(R #*)

337

H ) o 2R Z H B 3 O radioimmunodetection:
YU LB PUATE I RT T REICOWT

B W W EE
P gk
TH Bl B

IR

RBE R PR REE
k2R #FH Rl
B SEME

EE Hit b a-fetoprotein K Y 7 v —F LFifk, Hit b thyroglobulin £/ 7 v — F )L Hi{k, HL b b
chorionic gonadotropin € / 7 v —F L4k ¥ o EEEEGUIC 3 55k 7Ga fEiikic o\ THRE
M7 kRat# 17 - 7z. deferoxamine (DF) % bifunctional chelating agent & L THWTH /- Ga il
ffifkix, Scatchard plot A4 A6, HUKICH T 2HEABIAIER, HARE L LSBT, HUATEMESRE S
NTWBZ LavRENL. £z, TGa EEFihs L Shic~ v A0 MMHCH 2 PR E IML 2RI Y,
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L7 oI bISH S s Lo Liiff s h
T, HUROBIICH W D g R %
t L —C’ ﬁ&i VC“, 13111-'6)’ 12317~9) 7‘; &mmﬁ,m-
3 — KOEn, BRESEEET & 511nl0~19),
99mTc 20~22) 67Ga, 67Cu23)’ 90Yy24) }p L ﬁiﬁg 4 ﬁ{
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radioimmunodetection {Z (X P D @~ D
HWAERME & RO > > o 3 R A 71 clearance
NEREh S, 2o, EFHEEEOES
o AR L ENE & 2RI IS R T X S PUIERR:
ORRREBSBELE SR 5. KL, Ko Ik vk
X hv 7z deferoxamine (DF) # bifunctional chela-
ting agent & L THW 3% # > %7 B O Ga ik
g, TATIVE, T4TY ) —F L, yrX
+— €M AT oy BOFRICER T
Wi E R TWS., 22T, RiRoRMEE v
7Ga EHPIAIC X % JEJE © radioimmunodetec-
tion 479 7201z, Hiiko ¥Ga I+
%IRRT - 7o, EHEEERH TH 5 a-
fetoprotein (AFP), thyroglobulin (Tg), human
chorionic gonadotropin (hCG) %42 R Y 7 m
—FAditk, kEE 7 e —FAhiEERY,
7Ga 1EHIC X BHUATEIE~ OER, “Ga ik
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1. EEREERRICNT 2HE0OFR

t b AFP 2%+ 2K ) 7 v —F Adifkix, b
NAFP% 7 < (23 L T 5 A7 HL ML % affinity
chromatography TH5HL L T157-9.

TgH LW hCG x5 € /7 7 v —F A4k,
zhzh~v 2 fEik, 7&%%%@%&7#
2 BtlEMAE 2 F v % hybridoma o i
ERL L 72, 1gG 43 (IgG1) i3, hybridoma ?5; < r7
2GRN G- 1%, f3b il X D Protein A-
Sepharose CL-4B % v THEHL L 28R it L 7-.

2. DF-}jifdconjugate O {EHY

Yk o 67Ga {313, DF #% bifunctional chela-
ting agent & L THWTITv, * ¥ DF-#iff con-
jugates # {Ef L 72 #%, &\ T ¢7GaCls I8k & I
4 2% 2 Bk ®-2ic X v i - k.

DF L #$ifko coupling iz L # L7 L5t K%
Hw5 Fig.l o532 T{T- 7. > % v PBS (0.01
M phosphate — 0.14 M NaCl buffer, pH 7.4) 2 %
f# L7 0.06 M DF (HAF 4 ¥ — X &)
Imlic 109 vz a7 aFe K 10pl 2%,

[oF : 1.0 me (0.06 M in pBS)]

~——4Glutaraldehyde : 50 pug (10% soln.d

Stirring for 5 min. at room temp.

Reaction Mixture

2.0 mL

IgG :
(7.5 x 107°M in PBS)

e

Stirring for 45 min.

NaBH4 : 0.3 mg

at 0 - 4 °C

at 0 - 4 °C

Stirring for 10 min.

