 NG U 72 FRs [ A
EOHESLNIRLS RO BTV D, EBEPET 43+
72— 72, K 20 4. 110 2y O F A RI
TohoHNC, BF A LS TWD, IIC, BF It
(IR IEE W=D, SRR TR ICA
T D MENRRD LD, 1TEAED PET 451
Ta—7%, MExk N T H BN G R E A O T
INTWD, BifExk b A4 7 PET 3AIX, A D
R RIS SF— ik v A7 A% 7
JLa1—2A ([SF]-FDG) T %, ['SF]-FDG 23Rk
Han-#ix, RO PET & &% —%8 100 %
ZCRABITHEMLTEB Y, 2 A0BRMF Rk
LtEOREREHFEKM LD EEZ LN
TWb, 20X )2, PETIItERWETH D &
E BT, HARITHRSW T —RIEE LTES L

DOBHEFAD, INLDOHED=—XITS A,

W b5 A R T 521X, PET 0+ 7' m—7 Gk
o B2 L TUILL RIS L UEBKT
HZEIFED R,

W, FHLWTF /-~ A 7 u il LEIFOREIC
L0, ~A4 278 )77 52—LIHEN DM NOGE
BN INTEL, T, EREo1 477
J a8 Y —DO BV T DNA X XTI D5y

REERKE

FAAIRPERETS VT«

Hr. MO, ~NAAN—T >y ke 2T Y —=
VI ARG, TR (1~100 uL) O E
Eh LICRIALFIH STV A, PET fEikfbro
BEANOLEZIX, T/ c~wA 271V » MUVHEALO
WUNTRIEN TROG Z 1T 9 2 & TRIGE &I N
HEAKROY A AOEKENATFETH Y, S HICE
NT-BhR - IRAZRIC L v AR - S RE Rk
WHEETHDH Z B, PET 7 a—7 DERK
Wil LR E A L Tnb EELNRD (B1),
ZDD, ~A7a VT X —[XPET 37 u—
T ORGSR L L TORARHEFESNT
WD, RIEZNFEHREHILZS < H,

Positron Emission Tomography (PET) Bfsttt Fo0—7

- N—bE - WE MEE-58) Sl

- IRETRROER. MY MILATOERK  — BEIEIE
F|ED/NEYE

- FEHRAARDIRER - fERRIEM

(18F : Ty, = 109.8 min, 11C : Ty, = 20.4 min, 150 : T/, = 2.07 min)

SaEmy =
+ FJ-X470Uy ML - REEEN
DIV TRIG 7L EEONE L

- BNRBERBEDE - - ERESR
PET A4 70— T S RRICEL I

Lab Chip, 6, 329-344 (2006)

A

K1 <49 0U7948—%BL=-PET &k

T E TIZFHk & X, hydroxyl 2D O-1'C- A F /v
{EISIZB W C~A 27 a )7 72 —%&Huwi-,
['C]Raclopride D#EIFRH] « FUE DGR AE S L
T3 (E2),

/ OH O OH O \
cl N4£} ["'ClcH;l Cl N
N —_— N
H'H | DMSO,NaOH HH
OH C,Hs O"1CH,4 C,Hs
Cl Cl

o-
» Desmethylraclopride

i ;
§ +NaQH/DMSO (inlet A) | 500 ,,m() x 20 um(D) x 250 mm(L)
/ total volume: 1 pl

["CICH,IDMSO (inlet B)  © \a
["C]Raclopride (outlet C)

2TR=-%

. J

M2 <490)794%—%AWLE[C]
Racloprid D& AL

Fo, 3 BEKICH~Y A 70 ) T 72—
72['8F]SFB @ one-flow & fIZ DWW T &t LTy
% (B3), [BFISFB (I X7 F RoH Ry Eip b
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R FALEWO BF FEHEE L LTHWSL T
wéo

[ FIKF Tetrapropylammaoniurm

O

ISB“C 10 min

‘“F—@— cooH =™
MeCHN

[SFIFBA 190°C, 2 min
[ Without Dehydration |

120°C, Smin

O

["8FISFB

material : silica glass
fabrication : sandblast
chip size : 50 x 50 mm
volume : 5.6, 1.1, 4.5 uL

cross-section of channel

glass

\(1@?/ bso

(pm)

J : channel from inlet | to the junction

®3 3 EEBRISA~NTA70Y 7o 32—%R-
['®F]SFB @) one—flow & Ak

LA v Y7 hTlX, EWOD (Electro
Wetting On Dielectric) Dt 25 L 7= &3 A
AR AT LOBFEIT, FESETANFR S IERT O %
ATTHEM L L B #A TV 5, EWOD &E, K4
@iﬁﬁ%ﬁ%%éﬂtﬁEEW(WMDEW)

