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IR, DAUERIZEBWT, [2Wi(diagnostics)] & 75 (therapeutics) | % —{KBYIZAT 5 B 7o =)k
W& T2 7 7 A7 1 7 A(theranostics)| 23EH SALTWD . FRIZ, HURPERALICH (radioisotope, RT) T
ﬁéﬂtﬁ%ﬁ%ﬂ%ﬁ“57/f?7/X747xi AREEMED @ v AR LT EE

G 2WT &, MR G ED R o #1° BRRAFIH L7 T A Y h—71RR A4 hbE2 2 L
T,WE#AEﬁ@%ﬁ IRELEWMT D2 V4T ) AT 4 7 AOFRBEIZANT, F SRR
IR DIEBEREIEO [ EABRBOMBE L 2> TV D, MIERICFEET 5T VT 2 v L aiigic
FEAERT 2707 2231 2 —(ALB)E,  HA D i o -6l & 4B & U2 DR 2 B S
52 Z07), ALBIZK DT VT I L OMAEREZRIM L2 FiGES,  HU A O IR
PR EICEHATH L EZEZX BN TWVAD > ZE TORE TIL, ALB 207 2 U PESAI L ALB
A 7RV SRR & O EI TN TE 2 L L, BT 0T I kAR ROBE
B HGHESEFIR T O BB 22 B REBN R LRI IR D TR 0 [P 7T I A & IR RSN
BEIERMEIZ DWW TIIRMRIA 22 SN S\, LTS o T, BREZR 0 T at ORESTITIE, HHESER o 7
NT UGG RNBIE O RTI R LI TH H. AR TIE, BREEROT VT I UREA
PE & ARNENRE & DRIMRMEA ZAANCEMI L, 77 I v & O EMERZFIH U7 B A B
PEIEA 2B T 2 Z L 2 B LT,

R ST A B A BEHUR (PSMA) RN AR S A DTRFRIER & L THEE SN TR 2 I 9487 ) AT
A4 7 ZAOFEGUTANT, ALB Z A3 2 PSMA BEAYGTHIEEREF OB LD b T\b. — T, ALB
LV EWT T I UG A T PSMA BEREPEREFNC B 2 2 i3 7e <, 77 < UREa T
ENESERMEIC BT D BRI O W TR L b e o TRV, 2 2 CTARIFE T, b MIET L
7 IV (HSA) L G REA EZTEAT D PSMA FERIBUR MESEAI ! In]In-PNT-DM-HSA Z8XFHL, Ok
NEIEEIC DWW T, ALB Z A4 A["In]In-PNT-DAl BLX O 7 L7 I UfEd 2=y hEHF S 20
[""In]In-PSMA-617 & LL#E L7=. PSMA SR BUBSEAHE T /L~ U 2 & FIW T RN BURRE/3A0 F2 B8R D
FE S, [MIn]In-PNT-DA1 OEEAEFEIE, [MIn]in-PNT-DM-HSA 3 X O["'In]In-PSMA-617 & kil LT
BEHZICHM L, ALBIC XD RHART V7 2 2 L OFAEVERD, PSMA LAY SEA] O NE 555

WCHRTHD Z EAURE NI,

FeWNT, T Y I — PSMA RIS TESER ORNBIREIZ 5 2 2 B Z RGET 5729
[""In]In-PNT-DA1 {Zxf L CKIEMET 2 VR D D-7 VX 2 U ER(D-Glu), FI2IIREMET 2 V8o 4-7
2 ATFNVEBFBAMBA)DWT I EEALZE /U o B — (" In]In-PNT-DA2-5) % %t L,
ZDOERNENIEZ FEAM L7=. HSA Z W=7 L7 I UG R LUV PSMA B BUEBSHHE T L~
U R % W RN B 0 A R OFER, £/ VI —IROT VT I AR X OWEE & B
BT DB RRERILIIRES AL, T /B2 Y o —& LT 1 DEAT5Z LT[ In]ln-PNT-
DAl DIRNENREA HIFIFTRE TH D Z L AR STz,

EHIT, BEOT I BRI —DE AN PSMA R EHESRR O RNEIEIC 5 2 5 IO

-1-



TR L7z, 7205, [MIn]In-PNT-DAI (2% L D-Glu 3 L T AMBA % A L 72 PSMA #2589 it P
A In]In-PNT-DA6/7 %Gt L, SHAEWFHIRHTZ1T>72. £ O#ER, ['In]In-PNT-DA6IL7 X
VR v — DB ANE Z il S 72 In]In-PNT-DA7 X°, Z AU E TIZEHM L 72 PSMA #2aY ik
AL R L CEWT L7 R A YRS JOMRIGIC T 2 IR ER R dhAE FTEAEA R L. Zhb
OFERLI Y, 2 EEOT R /%) o h— & LG ZREE CEATLHH Y > —Hiffic ko,
PSMA A e M 38K D IEBEAERE A ES R ATRE CTH 5 Z E AR ST,

Flo, AT TV 0Py RARRYE LT IBEPEREARN 95, H Y & 0 —HAf oIS T ErE 2 1k
HL7 ATV apsld, SERRAMIICENTERRREE T Zenmbh, 9415
AT 4 7 AR AUVERICET DENTHD.N FH v —HiliE AW T 7 v B i
I PESEAI  In]In-RGD-DAG6 13, #THLY o B —Heffi 2 O A WDSREBE S & ik L T 7 v~
T UREATER L OMESEEREE R L. CRODORRLY, 4T 27U onBs BRI O B
FIZBWTHHHY v — iR AR R S,

Uk, REFZEET AT 2 v & OMBNERZFIH U7 8 A AR BRI 355 0 B R AR 2 0D
HLOTHY, ZTNHOHIE, ABOT VAT AT 4 7 ADE B HRBIZANT THIK R
WERfTIbDOLEEZLND.

INEDOFERIZOWT, LLFIZERT 5.



Vada ol =

B 1E

AR ERIRIMAE R RS ER O 7L IIVEEHEEEEE LD
B R IEICRE 9 &5 @

de 5
=8

RINEARAS AUIE, 2022 AR B W THIERBEL S 247, SECRBMHIRE 505 o 285407
BV CTH 5.2 BTN ADIRIRIZIE, BUALEL THDHT A NAT O DEAEMAL T
Ko7 R R SERERR L & U GRIRE N TV DD L L, Z<DIERITT v Ka 7 ik
(P 2 R TR M R B G AT S R 2Y A(mCRPC)~ & #4T L, mCRPC & O A 77 AR o Hh g
EIX3~5FETHLZEPREL 2> TEY,” L0 RRIGRIEOMLNA R SN TWD . HILHR
FERAOBEHURE(PSMA)E, BISZIRS AAIEICEREIEEL L CTWAIREEY VX7 ETHY, TORB
BEIBRETHEPHET L2 2NN TS ZD7-®, PSMA (X mCRPC /5H#IZI 1T 50 275
R E LTHERESINLTWS.

TIFET AT 4 7 AT KD ENREEIRRINLIRDS ATRIR O EBUZ AT T, PSMA ARR R S8
DB BREANED TV D, TFE T PR TH S lu TR L 72 PSMA BERIRUSH M
A Lu]Lu-PSMA-617 73, PSMA Bt mCRPC (263 HHER 7 A Y b —FIREH L LTT A Y
18 b S SR (FDA SR [ 350 T (EMANWC KRR S v 7. L L, EEEREN 4 Thrno &
WCER T D IRERNEOREINHEL 2o THEY, T LOVRIERT AT ) AT 4 7 ADOEH]
(21%, PSMA KRR PERAI ORGEBIED & 570 5 M EREENR TN D.

EHOFBMIGEEZ, TAT I ERMICHEERT 27 VT I 08, X —(ALB)ZEA L
72 PSMA FERYHCPEZEAI[ M In]In-PNT-DA1 Z#5 L T 5.8 ["In]In-PNT-DAI (%, PSMA (Zx3 %
EERFR ALY T2 ), RI EAENLTH D 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid
(DOTA)#%EAK DOTADG, X TUYALB T % lysine-p-(iodophenyl)butyric acid (Lys-IPBA)7%> 5 &k &
NTW5. PSMA ERBUEBEBHT T L~ U R & AW BN BERE A EROFER, [M'In]In-PNT-
DAl OEFHZ I T 2 R R T HEFE(AUCEIE, ALB 24 720 [MIn]In-PSMA-617 & Ll L C
R&E ML, ALB OE AN PSMA TR BUR MERA O EGER N LICAMTH 5 Z LRSSk,
—JC, ALB LV bEWT VT X UREA M E T PSMA BERI R TESEANC B3 2 A IR v Tl
D, EHEERIO T VT I UREG M & EERNE & OBURMEIZOWTIEIRE I b M ST
WV, £ZT, ALBE VD bEWT LT I UREMEA AT 5 PSMARERIBURMESRAI S LT, 7T
UL HEREA ZR LT PSMA BRI PESEAI[ In]In-PNT-DM-HSA % 3%t L 72 (Figure 1-1).
[""In]In-PNT-DM-HSA i%, PSMA U 7 & R& A7 2 B PESEA In]In-PNT-DM & & b ijE 7 /L7 2
Y (HSA)Z A A S -EE RS, ["MIn]In-PNT-DM 13+~ LA 2 REEEZAEL, ~A 7L
MR £ 0 FA— VL EIEREEZEKRT H. HSA 1T 34 BB DOV AT A L OBRPIERED T



F =N EEEHTHZENALNTEY ¥ [ n]n-PNT-DM & BN AR 2 G S 2R ATRETH
5. AHFZE T, ['”In]In-PNT—DM & HSA & DO THARENHEREIEL SN TWND Z & RS
LI, AENICEET DRI HHFES 2B S E72."° ["MIn]In-PNT-DM-HSA DO{KNEIREIC
WWC, ALB %ﬁ?‘é[‘”lnnn-PNT—DAl BLOTNAVT I UG =y N EAH X720 [ n]In-PSMA-617
LR L, PSMA RERIBGHESERI O T V7 I UGG TE & IEGEFENE & O BRI A 7 L 72 (Figure 1-
1).
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Figure 1-1. Chemical structures of ['''In]In-PNT-DM-HSA, [''In]In-PNT-DA1, and ['"'In]In-PSMA-617. The
HSA structure was made with Molecular Operating Environment software (PDB ID: 1A06).%



1.1. BB &

ARAE - B

ARIEL, bR LA S, T 74 7 275K att, B8 L7 A4 v AR MEER a1t
b T30S, Angene international limited #1:, 35 JX OV BLD Pharmatech fE7>HREEA L7=. HE
SRR v~ 7T 7 ¢ —EEEICE, IIERASHREERETESRRE s e~ T TR
7 IN(EPCLC W-Prep 2XY; %A v 7 (2 9 —PiE): No.580D, 1 HE( E[E ERY): prep UV-254 W,
777y aralb s Z—: FR-260)Zf#H L, HI-FLASH COLUMN (F&i41: > U 4 %7V SiOH, HR7
—H A X 60 A, KifFE: 40 um, BT LY A XL £720% 2L)8 L OV INJECT COLUMN (FEHE44: Y
J7 L SiIOH, RT7 —H A X: 60 A, RiF£5: 40 um, BT LY A XM EIF L) RS L. BER
LR /551 (nuclear magnetic resonance spectroscopy, NMR)Z 1%, H AKE S5 INM-ECS400 %
M, TEIFAFATT o ENEEERE L LTELZ. =20y 7Y 73— EHil % s,
TEME d, ZERE t, Z2EEE m L. L7 b AT b— A 4 ABE BT (electron
ionization mass spectrometry, MS [ESI|) & 7238 11 A L 1b& 53 fi#REE 453 T (electron ionization high-
resolution mass spectrometry, HRMS [ESIZ 1%, EEEUWEFAASH M EEH s v~ 77 7 E &5
7 LCMS-2020 & D W EHRIK 7 v~ N7 7 7 4 —/E &0 A A2 b7 v FIRATRE R BRVE oA El
LCMS-IT-TOF Z# W72, ["InInCL I A AR A V7 4 Vv 7 AKX IVEEAL. 2-
(Phosphonomethyl)pentanedioic acid (2-PMPA)!Z Tocris Bioscience f: & W EA L7z, @ik s v~
27 7 4 —(high-performance liquid chromatography, HPLC) & 7= {39 X HEBR HPLC (2%, %A St E
FRUERTR LC-20AD %7213 LC-20AT ZfH L, HiHigs & U TSR SR 2~ 2 b
JURRHER SPD-20A & ANET B AT 4 VRSV F L— g U= A =2 —TCS-172
ZEMA L7z, HPLC i 7 A12lE, 5 74 7 A7 A& 45 Cosmosil 5Cis-AR-11 (4.6 mm L.D. x 150
mm F721% 10 mm L.D. x 250 mm) ¥ 7213 Tosoh Bioscience f1:f TSK gel G3000SWy. column (5 pm, 7.8
mm LD. x 300 mm)Z{EfH L7z, HBEEOREIZIL, 73— =/~ —15 Wallac WIZARD 2470 33
FUVALOKA S = U — A — 2 —1GC-7 & Wiz,

)

=N
2.5-Dioxopyrrolidin-1-yl 3-(2.5-dioxo-2.5-dihydro-1H-pyrrol-1-yl)propanoate (1)
L& 1%, 3-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-propionic acid % HIEBEUEHT, BEMICHE> TARLL

7=

tert-Butyl N°-(((9H-fluoren-9-yl)methoxy)carbonyl)-N’-diphenyl(p-tolyl)methyl)-L-lysinate (2)
L& 21X, N’-((9H-fluoren-9-yl)methoxy)carbonyl)-N’-(diphenyl(p-tolyl)methyl)-L-lysine % H{%& 5k
2, BERICHE-> CTERR L2




tert-Butyl N°-(diphenyl(p-tolyl)methyl)-L-lysinate (3)

LAY 2 (904 mg, 1.33 mmol)Z /K NN-2 A F /LA LT 2 F(DMF) (4 mL)B LY (1
mL)DIRAVEIRICEAR LT, SRS T S Rp sk L7 tk, ROBIKICEHMIAK GO mL) 2Nz, ~FH >/
e = 5 WA 9)(80/20, 50 mL) T 2 [l ETT - 72, AHEE % BOKRREE T B U 7 A CHIER% I L
ML, HonEE L~V /FRTFLQ080) AL T2 Vb A Lvrsa~ NI T T 4 —
THRL T, (LAY 3 ZILE 495 mg (81%) T4:7=. 'H NMR (400 MHz, CDCl3) § 7.53 (d, J = 7.6 Hz,
4H), 7.41 (d, J = 8.4 Hz, 2H), 7.26-7.22 (m, 4H), 7.13 (dd, J = 7.6, 7.2 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 3.29
(d, J=5.2 Hz, 1H), 2.44-2.13 (m, 6H), 1.51-1.46 (m, 17H). MS (ESI) m/z calcd for C3pH3N20,", 459.3 [M +
H]"; found, 459.1.

4.4'-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-1.4.7.10-tetraazacyclododecane-1.7-diyl)bis(5-(tert-butoxy)-5-

oxopentanoic acid) (4)

ba® 413, BERICUE> THRRR L2

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-(((:S)-1-(tert-butoxy)-6-((diphenyl(p-

toly)methyl)amino)-1-oxohexan-2-yl)amino)-1.5-dioxopentan-2-y1)-1.4.7.10-tetraazacyclododecan-1-y1)-5-

(tert-butoxy)-5-oxopentanoic acid (5)

it& % 4 (600 mg, 0.77 mmol) ® % /K DMF ¥ i (3 mL) {2, 1-((1-(cyano-2-ethoxy-2-oxo-

ethylideneaminooxy)dimethylaminomorpholino))uronium hexafluorophosphate (COMU) (329 mg, 0.77 mmol)
BLONN-VA Y7 )L=F L7 2 2 (DIPEA) (134 uL, 0.77 mmol) % 0°C THlz, Kiti% 0°C T
15 55 BHER L7z, T, EE 3 (179 mg, 0.39 mmol)D4E/K DMF ¥#%(338 L)% 0°C Tz 7=.
FIRICT 1 AR L%, RONRICHEMAK@0 mL) 2Nz, ~3FY o /Fig T F/LIRE9)(80/20, 40
mL)T 3 EfH AT o7, GHE 2 EKEEET MY U A THBZRBIERNE L, /JBonEEr 7 n
BRIV AL )= AV@T)EMHEE S5V v sa~ N7 o7 4 —THERLT, (kL& 5
Z L& 54 mg (12%) CTH%7=. HRMS (ESI) m/z caled for CssHiosNeOi3*, 1213.7740 [M + H]*; found,
1213.7738.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-(((:S)-1-(¢ert-butoxy)-6-(3-(2,5-dioxo-2,5-

dihydro-1H-pyrrol-1-yD)propanamido)-1-oxohexan-2-yl)amino)-1.5-dioxopentan-2-y1)-1.4.7.10-

tetraazacyclododecan-1-yl)-5-(tert-butoxy)-5-oxopentanoic acid (6)

LA 5 (54 mg, 0.044 mmol)% - U 7 /LA aFEER(TFAY bV A Y 7 a By Z /(TIPS)/Y 7 o a A
%/ (DCM) (2/3/95)DIRATRIE( mL)ICIAMR L7-. =i T 8 BEMHRE L%, WA BIERMEL, &
BT 7R A K DMF (350 uL)ICIAfE L7=. W T, {LE¥ 1(11.7 mg, 0.044 mmol) & +V =F /L7
< /(12.2 pL, 0.088 mmol)Z Az, =R T 15 R #E L7, SUSHE Z #FH HPLC [H,O/MeCN/TFA =
90/10/0.1 (0 min) to 40/60/0.1 (25 min), Cosmosil 5Ciz-AR-II, 10 mm I.D. x 250 mm, i & 4 mL/min] CH

-6-



L TIEAEY) 6 Z UL 12 mg (24%) THH7=. HRMS (ESI) m/z calcd for CssHosN7O16", 1108.6757 [M + H]';
found, 1108.6755.

PSMA Y 77> R(7)

PSMA U 5> R(DiX, BE#H %552 LT 2-chlorotrityl chloride resin (£ 57 £ : 1.3 mmol/g)(Z [& &4k
L 7= (8)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-((1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-
methylbutyl)amino)hexanoic acid 7> 5, EFHAKIEEZ AW TERKR LS

(((15)-1-Carboxy-5-((25)-2-((1R.45)-4-((4-carboxy-4-(7-(1-carboxy-4-(((S)-1-carboxy-5-(3-(2.5-diox0-2.5-

dihydro-1H-pyrrol-1-yDpropanamido)pentyl)amino)-4-oxobutyl)-4.10-bis(carboxymethyl)-1.4.7.10-

tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-carboxamido)-3-(naphthalen-2-

yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DM) (8)

&% 6 (11.8 mg, 0.011 mmol)D /K DMF ¥ %2 (300 uL)iZ, O-(1H-benzotriazol-1-yl)-N,N,N,N-
tetramethyluronium hexafluorophosphate (HBTU) (4.2 mg, 0.011 mmol)33 J UF DIPEA (5.8 uL, 0.033 mmol)
Mz iz, IREWEBIEICE T L2 7 (8.0 mg OFtAE, 0.010 mmol)iZHNz, =RIEIZT 14 B4R E
L7=. DMF (1 mL)% 3 [0 X" DCM (1 mL)% 2 [mlh1 z CHHIE 2 ¥ L7-1%, #tiE 2 B 22 Tt
L7=. =D, TFA/DCM (50/50)DIRAVAEBE(S00 pL)Z L, =R T 17 iR L=, &5h
TeBRIZDONWTT AT A Z W TRME L, 15672 5%iE % 1%+ HPLC [H.O/MeCN/TFA =
90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5C;s-AR-II, 10 mm L.D. x 250 mm, & 4 mL/min] C¥E L
LT, 1b&% 8 #ULE 1.6 mg (11%)TH7=. HRMS (ESI) m/z caled for CesHosN12024°", 733.3409 [M +
2H]**; found, 733.3407.

["In]In-PNT-DM (9)

1A% 8 (1.3 mg, 0.89 pmol) % H,O/MeCN/TFA (50/50/0.1)DIRETABE(300 pL) (2 s L=, ik
A >V AADEEKFI(6.1 mg, 28 pumol)Z M Z 7=, ISR ZSEIRIZT 2 B L%k, W
HPLC [H.O/MeCN/TFA =90/10/0.1 (0 min) to 50/50/0.1 (20 min), Cosmosil 5C;s-AR-II, 4.6 mm L.D. x 150
mm, Vi 1 mL/min] CHE L TLEW 9 ZILE 1.2 mg (86%) TH7=. HRMS (ESI) m/z caled for
CesHo1InN1,0247", 787.2660 [M — 2H]*; found, 787.2630.

G

[""In]InCl; ¥&%(9.6 MBq, 200 pL) & PNT-DM D ¥ X F /L A L7k % ¥ K(DMSO)RE (1 mg/mL, 2 pL)
% 2-(N-ENVKRY )= H 2 ALK CER(MES)FEE#R(0.1 M, pH 5.6, 200 pL)H CiEFIL, 90°C 12T 30
SR U 7=, |IBICHE L7-t&, SR % A0 HPLC [H,0/MeCN/TFA = 90/10/0.1 (0 min) to 20/80/0.1
(35 min), Cosmosil 5Cis-AR-II, 4.6 mm L.D. x 150 mm, Jit & 1 mL/min] CHH L 7=.



