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BUE, BRI~ R BOBME L ORBRICHIH STV 5[L, 2], &BSRicE VT, &8
EENITREET HIRERETOERIL | ETH LD, 0L 2OERICK L THEO S 255
SELHZLENTED, LEER->T, HROR—EEES F2 50T 20BERELA S ITHFRT 5 2
ERTFRETH Y, H— DB S F L L T, ZOBBEOHMMIRNTOND LB LND, &
HIZ, BoRMEERE WD Z 212k, BEFBEGZW O D02 7 F Vi L OB R T
FNHBIEDOTZD OIS OMRE Z 5N 595 Z LN TE D, Bl S8 5 UM IR % 572
HIREA AT OEBICERT L LICLY, $MEROEAEZ LT T 52 L7, BARLHELA
T D U R SR A (R I AR 5 2 & 23T & % (Figure),

B*/y-Emitter
Nuclear medical imaging

B B~ /a-Emitter
L Radiatiow
§>
B Function A Function A

Maximized Function A + Radiation

Figure. Design of the radiometallic chelate consisting of a multivalent molecule with a function.

AMFETIE, @R Z R E L EAERFHZ LD . M7 I v A N7 % 435 —(cerebral
amyloid angiopathy, CAA)IZIS(T 27 I v A FERSER S 7o (ZETEIESS ORISR sk 2 d 1 2 R K
fi# 3% (carbonic anhydrase, CA)-IX (Zxt L THREZEAPEIFMEZ F T 2180 Fbaa . BEeEtE D& LT
2 B LT 2 G Ee B R 25851 L. 2 OREITKT 22 Wrd X ORI GT H5E
F D BAFE A I L7z,

CAA T, WIMEIZT I v A N &I D MRHMEIR D FH & R 7 BEHRIK DN IEAE T DB TH Y |
JIbd PR HE 1S if 8 MR EE D E R & 72 > TV S [3], BIfE, CAA X FEICAKRBAEL L Pa B a—
4 W& %1% (computed tomography, CT)*CEZRE R HMG A A — 7 7 7 (magnetic resonance imaging, MRI){Z
L BEENTODN, TN OEVRENECIRWEBRF RN BE L 7o TV D, 22T, IR
RO BRI 7 CAA ZWiZ TR L T 5., CAA RIS OB 23R L7z, 7 I v A
REEEIRIZ 3T DG A MDA STV D AT L U FHEK(stilbene derivative, SB) [4]35 LUV
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F 7V — Vi R (benzothiazole derivative, BT) [5]% . S$EERMAFIAT L2 LICL0 1 £X 201
HALR P"Te-t Ru ¥4 A7 I R(hydroxamamide, Ham)&5 A& ([P"Tc]SB1~2, [*"Tc]BT1~2) & &%t *
B LTz, 7T InA FEEEZAWEHEHEERRICBNT, 1 5k IcEEns7ImA K
VA REOBIMCED, SBH LU BT DI AUCHEWTEH, 7 2 o FESEERICHT 28t o
ST B, 2MEBIHIEIC L BT L0 REHEMICIT 5 Sl B2 EAE S h (6],

7R R REEEIRICKT 2 BV BRI 2 7% L7z 2 fifi " Te-Ham S5(4(("Te]SB2 55 £ O Tc]BT2)
ZOWT, EH~ T AZHOTENBEIRES MR EZAT o728 25, WIRBERWMEITIEZ R L
77o 62, MNT I vaA FBRIEAET LV~ ZAZHWE exvivo A— T4 T 57 ¢ —
(autoradiography, ARG)IZ 35\ T, MMIAFIZPEAE L7z 7 S v A RIC 5 1 B0 72 i OR AR SRR 4
R LU, RN ATEBROFERZ KB L T CAA OAHZHMRICHIH U, M- ICHAET D& ANBEIEHE H
Lighiotz, PLEDRER LV, 24l ©"Te-Ham S 1% CAA R BAURZIH R MESERI L 72 0 155 2 &
MRS, OIS 72 BAT 5 LS TX DHME L LIcs FRENS, AR5 74
A= S B E LT ORI ORI 5 = b A R LT[7],

E B, “"Te-Ham SEARICRFEAY 70 BPER O LR Ol 2 HY & LT, [P Tc]BT2 % N-A T4k
L 72["™Tc]MBT2 % i &t - &5k L. CAA 2 Wi A s PSR A & U C oo SEBERIRT Al & 17 - 72,
["TcIMBT2 O FEICENT, H—0 OTc RO A AR SN, £7-. [P "Tc]MBT2 1%
[P"Tc]BT2 & Hii LT, v U AMBEITIS T D W LEMEE TR LTz, [PTc]MBT2 [Z[*"Tc]BT2 & [Flkk
T BETIMRATIEA R S B0 1208, N-AF/UIT R T oA REHEIRICKES D invitro BLRIHE
M5 = AR b, LLEORER LY, P Tc-Ham $5KOBIERENLAS, < 7 2 M
T ZEMB XOT I v FEERIRIT T 2 8MMEICE L THERERIZHH 5 2 & 2 B U728,

[ TENEIEE L 6 1 2 AR 38 SR A b P REE O U BRI IR o 9~ D Pt 2 om U I O M9 - 578
RS BD D EEZX BN TWADI9), T4, IKEEFE DS AAIIEAN NEEE O FEC M R AR IS > T
B Z ORI RIEEZZE 2 D 2 EDBME SN TWAH[10], D78, KEEAFEIRAZERN & LI2iE
PRIZIZV T NEA DIRA A= T REETH Y, TOFEBITITIBR L ZHoma, lbktT /X
TATAODBMENANTHDLEBZX NS, BT ) AT 1 7 A(theranostics) & 1%, 5% (therapeutics)
B L ZWr(diagnostics) DENZENDEHX U T 4 LB DETLLO L ERINDH[1L], £z, CA-
IX VR [E TN AR R Ik 1 < FPERAYICHBLT 5 2 AL TEBY, YA RALKRCT IR
7% E{K (ureidosulfonamide derivative, US)/ CA-IX (Zx T 2@ WEFMEZE T 5 Z L AHEIN TV D
[12], & ZC. HJ61hHiWrE iR (single photon emission computed tomography, SPECT) & 72 13PN ik
BHRIEHM & LT Mn E2130Y 2 2N ENENL S, US & 243 FE A L7z 2 iU & B e i <
& H[MInYIUS2 #5%RF + ARk L. CA-IX @AEBUESE D SPECT A A — 2 7' ([MIn]US2)F L UV
PRI ICE N AREE(POYTUSIZRE L TRkl L 72, ["MInJUS2 & V= SPECTIZ LV . CA-IX m¥sEl
JERISBAEE T L~ U AT DG A . BIREIDOIIRICA A= 0 795 Z LTI Lz, fiv
T, [Y]US2 % CA-IX BRBUESEBHEET L~y A Lz 2 A, AHAHEKBEGREE i L
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T, HEBERENERICEIE L7, LRI, ["Mn)US2 B L UTYIUS2 (X, CA-IX #HER) & L
T E S O WG ZWRE L OVEREFREE T2 ENREN, DADET ) AT 47 AHERATH
5HZ & xR LTZ[13],

DL b, AWFTEIEL CAA IZBITAMMIMNE T 2 v A N L OEBEEOKEZEERICBIT 5 CA-IX %
& U= mig 2 - 18R ICH Y 72 2l o P & B SR DB R I R Z N O T H D TH Y . 5.
FEx IR IR BRI 22k X ONBE R U 3R O BI R ICA IS e Bl A Rt 2 b0 & E 2 b b,



F1E
7 v 7 oFF_"F—0RHZEHEZERN L L
RIAE 7 X v A NEERY 2 fii " Te S5 DBARE

HR

TInAg F—=vRAEIE, T I FEMFIN DR DT & X 7 B LR D g Oomi ik UL
AL, WEEEELSISEZITWEORITH D14, 7 I R— R TN, WETH57 2
2 A ROFRIEEICHE > T, R EEZIETRFBEO b DIZHEIND, TIrf RELT, T
Y A < —JF(Alzheimer’s disease, AD)IZF 1T HE NBER LN CAA KB IT D MMET I v A ROERK
DTHHB-T I vA FB-amyloid, AB). U A LIRICKIT L7V A Z "I E WRBERBEICHIT
DT IV URENFETOND, ZNHDOT I vA FEERITHEEDORKIER 2N BN D BN IEAE 233
ODHNDHTED[5]. ZNB% invivo THIETHZ EiE, fET257 I K= 2O RIZIICEE
MHEBZOND, EHIT, 7IvA R&invivo CBIET S22 L%, L7 ImA NIgEDO X 5 708
HIBEIEORB AT T H B2 06N 5, b Z et 7InA R—Y AORBFRRZ &
AIRE L T2, FHREEAIZRZWHE DN R HENL TV D,

T IvaA K=Y AOIREER BB T, B 1 W& k1% (positron emission tomography, PET)
R0 SPECT & W\ o oSy 1A A=Y N RICHIH S, BUEE T, AD BEMNOZ ABED
A A=V FE&AfeL T % PET 725 ONT SPECT AU SRR 0 BRI L ANE R T C & 7,
['®F]florbetapir [16], ['®F]florbetaben [4]. ['*F]flutemetamol [5], [''C]Pittsburgh compound-B (PIB) [17]®
& 972 PET MFEAIZ FIWTZBRIRMIZE 03 8% < 1Thiv. AD Wikt 2 /AR REnNTE
(Figure 1-1), %¥(Z. ['SF]florbetapir, ['*F]florbetaben. ['*F]flutemetamol ® 3 7% PET H ABA A —
IR E L THCKRTHEGR SN TWD, TUbDIEFNT, 7 I v A REEEILT OB-sheet 118 4 785k
THEZEZXLNTEY, @EED ABD LRI I 5 dense plaque IZITFRL FEET D23, ABOZ LW
diffuse plaque (ZIFLEEHIFTIVEE G2 R T 2 LD HRE SN TVWD[I8], S 62, T, 7IrA R
DEERIEFRIT I THHRIIB-sheet HEIENZ LV, BERENMRWNT I v A R4 Y I~ —08, EEHEKL
G LT, K m0WsEEE A T2 2D MESINTWD[19], LEen-T, 7IaAf R—YZADR
W2, LW EZET 24 A=V VAN METHDL EEZBILD,

b Z &b, BT Inf FRIMEEZAT 54 A=V ZHANT, 7 In A F—v 2 2%
JEMFRICI W CTEHBEREM CZWT 22 2B ToHEB 4, MAOSFREHNCLD, TIvAg
NEFWEZ R ST I aA FA A= 0 T HEEAI OB A 5HH Lz, S5, B¥LIL
BWRED . BB A A A= THAL LT LR N ZRGET 2720, 7IaAf F—=V A0
1 TH D CAA BT DMIME T I oA FEERA A —2 0 Z3HI & UToR ML 21T > 72,



B
2 i mTe 8K % W27 2 v A FEREEICR 3 S MEh R ORREE

BRI A A=V TEANOVESZMEOOE DL LT, EIS ISk D EOBFIEN % 5
No. ZAhERIE, R—SFICEEOY T REEATHZ LIk 0 Ik 2 8mmtEssm
T 5T L AR ETH[20], BlE LT, MlEERFTHLA T 7 U ofs (T3 ADHEGE: S
BMET2E8x0nTEBY, 2OV H L RTHD RGD BlAEHT 57 F RER—0+HIcHEK
T DA A=V 7K BB %M RGD X7 F R, < ORI AT
7221, 7 v A REERIZONWTS, 27 IaA NUTY RERET LA A= 0 7 HHOB%
(BT DRFZEDN A S TWDH, iV T2 RIck 57 2 vuo REEERICHHT 28 FPEOm Eix
B S N7z o72[22],

Ham (IHER 72 E £, @OBEHE RN LOZEMET P Te &85 E BT 2 BN T
HbH, HamiZ=1r VLl b RuXxi 700 | BEERISICL VRS ICAKRT D Z LN TE D,
I BT, 2B Ch DT, Ham LAWY 2 55705 PvTe §651K 1 s 73 Ek S s, Lo T, 2
RO Ham (LEW & GTe P Te S5 ERT 2 2 LN TE 5H[23], 2D & 2 22D 7=, Ham X
2fli7 IvA RUFY REGT D T EEDOERICAE THDL LEZ LD,

FIZTC, T IvnAg FEERITHT 28 MEOM EZHNE LT, I BEOR 27 IvaAf RY T
RZ&Te P"Te-Ham $5KZ 7 lcii3t L, 73w A RUF > FE LT, Figure 1-1 (27,
['8F]florbetapir [16] & ["*F]florbetaben [4]DEA T T 25 SB, I L U'®F]flutemetamol [5] & [''C]PIB
[17|DEAER THD BT 2R L, [P Tc]SBl. [®"Tc]SB2. [*"Tc]BT1. L U[*"Tc]BT2 % & Hk
L 7= (Figure 1-2), 2 fli *™Tc-Ham $5/KIZ L 27 I v A REHEMRICRHT 280 m ., RIS 0%
RERFET D720, BT L7 304 FELT AB(1-42)% VT, ®"Te-Ham $5AD T 2 1A RKEFI
PEa R L7, £, fIREL T, 73vaA NEAMEZFE LW AFAT I ) _UBr
2 R A LTZ[PTC]DAB & HOHE Tikal « AL, 7 I v A FEEERISKT 28 FPEIZ VT,
[®"Tc]SB1, [*™Tc]SB2, [*™Tc]BT1, 3 L O[P"Tc]BT2 & Fhigehiat L7z,

18, — 18 N / N CH,
B’ N\ / R\ { / N > N
N NH NH HO S Ho s
18F

["8Fflorbetapir ["8F]florbetaben ["8F]flutemetamol ["'cipiB

Figure 1-1. AB-targeted PET imaging agents. Chemical structure of ['®F]florbetapir, ['*F]florbetaben,
['*F]flutemetamol, and [''C]PIB as clinically available AR imaging agents.
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1.1.1. EBRF L

PR - BRER

AT, WAL TEMRSH., T3 T4 7 27 RS, FOCHEE TS, ABX .
Ark Pharm ff:, Strem Chemicals fEBHEA L7z, FESEUKIK S v~ N7 7 7 ¢ —I12i%, I1ERKK
SRR E T ES BRI 2 v~ k75 7 2 25 A[EPCLC-W-Prep 2XY; iR v 7(2 ¥ —H
fi): No. 580D, #H 2a(E[EER): prep UV-254W, 7 5 7 2 g > oL Z—: FR-260] %1 L. HI-
FLASH COLUMN (Fe3E#f: >V 7177V SiOH, 7R 7 —H A X: 60 A, i 7-£8: 40 um, 71 7 L% A X L &
7213 2L)3 LTV INJECT COLUMN (Fe3Ekf: U B 7L SiOH, AR 7 —H A X 60 A, K15 40 um, 71
T LY A X METIIL)EZEEE Lo, BRI K (nuclear magnetic resonance spectroscopy, NMR)
[ZiE, AARE RS R INM-ECS400 % V), tetramethylsilane Z PNEFEAEYE & L CHIE L 7=,
B A A Al fREEE 57T (electron ionization high-resolution mass spectrometry, EI-HRMS)(Z 1%
HARE RS GCMate 11 2 HW 72, AR~ R(human, 1-42)[ N U 7 /LA = @’Fﬁ&(tﬂﬂuoroacetw
acid, TFA) form] %, MRXESHEA~TF RIFZERT L VIEA L72, Na”®"TcOs ITHARA T 7 4 ¥ v 7 Ak
AL VAL, @R v~ ~ 27 Z 7 ¢ —(high-performance liquid chromatography, HPLC)(Z
i, RSt SRR LC-20AT 24/ L. Mitids & U TS Bl Epridssst 2 ~7 h L
fitids SPD-20A & HZT7 B ) AT 4 IWVRSttfy v FL—r g U —_ A A—% —TCS-172 ¥
Tolda = =Y LR A8 HPLC AU Hi#s US-3000T A1) L7z, wWifH HPLC MU 7
L, FTH T AT A7 RS Cosmosil 5C15-AR-11 (4.6 mm LD. x 150 mm) %8 L7=, HHHED
MWEIE, N—F =)~ —FH Wallac WIZARD 1470 % 721X Wallac WIZARD 1480, ¥ L O°
ALOKA ft#l%F 2 ) — A =% —IGC-7T z W o, A A=V 77— I, L7 A4V 2kttt
Hl BAS-SR2025 Zfiffl L7z, A A=V 77 L— hDOFHHIARICTIE, BT A NI R A
FARA=V L TTF T4 P —BAS-5000 2 L, AT, &L 7 A0 2SR MultiGauge
L7, I/ 18 h—2A0%, Leica Microsystems fL# 7 7 4 42 %~ F CM1900 Z#fEH L 7=, &0t
Yefafp ks L O gIE, RSt — = 0 2% BZ-9000 2 W CHEIZR LTz,

EUEZ

B BRI AR P ERE B SO 20 F L CfTo7, 7 v A REiBRY 7 Eis %
B R 12 (Tg2576)~ U AR L OEF AR~ 7 213 Taconic X WA L7z, EWiT 12 BEfE)/12 FER
DB A 7 VG T TRE L, ek KIZABIZE 27,

Ham {b &Y D E AL
Diethyl (£)-(4-(N’-hydroxycarbamimidoyl)benzyl)phosphonate (1)

diethyl (4-cyanobenzyl)phosphonate (759 mg, 3.0 mmol)?> =% / —/L(20 mL)ARIZE R ¥ /L7 2
VHEEAHE(625 mg, 9.0 mmol) & kU =F L7 2 2(1.25mL, 9.0 mmol) & Mz, SR & 2 BB INEGE T
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L7c, WIEZRIER E LIc, BMKEZINZ e, Z7re Rz Tt U, ARERE % oK
YAV LTHAKRL, WA BERE L, BEL )V o ou~ NS T T 4 —(Z rrikL
LA R =L =10:1) TR L THMY 1 ZILE 790 mg (92%) THF7=, 'H NMR (400 MHz, ¥ X F /L
Z V7R % K(dimethyl sulfoxide, DMSO)-ds) 6 9.58 (s, 1H), 7.60 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.1 Hz,
2H), 5.76 (s, 2H), 3.98-3.91 (m, 4H), 3.24 (d, J = 21.8 Hz, 2H), 1.17 (t, J = 7.0 Hz, 6H). *C NMR (100 MHz,
DMSO-ds) 6 150.7, 133.1, 131.6, 129.5 (2C), 125.3 (2C), 61.4 (2C), 32.0, 16.2 (2C). EI-HRMS m/z calculated
for C1oH19N04P* (M), 286.1082; found, 286.1086.

(£)-4-((E)-4-(Dimethylamino)styryl)-V’-hydroxybenzimidamide (2)

{£E% 1 (100 mg, 0.35 mmol)F5 & TF 4-(dimethylamino)benzaldehyde (52 mg, 0.35 mmol) N,N-° A F
JVIRIV T X R(N,N-dimethylformamide, DMF) (10 mL)# % |Z sodium methoxide (5 M A ¥ J — /LRI,
0.14mL, 0.70 mmol)Z W > < D ANZ . =E{E T3 WFfIfEHE Lo, Aril LB 2 IR L, Bk T
B, YUBTFN IO NS T T 4—(Z RV LA R ) —L = 10:1)THEL L THIY 2 ZIE 30
mg (31%) T1572, 'H NMR (400 MHz, DMSO-ds) ¢ 9.60 (s, 1H), 7.64 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1
Hz, 2H), 7.44 (d, J=8.7 Hz, 2H), 7.17 (d, /= 16.2 Hz, 1H), 6.97 (d, J= 16.2 Hz, 1H), 6.73 (d, /= 8.7 Hz, 2H),
5.77 (s, 2H), 2.94 (s, 6H). °*C NMR (125 MHz, DMSO-ds) J 150.6, 150.0, 138.4, 131.2, 129.2, 127.6 (2C),
125.5 (2C), 125.4 (2C), 124.8, 122.9, 112.2 (2C), 39.9 (2C). EI-HRMS m/= calculated for Ci7HioN:0* (M*),
281.1528; found, 281.1532.

2-(4-(Dimethylamino)phenyl)benzo[d]-thiazole-6-carbonitrile (3)
2-bromobenzo[d]-thiazole-6-carbonitrile (1165 mg, 5.0 mmol), N,N-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)aniline (1483 mg, 6.0 mmol)33 & T} tetrakis(triphenylphosphine)palladium(0) (577 mg, 0.50
mmol)?D 2 M (R T~ b U 7 LRI/ 2 A Y2 (1:1, 40 mL)IR SRR A 2 R FDINBNETE L7z, BUSH
WRaEFERICR Lotk BT /1(150 mL) & @HiK (150 mL)&Z Nz 7=, #ri L7zBERZEI L CTH
W% 3 I E: 1061 mg (76%) T437=, 'H NMR (400 MHz, DMSO-ds) J 8.64 (s, 1H), 8.04 (d, J = 8.4 Hz,
1H), 7.94 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 1H), 6.84 (d, J = 8.4 Hz, 2H), 3.05 (s, 6H). *C NMR (100
MHz, CD,Clx-d>) 6 173.1, 157.4, 153.3, 135.4, 129.8, 129.6 (2C), 126.4, 122.8, 120.6, 119.4, 112.0 (2C), 107.5,
40.3 (2C). EI-HRMS m/z calculated for Ci1sH13N3S™ (M"), 279.0830; found, 279.0827.

(£)-2-(4-(Dimethylamino)phenyl)-N’-hydroxybenzo[d]thiazole-6-carboximidamide (4)

BB 1 OBRSR & FRED UL EITV, BIY 4 2669 3 0> HILEER 58% CTH72, "HNMR (400
MHz, DMSO-ds) 6 9.71 (s, 1H), 8.29 (s, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.89 (d, /= 8.1 Hz, 1H), 7.79 (d, J = 8.1
Hz, 1H), 6.83 (d, J = 8.4 Hz, 2H), 5.89 (s, 2H), 3.03 (s, 6H). *C NMR (125 MHz, DMSO-ds) § 168.5, 154.2,
152.3, 150.5, 133.7, 129.6, 128.5 (2C), 123.9, 121.2, 120.0, 118.7, 111.8 (2C), 39.7 (2C). EI-HRMS m/z
calculated for C;6HsN4OS* (M™), 312.1045; found, 312.1043.

8



(£)-4-(Dimethylamino)-N’-hydroxybenzimidamide (5)

L& 1 OGRS & FRRO RIS 21TV, BRI 5 % 4-(dimethylamino)benzonitrile 7> & =R 34%
TH7=, '"HNMR (400 MHz, DMSO-ds) 6 9.25 (s, 1H), 7.49 (d, J = 8.4 Hz, 2H), 6.67 (d, J= 8.4 Hz, 2H), 5.58
(s, 2H), 2.91 (s, 6H). *C NMR (100 MHz, DMSO-ds) § 151.0, 150.7, 126.1 (2C), 120.8, 111.4 (2C), 39.9 (2C).
EI-HRMS m/z calculated for CoH;3N3O" (M), 179.1058; found, 179.1061.