Gel chromatography on Sephadex G-50

DF-IgG Conjugates in PBS solution
(2.0 mg/mg, 6 mg )

Fig. 1 Coupling method of deferoxamine (DF) to
antibodies.

23 %

4 2 (1986)

bR ki e Z O & AHURRIR (2~
lm%mﬂ@%nlmH:DFtﬁWm{wwtﬁ
6.25 ~300 (27 % X 9 1T L, 0~4°C T 45 4y
MB35 (N=2~5). K\ Ti& ¢ #H| NaBHq
03mgéWiT,éBt0~&C?lSMHMHL
721, HiRICEES L T w2 v DF (3 Sephadex
G50 W5 Lrm=h 757 4— (1.5x
30 cm, MG : PBS, Jidi: 25 mi/hr) 12 & Y 4B
L, DF-Hiifk conjugate O A& 53 H L 72,
Z O4 T 2.0 mg/ml (T L THELE L 7.
PUA ORI X 280 mm OIMRRIIC L Y, F
7=, HURICH A LTz DF o 25 i3 Emery, Hoﬁer
DFHEIC L VPEL, P 1T U0 Ik

LTw% DF 5 ¥ % k.

3. MAFEEDRE

DF O#%8 03hRIGHEIc - 2 2 58I > n» T,
RIA, & % v i RILEREESESOS &2 T RRET L 7c.

PUAFPHL{E, $T hCG HUkOHLAIETER, +TIC
WL et yy, JHR L 72 DF-Hi{k con-
# H v T RIA # {7 /2 1%, Scatchard
plot {2 X Y fig##T L 7-.

Pt Tg Prikic o T, SRk s H v
LH A mA K72~ (G LhEa R &)
X0 HAIE T 2 JE 7.

4. 67Ga-DF-#i{& conjugates O {FH!

itk o 67Ga i3, DF-#{{& conjugate 2 mg/
m/ ic °GaCls (I~5mCi/ml, HA AL 7 ¥ v »
2) & Wz 15 43[R T incubate 32 Z £k Y
1T - 7= (Fig. 2). Ga-DF-${{A& conjugate (¥ milli-
pore filter % jfi L 7 # (] U 7. B8R o S
Sephadex G-50 # 5 L7 n~<= 757 ¢ — (1.5%
30 cm, #EHHE . PBS, ¥k : 50 ml//hr) OMEHED
HEICE VT - 72,

jugates

DF-IgG Conjugates Soln. 2.0 -3.0me
676ac1, in 0.0IN HCT Soln. 10 - 100 ut
(0.1 - 1.0 mCi)

Incubation for 15 min. at room temp.

Millipore Filtration (0.22 um)

67Ga-DF-1gG Sample

Fig. 2 Labeling of DF-antibody conjugates with 67Ga,
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5. EEIYRATO “Ga iBHIREDERN DT
$7Ga 12 # bt Te itk (127 pCi/90 pg 1gG) #

DDY ZiEW <7 2 DJEFFIRE 0 # H#%, 1,2, 4
HHICRE Y v F 75 L8 . £c4 HHIZ)

L, Oldzeflic TRImMLE, A B, OB, N,
e, il P A i L 70)@&:&;075&%%
FRIE L CAMM L g Y t D ORGHEMEZ R 7.
M ic s %5 Ga it Te itk o L E 1
oW T, 4H HIiciufE & RE L, 552 i d
< v 2 1gG $U{F) &j]l&fd.iﬁ&’iﬁtf{é, W

DN i b7 i 5 R By A L HET 5
ZEICXVHEL .
. # £
1. JILRILTFILTFE FERBL= DF Lfifks
@ coupling

a7 Fe R fvi: DF L HiE & o
coupling 1%, 1) Hiifko K, 2) L& # 2% DF/
Pkl 2 bS5 L, R TN 0 Ik
&3 % DF 0¥ »3 8 L 72 (Table 1), #ix i3, 1gG
MEEH 6 mg/ml ThH B & X, L& 5 DF/IgG
m&niZiﬁbT%t,%n%nmﬁLQL&