TIVT I A L IR

['"In]In-PSMA-617 1%, BE#HAZEIC L TR L= HSA OV ERfEE L H A /K (PBS) AR (4
mg/mL, 150 pL) % ['"'In]In-PNT-DM % 7213[""'In]In-PSMA-617 (37 kBq, 15 pL) L IR A L, Z VX FF
(GSH)DAFAE F(1 mM)E 72IXFEFAE T 37°C T 30 /oA > Fa— kL. JRATIKIZ 300 pL
PBS % M1 L 721, Merck Millipore ft847 X =227 /L  Z 0.5 mL (AFR53EI 453 & 30 kDa)Z FHVN T,
WRIR % 14000 xg C 30 syfEli Do L7, ORISR 7 4 V7 — 2 KRS, 200 xg C 3 4l
ODEELTz. BRORICELNET VT I UGSy, —BEH OELD TR BAVZIRKE Y, BT
TR 7 ¢ L HE —E DA BEE T y BT X =2 XY HIE L7Z. HSA I3 DA EE (%)
X, {(TNT I URERBI(T VT X 2 FES TG HIE IR 5+ 7 L 2 —Hi57) x 100} & L CRHA
L7z,

['"In]In-PNT-DM-HSA DA 5%

HSA @ PBS I&i%(40 mg/mL)%["'In]In-PNT-DM (4.1 MBq) £ {E& L, 37°C T 12 B§fflA v F = _X—
MLz, IREWKEZT I 2 U/0 87 0.5 mL (AP E 5 F & 30 kDa) 2 W T T /L7 < Ui AR
FEBREFROITECIVIRMEL, 77 I URGE %2 A X8R HPLC [PBS (pH 7.3), TSK gel
G3000SWir, 5 pm, 7.8 mm L.D. x 300 mm, ¥ 0.5 mL/min] THEL U 7=, (RPN BETRE /> A B8R D F i 12
mTC, K% oA OWEEE % GE Healthcare UK #:52 NanoVue Plus # FHVWCHIE L, HIE L
7ofE% HSA OENNAREB5700 Mlem ™) T3 Z Lic kv, BREZEOILEMIZE £ D HSA
(66.5 kDa) DL A 3R 6D 7.

AR AR EE A

PSMA [5Gt FAZARAS AMINE Td % LNCaP flifldds KO PSMA [P MRINZIR2S AR TH 5
PC-3 #ifl@i%, American Type Culture Collection ¥3 . TY DS Pharma Biomedical 1 & ¥V Z il Z1UiEA L 7-.
HIIPAEYE 1% (=Y ) VBXORA M7 h~A o)L FHEEL T 28R R MiEFBS) 10%% &1
T 5T AT A7 ERESFEHL Roswell Park Memorial Institute 1640 (RPMI 1640)55H#i7, 37°C, 5% _fig
LIRSS T CTRE& L 7.

EALZ)

BRI KR FE ER BB S OEKREST, TOREZET L TTo7. ddY RlEE~ D
2 $5 L OWEME BALB/c-nu/nu X — R~ ZAFAART AT L — RS L VIEA LT, Bl 12 I
/12 R OB Y A 7 VST CRE L, ek L KIZA BRI X 7o, (KNGS A FE8k ¢
I 5ET /L~ 7 AX, RPMI 1640 & Corning 15! Matrigel 2 1:1 TIEA L7212, LNCaP g5 x
10° cells/mouse) % ¥ <&, A Y 70T L 2%)MEE T, BALB/c-nu/nu X — R~ 7 A(ME, 5HEER)OH
MR TRAE 2 2 & TR L 7.



~ 7 AMSEE A v b e 2R

ddY R~ 7 A XV LI MiEE AR b - T g v xRS BD X7 4 F =
FEIEIZEI L, 1200 xg T 104 M 00 L 7%, EEZEIT 5 2 & cmiEE2 7. ['In]in-
PNT-DM-HSA (148 kBq) % 50% PBS & A~ 7 AMAE(150 uL) & {EFI L, 37°C T 24 KEfE] A v % =~ —
hL7=(m=3). IBRAREE 25H R L7-%%, 10uL ZERELL, Atto #R&#5 e-PAGEL HR % AU T
KB 2 S5 L 72 (FEPE: 20 mA, PkEHEEE 80 47). R\UMT, GE Healthcare UK L% Amersham
Typhoon Scanning System Z W CA— T VA7 77 4 —ZFh L, BEXKENZ LD oEES s
" AR DN R AR LTz,

LNCaP it L OVPC-3 flfa% 12 7 = /L7 L— k(4 x 10° cells/well)|IZFEFE L, 37°C, 5% _fefbix
SRERIE N2 T 48 IPMIFHE L7z, Biiia Rk L7ctk, 77 v A MEEH0.5% FBS & A RPMI 1640) (500
uL)C 2 [FIPEH L7=. i T, ["'In]In-PNT-DM-HSA (19 kBq)& &7 v & 1 K1 mL)Z& Nz,
37°C, 5% FRALIRFREREE IS C 1 BERIEHE L7z, FERRSARS A3 100 uM @ 2-PMPA ZiRIN9 % =
LIV LT HEARE LIsth, 7 ot FIESHI(S00 wL) T 2 ¥R L, 1 NOKBEE(LT b Y v
LIRVRIE(200 uL) % 2 (G100 2 CRIA & PR L7z, MBI O BRE % y 71 0 v & — CHIE L7214,
HIRRYAHR W DR & o 7X 7 TG I FE % Thermo Fisher Scientific #1:%4 BCA Protein Assay kit (2 2 ¥ Il & L 7=.

LNCaP JEERAEE T /L~ U A % VT RPN B BE 53 41 28R

[""In]In-PNT-DA1 (ZBE#H 2 2 E |2 L T8 L 7% [""'In]In-PNT-DM-HSA (115 kBgq, 0.43 mg of
protein), ['''In]In-PNT-DA1 (130 kBq) % 7=1&['"'In]In-PSMA-617 (115 kBq)® 10% =% / — /L& G £
FHKERR(100 L) & 1 B 3 VEOD LNCaP JEGARE T L~ U AR HIRE 0 &5 L. 54, 24,
BEO 48 FiEifgIc~ U 22 Bk L, Biltk, BeolEss KOz M Lz, S toEES
HEL, y I Z—Z2 RN THIBRERO S REZHIE LT-.

ot & AT

2 TOT —4H#%, GraphPad Prism (Version 6)F 72 1% Microsoft Excel z VN THENT L7z, —ohlE 5y
BB LT 2 —F — DL HEIMBRELMAEDLE THEELZIFMML, P <005 OLAICHEE
b L.



12. HEBLUER

TR ATERA IS K OFEHHE In BERRAR D5 ik

Scheme 1-1 [ZEEFRRTERA CTd 5 PNT-DM OS2 R~T. LEW 51X a LD 7T I 7 2 Fmoc
R, efiD7 X 7 AN MRSz O 02 MBEENTS, 4BEORISIZE Y G Liz. BERO
FHECHE> THA L PSMA U > FUEEY DTk L T, {bEW 5 #EM ETEAL, TFAICX
LG R L OWLARFESS 2 £ T PNT-DM ({b&# 8) &2 Ak Lz, &5, KIFIELDOA VY
L) (™Mn)E AT DA YT A (MInCL)Z A L C, ®Hind D IEMEM: In ik TH D
[*In]In-PNT-DM ({b-542 9) % &Rk L 7.
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Scheme 1-1. Synthetic routes of PNT-DM and nonradioactive In-labeled PNT-DM.

O, O,
"o D a 0 ﬁ?
_ = N,O N
™ ST
° 1

CO,tBu Q O b CO,tBu Q O
= B — o
Fmoc. v WN HN® WN
H H H
2 34

CO,tBu
CO,tBu
tBUO,G N/w CO,tBu c Q
Hozc/\z)\g\ NMcozH > Bu0g wa £o8 N R
HO,C N N W\/
"L K/N \) O COpBu O
CO,tBu couB 5 O
,tBu
4 CO,tBU
o
d tBUO,G fN CoMBu " \
- e HOZC/\)\N NWNW\/NWD
&N \) O  COytBu o o

CO,tBu 6

CO,H

H H
.)S\/\/Nfu e HO,C \A/Nfu \[ J H  HOC (NW CO,H
N N
N

o)
H H \
HN._O o] vy NH HN._O o oy N N N 7“?

Y 2 v W //\/Y Ww \"A/
HN j/\/coztBu HN Y\/COZH o) & O CO.H o] o

CO,tBu CO,H COzH
PSMAYH Y R (7) PNT-DM (8)

HO,C L (COZ O,

f 20N Wﬁuk@ HYﬁ\ Nw COy H H o \
- HN.__O o .
", N natjn3+ N//\/\”/
HNW COH 0 N Y m T 0
CO,H kcog

["@In]In-PNT-DM (9)
Reactions and reagents: (a) 1-Hydroxypyrrolidine-2,5-dione, N,N-Dicyclohexylcarbodiimide, DCM; (b)
Piperidine, DMF; (¢) 3, COMU, DIPEA, DMF; (d) (1) TFA/TIPS/DCM = 2/3/95; (2) 1, Triethylamine, DMF;
(e) (1) 6, HBTU, DIPEA, DMF; (2) TFA/DCM = 50/50; (f) InCls, H,O/MeCN/TFA = 50/50/0.1.
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E RN

Scheme 1-2 |2 PNT-DM & "In #5279, "Min 25, kAR %2 MES fEEK+ T
[""In]InCls & NEAG 2 Z L2 & 0 i L7=. ¥ HPLC 2 AW CTRERLAZ 17V, ["MIn]In-PNT-DM % Ji%
SHEFRIER 51%36 L OBEHEFRIRIEE 95%LL | T3 72 (Figure 1-2).

Scheme 1-2. Radiosynthesis of ['''In]In-PNT-DM.

-

H
HOzc \/\/N O.
["In]InCl, o \[OIAN/kO “ H N >
PNT-DM \,(\)\le o /\/j(
MES buffer Y " Wv T)(\/ (0]

(0.1 M, pH 5.6) HN COH O COpH

CO,H coy

['""In]in-PNT-DM

J ‘J‘——”/
0|5 10 15 20 25 30 35

Retention time (min)

Figure 1-2. HPLC chromatograms of radioactivity (red) and UV absorption (blue) for a mixture of [''""*In]In-
PNT-DM.

Intensity

TIVT X Ut IE R

[""In]In-PNT-DM 7% HSA & HHREAET 5 Z L 2R 2720, TA7 I UREGEERE
fTo7=. ["In]In-PNT-DM O 7 V7 2 UFEGE S OEIEIL 784%TH Y, ZOfEILZ GSH DU
(40.5%)Z £ 0 HEIZWAD L= (Figure 1-3). GSH 1355 FHICV AT A ViR EE2 AT 5 N U AATF R
ThHY, ~ATNVANKISIZED v A I MEGEE ARG EZRTHZ ERMbNTND Y KE

-12-




BAERA DG, [Mn]In-PNT-DM 23~v LA X FEE& HSA OF 4 — v & ORI THRAEREE LR TS Z
EMRIBENT-. F72, GSH 1F(E FIZBIT 5[ In]In-PNT-DM O 7 /L7 I UEG Iy OEIAL, [F
U PSMA U # > FZ2AT 5[ In]In-PSMA-617 @ GSH 1#4E T B L OHMFLEFICBIT 2707 2 fk
B OEE(FILEI 36.6%F LN 36.9%) & A% ThHh>7-. PSMA-617 DY I NHE&EIZT V7 2
N T LA FET LN RIBINTWD R Y Lz -> T, GSH 771E FiZH ) 5[ In]in-
PNT-DM @ HSA IZ4f T 55 E1EL, PSMA U W REN LIEHEEAERAICHRT 20D THDL LEX
bihvd.

= 100 B GSH(-)
C

g 801 B GSH(+)
©

&= 60 A

©

(-

3 40 -

Q

£ 20 - I
-

i®)

Z O . :

['"In]In-PNT-DM [""In]In-PSMA-617

Figure 1-3. Binding of ['"'In]In-PNT-DM and ['"'In]In-PSMA-617 to HSA with (red) or without (blue) GSH.

Data are expressed as the mean =+ standard deviation for three individual experiments. *P < 0.05.

['"In]In-PNT-DM-HSA D&%

Scheme 1-3 |Z['"'In]In-PNT-DM-HSA OA Bif% i %777, ['"'In]In-PNT-DM % HSA & 37°C T 12 I
A ¥ aX— L7k, A XPEBR HPLC ZH W =R A1T5 Z L2 LV, ["MIn]In-PNT-DM-
HSA % B EF AU 30%38 K OV EFHIRIES 95%LL | CH37- (Figure 1-4).
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Scheme 1-3. Radiosynthesis of ['''In]In-PNT-DM-HSA.

(CO 3

H
HSA HOZC \/\/Njh
[‘"In]ln-PNT—DM —

N
H
N 0 o JKO WN 1M1)p3+ NW \M/ ?
Phosphate \?/VC02H n Lo \“A/
k

CO,H

buffer HN

coy

["In]In-PNT-DM-HSA

Intensity

0 10 20 30
Retention time (min)

Figure 1-4. HPLC chromatograms of radioactivity (red) and UV absorption (blue) of ['''In]In-PNT-DM-HSA.

~ U AMSEE Ve A VB b a2 E R

~ U AMAEZE AT, ["Mn]in-PNT-DM-HSA D% &M % 7l L 7= (Figure 1-5). EXVKEN L O
— NIV F T T T 4= HNTON LTZE 25, ["MIn]In-PNT-DM-HSA %~ 7 A fi#EH 37°C T 24
REfH]A o F 2 _X— FLTH, ZONY FHREICZ(LITRD bR ofc. ZO/RKRLY, [Mn]n-
PNT-DM-HSA 73 L8012 380N T 24 BRI 22 EICAFAET D 2 L AR S T,

-14 -



24 h Intact kDa

250
150

100
75

e e . - . 20
ol

25

Figure 1-5. Autoradiogram of ['''In]In-PNT-DM-HSA after (24 h) and before (intact) incubation with mouse

plasma.

RS B TR

PSMA % %8819 % LNCaP fifid & (K581 PC-3 Mz AV C, ['MIn]In-PNT-DM-HSA @& PSMA
(%I 2 A A M & 2 L 7= (Figure 1-6). ['''In]In-PNT-DM-HSA (3 PC-3 fifid & Ebigg L C(0.36% Initial
dose/mg protein), LNCaP i (253 % @ W ifs &M 2 7~ L 72(1.0% Initial dose/mg protein). ¥ 7
['"'In]In-PNT-DM-HSA @ LNCaP Hif@lZxf 7" 5#54 1%, PSMA OFHLEHRITH % 2-PMPA % il &0
T 52 & TH B L712(0.27% Initial dose/mg protein). =AU 5 DOfEF2>5, [''In]In-PNT-DM-HSA
D PSMA Zxt9 % R ) e i G D R STz,

-15-



— B 2-PMPA (-)
X 1.2 -
e
Q (0.8 -
£
o 0.6 1
[72]
o)
© 0.4 1
©
T 0.2 - -
=0
LNCaP (PSMA(+ PC-3 (PSMA(—

Figure 1-6. Binding of ['''In]In-PNT-DM-HSA to LNCaP and PC-3 cells with (red) or without (blue) 2-PMPA.

Data are expressed as the mean = standard deviation for three individual experiments. *P < 0.05.

LNCaP EEAEE T /L~ U A % AT RN O RE /0 AT 928R

[""'In]In-PNT-DM-HSA, [""In]In-PNT-DA1, 35X O['"In]In-PSMA-617 OKNENEES LLEET 572
LNCaP ST T L~ U A % O T AR RE 7347 525k % 1T - 7= (Figure 1-7, Tables 1-1-1-3).
['"In]In-PNT-DM-HSA DIt RERITI S 4, 24, BLO 48 B ICBWT, TNEh 173,
6.1, 3L TX4.0% Injected dose (ID)/g T 7. ["In]In-PNT-DM-HSA [ZEE#H D "'In 5% HSA & [A
HoMmP 7 V7T 7 AR LTED, HSA 2T A [ In]In-PNT-DM O# A X, i -Hifii e I 8
AN LIRS, [Mn]in-PNT-DA1 O AU RER TS 4, 24, 6 LN 48 R4
BWT, TN 155, 8.1, BLU64%ID/g ThHh-o7z. —F T, [""In]In-PSMA-617 DIl 1 HcdfHE
£ (X[ In]In-PNT-DM-HSA £ X O['""'In]In-PNT-DAI &l L CRE K F L& 5 4, 24, BI O
48 B ICRB VT, 2N 0.12, 0.02, BXU0.02% ID/g). ZHHLDOMBRLY, 7LT7I0 D
FAEMFEMIZEY, PSMAFERIBU A O M g W L35 Z Eavrmesniz. 5248 LD
48 BBV T, [MIn]In-PNT-DM-HSA (6.1 38 X" 4.0% ID/g)lE, [''In]In-PNT-DA1 (8.1 8L
6.4% ID/g) X 0 HIEW\% ID/g DIEZ R L7=. ALB Toh 5 IPBA ZA T 53A)%, HSA LiARE%
FERE L 72 3840 & b U Tl B A R D 2 E3dE STl 0 I IPBA 2 3 5[ In]In-
PNT-DAI (%, IPBA ([CX D A[HRIRT VT I EOMAEMIZLY, mWilLfiiaEZ R R L7z E
ZHbND.
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B 5 4 BRI 1281 B[ In]In-PNT-DA1 E L O In]In-PSMA-617 D JEBERIL, T ZEh 2038
L 23.6% ID/g Tho7-. —F5 T, ["In]In-PNT-DM-HSA O 5. 4 B2 5 EEERIT,
['"'In]In-PNT-DA1 35 KX O'"'In]In-PSMA-617 & e L TR E KT L72(4.0% ID/g). 5 48 WEfHlth
2BV T, [""MIn]In-PNT-DM-HSA OEEEFEIT 19.2% ID/g (ZHEML, Z OfEX[" ' In]In-PSMA-617

(13.2% ID/g) L% Tdh -7=. [""In]In-PNT-DA1 T4 5 48 K% (28T, ["MIn]In-PNT-DM-
HSA 3 L O["'In]In-PSMA-617 & Hilg U CH B mWIEERE 4 7~ L72(80.0% ID/g). ALB #H 3 5%
R ESEANL, BRI T T VT I U BREE L7214, 2 AU EICTRET D ARI 5 11T f
BTDHEVIERNIEBEIN TS ZUHOHEND, ALB 8 A L7-['""In]In-PNT-DA1 I%, 7
NT I UNOIRHET D 2 & TGS T 2 BTN RFE S, ZO/RE, 77 I L AR
&R LT[ In]In-PNT-DM-HSA & g U CIEERMER M E L7 B2 6 b.

A B
30 - Blood 120 - Tumor
25 1 100 - {
o 20 1 o 80 1 —
2 15 - 2 60 - T ‘
X l X l *
10 - \'{ 40 -
5 7 20 7 l : 4'-
0 1 1 1 1 1 0 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
Time after injection (h) Time after injection (h)

—— ["In]In-PNT-DM-HSA ["In]In-PNT-DA1 —=— ["In]In-PSMA-617

Figure 1-7. Comparison of the radioactivity in the blood (A) and LNCaP tumor (B) at 4, 24, and 48 h
postinjection of [''In]In-PNT-DM-HSA, [""In]In-PNT-DA1, and ['"In]In-PSMA-617 into LNCaP tumor-

bearing mice. *P < 0.05.
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Table 1-1. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DM-HSA

into LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 48

Blood 17.3+7.4 6.1 +£0.27 4.0+1.7

Spleen 3.6+1.1 6.2 +0.58 6.6+2.9
Pancreas 1.7+ 0.49 32+0.54 2.6 £0.86
Stomach?® 0.34+0.23 0.46 +£0.19 0.35+0.14
Intestine 1.3+0.57 1.3+0.29 1.3+£0.11

Kidney 94+34 8.1+0.87 9.1+6.9
Liver 48+24 59+0.50 6.3 £0.69
Heart 51+2.1 3.0+ 0.61 3.2+0.50
Lung 69+1.3 5.3+0.09 4.4 £0.86
Brain 0.38+£0.16 0.15+0.03 0.11 £0.01

Tumor 4.0+0.39 4.4+0.49 19.2+3.8
Muscle 0.73£0.32 23+1.2 0.93+£0.24

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 1-2. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA1 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 48

Blood 155+54 8.1+£0.92 6.4+2.6

Spleen 8.1+5.7 94+35 6.5+3.1
Pancreas 1.9+ 0.62 1.8+0.23 1.2+0.36
Stomach® 0.67+0.52 0.33 £0.06 0.19 £ 0.06
Intestine 0.98 £0.23 0.89+0.29 0.60 £0.15
Kidney 22.1+£10.6 472+1.1 48.5+16.2
Liver 3.0+ 0.84 2.6 £0.65 22+0.77

Heart 32+£0.79 2.5+£0.27 22+1.1

Lung 6.6+14 6.5+1.6 59+24
Brain 0.29 +0.08 0.25+0.04 0.19+£0.07
Tumor 20.3+12.3 589+10.5 80.0+21.9
Muscle 0.98 £0.31 1.4+1.0 1.2+0.78

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 1-3. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PSMA-617 into

LNCaP tumor-bearing mice.