\CEEZFIINT % 2 & THuIEIZH B0 MR 5
LT EWOD ZEMRD RoT EontEnEb %
EHOZ ETh D,

kB
5

On

KBS
T

Off

ot

TR DR

4 EWOD EfrDEM T EDHNIEDEIL

ZOERIZE Y EWOD MR _Eofs BRI O
HEEEOYBEZOATRIGRIETES (B5),
EWOD D& FIH L7z PmTc-DTPA D&% &
SPECT A A—Y 7 (B6) IZBL T, &

FAIKRFHR TS VT«

REERKE

Hydroxide
_< >_é _—
J( MeCN

HLTWDLIDOTHFEMITIZED D AZFHATHIZIEE

AN
&

I E I = m

Off Off On OffG'aSS

5 EWOD [Z& B &REDIEE

Iteration 4

6 EWOD i =R A L TEB S fz “Te-DTPA
D<o A SPECT E&

FH F-18 EERIE DB

A BIEMEWE & O YERIAL CSR 1SF Ok L7
{b&WiZ, PET Yu—7L LTHIHEN TS
T —7~0 BF #HAIZIE BF, gas & AV DHKRE
FIEHL L & F & O D SRZE BSOS D 2 T
W%, REFEHSOEE WD HETIE, IR
IREMECARRATRE Th D08, IR E N %2 C 18F, gas
RS 5720, 155405 1F, gas O HHURREI
<, BFagas £ VAT 5 SF LA DL
FEEBERWZ R E o TV D, — T, K%
%ﬁﬁm%%méﬁ&fi\ﬁﬁ%11W#ﬁ%
ARETH Y, MW Z A3 2 °F b a
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MnsEohs, 20k, EBEICEK THO LR
5['8F]-FDG %2802 BF AL L LT BFIZ L D
REBEHSIENERE 72> T D, LNLRND,
IW@ﬁﬁﬁﬁwﬁEﬁﬁﬁwtw wﬁm%ﬁ
FENRRLETHY, ZOPTHLEEERTER
m@%kilﬁf%é_&#%%ﬁkbfﬁf
bbb, ZNET, ETEEREHRER~D 5F &
ANEZ, BYWSIERE L TIOINR=LEEET D
TV = VEERICRET DA T BN R TC
HU ., EFETIE, a—F=U L, 3—F=0UL4
AU R, L TALKR=D AR 5 REZE
DHEEINTND, 2ozt SF KR H
VN2 R RRE © BRFE S 4, ['SFISFB 37" F R
RFNTEHEA~D BF R L HWb D, £
T, HxITHEEESTERRE L LT YT
VIO E AW T HEEERRE N B 2h & 5 2 1k
EORBIZEFLELZ, ZHET, Fxix
['*F]Fluoroiodobenzene (["F]FIB) (2 & 2 &iA »
TV TR E AW MR E VWD b
C['*F]pitavastatin DERLEHE L TE 70, I LA
LULHAMEDOM A BEL, BF 3L L Thr v
EHaREH WD 2B 2T, BF iRy
PFERIC LD A U RSN 77— MR
EOFREEIZHLTHE Iy TV TAlfg L 72 5,
DD, FEEOR T VEFHERER NN L 7
D BFEEERN KO RG75 2 E RPN,
oo lx, F ik v CEEA R ['*F14-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)fluorobenzene
(['SFITDBFB) D& il OAFEEAR A F V7= 18F 42
LB OERIZRII LTS (B7),

Previous study

Ok

precursor for 18F labeling

18F

WF]FIB
Pd catalyst
Suzuki-Coupling r i 18F [ apeli

This study

X =1, OTf, Br, etc

o
Pd catalyst

pr for '8F labeli 18
Suzuki-Coupling reaction FL

["*F1TDBFB % AL =4R58E

compound

X7

REERKE

FRAIKRFHARITS VT« VITEE

TG THAIT LT WFFER R, PSR R - AR
AT F 3 B DOFT IR AR K F B4 %ﬁ@
AotfEiat L LR E OB miE LT &
ZRIREZTIOWGTH Y | Wﬁ%ﬁﬁékk%’
ZZIERLSEHOEZR LET, &EIZ, ALK
MR T T T v T EERE L“CIVWW)&
< OHFFERERE PR D 5~ & O 3L[EIFE % F i
TSR L BT bz, Yuve

MZ T II N T2 5 2 i2eed TERALHR L
FFES,

Notch 7 F VU v TIZBITBZEME-V AT
v F-HEE =g A

ERP R —REE ST

g B

Notch ¥ 71V 7%, MROAEFE TR h—
VA LN o T AR Ol i E Ay O YR E 23 e
Ikl -oTHRARDZZEREICADBND L IIC
context dependent T 5 & 4L, Z @ context
dependency /F7E F CO T 7 F U > 7 BERE DR A3
BEXDFETH D, T, Notch ZHFEKY T K
Delta-like(DIl)1 & DIl4 & TIEZBREAGICEE S
ML D L AR ARSI D Z sl 1, &
OETIX DI 2% Notchl ZEIRITHESGT D2 &
T. v -secretase (2 & 2 NI 5 @ Notch 52 4¥
RAIIE N R A A > (NICD)DJi . (AR DIEM:
fb) 13/ VVARNZA U D03, —J5, D4 DRISE
RA~DFEE I NICD O Z R I AE L S E 5
T EMWIRENTIZ, EOREE. DIl OFFEIIAHTZAL
Z R 905, D4 DOFEGIEARTE M Z L3 %, Notch
VTV I B W TE Bk oA EIENIZ X o
THH &35 NICD 1, £ D F ERNICBEAT LR
G\ 59 B 728, NICD 23Ul o #% I ER 2%
JAHZEITEmLnTWRWY, DFD, Bes U

NEWS LETTER




YRR ZFIRICH G L, £ORER, s
X7 W R DS S D3, OB
AR D2 LT, B8R FREANEL D,
O, ¥4 T I T RICEREE 2D
context & VLA, TOMAEIZE DL D72 b D)2
O THEEEZHLNE LTV Z &AM
DHBTH %,

b @ Notch ZFAED Y # > RIZHOW T ik
@ DII1, DIl4 & te 5 FFANE S5, Chillakuri
B Jagged-1 9 U B ROREEAT NG, &
OHFISMEBNTIE C2 KA A v & PEEN L FRE RS
EREEFIET D 2 & AR L7z 2, #(2 DI, D144
IZH C2 AL UDPHET D Z ARSI, wil
Tl Notch Z FEDIEHALIZIBNTIZY o R
TRERMOEET LB L91k-T
V% 3, Notch SR DHEREDS glycosphingolipid (&
KET 52 EPMRAEYMFRFER T RIATY
L% 6 REOBBIL, TEDL T2 THY,
ZOMBEITFEAFREBOREEZHEST S L TIEE
FRE L 5 25, Fx 13 B D context dependency
DOREMBIEZ B 312H 729 . Notch &K & fiF
BOWEEHEDO A=A LZERBTH L L
7

g g LR E OWREEMRNTT 5 ETO
RO — DI IR R L T DL N7 B O
REZHlE 3 2R R RIEE A2 T 2 & Th 5,
ZORICBE LT, LROHIEK -2 A R(EGFR)IZ
L CiX. lipid ordered (lo) phase ZZH 7 % MLEL D
JE~DFRERR DS ER SV, W7 ) A RD—D
T D GM3 B FIRTEMEZ 5 2 &8 A
SNTVD 7, ZOREESEIZL, Fx L GM3
IZB8 L C Notch &M & DM EAFH A2 Z T Z
L& L, = MREFIETH D05, RAFZETIL,
FT. BN FRIFE (MD simulation)lZ £ - C
Notch Z &M EREOHAEAEMIZ YT Z21F T
N, 5FE, mutagenesis 2 DAL FERY SR, HEiE
ENTSEBR AT Z L & Lie, £, FEERITkIEZ &
TLHRICELT, ZZTIHIALIRE Z&EEHRIC
Notch 52 258 Ol f AU £ (EIM)- I B 18 (TM)-
M R B (UMY BC Y] 2 o 28 27 TR I el B
LlcReETHZ LI LT, NLIEE ZHEEOFH
I, TOMBDEFENES ThDH Z LR RE72H
MRE78 %, EIM-TM-IM B8 25 425 2 &I

