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In vivo radiopharmaceuticals have two different uses — for nuclear diagnostic imaging and for internal radiation
therapy. For nuclear diagnostic imaging, it is necessary to make the difference of radioactivity levels between in the tar-
get regions and in the other regions at an early time after administration. For internal radiation therapy, a more selective
accumulation of the radioactivity to the target regions is required to minimize an adverse effect. In order to achieve the
highly selective accumulation of in vivo radiopharmaceuticals, it is necessary to find an appropriate target molecule in
the first place and design a compound which can recognize the target molecule and stably label it with radionuclide.
There are several proposed approaches to chemical design for this purpose. However, even with the specific recognition
and stable radiolabel, targeted imaging and therapy are not necessarily achieved. We have been developing in vivo
radiopharmaceuticals based on a chemical design called ‘‘bifunctional radiopharmaceutical.”” Bifunctional radiophar-
maceuticals have the recognition site of the target molecule and binding site for the radionuclide independently in one
molecule. This review summarizes our examples of chemical design of in vivo radiopharmaceuticals to achieve the tar-

geted imaging and therapy.
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Fig. 1. Chemical Structures of 36Re-labeled Compounds
(A): 136Re-HEDP, (B): !%Re-MAMA-HBP, (C): 1%Re-MAMA-BP,
(D): 16Re-MAG3-HBP.

DOFENEEINTVnS, ) ZZThhbiul, &
NOFFMEERER D Z &< M S DD NIRI
SHETH R 2 7R 19Re KRG B R AN A D B 57 & H
MELT, BRI EEEGOBERICED E,

CEWEIHEZETHOEARARR— M3 TIC
AR T 1Re ERTETRSEARZELT 5F L — M
MEBHATLHERREGZEZERZLE.OZIT, ReD
FBETLETH O, (LAREEAEEIL Tnd P Te
CRERBRBERZIERT A I ENASNTNS
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Table 1. Stability of '86Re-labeled Compounds in Oxygen-
saturated Buffer

Incubation period (h)

Compound
1 6 24
Radiochemical purity (%)
186Re-HEDP 82.0 51.5 24.8
186Re-MAMA-BP 97.3 89.2 81.8
186Re-MAMA-HBP 98.5 94.9 75.6
186Re-MAG3-HBP 99.4 99.1 98.3

Each value represents the mean for three experiments.
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Fig. 2. Hydroxyapatite Binding of !36Re-labeled Compounds

(A): 88Re-MAMA-HBP (Q), 'SRe-MAMA-BP (@), 8Re-MAMA
(@), 18Re-MAG3-HBP (A), 138Re-MAG3 () or 13ReO; (A) was added
to hydroxyapatite beads suspension (100 uL; 1, 10 and 25 mg/ml), and the
mixture was gently shaken for 1 h at room temperature. After centrifuga-
tion, the radioactivity of the supernatant was measured. Each value
represents the mean +S.D. for three samples. (B) One hundred microliters
of 18Re-MAMA-HBP (Q), which additionally contained a different amount
of HEDP, was incubated with 100 ul of the suspension containing 1 mg of
hydroxyapatite beads. After centrifugation, the radioactivity of the super-
natant was measured. Each value represents the mean £S.D. for three to six
samples.
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Fig. 3. Biodistribution of Radioactivity after Intravenous Administration of 8¢Re-MAMA-HBP (QO), !36Re-MAMA-BP (@) or

186Re-HEDP ([1) in Mice
Each value represents the mean +S.D. for five or six animals.
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KEMEDE <, Re EREMRIRZELRKRL, £kl
TSRS — 1 fli © & 1 %= A 3 % mercaptoacetyl-
glycylglycylglycine (MAG3) ZEINL, EARAR
*— MIZT3Re-MAG3 Sk 2 fE G L2 L[ (4
hydroxy-4,4-diphosphonobutyl ) carbamoylmethyl ]
carbamoylmethyl ] carbamoyl-methyl ] carbamoyl-
methanethiolate ] oxorhenium (V) (18 Re-MAG3-
HBP, Fig. 1(D)) Z#&FHL7=.10

186Re-MAMA-HBP O &k & [FERIZ, MAG3 D A
AT bEEZE B FOVETREL 25 O 2 3R
RELUTHAL, 'SRe KIS DERIC, MU F
JV L C ReOy E RIS /D Z EITLD,
186Re-MAG3-HBP % WL 2RV 76%, AL
FHIME 95% LA ETHS Z ST L .

