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Abstract

Purpose: To determine whether #"Tc-MIBI is recognized by the multidrug resistant P-glycoprotein (Pgp),
we have measured quantitatively M T¢-MIBI uptake in cancer cells. The effects of various Pgp reversing
agents on cellular #mTc-MIBI uptake were also investigated in the presence of multidrug resistance gene-1
(mdrl gene) overexpression. Materials and Methods: We measured percentage uptake of #™Tc-MIBI at
different incubation temperatures both in mdrl positive and negative cells. The effects of verapamil, cy-
closporin, and dipyridamole on cellular uptake of #mTc-MIBI were also evaluated with or without overex-
pression of mdrl gene in cultured murine leukemia L1210 cells. Results: The mdrl gene expressing cell
lines were effectively induced in in vitro with continuous application of low-dose adriamycin or vincristine.
Cellular uptake of *"Tc-MIBI was higher in mdrl negative L1210 cells than those of mdrl positive cells,
and higher when incubated in 37°C than 4. In the presence of verapamil, cyclosporin or dipyridamole,
Pmpe-MIBI uptake was increased upto 604% in mdrl positive cells. Conclusion: Cellular uptake of
#mTc-MIBI is lower in leukemia cells over-expressing mdrl gene, and MDR-reversing agents increase
cellular uptake. These results suggest that #™Tc-MIBI can be used for characterizing Pgp expression and
developing MDR-reversing agents in vitro. (Korean J Nucl Med 1999;33:152-62)
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ole) kol tieted WAL 2 A8 Wb,
Al gAEAoI} vinca
alkaloids 22 i Al)A A oA Sl B
UEpdel Y chepallal S el QAIESS] @
ShAlell iR SFANAS Fed A1A Fol shie
A Eo A thekANA -4 AHmultidrug resistance
gene, mdrl)2] o)t marl $AAE P
chul(P-glycoprotein)o| 2kl dl+= 170-kDa2] A FEw=t
g XA} sl o] P-2 2. ofj LA oj&A wE
3 Z(energy-dependent efflux pump)ZA] tleFAH
4 FAe] WAHe g DD poggshule
Trolut A% 59 A4 ATNE o) EEskx 9
o} A4 AT HEE 55 Wolsh AT
o Wiz So ¥ G4l §xel B 3l
99 derags A ptlug wlels
Aol RS mdrl FAAFO| R, mdrl FRAATE
A)Z=p p-ehul-g 3HAsH mRNAS] A7)& 4.5
Kbolrl
AZBF FAHAE o] gHo 2 frvlavle &
g20] P™Tc-MIBI (methoxyisobutylisonitrile)¥
P-guie] il Az A8 4 glol chebaiAg
of 1ol ol gFloighek ™ MIBIS] AJE ) ZHE
SHATHAYRC Ja o FolA} P-riniulol
e e AL FAIsh go] AL ez
NS0l AE ) FHol Zdstod, P-gupael
WAES} MIBIS) 43 AEA 43 WA gl
& magel QeR Y 9R WYAE W a7 BE
7} At Bk Aol Herele] AEue) Ca”
£2% Tt verapamilg A8 vialo] A
£ B ] glo} PUAEA FANES F%
ol verapamil-g ©]&-3F W&o #e] AEH vk g,

calmodulin Z&HA|, quinine A, A isopre-

o]l ®AL anthracycline

noids, tamoxifen, “L8]3L cyclosporin &2 A7}
p-girhule] S AMAA AFolixe] gdAl ul
22 gAAFE Aoz LA Yt

B e mdr] RAAS LA HEHA
ZoA mdrl §AAS) Eol AX W P Te-
MIBI 4ol ujxE o4& gohi, P-Iuhi
Z}-8ol] Z3ksl= kA2l verapamil, cyclosporin 3
dipyridamole®] mdrl $AA THLE AlFEA 2

730} 9] 891 LAEA P Tc-MIBI 44 153
#mre-MIBI Aol ulX)e S FHsle] P Te-
MIBIE QAIEA chekAliA 1wkl o B2 7))
3 oheRARA FEA Al el A4 S8l A
£ F QlE7E ATy Hsted Afslgich