Time after injection (h)

Organ or tissue

4 24 48

Blood 0.12+0.03 0.02 +0.01 0.02 £0.01
Spleen 2.8+1.2 0.22+£0.06 0.14+£0.08
Pancreas 0.49 £ 0.26 0.10£0.02 0.04 £0.02
Stomach® 0.03 £0.01 0.02 £+ 0.00 0.01 £ 0.00
Intestine 0.28 £0.08 0.11 +0.10 0.06 £ 0.03

Kidney 160 =34 35+£2.1 2.1+2.7
Liver 0.37+0.01 0.17 £0.02 0.09 £ 0.02
Heart 0.19 +0.04 0.03 +0.01 0.03 £0.01
Lung 0.60 + 0.04 0.10 +£0.07 0.07 £0.05
Brain 0.07 £ 0.02 0.03 +0.02 0.01 £0.00

Tumor 23.6+14.5 10.7£5.1 13.2+8.3
Muscle 0.13 +£0.06 0.04 £0.03 0.09 £0.10

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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1.3. IME

AKRETIE, PSMA IR MR O T V7 I U REEVE & BEGEREE & OBRMEA T+ 5 2 & %
HEJE LT, HSA LILFHREG 2 TER L 72 PSMA AEAY B PEREAI[ M In]In-PNT-DM-HSA Z 85t « 5k
L7z. [""In]In-PNT-DM-HSA OENEEZ, ALB A3 5[''In]In-PNT-DA1 B LT V7 X VA
2=y M S 72 [ In]In-PSMA-617 & iz L7258, LI NOMANE LT,

(1) ["MIn]In-PNT-DM-HSA 3 X O['""In]In-PNT-DA1 %, ['""In]In-PSMA-617 & Ebifs U C i\ R eg
M ERLT.

(2) [MIn]In-PNT-DA1 OfFEHEFEIL, [MIn]In-PNT-DM-HSA 3 L O['"'In]In-PSMA-617 & bl L CH
BEIZHI U7z, F£72["In]In-PNT-DM-HSA O EEER L[ In]In-PSMA-617 & [R5 Th > 7.

PLEDFER LY, ALBIZX D[RR T V7 X & OFAEAER D, PSMA FERY B S D [E5
ERm EICARTHL Z RSz,
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$28
T2/ o h—H R R E M E R RRAI SRR A D
FERNEBREICEZHZEDIRAL

de 5
==

1 FZBWT, ALBIZ KA AW T LT 2 v OMAEMERD, ARSI HMEIER L
L C, PSMA AU OEGERMEDO M FICEATHL Z L aHbmE Lz, T2 TAE
TlX, ALB A7 5 PSMA FZHY i PESAI [ In]In-PNT-DA1 % J:#% & U, ALBIZ X 5 A[Wily72 7 v
TIVEDOHENENZBLEE D0 FREEITHOZLT, JVFRT ) AT 4 7 ADILRLA%)
PER)_EIZE 92 PSMA RRRY S MR OBAFE 2 H 45 L 72,

FHI~DV o —HANL, TOAMMEZEDLEIEDD L D ThH 2.7 MR OBHFIZ B0
Th, Vo —OFEAMENBRBICHELZ 525 Z ENRB IR TND 3 KRS, BHESRA O
ALBIZk U CTHRIEMED R D7 X /A Vo H— L LTEATLHI LT, ZOT LT I UHBEHE
FOMERWNENEZ ZLESE D 2 ERMESNTWD Y 20 ENS, [Mn]ln-PNT-DA1 @ ALB C
H5 Lys-IPBA |2, IRIRMORRZT7 I /e ) o hh—E L TEAT G, EF oA BrEom

\ZFHG54 5 L E 272, [Mn]In-PNT-DA1 X DOTADG & Lys 74k, 8 X8 Lys 75k & IPBA DI
FTNFENT I FHEEZ2EA L TV 5 (Figure 2-1). 2 DD7T X NEATEREMNAZFA+T 52T, 7
R BOEANAREL 72D, 2T, [MIn]In-PNT-DA1 ® DOTADG & Lys FA DR % X 7, Lys 7%
FEEIPBAORZ YL E LTHREL, TNEIUTKIEMET 2 VRO D-7 NV # I UFED-Glu), -0
NEYAMET 2 VB 4-7 3 ) AFNVEZEABFHRAMBA)ZEA LT- 4 fEOE /U v H — & In]ln-
PNT-DA2-5)% &%t L 7=(Figure 2-1). €/ U > —{ROT VT I VA L ARNENREIZBE 3 5 -0
L, 7 /Y H—Th b D-Glu £721% AMBA DE AL, PSMA FEAYIEHESRAI DR NEhfE
(52 DB e RE LT,
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o ‘/COZ' [""In]In-PNT-DA1
TV
HNHN:/VCOOZH \’(\/\N o NW m Y\/\Q\I

COy
V‘, TSI/ B UHh—DEA
/Y Uh—Ik

- rcoz- (["In]In-PNT-DA2-5)

HOzC \/\/N\H/\H/ko COZH
O O N "n3* N
IYV COM Y\/\ /\/W ml
CO,H COy
/ CO,H f CO,H
S o NG
H 5 o H
D-Glu D-Glu
X - v
fg\N N/LIQ
O (0]
\_ AMBA \_ AMBA
Compound X Y
[['In]In-PNT-DA1 - -
[[1In]In-PNT-DA2 D-Glu -
[M1In]In-PNT-DA3 AMBA -
[M1In]In-PNT-DA4 - D-Glu
[MIn]In-PNT-DAS5 - AMBA

Figure 2-1. Chemical structures of ['''In]In-PNT-DA1-5.
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2.1. RBRAE

B - pes

51 LA DR - i 2 L7z,

)

=40

tert-Butyl N°-(4-(4-iodophenyl)butanoyl)-L-lysinate (1)
{bEW 11, BERIZHE > TARRL L7272

tert-Butyl N*-((R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-(zert-butoxy)-5-oxopentanoyl)-N°-(4-(4-

iodophenyl)butanoyl)-L-lysinate (2)

(R)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-5-(fert-butoxy)-5-oxopentanoic acid monohydrate
(286 mg, 0.65 mmol) @ # K DMF ¥ #& (1 mL) (T, 1-ethyl-3-(dimethylaminopropyl)carbodiimide
hydrochloride (EDC-HCI) (171 mg, 0.90 mmol)33 £ O 3H-[1,2,3]triazolo[4,5-b]pyridine-3-ol (HOALt) (116
mg, 0.85 mmol)% 0°C THIZ, IJSHK%Z 0°C T 15 3R L. O TIEAEH 1 (200 mg, 0.42 mmol)
DK DMF FiE(1 mL)B LMY =F 07 2 2 (117 pL, 0.84 mmol)% 0°C THIZ 7=. =iRIZT1H
MEEE U 7%, DOSRICHEMIAKG0 mL)Z Mz, ~F0 »/FiE= T VIRAY(83/17, 30 mL) T 3 [al4h
HEiTo7o. AHE L KT b Y UL THEEBRBIERE L, GohRlE 7 ook h/A
Z ) —v(946) AL L 5 U h v s~ W 7T 7 4 —THE LT, L&Y 2 ZILE 146
mg (39%) C437-. 'H NMR (400 MHz, CDCl3) § 7.66 (d, J = 7.6 Hz, 2H), 7.50 (d, J = 6.8 Hz, 2H), 7.47 (d, J
= 8.4 Hz, 2H), 7.30 (dd, /= 7.6, 6.8 Hz, 2H), 7.21 (dd, J=17.6, 3.2 Hz, 2H), 6.80 (d, /= 8.0 Hz, 2H), 4.38-4.11
(m, 5H), 3.15-3.02 (m, 2H), 2.45 (t,J= 7.6 Hz, 2H), 2.36-2.20 (m, 3H), 2.03 (t, /= 7.6 Hz, 3H), 1.91-1.73 (m,
4H), 1.39-1.18 (m, 25H). MS (ESI) m/z calcd for C4sHs7IN3Os", 882.3 [M + H]"; found, 882.2.

tert-Butyl N°~((R)-2-amino-5-(fert-butoxy)-5-oxopentanoyl)-N’-(4-(4-iodophenyl)butanoyl)-L-lysinate (3)
{E&# 2 (165 mg, 0.19 mmol) % /K DMF (4 mL)E KONV 2 (1 mL)DIRATEIRICERfR L=,
FIRIC T 3 W L2, BOGNRICHBMIK40 mL) 2 Nz, ~3FY v /Eig T F LVIREY(83/17, 40
mL) T 3 [ AT o7, AiE 2 KR MY U A CHIEHEBIERME L, JohikiEz s
TRV AR ) — (BN T A U v e~ N7 T 7 4 —TRE.LT, (bLEW 3
%V 95 mg (77%) TH7=. "HNMR (400 MHz, CDCl3) 6 7.47 (d, J = 8.4 Hz, 2H), 6.83 (d, J= 8.0 Hz, 2H),
4.34-4.28 (m, 1H), 3.30-3.27 (m, 1H), 3.09-3.07 (m, 2H), 2.47 (t, J = 7.4 Hz, 2H), 2.29-2.19 (m, 2H), 2.06—
1.96 (m, 5H), 1.84—1.68 (m, 4H), 1.59-1.49 (m, 1H), 1.43—1.16 (m, 24H). MS (ESI) m/z calcd for Ca9Ha7IN3O5",

660.3 [M + H]"; found, 660.2.

tert-Butyl N°-(4-(aminomethyl)benzoyl)-N’-(4-(4-iodophenyl)butanoyl)-L-lysinate (4)
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4-(((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)methyl)benzoic acid (373 mg, 1.0 mmol)® #E7K DMF
(1.4 mL){Z, EDC-HCI (192 mg, 1.0 mmol)33 X 08 HOAt (136 mg, 1.0 mmol)% 0°C THlx., KR %
0°C T 15 M Lz, kW, (LA 1(237 mg, 0.5 mmol) D %E/K DMF IA#%(500 pL)B LNk U =
F 7 2 (139 pL, 1.0 mmol)Z 0°C THIX 7=, =R T 1 AR L%, KISEIZERKGB0 mL)
EINZ, ~FH /R T VIRAY(83/17,30 mL) T 3 [ 21T - 72, AHE 2 BoKREET LY v
L CHOBRBIHIERMGE L, BONEREE 7 nakR/L A/ A X ) —(94/6) R EEE 52 ) B 7
Nrmaw 7T 7 4 —THERBLT, BONTCHESZBERME L. RWT, R L 725y & #oK
DMF (2.4 mL)3 L OE Y 27 (600 L) DIRATRIRICEME L=, IR T 3R Lo tk, KOG
WZHEMIK(G0 mL)Z Nz, ~FH /W= T VIRE ¥ (83/17, 30 mL) T 3 Eiflit21T-7-. Ai¥E%
HEKRRERT R U o N CHIRBIRITEIRMG L, GONTEEE 7 aa kL b/ A% ) —(50/50) % il is
W27V BTSNV a~w NI 7 4 —THELT, L&YW 4 ZILE 60 mg (20%) THE7-.
'"H NMR (400 MHz, CDCl3) § 7.74 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 6.83
(d, J= 8.0 Hz, 2H), 4.62-4.60 (m, 1H), 3.85 (s, 2H), 3.17 (d, J = 6.4 Hz, 2H), 2.51-2.45 (m, 2H), 2.08-2.04 (m,
2H), 1.84-1.72 (m, 7H), 1.51-1.40 (m, 14H). MS (ESI) m/z calcd for CasHzoIN304", 608.2 [M + H]"; found,
608.2.

(R)-5-(tert-Butoxy)-2-(4-(4-iodophenyl)butanamido)-5-oxopentanoic acid (5)

1,1-Carbonyldiimidazole (CDI) (169 mg, 1.0 mmol) DK 7 ~ Z & Ku 7 »(THE)AIKE(S mL)IZ, 4-
(p-iodophenyl)butyric acid (290 mg, 1.0 mmol)% 0°C THI X 7=. K % SR T 3 BREfE#E L7214,
(S)-2-amino-5-(tert-butoxy)-5-oxopentanoic acid (212 mg, 1.0 mmol)® 1 N KE&{t.F b U 7 A /KIE (1 mL)
rpo D LAz, OGS Z 18 BHSHFE L, RO TRIERM L1z, 15 5 Vol vk /mER
T FVIREY(50/50, 10 mL)Z 1z, 0.2 NHEERKEEIEZ VT pH %2 4.5 IZFHHE U721, BEf—T /1
(20 mL) T 3 [mlfhi 24T o 72, A 2 BRI T & U 7 A THRREIERNE L, Sonicikibs s
naRL L/ AR =@ ERMHEREE T 5 U D5V ra~ N7 4 —TRBLT, (LAY
5 # & 163 mg (34%) TH37=. 'H NMR (400 MHz, CDCl3) 6 7.49 (d, J = 7.2 Hz, 2H), 6.84 (s, 2H), 2.48 (s,
2H), 2.15 (s, 4H), 1.82 (s, 3H), 1.34-1.16 (m, 13H). MS (ESI) m/z calcd for C19H2sINOs ", 474.1 [M — H]; found,
473.9.

tert-Butyl N>-(((9H-fluoren-9-yl)methoxy)carbonyl)-L-lysinate (6)
L& 6 1%, BEHRIZHES TARL L2

tert-Butyl N°-((R)-5-(tert-butoxy)-2-(4-(4-iodophenyl)butanamido)-5-oxopentanoyl)-L-lysinate (7)

{bA% 5 (152 mg, 0.32 mmol) DK DMF ##%(1.1 mL)IZ, COMU (137 mg, 0.32 mmol)F L () DIPEA
(56 pL, 0.32 mmol)% 0°C Tz, SJGHR%E 0°C T 15 R L. wWC, (LAY 6 (134 mg, 0.17
mmol)DME/K DMF & #2(320 pL)% 0°C CTHNZ 7=, ZiRIC T 1 HEHEE L%, ROSIRIZE#AKQR0
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mL)Z %, ~F Y 2 /EiR = T VIRG(80/20, 20 mL) T 3 [EiiH 21T~ 7=, AHEE & HKAiEE T b
U 7 L CHIBERIIERERNE L, S0 7-7%E 28K DMF 2.4 mL)B XY (600 uL)DIEATE
WRICER Uz, =RIRICC 4 RERIBRER L7214, BOSIRICHEMIAKGO mL) 2%, ~F 4 o /Fig—F /v
IA(80/20, 30 mL) T 3 i 21T o 7=, AHE 2 BKGER T F U U A CTHBRBIERME L, 55
IR Z 7 ma iRV LA 7 — 010 ettt e TV a5 ra~ N 7T 7 4 — TR
L7=#%, & 5IZiiFH HPLC [H,O/MeCN/TFA = 70/30/0.1 (0 min) to 10/90/0.1 (30 min), Cosmosil 5Cs-
AR-II, 10 mm I.D. x 250 mm, it & 4 mL/min] TR L T, L&Y 7 ZILE 43 mg (21%) T&7-. 'HNMR
(400 MHz, CDCls) 6 8.47 (s, 2H), 7.54 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 4.34 (d, J = 6.4 Hz, 2H),
3.86 (s, 1H), 3.35 (s, 1H), 3.04 (s, 1H), 2.51 (t, J = 7.6 Hz, 2H), 2.35-2.14 (m, 4H), 1.98-1.82 (m, 6H), 1.57—
1.22 (m, 23H). MS (ESI) m/z caled for CasHasIN3O6", 660.3 [M + H]'; found, 660.3.

4-((4-(4-lodophenyl)butanamido)methyl)benzoic acid (8)

CDI (327 mg, 2.0 mmol) D #E/K THF % (10 mL)(Z, 4-(p-iodophenyl)butyric acid (580 mg, 2.0 mmol) %
0°C THI A 7z. ISR & Z8imIZ C 3 REfi 4R L 72, 4-(aminomethyl)benzoic acid (302 mg, 2.0 mmol)
D 1 N KER{ET b Y T LKEHEQC mL)Zzp-> < 0 &Iz, SRS TRERIELIZ. RISRZ T 7 A
7 4 VZ—"TClEi L, THF Q0mL) THEF L7z, HFon/fkls B2 Tz S8, LEW 8 &
650 mg (77%) CTfF7=. "H NMR (400 MHz, MeOH-d4) J 7.90 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.0 Hz, 2H),
7.26 (d, J=8.0 Hz, 2H), 6.97 (d, J= 8.0 Hz, 2H), 4.37 (s, 2H), 3.31-3.23 (m, 2H), 2.58 (t, /= 7.6 Hz, 2H), 2.25
(t,J= 7.6 Hz, 2H), 1.95-1.88 (m, 2H). MS (ESI) m/z calcd for CisHsINOs", 424.0 [M + H]"; found, 423.8.

tert-Butyl N°-(4-((4-(4-iodophenyl)butanamido)methyl)benzoyl)-L-lysinate (9)

LA 8 (163 mg, 0.38 mmol)D /K DMF ¥&i%(2 mL)IZ, COMU (196 mg, 0.46 mmol)F L () DIPEA
(78 pL, 0.45 mmol)% 0°C THIz, BUNEZE 0°C T 153 L=, R\ T, L8 6 (82 mg, 0.19
mmol)% 0°C THIZ 7=, FIRITT 14 B L7214, KOSRICEHAKGBO mL)Z Mz, ~%H 2 /fE
fit 5 WA #)(80/20, 30 mL) T 3 [ AT~ 72, AHEE %2 BOKEREE T N U 7 A CHip s £
L, 55N 7-7# %2 /K DMF (3.2 mL)B XY 2800 pL)DIEA TR LTz, =RIEIZT
3EFMIBER L2, BROSIRICEBMKGOmL)Z X, ~F 3 /iR T VIR E9(80/20, 30 mL) C 3 [A]
M AE T 7. AHEZ KRR MY U A TR B ERGE L, Go/cEiEs 7 makiL b/
AH =@M EMEEEET2T7I /v VAV sa~w o7 4 —TCRERLT, LW 9 %
I & 53 mg (45%) T437=. "H NMR (400 MHz, CDCls) 6 7.65 (d, J = 6.8 Hz, 2H), 7.55 (d, J = 6.8 Hz, 2H),
7.23 (d, J = 4.8 Hz, 2H), 6.88 (d, J = 7.2 Hz, 2H), 4.40 (d, J = 5.6 Hz, 2H), 3.41 (t, J = 6.4 Hz, 2H), 2.56 (dd, J
=8.4,7.6 Hz, 2H), 2.19 (dd, J= 7.2, 6.8 Hz, 2H), 1.93 (dd, J = 7.6, 7.2 Hz, 3H), 1.76-1.58 (m, 4H), 1.53—-1.42
(m, 15H). MS (ESI) m/z caled for C2sH30IN304", 608.2 [M + H]'; found, 608.1.
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4.4'-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-1.4.7.10-tetraazacyclododecane-1.7-diyl)bis(5-(tert-butoxy)-5-

oxopentanoic acid) (10)

{bEM10 1%, F1FEEREEOFEICLY ARk L.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-((10R,135)-10-(3-(tert-butoxy)-3-oxopropyl)-13-(tert-

butoxycarbonyl)-22-(4-iodophenyl)-2.2-dimethyl-4.8.11.19-tetraoxo-3-o0xa-9.12.18-triazadocosan-5-y1)-

1.4.7,10-tetraazacyclododecan-1-yl)-5-(tert-butoxy)-5-oxopentanoic acid (11)

LA 10 (84 mg, 0.11 mmol) DK DMF ¥ (1.9 mL)iZ, COMU (50 mg, 0.12 mmol)F X (Y DIPEA
(40 uL, 0.23 mmol)% 0°C T Z, KtiiZ 0°C T 15 5B L=, W\, LAY 3 (24 mg, 0.036
mmol) D /K DMF ##i%(200 uL)% 0°C THZ 72, SRIRIC T 19 BEFEHEE L721%, SOSHRICHEHLAK(10
mL)Z 1%, HEER=F/L(10 mL)T 2 [ 21T o 72, AiE 2 BoKRRER T N U & A ok sl
fal, Soni-EEs s naRvb/ A% ) —V(T525)MEEEE LT VB Fnrsa~ 757
4 — TR LT, {bE&® 11 ZILE 27 mg (52%) CTH37=. HRMS (ESI) m/z caled for Ce7Hi14IN7O017°7,
707.8658 [M + 2H]*"; found, 707.8657.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-((4-(((:S)-1-(tert-butoxy)-6-(4-(4-

iodophenyl)butanamido)-1-oxohexan-2-yl)carbamoyl)benzyl)amino)-1.5-dioxopentan-2-y1)-1.4.7.10-

tetraazacyclododecan-1-yl)-5-(tert-butoxy)-5-oxopentanoic acid (12)

LA 4 (12 mg, 0.020 mmol)F L OMEAH 10 (46 mg, 0.060 mmol)Z VT, {LEW 11 & FEEEDOA
BIEIC L 0bEm 12 AL, IE 13 mg (47%) THF7=. HRMS (ESI) m/z caled for CesHioIN7015™,
681.8391 [M + 2H]*"; found, 681.8390.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-((10S,17R)-10-(tert-butoxycarbonyl)-17-(4-(4-

iodophenyl)butanamido)-2.2.22.22-tetramethyl-4.8.16.20-tetraoxo-3,21-dioxa-9, 1 5-diazatricosan-5-y1)-

1.4.7.10-tetraazacyclododecan-1-yl)-5-(¢ert-butoxy)-5-oxopentanoic acid (13)

LA 7 (40 mg, 0.061 mmol)F L OMEAH 10 (130 mg, 0.17 mmol)Z VT, (L&MW 11 & FEEDOA
BIEIC LA 13 AR L, ILE 21 mg (23%) THF7=. HRMS (ESI) m/z caled for CeH115IN7017,
1414.7238 [M + H]"; found, 1414.7283.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-(((:S)-1-(tert-butoxy)-6-(4-((4-(4-

iodophenyl)butanamido)methyl)benzamido)-1-oxohexan-2-yl)amino)-1.5-dioxopentan-2-y1)-1.4.7.10-

tetraazacyclododecan-1-yl)-5-(fert-butoxy)-5-oxopentanoic acid (14)

LAY 9 (20 mg, 0.033 mmol)F L OMEAH 10 (76 mg, 0.099 mmol)Z VT, {LEW 11 & FEEDOA
FIEIC L LA 14 A5 L, IE 18 mg (35%) CTHF7=. HRMS (ESI) m/z caled for CesHioIN7O15™,
681.8391 [M + 2H]*"; found, 681.8394.
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PSMA U # > F(15)
PSMA U 7> RULEM 15)E, FH 1 FEEFEREO B I Y Ak L7z,

(((1.8)-1-Carboxy-5-((25)-2-((1R.4S)-4-((4-carboxy-4-(7-(1-carboxy-4-(((R)-4-carboxy-1-(((S)-1-

carboxy-5-(4-(4-iodophenyl)butanamido)pentyl)amino)-1-oxobutan-2-yl)amino)-4-oxobutyl)-4.10-

bis(carboxymethyl)-1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-

carboxamido)-3-(naphthalen-2-yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DA2) (16)

LA 11 (73 mg, 0.052 mmol)D /K DMF 1A{%(500 pL)iZ, HBTU (51 mg, 0.13 mmol)F L () DIPEA
(35 pL, 0.20 mmo)Z NN R 7=. IBEW ZBINEIZEE(L L7 15 (36 mg DFHAE, 0.047 mmol)iZ%, =
IR CHIRE L7=. DMF (1 mL)% 3 [0lE X O DCM (1 mL)% 3 [alhn z CHRHiE 2 ¥eis L7-1%, #tis
HEZERCHME L=, Z D%, TFA/TIPS/H,0 (95/2.5/2.5)DIRAIREE( mL)Z N L, SBIRIZT22HF
MEEZ L7z, BONERICOVWTT A I HAZHWTEMEL, B on7-EE% 0 HPLC
[H,0/MeCN/TFA =90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5Cis-AR-II, 10 mm L.D. x 250 mm, it
B 4 mL/min] THR L T, {L&W 16 ZULE 54 mg (6.1%) THF7=. HRMS (ESI) m/z caled for
Cr6Hi07IN 120557, 1714.6515 [M]; found, 1714.6539.

