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“"Ga DIEBEMRKIC ST 3 transferrin DB E|ZSFEICHW T, in vitro [Ck(T 3 Hela
83 @ “Ga BRIC &5&(E¢ FeCl, 0F 2% 5L 7. HeLa S3 “Ga OER(IHHHD
mEDRE, #5(c transferrin ORE(IC & > TZE{EL, transferrin (CifrEhic Ga
DEBBELRBLETIHDEELIONT:. LhL, CAERFEBRRBRRICEVLT, iﬁ*ﬂ!‘h
(2 1072~10"'mM @ FeCl, 254 3 &, “Ga OERNEHICHEML L. —F, FHEE
Hic &y, FeCl, %% 53 3 & “Ga & transferrin O#ESFAE S 3D, cellulose
BzEALAELV “Ga-Fe complex OHMHHBHONT. O complex DR & HeLla
83 [C&(+3 “Ga OEBROBMC(EAS MzEENEH LM, CThHORERIE, “Ga D
[EBERK(C transferrin (CRARLABVERBFLIFETITHMEZRTTHIDOLEILND.

Keeping the role of transferrin in mind, the effect of FeCl; on Ga-67 uptake
by HeLa S3 was studied in vitro. Ga-67 uptake by HelLa S3 was influenced by
the concentration of serum in the medium and especially by that of transferrin
added to the medium. Therefore, it is supposed that there exists the mechanism
of Ga-67 uptake mediated by transferrin. However, when 1072~10"'mM of FeCl,
was added to the medium in the same experimental system, a remarkable
increase of Ga-67 uptake was noted. From the results of equilibrium dialysis,
binding of Ga-67 to transferrin was inhibited by the administration of FeCls.
Moreover, there was noted a formation of complex of Ga-67 and FeCl; which did
not pass through the cellulose membrane. A correlation was noted between an
increase in Ga-67 uptake by HeLa S3 and formation of the Ga-67-Fe complex.
These results indicate that another mechanism of Ga-67 accumulation, namely
the formation of Ga-67-Fe complex plays a role in the uptake of Ga-67 by tumor
‘cells beside the mediation of transferrin.
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%Ga-citrate » f\ 7z imaging %, %< D
figse DEAEE s X O RAER O RRZETCIA
CFR&ERTWA, Lal, “Ga OERFEFIC
BL T, &L oRFAHBHEI A TE T L
b b, RKE—BL BHEN RIhThig
Vi, Larson 52 %, BEMAIC KT 5 trans-
ferrin receptor MFELE & transferrin ZfF
Ihic “Ga OIEBEBEBFE REL TV 5.
—75, Hayes b¥ XE)HERERD &R 2 D, in
vivo Ik} % Ga D EEMAK D RIADOERE
X, EELTmEREALBEELRR TGa i
3P 5 FEAL T D YGa OFA BIHRL T
HEBELTHD. %, “Ga AW ER
imaging IR\ T, SHEBRETDHLICL
T, MEEMSIEERE MM A NS & 554
DEBERICITbR T 22,07 —EL
T RBRE LR T,

ZOBRIC I\ T, Ga O BB EREEF I
BI+5 I hbDOFETHE X HGRICK T,
BEEEMiasy AL in vitro OEBRREHEH
L, EEMiao “Ga Uk X3 FeCly o
HEYRBRF L.

EBRMHELFE

ZOWFRICHEA Lol A FESEERD
Hela S3THh 5. Z DML 10% fetal calf
serum (FCS), 60 pug/ml 5 ~1 v, 0.29
mg/ml 7'V & 3 v&EEAK minimum essen-
tial medium (MEM) T B#EHERF I T
%. HeLa S3 (Xmonolayer OaichH T, W
PEFHHA T 19 Beffl doubling time TH4HE
LTRY, FRITXTZOREHEL T -
7o, %7z, 0.5% trypan blue DOHERREBRIC
X o TRDI-MIAD viability 123X TOEER
ZBL TH FUETH 7.