Chat & e
1.8 B

Murine leukemia cell lineQl 11210 cell (Ameri-
can Type Culture Collection, Rockville USA)E 4
o] AHR3199ch RPMI-1640, fetal bovine serum,
penicillin-streptomycin 2] AL jokd A FEL
GIBCO BRL (Grand Island, USA)eljlA], uljok=z=
Corning (Rochester, USA)ellA4 F]sl3ict. A¥lel
AL Aek £ adriamycin® BH AlF, vincristine
L& g Aek, verapamil® Sigma (St. Louis,
USA), cyclosporin- Sandoz (Basel, Switzerland),
12] 3 dipyridamole-®- Boehringer Ingelheim(4]E,
KOREA)ollA Fjsled A-8-s131ct.

RNA &g} A] 483} TRI-Reagent= MRC (Cin-
cinnati, OH.), RT-PCR Kit Perkin Elmer (New
Jersey, USA), mdrl primer:= Bioneer(th¥, KO-
REA)SIA F<Isto] A-gaisich.

2. ¥

1) ¥™Tc-sestamibigl FH|

Hexakis (2-methoxyisobutylisonitrile) technetium
(D(Tc-MIBDE cardiolite® (Du Pont, Massa-chu-
setts, USA) cold vialol] " Te-g EAsted 48519
32, A Zaok Aol 4] P Te-sestamibi EH2] FE
= 100 ple] £3ko] 0.2~04 nM9] FEZ Hrlsl
At

2) MiEEj W HdF &gl

L1210 A¥EE RPMI 1640 wizlol] 10% fetal bo-
vine serum (FBS) 2 1% AA-LAFA &4 &
M7} slod 37T, 5% CO, slollA 5X10°~5X10°7)
/mle] WEZ fAsH uioksigich L1210 Aol
A mdrl §7AA ] TS FiEstod chebAiA
ATZZ es7) 948 10% FBSE 353t RPMI
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1640 wiAlel] 10 pM$] adriamycin o[t} 1 pMe]
vincristine-g ZH7F X 2lslo] Altjuleksldz AL
Z¢H AHMSH(RT-PCR: reverse transcription-poly-
merase chain reaction) 28 mdrl 37412} vt 8- &

At

3) MIE L *™Tc-sestamibi M3l =3

AE7} A= gEksle] 4] RPMI 1640 vl
A2 23] AX o2, serum-free RPMI x| 2 A
Tl 2~3X107ml7t HEE deale] 10%
FBS-E 383 phosphate buffered saline (PBS). .2
1417 S9F E3}417) EH(Fisher, USA)ol| 200 pl
4 BZ5l9e}. o] 7)o cyclosporing 0, 0.1, 1, 10,
50, 100 pM, verapamilZ 0, 1, 10, 50, 100, 200
pM 18}a dipyridamole2 0, 10, 50, 100, 200,
500 pM 2] =7} ==& tHE PBS S0 ® A3
#od 4°C v 37 TollA 102 FF AR o3 200
pCigl *®™Fc-MIBI (0.2~0.4 oM in 100 pl vol-
ume) & H7kslod 37°CellA 1417 E1F dHAIR
EFA7) F AEE 15,000XgolA] 127 LAY £
gslol A5Ha YAER Felsldx, Ay
(Cobra II, Packard, USA)E WAlE k& A slo]
T WA AF 0REE ZTAIY AE
Wl HHE0AE S99 33 olde] AR 432
Bsted AFAE Tk

4) mdr1 X SH: RNA &a2| & A=A
EESAEY(RT-PCR)

ok A7) W2 g AEE 1,000 X g0 A SE
7+ 94 Baldl okg 4¢ PBSE 23] APdsigich A
A% AFol] TRI-ZH 1 mlg Yol AZFANE
HE TR, Aol 1087 Fickrt 200 ple)
chloroform-g Y £t o8 AAEE](12,000 X
g, 154, 47) sto] 43Ag dgicth Leligt 45
o] %8F9] isopropanol-g Wi 4oiF o} A2l
A 10 22 X8 Fodrt 9482(12,000 X g,
158)3te] RNA HAEE 2tk & RNAE
75% ethanolZ A8k ohg vhA] A4E21(7,500
Xg, 5Eysto] AENg Wl dollA] 1087 2
ZAA 50~200 plg) Eof] 59 F 55~60Tol 4]