(((1.8)-1-Carboxy-5-((28)-2-((1R.45)-4-((4-carboxy-4-(7-(1-carboxy-4-((4-(((S)-1-carboxy-5-(4-(4-

iodophenyl)butanamido)pentyl)carbamoyl)benzyl)amino)-4-oxobutyl)-4,10-bis(carboxymethyl)-

1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-carboxamido)-3-(naphthalen-2-

yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DA3) (17)

{EA% 12 (30 mg, 0.022 mmol)F L UMEAEW) 15 (40 mg DHEAE, 0.052 mmol) % VT, LAY 16 &
FEEDERIEIC L VLAY 17 ZE8K L, L& 1.5 mg (4.0%) T 7. HRMS (ESI) m/z caled for
C7oH100IN120237", 860.3387 [M + 2H]*"; found, 860.3378.

(((LS)-1-Carboxy-5-((25)-2-((1R.,45)-4-((4-carboxy-4-(7-(1-carboxy-4-(((S)-1-carboxy-5-((R)-4-

carboxy-2-(4-(4-iodophenyl)butanamido)butanamido)pentyl)amino)-4-oxobutyl)-4.10-

bis(carboxymethyl)-1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-

carboxamido)-3-(naphthalen-2-yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DA4) (18)

A% 13 (15 mg, 0.011 mmol)F X OMLEM 15 (11 mg DR, 0.014 mmol) & HWT, {LEW 16 &
RO ERRIEIC L VLS 18 ZAR L, INE 1.5 mg (7.9%) CTH3:7=. HRMS (ESI) m/z calcd for
Cr6H109IN12025%", 858.3336 [M + 2H]*"; found, 858.3331.

(((1.8)-1-Carboxy-5-((28)-2-((1R.45)-4-((4-carboxy-4-(7-(1-carboxy-4-(((S)-1-carboxy-5-(4-((4-(4-

iodophenyl)butanamido)methyl)benzamido)pentyl)amino)-4-oxobutyl)-4.10-bis(carboxymethyl)-
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1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-carboxamido)-3-(naphthalen-2-

yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DAS) (19)

LA 14 (18 mg, 0.013 mmol)F L UMEAW 15 (11 mg DS, 0.014 mmol) % VT, LAY 16 &
RO ERIEIC L VILED 19 & L, & 5.0 mg (20%) TH7=. HRMS (ESI) m/z caled for
C7oH100IN120257", 860.3387 [M + 2H]*"; found, 860.3391.

["*In]In-PNT-DA2 (20)

{LE¥ 16 (5.0 mg, 2.9 pmol) Z H,O/MeCN/TFA (50/50/0.1) DIEA A2 mL)Z %t U CIafig L7-1%,
HAbA v AU EAFI(3.0 mg, 14 pmol)Z N X 72, FOGHK 2 ZBIRIZ T 1 H IS Lo t%, Wi
HPLC [H,O/MeCN/TFA = 90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5Cs-AR-II, 10 mm I.D. x 250
mm, i 4 mL/min] THER L TEE 20 ZI0E 3.8 mg (71%) THF7=. HRMS (ESI) m/z calcd for
Cr6H106lInN120,5*, 914.2738 [M + 2H]*"; found, 914.2732.

["*In]In-PNT-DA3 (21)

{EA% 17 (1.0 mg, 0.57 pmol)33 L UM LA > ¥ v AN HEKFI#)(2.4 mg, 11 pmol)Z VT, bH
¥ 20 & FRIBROGHIEIZ L VLS 21 ZARE L, ILE 0.60 mg (60%) TfF7=. HRMS (ESI) m/z caled
for C76H1061InN 1,023, 916.2789 [M + 2H]*"; found, 916.2788.

["*In]In-PNT-DA4 (22)

{EA% 18 (1.3 mg, 0.76 pmol)33 L OMEAL A > ¥ v AN HEKFI#)(3.2 mg, 15 pmol)& VT, bH
)20 & FRIBROGRIEIZ L VEEY 22 ZAR L, ILE 0.80 mg (58%) CTfF7=. HRMS (ESI) m/z caled
for C76H1061InN12025%", 914.2738 [M + 2H]*"; found, 914.2738.

["*In]In-PNT-DAS5 (23)

LA 19 (1.0 mg, 0.57 umol)% H,O/MeCN/TFA (50/50/0.1)DIE-AERIE (1 mL)Z M S -1%,
{fbA > 2y AQ)BEEKFIZ(3.0 mg, 14 umol)Z M X 7. SO Z FIRIZ T 15 B L7=%, WA
HPLC [H,O/MeCN/TFA =90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5C;s-AR-II, 4.6 mm [.D. x 150
mm, Jii & 1 mL/min] CHE L T{EEY 23 ZILE 0.70 mg (65%) THF7=. MS (ESI) m/z caled for
Cr6H1061InN12023%", 916.3 [M + 2H]*"; found, 916.4.

G
[""In]InCL ##Z & PNT-DA2-5 ¢ DMSO R EE 12 £721% 13 uM) % MES #&fE#Z(0.1 M, pH 5.6)
TR L, 90°C 2T 30 fINEL L7z, SIRICKE L%, RS Z ¥4 HPLC [H.O/MeCN/TFA =
90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5Cig-AR-II, 4.6 mm L.D. x 150 mm, i & 1 mL/min] Tk
"Lz,
-20 .



Gy BRI

1-4 27 % ) —/(1.5 mL)B LU PBS (pH 7.4, 1.3 mL)2S A - 721 ILE 124 Mn Bk A D 10%= % /
—/V & A PBS ##K(200 pL, 111 kBq)Z Nz, 240 L < ###R U721, 4,000 xg T 5 5rfHE OB L
oo 1A 7 X2 7 —VEEIZIEPBS B HENEI 1 mL £721% 500 uL + ORIk 2 BB L71=1%, =i
ETNORHEEE v h o X —TRIEL, 1-4 7 ¥ /7 —/V/PBS (28T D HHED e b Bl iRz >k
o7z,

MR
F 1L FERROTIEIZ LV T 7.

RS & Ao D FEER

[""In]In-PNT-DAL i, &5 1 8L [FEEDHIEIC L VB L 7=, LNCaP Milfa% 12 7 = /L7 L— (2 x
10° cells/wel)\ZHEFE L, 37°C, 5% FR{biRFEBREE FIC T 48 BEMEHE L. HBizRE L%, 7
v A FHEEHI(500 pL)Z % T 4°C 12T 30 A3 HIEfE L7z, HeW\ T, SR 2RE DK Mn ik (1.8—
4.4 MBg/nmol, 0.39-100 £ 7213 200 nM) & & 12 7 & A FAEE MK (1 mL)Z %, 4°C 2T 1 Br#EE
L7z, FERFBRAFE ATV TIZ 100 pM D 2-PMPA Z ¥R 5 Z & T L7=. DARED EER BRI,
F1EERBROFIEIZ L VITo 72,

Ny

51 EEERRIS, WA - T L7, (KPS RE AT B TR 2 £ 7 /L~ 7 1%, RPMI 1640
& Matrigel % 1:1 TIREA L7722, LNCaP flifa(5 x 10° cells/mouse) & f&i S, A Y 7V T 2 (2%)
JFRIFE T, BALB/c-nu/nu X — R~ 7 A, 5 BEHOLEMIEICR TEMET 52 & TER L.
SPECT/CT TEA 3 %E7 /L~ AL, LNCaP Hifla(5 x 10° cells/mouse) % £ i IE 12 52 TRHE L 7= 3 i
f#12, RPMI 1640 & Matrigel % 1:1 TIREA L72FIRIC, PC-3 #ifa(5 x 10° cells/mouse) % ki S -,
AV TINT L Q%)REET, ZERIEICE TBAET S Z & TERL.

~ U RAMBEE WA VB b a2 E R

%1 EE RO FTIETHET ddY REEE~ 7 ZAHSROMAEQ200 F721F 250 pL)iZ, 45 "In FEEkA
(184-250 kBq)&x Iz, 37°C 2T 24 WffE]A > F =2 _X— K L7z(n=3). MeCN (350 uL)Z Nz J&F1 L 7=
%, 10,000 xg T 53 mBEL7-. BEEBIRLTa AEF A A7 4L ¥ —S (0.45 um, 4 mm) T
T U7=1%, WK% A HPLC Coft L7z, Stk & W —& L

TINT I SO PERTAM
[""In]In-PSMA-617 1%, %1 E L RO FIEC L VR L=, HSAIZXT DG HORMEIL, BEH
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THW LN IMEIEE A ZE 10 L THEM L7228 M In kD 10% =% /) — V&G A B R HEKE
#%(5.3 MBg/nmol, 50 kBq, 15 uL)% HSA @ PBS #&#%(0.3-3000 uM, 150 pL) & 37°C 12T 30 77l A > %
22— L7z, BETEWEIZ 300 pL @ PBS Z s L 7=, Merck Millipore fL# 7 I =271 K 0.5
mL (AP ISy 1 30 kDa)Z FIVNC, ¥ A 14000 xg T 30 43 [Hliat oy L7z, 350 (i~ «
VB — R RS, 200 xg T 3 AMELAHE L. FELZICELNET VT I UREATESy, —E
H O3 O TE DAL ISE A 7y, B L ONEH 7 1 L2 — @m%b%%h%ﬂyﬁﬁyg_mi@
HIE L=, HSA IZxT DA HRONE, (77 2 UREEEN(T VT 2 45 E 55+ E 45+
TEiE 7 ¢ L —E5y) x 100} & L CRHAE L7, HSAICKIT 2466 L HSA L U Y ROREkIC
xtLC7® > kL, GraphPad Prism (Version 6)% { ] L CIEHIEIET Hh#R(Hill slope, f Kt &AL
A 100%ICRE) BT 5 2 8T, B ER G BEZ R L. #EaMOT 7 I ATk
T D FAREY 7288 S (relative affinity)i, FLEPID BsofE & ['In]In-PNT-DA1 @ Bso fl & DL D%k
TR L7z

LNCaP [EFBAEE 7 /L~ U AT T D RN HURRES 11 ER

4 Mn £ 364(5.3 MBg/nmol, 115-152 kBq, 100 uL)® 10%= % / — /L& A7 A K IRIK 2 1 B3
P> LNCaP [EEBEET L~ U AZRFHIRE D 5 Lo, &5 4, 24, BLO 96 FffEHfE T~ U &
L, ik, HOOMEHRRS L OWEZRE Lz, SR BoE&ZHEL, vy by ¥ —%H
W TR O REZHIE L. KA omik, g, BIOEICBIT 5 AUC I, B
EESIVTWRWAERNGART — Z IS THRE LT,

SPECT/CT

["In]In-PNT-DA3 (1.8 MBQ)® 10% T % / — /L& AP EHKE (150 uL)% LNCaP ¥ L O PC-3
JEEmEBAEE T L~ 7 AZREIRE D 5 L7z, #&5 96 FFfE %12 TriFoil imaging -8 Triumph
combined PET/SPECT/CT systems % A\ T, BE# D J51E% 252 SPECT/CT #Rkf% %17 - 7-.% SPECT

BRI A Y 7 VT L Q%EREE T, RIS 35 mm, PR 70 B, A%k 32 ST, B 1.0
mm, EREHE7S mmov s FRm—nal A= —2H\TH#HRHE L. SPECT #, mwﬁﬁrémw
BB 270 pA)Z 1T o 72. SPECT O FET — X IZ DWW T, 3 K IL ordered subset expectation
maximization 72(8 subsets, 5 iterations)|Z & 2 B{R FHfET 21T > 72, 15 5472 SPECT/CT M4l
PMOD Technologies 1:# PMOD ~ 7 k 7 = 7" (Version 3.6) Tt L 7=.

AN LN

2 TOT —HX, GraphPad Prism (Version 6) % 7213 Microsoft Excel & VN CREHT L7=. —JohlE 5y
BB LT 2 —F—OLHUBHRELMAGOE THREEZFHMIL, P<0.05 OEAICHEZE
by L& L.
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22 FERBFUER

TR ATERA IS K OFEHHE In BERRAR D5 ik

Scheme 2-1 ([ZHEFERTERIA ToH 5 PNT-DA2-5 O ARG A4~ T . Lys-IPBAIZKLTT I /fgY >
H—%BHANLTALEY 3,4,7,91%, tert-Butyl N°-(4-(4-iodophenyl)butanoyl)-L-lysinate’ & 7= (% IPBA %
HREEE LT, afid7 X 7 B% Fmoc A TRFE LT X /B L OfiS RIS K OWIRGESUS &
RCAKR L. HMEEMITHONT, MAEISICEL LW VAR F T % tert-Butyl ester TIRGE L
7= DOTADG ({b&# 10) & OFEAISIZ L VLEW 11-14 AL, b Z[EHH T PSMA U
v RULE 15ITEA L=, RWT, TFA (2 X 2 BifiER L OWLR#ER S 2R T, PNT-DA2-5 ({k
B 16192157, X512, ™InCl #fEH LT, *Hitnd 2 3EEE In A2 A CTH 5 [™In]In-PNT-
DA2-5 ({b&#%) 20-23) & ARk L 7=.
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Scheme 2-1. Synthetic routes of PNT-DA2-5 and their nonradioactive In-labeled counterparts.
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Compound

X

1 D-Glu(OtBu) -
12 AMBA -
13 - D-Glu(OtBu)
14 - AMBA
PNT-DA2 (16) D-Glu -
PNT-DA3 (17) AMBA -
PNT-DA4 (18) - D-Glu
PNT-DA5 (19) - AMBA
["In]In-PNT-DA2 (20) D-Glu -
["In]In-PNT-DA3 (21) AMBA ;
["In]In-PNT-DA4 (22) ; b-Glu
["In]In-PNT-DA5 (23) ; AMBA

Reactions and conditions: (a) Fmoc-D-Glu(OtBu)-OH*-H,O, EDC-HCI, HOAt, Triethylamine, DMF; (b)
Piperidine, DMF; (¢) Fmoc-AMBA-OH, EDC-HCI, HOAt, TEA, DMF; (d) H-D-Glu(OtBu)-OH, CDI, 1 N
NaOH a.q., THF; (e) 6, COMU, DIPEA, DMF; (f) AMBA, CDI, 1 N NaOH a.q., THF; (g) 3 or 4 or 7 or 9,
COMU, DIPEA, DMF; (h) (1) 11-14, HBTU, DIPEA, DMF; (2) TFA/TIPS/H,O = 95/2.5/2.5; (i) InCl;,
H>O/MeCN/TFA = 50/50/0.1.

E RN

Scheme 2-2 |2 PNT-DA2-5 @ "'In £FalfRig 23, Win ki, ESRATERAZ MES #ZEiRH <
[""In]InCly EMNEANT 2 = L2 &0 FEhii L7z, W4 HPLC 2 WV TR 2170y, ["MIn]In-PNT-DA2-5 %
B IR 26-58% 46 K OV BRI 95%LL | T8 7= (Figure 2-2, Table 2-1).

Scheme 2-2. Radiosynthesis of ['''In]In-PNT-DA2-5.
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Figure 2-2. HPLC chromatograms of radioactivity (red) and UV absorption (blue) for a mixture of [''""*In]In-
PNT-DA2 (A), [ In]In-PNT-DA3 (B), [''""*In]In-PNT-DA4 (C), and [''"In]In-PNT-DAS5 (D).

SLHERI M D T

TR I — OBEAPMEE O BERERNEC G 2 DI OV TCEHMET 2720, £V U
—{R®D Log D74 EDORIE R L OUSEFIZBIT 2L EM®EFHMG L=, €/ U —{K®D Log D4 fHIZ
2.7 1H-34 ThHV, 7I B I —DEAPMLEMDOIREMEICHEL 525 Z LRI
(Table 2-1). 72, [""In]In-PNT-DA1 & RERIC® &/ U v —KiZ~ 7 2 fgEFIcBWT, 37°C T
24 IEfEIRGE % B 95% LA ERRE(LIR & U CTHF(E L7=(Figure2-3). ZHNUOLOFELED, 7I /@Y v
73— D NIE PSMA IR U PSR DO Z2 BT 58 % 5- 2 700 2 L DRI STz,
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Table 2-1. Radiochemical characteristics of ['''In]In-PNT-DA2-5.

Compound RCY (%)  RCP (%) Log D74*
['"'In]In-PNT-DA2 58 >95 -32+0.13
['"'In]In-PNT-DA3 58 >95 -3.1£0.03
['"'In]In-PNT-DA4 33 >95 -3.4+0.09
['"'In]In-PNT-DAS 26 >95 —-2.7+0.05

RCY: radiochemical yield, RCP: radiochemical purity. Log D74: distribution coefficients. *Data are expressed

as the mean + standard deviation for three individual experiments.

Intensity
Intensity

’
/
/

0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Intensity
Intensity

0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 2-3. Radiochromatograms of ['''In]In-PNT-DA2 (A), ['"'In]In-PNT-DA3 (B), ['"'In]In-PNT-DA4 (C),

and ['"'In]In-PNT-DAS5 (D) before (blue) or after (red) incubation in mouse plasma for 24 h.

A S & fin fn 26
TR —DE AN PSMA IZKTT DS ETEICE 2 5 BB A3l 5 7=, LNCaP iz H

VNI G A B D 528k & F20 L 72 (Figure 2-4, Table 2-2). &/ U > h—{K® LNCaP M %35 Ky
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1L 12.7-422 oM EEH &7z, 205 OfEIZIE[ ' In]In-PNT-DA1 @ Ky fE(8.4 nM) & il L THE
IO oNRrolc. DLEOFRERNG, 7 7B o —0E AL, PSMA ICXT HFEAEPEIZK
EREEEEZ N LR ENT. £/ Y U —KIE, [""In]In-PNT-DAI & [F££(Z DOTADG %
LT PSMA U7 RE ALB ZXHAICEAL, TRENNEMIHEEZ RET 2B EZH LT
WHB2ZD7-H, ALB TH D Lys-IPBA DITHZT 2 V) » 1—%EALTH, PSMA LZD Y
o REDMEERNCRERE B G2 o7 bZEZ b5,

A B C
150
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Figure 2-4. The specific binding of ['''In]In-PNT-DA1 (A), ['"'In]In-PNT-DA2 (B), ['"'In]In-PNT-DA3 (C),
['"'In]In-PNT-DA4 (D), and ['"'In]In-PNT-DAS5 (E) to LNCaP cells in the cell saturation binding assay.

Table 2-2. PSMA affinity of ['''In]In-PNT-DA1-5.

Compound K4 (nM)*
['"'In]In-PNT-DA1 84+22
['"In]In-PNT-DA2 422+50
['"'In]In-PNT-DA3 41.5+20
['"In]In-PNT-DA4 12.7+2.2
['"'In]In-PNT-DAS 15.8+3.3

*Data are expressed as the mean =+ standard deviation of three independent experiments.

