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The imaging of bone metastases using the radiopharmaceuticals is useful because detecting functional changes
prior to morphological changes is possible. In neuroendocrine tumors, somatostatin receptors are highly
expressed and bone metastases occur at relatively high frequency. Therefore, for simultaneous detection of
multiple cancer lesion sites, compounds containing (L-Asp), as a carrier to bone metastases lesions and the
somatostatin receptor-targeted peptide as a carrier to cancer were synthesized. From in vitro and in vivo results,
the affinity of [*’Ga]Ga-DOTA-(L-Asp):i-TATE for somatostatin receptor was greatly decreased than that of
[*’Ga]Ga-DOTA-TATE. Meanwhile, [*’Ga]Ga-DOTA-(D-Asp), were synthesized and evaluated. In
biodistribution experiments, [*’Ga]Ga-DOTA-(D-Asp). showed high accumulation of radioactivity in bone as
same as [“Ga]Ga-DOTA-(L-Asp).. [*’Ga]Ga-DOTA-(D-Asp)i4 should be more stable than
[*’Ga]Ga-DOTA-(L-Asp)14 because the proportion of intact complex after injection of
[“’Ga]Ga-DOTA-(D-Asp)i4 was significantly higher than that of [*’Ga]Ga-DOTA-(L-Asp)i4 in urine analyses.
Therefore, (D-Asp)i4 could be useful as a carrier molecule of radionuclides to bone. Moreover, the DOTA
ligand can form a stable complex with *Y as a therapeutic radionuclide. Therefore, to develop compound for
cancer treatment of multiple lesion sites, we evaluated [*°Y]Y-DOTA-(L-Asp)ii-c(RGDfK).
[*°Y]Y-DOTA-(L-Asp)11-c(RGDfK) has potential for treatment of not only the primary cancer but also bone
metastases because [*’Y]Y-DOTA-(L-Asp)i1-c(RGDfK) should possess similar characteristics as
[“’Ga]Ga-DOTA-(L-Asp)11-c(RGDfK).
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[“’Ga]Ga-DOTA-(L-Asp)11-c(RGDIK) DFEA 24TV, AHAMEEZ R L CTE 72, ZOMETIL, FEiamEim
PEHE L LT, RGD X7 F REHANTW A, OB REREIAE~DISH b ARETH 5 L5 %
bivd,

Z 2T, R R L LCA 7 R LA T RIFERICER L, BUE, £ < O WAE
% (neuroendocrine tumor ; NET)WCEB W TERBL L TWD VY~ NAX F U FIKEER & LT, e
WA N LA A A RFERE RN EZEIN T TS, £, NET Tid, i) o Hitsk
DBEEREWA, BB b IR ICRE 2 5, 2 2C, iR R & i ik A
R FWNICEAT DRI v I T A a7 b, 47 FovA A RFERICH IS AIEET
HOIMNEFRDZ LA B, BRAMEEEIR L L CQIXT ART U7 T K| fEig G
KHEKLE L TAHZ b H A FFER(TATE) 2 [ — 4 128 A L 72 Ga ik &w
[“’Ga]Ga-DOTA-(L-Asp).-TATE (n =0, 2, 5, 8, 11) (Fig lA)Z &Rk L. #Eliz1T>7=, M. ABFFE T,
%Ga LV FEHNR . BHRWAE S 72 “Ga (e = 3.3 day) & Ve,

ERob G CTERRAEREIA L LTHWTE LT ARG X UBATF R, L-7T AT X
A2 HWIALE TH LR, D-7 X VBN LRHXTTF NiE, XTFF¥—BIC Lo TS iz
Wb, LT R BN XTFRED L in vivo TEVEEIZRD H DT ENMBNTWD, £
ZT. D-TARTF VBT T ROFHRAEEEHEE S L TogAELFMT2 2 &2 BN,
[*’Ga]Ga-DOTA-(D-Asp). (n =2, 5, 8, 11, 14) (Fig IB)Z Ak L. iHliZ1T -7,