FRAIKRFHARITS VT« VITEE

REERKE

BL T, 2EZEERTIIRNWZ ERRALERD
NP AN N A DA QLAY W/ 573 (VA R =L~
i bREREEEZTHH, TOIRE L O A
VERfNT Z 205, BIRESICERB T AEX 2R E D
AW ROREITATZEIC BT 53R THY, 22T
BonDHEE L0k, Thbb, Mia, E
KL~V DFENTIZAENT Z ENRBETHDH, Al
(23N T Notch S A EIM-TM-UM &AL O &
CHERICBT 2FE), EEOMITE MD
simulation |2 X o TITo TWAHIFE DR % ik~
Do

%9, Notch Z&KD EIM-TM-IM ElFIZB L
Tk _2%, ZZTEM & LTWDH D, —MIC
I% Notch regulatory region (NRR) & FEIEXA 2 EHAL T
HH(E 1 DA AZ), NRR XY T FiEE
SN &4 % EGF domain U B— bk & TM ¥z
AL E T D, Blacklow &2 K U #EEFEAT D3 EERK
I THEY 89 Notch {EHEILICI T D HEEZE LD
ETABEBINTND, K1 O Z -V
Z & T, Notch {EPEALHE 2 i HIZIR~ 5, £,
ITHET B fifid (signal sending cell) D % i (2 A7 7E T
LU0 Rk 7R3 2 b (signal
receiving cell) EIZ#BL L 72 Notch A D EGF
domain VU ¥'— MIfEET D (FEETHAILFE S
NTWD), ZTOIREEIZEBWT, U A Rid signal
sending cell (2L D=2 R A F—T RA%50T 5,
ZORER, VI FEREA LTV % Notch AR
X, EOMIBOIMUTT I ~ERY 727 (hv )
BZTDHI LD, D RVIRNINDZ ST
& o T, NRR IFHO=IEIZ/2 U . NRR WNEBIZAF
E LTV S2 GIBRMALAS # o /X7 B 32 85
L. ADAMYIC K 5UIa%105 2 Ll b, &
DOFER, MR Ll > 7= 2 X7 G W sy -
secretase DILE L 725,

FHREFIEICE L TR IR~ %, EIM-TM-IUM
FAN 2 RACBT D HE DO ME ITFEE LRV D T,
Blacklow %2 X % NRR D& 2 & Sanders 512 &
% TM-DM O 10 O (pdb 7 7 A /L) %
CHIMERA £ \W9 V7 vy =7 CTEIFHZ LT,
AEIOFFETHW L MG & Lz, ZOfIHitE
EIZB L C CHARMM GUI &9 web %1 k|
WZBWT, BE~DOMDIAZZITV L2 MD
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Possible stages for “Context” determlnatlon Signaling

Pulling force by
Clathrin dependent

For receptor and ligand, there may be
lipid dependent structural change for the
context dependency.

endocytosis
L|gand \\s“‘
N)
Ub (by MIB or &
eur Epsin (interacts with AP2)
EGF Domains
C2 Domains 2
':E EGF Domams
Notch
Receptor

1 Notch S A ATE AR DAY

AIDAM for S2

Intramembrane
Proteolysis

simulation ¥ 7 s U7 NAMD IZ L » TERJE+45
T O MD HEEZTo Tz, BRBEBEOHREIZENT
X, EIM-TM-IIM %51, /& BCas L,
filiZﬁﬁmwwﬁmm'?&b%>mﬁcmmm
DOPC/sphingomyelin/cholesterol/GM3 H T ® &5
ZATH T k& Lz, & O/ lo phase Z AL
T5ZENPEMTH LML TH Y, Ailkd EGFR
D FAERGR T ORI FZER 7 IZB W THEHNS
NTWebDTh D,

EIM-TM-UM Ei% — 45 1 OIS —Eg iz
LIEOERTH DM, B RICBW T, kil
DO ELIZ BT, EIM-TM-IJM 4> ¥ 1% EIM
WAL AN LT EmIREERT D 2 LRt
72, EIM AL, 3725, NRRIZGM3 #4r L
THECHEAET 22 bbhotc, TNHDOHAIT
FHROLOTHY, ZNNEWMFICEELE 2D
AREMEDN D D Z L 1%ITIR RS,

Z O A O BN SIS I DK X Ao UHE X
NRR 28 GM3 EMHAEEHL S 52 2 A LT A
TbhbD, GM3 T4 EiZ31F 5 microdomain,
77 M IfHET HEEZ BN TWD 7, Notch
73 Z @ NRR-GM3 OHHAAEHZ/ L TT 7 MIAF
f*?é&b\iﬁﬂliﬁﬁ%ﬂi#%ﬂjmﬁbwi =
RN GM3 & IAFT D ATREMEIIR Y St D, 2 2
T, &L Notch, GM3 ([ZHlzx, Y H LV REZD
RO R—x v M LT, TOHREME

BERIICIRD L E LTz, OF V., Notch DU A
LA ETe C2
TAUIEE

> FTH % DI,
REREHKF

DIll4 OEERES
IKEHAETS >

domain & GM3 & OFHAAEH %Z MD simulation T
RHT LT T & & LT, FIEICET 23 EE
FT LM, 20O C2 L GM3 OAHE AT IX
MARTINI /)35 % W2 LET L Ti7H 2 &
L7,

MAWT-EE —EE OMEIX L T oo 3 FiE,
POPC/POPS. POPC/POPS/GM1., POPC/POPS/GM3
THbD, 7. MDsimulation |28 > Thho7=Z
L 1Z DI, DII4 @ C2 domain I% GM Z 4 L THEIC
AT HZETHD, DIIICEIL Tk, C2domain
1 EHE 2FHBHODB strand DD loop(B1-B2
loop)”’ GM1, GM3 ZNEIICKEARTHZ &b
Molo, —77 . DII4 IZBI LT, GMI (2% LTI Bl-
B2 loop 2MHAEAEA T2 Z L BNEIZE S =3 .GM3
IZXFLTiEL C2 domain HF 2 ZFHE 3 FEEHDB
strand D[ D loop(B2-B3 loop) M HAAMEH L, EIC
HEDINDNoTo, T OREFITHEIZEY Y, Hozumi
HOWEIZL D &, DI4IZEBIT 5 Z? B2-B3 loop
(= 7 ZADEH T B3-B4 loop)id. Notch 2214 &
DFREBICEET 2 ZENRENTEY B, Zo
loop MEICHE > TLE D &, RS I TFHAEAE
LW OHERIAFTRETH 5,