TIVT I S AR
T U —DBEANT VT I UFEETEICE 2 2 B AT 5728, HSA ZHWi=T /17
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L UREEERZIT o7, ["M"In]In-PNT-DA1-5 35 X O In]In-PSMA-617 O T V7 I U FEE 41T,

HSA RO _EFITHENEENN L 7= (Figure 2-5). {LEMOT VT I UG Z T 5729, [Mn]ln-
PNT-DA1 DfEATEE 1.0 & L TR E L 7= relative affinity % % L 7-(Table 2-3). ALB %43 5[""In]In-
PNT-DA1-5 (%, ["In]In-PSMA-617 (0.03) & kb L T\ relative affinity %77 L(0.14-1.9), ALB D3
AIZ XY PSMA FERIBST A DT V7 X MR m L4 5 Z LavRE iz, XAZIZ D-Glu 24
F5[""'In]In-PNT-DA2 O relative affinity /£ 1.1 T&H Y, ["In]In-PNT-DA1 L [AETH-7=. —F, Y
ALIZ D-Glu 2 79 5[ In]In-PNT-DA4 O relative affinity (%, ['"'In]In-PNT-DA1 & bz L CRE KT
L72(0.14). AMBA %3 A L 72[""In]In-PNT-DA3 35 £ O[""'In]In-PNT-DAS O relative affinity (%, Zi1
Z14B L9 E[MI]In-PNT-DA1 LV i<, YHZIZ AMBA Z3E A L 72[""In]In-PNT-DAS I,

P LA OF TR LEWT VT I URAEE R LI, ThOORREY, 7I/®BY v h—0E&
ANZESTT VT I UFEEMEITEN L, FICYAIUZT I VBY U —%28A$5H5Z LT, ZO/E
PEMRE S BAbT 2D Z LR SN, IPBAIXZT VT 2 U ORYFEAENLOD 1 DT D site 11 IZHE
BTDHILENHOENTEY W PIPBAZSFHPICATHE Y I —KIZOWT b site IHIZHEA LT
Wb EZEZBND. Site I IZRT MG HEICIE, #ET 2L OMEERINREREEL L5 25
ZENHMLNTEDY T R A — DN L AEEZER, £V D—RKOT VT I Uk
AL RIE LT AREMER B 2 Db,

— 100 -
§ e~ ["1In]In-PNT-DA1
'*% 75 1 = [11n]in-PNT-DA2
;E - . —— ["In]In-PNT-DA3
3 — ['"In]In-PNT-DA4
%: o5 ["1In]In-PNT-DA5
E ~e~ [1"In]In-PSMA-617
< 9 - . : :

0 1 2 3 4 5

[HSA]-to-[ligand] ratio [log]

Figure 2-5. Albumin-binding curves of ['"'In]In-PNT-DA1-5 and ['''In]In-PSMA-617 using HSA. Data are

expressed as the mean =+ standard deviation of three independent experiments.
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Table 2-3. Relative affinity of ['''In]In-PNT-DA1-5 and ['''In]In-PSMA-617 for HSA.

Compound Relative affinity for HSA®
['"'In]In-PNT-DA1 1.0
['"'In]In-PNT-DA2 1.1
['"'In]In-PNT-DA3 1.4
['"'In]In-PNT-DA4 0.14
['"'In]In-PNT-DAS 1.9
['"'In]In-PSMA-617 0.03

“The affinity of ['"'In]In-PNT-DA1 was set to 1.0 as a reference.

LNCaP [EFBAEE 7 /L~ U AZI1T 2 RN BOH R/ A0 2R

T WY A —DE AN PSMA IR SR O RNENRBIZ 5- 2 2 B OV GRS S 720
LNCaP ST T L~ 7 A & T RN U RE 234 FE8R % 1T - 7= (Figure 2-6, Tables 2-4-2-9). %
5. 4 BERIZ BV T, [MIn]In-PNT-DA3 %< 2 TOEW T, M MEHERDOIEFRA B b
TRl L7 7 V7 2 KT 5 relative affinity ONEF & SE L7z, £, MiEH O AUCHE LS 4
REf % O M S RE R DNEF 2 KB Lz, TR OHO/RREY, 7I 8 I —DEANIZL- T,
BV H—ROT VT I UFEAWENREL L, ZADNMAFHAECRELZ 5252 LRI,
[""In]In-PNT-DA3 |%, £ > E F 228\ C["In]In-PNT-DA1 L ¥ & &\ relative affinity 27~ L72—7,
B 5 4 FE#% o i BE R IX[ " In]In-PNT-DA1 X 0 H &> 7=(FNZEH 6.7 B LT 15.5% ID/g).
Z Z°C, ["In]In-PNT-DA3 O (i e RIE, #5243 L OV96 RFfHIZ ICIXZ N E 4 6.9 35 L 1V4.3%
ID/g &7ao7=. ZHHOFEIE, [MIn]In-PNT-DA3 MM EMEA2A L, Mz iEE+5 &
W) ALB ODHEREZ A L TWVWDH Z EZRLTWND.

[""In]In-PNT-DA4 LIS DE 2 U o 1 —K1E, $5 4 K]tk & bl LT 24 38 L0 96 e I2361T
LIRS NN L, Z OEAIE[ M In]In-PNT-DA1 OEEEROHME —F L=, %5 4 %I
B 5[ In]In-PNT-DA4 O EHEEFRE(17.5% ID/g)iE, ["'In]In-PNT-DA1 (20.3% ID/g) & [F1%% T > 7273,
B (2P LBES 24 38 KLUV 96 L IZIXZNEN 175 B8 KXWV 12.1% ID/g & 72 o7z, ZOREE, IE
BT B[ In]In-PNT-DA4 @ AUC E(991% ID/g-h)i%, ['"'In]In-PNT-DA1 (3596% ID/g-h) & ki L
TREKETF L. ["MIn]In-PNT-DA4 A DE /U > B —{EOIEEIZ 1T 5D AUC fEI1E[" In]In-PNT-
DAl @ AUC &L A4 TH Y, D-Glu £721% AMBA DE AL, PSMA AU A O fEHERE D
BEIMC R & 2B A 5.2 720 2 LR &7z, [MIn]In-PNT-DA4 OfEEICI 1T 5 AUC a5 In]In-
PNT-DA1 &bl L TR F L2 ZRE & LT, M1z 5[ In]in-PNT-DA4 @ AUC fEA "' In]In-
PNT-DA1 £V $BHEI(E S, MK ORER 7 VT 7 2280, BGOSR EN T 5
N FREMENE Z B b.
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EFAAED 5 B, BEEWITBIRICE b BFICEM L. [Mn]n-PNT-DA2 3 X U In]In-PNT-
DASIX, #524FFHBZICE O THEIBERIRNMELZ RL, £REN 69938 K 1034.6%ID/g THY,
ZAUE[MIn]In-PNT-DA1 OB J&REROHES & —FK L7-. Blgick T 5 AUC i, ["MIn]in-PNT-DA2
2% 3374% ID/g-h TH Y, [MIn]In-PNT-DA1 (2377% ID/g-h)® 1.4 %~ L7-. XA, ["MIn]ln-
PNT-DAS5 @& figi AUCEIL 1650% ID/g-h TH Y, [In]In-PNT-DA1 D 0.69 5 T >7=. ['"'In]In-PNT-
DA4 (X, &2TDOHA LKA Y MIBWTibmWBEEREZ R L, Bl& AUCTLD 5419% ID/g-h &,
ML AT TR R TH 72, Zucxt L, [MIn]In-PNT-DA3 (%, £ TOX A LR A v FTHRHIK
WV EEE R R L OV AUC fH(649% ID/g-h) & /R LTz, ZHHDFERIE, D-Glu DEAIZLVE U h
—ROBWERDEINT 27T, AMBA OB NIFBEMAIER TSI T LarmmeLTnD. B
i AUC fEi%, ik AUC B & WiAEBE T~ M AR i, ZAUX ALBIC K577 I v & DA
TERIZ X DAL S ORERIRIER AP SN2 EEZEZ N4 U XY, T B > h—0
BACEDE )V U A—ROT VT I REAMENRZENL, TS TBIRER L LT &N
RN

A 25 - B 200 -
Tumor
20 - 150 -
o2 15 1 o
a A 100 1
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Figure 2-6. Comparison of radioactivity in the blood (A), LNCaP tumor (B), and kidney (C) at 4, 24, and 96 h
postinjection of ['''In]In-PNT-DA1-5 into LNCaP tumor-bearing mice.
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Table 2-4. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DAI1 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96

Blood 155+54 8.1+£0.92 24+19

Spleen 8.1+5.7 94+35 43+1.1
Pancreas 1.9+ 0.62 1.8+0.23 1.1+£0.56
Stomach® 0.67£0.52 0.33 £0.06 0.17+0.03
Intestine 0.98+0.23 0.89+£0.29 0.46+0.13
Kidney 22.1+£10.6 472+1.1 31.8£13.3
Liver 3.0+ 0.84 2.6 £0.65 1.7+ 0.66
Heart 32+£0.79 2.5+£0.27 1.5+0.38
Lung 6.6+14 6.5+1.6 4.0 +0.50
Brain 0.29 £ 0.08 0.25+0.04 0.17+£0.10
Tumor 20.3+123 58.9+10.5 93.0 £ 66.4
Muscle 0.98 +£0.31 1.4+1.0 0.65+0.14

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID. Data were reproduced from Chapter 1.
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Table 2-5. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA2 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96

Blood 16.0+1.7 85+22 1.5+£0.56

Spleen 25.0+7.6 20.0+1.0 43+1.8
Pancreas 2.4+0.90 1.9+0.36 0.45+0.13
Stomach® 0.39 £ 0.06 0.34+0.08 0.17+0.10
Intestine 0.86 +0.22 1.2+0.34 042+0.16

Kidney 40.7+17.2 69.9+5.6 29.3+9.8
Liver 2.5+0.69 2.5+0.48 1.0£0.25
Heart 37£1.8 22+0.22 0.73 £0.23
Lung 8.0+1.5 6.5+2.1 1.4+0.32
Brain 0.25+0.09 0.21 £0.04 0.07 £0.03
Tumor 25.0+6.9 84.3 £36.7 54.9+20.1
Muscle 1.6 £0.50 22+0.89 0.50+0.16

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 2-6. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA3 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96
Blood 6.7+1.7 69+33 43+13
Spleen 3.4+0.82 39+£1.5 35€1.9
Pancreas 0.68 £0.10 0.81+0.25 0.75+0.33
Stomach® 0.16 £ 0.01 0.21 +£0.08 0.19+0.13
Intestine 0.50+0.16 0.76 £ 0.42 0.67+0.31
Kidney 72+2.0 12.1+4.2 10.0+4.3
Liver 1.0+ 0.39 22+0.95 23+0.67
Heart 0.89 £0.24 1.7+0.79 1.4+0.67
Lung 23+1.0 34+1.7 30£14
Brain 0.11 £0.07 0.16 £0.07 0.16 £0.10
Tumor 49+2.0 31.7+ 114 120 £ 61
Muscle 0.38+0.14 0.59+0.28 0.49 +0.33

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 2-7. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA4 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96

Blood 0.90+0.16 0.17 £0.04 0.03 £0.01

Spleen 33.6+3.1 15.7+£2.6 4114
Pancreas 1.2+ 0.40 0.64 +£0.49 0.24 £0.24
Stomach® 0.16 £ 0.04 0.06 £ 0.02 0.04 £0.01
Intestine 0.39+0.03 0.15+0.04 0.08 £ 0.04

Kidney 109 £ 20 94.4+14.3 57.3+4.1
Liver 0.61+0.15 0.30+0.05 0.24 £ 0.04
Heart 0.57+0.29 0.30+0.07 0.13+0.12
Lung 2.5+0.77 0.86 £0.26 0.45 +£0.08
Brain 0.03 +0.01 0.01 £0.01 0.01 £0.01
Tumor 17.5+7.1 17.5+3.9 12.1+0.78
Muscle 0.34+0.13 0.36+0.33 0.18+0.18

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 2-8. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DAS into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96
Blood 20.7+£2.7 132+1.7 4.4 +0.84
Spleen 13.3+3.6 14.0 +4.6 8.5+4.8
Pancreas 4.1+0.73 2.8+0.78 32+£0.95
Stomach® 0.36 £ 0.04 0.34+0.08 0.33 £0.04
Intestine 1.7+0.27 1.5+0.34 1.2+0.64
Kidney 20.7+3.2 346+£2.2 12.6 £2.8
Liver 59+0.55 48+2.5 49+13
Heart 6.5+0.88 4.1+£0.81 2.2+0.83
Lung 10.4+0.84 7.7+1.5 49+14
Brain 0.55+0.13 0.44£0.31 0.49 £0.34
Tumor 214+6.0 52.0+6.5 94.6 £30.9
Muscle 1.6 £0.61 1.6 £0.26 0.78 £0.29

Data are expressed as % ID/g. Each value represents the mean + standard deviation for three mice. *Data are

expressed as % ID.
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Table 2-9. AUC values (% ID/g-h) of ['"'In]In-PNT-DA 1-5 based on non-decay-corrected biodistribution data.

AUC value (% ID/g-h)

Compound
Blood Tumor Kidney
['"'In]In-PNT-DA1 701 3596 2377
['"'In]In-PNT-DA2 709 4053 3374
['"'In]In-PNT-DA3 583 2802 649
['"'In]In-PNT-DA4 217 991 5419
[""In]In-PNT-DAS 972 3383 1650

b DIENENEZ LT 5726, PSMA ARRYBURMERFR| O ENERERH I OfEIE & L THWH
% JEE/ L Eb 3 I OV /FE g b %2 2% 450 AUC I Fe ST L 7= (Table 2-10). &5/ g ke D JIE
FRig, Mg AUC fEDNEFC BT 223580 by, Mt £ 2 2 & TS/ ik s
RT3 2 A REMEARIE S iz, BV MR AUC fE % 7k L72[""In]In-PNT-DA4 /%, ["'In]In-PNT-
DA1 & b LR RS/ MR kb 2 7R L(ZE N 4.6 BEOV5.1), ZAUE["In]In-PNT-DA4 232
WTIRWIHEMEZ R LD EE X b5, GBI IZ oW TiE, [Mn]in-PNT-DA3 35 L O°
[""In]In-PNT-DAS NZNZEi 43 B L 2.1 &, [MIn]In-PNT-DAI1 (1.5) & bbi#g L CEVMEZE R L7z,
—77, ["MIn]In-PNT-DA2 3 L UM In]In-PNT-DA4 1%, ZNE4 128 L7000.18 &, [MIn]In-PNT-DAI1
L0 HIRVERE/ L Z R Ls. SO ORERIE, 7 B U —OEAIZ LY PSMA FERHUH
PESERN OIEE /LA Z(L L, FRZ AMBA OF AT X - TS/ gL M B35 2 & 2R
W5, ["MIn]In-PNT-DA3 1Z['""In]In-PNT-DA5 £ Y & & W EE/ B gL 2 7 L7223, [”‘In]ln-PNT-DAs
X[ In]In-PNT-DA3 & LLiE L CTREWT LT I UfEEME A 7R L(Table 2-3), FEE/ Bl D2 b & 7 v
72 UAEAMEOMICIZAEBEBR AR bl o7, ZOFRIKE LT, ["MIn]In-PNT-DAS OJEEL
S DOIEERIRAFRIZ BT, 2TOH A LR A > FT["MIn]In-PNT-DA3 LV L EWEREER LT L
23281 5 40 % (Tables 2-6 and 2-8). [''In]In-PNT-DA5 1%, [""In]In-PNT-DA3 & H#k U T RN %
BT HIED, Log DiaEOENE VB E 5T 5 (Table 2-1). 2O Z &35, [Mn]In-PNT-
DAS5 [ZEVIEEPEIZ 10 FEERIHERR 63 2 FERF RAOSERR DN N U 7228, IS~ O U RE S &
DI LT Al BB Z X B D.

- 46 -



Table 2-10. AUC value ratios of ['''In]In-PNT-DA1-5 based on non-decay-corrected biodistribution data.

AUC value ratios

Compound
Tumor/blood Tumor/kidney
['"In]In-PNT-DA1 5.1 1.5
['"'In]In-PNT-DA2 5.7 1.2
['"'In]In-PNT-DA3 4.8 4.3
['"In]In-PNT-DA4 4.6 0.18
['"'In]In-PNT-DAS 3.5 2.1
SPECT/CT

e b OIS/ R b A L 72 In]In-PNT-DA3 (2O T, LNCaP &5 35 L OV PSMA (R BEE T
& 5 PC-3 & Wifshi L7=E7 L~ 7 A% W T SPECT/CT #f4 2 £l L, 1 > ERICBTSLHH
P % 27l L 72 (Figure 2-7). < OFEE, [MIn]In-PNT-DA3 (34 5- 96 Hi[E1#% (2 LNCaP 5 % B (1
HL7=—75, PC-3HECEE & DM OMERRICB O CTHEERERBIIRO SN hoT-. Z ORI,
["In]In-PNT-DA3 7% PSMA =2 BUEE 2 RN FTRE Ch 5 Z & 2R L TEBY, KIbEawo 1 v
ERICBIT DA REN RSN

High
-

MIP

Low

 neor PC-3 Kidney

Figure 2-7. Maximum intensity projection (MIP) SPECT/CT image of an LNCaP and PC-3 tumor-bearing
mouse obtained at 96 h postinjection using ['''In]In-PNT-DA3. Red arrow: the LNCaP tumor; green arrow: the

PC-3 tumor; orange circle: the kidney.
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2.3. IME

ARETIE, 7I /Y I —0FADN ALB #FH 7 5 PSMA FERIHUERTEZEAI[ ' In]In-PNT-DA1 @
RKNENEIC G 2 D BAMIET 2 Z 2 HBE LT, [""In]In-PNT-DA1 (2% LT D-Glu £ 721X
AMBA ZE A L72F / U > —RK(["'In]In-PNT-DA2-5) % %5t « ALz, £ EhaBLOA
EARFHI A8 LT, LT OMEN G L.

) T EEY A—DOFANE, PSMA MERIHBEEEHA O Z MR LUV PSMA ITRT DG HEIC R
EREEE R0 o

Q) TATIUREEEBRIZBWNT, ATLIT IR U A—DHERZEDOEAEIZL->TE/
Vo —RKDOT VT I kT DR MEN L LT,

(3) HEHNIEFRE A FEBRIZBN T, £/ U —ROEE/ Bt k& < 2 L.

PIEORERLY, I BY U —% 1 D8 AT 5HZ LT, ["MIn]In-PNT-DA1 O APNELRE % fill &)
FRETHH Z LR ENT-.

- 48 -



EIE
R o h—B&ifERAW
RIS R EMIETRZIRSERAORESTD A

de 5
B

2% ClX, [MIn]In-PNT-DAI {2 D-Glu £721% AMBA Z& A L=/ U U —AOii @ L,
T A —% 1| DEAT LI THRNEIEEZHIEFRECTHL Z L aHLNE L. — 5T,
S5 AUC B IX[ In]In-PNT-DA1 & bhig U ClRISE 7213 RVMEEZ /R L, BEBEEREMOm EiZmiT T,
Lo EERENBIREHEOLEEN RSN, ZAET, 2 BEOT I R b —DE AN
PSMA HEA it PESRAI D IRNENREIC G- 2 B B SV T LSRN TE ST, B0 T 2 /B
UL H—%2EATL LW, [Mn]in-PNT-DA1 OERNERERIEI 7= v fetk 2 b= b+ &
EZbND.

AZETIE, ["MIn]In-PNT-DA1 {Z D-Glu 3L AMBA @ 2 MO T I /WY o h—4EALT-
[""'In]In-PNT-DA6 35 X O In]In-PNT-DA7 % 5% &t L 7= (Figure 3-1). %52 % & [F£klZ, DOTADG & Lys
FIEOM % XA, Lysffe IPBA D% YL E LTEEL, [Mn]In-PNT-DA6 (% X /ZiZ D-Glu, Y
ALIZ AMBA 38 A L7-4E&E 2 A7 5. ["MIn]In-PNT-DA7 IZ X {2 AMBA, Y22 D-Glu ZE A LT
BV, ["Mn]In-PNT-DA6 & IIH OB EEZB T HILEWTHDH. Zhbd 2HFEOT I JgE ) v 1—
& LTHALALEMIZOWT, PSMA BERIFEMESRAI L L C oA AMEZREMN L 7.

) o) | (C 02_

Rl

HO,C NN N N oy COH
AN -© \C[)hH/kO /HYgi\N meWX\ W A
HNW/\/CO2H o N\) o " ; m|
CO,H L\005
CO,H ™ ™
.
X = X = " b
H O (0]
p-Glu AMBA »
> ["In]in-PNT-DA6 co > ["MIn]in-PNT-DA7
N
v o= A LT Y o= AN
o) o "
AMBA ) p-Glu Y,

Figure 3-1. Chemical structures of ['''In]In-PNT-DAG6 and ['''In]In-PNT-DA?7.
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31.EBAEI

B - pes

F1ER IO 2 LA Ualde - a2 L.