Hela S3 iz} % Ga ERDHEIFEIZ I\ T
i3, MBREAERDMM OSSAFy 7Y 4 —
VIZE &AL, 2ml o 10% FCS # &1y MEM
%, 5% CO, incubator # fi\>T 37°C ©
20~24 BEf BEE L. O, PBS T3[EE

(B£8% 545 1982)

%L, 2mlomEs &% s\ MEM (MEM
only) » %\ 3, FCS, E#WAME (HS) i
1290 % LAk iron free T#» 5 human apo-
transferrin (Tf) #f 2« DEE & AT MEM
Nzt X b, %Ga-citrate (1 5o+
74V b~ 7R a1 xCi/ml-medium
DR, FeCly 3 0~10"'mM DEE N,
37°C © 24 WefBs T L. O, Milgx cold
PBS T3 [E%EL, 0.2% trypsin ¥§ 1ml %
bz 37°C ¢ 15 4[] incubate L, #ifg%x > +
—Uh B AL, Mgy S5 27, 7 REB
BFLBL, Y+—VRAFELTK “Ga OF
A ¢ fodic cold PBS 8 ml CiEiT X -
T2EESL, M ERI i 7Ga DGt
BERRIE L. —F, ZOBAR BT il
¥oaEmL, MBagit 60~100x 10¢/dish <&
otz 7ok, FCS 10 %% &A1 MEM 76
MEM only % X' HS, Tf #4t MEM 232
¥l T3, EHI FelCly # 1074~10""mM ®
BECHESEL T, ot 48 KH % il Mg
DR K X e Bh b % Teh -7z, Hela S3
O YGa EBEUL, v+ — VIZINZ e Ga Ofkst
BRI X3 % Mifask 10° Edh e b DRFGALDEIE
(% dose/10%cells) & LTEb L.

HeLa S3 22560 “Ga ot # g T 555
ix, YGa EROBEIED BHE L FRC #Miax
4 OBk T Ga L L LI 24 REREE LI
#, PBS CT#E¥L 2ml OF L\ FEC ] L
o, —ED > 4 — vicidk, deferoxamine(Def)
% 0.1 mg/ml DEET xt. LT, “Ga
DBt A fRAEL, FHERK B Crodic 2, 4,
6, 8, 10 RpfEIBICE % 2ZH L 7e 23 b 12 B
37°C TEEER L. T, YGa OER & R
T, YGa offifarho BAFBSEY HIE
L, ¥Ga © 24 B 81T HH0A &% 100 % &
LCERFRYHELL.

Cellulose & i\ 1o SEEEITIC & - T, HS,
FCS X * Tf & 9Ga @ in vitro kit 5
A, bk Thic i35 FeCly D &Exv K
#f L7, Cellulose LRI 24A TH Y, i
MEE LT, 50mM EDTA #4115 %R
PY Y ARPTS SHEERBLE. BrORER
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HS, FCS % 5\ % Tf &1 MEM duz “Ga
GE% 1 sCi/ml) & FeCly (0~10"'mM) %7
%, 37°C ¢ 24 B:fd incubate L7z. %0,

ZFozk 1 ml % cellulose bag OHICFEIEL,
ElE X @7c2 5 MEM (pH 7.2~7.4) 8ml i
5L T 4°C ¢ 24BN AT o7, £L T, &
¥7 bag D & AHID YGa D SHEE R FIE L.

i #

Fig. 1 iz Hela S3 ® ¥Ga #EHUC 8 X137
HS, FCS 3 X 0" Tf O &% #5T Lic fiEx
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Eo k¥ YGa #EFut MEM only OBAICH
WL 3~4fEKcc -7, Lal, EBIHS
DRERIEMT 5 & YGa BEULEIRRA L 7.
FCS %L B4 T, “Ga ERULHE M
HEA%E RS, FCS oREL L LT WAL
0. L7=hio5 T, Hela S3 » Ga {EFUCHE X
FTMEO L, MEOBIC X5 &V
Hbhhte. Tf #EHAC HiNLCHE I,

%Ga {BEUX Tf OBE L & L EHHEML,

50 pg/ml OERET peak ELI. DR,
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Fig. 1 Effect of various concentrations of human serum, fetal calf serum (FCS)
or human transferrin on Ga-67 uptake by HeLa S3
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Fig. 2 Effect of various concentrations of FeCl; on Ga-67 uptake in MEM containing
human serum (A), fetal calf serum (B) or human transferrin (C)
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MEM only 0340 Ga BEUCH L# 8 5K
Thote. XHic Tf BES BT & WKRED
L, HS o4& L FEiRcERar L.