A EIOFFE TIE. Notch Z &KL GM & AHAAE
AL Z Ennmanz, TDUH L RTHD
DIll, DIl4 DfFEZEHHAALS GM &G L. &6
IZ DI4 (IZFBW T, ZRIRE OMEAAEREALD
R GM3 EFRAEMERL, BICHEE->TLE D
Z eI, I B ORERIT Notch 52 251K &
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microdomain, 7 7 F OB #AZE 2 T\ BT,
LStk DAATFHIFERR (B RCR COMMT) 1251
HrH5256DThHS,

Notch 52K & microdomain OFHBI, A (AR
FitBiT2F5%EE 2 T ETIRIEFICHE
EOMERRTH D, REDOHRE TIT, v-
secretase DFEE & LT Notch Sz Z KW . %
0., RS EER A K L7 (NRR L& 720 B
511X liquid disordered (1d) phase |ZfF7ET 5 Z & A3
IRENTWD B SEIOFERLEEDETEZD L
NRR 7% Notch % &K% lo phase, D F U |
microdomain (L EICFESED, F2iE, £ I~
DOHANZHIEIL TWD EDHERE TEDH, —F,
4 [Al#8l%% Sz DII4 C2 domain @ GM3 %19 %
fE o RRAUTBRIE W, Foex O FREIETH 2D
context dependency % fif = B9 & Z A TlL, DI4
DZFRIEMACICB T 5 BINEEL 525 9 5F
LTHDEDOHRBFRETH D, ZNbORRE
H &L, AP, Sk ERZ 1T > T
WS FTETH %,
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ERA A=V 7T L iPS RS D@l
Bz B —F 0V IEDOIREEREA & B
P - TRERIEDR%

HEERER

mER AR

IN=F Y PRI, PIRERE O RS A
HR AN B A ZEMERLYS T~ DA EE D | O T
HYH, HERIZIT 16 TADBEENND EINT
WD (R 29 FREE JRAEGTIERUED) . FIEE D%
<X 65 M EOFE#IE TH D Z LD, WEEi
BEEZ B2 - AARIZE 5T, R=F 2 Y JH{D
TBIVER L ORIBIERIE OMESLIZBFERANO
QOL [\ Lot Bz o 2 A FEE L OEFHE
FHEOAMHBHOBLANG LEBOMMEL 72>
TW5, — R S—% 2 Y i OIEEER 235
JET 5 Z AR, FRFEL TV D R/ i
1L 20%% FlE>TWVWDH EINTEY, FIEL TH
OIRRED THRZFEL THLFENTH D &
EZBND, (o TR—F 2 Y UIROIRIEE T
T HIIE, R R OME R LT, £ Ok
ORIEME L LTl Z 2WEBNELLEZVNE R
x. BHIRZWNEZBRRT L2 ENRDOND, Z
DR FEOL L, A7aY = M T, i
b B O R S E Rz . R PERIB#EGS L O
AR FROEBEf=Ez e mE LT, —F
VY URDORIE LIRS BEDLYDOH DL 0- X7
A2 (SNCA) Z# ™IV BIER L. A A= T
H il 2 7R e o IR R 22 nT AL & ZRE Tk
AR RN 2 S S AR A A Al L, B E
NS L DIREDOEMIZL Y, RN—F
VRO R M2 MR X OB ENN AL
(neurotheranostics) DHESLZ Hig L. Wiz D
TW5A,

F TR0 IZ SNCA DIRNRTE 2 228 L CHigE T
EDLET NI OIER ZIToTc, BB LU
FHBEN AR LI-@MMEDE N SNCA % /3

REERKE
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'E ® PFF (preformed fibril) (&% ~ 7 A4 ($RZ1A)

S ETEA L, ReRRE & & B ICNIGR IR, BEE -
WEB LY Vb7 EOWIEZEAL & fighr © &
% KRR DML 21T 572, B h SNCA # /3 'E
PFF % 5 pg LA L72 2 7 A% OMBRFAIfRNTIZ
BWT, b F SNCA # L2837 B, A
SR ORTEBINZ I > THEB L, RICKRIMEE B
THRAILOMRIEIZ, £D v 7 FNABHER SN
7= (B1), 5%, ZOFEF /A~ T AN RTIREE
W72 AL OFE e i@ fT 2D B & L HlZ, 2D
SNCA DN{a#EZ SPECT A A—T 2 7 T X
HIENTEDONERIEL TW TETHD, Bl
15, AT 553 B O AR T 2 Hedsz & Wl L <
t h SNCA # > /37 B3 KO SNCA & TefpiE(b
Z 7 BRI S T 2 IKS b Em o
BRREEDTCND, ZhbHDLEW% SPECT A
A=V U ZIOEHTE 5 L9 IThkaE{bEiTv, |k
FLOBEWET V& VT, SNCA % > /37 E DK
N2 & IER BRI IBIFC X B T EOMNL & H
fELlznEEZ TS,

RINKE (REEERED)

| AWNEE @EERD) |

hSNCA

X 1.t b SNCA-PFF 5 ug % 1IE&#~ 7 A DRESARIC K
BEA2 » ABICEBT D%, BREEIZ. B b SNCA
A 2 o~ d,

F77. SNCA # X' BOMNEIEE a7 +
A= 3 VLI OWTHENTT 5 12iE. SNCA #
Y RT B B WPEIC S TR AL R 7 FRAR
EIRODMEND D, 2 CrlEERs I ORH
Bh#x, FRMEER A2 FF > 72 SNCA # /37 B0
Wrfr{b L7z SNCA % > /37 B & F\WT, Ok
RN 2D TN D, SNCA OFEMER L LT,
6 fE¥H (A30P, E46K, H50Q. GS1D, AS3T/E) 8
HHILTWD, 72T AS3T 22583 b HEN
B, RBEFERIESED, £/2, N—F Y
VRN TTIEMEAL T AT ART X s R
F X —F L., SNCA D N103 FREELNL & KR