)

=40

tert-Butyl N°-(4-((4-(4-iodophenyl)butanamido)methyl)benzoyl)-L-lysinate (1)
fEEm 113, F2EEFRBEOFIEICID AR L.

tert-Butyl N°-((R)-5-(tert-butoxy)-2-(4-(4-iodophenyl)butanamido)-5-oxopentanoyl)-L-lysinate (2)
{bam 213, F2EEFRBEOHFIEICID AR L.

tert-Butyl N’-((R)-2-amino-5-(tert-butoxy)-5-oxopentanoyl)-N’-(4-((4-(4-

iodophenyl)butanamido)methyl)benzoyl)-L-lysinate (3)

(R)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-5-(fert-butoxy)-5-oxopentanoic acid monohydrate (66
mg, 0.15 mmol)?® /K DMF 1A% (540 pL)Z, EDC-HCI (38 mg, 0.20 mmol)33 &2 O HOAt (27 mg, 0.20
mmol)% 0°C THNZ, SINR%E 0°C T 15 e L=, R\ T, L& 1 (60 mg, 0.42 mmol) D /K
DMF &iE(700 uL)B L Ok U =F /L7 2 /(27 ul, 0.20 mmol) & 0°C THIZ 7=, SEIRIC T 19 Brf e
Lizth, BOSHRICEEEE=TF /120 mL)& M Z, fafIfHE/KQ20 mL)T 2 [E¥eE Lz, Ak % Bk
fe) b U o A CRLBZIBITEIRGE L, 50 725%E % K DMF (2.4 mL)3 L OVE XY 272600 pL)D
IRETIRICER LTz, IR T 3 RESEEE L2, ROSIRKIZHEMAKQR0 mL)Z Nz, HEfE=F /1 (20
mL) T 2 [ E21T o7, AiE 2 BKEEE T MY U A CHIEHEBIERME L, JohiikiEz s
TRV AL ) — OS5 BRI 57 /v UV sa~ ST T 0 —THEL T, 1k
A 3 &N 35 mg (44%) THH7=. 'H NMR (400 MHz, CDCls) § 7.70 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0
Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 4.41 (d, J = 5.6 Hz, 2H), 3.38 (s, 2H), 2.57 (dd, J =
9.2, 5.6 Hz, 2H), 2.26-2.19 (m, 4H), 1.93 (dd, J = 8.0, 7.6 Hz, 4H), 1.68—1.36 (m, 31H). MS (ESI) m/z calcd
for C37Hs54IN4O7", 793.3 [M + H]'; found, 793.3.

tert-Butyl N?-(4-(aminomethyl)benzoyl)-N°-((R)-5-(tert-butoxy)-2-(4-(4-iodophenyl)butanamido)-5-

oxopentanoyl)-L-lysinate (4)

4-(((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)methyl)benzoic acid (373 mg, 1.0 mmol)® 7K DMF
#%(3 mL)IZ, COMU (428 mg, 1.0 mmol)33 & 0" DIPEA (215 pL, 1.2 mmol)% 0°C THlz, &% 0°C
TISM#EHE L. kW, {BAY2 (439 mg, 0.67 mmol)D /K DMF i (1.1 mL)% 0°C THlz 7=.
FIRIC T 12 KRR L7=1%, SOSIRICHRRIZK(40 mL)Z Nz, HEEE=F/1(40 mL) T 3 [EHiH 247 -
7o, ARRE A EAKEEET ) U A THBRRBIERAN L, 55722 K DMF (8 mL)k LU
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AU V2 mL)DIRATRIRIZERMR U=, |RIRIC T 3 B L%, SOSHRIZHERZK (100 mL)Z N
Z, ~FY R T UIRE (8020, 100 mL) T 2 [EHlH 21T o 7=, AHE A EKREET R U v 4
THRSBITEME L, SO E 7 aaRL L/ AR ) — L6/ +27 I 720
BTN~ NI TT7 4 —TRERLT, (LAY 4 ZILE 358 mg (45%) CTf7=. "H NMR (400 MHz,
CDCl3) 6 7.70 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 7.6 Hz, 2H), 7.25 (d, J = 5.2 Hz, 4H), 6.79 (d, J = 8.0 Hz, 2H),
4.53-4.51 (m, 1H), 4.32 (d, J = 6.0 Hz, 1H), 3.77 (s, 2H), 3.09 (d, J = 6.4 Hz, 2H), 2.42 (dd, J = 8.0, 7.2 Hz,
2H), 2.20-2.02 (m, 4H), 1.90-1.67 (m, 9H), 1.46-1.42 (m, 4H), 1.37 (s, 9H), 1.31 (s, 9H). MS (ESI) m/z caled
for C37Hs54IN4O7", 793.3 [M + H]'; found, 793.1.

4.4'-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-1.4.7.10-tetraazacyclododecane-1.7-diyl)bis(5-(tert-butoxy)-5-

oxopentanoic acid) (5)

LEW51E, H1EEFRROTIEICE DGR LT.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-((7S,10R)-10-(3-(tert-butoxy)-3-oxopropyl)-7-(tert-

butoxycarbonyl)-1-(4-((4-(4-iodophenyl)butanamido)methyl)phenyl)-18.18-dimethyl-1.9.12.16-tetraoxo-17-

oxa-2.8.11-triazanonadecan-15-yl)-1.4,7,10-tetraazacyclododecan-1-yl)-5-(tert-butoxy)-5-oxopentanoic _ acid
(6)

{EA% 5 (88 mg, 0.11 mmol) D #E/K DMF &% (380 uL)iZ, COMU (49 mg, 0.11 mmol)}3 & O DIPEA
(20 pL, 0.11 mmol)% 0°C THNZ, BU&GHiZ 0°C T 15 5B L7z, kW, LAY 3 (45 mg, 0.057
mmol) DK DMF 1A (190 pL) & Il 2 72, SRR TR R L7=1%, #4H HPLC [H,O/MeCN/TFA =
70/30/0.1 (0 min) to 30/70/0.1 (20 min), Cosmosil 5Ciz-AR-II, 10 mm I.D. x 250 mm, & 4 mL/min] CH&
L TIEE®) 6 Z UL 7.3 mg (8.3%) CTH:7=. HRMS (ESI) m/z calcd for C75sHi20INgOis", 1547.7760 [M +
H]"; found, 1547.7773.

4-(4.10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-((4-(((S)-1-(tert-butoxy)-6-((R)-5-(tert-butoxy)-

2-(4-(4-iodophenyl)butanamido)-5-oxopentanamido)- 1 -oxohexan-2-yl)carbamoyl)benzyl)amino)-1,5-

dioxopentan-2-yl)-1.4,7,10-tetraazacyclododecan-1-yl)-5-(tert-butoxy)-5-oxopentanoic acid (7)

LA 4 (45 mg, 0.057 mmol)F L LA 5 (88 mg, 0.11 mmol)Z FAWT, (LAY 6 & FREDARKE
WZEuibEm 7 #AEK L, INE 3.8 mg (4.3%)THF7-. HRMS (ESI) m/z caled for CssHix0INsOis”,
1547.7760 [M + H]"; found, 1547.7762.

PSMA U 7 K(8)
PSMA U > RULAE® 8)I%, B 1FE L RO IFEICL Y ARk L7z,

(((1.5)-1-Carboxy-5-((25)-2-((1R.4S5)-4-((4-carboxy-4-(7-(1 -carboxy-4-(((R)-4-carboxy-1-(((S)-1-carboxy-5-
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(4-((4-(4-iodophenyl)butanamido)methyl)benzamido)pentyl)amino)-1-oxobutan-2-yl)amino)-4-oxobutyl)-

4.10-bis(carboxymethyl)-1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-

carboxamido)-3-(naphthalen-2-yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DA6) (9)

LAY 6 (12 mg, 7.8 pmol)F L OMEAW 8 (6.0 mg DOFHHE, 7.8 umol)Z IV T, %5 23D [PNT-DA2
DEM] EFREROERIEIZ L VLAY 9 2 G L, L& 3.0 mg (21%) T/H7-. HRMS (ESI) m/z caled
for CssH116IN13026°", 924.8594 [M + 2H]*"; found, 924.8628.

(((1.5)-1-Carboxy-5-((25)-2-((1R.45)-4-((4-carboxy-4-(7-(1-carboxy-4-((4-(((S)-1-carboxy-5-((R)-4-carboxy-

2-(4-(4-iodophenyl)butanamido)butanamido)pentyl)carbamoyl)benzyl)amino)-4-oxobutyl)-4.10-

bis(carboxymethyl)-1.4.7.10-tetraazacyclododecan-1-yl)butanamido)methyl)cyclohexane-1-carboxamido)-3-

(naphthalen-2-yl)propanamido)pentyl)carbamoyl)-L-glutamic acid (PNT-DA7) (10)

LAY 7 (4.0 mg, 2.6 pmol) 3 L OMEAEH) 8 (2.0 mg DG, 2.6 pmol)Z IV T, %5 23D [PNT-DA2
DOER L RBROAERIEIZ L VLAY 10 Z5E L, IE 0.40 mg (8.5%)THF7=. HRMS (ESI) m/z
calcd for CssH116IN13026>", 924.8594 [M + 2H]*; found, 924.8621.

["™In]In-PNT-DAG6 (11)

LA 9 (1.6 mg, 0.87 umol) % H,O/MeCN/TFA (50/50/0.1)DIE A TREE(300 pL)IZ Mg S &, kA
2T AR FIP(6.0 mg, 27 pmol)Z M X 72, RONK Z =R T 2 A L721%, ¥+ HPLC
[H,O/MeCN/TFA = 70/30/0.1 (0 min) to 50/50/0.1 (30 min), Cosmosil 5Cis-AR-II, 4.6 mm I.D. x 150 mm, i
B 1 mLmin]THE L TLAE® 11 ZILE 0.79 mg (46%)T 1 7-. HRMS (ESI) m/z caled for
CyqHii3IInN 130262, 980.7996 [M + 2H]*"; found, 980.8048.

["™In]In-PNT-DA7 (12)

LA 10 (1.6 mg, 0.87 pmol) % H,O/MeCN/TFA (50/50/0.1) DIEATAE(300 pL)IZ iR S8, kA
>y AU EAKF(6.0 mg, 27 pmol) 2 AN R 7. BOSHK 2 FIRIT T 14 el #E#E L 721%, 140 HPLC
[H,O/MeCN/TFA = 68/32/0.1, Cosmosil 5Cis-AR-II, 4.6 mm 1.D. x 150 mm, ¥t 1 mL/min] THEL L Tk
A 12 2N 0.25 mg (15%) TH:7=. HRMS (ESI) m/z caled for CssHi131InN 1302677, 980.7996 [M + 2H]*;
found, 980.8024.

G

[""In]InCL; ¥ & PNT-DA6 % 7213 PNT-DA7 ® DMSO I (K I EE 12 pM) % MES #21E7#(0.1 M, pH
56)F TIRFI L, 90°C 12T 30 R MEA L. HIBICK L%, KK %M HPLC
[H,0/MeCN/TFA = 90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5Cis-AR-II, 4.6 mm I.D. x 150 mm,
Pt 1 mL/min] CREL L 7.
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S Blfetk

1-4 27 % 7 —/(1.5 mL)}% K Y PBS (pH 7.4, 1.3 mL)» A - 723 tL & (2 [ In]In-PNT-DA6 £ 7= 1%
[""In]In-PNT-DA7 ® 10%= % 7 — /L &4 PBS IEHZ(200 uL, 111 kBq)Z M % 7=. DAREO#E(EILE 2 = &
[FRED I L0 fTFo 7.

B

=
B &
)
inf<y

RO FIEIZ L VAT T,

RS A Fn T2 R
T2 D PR D45 n FERRAR(2.6-3.5 MBg/nmol, 0.39-200 nM)Z T, %5 2 3 & RO HIEIC LY
1T-7-.

EE
&

B 1L RIS, MEA - S8 Lo, IRPIRHBES MBS £ OF SPECT/CT g TR 5 &7 1
~ AL, 2 LB TR K D (R LT,

~ U RAMBEEZ AW A VB b a2 E R
W1 =L [ARROTIETET ddY R~ T 2 BSROMAER00 7213 250 L), 4 "Mn A A
(163220 kBq) 2 M & 7= LARED FEBRIRAEITER 2 B L AR O FIEIC L VAT 72,

TNT I aE e R
% "n #EFR A (5.3 MBg/nmol, 50 kBq)Z& FHWT, HF2E L RED HFIEC L VIT-72. [MIn]In-PNT-
DAl D BsofEZ Z:HEL LT, 5 2 F & RERIZEALE P D relative affinity 25 H L7-.

LNCaP JEEBEE T L~ 7 ZIZH T B BN RES 1 £

% In KR R(115 kBq, 100 uL)D 10% ™% / — L&A B A AKYEIK 2 1 # 3 PS> LNCaP 55
WET L~ ACRHIRE VIRE L, 54, 24, BLOOCHR® T~ AZEZE L. UBOE
BRERVEITE 2 B L [ARRD GIEIZ L VT o 7.

SPECT/CT ##f4

['"'In]In-PNT-DA6 (1.3 MBq)?® 10% T % / — /L&A ALK E (150 pL)% LNCaP 3 KX OF PC-3
JEBEBETE T L~ ZACRBEIRE W %5 L7z, UBEOERBETSE 2 BEREROFEZLVIT-
7z

AT
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2 TOT —HIX, GraphPad Prism (Version 6) % 7213 Microsoft Excel & VN CRENT L7=. Fllass &
MEBROFRERIZHOWTE, — BB B LT 2 —F — DL HEBRE L MAGOETHE
FERFHE LT, RPN RE A R OFERICOWTE, TR ES OB LR 7 2 —=0
LEIBREZ MAAEDE THESZTMI Lz, SREICBNT, P<0.05 OHBEICHEED &
L.
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32. HBRBIVEEI

TR ATERA IS K O HHE In BERRAR D5k

Scheme 3-1 12, fZEFATBERIATH % PNT-DA6 35 L OV PNT-DA7 DGR 2 /~9. H2ETHKL
AEEMIBLIO2 2T, 2FHEOT I VB v 1 —%52HT2bEMIBL N4 2/ LT &K
W, 552 B L RROAIEIZ LD PNT-DA6 (LA H 9)F L OV PNT-DA7 ({b&# 10) 2157, S HIC
“InCls 2 VT, xS D FERETE In 7% A T & 5 [™In]In-PNT-DA6 (LA 4 11) 35 X O"In]In-PNT-
DA7 (b & 12) &2 ARk LT-.
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Scheme 3-1. Synthetic routes of PNT-DA6, PNT-DA7, and their nonradioactive In-labeled counterparts.

wl o i/\/@l
a,b

i i I i H

HZNMN N Y\N

[¢]

3

CO,tBu o] O  CO,Bu

CO,tBu \’>\ |
w‘EL COztBu
CO,tBu

COztBu CO,tBu
tBUO,C N CO,tBu tBUO,C CO,tBu CO,tBuU
/\2)\ ﬁ d ’ 2 ’ W

&NJ .
CO,tBu CO,tBu
5 6,7

o ‘ ‘H N~ o ‘ ‘H ) (COQH
N - HO,C N~
HN__O o] -, NHa HN o . A/W

g o) e N WN/Y
}]N/ Y\/COZtBu HN j/VcozH W&NJ o M H ml
COBu COH COM
PSMAY > K (8) PNT-DA6/7 (9, 10)

-
f HOZC Wﬁ co2
\( /kO W natj3+ W \’(‘)/\/\Q\

HN COH
CO,H COy

["2In]In-PNT-DA6/7 (11, 12)

Compound X Y
6 D-Glu(OtBu) AMBA
7 AMBA D-Glu(OtBu)
PNT-DA6 (9) D-Glu AMBA
PNT-DA7 (10) AMBA D-Glu
["'In]In-PNT-DAG6 (11) D-Glu AMBA
["In]In-PNT-DA7 (12) AMBA D-Glu

Reactions and conditions: (a) Fmoc-D-Glu(OtBu)-OH-H,O, EDC-HCI, HOAt, TEA, DMF; (b) Piperidine,
DMF; (¢) Fmoc-AMBA-OH, COMU, DIPEA, DMF; (d) 3 or 4, COMU, DIPEA, DMF; (¢) (1) 6 or 7, HBTU,
DIPEA, DMF; (2) TFA/TIPS/H,0 = 95/2.5/2.5; (f) InCl;, H,O /MeCN/TFA = 50/50/0.1.
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G

Scheme 3-2 |2, PNT-DA6 3 L O8 PNT-DA7 @ "In FEaRREE 2 ~d. "in BEalid, FEsRAuHriA %
MES #ZE#E  C[M In]InCl; & MBS 5 Z LT kv Ehi L7z, #FH HPLC (2 TR AITV, [MIn]ln-
PNT-DA6 # Z OV'"'In]In-PNT-DA7 % Z i ZHHEHLFRINE 53 36 KON 35%, 36 K OB b PRI
& 95%LL | CH5 7= (Figure 3-2).

Scheme 3-2. Radiosynthesis of ['''In]In-PNT-DA6 and ['!'In]In-PNT-DA?7.

["In]InCl3
) o COy”

PNT-DAG6/7 HO,C M\\\/\/HWK\NKO -0.C N ’ CcO. CO,H
MES buffer HN Ie) o) H v,%/n § g:” :R ’ X\N“WK/\/\N/Y
(0.1 M, pH 5.6) HN\(\/COZH \(’)MK/N\)A/\’O( N N ml
COH coy
["In]in-PNT-DA6/7
A B

A A
2 2
‘0 7]
[ C
3] )

—
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 3-2. HPLC chromatograms of radioactivity (red) and UV absorption (blue) for a mixture of [''""*In]In-
PNT-DAG6 (A) and ['"""*In]In-PNT-DA7 (B).

SRR D T

[""In]In-PNT-DA6 35 X O In]In-PNT-DA7 {2 DWW T, %52 3 & [ARRIC Log DrafE &2 B H L7 f558,
FTNFN-26B L0034 DEZR LI (Table3-1). ZNHDOFERL Y, 2FHOT I JBEY o 1—D
FliE 7Y PSMA BERUBUR SRR O IRIATEIC B Z 52 5 Z L RE N2, 2, U o h—0EAfr
BERRRDZ LY, nFOEREELL OMEFEHOZIENE L AREREL 6D, £,
WAL AT~ 7 A MEF IRV T, 37°C T 24 BiEREE S 95%L ERSRE(LA L L TIFEELTE
(Figure 3-3). ZHHLDFERED, 2 DT I /Y B —DFANIX, PSMA BN EHHA D%
EVEICBE B 2 7002 LAV R S vz,

-57-



Table 3-1. Radiochemical characteristics of ['''In]In-PNT-DAG6 and ['''In]In-PNT-DA?7.

Compound RCY (%) RCP (%) Log D, 4

[1'In]In-PNT-DA6 53 > 95 26+0.1
[1'Tn]In-PNT-DA7 35 > 95 —34+0.1

RCY: radiochemical yield, RCP: radiochemical purity, Log D74: distribution coefficients. “Data are expressed

as the mean + standard deviation of three individual experiments.

A B
3 A
B >
z z
[ C
g 3
[ c
- I I IA I 1 - I I K { 1 M
0 10 20 30 40 0 10 20 30 40

Retention time (min) Retention time (min)

Figure 3-3. Radiochromatograms of ['''In]In-PNT-DA6 (A) and ['''In]In-PNT-DA7 (B) before (blue) or after

(red) incubation in mouse plasma for 24 h.

eSS BN TR
['"In]In-PNT-DA6 5 & O'"'In]In-PNT-DA7 ® PSMA (2% 5 fE A2 314 5 726, LNCaP #ifi

% T RS & A Fn 328k 2 1T - 7-(Figure 3-4, Table 3-2). ["'In]In-PNT-DA6 ¥ X O'"'In]In-PNT-
DA7 @ LNCaP #lIZxtd5 KafllE, NN 269 BL 127 oM RSN, b D Kl
%, 7B =% 1258T5F /U U —KKs=12.7-422 nM)DIE & A E 72 Z2I1TFE D b

27 98

Mol LLEOFERI Y, 2 EOT I JEY B —0E AT PSMA (25T D HEEMEIC K X 7o B2
HZ WD E RIS L.
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Figure 3-4. The specific binding of ['''In]In-PNT-DAG6 (A) and ['''In]In-PNT-DA7 (B) to LNCaP cells in the

cell saturation binding assay.

Table 3-2. PSMA affinity of ['''In]In-PNT-DAG6 and ['"'In]In-PNT-DA7.

Compound Ky (nM)?
['"'In]In-PNT-DAG6 26.9+4.7
['"'In]In-PNT-DA7 12.7+3.9

Data are expressed as the mean =+ standard deviation of three independent experiments.

TNT I ARG TR

2HHOT I VB Y 1 —DEAD PSMA FERIBUR MR O T V7 I AT G 2 % 5B & R
i3 578, HSA ZH W=7 V7 I UG KB % 1T - 7= (Figure 3-5). [''In]In-PNT-DA6 5 L O
[""In]In-PNT-DA7 (%, HSA BEIZILE U TT AT 2 UEREI OE GRS 2EmZ2 R LTZ. Zh
5DOEEWNTONT, 2 EEFEERIZ, [Mn]in-PNT-DA1 OFEAMEE 1.0 L3 E L, relative affinity
% B L 7= (Table 3-3). [""In]In-PNT-DAG6 % 9.1, ['"In]In-PNT-DA7 % 0.97 @ relative affinity %7~ L,
U v —BEOHED, TAT I KT DA EL 52 5 Z LR sz, 5§ 2 mTI,
[""In]In-PNT-DA1 @ Y fZICk LTT I VY v h—%EATHZETT AT I URAEERRELE
fbLiz—J, XAL~DOBATIIREREBITRD Dehodlz. SREIOMEETIE, XMBLOY L
DO GZT 2 7Y 1 —%HT 5[ n]In-PNT-DA6 L O In]In-PNT-DA7 1%, Y /\ZIZ[R UFEE
DOT 2 Y v h—%FT H["Mn]n-PNT-DA5 (1.9)3 L O['"In]In-PNT-DA4 (0.14) & iz L C,
relative affinity 23H8 /0 L 7=(Table 3-3). ZiUd, X (CT7 I VBBV U h—%2FATH LITLD,
DOTADG & ALB & ONARBIZRELENZEL L, TAT 22 & OREEGIZEIT D SLRREE DMK L 7= 7]
BEMENEZBND. 51T, ["MIn]In-PNT-DAG6 (E / U > 7 —{4(0.14-1.9) & b L T & &\ relative
affinity Z/R L72. ZHAOHOHRA LY, 2FEOT I VB 1 —DOEANIBWT X NLOFENRT IV
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T UFEAYEDR FICEETH Y, KT XAZIZ D-Glu, Y {712 AMBA %3 A4 5 ¥kI&23, PSMA 1
ISR DT L7 2 UAEEMEDm FICEATH D Z &R Ens-.