65370 DF 2 1gG 1 43772 0 iIcBA S htz.
~7i Az IgGREAZHIME 5 &, WL
DF/IgG o & T b 1gG 1 43 Fichia+% DF
BrHsmLz. o% 9 DF/1gG KUtttk % 50 (c—
Lk &, 1gG JREE* 2,4, 6 mg/ml &N
g5k, fEfl&Eh 5 conjugate @ 1gG 1 43124

Table 1 Effect of antibody concentration and added DF
to antibody molar ratio on DF conjugation

1) Added DF to 1gG

molar ratio 12.5 25 50
Attached DF per IgG

moler ratio 1.0 1.8 2.6

The concentration of IgG was 6 mg/m/

2) Concentration of 1gG

(mg/ml) 2 4 6
Attached DF per IgG
molar ratio 1.0 2.0 2.6

AHded DF to 1gG mdlar rratrioiwag 56 7

tDmDFu1Q2Q26T%U TUARIREE & I
JES® % DF/IgGlhic & v, Ptk 141N vic
WwHEshs DFG}-??&E':'/ fhe—n35%z 0
T&E k.

2. DF/#ikttDZE L DF-Hifk conjugate )

FUESEHICRIFTRE

DF/{fifk 25 1.0, 2.1, 6.7 o {ii & DF- i AFP
HifA conjugate, F 7213 DF # #5464 L Tu 7n v RAL
Hofik & 121 ik AFP L ofi&IRE% Fig. 3
{2753, Scatchard plot T » g #1 T X, DF/IgG
WA 1.0 38 X U8 2.1 TSR OHiK & HUF~O
WABRIEH, BAELbicErRBoohiniros
tz. —J5, DF/IgG ks 6.7 L¥ifkfEa+ % DF
DEWEAICE, MEBMERICTTIZEA EER
HOHNRND, FUR~OFRERESFESICE TR
TLTWD Z EAvyRr&Ehiz.

L Tg €/ 7 a—F bkl 5+ 729 i DF
LT EFERSERYE, Y14 aA K72 FTR
102,400 f#%#7#R (0.49 ng/cup) £ THETH Y, K
WERHR DY A O 7 & # 28 1 { (Table 2), DF

Radioimmunoassay of AFP
( Scatchard plot )

O—O Anti AFP antibody
e—e DF/IgG ratio 1.0
o—0 2 21
6.7

04 |

B/F

20
Bound AFP (ugAFP/mglgG)
Fig. 3 Scatchard plots of original and DF coupled
antibodies (Ab) against AFP.
O: original Ab
®: Ab containing 1.0 DF molecule per Ab

molecule

0: Ab containing 2.1 DF molecules per Ab
molecule

H: Ab containing 6.7 DF molecules per Ab
molecule
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Table 2 Effect of DF coupling on the anti-Tg mono-
clonal antibody (MoAb): Thyroid test
Original anti-Tg MoAb 0.49 ng/cup (1: 102,400)
DF-anti-Tg MoAb* 0.49 ng/cup (1: 102,400)
* DF/IgG molar ratio=1.2

Table 3 Effect of DF coupling on the anti-hCG MoAb

Maximum
Affinity binding
constant capacity
M) (g hCG/
mg 1gG)
Original anti-hCG MoAb 5.5x10° 160

DF-anti-hCG MoAb*

5.5%x 109 167
* DF/IgG molar ratio=0.9

Table 4 Biodistribution in mice at 4 days postinjection
with 6’Ga-DF-anti Tg monoclonal antibody

Organ % dose/organ 9, dose/gram organ
Blood — 8.9142.62
Liver 20.69+0.85 10.56+0.22
Kidney 6.05+0.21 10.364-0.27
Intestine 5.524+0.29 1.644-0.01
Stomach 0.8540.11 1.054-0.04
Spleen 1.1440.07 7.79+£1.10
Lung 0.5840.01 4.0340.35
Muscle — 1.504-0.10

mean—+s.d. n=3

AL DPRE DR TREED S h - T
hCG icxt+2 € 7 7 v —F AP T L [ EE I,
ik 1 7% 7Y DF 1 531 ofEHo%E, Hii
L ORSEBAIER, Kass bR LIA LD
- 7= (Table 3).