NEWS LETTER




BT LCL @O EEE A T C oK 104-140 750
KRBT T 7 A b (A104-140) 24K T D, £ 2
T, AS3T ZEH L A104-140 K#E72Y SNCA DT I 1
A FEEMEIZE 2 2 BT\ TR L FRYfiF
WrEiTo7z, £9. 7 IvA MBS
— 7 THHFF 77T (ThT) Z VTR
%Mt (20uM SNCA, pH7.4, 37°C) TOT7 I A
REEEMEZ L L7 & 2 A, AS3T & A104-140 1%
WT L0 HE0CHME b LTz, £, 7o
RHERMED TR BT AS3T TIX WT & RIFEETH -
7o03, A104-140 TIXBEFITHEIML 7z, S HIT,
AS3T R L C K 104-140 FREEXRENT I v A K
R EET D20 THRBELMAT 720, &
SNCA @ ThT #0067 — % Z 3 B fighT L=,
T4 NEENBEZOER L. Zhik< &
MR 2 BeRECHEAT9 5 L {RAE L7 Finke-
Watzky €7 /W2 X DEHTN 5, AS3T 28 LI LHHE
R T ITEE T BIERORRE D 2 B 1T
RELTND Z &, B LU 104-140 FEFEGHEIEK O K
B TITE R & AR R o iR MR S5
ZEWRBEINT, 2, T IvA NEEHEED
E ) RERIFEN S 104-140 FEIEFEID K
952 & T, BB L MMM E D BEFRAME DR
[ CH MBI HETT T 5 Z LRI E T, LA
LORERMNG, ASIT BRITE ) ~—D0 b EEK
~OREEIE 2T 5 DITx LT, C K 104-140
FRERBILT I v A FERMED B O AR 70 19 51
EEEm Eswn 2 R s (B2), #iC
C REER KRBT, BHEDOTERL - BHEZE L <2
T DAREMNH D Z D, R—=F YV VRO
W - IRIRICBT DEEREN S TR0 9D &

—IRAERE
S¥= ﬁ\ I
ZIRERRE
AS3TZR | BE MG
R wiown | <
L 3=
RE

C*104-140%E 18

X 2.SNCA 7T I v A NEEIIHT 5 AS3T AR &

C K 104-140 7 JLAEIG AR D 228,

REERKE

FRAIKRFHARITS VT« VITEE

EZTND,

S HIZIE, & bk iPS MifaEdlr 2 AV T SNCA #
T B ORI E LA BB - T A2 D D
N BEBERREOERAZED TN D, =K
TCEERIEZHNT, ARSI OERED=a2—n1
A7 =7 (FhRgAIash) ZERIC/FER L, £ b
AT 5 2 & CRE-BREBR ORI Z >
¥ —LVINTHEETHZLERATND, Z0L)
BB S S TTERT I =711 v
L. assembloid & FEIXNTHR Y, #HEOMMMEK %
BRI 4 2 M RE Ot 2 O 5 12 b7 > TH
W THDH, T ETICE M iPS NG,
M4 K @ Fi BEfE 3k C & 2 lateral ganglionic
eminence (LGE) 33 L OV AN EE ORIBEGEL C &
% floorplate (FP) D=2 — B A7 =7 ZifE L,
FRE PRV IR 2 AT o T2, ZEDFER, LGE =2 —
A7 =7 T, Ail~—A—Tbh% FOXGI ¥
JOLGE v~— 1 —DO—>Th b CTIP2 3T L
TWDHZENHERTET, £/ FP =a—n A7
=7 TlX, F~—HI—Ths LMXIA BIO
FOXA2 NHHLL TNDZ L E2MHERL TS, Bl
., IGE==2—1uA 7T L FP=a—10 A7 x
T RS &, BVE-HRSRIK assembloid A L L T
U Atk AR B SNCA Z 28
7 "B D assembloid N C DA % & TeEHEZ ks K
QY ik EDary 7 A—va VbR E
P Z DR EBED | N—F Y P & SNCA D
B M DWW CEEMICMREEZ D TV FET
5 (B3),

LGE =Z2—QAX7x7
! /

b hiPSHikE

/ \ BH-#@5HFassembloid
i 200 pm

ﬁ PF=a—AZX7x7
&) /

B 3. b kiPS AL D LGE (FREIRRTERGEEL) ¥ X
OPF (RERIBRAEIR) #2358 L, Thoma45 2
LTI LI =T LA (BE-BEIE

assembloid) .
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A%/ NEW R SPECT, CT OBMERRM &
REFH 2B OFEIT

B RN TSR S 2 —
g 50

» RN~ F—Molecubes
ﬁ O/ N SPECT (v -
CUBE) ¥ X ONCT (X-CUBE) 23 A X4 TH D 2021
WS HT3FEERD (K1), ZoM., REOIT
S8y ORFREZ%e4)  IEEFRIAgERE 2 — (B
BNk SEE) | YRR R e ' v 2 — (]
) Zde L, FNEBOSEOHIOL &
Z QR AV R 2 WL B O TR 3D BT
7o, Fo. FAMIFSERERE & ORISR SR
EhTn5,

1 /NEW) SPECT 12 Xk B~ w7 2 D4

ARIEFZ RV — 727 a s LTk, X-
CUBE {2 &% CT B/ DOEFHIZ~Y 7 A DU NI T
v FEREL TWARNLF —%ZDFE E vy -CUBE
BB S, EETDH L TTOEMICEE SR
T 7 m — 7 ORI b3 5, 2
2L v, EhEEG (CT) &HEREEIfS: (SPECT) O fl
AWAREL 72D, Wb D SPECT/CT — AR 4k
BETERZVWHLOD, N 0.28 mm DF =—7 |2
e BB e KRR A Fet L, W K D88 &7
STERFTIEZEOROBERAEDOEEBIZHE VT
RBarefE®kndoniz (K2),
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omTCIRETILE
W1 — 5% St ARICHY

Xl 2 CT {2 & SPECT Eif2 D EREHH

BIfE, A%y -CUBE THIEDXIG L 7o > TWD
jﬁ%—]ﬁi*}z*ﬁ&i 67Ga, gngC, 1111n’ 1231’ 201T1 ) 5%@
¥ THY ., 2 FHE 1L SARS-CoV-2 JEYYEIZ1E
I WFFRIREN OHIFRIZ X 0 FIAE LW LI, £
NTHEANSS BICED £ TOMEHEEITIE
K 300 [HIZ K ATV B,