ﬂr‘kﬁr\

)

l

A sl G

Bz]sl RNAY¥ RT-PCR kit (Perkin Elmer,
USA)E Ag3te] RT-PCRE AAlSE) #A] 1
rgel RNAe©ll 10XPCR buffer, 5 mM MgCl,, 1
mM dNTP (dATP, dCTP, dGTP, dTTP), RNase
inhibitor (1 U), 2.5 pM random hexamer, reverse
transcriptase (2.5 U)E dr}slo] 4-2ojlA 1087
HH2A]7] ¥ reverse transcription (42C, 158), de-
nature (99C, 5%), cool (5T, 55 Xl & AAs}
Ak olFA A cDNA EgHEol oAl 10X
PCR buffer, 2 mM MgCl,, Tag DNA polymerase
(2.5 U), mdrl primer (Bioneer, thA)E dr}slo]
95 CollA 283 HH3AITL ¥ melt (95T, 1),
anneal (58¢C, 14), extend (72°C, 1E)E 35 cycle
Sk Al miEe 2 72 CelA TEZ HEEA
Ak mdrl AR W AX &= 2% agarose A7)
g2 g AA)3t )-8, etidium bromide (EtBr) <344
o2 glslyich

ARE B EF ARE FASA, B4 A
gl SPSS T2aals o] faigich SAIEAL T-
A, DY BAEA(ANOVA)E AAJsle] P
gko] 0.05 w|ikl A9 fold Zer 39k

e L

1. mdr1 REA} LS MZEFQ| &ol

Adriamycin-g H2|& AlE (ol Adr ME)E
RT-PCR3} ZA3} mdrl RNAS] ¥ X9} YX)s)
= 3ol 7t A3 e Wl & B9 vincristineS X
g3 MEZ (]38} Ver AlFE)o)l A& adriamycing 2 g]
g AEH s oFslAt Feldh A3e] Wis g By
o} aelx vzFes AL3l L1210 A|FEoA+=
mdrl SRR A West DA ekghet
(Fig. 1).

2. mdr1 [VK ZLSO| " Tc-MIBI 50l
0jX= ¥&

L1210 AEANAE 4C9 377ColA] 2H2F 185+
4%} 241+6%, Adr A|EAH = 8.5+2.5%2) 12.5
+5%, Ver MENAE= 44425%9 11.543% 2



2

37ColA uiokt Aol BE AT AE W A

Fig. 1. Amplification of mdrl gene in adriamycin(A)
and vincristine(V)-treated cell lines (A, V).
identified by RT-PCR of mdrl gene. Control
L1210 cell line(C) did not revealed a band
compatible to mdrl gene (243 base pair) in
electrophoresis gel plate. Adriamycin treated
cell: A, Vincristine treated cell: V, L1210
cell: C, Molecular size marker: M. Numbers
in the photo are base pair of the band.
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F7V =9k, mdri(-)Q) L1210 AENA mdri(+)Q)
Adr AlES} Ver AFollA Kl 409 370 EFoll4
frolsAl A7t E9kHp<0.01)(Fig. 2).

3. CIARILIA =R *"Tc-MIBI 0]
oixl= 98

1) Verapamil?| &1}

Verapamil®] F%7} 0, 1, 10, 50, 100, 200 pM
A uf L1210 AMFEAA = 242 92%, 13.7%, 25.1%,
26.5%, 25.7%, 233%RQa, Adr AFNAE= 7}
3.1%, 3%, 3.6%, 4.7%, 6.1%, 93% ¥}t 18lw
Ver AlEollA= 242 33%, 3.5%, 3.7%, 4.8%,
5.8%, 8.7% % 7+ A|FolA verapamil E 5o u}z}
A MIBI Al#dll §2l3 Xol7b 99lrHp<0.001,
each)(Table 1).