99mTe PR SUS

b2, (LEW 4, £72I3MEEW S (0.2 mg) DFFlE/~ 7 7 — VIRE T (1:4, 200 pL)IZ Na”™TcOq
FRUR(100 pL)yFs L OVEAEE 93 (DK F4(3.0 mM KIEHE, 15 L) &2 M1 2 72, BROSHR % 281 C 30 43 M
& L. ¥FH HPLC 2 W TR L7,

AB(1-42)EEEE IR D /E L
U > ks A= PR A i 7K (phosphate-buffered saline, PBS)Z FV YT AB(1-42)7% 0.25 mg/mL DR FEIZ 7R
HEDICHE L, 37°C TAMBHET D Z LICXD ., AP(I-42)EEREE 2 ER LT,

AB(1-42)EEEE IR & FI\ N 7= A & 526

AB(1-42) R PBS R (B4 1.25 ug/mL, 50 uL), *™Tc-Ham $5{AK 30% = % / — /LA (8.3 kBq, 50
pl). 30%=# / —/1(900 uL)ZiRF1 L, =i C 3 W E L=, JRFIAIE % Brandel #:54 M-24 /1
IN— RS —F3 J O Whatman #HL GE/B 7 4 V4 — % IOV TRBIIEE L, 7 ¢ V& —I128TE LIz
Sex W ~ho o2 —TCHIE Lz, BN fE»S, BF 2BERI% O fELL 2R H Lz,

AB(1-42)FEEE 1A 2 I\ 7o i 6 PH 5 FE R

AB(1-42) B AR PBS R (Fef& 1.25 ug/mL, 50 uL), *"Tc-Ham $5{K 30% = % / — /LA#4(8.3 kBq, 50
ul). FEREE PIB 30%™ &/ — /LIS (B #& 64 pM—125 uM, 50 pL), 30%=T % / —/L(850 pL)% JEFn
L. iR T 3 KffEE L7z, IRFANR % Brandel £E8 M-24 &L/ N—~_ 2 # —3 LY Whatman #1:5
GFB 7 AV —& MW TRGHEE L, 74 V2 —IZERFE LR E T o~ v o 2 —THIEL
7o, /o AER D5 GraphPad Prism 5.0 % W CRESFHE MM 2 MER L. 50%PBH 3 2 FE (half-
maximal inhibitory concentration, 1Cso) % L Hi L 7=,

Tg2576 35 & OB AER ~ 7 2 AR Y] 7 A JHV N2 in vitro ARG

29 7> H lnlfErE D Tg2576 36 L ORI~ 7 A 2 24 S, EHITHZf§H L. SECTION-LAB
# Super Cryoembedding Medium (SCEM) compound TE L T, RTA 7 A A-~FH X2 Cfihh
SHET, D%, 78 h—LZHWT 10 pm JEOHFEO A Z/ER L7z, *"Tc-Ham $58 50% = %
J —VEHR0.37TMBg/mL) Z RN L, IR T 1 R #E L, HEFEBROT- O BREEY R ISR
PIB (1.0 mM)& A *mTc-Ham $51K 50% = % / —/L¥EHR(0.37 MBg/mL)Z i1 L, 2R T 1 RefEFfE L
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720 50%T X ) — (1.5 538 x ) THFHE, A A=V 7T — MIB RS, XM F A A=V
TTFTA =2 THbr Lz,

ARG ZEEt% . [R—YI 71T thioflavin-S (ThS)?D 50% =% / —/WVIKiRZ ML, 50% T % / —/L Tk
Hrih, HOCBAMERIC CHOLBIE 21TV, MINT 2 m A REEO R{TEZ MR8 L7z,
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1.1.2. f5 R

Ham (L&Y D EHL

Scheme 1-1 (& Ham {bk & O AR ¥ 2~ 3, BEH © F LI v, diethyl (4-
cyanobenzyl)phosphonate 3 J. U8 4-(dimethylamino)benzonitrile # ZLE4iLt K a3 /L7 I U HEERIE &
MO EE2 2 812X HimMEZ2EA L, (LAW1E I OMEAWS 2 I 92%F 1 O834% CTH72[23],
k& 1 & 4-(dimethylamino)benzaldehyde & DFEE SN K W ALAEW 2 IR 31% TH-, 2-
bromobenzo[d]thiazole-6-carbonitrile & N,N-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
EDAXXT TV TROSICE Y ALEW 3 2R 76% TIH7, LA 31 Ham B2 E A5 2
L2k, LB 4 2K 58% TR,

Scheme 1-1. Synthetic Route of the Precursors for Radiolabeling of the *™Tc-Ham Complexes

/
HONH,CI OHC~L )N HN
Et,N 2N NaOMe 2
3
NC —_— /) _— / \ /
P(O)(OEt), EtOH HO-N P(O)(OEt), DMF HO-N O N\

92% 31%
1 2
HONH3CI NH
NC s Q _ PAPhP) CEGN P
o. s
o O O /
N o dloxane \ EtOH / N
2 M Na,COs (aq.) 58% N \
76%
3
HONH;CI

/ EtN HoN /
NC N ——— ) N
\ EtOH HO-N \
34%
5
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99mTe AR S

9MTe Ak SO X, Ham ARRRATERAR, Na®™TcOs, 72 6 ONTIEITLHI & L THATEST T 1) &2 V78
TR & W 4T - 7=, Figure 1-3 |2, [®"Tc]SB1., [*"Tc]SB2, [*"Tc]BT1. [*™Tc]BT2, ¥ LW
[®"Tc]DAB @, [Fl—Z&AFICET 58 HPLC O#Hr OfER %2 ~7, [P"Tc]SB2, [“"Tc]BT2. LV
[P Tc]DAB 1%, ZIEIUERRRTEA 2, 4. 5 OAER L7z, “Te AR RRIK % WiFH HPLC 12 X 0 4y
Frd4 % &, ®"Tc-Ham $&5ARICEI4 2 BEF OGO X 9512, 2 FEO LA O ER PR S vz
[23], LAf%. WikH HPLC (23T, PREFIFIEIZS K 0 WV EPERZ A R([PTc]SBIA, [*™Tc]SB2A,
[®"Tc]BT1A. [P"Tc]BT2A. B L U[P"Tc]DABA). KV £V EMKE B A" Tc]SBIB. [*"Tc]SB2B,
[*"Tc]BTIB, [*™Tc]BT2B. ¥ L U[*Tc]DABB) & EFT 5,

IbEW 2 BEIOMLEW 5 ZIRE L. P Te $5RREUS 21T 5 & 6 D AL &4 D /LR D i
BENT, FERIC, (LAY 4B LAY 5 Z ATz O Te $EARSIC & 0 . 6 O it b &
WINAERT 5 Z & 2R L,

MJ—}\v [”""TC]DAB + [”"‘TC]SB1 + [""HTQ]SBz AA_A/A_A/TK— [“'"TC]DAB + [55'"TC]BT1 + [99’"TI:]BT2
. l\—k [ Tc]SB2 U [ Tc]BT2

h h [*"Tc]SB1 ~ J\—h [##"Tc]BT1
_M [**"Tc]DAB ‘NL [ Tc]DAB

[ T I 1 [ I I 1
0 10 20 30 0 10 20 30

Retention time (min) Retention time (min)

Radioactivity
Radioactivity

Figure 1-3. Radiolabeling of *"Tc-Ham complexes. Radiochromatograms of *™Tc-Ham complexes with SB
(A) and BT (B). The HPLC analyses were performed on a Cosmosil Cis column (5Cis-AR-II, 4.6 X 150 mm)
with a solvent of phosphate buffer (10 mM, pH 7.4)/MeCN [3:2 (0 min) to 3:7 (30 min)] as the mobile phase at

a flow rate of 1 mL/min.
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AB(1-42)EREEIR 2 FV T2 G & FE8R

ERL L 7= PTe-Ham $EIRIZ DWW T, 7 2 v A FEERICHT 2 EMEE in vitro f5 A BRI L 0 FF
fliL7z, ZZTliX, & “"Tc-Ham $5AD A (KD A% FHMICH -, “Te-Ham 85K DT I 7 A NiE
LRITKT 2B ZE . —EIRE D AB(1-42)BHEMRIZIIT 5. AB(1-42)BEEIRICHE S LI BUHRED
FE©)E LTHEM L., #%% Figure 1-4 (2R, [99mTc]SBlA B L O Tc]SB2A (22T,
AB(1-)EHEMRIZHE A LT=% BRI, NI 222%B LN 26% Th--7=—FHT, 7InAf K
U RaEf LW [P Tc]DABA 3B 728 2 7R & 72025 72 (0.4%) (Figure 1-4A), [*™Tc]BT1A
BEU["TCIBT2A 1%, FIE1 4.6%35 L O 38.7% D BLFE % 7~ L 7= (Figure 1-4B),

3 501 50 -

:.;45- A 45 B

2

T 40 A 40 -

[y]

=]

5 35 35

g

T 30+ 30 4

c

=]

_gzs- 25

£ 20 20

o

s 15 15

o

8 10 10

()

A3

Ll 54 5

=

< 0- 0 =

‘9 K

LD ({\0\ /\0\ POSEFCE
¢ < < & &

Figure 1-4. Binding assay of *™Tc-Ham complexes. AB(1-42) aggregate-bound radioactivity (%) for A-forms
of ™Tc-Ham complexes with SB (A) and BT (B). Each value is the mean + standard error of three independent

experiments.
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AB(1-42)EREE IR % FA N 7= A G- PR F5 52 BR

T I aA NEERIT T 2B A EEICEHET 2729, PIB &#5a Y U ReT oG HE
FEBr AT o 7=, FER % Figure 1-5 3 X O Table 1-1 (2”3, & 2 TiE, *™Tc-Ham $5/K D BAE AR (A
KEBIOBHE)OT I v A NEEERICHHT 282 M L2, —ERED AB(1-42)EHEM & #rTe-
Ham $ERDTFIE T, Bix 72IRE OIEMSHE PIB 2172, [P"Tc]SBIA, [*"Tc]SBIB. [*"Tc]SB2A.
[®"Tc]SB2B, [*"Tc]BTIA, [*"Tc]BT1B, [®"Tc|BT2A, 3 & O*"Tc]BT2B DIF(E . PIB O ICs I
ZNZEH 072, 038, 16.40, 2.55, 0.26, 0.47, 2.80, B LUN5.78 uM T - 7=(Table 1-1), SB T A
RS BIRL D mWEAIE A R L7e—J7 T, BTIZ AR BIRL 0KV Efntt: %2 R L7-, Figure1-4|Z
BT, [P"Tc]DABA 137 2 v A NEERIZIZE A EKEAET, [P"Tc]DAB OfEABHESER CTlt,
PIB OIEEICR D 5 EDRPRENBH SN2, [P Tc]DAB @ ICso ZHH$ 5 Z LN T&
N Tz,

A, -8~ [*mTC|SB1A B ., -~ [*"Tc]SB1B

100 - [P"TCISB2A 100 -&- [*mTc]SB2B
- 80 [*¥mTc]BT1A ~ g0 [*"Tc]BT1B
o - [99mTc]BT2A o - [**"Tc]BT2B
t=) =)
c 60~ £ 60+
S 40 S 4o0-
X 204 X 20

0 : = 0 —

204 -3 -1 1 3 204 2

log[PIB] (nM) log[PIB] (M)

Figure 1-5. Inhibition assay using A aggregates in solution. Displacement curves of A-forms (A) and B-
forms (B) of *™Tc-Ham complexes from the inhibition assay for binding of PIB to AB(1-42) aggregates. Each

value is the mean + standard error of 6—15 independent experiments.

Table 1-1. Half-Maximal Inhibitory Concentration (ICso, pM) for the Binding of PIB to AB(1-42)

Aggregates Determined Using *™Tc-Ham Complexes as Ligands

9C90mpound ICso of PIB (uM)
"Tc]SBIA 0.72+0.10
%99‘“TC%SB1B 0.38 £0.08
[*"Tc]SB2A 16.40 £ 2.47
[*"Tc]SB2B 2.55+£045
[*"Tc]BTI1A 0.26 £0.02
[*"Tc]BT1B 0.47 +£0.05
[*"Tc]BT2A 2.80+0.32
[*"Tc]BT2B 5.78 £ 0.53

Each value is the mean + standard error of 6—15 independent experiments.
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F72. SB BLW BT ORI ILD P Te-Ham $5K([*Tc]SBT) b & 4> T Ak L 72 (Figure 1-6,
Figure 1-7), fEAMLEZEBR TIE, [P"Tc]SBTA 3 XL O[*"Tc]SBTB OFF/E F. PIB @ ICs lZZF N EHh
9.91 3 X 11 2.86 uM T - 7=(Table 1-2),

/N\©\(
S
H /
\ N-O O
RO o
e
N N\
N 0-N

2
[®°™Tc]SBT

Figure 1-6. Proposed structure of [*™Tc|SBT.

J‘—MM [*"Tc]BT2 + [**"Tc]SBT + [**"Tc|SB2
JL_A— [**"Tc]SB2
A M [#mTc]SBT

M [*™Tc]BT2

[ [ [ 1
0 10 20 30

Retention time (min)

Radioactivity

Figure 1-7. Radiolabeling of [**™Tc|SBT. Radiochromatograms of *"Tc-Ham complexes with both SB and
BT. The HPLC analyses were performed on a Cosmosil C;s column (5C;s-AR-II, 4.6 x 150 mm) with a solvent
of phosphate buffer (10 mM, pH 7.4)/MeCN [13:7 (0 min) to 7:13 (30 min)] as the mobile phase at a flow rate
of 1 mL/min.

Table 1-2. Half-Maximal Inhibitory Concentration (ICsy, pM) for the Binding of PIB to AB(1-42)

Aggregates Determined Using *™Tc-Ham Complexes as Ligands

Compound ICso of PIB (uM)
[99‘“TC]SBTA 991 +1.22
[99mTC]SBTB 2.86+0.22

Each value is the mean + standard error of six independent experiments.
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Tg2576 36 L OB AR~ & 2 ARG /& VN2 in vitro ARG

<~ U AMNIZILE L7 2 A REEZxT 5 P "Te-Ham S5O BT 2 3l 35 72, *™Tc-Ham
PR % Tg2576 36 L OB AER~ 7 AN ICHSIN L, in vitro ARG %#1T->7-, 2 Z TlL, 2 DR
PERD 5 6 A BREIFBRIC IV TR & W BURIPE 2 R L7885 0> 2 % 37 L 7=, Figure 1-8A, E,
LM IZRT LT, HERM T ZAMEI A ICRW T, BERBHEAR Y MIBH S hholz,
Tg2576 ~ 7 A IZEB T, [P"Tc]SBI1A, [®™Tc]SB2A, L O[*"Tc]BT2B 17 I v A REL %
WEICHEH U, MSEEIC R D m O BEERE 7 D NS HE I BT 2R i iESERE & 7 L 7= (Figure
1-8B, F, N), [*"Tc]BTIB Xtk iy b %o 7 I v 14 REE % #i i L 7= (Figure 1-8J), — 5 T,
[®"Tc]DABA 137 < A RBEZXIT D BE eSS % R S 72 hvo 7= (Figure 1-8Q), = 512, [A—HIf7
T A REOHEARERIETHD ThS ICL VR L& 2 A, P Te-Ham $5ADHEFE L ThS O
#%  — L 7= (Figure 1-8C, G, K, 0), F 7. [®"Tc]SBI1A, [*"Tc]SB2A, [*"Tc¢]BTIB, LW
[®"Tc]BT2B O 7 I v A REHZIU 2RI, MEIEOIEKSME PIB OWRINIC X VI8 L7z (Figure
1-8D, H, L, P),
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Wild-type Tg2576 Thioflavin-S Tg2576 PIB(+)

A e O A% ' D

[**™Tc]SB1A

[#*"Tc]BT1B

[**"Tc]BT2B

[**"Tc]DABA

Figure 1-8. In vitro ARG of mouse brain sections with **"Tc-Ham complexes. /n vitro autoradiograms of
wild-type (A, E, I, and M) and Tg2576 (B, F, J, N, and Q) mouse brain sections labeled with *"Tc-Ham
complexes. (C, G, K, O, and R) The same Tg2576 mouse brain sections were stained with ThS. (D, H, L, and

P) Blocking studies with nonradioactive PIB were also performed using the adjacent Tg2576 mouse brain

sections.
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I 51T, [PTc]SBTA %, o P"Te-Ham $E1K & [FIEEIZ, ~ T AN OT I v A NBEA BB IZH
L 7= (Figure 1-9),

Wild-type Tg2576 Thioflavin-S Tg2576 PIB(+)

A B . wé¢ig¥w .

o P DGl B
[*°"Tc]SBTA . b -

Figure 1-9. In vitro ARG of mouse brain sections with [*™T¢|SBTA. In vitro autoradiograms of wild-type
(A) and Tg2576 (B) mouse brain sections labeled with [**"T¢]SBTA. (C) The same Tg2576 mouse brain section
was stained with ThS. (D) A blocking study with nonradioactive PIB was also performed using the adjacent

Tg2576 mouse brain section.
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1.1.3. Z%

BEZ A A= TERNOW =T _RELMELE LT, DERD T ~DOEWEES T, 2R
B IRAG, 3)EMEER - AR ENE, 4B OER/FEER L, Skl BT
bNDH, ZNHOFTH, G F~OEWREG NIFERFICEHEHBERFMETHY . ZOEBDOTZDHIC
B BRI AHADBE L OMRFICLVRAONTE T, AV ITNZUF I NRREITBWT, #
B DRER o3 T RBFREBNL DN A RE AR R 4 TSR B 92 Z &IC K 0 | FERICxE 250 T 22 B ME & 2k
LTWDZEDERINTWEZ &b, BAMIIZET 2D x4 5 U Ty REFR—S1
ﬁK@ﬁAﬁﬁéﬁﬁ#uﬁéﬂf%tpﬂa_®i9ﬁ§ﬁ)ﬁ/F£ﬁ R % SRR 7RIS
PIEFIZAT DI, U B> REOBERIZEES T, AAMBICH 28 e[ L3 2 2 L n@ESh
T&X72[20], —H T, 73IvA R—VRZBITDHT I vA REERICHT D200 72 REFIOH
HHNID72< BT, ZMMU H e ROBAIZEL D7 I v A REFEDR FICB L TidsE N w72
U, RENCET 5 B, 21l “"Tc-Ham $&5{K(Figure 1-2)% W T, 7 I 1A NEERICXTT 5
ZMBHFICBE LT, RMMOICHRFT 22 & Th D,
9MTe FERRSSIT, BEH D FFIEITHE > TIT o 72, [P™Tc]SB2, [*™Tc]BT2, # K U[*"Tc]DAB I3,
ZNETRERRTERA 2, 4, 5 >BAER L 72, O"Te FERRSUGIZ L Y . P™Tc-Ham $5{RIZBE3 2 BEAF D
WEO XS, 2 FEO KBS MHALEY DL R S 7= (Figure 1-3) [23], ZiuiX, Ham {b&#%
FN Tz 9mTe $EE R Z BN T, 2 TR O BIMERDER T 2 2 & 2RI T 5,
IXLEFNARBIFIE L2\, FRIER TH D Re OSERDPIEAELEH & LTV E
NT&z, —F., BIEFE TIZ, HimLAEWIZ LD Re$ENTIRS LT 63, 512, PTc %
WO ZENEFICHETH D Z L2 EOBBEMND, P"Te-Ham S5 DOEER EIIXHIRN H - 72,
LU, i, BRI ATAVENEANSI N Ham L&Y 2 T, PTe $E RS T 4L,
ZDEFMDIZHONT, X BEHT, NMR, B X OIRN I LD 00T 72[25], Z OHEICZ K
% & N-AF U b Ham b &% F T2 PTe 85 RIS £ 0 | Figure 1-10 (23§ H— 0 T SR
DFHBER L, BIEROAERRITHGE ST d o7, S 51T, Ham (LEWE HE PTe S5 A G
IZE VAR S ND 2 TGO BRI, Figure 1-11 IR THEIETH 5 Z & BHEE Sz,
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N-00 N
O3
HT//—\O—ﬁ
Me

Figure 1-10. Chemical structure of the N-substituted Ham-based **Tc complex.

/N_ N1 /H HN_O\Iol /H
R_< _Tc >R = R_<\ _Tc />7R
N -N N O-N

Figure 1-11. Proposed structure of two isomers of Tc-Ham complexes.

b&# 2 B EMEEW 5 2 W T P Te SRR EUG 21T 9 &L 6 FEHD BSHEL B D LR D TR
I, FISIE[P"TC]SBL, [P™Tc]SB2. L[ Tc]DAB OFNENDOERMKIZE DD THD &
EZ bz, Wik HPLC OEFRERIIZOWT, 3.0 & 35%, BELU153 & 189 pojikktfe e —2
1. ZNEN["TC]DAB B LU Tc]SB2 DD & —E L, 7.7 & 104 43D 2 KDOBHEY — 7 1%
[®™Tc]SBl DA Z 7T H D Th D & HEE S iz (Figure 1-3A), [FIEEIZ, (LAEWMAB LI OMLAEW S5 %
M7z #nTe SERRGIZ LY 6 FE O B MAb & A E Rk L, [*"Tc]BTL, [*"Tc]BT2, ¥} LT
[*"Tc]DAB N [RIRFIC/ERI S 47z 2 & BRIB S 7z, WAH HPLC ORFFRFRIZ DWW T, 3.1 & 3.6 45,
58 & 81745, BLXO 115 & 143 OBEEEY — 71X, THEN[P"Tc]DAB, [*"Tc]BTl. BL O
[P"TcIBT2 IZHKT 5D Th D &35 2 b7~ (Figure 1-3B),

EBL L 72 "Te-Ham $5RICDOWT, 7 2 v A FEERIZKT T 28fMEE Y 20 b AB(1-42)
% ANTZ invitro FEAFEBRIC K 0 FE L 7= (Figure 1-4), 7 2 1A REEIRICHES LI BEREDEIA )
5. O"Te-Ham SO FFPEDNEFIL, [*"Tc]SB2A > [*"Tc]SBIA > [*"Tc]DABA 1 L O[*"Tc]BT2A
> [P"Tc]BT1A > [*™Tc]DABA £ 720, SBEBIOBT WITIUIBWTH, 7IvA RU T RO
INZfES 7 v oA FEFEOF 2GR Hiv, 2l ™ Te-Ham $51K73 7 I v o FEREMRIZKT 58
ez m B S5 alRetE s R S iz,

FEOMHESEBRIZE Y, 7 I v FEEERICKTT 5 BRI %2 & &09IZFEN L 72 (Figure 1-5, Table 1-
1), BA Y H 2 RIZIiE PIB # W o, &EEEOIFIE FIZHIT D PIB D ICso 22, WTHDT I aA
RU T B LOEEERIZOWNTS, Tl T $EA & i LT 2 4l P™Te 51423 K 0 @Bl %
R, ZORERIL Figure 1-4 TRIFER L —H L7, 7o, BHERIZE S TPIB O ICso N E/R D |
BMEALS T v A REERIZH T 2BMEICE DD Z LR SNz, S5, ZOERRERLY,
9mTe-Ham SR8 7 I 1A FEEMRIZ LT, PIB & RABEDIEAY A F 2N L THAET 5 2 L ovRg
SNz, SBEBLOBT 2> HAEAL S 415 [P"Te]SBT (XM FZIEA & H iz, [P™Tc]SB2 & [*™Tc]BT2 DR D
7 2 v A RHFMEZ R L7 (Table 1-2),

9mTe-Ham $HAIZ DN T, Tg2576 35 K ONEFAR ~ 7 Z 8] &2 FVN T in vitro ARG %17 - 72 (Figure
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1-8), Tg2576 v AX, 2 0AEELVMNTTY T A REEOZEFEMNIILE D, EHOT I v A i
EME%E in vitro 3 X W in vivo TRHMET 5 ECT—RWICHWLILD AD T LVE TH H[26], FEERH
EEBRORBREZLIE L, 14l ©"Tc 85K & bl LC 2 i T $5KA3, Tg2576 ~ 7 AL IZRBIT 5
MNT I e A RaE X DBBRICHE L7, £72. [P "Tc]SBIA., [*"Tc]SB2A. [*™Tc]BTIB. 5 &L W}
[P"Tc]BT2B D7 I v A REEIZISIT 2RI, BRIEOIFLIHEPIB OB LV RESWA LD
LD, P Te-Ham $EIR D~ 7 AN T 2 1 A REEIZ RS 2 B A0S S A3 RIB X du7= (Figure 1-8D, H,
L, P).

