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[Emimpe (HeLa S3, TEMME) (C(+3 “Ga OEHIC 3 3 transferrin (T O
BB L BFEMEST S =-0HIC, “Ga & PI-Tf OFpE: B RFLA. WM L D “Ga D
BRI MR E & (ML 7h, LT OJ|RIEALENE FEhho7c. “YGa,
IBLTf 2MAEICEATERE, M T ABZFVEHABMRTFORFREZAET S
&, Ga ORER(TEMESME S HICHML 4BMTEPE0 X TH-1. —4, PITE
DORER(TIEMER & (L EMRIC 20~30 % TH 7. HeLa 83 hH 0 “Ga OHEM (L 12
ERORICH 10 % THh o 1=, PI-Tf OHitFIERIC:EL, MEMonly fT(E#75 %,
100 xg/ml Tf %&¢; MEM hT(E#) 95 % TdHh - 7. MMME(C L Y nonviable (T o7
THEAEMBETHE, BRAEEMIAVHEKEL Y free “Ga OI|EIM(EIKXTH 7. LHL,
Tf [CAHE iz “Ga OER(E, PI-Tf OERHBEMLAZCOI AN HOT, FHACHEIL
fo. SALOBRMD, “Ga OMEAEER *ITf LER>TWBIEbRSh. §
fibb, “Ga [THMICEEMICERIN FLAE sV OICHL, #ITIOZL
ZHREEE HALTHY ELRBEATLZHDEEIONS. LEK-T, Tf (L “Ga
M THET 3 carrier LLTHWTH Y, “Ga NEBMIAICERTSICE TL
LSMOEFdERLETAE RS2

In order to reevaluate the role of transferrin (Tf) on Ga-67 accumulation in
tumor cells (HeLa S3, Yoshida sarcoma), the kinetics of Ga-67 and I-125-Tf were
studied. Ga-67 uptake by both cells increased with contact time while I-125-Tf
uptake showed no marked increase. The retention of Ga-67 in Yoshida sarcoma
followed by trypsinization increased with contact time reacing 80% in 24 hours.
Conversely, retentions of I-125-Tf were 20% ~30% irrespective of contact time. Ga-
67 excretion was about 10% from He LaS3 during 12 hours, while that of I-125-Tf
was very rapid: 75% in MEM only and 95% in MEM with 100 pg/ml Tf. When
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Yoshida sarcoma cells were rendered nonviable by heating, free Ga-67 uptake

was higher than that of non-heated cells.

However, Ga-Tf uptake decreased

markedly despite an increase of 1-125-Tf uptake. Results indicate that kinetics of
Ga-67 is different from that of I-125-Tf: Ga-67 is gradually taken up by cells and .
is hardly excreted. On the other hand, I-125-Tf mainly binds to cell membranes

and is rapidly turned over.

Therefore, whereas it is recognizable that Tf acts

as “carrier ” in transport of Ga-67 to cell membranes, other factors besides Tf

may be important in Ga-67 deposition in tumor cells,
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87Ga-citrate 1JEB A+ + vHI L LTIA<H
WHRTW B, —HOERAMCERC b
#£REL, ¥, BT v BO=RALF—2H
—ThAB=FIAF —FFLEATH 5D
fREED R VGEGNE DR\ T & & 4 DR
BAL HoTWwb. YGa OEE £EEF 0%
B, EHREBZHOICDICLETHBDAH
o, FILWEBRCEE A » YRR
BADLDEEZBRS.

Jl, YGa OfEE EEEFCBLT, X&
LT in vitro OEEEEN S Tf OFEIH 5
FIRTHA. P Ui, in vivo 128 WT
i, BPFLL Tf ORI Xk » T “Ga DERE
BASRBAIIILF TRV Y Fh, Fxd
B A A1 in vitro 0EBRT, Tf K
BIR L -EREF O iz ¥Ga @ complex @D
BELBFELELOND I EERELL.

ZORTIE, Al Ld in vitro kL
Tk YGa DEFEMB~DOERCE BERLT
W5 Tf OFEA X SICHEC 5 b, B
HHRC B0+ 5 YGa, ®I-Tf OBjEL LB L,
¥, MECERCHETHIRTFEHRFT L.