Verapamil?] 557} 0 uwle] 4 & 71Fog
31995 vl L1210 A|EojA= 50 pM Y )} 288% &
2} 2718 BYlowt Adr AESH Vor ATellAs
7H4 aEEel 200 pMOllA ZHzt 300%, 255% 2
A 2718 By

% Uptake

™ 1210 |
Adr Cell

= Ver Cell

- [ *
- Jek
20 . = ekdk

0-
37°C

Bar: S.D

(*:p<0.05, **, ***; p<0.01)

Fig. 2. Effect of incubation temperature on *"Tc-MIBI uptake in cells with
and without mdrl gene expression. Cellular uptakes of P Te-MIBI
were higher in mdrl (-) L1210 cells than those of mdrl (+) cells

(Adr cell: adriamycin trea

ted cell, Vcr cell: vincristine treated cell),

and higher when incubated in 37°C than 4°C. Each bar represents the

mean ts.d.
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2) Cyclosporin® &1}

Cyclosporing] F%7} 0, 0.1, 1, 10, 50, 100 pM
o wj] L1210 A FAA = 22 11. 5%, 16.3%, 26%,
25.0%, 19.4%, 16.8%%3, Adr AT 7
21%, 3.5%, 2.9%, 10.5%, 12.7%, 10.8% i} 128
3 Ver AEANNE 42 3.7%, 1.9%, 2.2%, 6.9%,
8.7%, 8.6% 2 Z+ A)EoljA] cyclosporin F%ol| vle}
A MIBL A#F ol §-23k Xolrt A ek(p<0.001,
each)(Table 2).

Cyclosporin®] 557} 09 o] 4HE VF22
39S w) L1210 AFENAE 1 pMolA 224% 2
Hu =78 B9, Adr Al FEL} Ver Al ZEef A+ 50
pMQ o 247} 604%, 235% 2 H2] 718 29
=3

3) Dipyridamoled} &1}

Dipyridamole®] %7} 0, 10, 50, 100, 200, 500
pMel o) L1210 AFoAE 27t 10.1%, 18.0%,
22.5%, 23.9%, 25.5%, 26.4% 1, Adr A XA

2Vt 3.8%, 3.1%, 2.8%, 5.9%, 5.6%, 6.8% vt
aglx Ver AZoMe 47 2.5%, 3.9%, 3.6%,
3.8%, 6.5%, 7.7% & 7+ A Fo|4] dipyridamole &
%ol wela MIBI 430ell 2% Holsh ek
(p<0.001 in L1210 and Ver cells, p<0.01 in Adr
cell)(Table 3).

Dipyridamole®} %7} 0 pMY wle] 421E 7]
Fo7 39E v L1210 AFEA= 500 pMofjA
261% 2 Hule SV B, Adr AlE Ver A}
EojlAE 500 pMollA Zkzt 178%, 308% 2 e
Z712 H9lch Fig. 39l verapamil, cyclosporin,
dipyridamole o] 2]} *"Tc-MIBI 4 AEE
sojael =z viehigich

n &

1. CIOFRILiA2] BHAY

ezt ole] ekl YAl A EelA pA
Ao} e N Aslel A % A 9 o
Uolch. ShAAE o AlEel okal A2 Mol £

Table 1. Effect of Verapamil on *™Tc-MIBI Uptake in L1210 Cells with or without mdrl Overexpression

0 M 1 pM (%) 10 pM (%) 50 pM (%) 100 pM (%) 200 pM (%)

13.740.7 (148)° 25.1+0.7 (272) 265403 (288) 25.742.8 (279) 23.4+0.4 (254)
34+0.7 (196) 3.6+02 (116) 4.8+0.2 (154) 6.11+04 (196) 9.3+0.9 (300)
3.61+0.4 (105) 3.7+02 (108) 4.84+0.7 (141) 59413 (173) 8.7x1.6 (255)

L1210 9.2+0.4
Adr*  3.14+0.5
Vet 34407

* 'Adr, adriamycin treated cell; T Ver, vincristine treated cell

. MIBI uptake at each concentration of verapamil
relative MIBI uptake % = X100
MIBI uptake at 0 pM of verapamil