100 A

N
(&)
1

- [""In]In-PNT-DA6
= ["In]In-PNT-DA7

Albumin-bound fraction [%]
N (&)
a1 o

o
1

0 1 2 3 4 5
[HSA]-to-[ligand] ratio [log]

Figure 3-5. Albumin-binding curves of ['''In]In-PNT-DA6 and [''In]In-PNT-DA7 using HSA. Data are

expressed as the mean =+ standard deviation of three independent experiments.

Table 3-3. Relative affinity of ['''In]In-PNT-DA4 — ['"'In]In-PNT-DA7 for HSA.

Compound X Y Relative affinity for HSA®
['"'In]In-PNT-DA6 D-Glu AMBA 9.1
['"'In]In-PNT-DA7 AMBA D-Glu 0.97
['"'In]In-PNT-DA4 - D-Glu 0.14°
['"'In]In-PNT-DAS - AMBA 1.9°

"The HSA affinity of ['''In]In-PNT-DA1 was set at 1.0 as a reference. "Data were reproduced from Chapter 2.

LNCaP BB E T/~ 7 AT I D RPN B BE 04 K5

QDT I VB A1 —DEAD PSMA FERIHGHEIEA O RNENREIZ 5 2 2 BT DUV CREA
T 5728, LNCaP HEBHET L~ U R & W T ARN U RE 5341 S8R % 1T - 72 (Figure 3-6, Tables 3-
4-3-6). ["'In]In-PNT-DAG 1%, Bth- 96 FEfft% & CilHIcis 1) 2 ZEM AR b, &5 4, 24,
BB LVN96 RFHZ I A M BUNRERIXZ 241 19.9, 20.0, BL U 7.2%ID/g TH-7-. ["MIn]In-
PNT-DA7 %, RIFFAICBWTZENZE 2.5, 0.79, BLU0.13%ID/g &, ["'In]In-PNT-DA6 & Frig
LCTELIIRWIMH R EREEZ R L. E28{EEaHmO AUC fEIE, [M'In]ln-PNT-DA6 7% 1245%
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ID/g-h, ["'In]In-PNT-DA7 7% 259% ID/g-h TH Y, W{bEWO i HEOEWTT V7 I U EE
DFEWE—F LIz, ZAUTKY, 2 EOT I JBY U —ORENRT VT I UEEEERE T D
Z T, BUREERA O M PR EICEEE 525 2 R I, 51T, [Mn]In-PNT-DA6 @
M AUCHHEIX, D-Glu £721X AMBA % 1 DH 35 / U 1 —1K(217-972% ID/g-h) & b L TR
fEZRLTEY, XALZ D-Glu, YHIIZ AMBA ZE AT 2% Z & T, PSMA FEH B MHEIEA O i ik
BAYEA ) L 2 ATRBME AN R S 4T

P54 B30T, [MIn]In-PNT-DA6 13['In]In-PNT-DA7 & kit U TIRWVEEER 2R L,
ZTNEIN 1.0 B L 25.6% ID/g THho7z. LL, #5243 KON 96 FEfI#&IZIL[ In]In-PNT-DA6
DIEEERIL 100 35 L0 144% ID/g 123 L, [Mn]In-PNT-DA7 (Z1LFH 34.4 35 L 10 23.5% ID/g) & b
L CARICEWEEZ R L., EEICBIT % AUC fEiX, ["In]In-PNT-DA6 7% 5651% ID/g-h,
[""In]In-PNT-DA7 7% 1846% ID/g-h & 720, ["MIn]In-PNT-DA6 OfFEGHEMEN K& < ET 25 Z &M
RENZ. EHIT, ["Mn]n-PNT-DA6 1%E / U > 1 —1K(991-4053% ID/g-h) & Heilss L T & i\ MBS
AUCEZ TR LTHEY, XHIZD-Glu, Y2 AMBA ZE AT 2% Z & T, PSMA FER 4554 o> il
AERMENBE 2 LT 25 Z R anT.

TE R D T Tl b B 22 HUR RESERE 233800 D L= B>V TC, [V'In]In-PNT-DA6 (3¢ 5- 4, 24,
BLO6RFRIZICIBWT, ZNEN 157, 475, BXO21.9%ID/gIETDH A LR A > I
T["'In]In-PNT-DA7 (¥ 5- 4, 24, BLV 96 FFfHl#ZICHB VT, Z4LEH 179, 197, BEL 61.9%
ID/g) & bhie L TRV iBSERE 2~ L7z, BIiCs17 5 AUCHE S, [''In]In-PNT-DA6 2% 2182% ID/g-h,
[""In]In-PNT-DA7 7% 9980% ID/g-h &, [""In]In-PNT-DAG6 |ZKMEZ R L7z, BEHICBWT, 7472
VHREAPEO M BIZ K0 SRERIKIC I IT 2TEEIEE MR T T2 2 ERMLNTE Y MY ZOBBERD
72803, [""In]In-PNT-DA6 23['''In]In-PNT-DA7 L0 & @ WT VT I UG E R LT DIcAE U
EEZLND. F72, ["MIn]In-PNT-DA6 O figi AUC fi1Z, €/ U 2 h— KD H Thie bR B K
AUC fi % 7~ L72[""'In]In-PNT-DA3 (649% ID/g'h) LV & @V MEZ~ L7=— 5T, ["MIn]In-PNT-DA1
(2377% ID/g-h) EIZFIRRE CTh o7z, ZNHORER LY, XAZIZ D-Glu, BELDNY {ZiZ AMBA % &
AL T, PSMARERIHU SR OB EEREZ KE HEMIEL5 2 L3N LRI I,
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Figure 3-6. Comparison of radioactivity in the blood (A), LNCaP tumor (B), and kidney (C) at 4, 24, and 96 h

postinjection of ['''In]In-PNT-DA6 and [''In]In-PNT-DA7 into LNCaP tumor-bearing mice. *P < 0.05

compared with ['''In]In-PNT-DA?7.
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Table 3-4. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA6 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96
Blood 199+1.9 20.0+£3.9 72+19
Spleen 13.1+3.4 16.0+4.9 11.1+2.1
Pancreas 43+0.5 82+3.7 5.7+0.8
Stomach® 0.45+0.12 0.78 £ 0.06 0.60 +0.41
Intestine 1.2+0.3 25+0.5 22+1.1
Kidney 15.7+£2.0 475+79 21.9+23
Liver 57+1.7 73+ 1.1 12.8+5.7
Heart 49+0.6 6.0+1.0 44+0.9
Lung 9.6+1.6 14.1+2.4 6.7+1.7
Brain 0.45+0.07 0.52+0.08 0.63 £0.27
Tumor 11.0+£2.0 100+ 17 144 + 17
Muscle 1.4+0.1 36t14 1.6 +£0.9

Data are expressed as % ID/g. Each value represents the mean + standard deviation of three mice. *Data are

expressed as % ID.
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Table 3-5. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-PNT-DA7 into

LNCaP tumor-bearing mice.

Organ or tissue

Time after injection (h)

4 24 96

Blood 25+04 0.79+0.24 0.13+£0.03

Spleen 33.6+11.0 10.0+0.7 24+0.5
Pancreas 2.7+£0.7 1.3+0.3 0.48 +0.27
Stomach® 0.21£0.05 0.23+£0.19 0.28 £0.34
Intestine 0.61 £0.09 0.62+0.11 0.25+0.13
Kidney 179 £ 59 197 £49 61.9+16.8
Liver 25+0.7 20+0.6 0.97+0.39
Heart 1.3+03 0.73+0.12 0.29 £0.01
Lung 39+1.0 1.8+0.5 0.63+0.15
Brain 0.12+0.04 0.07 £ 0.04 0.04 £0.01

Tumor 25.6+10.3 344+438 23.5+75
Muscle 1.4+0.8 0.53+£0.24 0.09 +0.08

Data are expressed as % ID/g. Each value represents the mean + standard deviation of three mice. *Data are

expressed as % ID.
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Table 3-6. AUC values (% ID/g-h) of ['''In]In-PNT-DA6 and ['''In]In-PNT-DA7 based on non-decay-

corrected biodistribution data.

AUC value (% ID/g-h)

Compound
Blood Tumor Kidney
['"'In]In-PNT-DA6 1245 5651 2182
['"'In]In-PNT-DA7 259 1846 9980

SPECT/CT #5314

e b @ OIS ERS 2% L 72 [ In]In-PNT-DA6 (25T, LNCaP 3 KO PC-3 JEE O MBHEE 7 /L
~ 7 A% 7= SPECT/CT #5314 % i L 7= (Figure 3-7). #4596 #1238\ C, [MIn]In-PNT-DA6
X NEFS KO PC-3 JESFIZ W TR R U RESE R &2 7R S 72 o 72 —75, LNCaP T 2 BRI H
THZ LK LTZ., ZoREL Y, [Mn]in-PNT-DA6 7% PSMA &3¢ B 2 R ICHE H AT RE T &
5 Z LR ER, [MIn]In-PNT-DA6 @ PSMA HEH it MERRA & L C oA AN R S 7=,

MIP

Low

@& e PC-3 Kidney

Figure 3-7. MIP SPECT/CT image of an LNCaP and PC-3 tumor-bearing mouse obtained at 96 h postinjection
using ['"'In]In-PNT-DA6. Red arrow: the LNCaP tumor; green arrow: the PC-3 tumor; and orange circle: the
kidney.

- 65 -



de 5
B

INETOMELY, 7Y v —Th 5 D-GluE LV AMBA # i)/ fliE CEAT 288
Ui —HEifiERWSDZ LT, PSMA FER ST PESERI OB EMREME R M B35 2 RN E o
To. 22T, BRIV AVBEESFEBERE UTBGHERERICI T 5, BBl o — i ois H mr6e
PEICOWTHREELTZ. A 727U v s i, TSI CEREPR B Ui Fr A 1c B 55
D220, AT 7Y v B BIERE LTS TERAIOBRIL, S F SE N ATREORE
WCET2EBR26ND. AT 7V afs ERIBEGHEREANT, HWOnRifnon s V7T 02T
FLIR S DAR W EGERMEN R & S TR Y )7 FEAIOEGERMEOM EXARE THSH. ALB DE
NEFA T 7V > s ERBEHESEFNC LD B AAEROANEE [ ESE 28I LCTHEB ST
WD 7558 T ETITIBFEA E LTHER SN ALBEZ AT 54 27 7 U ¥ onBs EERY B35
IHFEEET, SORIEB/RDODLN TS, 22T, HillY v I—HEilfz Wi 770 v
o3 BRI PE SR A In]In-RGD-DA6 % %5t L 7=(Figure 3-8A). ['"'In]In-RGD-DA6 I%, A > 7 7'V
P )Y v RTCd D ¢(RGDFK), DOTADG, D-Glu, Lys, AMBA, 3 XWNIPBA b S
TS, HHLY v —HIR DGR HOWTIHET 2720, ALBZ AT 5087 I /B v I—%F
72 ["MIn]In-RGD-DA1 % %} FR{bE4 & L CE%EF L 7= (Figure 3-8B). F£7-, ALB L7 I /Y > h
—DOWTHHA E 722V n]In-DOTA-c(RGDK) (Figure 3-8C) & 5 B{LEM & L TRE L, &ibd
YMIOKRNERERAG L 0, HRY v —HnA 7 70 v onps BRI PESRAI O RKNEIREIZ 52 5
A REE LT,
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Figure 3-8. Chemical structures of ['''In]In-RGD-DA6 (A), ['''In]In-RGD-DA1 (B), and ['"'In]In-DOTA-
c(RGDfK) (C).
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3.3. EBRAKI

B - pes

¢(RGDyK)(Z Selleck Chemicals # & D EEA L7z, ZH LA ORIK - BEERICHOWTILF 1 BB L O
2ELFEICLOEEH L.

:

IS IRFER! ((RGDIK) 7 F F(13)

MIEHIRFER o(RGDIK)~7'F F({bEW 13)1%, DARNCHEG Sz HiEEZSBIZ L THml L7250
[ R A AR AT K W A Ak L 72 H-Asp(OtBu)-D-Phe-Lys(Dde)-Arg(Pbf)-Gly-OH % 7K DMF (5 mM)IZ A iR
L, NaHCO; (3 equiv) & diphenylphosphorylazide (3 equiv)Z ¥l L7=. =R T 7 FrE## L 7=,
NaHCO; & DMF % Z {12 4Ll & A IS L W BRE L7z, RIS 10%E N T 2 A HK DMF #ik
B2 TR T 10 25 L=, ¥k HPLC [H:O/MeCN/TFA = 90/10/0.1 (0 min) to 40/60/0.1 (25
min), Cosmosil 5Cis-AR-II, 10 mm I.D. x 250 mm, i & 4 mL/min] THH L TILAEW 13 2 UL E 19.6 mg
(24%) THE7-. HRMS (ESI) m/z caled for CasHeNoO10S*, 912.4648 [M + H]'; found, 912.4620.

RGD-DA6 (14)

LA 6 (8.7 mg, 5.6 pmol) DK DMF I (100 uL)IZ, COMU (2.4 mg, 5.6 umol)F L Y DIPEA (12
uL, 67 umol)% 0°C THlx, JSHE%E 0°C T 15 R L. R\, L& 13 (5.1 mg, 5.6 umol)
DK DMF IAHE(400 pl)Z 0°C THIZ 72, =RIRIC T 17 B L2, ROSIRICHEBHIAK(10 mL) %
Mz, ~%9 v /FEiR T T VIRAY(80/20, 10 mL) T 2 [AlfliH 21T > 7=. AHE %2 BKFEE) R U o A
THRBB RSN L, 15 572782 TFA/TIPS/HL0 (95/2.5/2.5)DIRETRIE( mLYZFn L, =ik
TORFMBHE L7z, 7T  HAZ AW TENE L7-%, 5577 % 040 HPLC [H,O/MeCN/TFA
=90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5C s-AR-II, 10 mm I.D. x 250 mm, % & 4 mL/min] T 2
SR C, (LAY 14 Z UL E 1.9 mg (19%) TH7=. HRMS (ESI) m/z cald for C7sH;12IN17024>", 898.8550
[M + 2H]*"; found, 898.8548.

["In]In-RGD-DAG6 (15)

&% 14 (0.5 mg, 0.28 umol)?® DMSO ¥&iE(330 pL)iZ H,O/MeCN/TFA (50/50/0.1) DRI mL)
ipo<L 0 LMz, WWNTHALA 2w AAI)EAFIZ(11 mg, 49 umol) & M2 7=. MK % =Rz
T 3 HRE#E L7-%, ¥ HPLC [HoO/MeCN/TFA = 90/10/0.1 (0 min) to 30/70/0.1 (30 min), Cosmosil
5C13-AR-II, 4.6 mm LD. x 150 mm, ##i & | mL/min] THH L TILED 15 Z L& 0.49 mg (92%) TI57-.
MS (ESI) m/z caled for C7sHi0olInN 17024, 954.8 [M + 2H]**; found, 954.9.

4-(4,10-Bis(2-(tert-butoxy)-2-oxoethyl)-7-(1-(tert-butoxy)-5-(((S)-1-(ztert-butoxy)-6-(4-(4-
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iodophenyl)butanamido)-1-oxohexan-2-yl)amino)-1.5-dioxopentan-2-y1)-1.4.7.10-tetraazacyclododecan-1-

y1)-5-(tert-butoxy)-5-oxopentanoic acid (16)
k&M 16 1%, BEHRIZHE- TEKR L2

RGD-DAI1 (17)

LA 16 (29 mg, 24 pmol)D K DMF ¥&i% (350 pL)iZ, COMU (10 mg, 24 pumol)F L Y DIPEA (28
uL, 159 pmol)% 0°C THNZ, BUGH#KZ 0°C T 15 0B L7z, kT, {5 13 (15 mg, 16 umol)
DK DMF IFE(250 uL)%& 0°C THIZ 7=, =RIRIC T 20 BRH#E L2k, SOSIISEEMIK (20 mL) &
Mz, ~FH v /EEE T VRAY(80/20, 20 mL) T 2 [l 21T > 72, AHE % WoKFiEE T KU o A
THRBEERENE L, 15572782 TFA/TIPS/H,0 (95/2.5/2.5)DIRETRIE(S00 pL)Z s L, ==&
WZC 7 RSB LE. 7AI T RAEZHWTCERM L%, B ok %z ¥ HPLC
[H,O/MeCN/TFA = 90/10/0.1 (0 min) to 10/90/0.1 (40 min), Cosmosil 5Cis-AR-II, 10 mm 1.D. x 250 mm, it
B 4 mL/min]CTHER L T, (k&® 17 2ILE 2.5 mg (10%) T 7=. HRMS (ESI) m/z caled for
CssHosIN1502°", 767.8073 [M + 2H]*"; found, 767.8072.

[™In]In-RGD-DA1 (18)

LA 17 (1.0 mg, 0.65 pmol)?® DMSO ¥&iE(330 pL)iZ H,O/MeCN/TFA (50/50/0.1) DRI mL)
ipo< WMz, WWNTHALA v v T 2AID)EKFI(17 mg, 77 umol) & 2 7=. ISR & iR
T 5 HRE#E L7-%, ¥ HPLC [HoO/MeCN/TFA = 90/10/0.1 (0 min) to 30/70/0.1 (30 min), Cosmosil
5C13-AR-II, 4.6 mm LD. x 150 mm, ##i & | mL/min] THH L TILED 18 Z L& 0.57 mg (53%) T 7-.
MS (ESI) m/z caled for CesHosIInN5020%", 823.7 [M + 2H]**; found, 823.8.

E RN

[""In]InCL; ¥ (100 uL) & RGD-DAG6 % 721X RGD-DA1 ® DMSO I&FE(RGD-DA6 D54 14 1 mg/mL,
RGD-DA1 D¥A1E 3 mg/mL 2 Z 140 1 L)% MES FE@2(0.1 M, pH 5.6, 100 uL)H CIEFI L, 90°C
W2 T30 MME LT, =S|IRICRE L7k, IS %% FH HPLC [HO/MeCN/TFA = 90/10/0.1 (0 min) to
10/90/0.1 (40 min), Cosmosil 5Cis-AR-II, 4.6 mm I.D. x 150 mm, /i & 1 mL/min] CF5HL L 7=.

i o s

USTMG t MEZEEMINNIX, American Type Culture Collection #: & 0 A L7=. USTMG i ixhi/E
WME 1% (=) UBIOA ML T h=A e FBS 10%& Gt H T4 T A7 fERE il
Dulbecco’s modified Eagle’s medium (DMEM) G, 37°C, 5% _ER{LiRFEEREE | CH L 7=,

AR A BH 5 FEER
DOTA-c(RGDfK)35 K U ['*INI-c(RGDyK)i%, LARTOHEZ S BT L CHlEL L 722" %% USTMG
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fZ 12 7 =7 L— k3 x 10° cells/wel )ICHEFE L, 37°C, 5% _F{LIRFEERES T2 T 24 BRRIFHE L
7o, B EBRE L7, ["PII-c«(RGDyK) (19 kBq)¥ L OV 72 B IR ORI LA (10 pM-100 uM) %
T DMEM 85 #1(500 pL) &A1 2 T 37°C, 5% M biRFEEREE NI T 1 RefElERE L7z, i fREL
721, PBS (500 puL)T 2 [AI¥EHE L, 1 NZKEE(LT N U 7 2KEHR(200 pl)% 2 [EIN & CHllfa 2 FAfE L
2. DB OBEAEILE 2 T L O HIEIZ LV {To 7.

EULY)

%2 mEFERIC, WA - fE L. BABRESAERCHERT2E7 L~ U 2%, DMEM &
Matrigel % 1:1 TIEA U722, USTMG HiliR(2 x 10° cells/mouse) % BEiE S &, 1 Y 71T L (2%)Fk
R, BALB/c-nu/nu X — R~ 7 A, 5 BENOLEMEIZE TBET LA ETIER L. 177
U afsiZxtd 51 BEREIRMFHE CHEHT2E7 /L~ 7 A1, USTMG M2 x 10° cells/mouse)
Z A WIEIC R FRAE L7 2 1712, RPMI 1640 & Matrigel 2 1:1 TIRA L7ZIAIRIZ, PC-3 M5 x
10° cells/mouse) Z ¥ S, A Y 70T L Q%)MREE T, ZEWIEICKE TBET 2 Z & TIER L 7.

~ U AR WA VB b a2 E R
851 B L FIERO T IE T ddY REEE~ U 2 RO mAEQ200 pL)ic, £ Min BEE#AR(120-180 kBq)
ATz, LAREORBREMEILE 2 B L RO ITIEIC L v iTo 7.

TNT 3 ARG TR

[""In]In-DOTA-c(RGDfK)i%, LIRTO#MAEZ25E (2 LTl L 725" 4 "Mn £25(4(5.3 MBg/nmol, 50
kBq)Z HWT, & 2 FELFEROHFIEIZ L VT, [Mn]In-RGD-DA1 @ Bsp fEZF#EL LT, £1bLA
Y@ relative affinity % FH L7=.

USTMG A€ T /L~ 7 AN D RPN B RE S5 A L5k

2 MIn AR AR (111 kBq, 100 pL)D 10% =% / — /L&A £ R KIER Z 1 B 3 JLo USTMG JEEH
FEET L~ ABHIRE D #5 L-. 85 1, 4, 24, 48, BLX W 96 HffItk T~ A& EZ LT-.
UARE D FZEREAEITE 2 B L [RRE O B X viTo 7.