3. DF-}i4F conjugate () 67Ga &SR

DF-}ifk conjugate » $7Ga {E#vaikix, Fig. 4
»Sephadex G-50 7 v = k7' 5 LT3R T & 9 1S,
void volume {1 I D AFEFED €' — 27 345,
67Ga fEHRITITFT100% L& HND, Licdio
T, UBOERICIHER S5 Z L 7Ga EH5
hifkE R L.

4. TGaEME/ /O —FILMEDOEEI IR

3k

Ga I £ ) 7 v —F A FiEE Ef <z

L LB a0 4 HHOKAYMI, X001, 2,4

23 % 4 5 (1986)

2000

(cpm)

1000 [

g 7Ga RADIOACTIVITY

0 20 40 60 80
FRACTION NUMBER
Fig. 4 Sephadex G-50 gel chromatogram of 67Ga
labeled antibody.

576A-DF-ANTI Tg MOUSE MONOCLONAL ANTIBODY

Fig. 5 Scintigrams of normal mice at 1, 2 and 4 days
after injection of 67Ga labeled anti-Tg mono-
clonal antibody.

HH®DY > F 7 5 L % Table 4, Fig. 5 155 7.
RUCER =T 27 NE O ML SR ¥ (TR 2
VUF T T AT HEBREICHERWER D H T,
5. m¥EPICHIT B Ga IFRIMAD KB

<% Z A O 7Ga ORUERBED 92~95% 13T
< 2 IgGHADORMIC L VLB L, EHHEDYGa
T LT, =T AENT OEFRGUR S LIEIC
FHELTWS Z LasREnT.
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radioimmunodetection (¥ € / 7 = —F AHUEL
RoOFHEOFLI EY, FLWEEFHTFBR L L
THHEh TV, BEDE 25, EEORS K
ZEmn, LT B EEACH R T
16 UL B EeEE#n 8 HERWD &,

Loy BTN T % 12 U RRIRIE A 2 2 &,

TALXE—LHRBICHE L T nis EZEHcH Y

TIIREA S . A E AV % radioim-
munodetection ¥, #4.2~3 HZICIIHRIGPIFET
3;) 5 m—G2,4,16)’ 3{2?&%7)‘; 3 H *%J}-}‘Zg) lllln, 67Ga
PEHES ATV S, &6 Mn, YGa (g +
LrMOTIAX Ly F ST 7 0 — IR
LTW5sZ L, B#EHINETERE OBk
DO RWZ LR EORBERT A, &6,
Z 513 DTPA % DF 7¢ ¥ o bifunctional chela-
ting agent * {5 Z Lick v, HikoE#E X
DO TREHICTEXDZ L LFIMTH D

A a1, DF-#i{k conjugate (2 87GaCls
IR IRFNT 5 72413 TEE 100% ORI E
N5z LAURENE. LEkn->T, B ofi{o
X9 B EERTA LR U L oS BiERE D
ARETH - Iz,

HEHE S mEERR O 5 5, PUEOZEMRICE, Mn
Pl b XSRS HEERICH bLEAL TWL
%13,16,18,19) L - 7z A3 DTPA # bifunctional
chelating agent £ L THv 2 1In ST, TL
HIEES bR S V. £, Hik 1o F s
ﬁéUWA@%%ﬁ&ﬁ%f&,f%%%&ﬂ
BRSNS LB AT 2 Z L b an T
‘4‘515)

TSR e TR L 7o bk & Al v TR

KA A= RE5010E, PUREEORE TS
HATH Y, PiEOEME REES D 72 IFE7 X

ISt Esk&h . DF # bifunctional chela-
ting agent (2 i\ 2 %°Ga #Eak: (3, DF-Hifk con-
jugate O{ERY A o483 E T pH o & T T

b, POEFFRINICKRTT2Z2LMATES0T,

PURIEMEORFFICE LT3, DF OfE&IC X %

PURTEYE~ 0 283, BT AFP $Ufk, 41 Te Hi(k,
Pt hCG Hifk D+ RTiz>nT, Hifk 1Yk
DickEA+% DF 2 1 7oA TEBlgsh s,
+TIcHd L. DTPA % v % Min 83 Il
RTHKEEORFEN RS TH 5 LHEllsh
5Ga EHPLA DO~ 7 2 TOERNS i O FKBR,
BLO, Mo “Ga ORHFED 5 B 92~95%
PPARICREAE LTHEET S 2 £ X Y, YGa &5
PR O invivo TO BWLEMESHER S, L
Tehi o T, AEEHAREEOREE L LEM L L
LICHE TE 5Pk Ga il b Bxbhb.