99m,

Table 2. Effect of Cyclosporin on ~ Tc-MIBI Uptake in L1210 Cells with. or without mdr! Overexpression

0 M 0.1 pM (%) 1 pM (%) 10 pM (%) 50 pM (%) 100 pM (%)

L1210 11.6+2.1 163+16 (140) 26+1 (224) 25.14£08 (216) 194129 (167) 16.8+0.2 (144)
Adr* 21403 3.6%12 (171 29403 (138) 10.5+1.8 (500) 12.7£3.0 (604) 10.84+0.8 (514)
V! 37431 19406 ( SH 22403 (59 69404 (186) 87109 (235) 8.6L1.0 (232)

* Adr, adriamycin treated cell; t Ver, vincristine treated cell

MIBI uptake at each concentration of verapamil
* relative MIBI uptake % = - X100
MIBI uptake at O pM of verapamil
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Table 3. Effect of Dipyridamole on “"Tc-MIBI Uptake in L1210 Cells with or without mdrl Overexpression

0 pM 10 pM (%)

50 pM (%)

100 pM (%) 200 pM (%) 500 pM (%)

L1210 10.1+2.1 180+12 (178
Adr* 38420 3.1+02 ( 81
Vel 25404 39403 (156)

22.512.6 (222) 239422 (236) 25.5+0.5 (252) 264+1.3 (261)
2.8+0.1 ( 73)
36103 (144)

59+1.1 (155)
3.8+0.1 (152)

5.64+1.0 (147)
6.5+1.1 (260)

6.8+£0.6 (178)
7.7+£1.2 (308)

* Adr, adriamycin treated cell; T Vcr, vincristine treated cell

* relative MIBI uptake % =

MIBI uptake at each concentration of verapamil

X100

MIBI uptake at O pM of verapamil
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e AFA Aol Qi QoA A B Foll BAYs
= WA E ok 3 259 <FaAlel WAde] A7 &
AT 1 Ag7)Ae] As ohE oAl tsiAE
W Ado] wtaislAl Bl =d| o] & kAl A (multidrug
resistance, MDR)o[2} 3t} SbA|EoljA] clekAlnA
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99mTc-MIBI uptake (%)

0 0.1 1 10 50 100
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Fig. 3. Comparative display of *"Tc-MIBI up-
take in L1210, Adr and Vcr cells in the
presence of verapamil, cyclosporin and
dipyridamole. Fig. 3A: ®"Tc-MIBI uptake
in the presence of verapamil. Fig. 3B:
#PmTc-MIBI uptake in the presence of
cyclosporin. Fig. 3C: ”™Tc-MIBI uptake
in the presence of dipyridamole. Celluar
9mre MIBI uptakes were increased more
than 200% in both mdrl (-) and mdrl (+)
with incubation of either verapamil, cy-

] closporin or dipyridamole.

o] WhgErE AR ez Aetel P-ciehilo] 44
o] AE Y& Bol g dgAE AT oz wiF
(pumping) A7A FEE AAEAE &4 AE &
A BAL SEA7|E vl Tosl= glutathione ] 5
£ 271" glutathione S-transferase (GST) 49
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Z71¢} glutathione S-transferase (GST) #4-2] %
AT Z7}d)] 7)elsl= AP DNA topoisomerase 11
o] A2 FAlY AL 7o) ofie] wisfslALt
protein kinase C&] &4 #A3e] ws} 5% o
A3 vt ek RAF7HA 7H de] dEe] B9 V)
AL mdrl §AA ] o3 HHE & P-grtuio 2 A
P-geiw] 2 1280709 oppjxtte 2 FAIE I AE
soll §Aske] ATPS Hafele] AL HE Sol
PAAE s5H22 MEAT= e ) A
B2 AHARQ] verapamil#t 1 2]e) B FF-2] kA
EL Az} p-gutia ZHilslo] P-gube] 28
£ A Aol #HA etk ciekAUA &
JAANA F v FAERE ZFEE ATHA, cal-
modulin 784, vinca alkaloid -FA}A), steroid A
A, M zA Fol el Jn” o] F BFEE
kA2l verapamild 744 ol ATEoiR A=
JaollA HgoZ A8Eo]R] efAloltt. chekAl
4 ARASE R e B4 AU gle
U, &40l T FRSHE WLk AYAES) A
7)o #3= MDR efflux transporterel] Toial F
E2Q A% el gk BAH AR we A
He] ©l4] xEudel(recognition domain)@}2] X 3}A
w3} So] A gck®