AL 7= 136Re-MAG3-HBP O R EME 2R T 5
=W, BETHEMUEY CBEGERT T > F 2
N—h U7 (Tablel). ZDfER, 24 KHHICH
WTH, ZOREIMREAKRE L THEEL, 12
ErPORBWTEETEVWEEEZHAT 2 I EAUR
SNz, FEeEROFITINY A KT 5 186Re-
MAG3-HBP O#MEZFHEd 572012, £ ROoF
7 INY A iR T 18Re-MAG3-HBP %1 >
FaxX—hL/EEZA, 8Re-MAG3-HBP I3,
18Re-MAMA-HBP & [Alfk, /KEgHZEF L TH7an
186Re-MAMA-BP & [bNT, AEICHWE ROoF
TINZA N EOREGE MM ER LU (Fig. 2(A)).
ZDFERIT, AEHBRFNTBWT, 18Re $HAD I
i HEI, EXARAFRR—MEEOE ROoF oy
INT A SN\ DREGHICHEBEEATRNIEZRTD
DTHY, BReFHARDHEELILIZKD, ENHFT
NOFHEMEERES 2L, KNBEZFIHTE
S AHetE R S Nz

% Z T, ¥Re-MAG3-HBP #~ ™7 2 IZ# 5L
Z DIRN i & 18Re-MAMA Z§i{kE L THW
WEEHBMRA L (Fig. 4). T OS5, 136Re-
MAG3-HBP |3 5831, s 5iHk Ll
BANDOHHFREEREBKLS, 1 ERTBNTD, JE
WICRETHDZENRIN. ETEERELLTH
LB G®HEDD, NOEFICESERL, E
KA I 2 2 &M MhElno 7z, —, FEEN
FHA% T d 2 Ml X OBl DEFE D 13Re-MAMA-
HBP LHART, ARIEVWDDOTH>. THIZ
IS D B6Re G E X KR AR F— N DA% 5T

Mg 2720, FU% =)/ KoyteEkzE L -
(Table 2). FD#f5H, 13Re-MAG3-HBP |3, !S6Re-
MAMA-HBP, '36Re-MAMA-BP & (LT, KA
MEALEL TS ZENHENERS T2, LENS T,
8Re-MAMA # 8 A L L EARAR R — MZTHBIT
% [l B O T RE AL, SEAMEE & U OO
R U 7z Re-MAMA DEEMEICERT 5 EE A5
n5.

PLEDF NS, 186Re-MAG3-HBP 73 il 5 & #ir
FEERAL -~ 186Re 2 IR ANIC A IET H A & L ToH
AHEEZEET DI EIWRSINZ2D, BiBET
oy EEREL, EESEEEAOEENEZ
flid & &b, NABETIEREANE L TOER)
HEzBRHMNLEZ.VEZT, Ty bANAME
MRMT-1 Z Wt SD T v DX @RS O FHiEIC
BT HZLICKVBEBEET IV Yy MEEREL
7.0 Al A RIS OB ikEIciEa s ho—)L
ELTHWTATFT A LDHEFEALEZ. DM
ZHE L 72 3 R 12 18Re-MAG3-HBP & L < I%
186Re-HEDP % 55.5 MBq/kg D 58 CTHE#E 5 L
7=. £, 18Re-MAG3-HBP D KN/ fi % 2FAfi 9
L, #5524 Ket%12, SPECT #®#%%1f7- 72
EZA, NAMfaEBREL =AM E <E/MHL T
B EMBEDH SN (Fig.5). €I T, ZOEST
TS % % 16Re fEEEL G DK TR FI2) R 2 3
i %712 von Frey filament test 2175 7=. 13 §
HB, 1.65-645mN £ TOET 1+ A MEH
W, finT 1 T A2 N SIEIC S [ET D R % #
W, v MVEBRRINERLET A TARELE
Wi (mN) &L, TOLEWEDLEARILEZRH
THZLXLEXVMADOIBEE L. TORERE,
18Re-MAG3-HBP # 513, IEHEGHITHLTEH
B mEmaRa R L7z (Fig. 6(A)). £,
18%Re-HEDP £ 5-# b, JERGHEITH U THRIE RN
R ERLUIZM, FOREIL, '¥Re-MAG3-HBP
BEBOLNREN 2. —F, HEHEMEICKITT
18Re FEERIL B DR R Z AT T 2720, MEAE
DFERFHIZE AL Z 3/ X 7= 45 5 % Fig. 6(B) IT/:"d. JE
B O RFE TR Volume= [length X (width)2]/2 12 &
DR, 1%Re fEFEAL G Wi G R (Y AMIEEHE 3
AERR) KT LHMETRLUZ. ZORER,
18Re-MAG3-HBP ¢ 5.8 T3, JEHRGH LKL
THERRVAOHEENIIH SN, —F, '3Re-
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Fig. 4. Biodistribution of Radioactivity after Intravenous Administration of 136Re-MAG3-HBP (A), 186Re-MAMA-HBP (O), or

18Re-MAMA-BP (@) in

Mice

Each value represents the mean +S.D. for five or six animals.

Table 2. Partition Coefficient of '8Re-labeled Compounds
Compound log P
186Re-MAMA-BP —0.96£0.01
186 Re-MAMA-HBP —1.02£0.01
186Re-MAG3-HBP —2.68+0.01

Each value represents the mean+S.D. for three experiments.