ZAMZN R T 2 BFMED M FICBI LT, Hfx 2BEN B 2 5 Tn5, — iz, BT
LEET DRV A NEZMM Y T RVE S BRIC, BAEOm EXARKRERD, b, 2h) 7
RBEEOREE T A MIRIFHIREE T2 2 L2, BftEORE2m LICHETH L LEZX LT
Do, UL, U REOHEBENEET 2G4 MNEOBEHEXL W EWEETH, AERBMED
[ ERBH SN TS, ZOHRE, —EENICHES L) T RBEEYA M baalc it 2
ANZ, BWRINREZ AT 5V T RRBMEMNICHEAET 22 N TE 5700, Bntton EavEl
HENDEEZLNTNODRT], ZNEDERED 5> BHOWT #7272, 2 ffi "Tc-Ham &5
WX 27 ImA REMMEOR EREO b LB BT,
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1.1.4. /N g

AREINZFRWT, BART IuA FEMMZAT 2 E8FOME LA E LT, @F O 2 F|
FTHZETTInAg RUN Y Re@BEEAT 8727250 Fitat2 L0 2l #"Te-Ham S5 2 /ERL L |
EFETNT InA FThD ABEEMKICK T 2B+ 23l 21TV U TICBR N5/ R 21572,

(1) SBELIEBTZ7 InA KU T KETLHHHELAM P Tc-Ham 5K Z 5% 5 - G L7,
Q) T InvA FEEEREBAOZEALEIEBRICBW T, 21 “"Tc-Ham 5413 1 i *"Tc-Ham $&{4K &
HREG LT, K0 mnT e A MEMMEZ R L, 21l P "Te-Ham $5(KIZ L 57 I = A REFHED

] B b7,

() ~ U AMYIR Z RNz in vitro ARG IZEW T, fEiATHEEROMR A2 KM L T, 21fi "Tc-Ham
PEIRDN 1AM " Te-Ham 5K & LEE LT, ~ U AWNDO T I v A RBEA K0 BABRICHIE L7,

UUEOFRER IV 2 fli  Tc-Ham S84 Z BAE & U7 H7= 7200 FRXGHDS, 5871727 I v REFE
ARTLHT7I0A FA A=V TEANOFHIIZARD TH D Z LAVRER ST,
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R
21 P Te $EEEZ L TANT I vl RT UFXFFNRF—A A= FEAN DR

CAA IZHFARARRRICI T 2BRCEMME IS, 7oA FEEERNIEETHZ L 2R ET5M
FMEFETIIFERMEOEBTH H[28], LET D7 I 04 RIZEIZ ABTHY, CAAIZT I A K—
VAD 1 FEELTHEINTND, CAA ITFEEHE D 1040%RE RO BN D, 2, AD EED
80%LL EiZHBW T, D7 & B CAA D3R HL[29]. I 25%D AD FBEMMICIB VT, HEER
CAA DHERR S LTV 5[30],

CAA [EHN Hi ifi (intracerebral hemorrhage, ICH) =AM LA PEFREIE D EEERJHK TH 0 . KK E I
ZESOMU NI L 72 & OB/ NMILEIRIZ BB S-T 5 L E X 5TV 5[3], CAA-associated ICH X,
(238 1T 2 IFEME ICH D 5-20%FEE 4 i 6d . N DIRHIPHIC DT 288D T I v A RiEE DD
B & 22 B aRetEN m <. FRELEV[28], 72, AD OWIIEMEZR W T, M REEIZ XD
PR RE DN TN E STV 5 [31],

40 EHOT 2 D LRERR SN D AB(1-40) 1. AP(1-42) L 0 IRt @, CAA BEICBWTE
IZRDBENDT 2 A R AB(1-40)Tdh D —J7. AP(1-42)ix AD BEMEENICERT 2 EAKD
TR THDHZENMBINTND[28], CAARL AD 2 D7 I n A R—Y ABFIZBWT, KAD
PEARJTESRIZHATL CT I v RBREFETHEEZOLNTEBY[15]. 2T IaA KO in vivo TD
BT, st A7 304 R—Y ZAORMZBICBENL L EZZ bR E, S50, 74 REER
% in vivo CBIERTHZ X, T IvA R—V AOHHIBERIEOBICARRERE 52D 520
no,

CAA Z2Wr¥ BT, REMDNEWIMO AR T/ 7O TV 5[32], —J7. CT X MRI
IZIERBECTH Y . CAA-associated ICH OZWHZHZTH D0, TN HI1ET 2 v A REEKROILE
T2 <MKz H T 5 AT 5([33], CAA DRE~—HT—L LTICHZHHAL TS Z &b,
Z OB CAA RWNEITEBERRAY L IIFT ARV, 20D, A A—V U 7RAICEIV T Inm
A REMRH L, CAA BB OR RAZW & fTEE & T 2 RN ZWNEORRENE < EEh T
5o

RIHICIB W T HIRR7= X 512, AD OREIZM A By & L7z PET/SPECT H ABA A — T VA
DEAFMFFEPEFRITATON T E T2, ADMNOEANBE L AL, ["CIPIB Z JHW oM E T I v A FA
A=V I LT, W O0DOREND H[34, 35, LorL. [M'CIPIB (&I ik B P (blood-brain
barrier, BBB)Z %7 % L H IZEKFFSNTWAH e, IMMME T I v A REET TR, MIEET Im

Rizkt L THRBRICHE ST B 265, Lo T, ['CIPIB IR0 T I a4 RikE %Ki
L. CAAZIICENWTIL, BAREZ ANy 7 7T 0 R 7 FLELTHRETHZEERD, —T,
CAA FFRLEA A — U U VT HEFN OB HITHOI T X 7o, CAA ZFER) & L7-425¢[36]. PET/SPECT
[37]. BEUMRI[37|HA A — T v ZERINEGF S, T106 O CAAZWNIZB T 2 HHER RS
T&7, UL, CAAIZEIT D ABEHEIRIZXT 5 in vivo FERMEIIRIZR I TR, M & BE
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WA LTz ABIZEIEICHE S L. AD & CAA ZERIT 5 A2 FREL T 54 A— T 7 3AIOR
EPLENTND

EABHIM T, CAA OHRZBHTD72DIT1H,. ABA A — 22 Z AN O MBITHEIRIR 728
I F LV \(Figure 1-12) [22], % ZC, RIEICBWTER L7z, 136 KO 24l " Te-Ham $5K([*Tc]SB1,
[*Tc]SB2, [*"Tc]BT1, L U[P"Tc]BT2)% CAA ¥R A A —T  JHA L LTUCHTHZ & &
L7z, D0 P"Te $5K1T, MW T B2 6T 5728, in vivo TBBB #&iR7T 5 2 LIXR#ETH
HEBZONAHI L, IHIT, ABRERICHT2EWEFMMEEZETH 2 LD, CAA FREM)A 2
— VU T B EEZ BN, BIEINCBW T, P "Te-Ham $5AD 7 2 1A REFMEIT Ap(1-42)%E
EARZ HOTEHME L7223, AB(1-42)IFEANBE CERALICFRD HND T I a1 RTHY ., CAAIZEBWNT
TF L A LB SRV, — BRIV, AB(-42)EERITH T 2 mWBIRtEE 63 2185 Hbamix
WENY VS TR0 X T LA iRl DT I v A REEERIZH LT HEET D AR E
EEBEZ BN TVS[38-40], Lo T, P"Te-Ham $H K1 AB(1-42) & [AARIZ, CAAITHBWTHEA R T
24 R ThDH ABAA0)EERICKTT oA EZ AT D &2 DL,

AEITIE, 18 IO 24 ®Te-Ham 5K ([*"Tc]SB1, [*™Tc]SB2. [*"Tc]BT1, I L O[*"Tc]BT2)iZ
DUNVT, CAARFRIA A=V ZHAIE Lo AR 217 - 7=,

Brain
Amyloid
precursor protein

CAA-specific \ B-Secretase [ y-
imaging agents * A

[Mm

retase

?3

(D Low permeability Senile plaque
at the BBB ‘

(@ Specific binding to amyloid ; v-Rays | In vivo imaging
: of CAA

Figure 1-12. Schematic design of CAA-specific imaging.
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1.2.1. EBRGFIE

s R

B 1A LR U - SR A2 L7, AB~X7F F(human, 1-40) [TFA form]iZ. KRt~
TF RWFEAT R DA LT, CAA B FIAGHAAR G 71X, mE R R PR E PSR 3 L ONESLAE
BRammt it o 2 —IRbe L iRt S e b D2 Lo, fHE B SN Y) /X, BioChain £ X

DEEAN LT,

EUEZ)

T EBRI IR T B ERZ B2 OS2 857 L CTiT o 72, ddY SRBEME~ 7 A I35 K FEBRTE
RS L VA LT, Tg2576 v A% KL ORI~ 7 A3 Taconic fE L W HEA L7, Edid 12 B
M2 B OB Y A 7 VS FCRE L, ikt KIXEBIZE 272,

Ham (b &E¥ DA Ak
BIEF 1 EREOFEEZHNTITo 7,

9OmTe PR S s
FBIEF 1B EREOFEEZHNTITo 7,

AB(1-40)EEEE AR D 1Y
PBS % VT AB(1-40)2% 0.25 mg/mL OIRFEIZ/2 5 X O IZFTHEE L, 37 °C T 42 FFFETH 2 &
IZ& D AB(1-40)EEE TR 2 TERE L 7=,

AB(1-40)EEE IR 2 FHV 7o 5 60 BH T FE R

AB(1-40)EHE (R PBS ¥ (Bef& 1.25 pg/mL, 50 uL), *™Te-Ham 851K 30% = % 7 — /LiA#(8.3 kBq, 50
ul). FEREE PIB 30%™ &/ — /LIS (B #& 64 pM—125 uM, 50 pL), 30%=T % / —/L(850 pL)% JEFn
L. =R T 3EM#E L7-, {BFNAIK % Brandel 5! M-24 &L/ N—~_ 2 % —33 11" Whatman 15
GF/B 7 4 VH —% AW THBIEE L, 7 4 V¥ —ZFRF LT e o~ o o2 —THlE L
7o FHNTAERD S, GraphPad Prism 5.0 2 VW CTREGBEEHIRR Z BB L, 1Cso M L 7=,

EH -~ 7 A % 7 (RN B RE 0 AT Al

9mTe-Ham 51K % 10% =~ % / —/VEFABEEK CTHR U7z, 1 BESUEO 5 ddY REEE~ T 2
(2, BEIRE Y 1055729 20 kBq (100 pL)? *®"Te-Ham $85{A %2 % 5- L7z, 2. 10, 30, B L6045y
BICLFEFE S, MR, PR, Bl B, M. IR IR, DB, M. B R OMMAEREL L, EEE
i RE 2 JIE L7z,
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CAA BB L OMat & & SR kAR Y i % A7 in vitro ARG

XT T 4 A E T CAA B (67 i MER LY 85 iAot ds K O 5 (73 sk 5 M )ir A bk ik
A%, VB0 x2), =& 7 —/ (1431 x 2), 90% T4 /7 —/L(143[#)., 70%T% 7 —/(1
orf), F L OMEHIAKES ) CIEREE T2 Z & THNT 7 ¢ VAR Z AT 572, *"Te-Ham S5 {4
50% T4 J — )LIRiF(0.37 MBg/mL)Z RN L, SRR C 1 BFREERE L7, EFEBRO- O, B I
FE S PIB (1.0 mM) & A "Te-Ham $5(A 50% = % / — LIA#Z(0.37 MBg/mL) Z N L, =8I C 1 BF
MErE L7z, 50% =% / —/ (3 53] x ) THFE, 4 A=Y 77— MIBENHRIH, A A A A
=TT FITA I THMT LTz,

ARG FEBt%., [F—YIH %2 BT AB(1-40)DRfE e a 21T 57, 0.01 M 7 = kR (pH 6.0)(C
BIFHA— 7 L—T715 FRDEITV., WEAKEES 7)) L7, 0.5% Tween 20 74 PBS (0.5-PBST)
(5 53T x )P CTHE L7z, Ul 25 AB(1-40)D 1 IRPUAIRIF(BA27, FuytHlisk T3k 4t & =il
THRAKLS ST, 0.5-PBST (5 77[H x 3)F CTHrE L7z, EATF AR~ ¥ Afufk & =R T 3 1
WOt S B2, 0.5-PBST(S I x3)HF CTErE L7z, I EA ML T R T ED bt o F—F
AR L EIRT 30 MG SE72%. 0.5-PBST (5 401 x 3)F TFrE L7z, %S Merck tHHU
diaminobenzidine & =il T 5 /3 IG S . MUK THE L, Koz EILSEe, =% 7 =itk b
BARER, 2 LA KD BMLER 2T o7tk BN ZE AL, BB CRIZE L7,

Tg2576 B L A< 7 X 2 FV T2 ex vivo ARG

20%TH ) —)VEALFREHKIZERME LTZ " Te-Ham $£K (19 MBq, 150 uL)% 29 7»H it
Tg2576 B L OE AR~ 7 ZIZREARE V%5 Lz, &5 30 2%RICLEL ST, EHITHMARH L,
SECTION-LAB #1:# SCEM compound T LT, RT7A T A AAFH U ANATHFEIETL, €D
%, 378 b—AZHWT 30 um EOBHFEG R ZER LTz, U EZA A -V 77— MIELS
., N FA A=V T TFTA P =T THW LT,

ARG ZERT ., [Fl—8IFIZ ThS D 50%T % / —/VEiKZ IR L, 50%T % / —/V CHeif#%, HOGEE
BTN THICBIEE ATV TN ABILAE D JRTEZ R LT,

I 5T, [A—8 & AW T CD31 Ot 21T > 7=, 0.5-PBST (547 x 3) CTiiE L7k, U
%L CD31 O 1 IRGUKRIAIR(SZ31, Abcam 1) & iR THE S S 872, 0.5-PBST (5 43 x 3) Cf
& L72t%, Dako tEBA—2AT T 4 v v a LA U X —BHEHAR ) ~— B Ei U X 2 kPR L=
I C 3 R BUG S 72, 0.5-PBST (5 47[H = 3)H CHfE L 72 . Merck #1:8¢ diaminobenzidine & ZER T
5 MRS S, BRUKCTHRE L, S EEll Sz, =% ) — XD BKAE, Fo Lok
DGR AT > 7o, W25 A L, B cBlgE L,
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1.2.2. f5 R

9mTe-Ham $5 1K 0 F7 54

1 B L2l " Te-Ham $EAR([*"Tc]SB1, [*™Tc]SB2. [*"Tc]BT1. X U[P"Tc]BT2)DMEL%, Al
i & [FERD STtk % AW TAT o 72, Bl & [FERIZ, 1W4H HPLC 73T IC 3\ T, PREFIRFATAY K 0 AV 52
PR Z A IR([PTc]SBIA, [*"Tc]SB2A. [*"Tc]BTIA. £ X O[*"Tc]BT2A). XY EWEMERE B K
([*™Tc]SB1B. [*™Tc]SB2B. [*"Tc]BTIB. # L U[*"Tc]BT2B)& & L 7=,

AB(1-40)EEEE IR % 72 A 6 P EE 52 B

9nTe-Ham $EIRD AB(1—-40)EEEMRICXT T 2 BIFMEZFHMET 5720, PIB 255 U T KET 554
AP #E FEBR & 1T - 72, [P"Tc]SBIA. [®"Tc]SBI1B. [*™Tc]SB2A. [*"Tc]SB2B. [*"Tc]BTIA,
[®"Tc]BT1B, [*™Tc]BT2A. 35 L U[P"Tc]BT2B D fF7E . PIB @ ICso IXZ L2410 0.38, 0.45, 4.59,
3.37. 0.24, 0.99, 1.58, X 114.96 uM T& - 7=(Table 1-3),

Table 1-3. Half-Maximal Inhibitory Concentration (ICso, uM) for the Binding of PIB to Ap Aggregates

Determined Using *™Tc-Ham Complexes as Ligands

ICso of PIB (uM)

Compound AB(1-40) AB(1-42)
[*"Tc]SBI1A 0.38+0.06 0.72+0.10
[*"Tc]SB1B 0.45+0.11 0.38£0.08
[*"Tc]SB2A 4.59+0.77 16.40 £2.47
[*"Tc]SB2B 3.37+0.61 2.55+£0.45
[*"Tc]BT1A 0.24 +0.06 0.26+0.02
[*"Tc]BT1B 0.99 +0.17 0.47 £0.05
[*"Tc]BT2A 1.58+0.27 2.80£0.32
[*"Tc]BT2B 4.96 +0.90 5.78 £0.53

Each value is the mean + standard error of 6—15 independent experiments.
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B~ U A % VT RN RE o AT R A

0Te-Ham $5R DRI TIEZ G35 72, EH~ 7 A& W I IR RE A B 21T - 7=,
Z TR, 2 BEOREMEERD O B, FEEERICB O TR EWERIME 2 7R LS8R DO A % 53F
fli L7z, *FHR & L T, ["®F]florbetapir (Z 2T & A AR IZFEAN L 72 (Figure 1-13), [*™Tc]SBIA,
[™Tc]SB2A. [*™Tc]BTIB, & U[*"Tc]BT2B D5 2 5312ICH T DM~DIRV IARIL, ThEh
0.37. 0.28, 0.36, ¥ LT10.37% injected dose/g T -7z, N IEETEEIZHE S 60 731% £ TIREZ R
L7z, *™Tc-Ham SR DKM 5347 1X Table 1-4 |27,

6 -
= [%MTC]SB1A

st ~ [%9"TC]SB2A
[42]
S —— [%mTc]BT1B
E 4T ~ [%mTc]BT2B
= ~ ["®Flflorbetapir
=
>
=91
5
@®
S
T 1
o

0 —— —i

0 20 40 60
Time after injection (min)

Figure 1-13. Comparison of radioactivity of extracted brain tissues after intravenous injection of *™Tc-

Ham complexes and ['*F|florbetapir in normal mice. Each value is the mean + standard deviation of five

mice at each interval.
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Table 1-4. Biodistribution of Radioactivity after Intravenous Injection of *™Tc-Ham Complexes in

Normal Mice

Time after injection (min)

Organ 2 10 30 60
[*™Tc]SBI1A
Blood 18.89 + 4.57 9.30+1.96 6.06 +£0.29 271 +£0.14
Spleen 9.73+£3.34 9.70 +£3.03 7.86+1.11 5.44+0.49
Pancreas 4.12+£0.62 3.09+£0.38 1.74 £0.33 2.67+0.07
Stomach* 1.64 +£0.41 4.54+0.97 10.28 £2.03 6.63+1.12
Intestine 1.94 +£0.25 427+ 0.88 7.06 +1.67 14.34 +2.35
Kidney 10.74 £ 2.03 948 +1.28 6.18+0.84 9.66 £0.18
Liver 28.55+4.86 31.03+2.29 20.17 £3.18 22.16+2.20
Heart 948 +£2.01 6.51+0.77 2.98 +£0.63 430+0.14
Lung 15.47+4.14 9.67 +£0.88 5.31+0.67 5.14+0.29
Brain 0.37+£0.05 0.19 £0.02 0.16 £0.03 0.08 £0.00
[*Tc]SB2A
Blood 14.28 + 1.90 7.50+0.51 5.13+0.57 4.17+0.24
Spleen 10.76 £ 0.96 11.24 £2.26 8.91+3.26 7.58 £2.60
Pancreas 3.35+£0.60 2.12+£0.08 2.06+£0.11 1.83 £0.07
Stomach* 3.15+0.56 8.78 £1.32 16.13 £2.33 14.72 + 4.51
Intestine 1.52 +£0.25 1.71 £0.11 2.64 £0.36 4.05+0.55
Kidney 5.03+£0.52 3.57+0.41 3.61+0.29 3.39+0.20
Liver 2552 +1.67 29.35+2.85 27.04 +£3.90 2495+ 3.38
Heart 12.64 + 1.59 6.57+0.92 8.58+1.32 8.27+1.19
Lung 1435+ 1.86 7.79 £0.50 726 +1.02 6.48 +£0.49
Brain 0.28 £0.03 0.17+0.02 0.12+0.01 0.11+£0.01
[*"Tc]BT1B
Blood 18.61 +2.47 9.34+2.62 5.84 +£0.65 3.51+0.34
Spleen 3.83+0.84 3.00£0.82 3.11+0.48 1.36 £ 0.54
Pancreas 1.80 £0.28 1.58 £0.55 1.72 £0.11 1.11+0.18
Stomach* 1.39 +£0.21 3.76 £ 0.82 8.24 £ 1.41 6.47 +0.85
Intestine 0.90+£0.25 2.00+£0.86 6.81 £2.03 9.95+£2.65
Kidney 5.94 +£0.73 429+ 1.25 5.24 +0.59 320+ 0.45
Liver 19.90 + 4.06 25.64 +£6.77 27.06 +£2.49 19.04 + 3.61
Heart 5.25+0.22 3.30+1.02 2.72+£0.28 1.64 +£0.32
Lung 10.87 £ 2.06 6.50+1.41 5.00+0.34 2.78 £ 0.54
Brain 0.36 £0.03 0.17+0.04 0.11+0.02 0.08 £ 0.02
[*"Tc]BT2B
Blood 23.15+4.78 10.05+1.78 3.72+0.49 1.81 £0.44
Spleen 10.83 £ 1.58 14.49 + 3.50 1091 £ 1.59 4.80+0.63
Pancreas 2.81+0.35 2.19+0.35 1.14 £0.25 1.27 £0.28
Stomach* 0.69+0.12 3.77+£0.56 6.47 +£1.37 420+ 1.21
Intestine 1.32+£0.21 1.97 £0.26 6.44+1.04 1390+ 1.52
Kidney 6.04 £0.96 5.02 +£0.40 3.47+0.57 3.13+£0.48
Liver 2321 £5.72 33.78 £6.07 31.45+3.39 35.76 +£3.34
Heart 9.48 £+4.83 8.62+2.34 6.67+1.52 7.08+1.34
Lung 22.06 £ 3.09 11.97 £ 1.01 5.38+1.16 4,50+ 0.60
Brain 0.37+0.11 0.20 £0.04 0.10 £0.02 0.05+0.01

Values are expressed as % injected dose per gram of organ. Each value is the mean + standard deviation of five

mice at each interval. *Values are expressed as % injected dose.
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CAA B I K O F HIRIMARA D) T 2 HIV 72 in vitro ARG

CAA BEMYI T IZBIT 5 APILAE ITxT B[P Tc]SB2A 1 XL O*"Tc]BT2B DOfii & % in vitro ARG 12
L VR L7z, [®"Tc]SB2A 1L CAA BEMETICHIT 5 APILAE & HIWRIC R H L 72— J7(Figure 1-
14A), EFZEMMEI T ICBW T, B2 U BRI ZBLAl S 72 )y - 7 (Figure 1-14D), £7-. CAA
BEMMY BT B EHRES X, R—Y 2B 5 AB(1-40)SusE Yttty & —% L 7= (Figure 1-14B),
S BT, ABILAEIZEIT BH[P"Tc]SB2A OEMITIWFIEOIEHSE PIB ORMIC L VEFE I
(Figure 1-14C),

: .,‘r 7 “C:\,‘ ‘ \
4 . / L‘ S C_‘,/' .
o b
i BLNE L Y A
/\;‘:?\,", ‘%\ = :
s R B |
. N e
% X
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<, SR s
a /J
B
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Figure 1-14. In vitro ARG of human brain sections with [*™Tc|SB2A. (A) An in vitro autoradiogram of a
brain section from a CAA patient (female, 67 years old) labeled with [*™"T¢]SB2A. (B) The same brain section
was immunostained with an antibody against AB(1-40). (C) A blocking study with nonradioactive PIB was
also performed using the adjacent brain section. (D) An in vitro autoradiogram of a brain section from a healthy

control (male, 73 years old) labeled with [*™Tc]SB2A.
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F72. [P"Tc]BT2B I in vitro ARG IZFW T, [P"Tc]SB2A & FER DS R % 7~ L 7 (Figure 1-15),

Figure 1-15. In vitro ARG of human brain sections with [*™Tc]BT2B. (A) An in vitro autoradiogram of a
brain section from a CAA patient (female, 67 years old) labeled with [**"Tc]BT2B. (B) The same brain section
was immunostained with an antibody against AB(1-40). (C) A blocking study with nonradioactive PIB was
also performed using the adjacent brain section. (D) An in vitro autoradiogram of a brain section from a healthy

control (male, 73 years old) labeled with [*™Tc]BT2B.
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512, [P"Tc]SB2A 35 X OY*™Tc]BT2B (. B> CAA BFH OFIMMMIY iz BT 5 ABILE B
B I HY L 72 (Figure 1-16),

Figure 1-16. In vitro ARG of human brain sections with [*™Tc¢]|SB2A and [*™T¢|BT2B. In vitro
autoradiograms of brain sections from a CAA patient (female, 85 years old) labeled with [*™"T¢]SB2A (A) and
[**"Tc]BT2B (B). Panel C and E represent magnified image details of panel A and B, respectively. (D) The
adjacent brain section was immunostained with an antibody against AB(1-40). Red arrows indicate A

depositions labeled with both the bivalent *™Tc-Ham complex and anti-AB(1-40) antibody.
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Tg2576 35 L ORI~ 7 X % HV 72 ex vivo ARG

<7 APNCIT D APEEEIRICKT T A[P"TC]SB2A 3 X O[*"Tc]BT2B D Fatt % 345 7=,
Tg2576 13 L ONEFARI~ 7 2 % U T ex vivo ARG FEERZ1T > 72, [P"Tc]SB2A D5 30 73D ex
vivo ARG IZB\\ T, Tg2576 ~ U7 AMNIZZE D T BEEFE 03Bl S 4u7-—J7 (Figure 1-17A, B),
AR T ZRED T s O BEEE 7R O BEEE R I S 72 D> o 72 (Figure 1-17C), Y17 H O ABILE %
ThS Y2l LV HERR L. BRI~ o AWMU BV T ABILAE 1XERD B IL72H> - 72 53 (Figure 1-17F),
Tg2576 ~ U AWEUIFICEBNTEED ABILENRD B, TS ITHSRE A & Haic—E Lz
(Figure 1-17D,E), L722L. W< 222D ABILAE L, [P "Tc]SB2A I KV #fitH S nvieinoTz, £ T,
[P"Tc]SB2A MNIME T I A RHAWIIMEET I a1 FOELLEHIH L0 ZH 50T
L1, MENEHI~——Toh 5 CD31 IZXT 28R LY | Fl—UIR &% L 7= (Figure
1-17G-I), ARG (28T 2 iU HeERE L. ThS 35 X OL CD31 HuiA Dl )7 CYfa S vz ABIEEIZE W
TOHBLI S 7 (Figure 1-17B, E, H, 77KH]), —J7, ThS TOHYA S, FL CD31 HLik Tidgta
SN Do 7o ABIEEIZE W T, HEREEREITFE D bR D - 7= (Figure 1-17E, &L D),