A}2]oll 4] mRNAZ-2 P-gehle] wisls s}
+ WhgoZE RT-PCRC| WA =2| 31624
(immunohistochemistry), -FA|ZE47|(flow cyto-
metry) 59 A& HAgo] glevl, AG7AY
AHel o 2e A% §AAE 2V B
k) AAZ ol He AEL] mdrl RAAE tief
AMALE S 4 9ol AL Bl mdr] FAAE
% % 9& Wie] Wad RTPCR 2L W7
% yozE Ae | mRNAE 2& 4 ek

AgBFLN ALsE PTc-MIBIZ} P-gh
o] guty|A g A8E § Jrhe Aol deAHA
P"Te-MIBIE o]-&3slo] P-huie] g el
Ao g Fdstaz} sl AT-Eel AW=YI, A+
AL p-gehe] Wil Fx ol MIBIS 43 HE
Aolol] whalal] A7} Q-2 Hagh v Qlep !

olgigt ATEE MIBIE o] &35 A2lddEel
7VsAE Algkslel P-drhie] WS AA AEE

Z&sto] FAHE 712 ahilEe 23ska gt
A A 8A, Fol vl2@A, FHAA Foll F83hA
ol 49 # itk B ATINE mdri(-)2] L1210 A
EA mdrl(+)Q] Adr AEL} Ver A|E X} MIBI
A27L ol A1E] 43 fA% Ao Yehuigd
cHFig. 2). *"Te-MIBI] 42& 24 AE=FAS)
o] 9JalA A3=1,’> MIBIS] A W £Ho] v]E
Zegjo Wire) 7Ao 2 413 5ol 90%
7} mlEZEelololl EAllsHH oA &40 4
#7} ol FoiAckw FeiA QUek Y aelm B o
Foll4] AL@T)ANA BT LL37T)ellA P Te-
MIBI9] A7} & 2L Tsuruo 799 oi ol
Ar 398 AxE Jelligich olg8Al A2ellA
P"Te-MIBIS] 4137} & AL ATt Agxe]
ez % Aol 43 A} ollE olARE
o} AEE wedste Aolehx A7) ¥4, RT-
PCRO|A] mdrl 91X]ol] Adr AEof|A] Ver AlE R}
o 7% A% WEs} IAE AT, MIBL 412E Adr
AZAA v Fokerl, ujF o ATl BFH
@] RT-PCR-& AJ3¥3}2] Esl9) o), mdrl mRNA
o) el A7t FAL ] U F AHE BE
ojA & HEFAEY P-grbie] HA A=k vis
Al YAHA = Gtk A& A4 Fo £Holg

st

2. ™ Tc-MIBIQ| ME|0l CHE verapamil®t
Cyclosporin 22|11 Dipyridamoleg|
e k=g

p-gehiol] Az 8-g st Ao ¢ER ¥
744 ol Aol verapamile] ZH&-7142 che-
mosensitizer 241 2] Z-E-3) P-wdetaol] gl 73z
o] Al(competitive inhibition) So] F&ix] Ytk
Verapamil-2 345 AAZA AGA side
chaing Zt3 9lom Ca™'o] k& oAt 414
%]} (neurohypophysis)oll4]  oxytocin®  vaso-
pressin®] E0|E AAlsla #ge] p-cellollA €] in-
sulin BH)E oAl Verapamil®] 7% *"Te-
MIBIS] A7} Adr A2} Ver AlEoljAut 7] %]
B} 27Kz 300%, 255%)8F ZA%et o3t L1210
AZNAE 71/ 2] He}h F7H288%)813ich