—fi & LT, EBICERR THOW BTV S
PRS2~ T ARG LB AR, B ReX
VAF VR ARUEET 7 AT 7 L (OTe) (P"Te-
HMDP) 1ZE AR AR UEEL ""Te OZEEEERTH
D, BOWERRK T THDHNA R T R% A4 K
HEOV VBN MEEW EMBAERT ST
DB REEOWE 5 B T O W R S D, ddY =
7 A (6 W@, HMEME) 12 39.6 MBq @ “"Tc-HMDP %
FRIRINEE G- L. B 120 3R ICZEH3E S, 30 45
M SPECT ki % FEhfi L7=, ZDOFER, CT Hif
(B#) L —ELI=2g OB~ %
BTz, FRHCEE CTIERIMGER IS REDS M
LTEY, BEARDOBEA LTI IAEND &
VN9 ITe-HMDP OEFERFICEET 2D Th o
7= (¥3),

F7o, Ekx U s (T1) ([*'T1]TICL) %%
G LB R O#RE S I L7z, —lDOBA 42T
HD TINE K e A A RN (T17:1.504,
K':1.38A) ., IEWLIHICEL AT 5 Na'/K'-
ATPase %41 L COMHMAENIZREBIAICELY A F
oz e, DfniEREAE L TLE S
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TW5, 25564 ddY w7 2 (6 B, KM 12
18.6 MBq @ [*'T1]TICI Z & RINEEE- L, & 5-5 43
AT RAEIE S, 30 43 D SPECT g 1772 &
A, DIEA~DOBR 7 U R 28 O 7o, £,
PRI D —>Th 2Bl b i & h Tz (K
4),

Sagittal Coronal Transverse

| Animal: ddY, 6 w, male
Body weight: 28.0g
! Dose: 39.6 MBaq

Protocol
-120 min Omin 30min
1 1 ~ =
| | L 4
! 99mTc-HMDP  Euthanasia SPECT !
' injection acquisition !

3 9Te-HMDP Z#%5- L7~ U A D4

Sagittal Coronal Transverse

Animal: ddY, 6 w, male
i Body weight: 29.09
! Dose: 18.6 MBq

Protocol
-5min 0 min 30min
1 1 > 5
1 1 Cd Cd
! [201TIITICL  Euthanasia SPECT
! injection acquisition

’
B

X4 [*TIITICI 285 L=~ 7 ADHEE
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XC, REFRET T 0T 4 v T EEOREA T
[ AR R A B L i iy 2 il & T2 AUk
FrEENFAE Y (radio—theranostics) AFZEHLA D
JER T& 5, Tradio—theranostics| & FiEMH:fE
BRI T 2L E W2 & 5 Wi
TR BGVERIA R 28N, WU A2 H S
5L TEWEREO—KMEazEB L, 2FIC
R L7228 A DARARHNR IR 2 I3 2 6 D720,
—H. BT AT 4 7 AL HEEIL, LTI
[ DIRIBICH L Cle B IR 2 T 7207
T —F bW ERmWEETITOZ L) &b
B2 bh5b, ZOHZBWTIENO S+ 7 1
T RAEAGLT B0 1A A —T 2 TN
RFB L2 . T SPECT R0 PET & W\ o 7= fildt
M7 m—7 % WD EFRFEIL, 2061 A —
DT EDHERIZEBW T, &8 ERITEI NS
B TED (EROEHEREEOND) L)
MNER T AR T—=U kDb, 20T,
AR F OERECH BAE M Z2 v b3 540
Fe w7 & LT HEEOAERS T ORIEEA A —
v TEAN) BT B D, PET TG E AU
FiEZ WD, BT 2 R RO =1L —
DL < 511 keV 72D T, ¥ R72 5 PET BfE
ZIRBITE R, £ 2T, IRIAWD TRV —fEEk
Dy B AR Bt 3 2 5l OB R D B
TW5, HRDBEREERIZT Tl EEDn
T OEhE BT 5 Z LRI AR, AR
LR T & D MEIITREAICHE KT 5 & W%
ENAHA, SPECT [FFEICZDORMICETHEXY
TA4—ThAH, LHNTITy CUBE (2L % 2 &HE
[ Rt A% O JERRERRG T 2 Tt L 72, AR CITIERs
\Z~ T A LW 2B 5,
F9.Tc-99m & T1-201 &2 & T /KRR A RS L,

y —CUBE CHIE L7=fER %2777, Te—99m 2> B g
IND y MOZFEIZEA 7o =R VF—1% 141 keV,
T1-201 CIIBLEE -l % IR Cdh 5 Hg 2>
O R S DR X BRO =R L X —73 71 keV, 80
keV TH Y, 2 b EZEHEORBEHIZHW S, Te—99m
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AIEFEMN (A MERMTHEHAE L2 —)
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2017 % 5 AIZ Dresden (k4 V) THMfE S = 22" International Symposium on
Radiopharmaceutical Sciences TOHERKIZEhHtE. FH 4 IXEE Wirzburg XERRZE
ZRHBLUVDLRERAR L2 —(CHEH SN T SHEOELABIR Z AR L1z, Wirzburg
RZEES/ ATV RBENEC I —O v /NITEWVTHHFICETHICERE - BRRHR
THEL TS, COFMEE. SEO RBERKZELS/ X T4V ARE] 12ET5
FXRFLDEEICENT, TOEBRAKFHOBEZEMNELTOILTH S,

1402 £(ZBIIL S = Wirzburg
K2, HBICEAOMEBEEIZH
LT I Wilhelm Conrad Rontgen A%
XBERRL. £1E/ =LY
BEEZFEANLERN>KRFEEL
TE&EL, CHRBICEFZMEIE
ATHY. BITHAEEIZHT S
STOFES/ AT 49 RDEBEKIG
ANEDONTERLEVWSEEL
Hb. ERIEEZAR (RIBK)
REEZRFELEA, EBICELH
DHMMGHEERTH 1= (BER),
hiEk, FAYLEZERE L THE
BRARBREICLDIPVABELRE
BIRER (1986 EDF )L/ TA
RFAREMBERIERT S)
FHLED-ZLEEBFRELTL
0. BAEOERK (AEMFET S
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ATHEEINTOWVEWNWAFEED) BSERMTRZAV-RIAEZERL TS,