ERMHE & B E
5 F3 U 7= Mlifa . HeLa S3, HHPIEAAR(YS)
T, fetal calf serum (FCS) # 10 % DEE T
4¥r minimum essential medium (MEM) &
THEBEHEF IR TV 5. FRITTNT, vy
FCS #Bg\ 7= MEM only %%, 90 %LE
iron free T35 human transferrin (Tf)

A DBBECL TT -7,

Hela S3 iz ¥t % "Ga D&Y & HEt OHIE
ITEICHRE LI HED - T » 7.
EHEET B 5 YS Itk B Ga EROHE
ETIE, BER15mm 07525y 2RABREC
MlA ¥ EAR, Mx O BEC T ¥ FAK
MEM @ 1 xCi/ml-medium © Ga (8
—5CF TAY P~ TR LEDHIT0.5~
24 RS 72, + D%, cold PBS 10ml T
4°C, 1500 rpm 543 O FLT 2 EHE L. &
B~ LT “Ga D& R odic #ikg
XHLVRARE~BL, X512 ORES
#LDELA. £LT, Mifado “Ga Ot
BERBIET S & IR AL, 2D
BT St 5 JEREENE 50~80 x 10/tube T3
S7c. i

LTI L 5 27 b1 +F &8 — BT EH
L, By HBEtees 14 uCi/ug Db Dx
Wie. EEREOEHERI BEBHEE LTS
AR) = AER == m= VT T
TI3~B BT Hotc. ", BREDHILPE
ER B 5 72®iC bovine serum albumin
(BSA) % 1mg/ml O T % 7. Hela
S3, YS iw kit 5 BI-Tf oERE it JIE
11¥Ga DL L FRAEHET ot Bt
O T-Tf OPEEEITEE 0.5pCi/ml (Tf DEE
13 0.05 pg/ml, BSA DEEEIX 2.5 pg/ml) #H
Wiz, Ieds, 2.5 pg/ml f2E O BSA (XIEHM
B "GaBRIC 12 LA E Y Exltho
7o

YS © #Ga, BI-Tf OEFUC K XiFT tryp-
sin LB O EL W L RRIT KT, tryp-
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sin LEIZ Ga, '"I-Tf A H#ifa~ BGA ¥ ¥7c
1%, W% 0.1 % trypsin %WE 2 ml s < 15
438, 37°C ¢ incubate 33 Z LI XD T
7.

YS @ nonviable 7z flifa% 15 % 7o DEJLIE
i, YSHFS5AFy 7 RBRE~ T X AAL
#, 56°C » water bath & 30 43fd incubate
T5H LT LD fTote. Mg viability 1%
0.5 %® trypan blue OFEERFABIC X - Tl
E L.

# #

Fig.1 iz Hela S3 (A) X0 YS (B) i©
}F5 “Ga, WI-Tf OEFUC X3 Tf ©
BECEE Y K3 Lic Y /RLA. Hela
S3 » Ga EEUL Tf DEE L & HCHmL,
50 ug/ml OYEE T peak KELLN, X HIC
Tf ORER BT EWRED Lic. PI-Tf O
But Tf 0BENKRICI AT Lich - TEHEBA
B L, Milan Tf receptor LAERMIICHES
LTWALDEEL bR, —7F, YSIERU
% %Ga OERUL Fiich D T ORE D B
L7235 T Hela S3 04 LSRG EL
L7eds, ©—21 &3 % Tf i 10 pg/ml
THote. EF1:, YS © YGa #EFuL Hela S3

10 (A) Hela S3

(B) Yoshida sarcoma
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Fig. 2 Time course of Ga-67 and I-125-
transferrin uptake by HeLa 83 in
MEM containing 100 pg/ml of human
transferrin. Cells were incubated with
1 pCi/ml Ga-67 or 0.5 uCi/ml I-125-trans-
ferrin for various intervals at 37°C.

OBE LD IEETHok. LT OERD
Hela S3 04 & Fk/sEm %R LA, YS
DERD HNWAT Ho7z. LaL, Hela S3
L YS o EREO ik, Hela S3 Tixfl
A v e — U bit 2t 37 BT trypsin %

RS 55, YS HFEMRTH D7D tryp-

sin 2FEHLT Wb fe & D EED &0 E

WEREETDIULENDD.

Fig. 2 & 100 pg/ml
DBEEL Tf % & A K
MEM iz i} 5 HelLa
S3 @ Ga, 'BI-Tf O

B a B TUA %% ol L 7B
2 % R LI, YGa 0B
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- N /\; +5 DKL, BT
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Fig. 1 Effect of various concentrations of human transferrin

YS wikidnr “Ga, 1¥I-
Tt O Ry Bl A% b
BLABETH 20, W

on Ga-67 and I-125-transferrin uptake by HelLa S3 (A) and

Yoshida sarcoma (B). Cells were incubated with 1 pCi/ml
Ga-67 or 0.5 uCi/ml I-125-transferrin for 24 hr at 37°C.
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Fig. 3 Time course Ga-67 and I-125-trans-
ferrin uptake by Yoshida sarcoma in
MEM containing 100 ug/ml of human
transferrin. Cells were incubated with
1uCi/ml Ga-67 or 0.5uCi/ml I-125-trans-
ferrin for various intervals at 37°C.