HAAZ el 4R cyclosporing 2|3
L1210 AZAAE ¥"Tc-MIBIS] 427} 7]# %] K
o} $7H224%)81 .20} P-gahiio] BFEE Adr A
Z 9} Ver A|XENA 7+ 604% 8} 235% 2 Al =0}
o) st o Pk

Dipyridamole-2- 345 &4 w39} 3ld4%
A8 AT ol Az e ol BAel A
29 AARFLN) FoAZ AR SHARA
dipyridamole = thefA| W& S5 o & FAl
2 <A vk Dipyridamoled] Al 2-g7)14-2
phosphodiesterase f4ol] Zg2r-83lo cyclic-AMP
o AT W BES Z7HA7E dl York, chebAl
Aol FE7IR-E wtslA A gkx cyclo-
sporinz} wlsshA] P-skehmlg A7 Agehe Ao
2 FZHdh B odF9] ZnollA = dipyridamole®
mdrl geneo] WH&HE 9= EEoln W] gle
FollAE MIBIY A#HE 7R # Lk L1210 AX
A= 7)1AX] B} 261%, Adra}t Ver AlEolA+=
Z+7k 178% 9} 308% 2 4] thekal ujdel wls]
A oke AEoAE P"Tc-MIBI] 427} 7142
He Zrlshd 1 S0 ARE Kol gl

mdr1o] e} WEE Adr, Ver A¥E9 ¥R
%2 L1210 AlE RFoll4] chekAlA SEFAE
ojdt 7% AIE e P Te-MIBI 457t F71s]

A& Piwnica-Worms”oJu} Rao S79] Q47 74
ke FAsigeh ol g A4 AW S5
Ale] Foi7} P-ebulo] wEl FESk TR A
Woll4 gekAl A54E SR T vk &8
7HsARI, 1 2edll uigt F7HAQ ATt e
& Zlolth o1 7)Aol Tl AEe] FH ol AX
FatAell G3kg ulxA) doldrhe Azl kA4
ofl JolA mdrl FRAze} FF p-Friuy 2of o}
2 7|79 EAY, P-riue] wo|ge L P-gut
w) Acke] EA), verapamil®] ¥4 A3} FE Fol Al
A w9k gk AE ] FHoll wEtA X
3t x5t g2A Jebked, olvtbE o] 2L vera-
pamilof] 28 ZtF F) Al W& FFAlel 2
AL ZFo) wet 2eba] BEE Jor F54
c}.'"® 18] 3 cyclosporing X3t 73-9+= L12104]
ZollA Adra} Ver AlZol|A] B} 43 Frle] A%

o

fr n
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7} dokn B3] Adr AlEol|A) AR Zrte] Axs)
Zich. ®bH verapamilolu} dipyridamoleg X&]3k
73

4900 QoI L1210 A|El Hlsh Adr A1}
Ver AlZojlA P"Tce-MIBIS] 412 27} A%7) =24
A gn oslEl 4 ALE AT ol cyclo
sporing A28 A9 sl g Aoz
A Zrel} verapamilou} dipyridamole-S AH83F 73
Solle Z3hgkol| el Lol iEesE A
7+ e}, Cyclosporing A elgt 79 A3 chefA
d& FEY wl Adr AFEA] Ver AlFEol|AHct
RT-PCRe|A W=7} v AaA] Uho 22 Adr A
oA cefAA 3271 B Bel wEE ok
7RG, A AEA olARt AR v B
o] W% toflA] o AU} QlE Aoleti FF5Y
T & Aolch & 7kA mdllor & HL FollA
o33} nke} 7o) Adr AlXE oA Ver AL HT} e
7} 7Z¥stA Vskout, MIBI A3 & Ver AlEEC &
o}A] mdrl gene®] WHA LT} =] chofAl WA
o tEA R AxRAE Fevhe AE sl
ofgttt. FAUA 9] utdlel QlojA] fAALY FEH
o A 431 v Fasichs AL olv] B
28 v k' & AEY 7154 FANE 5
o] P-geiufe] WiEy}l UxjslA] ¢gk& TE Urke
ZAQld|, oA ol&]gl vlekAl HAlo] MDRERE o}
U@} MRP (multidrug resistance related protein),
CD347+-2 o] o} Ak E Aado] glvke Hu
2 Hol Rl 19l oA oAl B /5
A s ol R LY AF7A dTFE o)L vera-
pamil2 tiebA] JARJAAE A + dve €F
FEolA Agsh, AAD e ASEE 2NE 5
A7) wjFol] AA] Aol A s gFoZ A-§3l7] of
#3, cyclosporinXt 1-gFo 2 AL A] A=A, 31
e}, WMEF 44AF 5 LY o e dipy-
ridamole A a&Fo 7 A8 A] AEsk, Xt
So] Bapgg guier & glek'M? whaka] HITole
20 SolHoln S4lo] okt okgoll i ee)
3 9 Ae] AZEo] g’ AEAo] Homl xy
= oA ARAY <kAlEA, cyclosporin -§FAHA)R)
SDZ PSC 8333} verapamil 3442l KR-30035 &
ol A7 Qo Foz ol A2AH che-