HEDP #5812 B W T, A% A BEFEINHI% 38l

BINEho/= 5

W24 [EMd L 7= 186Re BE SR AL,

SYORIER O & U TIERE 2 #ER  I5HEI L
e, TOREE, TRTOHIIBWT, AEMRIMERE

DIEMTRD 5 NT8N o Tz,

EARARF— MIBRN 72 FRINHEFRTH 2 Z
EMS, BARKLZBROBEICOHEHINTS
0, RBECHAUEED QOL NEEIND I &NV
&SNz W £, EXARARKE—FD1DT
BBV L RO VBN FES OERFREMEAE LT
NTHBIEM, BEEBETILT Yy bEHWEEY
EBRIIBONTHIHEEINTNDE. D LEN>T
186Re-MAG3-HBP Ti8® 5 Nz iREZN R AT 8Re D
BT 2 g~ M Tha<, EXRARR— MEEITE
WL TWaaREbEASND., £IT, HEHEE
DL = LhEHAV, Re-MAG3-HBP =&k L,
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ventral

Transaxial Image

Fig. 5. SPECT Image at 24 h after Intravenous Administra-
tion of 38Re-MAG3-HBP (222 MBq/kg) in a Rat Model of
Bone Metastasis

Arrow indicates the site where tumor cells were injected.

186Re-MAG3-HBP & [FIREZHEH&E G925 2 &I
K OBRENROFMZEIT> /2. TOREE, JERSHE
Re-MAG3-HBP JBERICHB N TIE, von Frey fila-
ment test D JZJix L X WED ., JEIE G & B 12,
KIEEREUNTHEEEIBRI N> = (Fig.
6). L7=7> T, BRe-MAG3-HBP D& % 4%h &
1%, EARZARR— NOEMHETITRS, EXR
AR — MEEIC R U ORAEALIC SR I EE
L7z %Re DT 2 - FRITEKRL TWd EEZ
5N 5.

Lk, BEBETIVT Y bEAWERFHIBNT,
186Re-MAG3-HBP 73 7%% ARl AL R 30T i < SR FE
L, HEHEET, Bz rdZem<, AR
PRI, EREEIHI R RT I &2 RN
MLz 50k ENS, BRe-MAG3-HBP 13
SRR T O N A U ia g = BB & U 7 iU
HENE LU THERTH SHAJREHENREI N
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Fig. 6. Therapeutic Effects of !3Re-MAG3-HBP in Rat
Models of Bone Metastasis

(A) Palliation effects on bone cancer pain. Data are expressed as ratio
of right (contralateral) withdrawal paw threshold values to left (ipsilateral)
values (mean +S.E. for five to seven rats). (B) Inhibition of growth of
MRMT-1 tumor cells on therapy. Data are expressed as tumor volume rela-
tive to that on day of treatment (mean +S.E. for five to seven rats). Sig-
nificance was determined using one way ANOVA followed by the Dunnett
post hoc test (*p<C0.05 vs. no treatment) .

WL =0 MMEEER O TGt M L. 2
ZTRLEEDI, A2 ERITBWTERNSSFITK
BHREZ BRI 4 E T 21213, NS T O &
RI DGR EEDAHTIE 5 TR, KNHREZE
Hld %, FRICIERRRRRE N DEEZ RS § 55
TRRETNEE L7125, S-S ETE O N RRIE %
ZHOEUZBBEL Z 0 AE#HE AR AR R — b
BENTOWTIE, B IS AT K D R
HOEIZE > T, FENHBNOEMEEL K
WTDZEMNREE a7z, 25 LRNHEE
REDHITIZONVWTIE, 2N ETIZ, EMEMIILS



1944

Vol. 127 (2007)

A, 5D B AR Y O IR AT D 2 BT K B
T, 1819 JEREAYRLAR I FEE T D B R D 7 T lak 2 Al
AU 7= #1202 2 EIT R L T .

i, RO FA A= 27 OFRICEEMN
B£FE0, I ULEMENDORENIETHOEL D)DK
TWITED SN T NS, FA A= 27 1IZ1ENn<
DMDEF VT A NH BN, 2<DOHE, 1 A=
U RSFTO—TNE QRGN EHES TS,
ZZTRUEBSE T O—7 SRS, ERPOE
HorFaA 2 ERTHRAD (1 CERAT A=)
=0, ENSFOREIEE ST IV FORE
ZEEDOHTIE 4 Tla<, KNBEEZ T 25
FRREIMEELLDEERD. 5%, 1 ERKE
HERZOS FHRFHEZ I SICERBLLT S LI
X0, BEZZH - BEOREDHIRST, LR
EYUTAIIBIB0TA A= 2 THFEORIEIT
DNt EEHET 5.
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