Fig. 2 1z HS, FCS $ 5\ % Tf #f 4« D
B4 AT MEM iz ki3 % HelLa S3 @ ¥Ga
BRIk L@ T FeCl; &Y /RL 7. MEM
only i35 "Ga #EE (% FeCly RN
1072mM M ECERcEmE /R L. HS 5%
Wit FCS #& A7 MEM thic 1} % “Ga
EELE, 104~107*mM o FeCl, @ # 5 1
I BEAE B R&RM T, L,
102mM~10"'mM o FeCl; ##5 L1z & ¥,
10% FCS 0B &%k ¥, “Ga ERIIEHICH
L7, Tf #&A4% MEM dicisits “Ga
EBEE, 1074~102mM o5z L b, =2
HxhbEEY ~LE. LaLl, 107'mM D
FeCl; o5z X, MEM only OF4 L6
B, “"Ga BEUIZEB ML 1.

—7%, BT X 5T in vitro i kIF 5
HS,FCS B X 08 Tf ioxt3 % ¥Ga D581 K
X3+ FeCl; D% et L7- (Table 1),
HS, FCS 3 X O°'Tf ® MEM tho iR KT
RBEONT, Thbd YGa DEBHREEN
bt “Gad HS Xt 3 % BE&EMkE

Table 1 Effect of FeCl; on Ga-67 binding to
human serum, FCS or human trans-
ferrin measured by equilibrium dial-
ysisa

i
H

(8% F4a4% 1982

i3, 1~10 ZDEEC RS\ T FCS e384
BAMEX D Bk TH -, Fhe, MEM
only kBT, Ga 23&H X 3 ic cellulose
bag RIZ L EEHH 0D EZXIWI LB TH o
7. LaL, 100'mM o FeCl; % #5 3 %
L, bag ic & X %% “Ga O &IX, MEM &
DOMmiER L O Tf ORE & XEBIFRIC 30~40%
L RIFE—EER R L. Zhik, FeCly s
X, ¥Ga & HS, FCS XU Tf LA
NEEIN D2, T h & AR free O “Ga
L FeCly 28 MEM AT cellulose [E4 @& L
7c\» polymer YR complex #HHT 5=
LEZbRS.

Table 2 = MEM only i i} % Hela
S3 » ¥Ga EH & %"Ga-Fe complex DA &
OBZRAY R L. FeCl, 0EEM 107°mM Ll E

Table 2 Comparison of Ga-67 uptake by
HeLa S3 with formation of Ga-67-Fe
complex in various concentrations of

FeClg?

FeCly Ga-67 uptake [Ga-67-Fe complex
(mM) (% dose/1C8cells) (%)

0 1.7+0.5 (4) 0.8+0.2 (6)
107+ 2.3+£0.2 (4) 0.940.2 (4)
1073 2.940.5 (4) 1.04£0.2 (4)
10-2 . 11.2+1.1 (4) 6.5+1.0 (4)
1071 19.6+5.8 (4) 35.2+5.5 (8)

67Ga binding

FeCl, | FeCl,
(=) |(0.1mM)

concentration of sera
or transferrin

MEM only 0 0.940.3(39.9+8.8

1% | 9.9+1.7/40.5+4.3

human serum 10% 60.3+6.7|37.5+£5.4
100% |94.1+1.6 —

1% 2.2+0.5(39.14+5.8

FCS 10% |23.2+4.6(42.6+9.4
100% |89.7+1.1| —
cansferriy | O-1mg/ml |48.5:£4.2|35.645.2

1 mg/ml|93.8+£1.0/30.2+£1.3

a The values are expressed as mean + stand-
ard deviation for 4-8 experiments.

a Experiments were performed in serum-
free MEM. The values are expressed as
mean+standard deviation. Parentheses
indicate the numhers of experiments.

T $"Ga-Fe complex DFEIHLMNCED S
h, YGa ERCL EPICHE ML,

Table 3 iz MEM only &1z k)% Hela
S3 0 Ga BRI ks LT FeCl, DF a4 4
D&MTHRE LIl LR Lic. ¥Ga & FeCly
RN Z 7B E(A) & ¥Ga & FelCls &b
B2U ® incubate L7cd D&M cHE (B)
Tix, *Ga-Fe complex 13#735 ¥ I T
Bbh, “Ga DiEEUL ¥Ga only DBEITHN
TZHicHmL 7. dialysis bag D “Ga-Fe