BEAEIZEORE, mEROER. ERFEOFANICENTHLI—0O v/ \FEEICRNZR
2TEY. IO LEBREDBENSI DA S/ AT+ VR ZRBFEAT A LTEELRRICK
HEEZTWVD,

BEE2 ARFLBEBEA—TUVAR—RATREZFLHRTE S,

EX 3 ARHBIZEHENTSLGo=r—XLBEL. EARZEET
RET HEELHo- READZ L),

Ff=. WED Wirzburg XZ(F R4 VBIEOHRERETHY . BOBBOSMYES
LTIEZ - FEZE D Michael Decker 3% (Pharmaceutical and Medicinal Chemistry #f
RE) BT KL% /1=, Decker HIEDTARTIX., KA LRAKIZHFITO—T,
HHNIFREBEEMEORAERNBEAMICITHON TG, G 2 VN ERERZERK
PEREEMNE LI-RABFRIERH Y H > K (nvitro) hh5 PET YA K (invivo) £T
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EL.RER.LEVEROCEZERBRMCEVTEEL T EBEE( I ENTES,
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RAWHSOEMAEEEIC LB ABESF—

REBDFFEDEF(C6/10~23D 2 AR DHIRHIHAFTEIN T
HELTVB RAY - Ja)LWITILOKRFDPh.D.
student(i& 15842 ) Td B Matthias Hoffman= AIC FEED
FS—NERBCILEFT—23a> U TCVWEREEEY,
R TEZEREZNEEDEFEDXL. KENFIRENE
I KFERART S > 7« I BECEREUCHERTD
HEDHEHITIEERHKSTI , BRAHDIFRIERDEITD
T. BKE(CTESNMLKIZEV\, SHOZEDENZHEE
LTHEDFEI, ERZRT Y- B R

HEiS : 68218 (&) 12:35~13:05
XxBRIFSHTETY,
B3P : A21583%R=E

<Topic>
Pharmacy Students in Germany: Public

Drug Store, Research, and Beyond - a
Personal Perspective

<Education>

12/2015-today  PhD thesis in medicinal chemistry,
University of Wurzburg, Gemany

10/2013-09/2015 Master studies in Pharmaceutical Sciences,
University of Munster, Germany

<Experience>

12/2015-today  Research Associate, Institute of Pharmacy and
Food Chemistry, University of Wurzburg

05/2018-06/2018 Research Stay, University of Montpellier, France
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MOLECUBES #iifl& 3 1) A —2 DRAFKIZDULNT

AISFEH (RFERETRMEL Y7 —)
&N (KR AKSKZEY5—)

2018 £ 5 BIZAR)LF—MOLECUBES #t & D /N SPECT (v -CUBE) 8 & U CT

(X-CUBE) WAZIZHREBE SN, D% 2019F 10 BICRAZEFHR L. H+EOERE
EEER-RETOERRMEZT S 412, SPECTHIY A —4 (RstE7o—Jo
MERBREFRIOICHEEDARMN OHE SNz r 0 X ROAFREIICEESED
BUOGRTUEDORY) y MRER) OBFICOWLWTHE L= &% News Lettervol. 1 T
BELz, UT. TONBZEMT D,

Y-CUBE [ZEBFIN TS YU RIRGEAD ) A —42 LA (General Purpose : GP)
BT, TOZEMIHEE (MEMNICELGLSL0E LTHAEEEG 2 SEOR/NERE) (X
500 um TH b, AFETIEMZRER & L1= Theranostics IR ZHAET H L FEEL.
L MOLECUBES #t & [X& 72 f#8E (High-resolution : Hi-Res) ') A —42 O FEIFF

(MOLECUBES #A®{EL . AZETHEFTHEZEMRT 5H) ZRETLTLV =, LA L,
GP O A=A LHB LGS . ERSMBENRLELY LREEBETOEZDANKEL.,
EEZ#/{5=OICIEHMAFREICLT 6 EULOBSETO—T2&E LG TR
&b&b\; Enn, BEMTRHEWEWSERIZCE = (R 1),

NIR Svhk
GP 0.75 0.16 0.5 GP 0.75 0.07 0.939
Hi-Sens 2.5 1.51 1.46 Hi-Sens 2.5 0.76 2.31
Hi-Res 0.3 0.026 0.314 Hi-Res 0.3 0.011 0.655
U Hi-Res 0.1 0.0029 0.246 GP: General Purpose, Hi-Sens: High-Sensitivity, Hi-Res: High-Resolution,

U Hi-Res: Ultra High-Resolution

&1 Tc-99m TFHEI L= ) A — 2 DIERELLE

—A.GP ) A—F TIILEMIRILF—DIEL (<200keV) 7 #RIZ&K S SPECT

EEOMEZEZBEL TSN, y-CUBEZAVEEIRILF—r ROERIEHNER
9 % Z & T Theranostics iR Z S S ICHEMICERFATES LD EEFEIN L, T T,
12021 £ 7 AOBFRICEVLWTE I RI/LF— (High-energy : HI-E) O') A —42 D&l %
MOLECUBES #tI=xt L TIERITIKE L TULV 5, MR & T HMAHERGITRIE PET #%5&

(511 keV) D1hIZ Se-75 %> Pt-188, Radio-theranostics #%f& T# % Cu-64 . 400~
511keV D ¥ I RIILF—IRICH Y . EM5SARRE L ERY— ORI RE, RET
HI-E O3 1) A —42 OHREEF 23X T 5,



78,2019 F OB ICIE. B IZBME S W BN % EF = (European Association
of Nuclear Medicine) M&#HIZ MOLECUBES &8 D/INSA * —D L T EBELEFRE
T BHEERIZ K B User Meeting HBAE SN .2 7 HEERA R MARBN Z1T o1 (XK 2),
RR—DLIEIZ, KEDRREELRATM FEBET 5,

18:30-19:00 - MOLECUBES product updates & R&D future updates
Niek Van Overberghe — Steven Cool — Pieter Mollet

19:00 - 20:00 - User presentations session |
Moderators — Sara Neyt & Pieter Mollet

19:00 — 19:15 Ongoing activities at CIC biomaGUNE
Dr. Unai Cussio — CIC biomaGUNE — San Sebastian, Spain

19:15 - 19:30 Preclinical imaging at the Dep. of Nuclear Medicine LMU
Dr. Magdalena Lindner, Maximilian Grosch — LMU — Mtinchen, Germany

19:30 — 19:45 Perspective on the investigation using CUBE system in KPU —towards
the establishment of theranostics

Dr. Kawashima, Dr. Hasegawa — KPU — Kyoto, Japan
19:45 — 20:00 Development of imaging biomarkers for evaluating pathophysiology in

neuro-oncology, cardiology and hepatology
Sam Donche — Ghent University — Ghent, Belgium