—J, = U 2ENHT O it T o S Ga EikT
(RO IE G PR~ O AEFE I, (RERE O g O
W BWHCIBEE 5 5. I~ OB DI
RASERE Wn, 97 Te BEHATLALATE
D IL16.22) AR AEICHE L B L b B A LR
5. fht, SrsaTaFe FeEfwnkZ Lick

L8 R0 BRED, b0 L BRNOY
B 7 £ DT~ O 4 RAER O JRR & 72 -
FATHEME L & D, A TR~ O IR RV R &
DERHLIRFVPVETHS .

Z N X 92 DF # bifunctional chelating agent
ELTHWSHifRo Ga i, M7 8(E
THEEEHIC, 2o, HFRICEBTELHBETH
% 2 ENERB LN, AFFE I B ICERE
R ba U BEETH D BGa ITEHT D 2 & 2]
ETHY, ARILICHER S Z LIS 5.

V. £&£ 8

G B R < &» 5 AFP, Tg, hCG 2%t 5 #T
A%, 07Ga THE# L, radioimmunodetection (2
B0 5 IR 21T - 7.

DF # bifunctional chelating agent (Z v % J;
Hud, BRRMASRMT CRE SRR TH - 1.
Pk 13174720 o DF AT E 1 BEIC=
vhe— g, PR~ OFRSEBRER, S
REAWUL S Z &<, PifkiEEERiciiEzT2
TENARETH - . & 61 YGa EHEHUA R in
Vivo THLEETH S Z EdvRE iz,

PUATEME D SE R 7 R EF L LEM L & RIS 2
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TE oA, “Ga iE#ldiks v % radioim-
munodetection ICHFHTH Y, SH%AET bu L
fiTh 5 B8Ga ~DJSH HFEENS.
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Summary

Radioimmunodetection of Tumor with Ga-67 Labeled Antibodies:
Effect of Radiolabeling on the Antibody Activities

Takako FurRukawa, Keigo ENDO, Yoshiro OHMOMO, Harumi SAKAHARA,
Mitsuru Koizumi, Tetsuo NAKASHIMA, Masao FUKUNAGA, Rikushi MORITA,
Hidematsu HirA1, Akira YOKoyAMA and Kanji TORIZUKA

Department of Nuclear Medicine, Kawasaki Medical School, Osaka Pharmacy College,
Kyoto University and Hokkaido University

Antibodies against tumor associated antigen;
anti-AFP polyclonal antibody, anti-thyroglobulin
monoclonal antibody and anti-hCG monoclonal
antibody, were labeled with Ga-67, using de-
feroxamine (DF) as a bifunctional chelating agent.
The immunoreactivity and in vivo stability of the
Ga-67 labeled antibodies were examined. The
effect of DF conjugation to antibodies on the
antigen-binding activity was evaluated by RIA and
Scatchard analysis or tanned sheep red blood cell
hemagglutination technique. When DF was con-
jugated to antibody at the molar ratio of 1: 1, the
antibody activity of the DF-conjugated antibodies
was fully retained. Whereas, in heavily conjugated

antibodies, the maximum antigen binding capacity
was reduced. Biodistribution study in normal mice
demonstrated the high in vivo stability of Ga-67
labeled antibodies.

The labeling of DF-antibody conjugated with
Ga-67 was performed easily and quickly, with a
high labeling efficiency, requiring no further puri-
fication. Thus, this labeling method, providing in
vivo stability of Ga-67 labeled antibody and full
retention of immunoreactivity, would be useful for
the radioimmunodetection of various cancers.

Key words: Radioimmunodetection, Bifunc-
tional chelating agent, 67Ga, Antibody.
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