G TFixA: In vitro 1o kit Hela S3 Ao Ga-67 &fFicxt+ 25 FeCly oyl 313

Table 3 Effect of FeCl; on Ga-67 uptake by HelLa S3

in serum-free MEMa

wHET 5 &, “Ga DOffifart
DEARICThOBE LD

Ga-67 uptake

" |9 dose/iCecells) L 7-. LA L, 10% FCS &%
Ga-67 only 4 1.140.1 Wit 0.1mg/ml o Tf #nx 7c
Ga-67+FeCl; (0.1 mM) KA. N 67 3
(A) simultaneously administered 4 15.54+2.7 a0 "Ga DELFRIL, MEM
(B) 48 hr-preincubation 4 17.242.4 only(control) %1 i%.0. ImM
C) Ga-Fe complex > 2 A 7y 67
© (retained in the dialysis bag) 4 33.5+2.0 D FeCls %ﬁﬂx__t%n@ Ga
(D) sample outside the dialysis bag 4 0.7+0.3 BRI D LHEHICARICK

a Cells were incubated for 24 hr at 37°C with 1 uCi/ml Ga-67
only, (A) 1uCi/ml Ga-67 and 0.1 mM FeCl;, (B) MEM which

it stz, 0O &, “Ga-
Fe complex & Tf offfric k

was preincubated with 1.5 uCi/ml Ga-67 and 0.1 mM FeCl,

for 48 hr, (C) sample retained in the dialysis bag after 24
hr-dialysis bag after 24 hr-preincubation of (B), or (D)
sample outside the dialysis bag after 24 hr-dialysis. The
values are expressed as mean+standard deviation.

complex (¥"Ga-Fe complex DEEEIT# 80 %)
%Mz 5 E(C), Hela S3 o “Ga BEULX H
L, (A)(B) DBADM2RECELRK.
F1-, BRI hic ¥Ga (YGa-Fe complex %
EF\) BNz eBHe (D)X, YGa DER
X Ga only D& L ABETH-. h
HOKERIL, FeCly ofrb5ic X 5 Hela S3 »
Ga {EE D EW 7 Win, Ga-Fe complex
DR EBIEL T 5B LB BART LD
LEZbRS.

Table 4 iz °Ga-Fe complex & L THEHEL
1 Ga & transferrin NI TEREL -
%Ga ¢ HeLa S3 7 b D Bt B L7 BUE
hRL7e. Def # 85 L7\ & &, “Ga O
RpOBERII WThO HEDL 85 B AR
L, REZEDSNH -7, Def 0.1mg/ml

> THEEL “Ga Tk, %0
ERBFrRIcoTRY, BEE
Al oAb R b & LaRT
borEZLIS.

z ®

%Ga-citrate 2MEHIC BEIhD L, TD%
IrimMEE AT transferrin LHEESL,” £
HEBEA~BXEIRD &8 HmbhT5. L
L, EEABEBCEINE, E0X 5 ki
FClEBEMR~ERE T 203 FET 28501 H
D, H—IhT i, BEEMREY A7 in
vitro OEER? A bik, [EEMAC transfer-
rin receptor A fFLEL, transferrin LFEE&L
7z %Ga 23 & @ receptor ZNL THUA Eh 5
EWHBNENTHSB. LiL, in vive ik
WX, AHA VYT AR EE BELLLBARC
X, %Ga & transferrin OBEER™BAL, IE
HEGRAEMAD “Ga B BT 51 d hvb
53, BED “Ga BB LRV EWS5H

Table 4 Effect of deferoxamine on Ga-67 excretion from HeLa S3a

24 hr-uptake 12 hr-retention (%)
(% dose/1(%cells)|  qer (_y  |def (0.1 mg/ml)
MEM only (control) 1.740.4 85.8+3.5 42.6+ 8.3
+ FeCl; 0.1 mM 18.5+3. 8* 88.3+9.0 29.94+ 9.3
+ FCS 10% 1.040. I¥x 85.3+5.1 66.7+ 4.5%
+ transferrin 0.1mg/ml 9.8+2.0% 90.1+2.7 71.5+12. 4%

2 The values are expressed as meanitstandard deviation for 4-5 experiments.
* Significantly different from control (p<C0.01)
** Significantly different from control (p<C0.05)
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/D 2 YGa L Fe DAGKNIAN Bic-T
WBEWLIEED Ak, KTLYL transfer-
rin receptor DRYE L 7= E£REBEF O AT ¥Ga
DIEBERATHTE /L.