SHIZ, 2NFETREHOEFEESMOREZHAZ BN E L THMEIT- TE
[’Ga]Ga-DOTA-(L-Asp)11-c(RGDIK)DEMLF- & L THW TS DOTA 1, 155 AR (B A% FE)
Th5 Y L ORERERERT D ENMLNTND, £ 2T, SGatZil{b &Mz L% PET 2
Wr & VY EELAMIC L aBEE D TV L AENEIEREOREEZ BHIC,
[°Y]Y-DOTA-(L-Asp)i1-¢(RGDfK) (Fig 1C) & &% L. il Z17T - 7=,
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Fmoc BEFHERGEZ HWTT AT X VB ORI B0 5 HFEFE O L5 DOTA-(L-Asp).-TATE
EEL, ENENTGa LIRSS Z EI2L Y, [GalGa-DOTA-(L-Asp).-TATE (n = 0, 2, 5, 8, 11)
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F7-. i & FEARIC Fmoc [EAHA A% IV T DOTA-(D-Asp), (n =2, 5, 8, 11, 1) Z Ak L. =h2
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HRES A FEER . ~ 7 2 ~D[7Ga]Ga-DOTA-(D-Asp) 14 #% 5- 60 5314 D IR ST EBR A1T > 7=,

E 52, Y HERRRETERA TdH D DOTA-(L-Asp)i1-c(RGDIK) Z LR 27% CTAK L. Y EISEED
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Fmoc [EAHARLEEIC LV . DOTA-(L-Asp).-TATE (n =0, 2, 5, 8, 11) % Z I FAHILER 7%, 15%. 8%.
12%., 9% TH L, RWT “Ga L DFIGIZ LY BEHMEFRIIER 99%, 93%. 86%. 85%. 75%.
TSI 96%LA 1 T[Ga]Ga-DOTA-(L-Asp).-TATE (n =0, 2, 5, 8, 1) %155 Z L 3 Hiskl-, Zh
LIE#HIEEWIZONWT, BEHBHRKRFP TIE, 41 FaX— b 24 FFREZICEB VT
[“’Ga]Ga-DOTA-(L-Asp).-TATE (n =0, 2, 5, 8, or 11)ITZ4E41,90.5+0.2 %, 91.9 £ 0.3 %, 92.9 £ 0.1 %,
89.7+03 %. 88307 %N ARE KL L THBLEINT, HA L O A EBRO KR,
[“’Ga]Ga-DOTA-TATE |Z HA ~Ofi &% /RS9, ['Ga]Ga-DOTA-(L-Asp).-TATE (n =2, 5, 8, 1)/
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UL, PREKLT, Vv hAXFUZFERBEBIMINTH D AR Mifld~DHL Y A EER
DOFER | B2 BAMR 4 BRI 1238V T[YGalGa-DOTA-TATE 735 < (327.4 + 7.3 % dose/mg protein) B V) iA
ENTZDIZH LT T AT X BT F RE8A L7bE Y[ GalGa-DOTA-(L-Asp).-TATE (n = 2, 5,
8, 1) AR42J #lfid ~DHL V) IAA I TAKAE(14.1 £ 0.7 % dose/mg protein, 0.8 + 0.0 % dose/mg protein, 0.8
+ 0.0 % dose/mg protein, 0.5+ 0.0 % dose/mg protein)Z 7/~ L7z, F/o, YV~ FAXF U FIR~DH T
PEFEBROFER S . [7Ga]Ga-DOTA-TATE @ ICsofEAS 8.4 nM TH o 7=DITH LT, 7 AT F U~
7F R%&E A LA W[ GalGa-DOTA-(L-Asp)-TATE (n = 2, 5, 8, 11)Tl&, I ZFI ICs 7S 42.7
nM, 443 nM, 59.4nM, 353.1nM & 720 V< N AX FUZRE~OFRMEITIKT Lz, 2O invitro
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R %3E A L 72[¥Ga]Ga-DOTA-(L-Asp)11-TATE . [*’Ga]Ga-DOTA-(L-Asp).-TATE (n =0, 2, 5, 8) L ¥ &'
~OEWERBAZ R LN, &5 1 BB C[7Ga]Ga-DOTA-TATE 2MEE~D & WEFRQRL6 + 4.1 %
injected dose/g) & /R L7=DIWZx LT, 7TARXRTX UVBXTF RE2EALLEILED
[*’Ga]Ga-DOTA-(L-Asp).-TATE (n = 2, 5, 8, 11)DJEIZ~DHEFEIFMLAE(2.4 = 1.1 % injected dose/g. 0.4 +
0.1 % injected dose/g. 0.6 = 0.1 % injected dose/g, 0.4 £ 0.1 % injected dose/g)&x R L7z, 7o, 7T AT
XUBATTF R A —0EANL, G TR Y~ NRAY T USRI B C H 5 P
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NS EMIZ OV T, HA L OFEEEROERE. [GalGa-DOTA-(D-Asp), (n =2, 5, 8, 11, 14)I1,
T AT X UERARTF ROEEIHTF LT HA ~OfEA 2= L. [“GalGa-DOTA-(L-Asp), (n =2, 5, 8,
11, 14) & FRIZ D HA ~OfEBZ R LTz, 0 in vitro DFERZ ML, IEH~ 7 A & FO TRk
RE3 A1 2B Tl [“Ga]Ga-DOTA-(D-Asp), (n =2, 5, 8, 11, 14)i%. [Ga]Ga-DOTA-(L-Asp). (n =2, 5, 8, 11,
14) & A% OB ~DOEMZ R L, BLUSOIFERIEZR~ITE L A EERET, PR PICHR S
Tz, RN BE Sy 41 325 T, ['Ga]Ga-DOTA-(D-Asp). (n =2, 5, 8, 11, 14) & [“Ga]Ga-DOTA-(L-Asp)a
(n=2,58,11, 14 D TREREVITIAONRD ST, ¥ T A0 TGa B &M 5- 60 5314
DIRGIHT OFRER NG L-T A7 X % W TERK L 72[“Ga]Ga-DOTA-(L-Asp)ia DARZEALIRDE]
BN 55.0£193% THoTDITHR LT D-7 AT X W% O THERL L 72[“Ga]lGa-DOTA-(D-Asp) 14
DREALEDOEIE D) 85.8 £ 17.4 %ok Emh->T2728, [YGalGa-DOTA-(D-Asp)is D55, AIKNTOZZ
EERENZ EDRB SN, 2D invitro 38 X Win vivo DFEERNS, D-T AT X UEBETF R
b L-T ANT X UEEASTF R RRRICERRmMEREEEAR S L CoAAER TR ST,