20:00 - 20:20 - Intermission

20:20 - 21:05 - User presentations session Il
Moderators — Sara Neyt & Pieter Mollet

20:20 - 20:35 1-year experience with X- and R-CUBES at Turku PET Centre
Aake Honkaniemi, Dr. Tove Gronroos — Turku PET Centre — Turku, Finland

20:35 - 20:50 Molecular Screening & Imaging Applications - Combining planar &
tomographic scanning
Dr. Maritina Rouchota — BIOEMTECH — Athens, Greece

20:50 - 21:05 Preclinical Research Group Department of Nuclear Medicine Essen, Germany
Pedro Fragoso Costa — University Hospital Essen — Essen, Germany

% 2 MOLECUBES Use Meeting (2019 %10 A 14 B) D424 LT—7T )L

HR(ZIZ/NEA PET (B-CUBE) & X-CUBE Z#iAEhHHE TEAL TLBHEERN
EEIIZZL<. TO—AHTr-CUBE #igA MERITDEMN o7z (ZOBEMIFEFRTD
EHoilN), 5%k y-CUBEDREZH > TEEERZ L L LI, ThEFMLT
EEEEZHSENEELEZTH Y., AID HI-E 3 1) A—2(2& % PET #%7&iRZ
T—RDEELLEAS, KEDERATH A LEEOMSERELZERATETLIREZEN L
HRABANERES S0,



Perspective on the investigation using CUBE system in KPU -

towards the establishment of theranostics

Hidekazu Kawashima! and Koki Hasegawa?
1 Radioisotope Research Center, and 2 Center for Instrumental Analysis, KPU, Kyoto,

Japan

Kyoto Pharmaceutical University (KPU) was established at 1884, which is the second
oldest private pharmacy school in Japan. The nurturing of “Pharmacist-Scientist” is a
basis of philosophy at KPU, and X-CUBE and y-CUBE have been utilized in our
researches. The major objective is the development of new in vivo imaging techniques
for detecting diseases, as well as for evaluating the therapeutic effects. Discovery of new
biomarkers for preclinical applications is also important. Based on this background, we
are especially starting basic researches in several fields with a central focus on cancer
aiming to establish the treatment protocol combined with molecular imaging diagnosis
and to realize personalized medicine on the theme of fusion of diagnosis and therapy,
that is, theranostics.

Now we are developing several molecular imaging probes (antibodies, peptides or small
molecules labeled with appropriate radionuclides) for cancer imaging and therapy. In
this user meeting, we will introduce our SPECT imaging approaches which can visualize
the character of tumors in small animal. Additionally, our visions on theranostics in a
broad sense of molecular imaging and pharmacotherapeutics, including targeted
radionuclide therapy will be shown.

In KPU, brain imaging studies using model animals are also planned. For this purpose,
high-resolution collimator for y-CUBE is under cooperative development with
MOLECUBES. We hope to show our outcomes on the theranostics for neurodegenerative

disorders such as Parkinson’s disease and Alzheimer’s disease in the future.



Perspective on the investigation
using CUBE system in KPU
- towards the establishment of theranostics

Kyoto Pharmaceutical University, Kyoto, Japan
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to be independent and self-reliant,
to commit to lifelong learning, and
to put the lessons into practice.
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Setting of Energy Windows (67Ga)
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1 157.5 keV 10% 175 keV 10% 192.5 keV Ga-67
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Collected events

Setting of Energy Windows (11In)

300000
250000
200000 -
150000 |
100000

50000

0

0 100 260 300 460 500
Energy (keV)
Lower limit Peak Upper limit Isotope
145.8 keV 162 keV 178.2 keV In-111
-_-n-
18.4 keV 23 keV 28.75 keV In-111

Phantom Images ('1'In)

Sagittal Coronal Transverse 5 MBq of "In in syringe phantom

- Acquisition time: 60 min
23 keV
171 keV
245 keV
Voxel value
23 keV 171 keV | 245 keV | 3 peaks
k
3 peaks - 1318 1208 | 2558




Setting of Energy Windows (23)
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Setting of Energy Windows (2°1TI)
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Distinction of Energy Spectrums (**™Tc and 'In)
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600
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Dual Imaging (**™Tc vs. In)

Sagittal Coronal Transverse

LELTT

Both
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Co-registration

Spiral-tube phantom
(diameter: 0.28 mm)

SPECT + CT co-registration SPECT + CT co-registration after optimization
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10 MBq of %°*™Tc in syringe phantom
Iteration: 10
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Image of Adrenal Gland by ['23]]KH16-2

X-ray CT
acquisition Anesthetized
Administration of \ 1

\
['#1]KH16-2 (11.4 MBq) r 1 r
| | SPECT acquisition
| (60 sec / projection x 32, 360°) (60 sec
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Transverse image
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CTA with ExiTron™ nano12000

Visualization of
pulmonary vessels
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Measurement of Lung Volume from CT image
R - update disabled ‘ \‘ "

;;;;;;
thns)

furan, 1605 _5_lung / of

18



Image of Inflammation by ¢’Ga-labeled compound

1co821 |
5 1 spiral general-purpose / 1SRA ]|
a019-06-21 160348 |

73V 210 Z 158 X ATT Y. 214 Z 148

:
: 2A4EH nsfU] L 478 Vil: -37.0482 fnsfU]
lin: <1000 Max;: 4417 158 / 265 inc -1000 Max: 4417

Transverse Coronal

19

Development of New Collimators with
MOLECUBES

High-resolution collimator

Achievement of spatial resolution: 250 ym % 50 pm
(GP mouse collimator 500 ym)

= |mprove the imaging resolution in specific
mouse brain applications using '23I-laleled
tracers

First prototype ready — testing at MOLECUBES HQ
Evaluation of the prototype by KPU

< =
Feedback to High-energy collimator

Imaging of y-emitters up to 600 keV
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Radionuclides usable in KPU
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Establishment of Theranostics

e =
;/ = 4 q\
't 2
KL )
v
\L/
e Visualization and quantitative

Specimen analyses by RI/fluorescent probes i
: —1_ e Comparison of images with the histopathological
> b characteristics

Model animal e Acquisition of biofunctional

information
in-vitro\ '
/7 SPECT,CT —

Establishment of platformfor
radio -theranostics based on
imaging techniques in KPU

g exvivo — - -

INVIVOe e Elucidation of pathological mechanisms
- Adopted by Ministry of Education, Culture, Sports, e Fusion of diagnosis and therapy
Science and Technology in Japan (2018)
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