FAx D in vitro DEBRRIC KT, Hela
S3 o “Ga {ERUL b O MEORE, FC
transferrin OEEIC Y - TEEL S ITHZ &
NEH XK. Hela S3itiksit 5 transferrin
DL “Ga BH o B R 1%, Larson H oD
EMT-6 sarcoma DOEBFERY & Ak E [\
%RlLic. ZDOZ &b, Hela S3i2id trans-
ferrin receptor 23fFEZEL, transferrin O{f
Mk 5T Ga RNERL TWH L0 LHEES
5. ZOFEEC B\TL free “Ga DOEE
MR~ OEFIFECHich o1,

cDX 37 in vitro OEERRIC B\ T,
FeCl; 0% R &L 7. Fe?* o transferrin
X3 5EMMEE Ga?t L h L RTHBHDT,
FeCl, oz~ 513, Ga & transfer-
rin DA BHAE TS 3ZTTHLH. LaL,
Hela S3 » ¥Ga {ERUC ¥k k3T FeCl; 0
W st & 25, FeCly DREN 1072~
107'mM Cit ZBic “Ga B ¥ L.
—7, cellulose &% F \» 7o FEBITC X -
T, FeCl; o5z X ) “Ga LifiEDH B\ ik
transferrin & DFESIAEI N B2, Thi
FIEFIZ °Ga & FeCly 2% cellulose fEA @& L
7s\> complex T B I LARD bR,
X bt FeCl; orbic X 2EEMD “Ga &
RoOZEHLBENE, =0 “Ga-Fe complex D
R & DBIEN B bCED bt Zhig,
in vitro TR\ T, Ga DOEEME £FEiC
transferrin NI WEBFLIFET S
LERTIDEEZDLRD.

CITHEE LTIV, Bt
CEERD MED BEO BV L 5T, YGa
DEHMA~D £E, HD T ERC TS
FeCly, &N RIs %5 Z L THDH. FHEEC
LT, FCSIzAMmE X v b ¥Ga & DFEAHR
FAEAS B Z EN RE R, LnL, FCS o
WFho EBE T3 Hela S3 @ Ga BE
mU7eEE, F7, FCS 10% &t MEM

(8% 4T 1982)

F1CiE FeCly (0.1mM) ofbic I h “Ga-
Fe complex OHFILAD BN DD Hela
S3 o Ga EEUI ML s EEIE, FEABA
HEOBRED B DORIT X o T HB TEigL.
Gams H® 1MEPICE 4D “Ga ERIFHIEAE
FobH EEHEL TR, 0 X 5
bRl BFS FCS i T 27
ML BB, Lich o T, EEKNTIE, in vitro
= %Ga uptake NEKIC L HEE X D { trans-
ferrin BEN hich B i 2 L EHIT
MR &4 DRTIC X 5T “Ga uptake £
BT BAEENRD S.

87Ga-Fe complex DfER=e BIEMIE~ BGA
F M AEFOFEMINHETH 5. Glickson 519
i¥, polymer ko> 'Ga-citrate 43 pinocytosis
2 X o TEBMRICEGA h b &\ 5 EEEF
BIE LT BAS, ZDFie polymer DKL
SRR B Th EXBTHL LAy, —
%, %Ga-Fe complex & LT EEMICEGA
* hf- °Ga iy, deferoxaminic X - T#60%
PRI RS Z A D, 0L XMROEE
EREA LTS WL 2 bhb. “GaFe
complex ¥ pH AMEW 12 £ BRI LT,
#"Ga-Fe complex % B BB BET5
LR, B KEHGA % h Colloid ROME %
RLT.

Ga DEEER I B3 % “ transferrin re-
ceptor {R3i”® 13F & LT in vitro 0ERIC X
STITHYTHRIERTH S, Th Rk
FEARIC B\ T, transferrin A I igy
colloid JR D 67Ga-Fej complex & LT»D ¥Ga
DEBEF LFET D LR L. FeCliic
I o TELREHRE RIFREORKREN ScCly
CroThESITWS (Muranaka and Ito,
KRFET— %), Thbo FERIL transferrin
AN R YGa DB EREF Y B8 T2
LOTIE e\, UL, FOHEBEERF L R
iz, Fe = Sc A% carrier & LT AR Iz
bhi: B4 low pH e D &fF 0 b & T
1, 20X 57 ¥Ga @ complex O RFETD
EEOTHEMDL D L& RETD LDOTH
5.
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