Tg2576 Wild-Type
A‘, _‘. ‘ :g = ‘:;;l " B‘t_ ,_-‘ C s “
ARG ”A-v.’ W w,’ o ks | DR S R o ”{‘

By el

‘: Y z o ail o= ik
PRI AR T

N wavu W

ThS

CD31

T

Figure 1-17. Ex vivo ARG from mice with [*™Tc]SB2A. Ex vivo autoradiograms from Tg2576 (A) and wild-
type (C) mice with [*™"T¢]SB2A. (D and F) The same sections were stained with ThS. (G and I) The same
sections were also immunostained with an antibody against CD31. Panel B, E, and H represent magnified image
details of panel A, D, and G, respectively. Red arrows show AP depositions labeled with both ThS and anti-
CD31 antibody. White arrowheads show A depositions labeled with ThS, not anti-CD31 antibody.
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S BT, [P Tc]BT2B 2 L 5 ex vivo ARG (%, [*"Tc]SB2A & [Flkk7e#E SR %27~ L 7= (Figure 1-18),

Tg2576 Wild-Type
ARG R J
ThS
CD31

Figure 1-18. Ex vivo ARG from mice with [*™Tc]BT2B. Ex vivo autoradiograms from Tg2576 (A) and wild-
type (C) mice with [*"T¢]BT2B. (D and F) The same sections were stained with ThS. (G and I) The same
sections were also immunostained with an antibody against CD31. Panel B, E, and H represent magnified image
details of panel A, D, and G, respectively. Red arrows show AP depositions labeled with both ThS and anti-
CD31 antibody. White arrowheads show A depositions labeled with ThS, not anti-CD31 antibody.
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1.2.3. Z%

AIETCR VT, L7z 2ffli7 v KU B REEHET 5 P"Tc-Ham 5237 2 v A REHEIR
X D EOBIFEZ R Liz72d, AREiClE, b % CAA FRENA A —U v 7 3AI & L TR
THIEEER L, T, CAA A A=YV 7% B E Lz ®Te AR B2 123G ST
DN, EINHDERKIL, %?%@ﬁé‘i%#?fﬁi%%75%};5[41] —J7, P"Tc-Ham S5IRIX =R D>
OHFME LW IEFITIRFI R G CTIERIT 2 2N TE D, CAA LB EERTInAf RThHD
AB(1-40)EESER 2 W 7oA A B SEER Tl 14l ™ Te-Ham $5/4([*™Tc]SB1 ¥ L O*"Tc¢]BT1) & Lhiik
L., 2 1fi ®Tc-Ham $ER([*"Tc]SB2 £ L O™ TcIBT2)IX L Y @iy AB(1-40)Zxf4 28 ftEa R L
2o F720 [PMTc]BT1 B X U[P"Tc]BT2 O A Ki%, TNEND BIEXL VIRWEIFIEZ R L, Z Ok
RIE, AIEICBWVWTAB1-42)Z HWTHE LR R & —F L7=(Table1-3), L2>L. [*™Tc]SBl ¥ &
UmTC]SB2 12OV T, HMERIC Lo T AB(14)IT KT 2 BN B2 5 = L BETEIC BV TR E
N, ZhbHD ABI-4OIKT B EfMEIC OV T, B AR TRE A2ERITRD N -T2
(Table 1-3), L7242 T®» *"Tc-Ham $5ADT I v A REERIZKTT D/EEIE. FEFITHWIEE
(UM order)® PIB I & » CIHE SN2, BEFED ABA A — 22 ZHFNOBFEN PIB & [F%5H 5\ I
PIB X VIRV Z & 5[41]. CAARFERAIA A —V 0 THAN 2 G2 TOER ABA A — v 7 HH L
bl LT, *"Te-Ham $5ADIER ISRV ABBUFIMEA G2 Z &S, ER L 8 B O
9mTe-Ham $ER D TlX, [P"Tc]SB2A 3 X O™ Tc]BT2B 23 b iV AB(1-40) 2% 9 2 FAMEICs =
459 B L1496 uM) &R L 72,

AB(1-40)B L O AB(1-42)E A2 MW TR AL EFEROME R LV | Ay m OB EZ R L7 R
PERIZONT DA, EFE~ T A% AW THBITEZFME L7z, BIH, SBIZ DWW TIX AR, BTIZD
WTIE B Z 2k L7z, IMREIZIEET 27 I v FOA A= ZHFI L LTofA MM
DIFEFE S TS ['8F]florbetapir D[R] —SAHIT 31T 5 IREATIHE($ 5- 2 531% 4.90% injected dose/g) & b
1 L C[42]. [P"Tc]SBIA, [*"Tc]SB2A. [*™Tc]BTIB, JZU\[99mTc]BT2B (TR AT 2
7~ L7=(Figure 1-13), F£72. BEHOD CAA A A —2 2 FHBNOMBITIETER S 2 512 0.61-1.21%
injected dose/g Td U [41], P"Te-Ham &5 (RITZ D & L CTH, FEFITERWHMBITHEZETHZ &
ADRENTZ, ZNHOFER LY P Te-Ham $51K 0 BBB Gl L 13X FEH 1K < . IMEEEICIEFE L7Z AP
BEEEIRIZ P"Te-Ham $ERFEA T2 Z LIZREETH D L E 2 DTz, AB(1-40)5 LT AB(1-42)%E4E
RIZHKT % in vitro BIFEZR B NZIEH ~ U A28 5 in vivo IRBATHERHEORE R ABIZHTT
DEFENE < L B TIE DS IEE AR [P TC]SB2A 38 L O™ Tc]BT2B 22\ T, B2 DMt #17
7

CAA BE MY & A= invitro ARG 1T o728 2 A, [P™Tc]SB2A 15 X O[*"Tc]BT2B % CAA &
FRICIBIT D ABILAE & AR IZHE ) L 7= (Figure 1-14A, Figure 1-15A), ABiLE O R1EIX. F—WH %

L AB(140)HLIR TRt 9 5 Z L I2 L U ##78 L 7= (Figure 1-14B, Figure 1-15B), ABIZxfd 5 Hifn
PEZAET D 2T ik ABA A — Y U FHAINE L < E STV DD, Eivh 2 HOTEREMRAIC
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WE LT ABZ ARG R EICK VT2 Z L IFREETHL EEX LTV, LarL, T4, AD
BEME A ICEBIT D APILE & ARG (2 XV HliHH L 7= 9™ Te A2 i MR SA 03 i i & *L[41]\ Zh LA
BRI, "Te-Ham $5K 4 FIVC, BEMN ABILE 2 ABRICHIN T 2 2 LICkHh Lz, 612, ik
FHE PIB & W BLEFEBRIC L D . [P"Tc]SB2A 1 L U[*"Tc]BT2B ™ B MM AM:?.E IR HRER
HfE G 237 & 7u7= (Figure 1-14C, Figure 1-15C),

~ 7 A% T2 exvivo ARG IV T, [PTc]SB2A 1 KX UP™Tc]BT2B IE Tg2576 ~ 7 AN D AB
BEEE R0 2 B LAORE A & 7~ L 72— J57(Figure 1-17A, B, Figure 1-18A, B), BF4%~ 7 2 i) fy 7>
O IXTAE 72 T REEERE DB S 72 /> 7= (Figure 1-17C, Figure 1-18C), Tg2576 ~ 7 AU A I2H
i B I REEEFEIL. APEEEE{A(Figure 1-17D, E, Figure 1-18D, E)3 X QML PN B HiE (Figure 1-17G, H,
Figure 1-18G, H)D [ 5 WAL DAL COABIHI ST Z L 226, [P"Tc]SB2A ¥ L U[*"Tc]BT2B
VIR CIE 72 < BMIMAE 12T Uiz APBEEMRIC R L TSR T Z g sz, i
B OFERIL, PTe-Ham $EENIEF ITIRWINBATIEA BT 2 & W I (KNS AERTH O I-FER &
—H L7z, YLbEoZ &b 21l P Te-Ham §E{4K T o 5 [*"Tc]SB2A 35 X O*™Tc]BT2B 7% in vivo T
CAA ZHFRACHRN T D ATREMES R Sz, Las L, P"Te-Ham #5812 X % ex vivo ARG T, ThS
TYAAA SN TN T, WL DD DOHBENREAR v MBI Siu7z, ThS D ABITKT$ 581
FIME(Kq: uM order)id, PIB < florbetapir 72 & DA H 72 BT ABA A — 2 7 3EH(Kya: nM order) & FLEL
LT, EFITENZ ERH SN TWDH[1T, 43], invitro fFEATLEEBRICB N T, FEFICHWIBEDIE
FRE PIBIZ K0 P"Te-Ham $5R D ABEHEMRIZH T AN IHE SN2 LD, P "Te-Ham $5&
IZEE# D ABA A—T U ZHAFN L0 LIEFITE W ABBAMEEZ AT DB bz, EDZ LD,
PmTe-Ham $H1K1% ThS L 0 25D ABILE R L7z B2 bz, iz, MEREREZE L=~ v A
B2 VT ex vivo ARG FEER Z21To72 L 2 A, Tg2576 L BRI~ 7 2DFERIZERNRD Sz
(T —Z KHo#). ex vivo ARG TEIHI S U REERITMIKICEH £ P"Te (bEMTIE7R <,

ABITHES L7 " Te b EMH RO D THDH LB X BT,

AD BEMIZIS1T 5 BBB DORGED ATREVEIC B 2 #5236 2 23, AD D177 BBB DHEREREE D
JRR & 72 D%, RIZICRHITH 5H[44], AD BEMKIZIWT BBB OEFED TR LAV o7 &
DG B DHA[45]. TH. AD BHEEITT HITHES T, EEREMIC BBB 2MEfET 5 &V o iEn S
72[46], ZHED ., CAA A A=V THEBAPFHEIND Z ENLEND, FRRIEIRISIEfT O I EE
BECiX, BBBIZIEWIZHRET 2B 2615, Lo T, P Te-Ham $5{A1% BBB # &4 % Z £ 3T
9. AD ORHIBWIZEB T, CAARRIA AT U 7HAIE L TRE LD E B2 b5,
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1.2.4. /NE

FTENCEBWTERILL 72 1 B L O 2 i ¥"Tec-Ham $5(K37 2 v A R+ 5mVEfntEz2 R L7722
Emb . AREITIE, MIAFICIEE T 27 304 RTHD CAA DA A= 70, FRHOD PTc ¢
KEISHTAZ L E2ERL, CAARRMNA A —V  7EK L LCofa AT 3 m 2170, LL

Tz

(1

2

3)

4)

WA D RERE T,

SB £721% BT 2 AT 5 1 - 2 filidliihds L Z B RIER, Gt 8 FEEO “"Te-Ham $5K1
DT, CAA IZBWTEMIZRO LD T I v RTHDH AB(I40yEEMRIC KT 2 Bt &
R L7 & 250 WIS b i OBRINEZ R L7z, [PMTc]SB2A 35 K U[P"Te|BT2B 734 b
O ABELFIME 2R LT,

WD P"Te-Ham $5K S, BEGFD ABA A — 2 ZHHFI L g LT, BFEITERWINBEITES
~L7T,

CAA BEHIM AR Y R 2 FIVN = invitro ARG 1238 T, 2l "Te-Ham S5 ([*"Tc]SB2A 3 &
O TcIBT2B)IF AN ABILAE IZXT T D R R ARE & 2R LT,

Tg2576 ~ 7 A% 72 ex vivo ARG IZEW T, [P"Tc]SB2A 35 X U"Tc]BT2B %, MM DEE
TUiEAe < MAEIZTRAE Lz ABICKRT L CEHRIIICH & L. ZL 2 FIBRICHEH L 7=,

PLEORER LV . 24 ®"Tc-Ham 51K T3 5 [*"Tc]SB2A 1 L O[*"Tc]BT2B 7% CAA HjHEH) A A —
DU TEER L UTHERET D FTREME D R ST,
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38
W7 I RA KT VRANF—f A=V 7 EBML LT
N-AFMEE KRFS LT I FERALT & 5508 2 4l P Te $51RD A8k & AR

FIEICRBWT, 2 Mi7 v RU T Raegie—EHDO “"Tc-Ham $5KRZET - &L, T oNn
CAAAN A=V THEAELTHHTOLZ EEMOLNIT LT, T InA FEEAEHME L T2 70
RV FT Y= )VEREETe 2 i “"Tc-Ham $5(K ToH 5 [*"Tc]BT2 X, Tg2576 ~ U A% H = ex
vivo ARG IZH VT, CAA ZRFEMICHRH Lz, Lo L, [PTc]BT2 OGRS Tl 2 FiH o Bk ik
DFIRFIZ AR T 2 2 & DS HERs S AU, ABBREEIRICKT T 2 MMER & 2N E N DAY FRIRE D R
LI EMNRENT, — T, N-AF /Ut Ham Z W - PTe g5 IC L 0 . W ENEE A
THHER—OEDPEONT-Z ENRME SN TWD[2S5], £2 T, AT, Zo®mEzis Lz
Hii=72 POmTe-Ham SR 2 %51 L7z, HIH, CAA M & LT2HTR D A4 A —2 7 EA ORI % B
& LT, N-ATFALP"TeIBT2 ([P"Tc]MBT2) % %5t -« &k L. = OF AT 25 li21T - 7=
(Figure 1-19),

G CHs

_N
HaC N‘CH3
H
\|| /N
/

99mTC

[%mTc]BT2

‘ N-Methylation
GHa

_N
H,;C N\CH3
cH
/ gngC >_©/

[ TCIMBT2

One product
High stability

Figure 1-19. Chemical structure of N-methyl-substituted [*™Tc|BT2 ([*™Tc]MBT2).

38



1.3.1. EBRFIE

e

AT, R TR SAE, T T4 7 A 7RS4, Fobi T ¥ XE M, ABX .
Ark Pharm #f:, Strem Chemicals tE72BHEA L7z, 55 1 %5 1 iffids KO 2 i & [ UH#R 251 L 7=,
T L7 hr A7 —A F AU &5 HT (electrospray ionization mass spectrometry, ESI-MS)IZ1%, #EXE

HEHEMER RS E 7 o~ 7T 7 EESHTEF LCMS-2020 2 A7,

EUEZ)

T EBRI IR T B ERZ B2 OS2 857 L CTiT o 72, ddY SRBEME~ 7 A I35 K FEBRTE
RSt L VA LT, Tg2576 v A% L ORI~ 7 A3 Taconic fE L W HEA L7, Ehdid 12 B
M2 B OB Y A 7 VS FCRE L, ikt KIXEBIZE 272,

MBTHam D&k
(2)-2-(4-(Dimethylamino)phenyl)-N’-hydroxybenzo[d]thiazole-6-carboximidamide (BTHam, 1)
{EE 1 OERKIE, B 1ES 1L & RO TIEZHNT T2,

(2)-2-(4-(Dimethylamino)phenyl)-N’-((ethoxycarbonyl)oxy)benzo[d]thiazole-6-carboximidamide (2)

{EE# 1 (50 mg, 0.16 mmol)?® DMF (10 mL)A#RIZ 7 v & fkfE=F /L (18 uL, 0.19 mmol) & kU =5
VT 2 (44 uLl, 0.32 mmol) & %, BOGR & S8R C 1 ReRIFHRE L=, BRGS0 mL) &Mz 7%, 7
B ARV A THI UTe, AHE 2 BRI~ 72 U A ThiK L, BIEEZRBIERE LT, RiEx s
VAhFNT e~ NI T 7 4 —(FR=T )L/~FH 2 =10:1) THE L TEMOY 2 2L E 16 mg (25%) T
7=, 'HNMR (400 MHz, DMSO-dy) 6 8.35 (s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.8 Hz, 2H), 7.77
(d, J= 8.4 Hz, 1H), 6.90 (s, 2H), 6.84 (d, J = 8.8 Hz, 2H), 4.24—4.19 (m, 2H), 3.04 (s, 6H), 1.27 (t,J= 7.2 Hz,
3H). ESI-MS m/z calculated for Ci9H»1N4O3S* (MH"), 385; found, 385.

3-(2-(4-(Dimethylamino)phenyl)benzo[d]thiazol-6-y1)-1,2.4-oxadiazol-5(4H)-one (3)

{EE# 2 (87 mg, 0.23 mmol)® 1 M KEg{kF kU 7 AKEEHR/DMF (1:1, 40 mL)IEA AR &2 iR T 1
PR HE L7z, MERR(S mL) 2 MR 7o, POSR Z B iRER/KZE T I U 7 L/KE#E(20 mL) THIFIL |
7anad AT L, BHE 2 BKRiiE~ 7 1> 7 ACHK L, W2 E L, Fik%
VIUBFNTaw NI T T 4 —(FEE T LT = S THELL TR 3 ZULE 15 mg (20%)
T4472. 'HNMR (400 MHz, DMSO-ds) 6 8.50 (s, 1H), 8.07 (d, J= 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 2H), 7.87
(d, J = 8.4 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 3.05 (s, 6H). ESI-MS m/z calculated for C;7H;sN40,S* (MH"),
339; found, 339.
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3-(2-(4-(Dimethylamino)phenyl)benzo[ d]thiazol-6-yl)-4-methyl-1,2.4-oxadiazol-5(4H)-one (4)

3 7 b A F (5.5 uL, 0.088 mmol) & fRfiE A U 7 (18 mg, 0.13 mmol) & {454 3 (15 mg, 0.044 mmol)
@ DMF (5 mL)AWRICIN % 7=, SR 2 SSIEC 3 BER R L7=% ., EHKGo mLYy2 Nz, 7 arik
NV NTHIM U7z, AHE 2 KRR~ 72 o0 L THK L, W2 RERE LT, RiEE I 0T
Nra< h7 57 4 —ERTTF VAT = L) TRER L CTHMY 4 ZU0E 9 mg (58%) TH7=, 'H
NMR (400 MHz, DMSO-dy) ¢ 8.48 (s, 1H), 8.10 (d, /= 8.4 Hz, 1H), 7.95 (d, /=8.4 Hz, 1H), 7.79 (d, J= 8.4
Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 3.28 (s, 3H), 3.05 (s, 6H). ESI-MS m/z calculated for CisH7N4O,S™ (MH"),
353; found, 353.

(£)-2-(4-(Dimethylamino)phenyl)-N’-hydroxy-N-methylbenzo[d]thiazole-6-carboximidamide (MBTHam, 5)

{bE4 4 (15 mg, 0.043 mmol)?D 1 M /KFE(L T~ kU & LKEHK/DMF (1:1, 10 mL)IE A TAH#K % 90 °C T
14 RFIEEE LTc, BOSHRIOKIG T, 1 MR AZIA ThfLc#%, ZeodL ATl Lz, A
J& & BEOKRiiE~ 7 % U LTHK L, W2t £ Lz, miEE V5o~ v 777 4—
(ZmuRNL/AZ 7= =10:1)THE L, & 521 HPLC [phosphate buffer (10 mM, pH
7.4)/MeCN = 3:2 (0 min) to 3:7 (30 min)| TR L THEUY 5 ZILE 5 mg (36%) TH+7-, 'H NMR (400
MHz, DMSO-ds) 6 9.67 (s, 1H), 8.08 (s, 1H), 7.92 (d, /= 8.4 Hz, 1H), 7.90 (d, J = 8.8 Hz, 2H), 7.49 (d, /= 8.4
Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 5.84-5.79 (m, 1H), 3.03 (s, 6H), 2.63 (d, J = 5.2 Hz, 3H). ESI-MS m/z
calculated for C17H9N,OS* (MH"), 327; found, 327.

T BRI
1 | L RO T T 7

~ U AMAEC BT B MR

ddY Rt~ 2 L 0 BB L7 i &, 4,000 xg T 5 @ oot L., BiEEREINT 25 2 & T
$EA2 372, *Tc-Ham $51£(0.74 MBq) % ~ 7 A 4200 uL)IZIN 2 JBFn L7, 37°CTO0.5, 1, B &
D2 BEMEE L=, 78 F= 1 U /00 uL) & Iz 7214, 4,000 xg T 55y Doyt L7z, iz (n
WLTTH T AT A7 R E4H Cosmonice Filter (S) (0.45 um, 4 mm) Ui L7-1%. I8k %2940
HPLC T/t L7z,

i A 2 VN T2 (S N RE 5 AT B AT

W~y
H1EFE 28 L RO FIEEZ W TITo 72,

AB(1-42) IR D {ERL
B1ES 18 E RO TEEZ VT T 7=,
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AB(1-42) IR & W T A A BELE FBR
EAEE 1S L RO EEZRNT{To T,

Tg2576 3 L OB < o7 2 ki) v 2 V72 in vitro ARG
FBIEFI1HEREOFEEZHNTITo 7,

CAA FE B L O & SR kA B0 7 2 VN 7= in vitro ARG
RS 2E L FEREO T IEE VN TTo T2,
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1.3.2. 58

MBTHam O &%

[*"TcIMBT2 OFEFERTERIA TdH 5 MBTHam (5) D&%, [P"Tc]BT2 DOAEFEATEL{A T 5 BTHam
(D5 4 BePED U % % TAT > 72(Scheme 1-2),  Hiifi & FAED k%2 HWT BTHam 2/ L. 7 =
TREET TV EDIZ LY | ALEY 2 ZUUE 25% T, (bEW 2 ZHAEMEK T CRRb s+
HZ LK VLAY 3 HILE 20% THK L, T LA T ALY AF AL LT LG 4 Z IR 58%
THK LT, &&ZIZ, LAY 4 ZHEEEEKT eV Z Lick v, BE 9% MBTHam %Y
F36% CHE LT,

Scheme 1-2. Synthetic Route of the Precursor for Radiolabeling of [*™Tc]MBT2
o

Et
NH, CICO,Et 0 NHZ >\NH
HO., ~ s CH, _EtN

N 1 o7 s CH
/ N DMF >_@ TIMNeOH N N

N CHj 25% DMF 7/ v
20% N CHs

1 (BTHam) 3

CH;l _CHjg
cho3 >¥N

- » HO. /
TowE Hs "4 M NaOH >_®
58% DMF

36%
5 (MBTHam)
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99mTe AR S

9MTe FEER R 5 1 355 1 i & [RkED )71k % FVTfT - 7=(Scheme 1-3), #iF HPLC 234z
T. BTHam % A7z #Te $ETZACEE Tlk, PREFRFA] 11.5 3 KOV 14.3 4312 2 RO e v — 7 738l
W S7z—J7, MBTHam Z WSO ClE, PREFRER] 13.6 S3ICH—ORE Y — 7 Ml S 7z
(Figure 1-20), Aifi & [FEEIC, Wi HPLC /AT IC 3 T FREFRERD 23 X 0 W [P Te]BT2 0 Rk %
[®"Tc]BT2A, £ VD BWEMIKZ[P"TcIBT2B & & L7,

Scheme 1-3. Radiolabeling of [*™T¢]BT2 and [*™T¢|MBT2

CHs CH,
N N
R N
HN” Na®*mTco, HaC " CHs
HO\N/ S CHs tin(Il) tartrate hydrate q S N-0 O I!l S
N CHg AcOH HN S
O-N
EtOH |
R
R= H:BTHam (1) R=H:[®™TcBT2
CHj : MBTHam (5) CHj : [®*™Tc]MBT2

N A B
= A =
2 =
g [**MTc]BT2 % [**MTc]MBT2
@© ©
Q Re]
o) ©
g [ Tc]BT2A I [#*MTc]BT2B S

il N J L
0 10 20 30 0 10 20 30
Retention time (min) Retention time (min)

Figure 1-20. Radiolabeling of [*™Tc|BT2 and [*™Tc¢]MBT2. Radiochromatograms of [**"T¢]BT2 (A) and
[*"Tc]MBT2 (B). The HPLC analyses were performed on a Cosmosil Cis column (5C;s-AR-I1, 4.6 x 150 mm)
with a solvent of phosphate buffer (10 mM, pH 7.4)/MeCN [3:2 (0 min) to 3:7 (30 min)] as the mobile phase at

a flow rate of 1 mL/min.
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~ U AMSE BT B i

[®"Tc]MBT2 35 X O™ Tc]BT2 @ invitro ("B 2 EMZ, ~ U A fEF 37°C T0.5, 1, BLWY
2 FERTEHE T 5 Z L2 X 0 3 L 7= (Figure 1-21, Table 1-5), [*"Tc]BT2 (22O T, 2 F¥E O BAER
EA U CHME AR Lz, [P"Tc]MBT2 X 2 KifElt: £ T, [P"Tc]BT2 L Y mWLEMEE R LT,

100 & [P TcIMBT2

& [ TC]BT2

O
[4)]

0] (<o)
(&} o
1 L

(00}
o
1

Radiochemical purity (%)

~
o

0.5 1 1.5 2
Incubation time (h)

o

Figure 1-21. Percent radiochemical purity of [*™Tc]MBT2 and [*™Tc]BT2 as a function of time. Each

value is the mean =+ standard deviation of three experiments for each point.