"
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mosensitizerEoll el 3771 ezl

£ d7ellA chefAliAdo] wEH Wiy Ao
A ekAlA o] gl AEel vjsto] " Tc-MIBIS|
AT N A7 AES T, DAY FRAZ ¢
2% verapamil, cyclosporin®} dipyridamole-2 4%
Wl *"Te-MIBI 4215 Z7HA70d e AE BoiF
ek ol#d AAZ Hol P Te-MIBI: P-ggh
o g8l QAR E EAYE I N,
P"Te-MIBIE AlEellA P-ghekule] widg vl
o, Pkl AAlEe] A&E FHHE o 48
siA o] 83 & A& Aoz Ay7E

2 of

S5 cebAARE Tl e A A
*"Te-MIBL7} QIAIENE A& golir] $istod thek
AR AR B Ao W E]R] gk AlE
olxe] *"Te-MIBI9] A¥ AEE FAslw, P-7
chulo] ZA8lA| 2 U# A verapamil, cyclosporin L
2132 dipyridamole-g ¥7}1& A% P "Tc-MIBI
o] AZ W AF el o JgE FA dolRnRt
shgich. CHAL A i chekAllA Q1AL M sA
oke gz MEE murine leukemia cell?] L1210
AEEZ ALsia, chefAiA AlEE L1210 AlE
ol] adriamycin®} vincristine-S d7}slo] 5419}
epalge) WS RT-PCRE 2T vera
pamil2 0, 1, 10, 50, 100, 200 oMe EFEE,
cyclosporing- 0, 0.1, 1, 10, 50, 100 pM 8] FEE,
12} 5L dipyridamole-2 0, 10, 50, 100, 200, 500 pM
o BEg 27} Agste] 2A7te] FEolMe P Te-
MIBI®] 4HE 7wl 7HEIZ 333l &k
1) #&2k9] adriamycin 22 vincristineS in-vitro
oA Aeisel mdrl FAANE ABHoZ FEY
& QAT 2) mdr] SAATE WEH Aol ek
ulalg) 7] ke AEQ L1210 AlFEoilA * Te-MIBI
o A#A7} v %3, 4collA R} 37 CollA A7}
o] Egich 3) p-gubwlel 2hg-& AATIE oA
2 A verapamil 3} cyclosporin 12|31 dipyri-
damoleg 713k B9 mdrl o] WEH AFol|A
P"Te-MIBl 43 9] F7H 57} o Zch Edk ek

A UiAo] wEsA] b AMEQ L1210 AEANE
22 FEol7)E st *"Te-MIBIS] 47} F7ts
gich ZE: chebAAel walE WEy HEoly
£ P"Te-MIBIS] AE W A#7} 2495, vhet
ANA FEAZ gelA verapamil, cyclosporind}
dipyridamole-2 AJZ W] ®"Tc-MIBI 4H & Z7H4]
Zch B A7 Az go} p-gubuol] ojf <1
5 ®"Te-MIBIE GAZollA] P-rdehwo] uiadg
uhela, P-gebw] AgAEe] &g sl dl
FgolA o] 8" F g AoF Fgtsich
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