Table 1 1= YS @ %Ga, '®I-Tf DB
(g4 trypsin MEO BEA BH LR
F Lz, “Ga o trypsin JLENC X B (4L
mEHO BRE B O EIE) X, ML
Ga o RIS 2 BERICILAY 50 %, 24 BER

TR 80 B TH oK. —F, WITE ORER
VR & BRI TR OB E $ 20~30%
Thote. Zhid, Y“Ga XEMRHE &b
Hlame BidA Fh b0 L, PITf 0% <
O EHCPE-TW5B 0L E2bh
5.

Table 2 iz HelLa S3 it ¥t} % %Ga, »I-Tf
DA i L 7 BUER R L. ¥Ga Tk
Tf % 100 pg/ml DEER & A MEM 1T,
15 Tf i3 MEM only T, FhEh 24 B

Table 2 Comparison of excretion of Ga-67
and I-125-transferrin (Tf) from HeLa

S3
24 hr-uptake 12 hr-retention(%)
(% dose/1Cscells) | Tf Tt
! (0) (100 p/ml)
Ga-67 10.5+2. 62 92.7 ‘ 90.1
I-125-Tf 1.440.4" 25.6 l 5.1

a in MEM containing of 100 ug/ml Tf
b in MEM only:

g Uk -8k, PBS THEL, #HL
W EE % N 2 T 12 RERIRIC 1 S MifaPY BRAE
Ryl L, “Ga OBAERIL 24 BB
B LTH Y, Thbbitix 10 ZBE
THote. BT OBERIE MEM only 1T
#259% (e #975%), 100 pg/ml Tf %
&1 MEM T2 #95 % (BrZ# 95 %) T
BHotc. LihioT, HIBRACERS hic “Ga
LAY BRES RicLW D L, BT
FHTEARBEIR TS EEZDRD.
Table 3 iz nonviable YS kit % ¥Ga,
1251 Tf DR B LcHREL m L, Bl
A Inz 7\ Jif8 (control) Tk nonviable
TR 4 % BEL» EEhT Wish DK
L, 56°C T 30 4rRD BE % hnx 7o filgT
1% 95 %Ll E2% nonviable TH -7z, T & F
#c\» MEM only ficisit5 Ga i & A Y
free DREBETHETSHEELDIDHR, O
JREETD nonviable YS ~DEUAZIL control
DM X b1 LA, 100 pg/ml © Tf & &ir
MEM &t ¥Ga @ honviable YS ~DEGA
Zix control it L FHIC WA L) —7,

i

Table 1 Effect of trypsinization on Ga-67 and I-125-transferrin (Tf)

by Yoshida sarcoma2

. Ga-67 uptake . 1-125-Tf uptake
C(E?r;aeCt concgfngllz?txon (9 dose/108cells) (% dose/10scells)
(hr) | (ug/mpy [fTYPSImzZAtion gy - )
2 100 0.44 0.23 (0.53) 0.31 0.10 (0.32)
24 0.05 - _ 3.51 0.81 (0.23)
24 100 3.35 2 68 (0.80) 0.37 0.095(0. 26)

a Cells were trypsinized with 0.1% trypsin solution for 15 min after taking

up of Ga-67 or I[-125-Tf.
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Table 3 Comparison of Ga-67 and I-125-transferrin (Tf) uptake
by nonviable Yoshida sarcoma cellss

nonviable | concentration 2 hr-uptake (cpm/1Cecells)
C(e"}:? (,(:é/g) Ga-67 [-125-Tf
control 3.7 { 0 1820+ 60 1631041565
' 100 7472+ 603 _
incubated for 30 95.7 { 0 3883 +1245 21285+ 991
min at 56°C : 100 1924i573 o

a Nonviable Yoshida sarcoma cells were obtained by heating in a water bath
for 30 min at 56°C. The viability of these cells was determined by their

ability to exclude 0.5% trypan blue.

nonviable YS o ¥I-Tf D#EHL control ©
MR & L LA Hind 5 Hms Rd b
.