Table 1-5. In Vitro Stability of [*™Tc]MBT2 and [*™Tc¢|BT2 in Mouse Plasma

Radiochemical purity (%) at the given incubation times

Compound 0.5h 1h 2h
[*"Tc]MBT2 96.4+3.3 93.5+2.5 92.5+2.5
[*"Tc]BT2 89.5+3.1 87.4+2.2 86.0 £4.6

Each value is the mean + standard deviation of three experiments for each point.

1B~ 7 A % T RPN U RE 2o At Al
[P"TcIMBT2 O IEH ~ U ZZB T D MBATHZ T 2 72, (KN 325R 41T - 72 (Table 1-6),
[*"Tc]MBT2 [ &[*™Tc]BT2B & [FFEIC, FEFITARWIMEATIE & 7~ L7 (52 53 7% 0.35% injected dose/g).

Table 1-6. Radioactivity of Extracted Brain Tissues after Intravenous Injection of [*™Tc]MBT2 and

[**™Tc]BT2B in Normal Mice

Time after injection (min)

Compound 2 10 30 60
[*"Tc]MBT2 0.35+0.04 0.21 £0.02 0.15+0.01 0.11£0.01
[*"Tc]BT2B 0.37+0.11 0.20 £0.04 0.10 £0.02 0.05+0.01

Values are expressed as % injected dose per gram of brain. Each value is the mean * standard deviation of five

mice at each interval.
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AB(1-42)EEE IR 2 IV - i B BHLEE F2BR

B 1 FEE 1 HT & FIERIS, [P"TcIMBT2 O ABRREMRIZT T 284, PIB #8ia Y T RET25

FEABHLE BRI X 0§ L 72 (Figure 1-22), [®"Tc]MBT2. [*"Tc]BT2A. ¥ X O[*"Tc]BT2B DIFIE

T PIB D ICso (ZF4E 40 0.56, 2.80, 3L TN5.78 uM T - 7=(Table 1-7),

100- o~ [%nTC]MBT2
-8 [9nTC|BT2A
S —& [%"TG]BT2B
5
5 50-
o
N
0
2 0 2

log[PIB] (uM)

Figure 1-22. Inhibition assay using Ap aggregates in solution. Displacement curves of ™ Tc-Ham complexes

from the inhibition assay for binding of PIB to AP aggregates. Each value is the mean + standard error of six

independent experiments.

Table 1-7. Half-Maximal Inhibitory Concentration (ICso, uM) for the Binding of PIB to Ap Aggregates

Determined Using *™Tc-Ham Complexes as Ligands

9Sompound ICso of PIB (uM)
"Tc]MBT2 0.56 +0.08

[[99mTc]]BT2A 2.80+0.32

[*"Tc]BT2B 5.78£0.53

Each value is the mean * standard error of six independent experiments.
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Tg2576 3 L O AR ~ & 2 ARG /& AV N2 in vitro ARG

< 7 AN D ABBEIZ KT B[P TcIMBT2 £ L [P Tc]BT2 DOfs &M% in vitro ARG (2 XV §4fi L
72, #EA% Figure 1-23 1237, BAR~ T ZHEIAICB W T, BERBUHEEA R > MBI =478
735 7= (Figure 1-23A, E, I), [*"Tc]BT2A 3 L OY*"Tc]BT2B % i\ 7= Tg2576 ~ 7 A bl @ ARG T
(X, B BOHEEA Ry FRZ RO Bz—F, [P "Tc]MBT2 % V72 ARG Tl D E DA
B 72 AR > b 2NBLH & 72 (Figure 1-23B, F, J), 25 OHHEAR v b, AP tdetaiddk
B2 ThS |2 X o8 & —2 L 7= (Figure 1-23C, G, K), L2>L. [®"Tc]BT2A 3 L O[*"Tc]BT2B 73
FEAEETO APREZHIH L72—J7, [P"Tc]MBT2 (3D ABBED A ZHiH L=, £7-. ABHEIC
BT % PmTe-Ham 5K OEFEIT, WFIEOIEHEHE PIB |2 X 0 A Z 417 (Figure 1-23D, H, L),

Wild-type Tg2576 Thioflavin-S Tg2576 PIB(+)

A B R — : D _ LT o i

[*°mTc]MBT2 Rt
e
e

E H
[*°™TCc]BT2A

| L
[**mTc]BT2B

Figure 1-23. In vitro ARG of mouse brain sections with *"Tc-Ham complexes. /n vitro autoradiograms of
wild-type (A, E, and I) and Tg2576 (B, F, and J) mouse brain sections labeled with *™Tc-Ham complexes. (C,
G, and K) The same Tg2576 mouse brain sections were stained with ThS. (D, H, and L) Blocking studies with

nonradioactive PIB were also performed using the adjacent Tg2576 mouse brain sections.
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CAA BB L OMat & & SR kAR Y i % A7 in vitro ARG

CAA BEWNICERE L7 ABICXT Dt Zs i+ 5720, CAA BEFIBMKEEE T O in vitro
ARG %1To 7, #H% Figure 1-24 (T~ 3, YITIZHIT D ABEEERDRTEIX AR OREGAIZLY
ez8 L 7= (Figure 1-24B), [®"Tc]MBT2 (ZUJH £ ABICKRIT 2 8FMEAE R L7225, [P Tc]BT2B & b
5 LT, [P Tc]MBT2 @ ARG (I Cd - 7= (Figure 1-24A),

[*°*MTc]MBT2 Antibody against 3-amyloid ["Tc]BT2B
A A B il ¢
- .. i ;".: . h 2 : » ; # ; _ - ‘ :
" ",’ B . % ,.‘, . £
. N - ‘\\n‘ .

Figure 1-24. In vitro ARG of human brain sections from a CAA patient. The sections were labeled with
[*"TcIMBT2 (A) and [*™Tc]BT2B (C). (B) The adjacent brain section was immunostained with an antibody

against Af.
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1.3.3. Z%

%1 EE 1B IO 2 Sl TCRIRE Le P Te-Ham $5(81%. $ERROBICRMEANET S 2
EMFROH B LIz, Te-Ham $HARICEE T 2 @G 4 KT, AREICIL, BMEEROARLEZIHIT 52 & TH
— DT PR A SD Z LA HAE LT, N-AF Uk L7- Ham % 9"Tc THEGE U 7= 88K 2 5% 3t « ARk
L. CAAA A= v JHHFIE LCoHFREICE L TR L 7=,

MBTHam % f\ 72 P Te $ETERSORIZ W T, B— DS E W O LR 25 R S 41, Ham O N-
AFIAGIZ L0 | P"Te-Ham $ERIZREEAD 70 BAMEAL A INH] S 4172 2 & 23R S 4072 (Figure 1-20),
[#"T¢]BT2 @ N- A F/UALEERTH D[P "Tc]MBT2 I~ 7 AT VT, [P"Tc]BT2 X W @2 EME
Zos Ly P"Te-Ham $51K D N- 2 FAKIZ K B ZENMEDH EASRIE S 4172 (Figure 1-21, Table 1-5), fi%
TR LT ABEHERICHH T 2/ 2 IS 5720, CAA FRRMA A — v 74K BBB 1%
WIEIFRN T DA E LV, [P Te]MBT2 % IEH~ U ARG LIz L 2 A, [P "Tc]BT2B & FEkIZ, FE
FWAARWINBATIEZ R L, [P Tc]MBT2 (X CAA A A— 0 72 L7~ %7~ L7-(Table 1-6), =
NE Y Ham (24T 2 A F VOB NIMBATIHIC B 2 5 2 e 2 L AVRIE S Tz,

wier U RELTPIB AW ABREIHEFERZIT o728 T A, [P "Tc]MBT2, [*™Tc]BT2A,
72 5 ONZ[PTe]BT2B DF1E T, PIB @ ICso [ XZ 41241 0.56, 2.80, 72 5 TN 5.78 uM T - 7=(Table
1-7), *"Tc-Ham $&K% N-A F/ALT 25 Z L2k 0 ABEEERIZHT T D BFPENME T 95 2 & 38
Doz, £z, v AMEI A EZH W2 in vitro ARG Tid, ABFEGTHEEBROMER 2 KMk L,
[®"TcIMBT2 (2 & V15 6 1 7= Bi{EIZ AR CdH - 7= (Figure 1-23B), @& O IEfEHE PIB OFRINIC
X, P"Te-Ham S8R D ABBLIZ KT 2 AN EFE SN2 Eovn | P"Te-Ham SR D~ o7 ZfMN AR
(%9 2 R BLAORE B 23R S U7 (Figure 1-23D, H, L), ARFSAFLESERRK L O~ v 2 MY % A
72 invitro ARG DFERN G P"Te-Ham $HADEEHERIZ LV . ABITKT DB T2 2 & 23
AR ST, P"Te-Ham $5KD N-2 FAIZ L D ABBIAMEDIK T IX, CAA BETIRIGHILD) %
FAVNZ in vitro ARG IZB\W) T 686 A7z (Figure 1-24), LI EOFFR L0 | P"Tc-Ham $5A T D45
X L— NZET 527 O H, P Te-Ham SR O MAEH 22 EME 72 © NS ABEEEEIRIZ X2 BN
PEIZBE G- 2 FTREME D R S 472,

48



1.3.4. /&

AEICBWNT, 27 I 0o RU T REETe N-AF U b P "Tc-Ham $EA 2% EF - &L L. CAA
ERER L LTS 1A A—D L ZEAKI L LT OG22 1TV . DL TFIORR A 5S4 157,

(1

2)

)

4)

9mTe $EIZ R SO BT, Ham D N- A F UK X 0 BAEIRO AL 1] S, H— 0 PnTe §%
RO AR R S L7,

[®"Tc]MBT2 1%~ 7 AMSEIZBW T, [P"Te]BT2 LV mW&2EM %2R Lz,

EH~ 7 2 & W AR RES A EHIIC BV T [P Te]MBT2 3 K [P Tc]BT2 1XIEH 12K
WINMBATIE 2 R LT,

ABEHERZ WS A PLEFER, BL O Tg2576 ~ 7 272 5 NI CAA BEMUIF % V7= in
vitro ARG \ZFB\\ T, P"Te-Ham 5K D N- A FALIZ X U | P"Tc-Ham $5K D ABBLAITEDME 9
HIZENREINT,

LLEDFER LD | P Te-Ham SR DFEERFRALA, ~ ¥ AMAEIZ I 5L MR KU APRER RIS
KT HHAMEICE L CEHREREH 2 R-T 2 EARB I, T bDEEIE, #“ Tc-Ham $51K %
FEL LIEHHT S v A A A=V ZRF O FREHIEERERE 525 LB bND,
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H2E
EREE O BGBZE - IBEEZENE L
IREEIKEER-IX 2RI T/ 2T 4 7 A H 2 4fi "In/'Y $EEDBHFR

HR

%< OEFEIERIZIIT 2 \EERRHE L LT, KBRS oD, (KEEFREEBI ISR O
EHBONRT L ABKET HZ SITER L, EBICB T ABEOIBES AL b Z LICLAE
U2, MEEIZIT 5 BMIME M@ TR TR, BESELZRHCTE R LD ENH D,
IRER R AL, 25 A DALFRIESL B FRBRIC T 22 R L, 612, GO - /I
R<BEGT2ZLMbBNTND[9], ZD7®, REEREEIL, 2NARKICI T 2 EEREER OO
oL LTEZLNTND,

[T 35 1 2 ffef Y 22 IR 5 03 AU 28 . JEEIES D BB OSSR U BB R L > CRIFIZJRITE
BERDZEN, EFERESNTVD[10], Fo, BB L0 BEESFE S L, KER R
DA T 22 EbHE SN TWD[47], bz Lo, KERBEFER AN & LiB#FIcB 0T,
SRR O NIEREEFE MDA A —2 0 7 EHFRILTIT ) 2 ENBEETHY . Zhid, Eilk
EROEBIZEN D, BT /) AT 4 7 A(theranostics)(%, (A% (therapeutics) & 2T (diagnostics) D% 4L
TNOEX VT 4 ZAG DY DO L ER S5 (Figure 2-1) [11], ZHOEX VT 1 L LT,
PET. SPECT, iT/R%k(near-infrared, NIR)# oA A — > 7 MRI 72 &, {RIEOEX VT 1 & LT,
bis, IRBVERIE, HURIGRR ERBIT bnd, BIEE TIZ, BAZERNE LEZDET
AT 4 7 AHFEAIDBHFE SN TEIZR, ZNOORETT V2B E LTW5H[11, 48], LavL,
F RIS, RO IEEE AR 2 D ORI L IEF IR D FEAE BAVHERE
WROBND, T ORI, Rx RIEFMEBEICH T o2EWERICER D Lndb D, —T7.
PET X°> SPECT ZH|H L7z, BIHERKS THANZ L D7 VA& T 2 AT 4 7 A(radiotheranostics) )’
REREBZED TS, FilE LT, HSEER S 7R RSP E RS Y v h A X F v
FERIRICL DT V4T ) AT 4 7 A, BSABRE ORRGHERNL TR N FEIC > TEBORE
FaAA A= T ETOD, BINRIBEDIRDEON D72 8 RERMEDNEND TVH[49-51], =
DL, B TEANZEZRNZTZOAET ) AT 4 7 A, BDAUBEOIRFICEFICEHATHD &
EX LTS,

vy
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Photodynamic

Chemotherapy

Diagnostics & Therapeutics Gene Therapy

Theranostics Ji=
NIR Fluorescence Radiotherapy Hyperthermia

Figure 2-1. Concept of theranostics combining diagnostics and therapeutics.

IKEEEFHE S 7T IAREN AT — NIZBT 2ERS 2B E T 5 2 L1, BATRBIZE R
CThdEBZ LN TER[52], KEFEFHER 1--1 (hypoxia-inducible factor-1, HIF-1)7 A -7 — RIZ &
D, CADT A VA LDIFETHD CAIX72 E | $hax s /7 EORBNHEI S 5[9,53,54],
CA-IX [ " LIRF L AR DT v b2 EIRBEKFEA A2 & EAET D ARG & i3 59, 54], CA-
X X7 7 7R 7 m hrFy x| kkx ey Xy E LR L CRIFBINAL O pH Z 3 L |
D& D Tl E A% EF@%W-%@:%5#6&%2%%(w59;¢%kﬁ@%ﬁﬁmxwf
CA-IX DNEBENCFHELT 52—, BHEBFRE T, BRICL VKBS z HIF-1 12, BFAEROfE
LB s 7 PEY C & 5 von Hippel Lindau (VHL)2MEA 5 Z & T HIF-1 N2 E X F b3, &
KNI N D72, CA-IX OFBUIIH S5 ([55, 571, BEREDS A[58]. T EHEHAA[S9, 60]. H.
WAU[61]. Bli2S AU[62]. NS AU[63]72 £ SHREHDIEEC B\ T CA-IX OBEI2RENFBO LN D,
EHIT, CA-IX IR AMIBEEREICRIT D Z LD, DNADIERE L ORI 2 BN 7HEN
THDHEZEZLN TS, Hil CAIX PR TH D G250 1Tk S v, PET/SPECT <CfitdPERINL T
FANHFIEIZB W CTHHATH 5 ATREMEN A STV 5[64-66], LovL, HHER G250 1385
DI D DIERDPBNTZD, A A =2  7 OBEORCEER/FERERI R R R O BUR B IR C
L@V EENEE 72D, —F, BUEETIC, CAIX ZIEH L LIZIBR £ 21320 7= D%y
TFFEHN OB ZEEIIAT O T E 72[67-72], . CA HERTHL 7 XV T I FOFEK
(XYIMSR)2S, BRI A DA A= 7B I ONERE L HRUIZ, £ Mn/4Cu 6 L ONLu THE
ik S AU, [LulXYIMSR-01 12 L D78, AR ERE R LI Z E0lE ST\ 5[73-75],

TSR TR & e R B OB W L ONRIRICFI I ST & 7o, 1R & T 24K+ L R I
WEAEMT 2704187 ) A7 40 7 ZMFERNL, BESF 5 FA A—Y 2 7(SPECT £721% PET)% A
e U CyERIF MR CENZIUER S, S 51T, W%@H&ﬁﬁﬁﬁ%&%ﬁ%kbfﬁ
F oM TR S D, ENEho BRICIHR U7okkx 72 YRR RIS X 0 ik & vz
%ﬂi\m%@QE%W%%wézk:;Da%:@%#é_kﬂf%amﬁwﬁﬁvké“%
LR TH D Y 1%, SEERRICE L CRBRARMEEA A T 2SR THY . ZhEh
SPECT A A — 2 7 & U RINL RN FRIEICE T 5[76), R CERRATEEA S Mn B8 XY Y
BERAAERIL, HFEILCTHWDZ &, V4 ®T VAT 47 AMKOOESDTH D, Fiz,
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA)IE "'In X° Y 7¢ E O TES IR & 22 70
PEIRETERL T D& BENI T L LT, Z< OFEAHBICRIH S T&E T,
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KREIZET D HAE, CAIX 2L LEEHHNAY T /) 2T 0 7 AEFNEZRETHZ & Th
%, CAIX VAV RTHD US % 2 i F8HALE 2 Mt EEARTHD MY it o
((MI/YIUSQ)ZAERL L, CA-IX ERBEEBEET VL~ A ZHNT, PATVAET ) AT ¢
7 2B 2Rl 24T - 72 (Figure 2-2),

Y T
Carbonic anhydrase-IX ligand Metal chelator Carbonic anhydrase-IX ligand
Ureidosulfonamide DOTA Ureidosulfonamide

O:

=§ NN
oy s IR T,
o oA Ty

& “NH,

| Radionuclide-based therapy|

Figure 2-2. Cancer radiotheranostics targeting CA-IX in hypoxic cancer cells with low-molecular-weight
['"'In/’Y]US2. (top) Chemical structure of the ''In’Y complex with a bivalent US for cancer
radiotheranostics. (bottom left) SPECT imaging schematic of hypoxic cancer cells with [''In]JUS2. SPECT
imaging of hypoxic cancer cells uses y-rays from ['''In]JUS2 that specifically accumulates within CA-IX-
expressing cells (hypoxia). (bottom right) Radionuclide-based therapy schematic of hypoxic cancer cells with
[*°Y]US2. Radionuclide-based therapy of hypoxic cancer cells uses B -particles from [**Y]US2 that specifically

accumulates within CA-IX-expressing cells (hypoxia).
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2.1. EBRI5IE

PR - BRER

ARIEIT, B bR TEMRAAE, T T4 7 A 7S, RDEMESE T3kttt T
FRA S, Ark Pharm fH X VHEA L7z, FESBURIKZ v~ 27T 7 ¢ —I2id, Ekart i
BB E TESBIRIA 7 0~ h 75 732 25 A[EPCLC-W-Prep 2XY; %R > 7 (2 9 —Mik): No.
580D, FHH#(E K & ERY): prep UV-254W, 7 7 35 > 2 L 7 X —: FR-260]%f# i L. HI-FLASH
COLUMN (Fed8#f: U 1 5L SiOH, AR T — A X: 60 A, KL 1#8: 40 um, 7 7 LA X L £721% 2L)
B L OVINJECT COLUMN (FetAf: & U 447V SiOH, AR 7 —H 1 X1 60 A, Ki1£&: 40 um, 77 7 L9 A
M ETIE L) &3S Lz, NMRIZIE, AAE ARSI INM-ECS400 % V), tetramethylsilane
FNEEEYE L L CRIE L, =L 27 ha 27 b— A F A4 fR BEE & 45 T (electrospray
ionization high-resolution mass spectrometry, ESI-HRMS)IZ (%, #EA St BE S EprflEsi 7 n~ K7
7 7 &S HTE LCMS-IT-TOF % v 7z, MInClL B L OYCLIZFAARA U7 4 Vv 7 ARSI
& O Eckert & Ziegler Radiopharma 1 X V) Z L Z3UEA L7z, HPLC IZi%, #RS+HEERERTER LC-
20AT ZAEH L, #itigs & U TS BRI ERT RS A7 b Likds SPD-20A & HXZT =
AT 4 INVHEASH Y o F L —v g = A —F —TCS-172 F7zid= = —H L HE RS
FH88 HPLC MR it s US-3000T Z M L7z, WifH HPLC AU 7 A%, T 74 7 A7 A
184 Cosmosil 5Ci5-PAQ (4.6 mm I.D. x 250 mm)Z i H L7z, HMEHHEOREIZIL, /~S—F /b~ —th
% Wallac WIZARD 1470 % 7-1% Wallac WIZARD 1480, 3 & (8 ALOKA #EHl% = U — X — % —IGC-7
W, A A= 77— ME, BL7 AL AR BAS-SR2025 2 L=, A A—
YT T = FOFRBIARITIE, BETANVLIKRASHAAL F A A= T T F T A P —BAS-
5000 ZfEH L, ffTIcid, &£ 7 A L AAS I MultiGauge 2 L7z, 2271 F—A%
Leica Microsystems f-84 7 5 A A2 &% » ~ CM1900 Zff f L7z, e tafgid, 4V o A a1t
1 FSX100 % JHWCRIZR L=,

Al

B R R AMIETH S HT-29 Mildds KO ML A TH 5 MDA-MB-231 i3k HAE
AR S K WA L72, pcDNA3-VHL (VHL-expressing vector)33 J OY pcDNA3 (empty vector))’
ENETNI T ATV varanlze NEESAMITH S RCC4 plus VHL (RCC4-VHL)FE LY
RCC4 plus vector alone (RCC4-VA)#lfi@iZ DS Pharma Biomedical £E X 0 A L7-, MIBRISHTAEDE (R
=V UBIORA NV T hvA )R MR 10%% & > Thermo Fisher Scientific #1:4
Dulbecco’s modified Eagle’s medium (DMEM)H', 37 °C, 5% CO, F CH2E L 7=,

EUL7)
B BRI A R EE Y RRE B OR824 85T L TIT o 72, ddY R~ ¥ 26 L OMEM:
53



BALB/c-nu/nu X — N~ 7 Z3THKFZBRMEHRASAE L D BEA L7c, #0312 i)/ 12 R O B Y-
A7 NVERMETCTEE L, Sk E KITEBIZE 27,

DMEM ¢& Thermo Fisher Scientific 18 Geltrex % 1:1 TIEFI L, MDA-MB-231 #ff@(150 pL, 1 x 107
cells/mouse) ZREE S B, A Y 7T Q%) T, BALB/c-nu/nu X — R~ 7 2D R T Al
L7z, 15 Bf%. HT-29 fifiE(1 x 107 cells/mouse)Z MDA-MB-231 i~ 7 A DA i fEIZ [FIEE I K2
TR Uz, BERIN RN AL O 728, HT-29 #AE(5S x 10° cells/mouse) % BALB/c-nu/nu X —
R~ 2D WHIEIZ RIARIC BN RAE L T2,

VAR TayT 4T

Bige Lo MIEHT-29, MDA-MB-231, RCC4-VHL, RCC4-VA)% 37 °C, 5% CO», 21% O, GEH &
FERED) F 7213 1% O, (IREASRERET) T C 24 KM F#E L 72, PBS T3 [EIPEHFZ, B R L—sR—IT &
DRI AL L, 400 xg T 3 i LmBET 5 Z i L vl L >y &S, BEY Y 7L 0M
BT, RHIES W BB~ 7 2 LV HT-29 3 L8 MDA-MB-231 5 fi L, ki T
EUF— b E/ERLL 72, Promega f1:8(5x) cell culture lysis reagent (1 mL) & /K4 mL)Z R L,
Roche Diagnostics 1:# protease inhibitor cocktail tablet % 1 $EIAME S H7-, Z OIHR(0.5 mL) % ML (HT-
29, MDA-MB-231, RCC4-VHL, RCC4-VA) XL v kI X OEBHHT-29, MDA-MB-231)7 1 & — k
[ZIN&, 12,000 xg T 10 0B L7c, BEED X X7 B % Thermo Fisher Scientific 144
BCA Protein Assay Kit Z AW THIH L, ED X /37 E(10 pgwel)Z Atto IR U 77 Y LT
K70 % AW CESIKENC L 0 0B <4, Immobilon-P Membrane tE#AR Y 7 v b=V 7 525
T L7, 0.05% Tween 20 &4 PBS (0.05-PBST) (5 43ff] x 3)H CErE%., A S%AXF LI NI EH
0.05-PBST H', =R T 1 FFfIFFE L7, ft\ T, IRAHL CA-IX @ 1 RETA(ab108351; Abcam 1) & 4
°C TR i 7=, xR E LT, it glyceraldehyde 3-phosphate dehydrogenase (GAPDH) LA (14C10;
Cell Signaling Technology £1:)%& FHV 7=, &% 0.05-PBST (5 47 x 3)T CTHEK, m"—AF7F 1 v =
AVAF TS — AR 2 IREUA(W401B; Promega £1) & SR T 1 FFEOUG S 72, E% 0.05-PBST (5
o3 x )Y CEMER. T T A4 T A7 A SHH Chemi-Lumi One Super THa L, HUADFEE %
Bio-Rad #:# ChemiDoc Touch Imaging System | L 0 #%2 L7c, 5 DAVIZHE R % Imagel & H W CTHEAT
L7z,

G hk
2.2°-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-1.4,7.10-tetraazacyclododecane-1,7-diyl)diacetic acid (5)
{bE 5 IZREMR D FIEIZHEV . 1,4,7,10-tetraazacyclododecane 7> 5 5 B CA Rk L 72[77],

4-(3-(4-Aminophenyl)ureido)benzenesulfonamide (6)
sulfanilamide (172 mg, 1.0 mmol) & 1,1’-carbonyldiimidazole (195 mg, 1.2 mmol)® DMSO (5 mL)¥&#K %
FIRT 3IMEEHE L., MBI u~ N T 7 4 I XV RSTE T s Lotz BOGHK 2 (A
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Mo L7z, #%EZ 77 b= MU V(10 mL)IZ¥f#E L, 1,4-phenylenediamine (130 mg, 1.2 mmol) % /il %,
IR T VREEEHER Lz, WA ERE E Lk, Rikx v VW5V ra~ N5 7 4—(Z nakv
LA R ) —L=10:1)THER L CTHIY 6 ZILE 71 mg (23%) THF7-=, 'HNMR (400 MHz, DMSO-ds) §
9.98 (s,1H), 9.86 (s, 1H), 7.83 (d, J = 8.8 Hz, 2H), 7.75 (d, J = 8.8 Hz, 2H), 7.69 (d, J = 8.8 Hz, 2H), 7.35 (d, J
= 8.8 Hz, 2H), 7.28 (s, 2H). *C NMR (100 MHz, DMSO-ds) ¢ 152.8, 143.5, 139.7, 137.0, 127.2 (2C), 126.0,
123.8 (2C), 119.6 (2C), 117.9 (2C). ESI-HRMS m/z calculated for Ci3H;sN+OsS* (MH"), 307.0859; found,
307.0852.