Z 512, DOTA-(L-Asp)ii-c(RGDfK) & Y & DSNZ LV . HEHEFRIIEE 84%, FUR L ROMIE
95%LL | CY]Y-DOTA-(L-Asp)ii-c(RGDfK) & 15 % Z & 23 k7=, FEMEHR COLEMERBROFE R, A
VX 2 X— [ 24 RV T, 97.6 + 1.5 % RE IR L L THIZE Iz, HA & OREE FERORE
B, P°Y]Y-DOTA-(L-Asp)i11-c(RGDfK)i%[*’Ga]Ga-DOTA-(L-Asp)11-c(RGDfK) & [FIEEIZ, HA ~D &\ i
BRER LT, O in vitro DFEFEZ B L . IEH~ 7 2 & H 2 (R RE 55 A1 225k Tl
[’Y]Y-DOTA-(L-Asp)i-c(RGDIK)IZFTHl D@ 0 F ~DmWEFRZ /R LTz, 2L DORERNS
[**Y]Y-DOTA-(L-Asp)11-c(RGDfK)iZ. [“’Ga]Ga-DOTA-(L-Asp)11-c(RGDfK) & [FIAR D Y EhRE S HIFF T X |
s A T 7V RBUEEHNL I K OB SR O G R RWa R A IR S L D,

U EofER™E . KM% CTREME 1T - 7218 & % (Ga]Ga-DOTA-(L-Asp)s-TATE
[“’Ga]Ga-DOTA-(D-Asp)a. [*°Y]Y-DOTA-(L-Asp)11-c(RGDFK)NZ DWW T, EN b BiamrEmsEik s L
TOT ANTG X UFERTF RO TR R S, A% OZK - TRIFREA| ORI A IS R 1G4 12
HTrbnLEZLND,
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Figure 1. Chemical Structures of (A) [*’Ga]Ga-DOTA-(L-Asp)n-TATE, (B) [*’Ga]Ga-DOTA-(D-Asp)x,
(©) [*°YTY-DOTA-(L-Asp)i1-c(RGDfK)
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