% 2=

YGa OEBEBEEFBL T, & ORFA
BEINTE R L2bLY, —RCEDD
NIEHRTB LR T, EEEREZ AV
7o in vitro OEEHBIX, BEMC trans-
ferrin receptor NfF#E L, transferrin &%
& 1L7 ¥Ga 8= @ receptor #FU T #ifaR
CHRAEND LV BNENTHS. DR
OV T KDL S MIBEAN ELDBRS.
(1) in vitro ®EERSAIZ ML S BBk s
P DTH D, EETIIT S Ga D4 Fi & trans-
ferrin OEE LMD transferrin receptor
L DEENEEN F LTS ERI R T
k. (2) A%, transferrin IS ELYE
THYH, BOHMN #Y 74 LDE transferrin
Zxb A BRES KT HB.Y LA, A&
HRizkiT B Ga & ¥Fe OHAIL R - THE
b, ¥Fe DEBE~D BuALIL ¥Ga X h A7
W.® CDREBETIE YGa & PFe DI D X g
BRED B KT RS DH BHEET
W, () AfoREbic &£ 47 - T transferrin
receptor B LT HHEH. (4) in vitro i
B\ T transferrin & 1% & Bk Ga @
complex BIE L7c ERBEF b Exbh 5
=

LhL, BxolEIbscR X, Pl

3}, in vitro s\ TIL [EE W0 YGa D
Bz transferrin 2MAl S OBEBE L HE R L
TWwb D& Exbhb. ORI BT
,, Hela S3 & YS omEEMiEL L “Ga D
BUA i3t transferrin OEER X » T
L, Fio, WI-Tf OERIEE A O trans-
ferrin ORI KT BT ££ - T ZEHIED
Lic. ThbofERIZ, Wiilgs b transfer-
rin receptor #F L Tk Y, HMif T trans-
ferrin L#4 L7 9Ga »\#ifafE® receptor
~NETh, N~ EAEhTw5b0EE 2
bhb.

wiz, ERPTGAS, PE, trypsin QLEEO
HEZORFMD, YGa & LT OEEM
R BB R B AR R, T
B, Ga OEEUL KR ML, PR
75 < trypsin UEBOEE L ZIFIZ L\ DK
L, "L-Tf O\ BRI 3 &AL Bbd
7+, BREIXE S trypsin EOEEY R
Fhote. TR, YGa XEEHIC Ml o
~BUA F M MRaN ORE SR & < RETOWT
WA, LTI TMRERERC B E->TkD
Bz o> transferrin & OEC A H [EEE LT
Wb febdE Ezbhb. LI o-T, trans-
ferrin (¥ Ga » fifgfE ¥ Cly$3 % carrier
LLTET R b, “Ga-transferrin O T
transferrin receptor S LIcE L5
%Ga DHH A SO EHFIZ X b Mg D F~HR
RENRDBLDLEEZLIRD. ZOFKERIL YGa-
transferrin-'®I % A\ 7z Noujaim »® DR
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HE—FHT2.

L2 L, Larson 5% (¥ Ga-transferrin 4
#7s endocytosis IZ X » T MR~ BUA Eh
5 EEFEL TS, ShiX, mEFROME
% Fe-transferrin complex % EuATr@E % 5]
B L7b iR, RIFER EDIER sl
ZEL T\ % transferrin receptor & BN
CHET D LDOBRA—D LD ESHEE DITK
AETHLENRDS.

87Ga A% transferrin & & L C MR ~GE
Ehict, MROFATGA Eh H8RCHET
%5190 FF & LT nonviable 7t YS i&xf4
LEUAR A B L. MEM only &k Ga
(free %Ga), '¥I-Tf ® nonviable YS ~D A

X

Zu3 control @ #paC H UREIn L #-. 100pg/ml
@ transferrin #41y MEM TiX ¥Ga(§50%
¥ ¥Ga-transferrin & L CHZET %) O non+
viable YS ~DEGAZTZERCE A L. Th
HO FERIZ, BULE % iz bhic nonviable
YS Tk MO FZBERTIEL T 50, 4
7¢ & & 3 transferrin receptor (I I N T
57, YGa-transferrin (X HIRRE~NE TN S
FhEd ED%O “Ga Y Bl 58
BREEYZT T30 EHEETES. L
M T, ¥Ga-transferrin & L-CHfaD trans-
ferrin receptor ~EETH I LD AR BT,
FRABE D BEEEIRERBIC X - T “Ga O EF /AP
ERIFELZT D0 EELZDBIS.
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