2.2°.2”-(10-(2-0x0-2-((4-(3-(4-sulfamoylphenyl)ureido)phenyl)amino)ethyl)-1.4.7.10-tetraazacyclododecane-

1.,4,7-triyDtriacetic acid (7)

&% 5 (22 mg, 42 umol)® DMF (10 mL)&E#RIZAL &4 6 (13 mg, 42 umol), 1-hydroxybenzotriazole
(HOBT)/KF1#(13 mg, 84 pmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC)¥z 2 (16 mg, 84
umol), bt VU xTF /LT I (12 uL, 84 umol)Z %, =T 48 REMIEE L7, B2 TR & L1214,
fEfgE— F V(50 mL) & 2 7=, &% 0.5 MKEE{LT R U 7 L7KEEH(S0 mL x 2), faFiREKET K
U U LKERIR(S0 mL), fafnsfifb ) R U U AKEEHR(S0 mL) THAR GG, 2 EE & Lo, 7Rk
IZ TFA S mL)Z /MM %, =R T 6 R Lo, BWEZBEREE L%, 7RE % ¥ FH HPLC
[H,O/MeCN/TFA = 90:10:0.1 (0 min) to 60:40:0.1 (30 min)] CIHL L CTHI® 7 Z UL E 6 mg (21%) THF
2. 'HNMR (400 MHz, DMSO-ds) d 10.30 (s, 1H), 9.76 (s, 1H), 9.51 (s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.63
(d, J=8.8 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.20 (s, 2H), 3.32 (s, broad, 8H), 3.22 (s,
broad, 8H), 2.50-2.48 (m, 8H). *C NMR (100 MHz, DMSO-ds)  158.7, 158.4, 152.5, 143.3, 136.6, 126.8 (4C),
118.74 (2C), 118.69 (2C), 117.9 (2C), 117.3 (2C), 40.2 (4C), 40.0 (8C). ESI-HRMS m/z calculated for
Ca9HaiN3010S* (MH"), 693.2661; found, 693.2646.

2.2’-(4.10-Bis(2-0x0-2-((4-(3-(4-sulfamoylphenyl)ureido)pheny)amino)ethyl)-1.4.7.10-

tetraazacyclododecane-1.7-diyl)diacetic acid (8)

LAY 5 (59 mg, 0.12 mmol)., L& 6 (71 mg, 0.23 mmol), HOBT /KFi#(35 mg, 0.23 mmol), EDC
WA (44 mg, 0.23 mmol), kU =F /L7 I (32 uL, 0.23 mmol)?® DMF (10 mL){&R % ZE{R T 26 KFfiH
PR UTo, WBEAERE 2 L2tk FEfR— F/L(50 mL) & Nz 7=, &% 0.5 M/KER{LT B U w7 40K
AR50 mL x 2), fafnfriEkFET U o LKEERGSOmL), fafniEb 7 b U v AKEEHR(50 mL) THER
Peu, WA TR L U, FRIELIC TFA (S mL) &%, SR T4 R Lz, B2 RIEE L L
T-1t%. B % #FH HPLC [HxO/MeCN/TFA = 90:10:0.1 (0 min) to 60:40:0.1 (30 min)] THHL L CHIY 8
ZILE 19 mg (17%) TH72, '"H NMR (400 MHz, DMSO-ds) 5 10.46 (s, 2H), 9.54 (s, 2H), 9.30 (s, 2H), 7.70
(d, J = 8.8 Hz, 4H), 7.60 (d, J = 8.8 Hz, 4H), 7.52 (d, J = 8.8 Hz, 4H), 7.44 (d, J = 8.8 Hz, 4H), 7.19 (s, 4H),
4.13 (s, broad, 4H), 3.78 (s, broad, 8H), 3.64 (s, broad, 4H), 3.45 (s, broad, 4H), 3.15 (s, broad, 4H). *C NMR
(100 MHz, DMSO-ds) 6 158.7, 158.4, 152.4 (2C), 143.2 (2C), 136.6 (2C), 135.7 (2C), 132.7 (2C), 126.8 (4C),
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120.1 (4C), 118.8 (4C), 118.2, 117.4 (4C), 115.3, 40.2 (4C), 40.0 (8C). ESI-HRMS m/z calculated for
CioHs:NO1LS,* (MHY), 981.3342; found, 981.3351.

['315In]US1 (9)

{E&# 7 (100 mg, 0.14 mmol)?> DMSO (1 mL)EIEIZH LA > ¥ 7 A AFI#)(250 mg, 1.13 mmol)
& 2-(N-morpholino)ethanesulfonic acid (MES)#&#{%(0.1 M, pH 5.5, 10 mL) & Il % 7=, Btk % 60 °C T
6 BRI L, S|IRICERE L7121, Wil HPLC [H,O/MeCN/TFA = 95:5:0.1 (0 min) to 65:35:0.1 (30 min)]
TH L THMY 9 # I E 40 mg (35%) TH572, 'H NMR (400 MHz, DMSO-ds) 6 10.88 (s, 1H), 9.36 (s,
1H), 9.14 (s, 1H), 7.65 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.39 (d, J = 8.8
Hz, 2H), 7.15 (s, 2H), 3.05 (s, broad, 8H), 2.77 (s, broad, 8H), 2.46-2.43 (m, 8H). *C NMR (100 MHz, DMSO-
ds) 0 171.3 (2C), 158.6, 158.2, 152.4, 143.1, 136.7, 126.8 (4C), 120.1 (2C), 118.6 (2C), 117.4 (2C), 40.4 (8C),
40.2 (2C), 40.0 (2C). ESI-HRMS m/z calculated for C2oHssInNgO10S™ (M), 805.1465; found, 805.1450.

["¥115Tn]US2 (10)

L&Y 8 (10 mg, 10 pmol)?® DMSO (1 mL)IAK i A ¥ 7 A AKFI#(23 mg, 0.10 mmol) &
MES #E##i#% (0.1 M, pH 5.5, 10 mL)Z M1 2. 7=, KIS % 60 °C T 12 KR L, |RICE L%,
Fi HPLC [H,O/MeCN/TFA = 90:10:0.1 (0 min) to 60:40:0.1 (30 min)] T L C H 4 10 % ILE 9 mg
(80%) T1%72, 'H NMR (400 MHz, DMSO-ds) 6 10.93 (s, 2H), 9.33 (s, 2H), 9.11 (s, 2H), 7.71 (d, J = 8.8 Hz,
4H), 7.60 (d, J = 8.8 Hz, 4H), 7.49 (d, J = 8.8 Hz, 4H), 7.44 (d, J = 8.8 Hz, 4H), 7.20 (s, 4H), 2.83 (s, broad,
8H), 2.52-2.49 (m, 16H). *C NMR (100 MHz, DMSO-ds) 6 152.3 (2C), 143.0 (2C), 136.7 (2C), 136.4 (2C),
131.7 (2C), 126.8 (4C), 120.8 (4C), 118.5 (4C), 117.4 (4C), 40.4 (16C). ESI-HRMS m/z calculated for
CyHsoInN20128," (M), 1093.2146; found, 1093.2151.

"n 36 K OV 00V FE GRS

Mn O 72, MInCl ¥HE(200 pl)Z MES FEE#£(0.01 £ 721% 0.1 M, pH 5.5, 600 L) 72 | I HFR2
F b U U AFEER0.01 £721% 0.1 M, pH 6.0, 600 pL) ERFI L, =R T 15 0 MEE Lz, Z OEIRIC
50 uL OIEFFRATIAALEY T 7213 LEW 8)/KIEHR(Hof 0.0S mM) & Nz, =R, 60 °C, F721X 90
°C T30 MIfE Lz, |IRIZRE L%, IS % ¥itH HPLC [H2O/MeCN/TFA = 90:10:0.1 (0 min) to
60:40:0.1 (30 min)] THEHRL L 7=,

WY fER DT, OYCLIERIK(100 pL)Z 0.1 M MES FEE {2 (pH 5.5, 300 pL) &R L, IR T 15 29[
HES 22 LIk b Y-MESIR&Z ST, {LEW 8 DK (& 0.04 mM, 50 pL) % °Y-MES %k
(400 pL)ZHNZ., 90 °C T 30 4y E L=, =IEICRE L2, RIS Z %k HPLC [H,0/MeCN/TFA
=90:10:0.1 (0 min) to 60:40:0.1 (30 min)] CHEHL L 7=,
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LogP {7

1-4 2 % 7 —/(3 mL)5 L PBS (pH 7.4, 3 mL)23 A - 72 1@ R (2 [ InJUST F 721E [ In]US2 (50
KBQ) &z, 2 50BIARAT v 7 A LT, 4,000 xg T 55 MmO008E L=, &JE05 0.5 mL 3R
AR L%, ZNENOBAEEARE Lz, S 5I125%Y @ PBS EH D 1 mL & 3l 0= ILE K
L. I-4 7% /=13 mL)IB LN PBS 2 mL)ZMMx T, FERIZALT v 7 AL, @O0 L=,
B DORHESREZE LT, 1-4 27 % 7 —I/LIPBS (BT DERED e B ARURE A KD, ZE LT
SERESAE LN E T, ZROLOREEZREVIELT,

A e i £ FE R

HT-29, MDA-MB-231, RCC4-VHL, RCC4-VA HEfE(2 x 10° cells/well)Z 12 7 = /L7 L — MIHERE
L. BFEEEEREE T 24 FRHFHE L7z, VT, 7 L— FEEEIRSE £ - TR RE CE 51T 24
B L7z, Eia R L2, &7 = /Lic["Mn]UST £ 7213 In]US2 (20 kBq)?> DMEM (1 mL)
WIRZIRIRE T ¥ o/ N—NTIR, 7L — b ZEFIEEE I IRIERIREE T 2 ReIEE Lo, 6
FETRESTE 50 uM OFIERMET B2 Y7 I RERINT 5 Z LICXVFEiiL7=, &7 =/L'% PBS (I
mL) TYEE L. 1 M KER LT B U 7 SOKVER(0.5 mL x 2) THINE 2 7R S 87, MRS L7z it
RE o~ 2 —TCTHIEL, # 2/ 78R % Thermo Fisher Scientific #:%¢ BCA Protein Assay
Kit # AW THEIH L7z,

JEEBAEE T/~ U A % A\ T AR O RE 0 A Al

[""InJUS1 F 7213 [MInJUS2 # A BREIE K CTAIR L7z, 1 8F 5 PEd HT-29 35 X U MDA-MB-231 fifii5
BREET L~ A2, BEIREY 1VEH720 40 kBq (100 pL)D Mn K Z2 85 Lz, in vivo A 3E
BROT=8, [MInJUST £ 721E["MIn]US2 (40 kBq) & FERGET £ 4 > 7 I F(10 mg/kg) & [RIRFIZHE G- L
2o 1. 4, 8, BIO 24 BEMILICLRIE S, Mk, Wk, FEE. B, 5. B0 . Ol A,
4, HT-29 fEBS. MDA-MB-231 ffif5, BLOMAZRIH L, E& & BEHREEZHIE L,

~ U AMAEC BT B MR

ddY Rt~ A L0 BB L 721 &, 4,000 xg T 5 4y Doyt L. B AEINT S 2 & T
1224572, ["MInJUS2 (0.19 MBq)% ~ 7 A MAE(Q200 pL)IZ M Z B L7-t4, 37°C TI1, 4, 8, BIW
24 BERIERE L=, 78 b=k U200 uL)Z M2 BF1 L7=t4. 4,000 xg T 5y 0ol L=, bk
ZEN L CTFHH T A T A7 A& HHL Cosmonice Filter (S) (0.45 um, 4 mm) T L7-t%. T8Ik %00
FH HPLC THy#T L 7=,

JEEBAET T /L~ 7 A BT B I P i
A PRAH I EAR L 72" In]US2 (4.5 MBq, 100 pL)% HT-29 fEEBHEE T /L~ 7 A B#EAR L 0 &%
B UTe, 1 RFERRICEEIE S, BRI LM%, 4,000 xg TS5 oM OmBE L, BEEREINT 5 Z
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& CMEEE ST, M7 ' F= kU (200 uL)Z N2 BF1 L7-t4. 4,000 xg T 5 Sy 0o Bt L
oo EIEZEULL THA T A4 7 A7 S48 Cosmonice Filter (S) (0.45 um, 4 mm) CEiHE L7214,
T8I % Wik HPLC CTor#r L 7=,

JEIGBAEE T /v~ T AZE T D IS PN G o i

AP IR KR L 7=[" InJUS2 (4.5 MBq, 100 uL)% HT-29 fES BT T L~ 7 A BEIR L D &%
B L7, 138 L0024 BFEIR IS 2430 S, 3000 HT29 Il A L7e, b U R REE A PR A K
(0.5 mL)F CTHEBAEY X — FEERIL, 7% b= KU /(0.5 mL)ZMZIEM L. 4,000 xg T 53
EOSEE LT, SO EEICSBICTE = MU W05 mL)Z I ZIEFI L, 4,000 xg T 5 57z
THELTe, BEWEEFEIL THA T A 7 A 7 #Rft8 Cosmonice Filter (S) (0.45 pm, 4 mm) Cligi L
7=t . 8K % WiFH HPLC CTHfT L7z,

IEH~ 7 A % T (RPN i B8 50 A 2 EAfh

[MInJUS2 ZAEBRRHE /K CAIR L7z, 18 5VC0 5l ddY Rt~ 7 212, BEkE Y 1 1EH7-
D 40kBq (100 pL)D[MInJUS2 ¢ 5- L7z, 1, 4, 8, BL O 24 FFf#ZICLEIE I, MR, MU,
BElg, . OB, BER. R, DR, A K. BX O AR L, EE L BEEARIE L,

SPECT/CT

MILabs t1:#¢ U-SPECT-II/CT system (ZC SPECT/CT #{7> 7=, HT-29 X ' MDA-MB-231 &
FEET N~ 7 ZCB T HIEEAEFV)%Z., V = [length x (width)?]/2 (ZhE-> TR, i fE5E O B FE )N A
Fe~ U AL L72(218.0 £ 58.9 mm®), ABREHEAKICEME L7 [MIn]US2 (30 MBq, 150 pL)&~ &7
ANZBEIRE D BS- Ulz, in vivo BEEEERO T2, ["MIn]US2 (30 MBq) & JEHMET 2 Y 7 I K
(10 mg/ke) Z [FIRFICHe G- Uiz, &5 1, 4, 8, BEW 24 FIRRIC~ T A& A Y TV T 2 (2%) THRIE
L. SPECT Z{T-72, EA1OmmODO ' HR—/Lal A—F—%[FH L, 60455 x 1 frame (2 THif
L7z, SPECT#IZ CT (F&E/T: 65 kV, E&EIR: 615 nA)&1 7 -72, SPECT DEET —HIZOW\T, 3
It ordered-subset expectation maximization 14(8 subsets, 1 iteration)|Z & 2 B A% 21T - 72,

JEEBAEE T /L~ A% V- ex vivo ARG

AR BRI E R L 72" In]US2 (15 MBg, 150 uL) % HT-29 45 & OV MDA-MB-231 8BS/ fif 71 ~
7 ANZERFIRE OG- LTz, [M"InJUS2 O# 5 3 KEf]#: . Hypoxyprobe #1:H &€ = 4> — LI EALE
(100 mg/kg) D AEFLRIEK (100 pnL)EKR 2~ 7 AZREIRE D &5 Lz, S 51T 1REEZ (M In]uS2 @
5 ARFRIR)IC~ U A 2R S, B HICHES ZHH L, SECTION-LAB 14 SCEM compound
T LT, RIATA AT URRTHFESETZ, 20Kk, 278 b—2ZHNT1I0um/ED
BRI R 2B L=, IR A A= 77— MNICBLEE, "M AA A=V T TF T4 P—
2Tt L7z,
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ARG FEBrth, [A—HhZz~~ b2 ) v BLO AV THE LT,

5T, BV 2P CAIIX, i E=4 Y —/L F7I3H CD31 filkz Fv Tt L,
CA-IX & CD31 OREG D T=, YR % 4%/37 /L A7 VT B K20 43 [F)H THfiE L7z, PBS (5
SrfEl x ) CTERER . A X S — VTR LT 3% bk FE (15 ) CTEfiE L7z, PBS (5 77 x 2)
HCErER ., U 25 CA-IX @ 1 kTR (ab108351; Abcam £E)F 721EHT CD31 @ 1 &kHiAR(ab28364;
Abcam 1) & R T 90 /3 S S/ 7=, PBS (5 4[] x 2)H CEfE k. Y/ % Dako fE#A— 2 F 7 ¢
vV arYLF X U H — B Y v —FE AP Y Y 2 IREUA & IR T 60 4RI E S/ 7, PBS (547
[ x 2)F CHEFE .. Merck #1-# diaminobenzidine & =83 C 5 /G S, EMAKTHE L, )b %
Bk SH, =X ) — I L ABKAEL, ¥ Ll LA BB AT 5 7-1%. IS &EE AL, B
MEECBIE LT, EE=FY —LORERAOIZIT, =F LA M I A = 2 A hT7 7 1 >
VT ARTA Xy MW, 1 IRPUARSIZIE Hypoxyprobe LI EE =4 — /LD 1 IRFLIK
ZHWT, |IRT60 5T -72, 7 2F 47 1% Merck £1:8 diaminobenzidine % FA\V 7=,

S [RI7 e R N R E

[°YUS2 % B /K CAIN Lz, 1 #F 6 IED HT-29 [EEBEE T L~ A2, BEIRE D 1T
H7=v 7.4, 3.7, 7213 1.85 MBq O[Y]US2 (100 pL)Z &5 L=, xtfRE LT, [PYJUS2 & & £ 72
WAEBRRIEK(100 uL) 2~ 07 A2 G- LTz, JEGATE & RE 2 Y US2 O b 4 % £ T, 1 3 [E]
HE Uz, BEEAFE Y SPECT/CT (23 ThiR L7z UTiE - TR, [PY]US2 £ 5. H (day 0)(Z351F
DIEGAFE X9 D AR IS AR 2 B L7, [°YTUS2 &% 5-H (day 0)IZ 35 1) B S AL 7.4,
3.7. 1.85MBq D[*Y]US2 72 b N A EHEKE GHIZHB W T, £ E1 689+17.1, 63.2+4.3, 60.7
+12.0, 725 TNT 52.5 + 4.2 mm® (mean + standard error) CdH > 72, KEIZHOWTHEEEIZ, [PY]US2
&5 H (day O)IZ 31T DIREIC KT D AR AREZHH L,

FESTRRIRIER IS K D BBl 2 AR AR 2o DRl L7, iz E iz~ ZDREHRE Y
PR L 72, MK ul)%Z . HmEREGE HIZ 98 pL O F =)L 7 i#%(0.01% gentian violet & A 1%HERZ 7K
WRIR) T, M/ INREGRIE R 2,498 UL D 1% Y = VBT & =7 LAKIRIE TENENAIR L, Thermo
Fisher Scientific fE85E AR EL(EVOS XL Core Cell Imaging System)33 K OVA U /S AR S 1S e
A1 3% (Cell Counter model R1)% VT, IMIEHIREE 2 51 L7z, ARSI Z[YIUS2 O 5- 4 14
M# £ <, #@3EEFHIL, [PYIUS2 & 5-Rii(day —4)\Z 35 1) B IR AL 126 9- 2 K8 e IRl AR £k &
B L,

Kt HEAT
Student’s t-test # WV THEZZFHI L, P<0.05 DLAICHEZEZH D L LT,
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22. %5 %

"n 35 KOV RO 1ERY

Scheme 2-1 35 X U Scheme 2-2 ([Z 7 LA RA/VKR T I REHAE L Uz MIn/0Y FERkaikAE & &t
3B I $E KD G Z T, £7 . N-(tert-butoxy-carbonyloxy)succinimide % F V> T,
1,4,7,10-tetraazacyclododecane (Z331F % N1 & N7 AL &R L7z, BEHROFFTIEIZHEV, Scheme 2-1 (7R
9K 912, DOTA-bis(tert-butyl)ester (.54 5)% 1,4,7,10-tetraazacyclododecane J V) #2UN = 73% THHL
L72[77, T b A RANABR T I RERIEROF AR TH D 4-isocyanatobenzenesulfonamide 13 4-
aminobenzenesulfonamide & 1,1’-carbonyldiimidazole % iz S5 Z &IV &R L. kW) % HEE
1,4-phenylenediamine & 5 v 7'V U VG SEDH 2 L2 X0, LAY 6 ZILK 23% THH7-[78], DMF
F1. HOBT /KF#, EDCHEFIERS L O =F AT IV OFE T, (LAWY S LbbH 6 T7 X Rib
BEIER ST, Lz TFA TRAEE L, [LEM TR L MEEYW 8 ZIK 21%B LU 17% TEh <
NGz, ISR TH 21LEW 9B L OMLEW 101X, xS T 2 RIEMA & 31SInCl; & MES FETEiK
HCRIG S5 2 L2 LD A L7 (Scheme 2-2),
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Scheme 2-1. Synthetic Route of the Precursor for Radiolabeling of ['''In]US1 and ['"'In/°Y]US2
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Scheme 2-2. Synthetic Route of ["'¥*In]US1 and ["¥"5In]US2

o
o
InCly

MES HoN_ 2

. H (\N/§ o
S N
7 - 9 0} N In3+N\)]\
H,0 ° \©\NJJ\N/©/ TO]/\Q/N\) o
H H

35% 3:0

O
9 ([113/115|nlus1)
o
O
InCl3 S
HoN_ o H N (0}
8 M 2 5 N\[(\(N\In;,?\)]\ /©/ hig \©\//
° X o {n 7 N S NH
H20 NT N o T
80% H H gzo
O

10 ([113/115|n]U82)

M BRSO, BERRATERAR & "MInCls 2 0.1 M MES $2fif(pH 5.5), 90°C TS EED Z LI
& V47> 7-(Scheme 2-3, Figure 2-3), iiffl HPLC Z H W72 RERUZ L 0 . [MIn]UST 35 L O In]US2 %
T2 HIREE 95% LA = CERL L 7= (Figure 2-3A, B), ["MInJUSI 1& &V VLSRN 2(89.2%) T15
7oo E7o. [MInUS2 DAERIZ OWT, BRa 2B, =ik, 60°C, 7213 90 °C TSR 217 -
72, Table 2-1 |23 9 X 912, IR TITELELIZRED 53, [MInUS2 1XIF & A EHFELNR) -T2, 60
°C TIFMCERMELS . 0.1 MEFEET & U 7 LAREE#E 72 5 TN 0.1 M MES $EEHE T, £ Zi 12.0%
RBHNT 232% Th o 7e—F, IKIREE0.01 M)DFREIR TIXNCENIFF TR o7z, F7z, 90 °C 12
BT D "M AZFESOS T, 0.01 M MES fRER ZEEE L L THWESGG ZRE . PTREOIEE
(47.7-66.0%) T["MIn]US2 % 157=, it L7240 Cik, 0.1 M MES $&#ii . 90 °C THISEIT 9
Zlic kY, b EWIBEHE RN ER(66.0%) T In]US2 #157-, B0 RNS, [PY]US2 %
COFEMETCERL, BEHEFRIGEIL 48.8% CTh o 7=, #iFH HPLC #8%, [YIUS2 Z & Vikst
LB (> 95%) TH37= (Figure 2-3C), '""In/Y $EA D AL EAFREIX, ®IST 2 "5 g5k %
fih & LT, WiH HPLC 4TI & 0 AT > 7 (Table 2-2), "In/*Y $&fR & Xh&d 2 "5 In SR O R fr
BRI 5. BRYE 5 MIn/Y 5k US OAERRAVRIE S Uiz,
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Scheme 2-3. Radiolabeling of ["'In]US1, [""'In]US2, and [*’Y]US2
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Figure 2-3. Radiolabeling of ['""In]US1, ['""'In]US2, and [*°Y]US2. (A) Chemical structure and typical HPLC

profile of ['''InJUS1. (B) Chemical structure and typical HPLC profile of [''In]JUS2. (C) Chemical structure

and typical HPLC profile of [*°Y]US2. The HPLC analyses were performed on a Cosmosil Cis column (5C;s-

PAQ, 4.6 x 250 mm) with a solvent of HO/MeCN/TFA [90:10:0.1 (0 min) to 60:40:0.1 (30 min)] as the mobile

phase at a flow rate of 1 mL/min.