USTMG/PC3 EERAEE T N~ U AZBIT A4 T 7V v afs iS5 A Vv B AR SRPEFEAM

['"In]In-RGD-DA6 (111 kBq, 100 uL)D 10%= % / — V& A B KA % 1 B 450 USTMG/PC-
IEEE BT T L~ T ACRHIRE W %G Lz, %5 48 H#% T~y A& B LZ. UKD ESR
BEILE 2 L RERDO IR L VT T,

e & AT
2 TOT —H1X, GraphPad Prism (Version 6) % 72 1% Microsoft Excel Z FIV N THENT L7=. AlIaRS ABH
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FBEBROFEFRIZOWTE, —TRESBINTB LT 2 —F— DL EIBMRE ZHAEGOE THE
FELFN L2, IRNBERRES TR EBROFERIC OV TIE, ZaRBESBOTB LRy 7z —=0
ZHWBREZMARDE THRBEEZMI L. A>T 7V 2 ofs 1Tk DA 2 ERRIRERHf O
FERIZOWTIE, AF2—T U FOtREEZMWTHEEZEZE L. FHREIZIBWT, P<0.050
LAl HEADY & LT,
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34. HBRBIUBERD

TR ATERA I K OEHGHE In BERRAR D5k

Scheme 3-3 |2, EikATHRATH S RGD-DA6 35 LT RGD-DA1 DA AR 2 ~d. (IS R#ER
co(RGDIK)X7'F FUtEW 13)i%, BERASZBICEMERIEZ HWTER LI P HnT, AL
RTF REAbEW 6 £7213MEAW 16 B A L, TFA T & 2 Biff#Rs % #% T RGD-DA6 (1A 1) 14)
BLURGD-DAl ((bEM 1N EAK LTZ. 51T, ™InCl ZHAWT, xthiad 2 FEHAE In i3k T
& 5 [™In]In-RGD-DA6 (. &# 15) & [™In]In-RGD-DA1 ({44 18) % A1k L 7=.

Scheme 3-3. Synthetic routes of RGD-DA6, RGD-DAI1, and their nonradioactive In-labeled counterparts.

7
{ |
COBU [ /\ ) COH
Hozc
1BuO,C (\N/} COytBu 0 COpBu a HOG /NN GO o coM o
W )KOV — H HN ) /w \)L W
0, )\/\’(;)\ OKNHHNIVVW& N\)N uk@\/n
kco . CO,tBu , co " CoH m,
\f NH,
RGD-DAG6 (14)
@
0
b HO;CQK ;\(o €0z
N T " 0,C N\ €O, O COH o
o= b HNl/\/\/N . chm"?\/\/ﬁ(n%’dwu H
NHHNTN o N o N
o}/&\/n kco CCH m|
} \/KNHQ 2
HN ["a‘In]In-RGD-DAG (15)
S
|B 0,C Nri ‘BCO tBu H H c HQZCQ‘\ /)\:0/ (CO;H
v A N i, g Hos NN oom "
S LI AR i et oo Sl oo e mas oa o ¥
kcozuau 16 }”\/o\/H Nk ’ '
o N)FNHZ COH
AN RGD-DA1 (17)
)

o
e e 2 " P o 0L
k 1
W ["a‘ln]ln-RGD-DA1 (18)
Reactions and conditions: (a) (1) Side chain-protected c(RGDfK) (13), COMU, DIPEA, DMF; (2)

TFA/TIPS/H,0 = 95/2.5/2.5; (b) InCl3, H;O/MeCN/DMSO/TFA = 38/38/25/0.1.
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FR A A
Scheme 3-4 |2 RGD-DA6 335 L 18 RGD-DA1 @ "'In HEkiR I8 2w, "Win A5k, kel %

MES #& % H [ In]InCl; & MEAT 2 Z &2 L 0 i L7=. i HPLC = Wiz 21T\,
['"In]In-RGD-DA6 5 L O'"'In]In-RGD-DA1 % Z I Z IS FRIIE 73 38 LY 65%, I8 LUV

{LZHIREEE 95%LL | T4 7= (Figure 3-9).

Scheme 3-4. Radiosynthesis of ['!'In]In-RGD-DA6 and ['!'In]In-RGD-DA1.

o

Hozc\e\o\ COH
W
0§</NH HNIvv YV\N in* NW ;)k )KQ\/
M kcoz— COH W\Q\I

)/NHZ
"n]InCI
RGD-DAG/1 Hinlincls ["In]in-RGD-DAG
MES buff
o e Q
Hozc\ek (CO
HHNIW NW|,-,3 N//\W m \’(\/\O\I
M KCOZ,
["In]In-RGD-DA1
A B
S S
2 2
= =
C C
o) o)
S <
0 10 20 30 40 0 10 20 30 40
Retention time (min)

Retention time (min)

Figure 3-9. HPLC chromatograms of radioactivity (red) and UV absorption (blue) for a mixture of [''""In]In

RGD-DAG6 (A) and ['"""*n]In-RGD-DA1 (B).
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~ U AMBEE WA VB b a2 E R

['"n]In-RGD-DA6 3 L O'"'In]In-RGD-DA1 |22\ T, ~ 7 A M4 F VT2 @M 4 314 L 7=
(Figure 3-10). Mi{L-&W1%, 37°C T 24 FEEREH & 95%LA EAARZE bR E UTHEL, miEHhics
WTC 24 IR EICAAET D 2 LRI S Tz,

Intensity
Intensity

= L] L] :: I~.:: Fi T
0 10 20 30 40 0 10 20 30 40
Retention time (min) Retention time (min)

Figure 3-10. Radiochromatograms of ['''In]In-RGD-DAG6 (A) and ['"'In]In-RGD-DA1 (B) before (blue) and

after (red) incubation in mouse plasma for 24 h.

RS A B TR

{CEMDA T 7 ) s FEEMIIC KT RGP 2RI 2 728, U8TMG Mifld Z Hu 7=l
A B B 21T - 72 (Figure 3-11, Table 3-7). RGD-DAG6 (3 R{L-A% T3 % DOTA-c(RGDfK) & [F]
D ICs EZTL, THFHN 052 BLO 0.86 uM THEZITRD bRy -7-. —7, RGD-DAI
D ICsofiE 1% 1.8 uM &, RGD-DA6 3 L ' DOTA-¢(RGDfK) & L L TAHEICEVMEZ R L. Zh b
DFERMNS, AT 7V v afs FEAEHTERANC ALBB X O 2EEOT 2 VBB > — 0O )5 %34
ANTDHZET, AT 7V s \ThT DREEMEDHEFFS LD —TF, ALB OAZEA LT-HE1CIE
FEAMENME T T2 REM A R SN2, BEERTIE, ALB OE ALY «(RGDIK)ZHTHA T 7V
¥ BRI U PESER O ICso [EEIN T2 Z & Bl S Th 0 O ARIFRIZHE N TH, o(RGDK)%E
BHTHALT 7V o BERIBEPEERANC Lys-IPBA ZEAT 52 LT, AT 27U v ofs 1T
HREEVEICEE 52 DA REIENRE I HND.
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e 150 - —+ RGD-DAG
’x; -# RGD-DA1
E:D 100 # ! ‘m -8~ DOTA-c(RGDIK)
g
g .. {
£
8 O || || || 1
) 0 2 4 6

Log [inhibitor] (nM)

Figure 3-11. Displacement curves of competitive binding to the integrin owf; of ['*’I]I-c(RGDyK) with RGD-
DA6, RGD-DA1, and DOTA-c(RGDfK),

Table 3-7. ICso values of RGD-DA6, RGD-DA1, and DOTA-c(RGDfK).

Compound ICso (uM)?
RGD-DA6 0.52 +0.35
RGD-DAI 1.8 +£0.30
DOTA-c(RGDfK) 0.86 +0.29

Data are expressed as the mean =+ standard deviation of three independent experiments.

TNT 3 ARG TR

ICEHDOT VT I U EGIEEFHMET 5729, HSA W=7 V7 2 k& 5B 21T - 7= (Figure
3-12). [""In]In-RGD-DA6 £ X OV'"'In]In-RGD-DA1 (%, HSA JEE MBI L CT V7 2 UEGHE 2y D
EENEINT A Z R L=, —J5, ["MIn]In-DOTA-¢(RGDfK)Tl, HSA #EEDEICEES 7T
LUREAHEOEIMTIZEA ERO NN oTe. ZORERLY, AT 7V 2 aBs BERIFUR 3
FIZ ALB AT HZ LT, 7T I UREMWENBEEICHENT 2 2 L nn &7, [Mn]ln-RGD-
DAl OfEAMHEE 1.0 L3 E L T relative affinity ZHH L7 & 25, ['MIn]In-RGD-DAG6 (% 4.5 & &\
relative affinity 27~ L72(Table 3-8). Z O#EFIE, XAZIZ D-Glu, Y72 AMBA #& A§ 5 Z & T,
ALBEHTHA4 T 7V afs S ERBI O T V7 I UAEEER L35 2 2R LTS,
ZOMAE, 2FEEOT I B v —%E ALz PSMA FER B EEEANCBE T AR L —B L C
B, B A —EWR, AT 7V as IRRBESMEER O T VT X R MEOHINIE T 5
AR TETHD Z NI
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—— ["In]In-RGD-DAG

< 100 4 -@= ["In]in-RGD-DA1

g -o- [""In]In-DOTA-c(RGDfK) R
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Figure 3-12. Albumin-binding curves of ['''In]In-RGD-DA6, ['''In]In-RGD-DA1, and [''In]In-DOTA-

c(RGDfK) using HSA. Data are expressed as the mean + standard deviation of three independent experiments.

Table 3-8. Relative affinity of ['''In]In-RGD-DAS6, ['''In]In-RGD-DA1, and ['''In]In-DOTA-c(RGDfK) for

HSA.
Compound Relative affinity for HSA®
['"'In]In-RGD-DA6 4.5
['"'In]In-RGD-DALI 1.0
[""'In]In-DOTA-c(RGDfK) n.d.’

“The HSA affinity of ['"'In]In-RGD-DA1 was set to 1.0 as a reference. "n.d., not determined as the binding ratio
of ['"'In]In-DOTA-c(RGDfK) remained below 50%.

-76 -



USTMG IEIERAEE 7 /L~ U AT 31T D RN BURBES AT TR

L& DIENEIREZ LT 5729, USTMG IEEBHEE T /L~ U X & W o RN U RE 51 F28R
%17 - 7= (Figure 3-13, Tables 3-9-3-11). ['"In]In-RGD-DAG6 %, E2TDH A LKA > MZBWTHRDY
BUVMEZRL, &5 1, 4, 24, 48, BLOI6HFMZICB VT, ZhE4L21.5, 154, 105, 6.5, B
X W3.6% ID/g TH-o7-. W T, ["In]In-RGD-DA1 2% 16.7, 13.5, 5.5, 2.3, BX10.55% ID/g,
['"'In]In-DOTA-c(RGDfK)%% 0.21, 0.02, 0.01, 0.00, B3L0.01%ID/gDIATH-~7=. b DI
HREREDIERIL, A ha T LT V7 2 URAMEDIEF L —E LT Y, ALB OE AN
AT 7V B RIS O T VT I s R ESE D 2 & T, M REA IS
D2 EMNTRBE SN, XALIZ D-Glu, Y AZIZ AMBA %3 A L7-[""In]In-RGD-DA6 %, [''In]In-RGD-
DAL & Mg UCh et @ <, Hill Y v — i, ALBZHT 54 7 7V v a1
SHESEAI O ML S Hlcm EE&w5 2 EnmEht.

Feh 1 B % IZB VT, ["MIn]In-RGD-DAG6, [''In]In-RGD-DA1, 35 X OY'""'In]In-DOTA-c(RGDfK)
FWTH b RSEOGERZ R L, T 46, 5.6, BLW 53% ID/g Thol=. — 5T, &5
24, 48, BL N 96 BFHHIZHB W T, [MIn]In-RGD-DA6 23 F24 7.9, 83, BLU6.6% ID/g &,
['"'In]In-RGD-DA1 (4.9, 4.9, X 3.2% ID/g)E X O ['"'In]In-DOTA-¢(RGDfK) (2.1, 1.8, B LW
0.55% ID/g) & Il L CTHEICEWIEBEREEZ R L. ZNLORENS, A7 7V 2 oBs IR
SHEEANC ALB 8N 5 2 & TEOBGEMNEML, & 5612 XALZ D-Glu, Y fiZlZ AMBA %
AT HZET, TOMBEENS R ET2 2 EARBENZ. ZNHOMAIE, PSMA AL
FHERANCBIT 2R E B L TRY, FY O —HN, 42T 70 2 ofs ERIHURESEF]
DOIEGEREN AN THHZ L ERL TN D.

A Blood B Tumor
25 10 .
20 8 - *
(o) ()
é 15 é 6
X 10 X 4
5 2
0 L :l :l T il } O 1 T T T 1
0 25 50 75 100 0 25 50 75 100
Time after injection (h) Time after injection (h)

—e— ["In]in-RGD-DA6  —e— [""In]In-RGD-DA1  —e— ["""In]In-DOTA-c(RGDfK)

Figure 3-13. Comparison of radioactivity in the blood (A) and U87MG tumor (B) at 1, 4, 24, 48, and 96 h
postinjection of ['''In]In-RGD-DAG6, ['''In]In-RGD-DA1, and ['''In]In-DOTA-c(RGDfK) into US7MG tumor-
bearing mice. *P < 0.05 compared with ['''In]In-RGD-DA1 and ['''In]In-DOTA-c(RGDfK).
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Table 3-9. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-RGD-DAG6 into

U87MG tumor-bearing mice.

Organ or tissue

Time after injection (h)

1 4 24 48 96

Blood 215+ 1.8 154+1.5 10.5+1.7 6.5+0.5 3.6+0.93
Spleen 4.2 +0.50 42+0.74 49+0.72 42+0.43 35+1.2
Pancreas 2.6+043 2.1+0.37 22+0.34 1.7+ 0.08 1.3+0.05
Stomach® 0.56 +0.13 0.54+0.00 0.55+0.06 0.35+0.02 0.21+0.03
Intestine 1.8+ 0.06 1.7+ 0.26 1.1+£0.20 0.82+£0.11 0.54+0.08
Kidney 7.6+1.3 7.1+0.65 6.6 +0.97 5.0+0.32 3.7+0.75
Liver 4.8 £0.51 3.5+0.63 2.7+£0.47 24+0.13 1.8 +0.32
Heart 5.5+0.54 45+0.22 3.5+0.16 2.6+0.13 2.0+0.42
Lung 11.3+1.4 7.7+1.6 6.6 + 0.84 4.4 +0.46 3.0+0.36
Brain 0.46 £ 0.04 036+0.04 027+001 0.21+0.04 0.14+0.04

Tumor 4.6 +0.46 6.3+0.42 7.9+0.45 83+1.06 6.6+2.1
Muscle 1.3+0.05 1.5+0.24 1.8 +0.32 1.1+£0.11 0.89+0.05

Data are expressed as % ID/g. Each value represents the mean + standard deviation of three mice. *Data are

expressed as % ID.
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Table 3-10. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-RGD-DA1 into

U87MG tumor-bearing mice.

Organ or tissue

Time after injection (h)

1 4 24 48 96
Blood 16.7+1.6 135+18  55+045 234048 0.55+0.15
Spleen 2.6+0.48 284020 204021 1.8+043  1.4+0.13

Pancreas 2440.15 21+031  1.0+023 0.72+0.19 0.44+0.08

Stomach® 040+0.11  048+0.08 030+0.12 0.16+0.02 0.06+0.01

Intestine 1.940.16 29+041 1.1£0.05 038+0.15 0.16+0.04
Kidney 45+0.39 434007 23+020 1.5+031 0.89+0.17
Liver 4.0 +0.44 38+0.17 2.1+0.10 15+021 12+0.23
Heart 48+0.41 374060 1.8+027 1.1+0.12 0.53+0.11
Lung 82+15 70+0.83 33+025 2.0+0.58 0.71+0.15
Brain 033+0.04  030+£0.05 0.15+0.03 0.09=0.02 0.04+0.01
Tumor 5.6+0.48 6.0+0.75 49+084 49+039  32+033
Muscle 1.6 £0.25 134049 0.65+0.10 047+0.05 0.33+0.17

Data are expressed as % ID/g. Each value represents the mean + standard deviation of three mice. *Data are

expressed as % ID.
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Table 3-11. Radioactivity of excised organs and tissues after intravenous injection of ['''In]JIn-DOTA-

c¢(RGDfK) into US7MG tumor-bearing mice.

Organ or tissue

Time after injection (h)

1 4 24 48 96

Blood 0.21£0.13 0.02+0.01 0.01+£0.00 0.00+0.00 0.01=+0.01
Spleen 1.7+ 0.53 1.4+0.13 1.1+£0.16 0.87+£0.10 0.72+0.15
Pancreas 0.31+0.08 0.25+0.03 0.14+0.04 0.13+0.03 0.09+0.03
Stomach® 0.36 +0.13 0.17+0.03 0.09+£0.02 0.08+0.03 0.03+0.01
Intestine 36+1.3 092+0.14 039+£0.05 036+0.13 0.21+0.04
Kidney 2.5+0.71 1.7+£034 0.78+0.07 0.68+0.07 0.44+0.10
Liver 1.3+0.28 1.0+£022 048+0.11 041+0.06 0.20+0.06
Heart 0.47£0.07 031+0.07 0.17£0.06 0.14+0.02 0.08 +0.00
Lung 0.93 £0.41 0.59+0.07 030+0.10 0.17+0.03 0.10+0.06
Brain 0.10+0.05 0.04+0.00 0.03+£0.01 0.02+0.01 0.02+0.01
Tumor 53+£12 4.7+0.48 2.1+0.37 1.8+£0.56 0.55+0.18
Muscle 0.29 +0.07 0.17+0.03 0.09+£0.02 0.09+0.01 0.06+0.01

Data are expressed as % ID/g. Each value represents the mean + standard deviation of three mice. *Data are

expressed as % ID.
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USTMG/PC-3 A E T W~ U AZBIT A T 7 ) v afs ISk T D A v B ARBRIEREA

e b FVIEBHERIME 2 7 L72[ Injn-RGD-DA6 122U T, UBTMG MEBSE LU ¥ 777U > iy
EHBUEE Cdh D PC3 IEBEZ MBI L= ET A~ AEHNT, AT 7V afs kT 514
BRI A S L 72 (Figure 3-14, Table 3-12).° %% 5. 48 R[] #1235\ C, [''In]In-RGD-DAG |
PC-3 Jlltj5; & Hefe L€ USTMG JEFICA BEICEWERMA R L, THEN 3.5 B LW 6.7% ID/g Th -
72, UL EX Y, ["MIn]n-RGD-DA6 XA > 7 7'V > a,fs 3 BB I 6 U CEERICEERET 5 Z &2
REN, AVT 7Y e BRI & LCOA > BRICE T B8 ISR Sh.,

8 - S
6 -
o
S 4
59
2 -
O -
US7TMG PC-3

Figure 3-14. Comparison of the radioactivity in U87MG and PC-3 tumors at 48 h postinjection of ['''In]In-
RGD-DAG6 into US7MG and PC-3 tumor-bearing mice. *P < 0.01.

-81-



Table 3-12. Radioactivity of excised organs and tissues after intravenous injection of ['''In]In-RGD-DAG6 into

U87MG and PC-3 tumor-bearing mice.

Time after injection (h)

Organ or tissue

48

Blood 52+042
Spleen 4.6 +0.08
Pancreas 1.9+0.35
Stomach® 0.58 £0.06
Intestine 1.1+0.18
Kidney 4.5+0.10
Liver 2.8+0.30
Heart 3.1+£0.17
Lung 4.5+0.28
Brain 0.22+0.01

U87TMG 6.7+1.1
PC-3 3.5+0.36
Muscle 1.4+0.40

Data are expressed as % ID/g. Each value represents the mean + standard deviation of four mice. *Data are

expressed as % ID.
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3.5. 1M E

ARETIE, 2HEHOT I VB 7 —DE AN PSMA JEPESEAI O RNEIREIC 5 % 5 8% 7T
T5ZEAHEME LT, ["Mn]In-PNT-DAI (2% L C D-Glu 8L 00 AMBA % A L7-[""In]In-PNT-
DA6, X UNE AN E Z AN Z 72[MIn]In-PNT-DA7 Z#%it - Ak L7z, & 512, p-Glu B
AMBA % )7 Bl CEHAT 28 Y o —HIROISH AR A RGET 5720, A 77U v afs
TR R SEAI In]In-RGD-DA6 5% it « Ak Liz. TA7 X UG EBE X ORN U RE /A6 52
BROFER, LLTOMARE S 7.

(1) TNA7IUMERERIZBWT, ["Mn]In-PNT-DA6 1Z['"'In]In-PNT-DA7 & HfE L TEWT LT
UREEMEE R L, ZHVETICEHME L7 ALB 263 % PSMA EERIHURPESERI O Tl b =G
aEER L.

Q)  IRPBRE AT EERIZFB VT, [MIn]In-PNT-DAG6 1Z['"'In]In-PNT-DA7 & Ebifie U T E\ RS A%
L, ERD PSMA FERIHGPESEA & bl U Cle b i WSR2 L7z,

(3) ["MIn]In-RGD-DAG6 I, ¥ YU v B —#fli % AR \A 2T 7 U o auPs AR i 355 & i L
T, TAT I USSR X OMEERBIEO M E Ch 23380 ST,

UEORERE Y, Y o —Hilfz w2 2 & T PSMA BERI A O JEI R AR Ao 1) | &

HLHZLENHRETHY, SOITAEINTIA 77U » afs AR HEEAI ORI BT H AT
DI ENTISNIT.
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AWPIETIE, BRI OT V7 I AV L RNENR & OBIFRIELZTHET 52 LT, 7472
> EOMBNERZHRI UTHTRN AAERIEERAI OB 21TV, LT ORRZ T2,

1. %513 TIE, PSMA HERHERPESEAI D 7 V7 3 AEE M & BEERME O BIRIE A 39 % 72
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