Table 2-1. Radiochemical Yields of [''"In]US2 under the Given Conditions

Temperature Solvent Radiochemical yield (%)
Room temperature 0.01 M NaOAc (pH 6.0) 0.0
0.1 M NaOAc (pH 6.0) 1.5
0.01 M MES (pH 5.5) 0.5
0.1 M MES (pH 5.5) 1.2
60 °C 0.01 M NaOAc (pH 6.0) 6.5
0.1 M NaOAc (pH 6.0) 12.0
0.01 M MES (pH 5.5) 0.7
0.1 M MES (pH 5.5) 23.2
90 °C 0.01 M NaOAc (pH 6.0) 47.7
0.1 M NaOAc (pH 6.0) 57.9
0.01 M MES (pH 5.5) 7.0
0.1 M MES (pH 5.5) 66.0
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Table 2-2. Reversed-Phase HPLC Retention Times and Partition Coefficients of the 'In, ''¥'5In, and *'Y

Complexes and Corresponding Precursors

Compound Retention time (min)* LogP'

Compound 7 13.2 Not determined

[""In]US1 10.5 —3.38+0.09
[13115Tn]US1 10.3 Not determined
Compound 8 19.1 Not determined

[""In]US2 17.7 —2.81+0.01
[T ]US2 17.6 Not determined
[*Y]US2 17.6 Not determined

*Reversed-phase HPLC on a Cosmosil Cis column (5Ci3-PAQ, 4.6 x 250 mm) with a solvent of
H>,O/MeCN/TFA [90:10:0.1 (0 min) to 60:40:0.1 (30 min)] as the mobile phase at a flow rate of 1.0 mL/min.

TEach value is the mean + standard deviation of three independent experiments.

A e i 5 FE R

MRS & RERORNC, WH IR L OMRMBAREE IR T 5, HT-29, MDA-MB-231, RCC4-VHL,
LU RCC4-VA Mifud CA-IX BZ, Vo RAZ o TayT 0 7KV iER Lo, HT-29 i
CA9 BIn % HT 25 —J7, MDA-MB-231 #AZIZFREL L7202 &N STV 5[79], ABFZET
I, EEERRIREE T HT-29 MBI B W TRV CA-IX RBENBI & du, [KERREREE TF OIS BT
KU, KEAZEBREDICIIT D HT-29 Ml CA-IX BT, B@EMERETO 195 TH-T-, —H.
W EAREREE T O MDA-MB-231 fllii2 35\ C CA-IX BHITIE & A PBHI ST, KEAREREE T CA-
IX BELDHT 7 EFRNED Hi7-(Figure 2-4A), —#%AYIZ. VHL i&{x 1D K48I1X HIF-1 % Z &1k
SH, BV CAIX BIUTEN D EE X LTV D9, 55, BEREEIZKGFEJ . RCC4-VHL #faIZ
BT CAIX FBELIF L A B 72Dy >72—77, RCCA-VA FEIZ B TEv CA-IX R ELDEL
] X 717~ (Figure 2-5A),

AEAS A SEBRIT. 2 b OfilaZ WGl EER B X OMREEREREE TfT- f_(FlgureZ 4, Figure 2-
5), Figure 2-4B 35 J O Figure 2-5B 23 /~7 3 K 912, @HFEHREL L OMEEHRRE T, [Mn]UST iZWT
VORI L ThH iﬁ%fcﬁrf*/\ﬁé’ﬂ“éfcti))/)71(<3%1n1t1a1dose/mgprotem) [""In]JUS1 Ok
KT DREENENENOHIIICIIT D CAIX BB ELIZEAEHBE LR >722 &b, [Mn]USl
O CA-IX BLFMEITRNZ EARIB ST, LavL, @HEERRE L L, KBIEREICB TS
HT-29 FEAZIZ %9~ 2513 A B ICHIT8 L 72(0.775 35 L TV 2.91% initial dose/mg protein), Z4LiX, 7 =
ABTayT 4 T ORERE L=, —J5, ["InJUST &l LC, ["MIn]US2 134 COHMIfEIZ
% LT LD RWAES %7 L 72 (Figure 2-4C, Figure 2-5C), ZAizhA2 L 0 MinfE5#% US @ CA-IX #i
FOMENHEIR L7- & B 2 HIL72[6,20], BHEEAFEEREE C. [MIn]US2 @ CA-IX @A BIRHT-29 I LY
RCC4-VA)IZ x4 BHEE(25.4 B L1 69.0% initial dose/mg protein)iE, CA-IX K3 fﬁfﬁwﬂa(MDA-MB-zs 1
B X UYRCC4-VHL)IZ /T DA (11.6 3 £ Y 14.4% initial dose/mg protein) X W HE & -T2, Zh
LU, [MInJUS2 Dy CA-IX BIFIMEDS R S, ZOERMEIL, KEERREICEB O THLEN S
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A72(HT-29, MDA-MB-231, RCC4-VHL, 3 X0 RCC4-VA #ifi@iZst L CEIZEI 125, 16.9, 24.0,
3 L TN 74.3% initial dose/mg protein), [''InJUS1 & [A4k, [MIn]US2 @ HT-29 MRl k}3 A 1%, 1K
MEREIC IV ARBICHEB Lz, 610, BFEBREL LIOMEBREERE T, [M"N)US2 @ CA-IX &%
BRI KT 265813, CARERTHLTEHX Y 7 I FORIMCI YV AEIERLIZZ L0k,
[""InJUS2 D E VY CA R RS Lz, LavL, ZOEERICEI Y, M $EEROMIIC T 55
WIERF ELAUHE B HDSRIE S 72 (M InJUS2 1290 T 5-20% initial dose/mg protein), Z AL 5H DFEF LV |
[""In]US2 1% CA-IX #EAYEEFI & LT, in vitro (ICBWTC[MIn]US1 X W ENT-HEZET D Z LIRS
e,
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(uM) (kM)

Figure 2-4. Cell binding assay with ['"In]US1 and ['"In]US2 using HT-29 and MDA-MB-231 cells. (A)
Western blotting analysis of HT-29 and MDA-MB-231 cells under normoxic (N) and hypoxic (H) conditions.
GAPDH was used as a loading control. (B) In vitro uptake of ['!'In]JUSI into cells. (C) In vitro uptake of
['"'In]US2 into cells. Each value is the mean =+ standard error of six independent experiments. *P < 0.05 as
compared with uptake into HT-29 cells under normoxic conditions, P < 0.005 as compared with uptake into

HT-29 cells under hypoxic conditions (Student’s ¢-test).
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Figure 2-5. Cell binding assay with ['"'In]US1 and ['"'In]US2 using RCC4-VHL and RCC4-VA cells. (A)
Western blotting analysis of RCC4-VHL and RCC4-VA cells under normoxic (N) and hypoxic (H) conditions.
GAPDH was used as a loading control. (B) In vitro uptake of ['''In]US1 into cells. (C) In vitro uptake of
['"In]US2 into cells. Each value is the mean + standard error of six independent experiments. *P < 0.005 as
compared with uptake into RCC4-VA cells under normoxic conditions, TP < 0.05 as compared with uptake into

RCC4-VA cells under hypoxic conditions (Student’s z-test).
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BB E T L~ U R % VT RPN O BE S0 A 2 A

EFTNS T ALBT D CA-IX FBUGH T 2 R4 7 5 720, (KNG RE /31 B 41T -
7= (Figure 2-6, Table 2-3), in vitro 33 X W in vivo £H 52BN TH, HT-29 72 5 NI MDA-MB-231 #fl
faix, CA-IX @387 & NTERBMa L L TCENENHW LN TE72[80], AMFIETIX, £ /v
~ 7 AMNBIEH L7z HT-29 BB BV TEW CAIX BB Hiviz— )7, MDA-MB-231 @55
TEAR W IEEL AL & AL 7= (Figure 2-6A), MDA-MB-231 il in vitro IZBWTIE & A Y CA-IX RE
IS S V72 o 1oy, RN TH D FRE DIRFRR BRI /e o 72729 in vivo 28T MDA-MB-
231 JEE ) AR CA-IX BRI N L B2 BT,

2 "MIn AT H H[MInJUS2 13 x G- 1 BRI I238 VT, MDA-MB-231 E55(1.64% injected dose/g)
&bl LT, HT-29 E1%5(4.57% injected dose/g) 2kt H A EICHEWEMA R LIZZ M6 invivo lZ
BT D CAIX EHBUESEICKRT 5 @O BRI R Sz, RTOX A LRA > MIEBWT, HT-29
M6t 9- H4EFE 1T, MDA-MB-231 JEEICk 28 L 0 AEICHE > 72, MDA-MB-231 EEIC
S HERITEYS 1 FEf% D 8 BRI IS Th TN LR L, AEETRD bnoiz
(P = 0.06, Student’s r-test), FEFFRMERMAEEZE L T, 7k ¥ VT I RICLDBEERITKLEWS
A LARA 2 MG 24 FERE)ICB W T T o 72, &5 24 F#Z ISR 1T 5 HT-29 BT 2580
1.72% injected dose/g 77, 72 # Y T I ROILEEIT LY 0.63% injected dose/g ~ & A EIZHA LT
ZEDB, [Mn]US2 @ CA KT 2 KR RAVHE G TED 7R S 472 (Figure 2-6D), F7-, KUV CA-IX FEEH
%/~ L72 MDA-MB-231 JEFICEWCH, 78 % Y7 2 RO G X0 BEREERE N DT M
DLz, EBIT, [MIn]US2 DEFEIZ OV T, HT-29 5/ Mk b3 L OY HT-29 Ei5/#) A B Lk r Y
W EH L, &5 24 BBV T, ZREN 1078 BEI WY 775 L g o2 Lot [MInJUS2 1E[HE
TENESZ D in vivo A A—2 0 ZITENTME /T 25 Z & VR S L7z (Figure 2-6E), 2 fli MIn $5{K
(["MIn]US2) & kg LT, 14 "MIn 5" InJUS)IE HT-29 BESHIC %6 LT, L 0 RWVERE & @&
5-1-24 5[4 0.27-2.12% injected dose/g) Z 7~ L. in vitro ffE#E & FEBR OFER L FHES L 7245 K035 6
U7 (Figure 2-6B),

HIRARE B BB L ORI RE D i FEBROFER L 0 | LI O FEBRII[MInJUS2 35 L O°Y]US2 (2
WTAT o7z,
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Figure 2-6. In vivo biodistribution study with [""'In]US1 and [""In]US2 in HT-29 and MDA-MB-231
tumor-bearing mice. (A) Western blotting analysis of HT-29 and MDA-MB-231 tumor lysate in vivo. GAPDH
was used as a loading control. (B) Radioactivity of representative extracted organs and tissues after the
intravenous injection of ['''In]JUSI in the HT-29 and MDA-MB-231 tumor-bearing mice. (C) Ratios of
radioactivity in the HT-29 tumor to that in the blood and muscle in (B). (D) Radioactivity of representative
extracted organs and tissues after the intravenous injection of [!''InJUS2 in the HT-29 and MDA-MB-231 tumor-
bearing mice. (E) Ratios of radioactivity in the HT-29 tumor to that in the blood and muscle in (D). Each value
is the mean =+ standard deviation of five mice at each interval. *Coinjection of acetazolamide (10 mg/kg). TP <

0.05 each time, *P < 0.001 (Student’s -test).
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Table 2-3. Radioactivity of Extracted Organs after Intravenous Injection of ['''In]US1 and ['""In]US2 in

the HT-29 and MDA-MB-231 Tumor-Bearing Mice

Time after injection (h)

Organ 1 4 8 24 24 + Block*
["n]USI
Blood 1.07+0.25 0.12 +0.01 0.12 +0.01 0.03 = 0.01 0.02 + 0.00
Spleen 0.61 = 0.08 0.36+0.12 0.38 +0.03 0.56 = 0.05 0.30 + 0.04
Pancreas 0.41 +0.14 0.10 +0.03 0.10 +0.03 0.08 = 0.01 0.04 +0.02
Stomach' 1.44 +0.47 0.31+0.27 0.89 + 0.61 0.15+0.08 0.43 +0.27
Intestine 2.00+1.16 8224247  17.60+7.39 2.69+1.29 2.58+1.03
Kidney 6.85+1.36 3.71 +0.69 3.41 £0.55 3.25+0.39 0.93+0.11
Liver 125+0.18 0.85+0.17 0.87 +0.08 0.94 + 0.09 0.45 + 0.06
Heart 0.54 +0.04 0.09 = 0.05 0.09 + 0.03 0.12 +0.03 0.04 = 0.03
Lung 1.55+0.29 0.21 +0.07 0.22 +0.03 0.21 +0.08 0.08 + 0.04
Brain 0.06 +0.01 0.03+0.01 0.03+0.01 0.02 + 0.00 0.02+0.01
HT-29 2.12+0.46 0.35 + 0.09 0.31+0.07 0.27 + 0.04 0.18+0.07
MDA-MB-231 1.48 +0.63 0.64 +0.28 0.27 +0.03 0.21 +0.02 0.11+0.03
Muscle 0.39 = 0.08 0.08 = 0.03 0.09 + 0.03 0.08 = 0.02 0.04 +0.01
HT-29/Blood 2.07+0.61 2.80 + 0.60 265+0.71  10.03+3.01 9.45 + 4.66
HT-29/Muscle 5.49 +1.07 4.95+2.80 3.75+1.14 3.74 +0.98 426+ 1.69
HT-29/MDA-MB-231  1.53 +0.42 0.59 +0.19 1.14 +0.20 127+0.22 1.59 +0.63
[Mn]US2
Blood 4.17+0.56 2.85+0.50 1.09+£0.15 0.17 £ 0.05 0.09 + 0.02
Spleen 2.82 +0.44 2.01+0.21 1.89 + 0.40 1.42+0.23 0.80 + 0.07
Pancreas 3.22 £0.54 1.80 +0.19 1.32+0.23 0.43+0.10 0.17 +0.04
Stomach' 8.86 + 0.98 6.64 + 0.86 4.90+0.70 1.25+0.13 0.30 + 0.03
Intestine 6.86 + 1.24 6.64 +0.79 5.76 £ 1.92 1.51 £0.31 0.43+0.13
Kidney 18.590+£0.53  1296+127 1220+ 1.49 9.40 + 1.42 237+022
Liver 4.17 +0.46 3.90 +0.38 3.80+0.34 3.93+0.64 1.87+£0.43
Heart 2.78 £0.27 1.59+0.16 1.07+0.21 0.58+0.10 0.20 + 0.04
Lung 8.76 £0.53 4.99 +0.20 3.64+0.91 0.99 + 0.22 0.48+0.10
Brain 0.17+0.03 0.13+0.01 0.11+0.01 0.07+0.01 0.02 + 0.00
HT-29 457+021%F  451+0.62r  3.78+054%  1.72+0.205%  0.63+0.03
MDA-MB-231 1.64 +0.28 1.93+0.38 2.13+0.40 1.34+0.17 0.63+0.10
Muscle 1.62+0.24 0.82+0.12 0.59 + 0.04 0.23 +0.06 0.07 = 0.02
HT-29/Blood 1.11£0.16 1.61+0.30 3.47+037  10.78+2.80 7.06 +1.70
HT-29/Muscle 2.86 +0.43 5.62 +1.45 6.41+1.16 7.75+1.98 9.64+4.15
HT-29/MDA-MB-231  2.84 +0.41 2.38+0.34 1.81+£0.32 1.31+0.30 1.01£0.14

Values are expressed as % injected dose per gram of organ. Each value is the mean + standard deviation of five
mice at each interval. *Coinjection of acetazolamide (10 mg/kg). "Values are expressed as % injected dose. *P
<0.05 as compared with MDA-MB-231 tumor each time, P < 0.001 as compared with 24 h + Block (Student’s

t-test).

in vitro 3 X O in vivo ZEVE

in vitro \ZE T D FEBROZK A RIET 72D, [MIn]US2 D in vitro |23\ DL EM %2~ 7 AME
Hh37 °C THET S 2 LIZ & 0 FFAli L 7=(Figure 2-7), £ OFKER, [MIn]US2 1% 24 BFE#L £ T, FER
(2B TEPE(> 96.4%) & 71~ L7 (Figure 2-7A), S 51T, [MIn]US2 % HT-29 JEEBAEE T /L~ 7 Al
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B b LTtz o ik ds KON HT-29 IEI 31 2 BUR MRS 2 7504 L7z, Figure 2-7B, C 237" X 9
(2, 85 1R O Mk X OMEER BV T, 18 A ED[MIJUS2 M43 iF S VIS AETE L72(81.4%
BEV84.4%), 1 FFHIZISIT DI D in vivo ZENE(81.4%) 13 in vitro (> 99.9%) & B 72 S T2 73, invivo
TIHAHOREEZRELZT DD, TNLOEBELEEEZ LN, £, &5 24 FEE%O
HT-29 JEZIZ BT, [MInJUS2 1E 70.4% MM ZEICIFE L, EENT CAIX Z38ik L7-tk, 1AL
RSN, CAIX IZHEA LT EE TH D 2 EDVREB S L7 (Figure 2-7C), #i4H HPLC /04711235
WCBIH S 72 [MInJUS2 SN DR RE Y — 7 1%, ZORFHRHIE D | "I HkO b DO TH D L&
2 B,

A M
z s ’ ’ 7’
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Figure 2-7. Stability of ['"'In]US2. (A) Typical HPLC profile of radioactivity and radiochemical purity of
[""In]JUS2 after incubation in mouse plasma at 37 °C for 1, 4, 8, and 24 h. (B) Typical HPLC profile of
radioactivity and radiochemical purity of ['"'In]JUS2 in the blood at 1 h postinjection. (C) Typical HPLC profile
of radioactivity and radiochemical purity of ['"'InJUS2 in the HT-29 tumor at 1 and 24 h postinjection. The
HPLC analyses were performed on a Cosmosil Cig column (5C;3-PAQ, 4.6 x 250 mm) with a solvent of
H>,O/MeCN/TFA [90:10:0.1 (0 min) to 60:40:0.1 (30 min)] as the mobile phase at a flow rate of 1 mL/min. Each

value is the mean + standard error of five independent experiments.
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IEH -~ 7 A % R T (RPN B8 0 A 2 EAfh

[MInJUS2 IZ2WT, Ef~ 7 A Z O T AR RE 734 526k 2 1T - 72 (Table 2-4), ['''InJUS2 (X 1fL
1772 B NTHA D> BRI > DRI R L G- 24 FEH# £ 0241 0.10 72 5 TN 0.22% injected
dose/g). ETZIEE D in vivo A A —2 U TIZBIT DRy 7 750 0 Ry 7 v E KOS RN
TERNHAFIEIZB T DRV IR FREO ATREE SRR Sz, 72, BRI S Y 3 S
(B 5 1-24 K% 7.11-11.39% injected dose/g)ds L ONE (KT 2 iU REAERE(BE G- 1 FEffH#% 8.05%
injected dose)3FR D B AL, HURPERINL IR N ABIEIZIB W TEEMEZR & 2R T ARt R S vz,
ETDZA LIRA L MMZBWT, Bl LTI E 0 mWEREZABI S, [Mn]uS2 1B g
SEALICHE &L D Z EAVRIB I T2, ZAuE, [MIn]US2 23 Wk E(logP =282 HF 35 Z &
IZHER9 % & B 2 B 7= (Table 2-2), EFM&ICHT2EBIHONWT, EE~YTVALEET LT A
DORICHEREZDNRD LI, ZIUTET A~ U AR T MlaOEZ KB L TNWD 2 &,
BELOHT-29 °° MDA-MB-231 2 HTHZ L E, ERN~URERLLIMEELETH12DTH
LHEEZOLNT,

Table 2-4. Radioactivity of Extracted Organs after Intravenous Injection of [!''In]US2 in Normal Mice

Time after injection (h)

Organ 1 4 8 24
Blood 2.34+0.46 1.36 £0.16 1.02+0.19 0.10 £0.01
Spleen 1.46 £0.31 1.00£0.15 0.88+£0.15 0.45+0.08
Pancreas 3.07£1.05 2.20+0.57 1.38 £0.31 047 +£0.17
Stomach* 8.05+4.22 7.00 £1.85 392+1.37 1.18+£0.27
Intestine 226 £0.63 2.05+0.73 2.57+0.78 0.69 £0.15
Kidney 11.39+2.00 11.11 £ 1.34 9.88 +£1.49 7.11 £1.40
Liver 2.04£0.26 2.17 £0.08 3.16 +£0.57 1.77 £0.24
Heart 2.02+0.43 1.32+0.16 1.04 £0.21 0.39 +£0.04
Lung 6.35+1.76 4.17+0.64 2.85+0.77 0.68 £0.16
Brain 0.13 +£0.02 0.11£0.02 0.10 £0.01 0.07 £0.02
Muscle 1.14+0.17 0.76 £0.10 0.58 £0.08 0.22 +£0.06

Values are expressed as % injected dose per gram of organ. Each value is the mean =+ standard deviation of five

mice at each interval. *Values are expressed as % injected dose.
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SPECT/CT

[MInJUS2 Z EGAEET L~ U ZZH&E L, 1, 4, 8, BLU24FHRZICBOTHRE L THROH
7= SPECT/CT it % Figure 2-8 127", CT D&, BIE U SPECT DA D4 % Figure 2-9 (2777,
Fm. ~ U ZARO R KER L % Figure 2-10 (2R, HANEEEZEGE O~ 7 Z BB T DK
HH8EIX. SPECT EBH o~ vxwﬁ ZHRT S ?E)O)’C“S?JZD(Flgure 2-10A), ["MInJUS2 D#5- 1 B
BIZHBNT, ~ T ZADOLMEIRAE L7z HT-29 BEE I3 S iv/e ) > 7 (Figure 2-8B), ZiUE, %
ORI H[MIn)US2 A D HT-29 fEE/ ik b MKW Z E SRR TH 5 &5 2 B {7 (Figure 2-
6E). —Ji. [""InJUS2 D54, 8, I KT 24 IFil#% Tl HT-29 JEE AN BRI HH S 41, MDA-MB-
231G HIEIE & A EHURRE S 7 V3Bl S /e )~ 5 7o (Figure 2-8B), Z DFERITET /L~ T A
% T AR O BE 20 A EBR O FE 5 & — %X L (Figure 2-6D). ['''InJUS2 73 CA-IX &3 B % LT
FEFITE W invivo BRMEZHT 52 LIRS N, SHIC, MEIEOT XY 7 I F4&[N]US2 &
[FIRFICE G592 2 LTk 0, HT-29 BB DHGRE S 7 VD38 L7 2 & 7> & (Figure 2-8C),
[MIn]US2 @ in vivo (28T D@\ CA FrEMEN RS 72, [MIn]US2 DMLk K O R D B DIER07)
RWERIZE Y, ERMICB T DEEA A -V IRERINTZEE LN,

Transverse plane
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B
1h+Block 4h +Block 8 h +Block 24 h + Block

IIII”‘“‘ -I I
Transverse 1* T 1‘ T ! Transverse 1‘ 1‘ /r 1\ 1\ ”

|
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Figure 2-8. SPECT/CT images of the HT-29 and MDA-MB-231 tumor-bearing mice after ["''In]US2

Coronal

Low

administration. (A) Planes of collected images from mice. (B) SPECT/CT images after ['''In]US2
administration. (C) SPECT/CT images after [!"'[n]US2 administration with acetazolamide (10 mg/kg). Yellow
and white arrows indicate the HT-29 and MDA-MB-231 tumors, respectively.
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Figure 2-9. CT-only, SPECT-only, and SPECT/CT fusion images of the HT-29 and MDA-MB-231 tumor-

Coronal

High

Coronal

bearing mice after ['"'In]US2 administration. (A) CT-only, SPECT-only, and SPECT/CT fusion images after
[!"[nJUS2 administration. (B) CT-only, SPECT-only, and SPECT/CT fusion images after [''In]US2
administration with acetazolamide (10 mg/kg). Yellow and white arrows indicate the HT-29 and MDA-MB-231

tumors, respectively.
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Figure 2-10. Maximum intensity projection of SPECT/CT images of the HT-29 and MDA-MB-231 tumor-
bearing mice after ['''In]US2 administration. (A) Maximum intensity projection of SPECT/CT images after
[""In]US2 administration. (B) Maximum intensity projection of SPECT/CT images after ['''In]US2
administration with acetazolamide (10 mg/kg). Yellow and white arrows indicate the HT-29 and MDA-MB-231

tumors, respectively.
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JEEBAETE T /L~ 7 A% V72 ex vivo ARG

HT-29 35 U MDA-MB-231 [EEBAEE 7 /L~ U A % HU 2 ex vivo ARG EERAZITV, EFIZBIT
% CA-IX \ZxT B[ InJUS2 OfE A % Hesd L 7= (Figure 2-11), [""'In]JUS2 D% 5- 4 B[ #4 |2 5 % 4 H
L. ARG Z1To 7z, EFIZHIT HIEMHEEEIL, UE=4 Y — L O&h & REi @Il XD R LT,
HT-29 JESFHZ RV T, [MIn]US2 DEERIE CA-IX FEIERAL & — 2 L(Figure 2-11A), ['InJUS2 7% HT-
29 ESIZIIT D CAIX ITREAT 2 2 LRI S, — 77, HT-29 JEEIC T 2 U eERIx, v
F=HY LB IO CD31 OfEYall L 22k Lo IRER R flkis L OUE O R/fE L 12 L
A EFARE L7222y > 7=, MDA-MB-231 &% % V7= ex vivo ARG EBR H FIEEIZ TV, [MIn)US2 DR
HALIE CA-IX BHMERALE L OMKEE SR fEIK & — B L7=2%, A O JRITE & 13— L 720> > 7-(Figure 2-
11B), ZOFER XV [MIn]US2 7% MDA-MB-231 JEB5IZH51T 5 CA-IX 35 L OMKER S HIk 2 M H 7~ 5
AIREMEDNRE ST,

“\_) B

HT-29 tumor MDA-MB-231 tumor

Autoradio-
gram H&E

Autoradio-
gram H&E

Pimonida-

CA-IX cD31 Pimonida-
zole

CA-IX CD31
zole

.

Figure 2-11. Ex vivo ARG from the HT-29 and MDA-MB-231 tumor-bearing mice after [''In]US2
administration. Ex vivo autoradiograms from the HT-29 (A) and MDA-MB-231 (B) tumors with ['"'In]US2.
The same sections were stained with hematoxylin and eosin (H & E). The adjacent sections were immunostained

with anti-CA-IX, pimonidazole, and CD31 antibodies. Scale bars, 500 um in (A) and 250 pm in (B).
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[MnJUS2 122V T, CA-IX A A= U 7T 2 RAFRFEERD G O /272D, HT-29 B BAEE
T~ 7 A& HWT, [YIUS2 (2 XD CA-IX FER I RINL T3 N A %2 1T - 7= (Figure 2-12),
PYIUS2 OG- fEIZ 1 EH72D 0, 1.85, 3.7, BELU74MBq & L7z, [PYJUS2 Z##&5- L7142, 3
B~ 7 ADREGARAZRET 5 Z LIk 1RREZRZ TN L7z, Figure 2-12C (27”7 K912, 74
B LU 3.7 MBq #GHEIC B T MRS AEOMEIX,. EnEh 125K 0023 HHURE, ARaf
KL GREL B L CH B o7, 2LV, 748 X003 7MBq DO[*Y]US2 % 5 L 7= i PE R
MRS LD, BB ENEE L7 Z E2RS /2, Ll 1.85 MBq O#: 5 CirafHxnd
JEBEAICAEEZITRO T, 2O G E T HT-29 JEFEICH L THREIENE LRV &R
RSN, ZOWRREERICK T 2EIWE-IE. ~ U 2A0KER KO HMER - Mz liEd 2 2
LT XV FH U 7Z(Figure 2-12D-F), FEEHIF T, ~ U A DKREICBHZE R ZITRE O 5T,
[°YTUS2 DARNEEME ANV RIR S 37~ (Figure 2-12D), [PY]US2 O G E %, FrlZ @O ETRER 2% 5 L
TEREIZ BV T, AMLERTS KON/ IMRE D DT 028 B S22y b oBiEITHR G S 3
HEREILINICEE L, #EE CTld7en> - 7= (Figure 2-12E, F),

o
A B I
- & & *White blood cell and platelet counts
o [*Yjusz 5 & Body weight measurement
S (7.4,3.7, and 1.85 MBq) & & ‘Tumor volume measurement
l—'i" or saline Menitoring tumor volume (C), body weight (D), \\-’-:‘ @b@
« "”;a and white blood cell (E) and platelet (F) counts & v
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Figure 2-12. Radionuclide-based therapy of HT-29 tumors in mice administered [*"Y]US2. (A) Procedure
for a radionuclide-based therapy study. (B) Shematic diagram of treatments and measurements in a radionuclide-
based therapy study. (C) Ratios of the tumor volume for mice to that on the day of [*°Y]US2 administration.
(D) Ratios of the body weight of mice to that on the day of [*°Y]US2 administration. (E) Ratios of white blood
cell counts of mice to that on the day of [**Y]US2 administration. (F) Ratios of platelet counts of mice to that
on the day of [*°Y]US2 administration. Each value is the mean + standard error of six mice. P < 0.05 as

compared with mice administered saline (Student’s #-test).

77



23. B8

LI ClE, AR ZefRiErE . MifRlC 0T 2 /e, B KO i 2R T 16 FSHDa-CA 71 Y
YA LEBLD CAB#EY R ERRESNTND, 1FEAED CA T A VYA LDMINIZRTE
T HDITK L, CAIX TR EICHILT H[9, 54, 81, 82], ZALL D . CA FERIFEA oK 57z 1
PRI, DT A VWA DTKkT D CAIXEIRMEZPET HEK L 725, CA-XITH CA-IX &[RRI
KRR BSOS U GBI EEIC RIS 27 4 VA A TH DA, CAIX LI LT, KW IE
B X OMBEMEDNHRE SN TWB[83], LA EDEAZRIZ, CAIX #EME LT V48T /A
T4 7 AREEIOFFEIZHTZ0 CAIX U H L RELTUS % 20 8AL, $5ROENIT-& L
T DOTA % H\W\ 7z /Y 5[ /Y US2) 2555t « Ak L7z, $5RO 0 S @V iEc X 0 e
B NE S Av, SERSMIRNICEATE T, BELEDS RS CA-Il DX 572281 MY L CA
TA YA LIFEE L2 &3, Lipinski’s rule of five (471 500 Da i) & 0 & 2 511 5[84],
ERDKIENMER L1 $5KH 720 O CA-IX U H > RES, CA-IX Bifntts XL OMEAN I 5 2 55
BaAFHmST 2720, Ifliv LA RAARCT I REEERTHH[MN]UST HH L TER - #Hl L7,

WHBEERS I OMEBERE S D 528V T, HT-29 flAE0 CA-IX 8T MDA-MB-231 fifa & k.
@LT#%C%P:k#ﬁW§ﬂkm@mﬂ4Mo%:T\mmmiﬁfﬁ\Hm9ﬁi@MD%
MB-231 flifa% CA-IX ERHE L OMERBMEE L TERENH W, L, @FHBERE O
MDA-MB-231 #if@ 23T, @V CA-IX I FRD SN - 8 E0 H 5H[85], MDA-MB-231 #lifid % &
Tokk 2 7o AIIC IV T, BEERMIBOE IR L T CAIX OFBLENENT H LW IHRERH D |
AR B WEE TR IND Z LIk, MlEFMERRRREE L 720 . HIF-1 OFEB L 0ER
IZPED CALIX RENFHESND LEZ 5N TW5[86-88], MilaE O/ NREE & 52 2Tl 4 5 =
EIXREETH D720, MDA-MB-231 HIfEIZ 31T 5 CA-IXFBLEDO FBMEIZZ LW E3VE BTV
5[86] —Ji. BEFIZ L - TKEML SN HIF-1IC VHLMEA T 5 Z 12X v, HIF-1IES RS,
CA-IX DIRBUIIH S D, T DT, (REEFEREE TIX, KER{L STV 720 Y HIF-1 % VHL 135385k
T 52 ENTET, RCCA-VHL MEIZHB W TEW CAIX BEABHI SIS & B2 b b, LavL,
VAT Ry T 4T ORR, BEBRB L MMERBRRE S I8V TH, RCC4-VHL Fif
D CA-IX FELTIT & A EF8 D 72> > 72 (Figure 2-5A),

LA RAAKRLT I N, BHEAZGLARWT VAR LA T I RERERL T, FEFICH
CABURIMEZ RT Z LBRE SN TWDN[12], ZOFEEBRE LA A=Y 0 Z7HEFORE
BT 720071, 89, 90], Ko T, 2fi USIEEEAFED A A —2 0 ZHEAI L B LT, FERITm Y CA-IX
BRPEZ RT & E 22, FTHIO@EY . UL A AR T I RO 2 fi Min 51T 1 fHg& A & i L
T, invitro BEL W invivo EHHIZBWTH, FEFITHEV CA-IX BAIM: %R L 72(Figure 2-4B, C,
Figure 2-5B, C, Figure 2-6B, D), Z OfERIL, 2l Y F o ROBEANIZ LY | AT 2 BUFED W]
bl s IcBRT D EEZONTZ[6, 20, AR T I FEAA TS CAIX EMBES Y T 1A A
— VU TIHANTIEE S MR SN TE IR, TOIFE A EN HT-29 JEEISH L TRV EREZ R S22
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- 72(< 2% injected dose/g) [69, 70, 72,90-92], — 5 TiEH:, CA-IX % & < FBLT % SK-RC-52 JEEHIZ %}
LCHEFICEWERZ R LA A— D TIFINHE Si-[67, 75, LA L., SK-RC-52 HifaiZis
% CA-IX FELA . HT-29 e & ki U CIEFIZmW 2 & 23y T Y [93]. HT-29 35 L O SK-
RC-52 k3 2 AN Ot ERM B2 L35 Z LR TH D L E 2 b5, [MIn]JUS2 (34
514 FF#ZICB W T, BEfFD CA-IX A A — V0 Z3H & el L ¢, HT-29 IS4 2 9EH 1S
WEERE AR L7269, 70, 72, 90-92], LA EDORERZ LT, [MIn]US2 35 L OYY]US2 IZ22W\W T, CA-IX
DAERA A= 786 KO A OB RN CRENAREICR T 25 AMICE LT, B2 5%
1To7=,

BERONAET ) AT 40 7 ARFEROIZEALIT T /7R 2L LT, IEFICEVIRNZ
AR L7o[11, 48], F72. BEHERRPUARD . CA-IX ZHEM L LIZERA A —2 0 78 X OWARE
IR FHWB T E72[64-66, 94], LU, N6 ITMiEe EOEFMKIZB N T, HAICDHRZS
BEREMEE R TI20, A A=V 7 OBITROER/FERER b, NS O BRI IE & gk
T2 R O B SRR E & 72 5, D72, HL CAIX TR EZ HWTEEIEFA A=Y 7B &
ORIt E N AR IRECH LI EEx b TWD, — ., Ko ka®mTh D
[MIn/PYTUS2 13300 22 KN BN RE %2 7~k L (Figure 2-6D, Table 2-3, Table 2-4), in vitro 33 X (N in vivo |Z
BT, CAIX @ ZEBLMINE - JEEF 642 m W EERE IS K OVRr 34 4 7 L 7= (Figure 2-4C, Figure 2-5C,
Figure 2-6D), & 5|2, [MMInJUS2 (& in vitro B XL in vivo IZBW T, IFEFITEHWELEEEZ R LT
(Figure 2-7),

["MIn]US2 12 & % SPECT ICB W T, EF /L~ 7 2D CAIXARFHIEE D I1TIF & A EHdhES 2
TADBBRI S 2o Tc—77, [MInJUS2 13 5- BT, [F—~ o A D HT-29 )5 2 BRI L7z
(Figure 2-8B), F 7=, HT-29 [EFICI T HHURES 7 T /vid, CALEROBRGIZE VT L2 &

. ["MInJUS2 @ in vivo IZ331F 5 @\ CA FrEMED R S 417 (Figure 2-8C), L7>L. in vivo [HESE
BRCld, ERMARICRIT D HRES 7 T A OEE bRl bivTo, T, BRx 2RlEgs O M R R
IBWTHIHTLZERMBNTWD, D CAT A VWA A(CAIVA O L RIFFCHE S N2 &
[95]. BLOT & VT I ROFRERIZ LU [MInJUS2 DIENZEENZL L7 Z ENFRINTH D &
Ex b, . EAGAFEBRORERN G BIESCMiZe & OIE R fds & bk LT, g
DS REEERITIRS . TN DESRICBIT IR AEZHIRICA A=V 752 LITREETH D Z &N
TR ST, BICIIC T 2 mOEURRRERIX, oo CA 7 A VA AR E IS Ofifias oAl
KRBT LD THDH EE X f‘oa‘w‘:[%] L)L, EFESHFICEITD CA VI ROFEEYA
MU, BRI 28K 070 BWEOHEBIME CA VT RICK VST A M ab o RRE
FEST D2 & T, KOMRRIESEA A —V 0 T RERT 52 N TE D REMED, ITFRE ST
W5[67], 7=, [MInJUS2 O 5% D HT-29 35 L O MDA-MB-231 EEIZ 31T 5 i RESEFEIL CA-
IXDRFEE K< =& L7y, HT29 JEFICHV T, [MInJUS2 DEEFE & REE FR aEi & ORI OFEBIMEIT
Z Lo 7 (Figure 2-11), HT-29 M2 W CITIBHFEEE Th @V CA-IX BELHO b 2 &
7> 5 (Figure 2-4A), KEAZINLIL CA-IX OJFFE([ M InJUS2 DEFE) & —H L szt E 2 bz,
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—J7. MDA-MB-231 HflliZ3 T, B EEFREREE Tld CA-IX FBHUTIT & A 8L S T (Figure 2-
4A). CA-IX %‘éfﬁ([l“ln]Usz OERE) & AKFE R ILE WFEIENR 5 = & 23588 5 1u 7= (Figure 2-
11B), el X U el &7z MDA-MB-231 JEEIZH1T 51K CA-IX BT, VA ¥ T nr
VT 4 T DFfER & —E L 7= (Figure 2-6A),

[YTUS2 % FWW T U PERINL e BN HEEIC K 0 . FEIRIERE & bk L ¢, HT-29 MG O E XA
BACEIE L, X5, EEARMEENEIIBIN S /e ) - 72 (Figure 2-12), [PY]US2 OF¢ 513 HT-29 JiFl
WO 2 A B Lo (Figure 2-12C), MiK#EMEZITE A ETRI o ToDIR, SR MK 5
BN T 2720 TH D &% %2 b= (Figure 2-6D, Table 2-3, Table 2-4), L72>L. KN/ EBR
IZBWORSNZ Loz, Bk, I, H 722 & ORIt 2 B REEM L. 2 bl
FAEMES X T REMER S D, DAET L~ AR5 OY R A T2 RN
THENARIECET 2MEIC L D & ZOBIMERGUARITERS R 26 LT, [MnY]US2 &R
JEDEREE R LT, BhEE L OFIROMEER 2B SN /e -72096, 97], L - T, [PYJUS2 D
ZNOIEERICT T DE L, FRTEHETH D EE X BTz, [PY]US2 & 7o RN T
FAARIEIL, EFICBIT 2D CA-IX, AIBEEBEREIRAER L LTS, BRI LN M\ O
AR & L2 ATBIREMABDE DL Z IR, LSRR ERAT Z ENTE, B
K, HOWIHENSHEDLZENTELEEZELDND,

80



2.4. /NG

AREIZBWT, EREGORBEEIRICH BT D CAIX ZEN E LTENADET ) AT 47
AHEMELT, 2Miv LA FALKST I REFREELE L7201 Wn BEO VY $ERERE - &
L. MADT AT ) AT 47 ZAHIFEAIE Lol AN 21TV, DL FICl RS ER 25T,

() ["MIn]US2 i3 in vitro IZF\\ T CA-IX BB X4 D FrERAVRE & . B LN in vivo IZFB W T
CA-IX & 5 BUBEIG ek 2 Fr AR 2R LT,

(2) [MInJUS2 1 in vitro 33 KOV in vivo IZB W TEWEEMEEZ R LT,

(3) ["MIn]US2 Z V7= SPECT (2L V. in vivo IZB W T~ 7 AR D CA-IX &5 HAEE & K R )
OHBZIA A=V 7T D LB LT,

(4) CA-IX BRBUEBEBHTE T /L~ 7 ZZ[OY]US2 285 Lz L 2 A, FEIRIERE & bl L ¢, @
FREDHBRBIENRD HiL, & 512, EERMEHEEITBN S 2Tz,

PLEOFER LV, ["MInJUS2 B L UYIUS2 & Hv iz CAIX BERN AT A v T ) AT 4 7 AL,
BRI MR Z R T 2 & 720 < CAIX @FEBUES; D SPECT A A — ¥ 736 K OHURPERINL TN
REZREE T 52 LRI, LR TLEENRE WK S LT, BABREOMEBMLE
WOFEBUCHERT 2 & EZ LD,
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AWFFE T, @RS 2 IR & LI FEHRRGHI LY . CAAICRB T DMIMmE 7 I v A Fis LU
TEREG DRI SR I 51T & CA-IX ZAFRY & L7 BRI - 160 ] O A e e Jm S R D B % &2
TV, UUTICIE R 5 HE R A 1372,

1. RN OB CAA W2 FIRE L 75 CAA FERIUESEFIOBIICBI L Tk, £
T BMT IS RVT FefAT 5 Te $EREZHWT, 7 I v A NERIKIZRTT 2 2m%)
ROBET AT 272, 7 I v A FEERITHST 2 mWEIMERHE S TWD SBEIUBT % 1
F72UE 2 3 FEA LT P Te-Ham $ERZRXEE - B L. 7 X m A NEERITK T 5 BRI
LR L7z, 7 I mA FEERZ WG EERICBN T, 1 8RBV ICEENDT
e RUH Y REOHEMCHED, SBBEXUBTWTFHUCE W T, 7204 FEERICHT
DB RS 5 Z LB BN, ZORRERB L T, Tg2576 ~ 7 A f & fv iz
in vitro ARG |2 T, 1 Afli Tc-Ham &K & bbiig U C 2 4fli " Tc-Ham $5/8725, XK 0 BABRIZANAN
TIvA REHH L, DLEORRLY, 2 ME&RISEICE D7 I v A NEEERITKT 221
RN FERE S 4Tz,

2. APEHEMRIZHT D Em W BFE 2R L 72 [P"Te]SB2 38 L OP™Tc]BT2 22\ T, IEH~ 7 2% M
W RN BE S M BB 2T o7& 2 A, WTNOFKR S BE ITIRWINBI T4 R L7z, AD
IZFB T D ABEIMIEEIC, CAA IMMEICZNENILET D2 &b, BERMBITHEE
RIS To MR, HNIZHB W TEABETIX <, CAA IZX L TR IRMICHEET 52 &
DR STz, ETo. MEEAIEL CAA A TIRMGHAR ) A &2 V2 invitro ARG 12UV T, CAA
FERWIFE S 2R LTz, S BT, Tg2576 ¥~ 7 A%\ = ex vivo ARG IZEW T, BN IZIEE L
72T I mA RICKT 2R @ OB RRERE A R L, (KA R OFE R A KB LT CAA
DFH AR L, IMEET I a4 FIIHH L0 o7, U EOREREI Y 2 ffi “"Tc-Ham
FEIRIT CAA FFREHIA A =D U VIR LR 01GD 2 LAVRS L, BEOBEREME > 2 B A6
IREETE R A B L LTe TGS R A A=Y 0 TR BN E LT EERAI O BRSS (I
NThHhHZ EERM L,

3. P"Te-Ham $EARICFHBHI 72 BMARD AR A MHIT 5 2 L 2 HAYE LT, [P"Tc]BT2 & N-A F /L
B L72[®"Tc]MBT2 %325t - G L. CAA A A — T U J 3K & L TOREBERFEM 21T - 72,
[*"Tc]MBT2 OFEIZ I T, H—0 P Te RO AR BHER SN, S HIZ, v U AMEEITE
W, [P"Te]MBT2 (X[ Te]BT2 LV mWLEMZ R LTc, £72. [P"Tc]MBT2 IE[*"Tc]BT2 &
AR, BEERMBITE R RS 2o Tz, L L, ABREAPLERRR, Tg2576 ~ 7 AB IO
CAA BE Y &2 FH\N Tz invitro ARG OFEFR NS, N-AF LT HZ L2k, ABICH3 58
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FEDEIS 2 = L 2580 BT, BAEOREREY | ¥ Te-Ham SRS RIS, ~ 7 2
MAEICB T HREEL LT 2 v REEERICHT2HFIMEICBE L CEER%EEZH 2L %
R L7,

4. [ERMEGEOREBEREKICIIT 2 CAIX ZER E L7 VA ®T 2 A7 0 7 ZAHEAIOBRFEIZEE
LT, CAIX T 2 mWBIFERNSRE S TWD US & 2 45 A L7z 2 ffi Min/CY $&(K
(M YTUS2) 5%t - &k L, CA-IX 3B D SPECT A A — ¥ v 73 L OHESHERIN T
FNHBEICBT 58 AMEE2 R L=, ["In]JUS2 1 in vitro {235\ T CA-IX & 38 BRI %9
DERFRIFEA . BEWinvivo IZB W T CAIX HZEBUBEESIZ 59 5 FRREREEZ R L, DI
in vitro 3 X N in vivo IZB T B EWEEMEZ /R LTz, 72, [MIn]US2 % 7= SPECT 2LV |
CA-IX ERBUEEBEET L~ U AT G2, #RI»OHIRICA A= 7352 &
WP LT, #2V Tl [YJUS2 & CA-IX MR BUEGBEET L~ U ARG L& 2 A, HE
iR A RS 2 e AEREKE G L iR U, IERE S A RICEIE L, Lk
OFEE LV | ["MInJUS2 F X OTYIUS2 1, CA-IX ARy & L BERESE O miB 2 L OvE
WATREE THI LRI, DADET ) AT A 7 AZEHTHLZ xR LT,

DL b, ARAFFEIE CAA IZBIT 2MME T 2 A KB X OERER OIERZEERIC BT 5 CA-IX %

PR & U2 EHE 2T - TR A 22 2B MR E SR DB IR Z IO T b D TH Y | A1k,
Bz I RBIT T 22k L ORI T M A OB I A i R fE AR 2 b D LB 6D,
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