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Abstract

Purpose: Uptakes of Tc-99m MIBI (MIBl) and Tc-99m tetrofosmin (tetrofosmin) in human non-small cell
lung cancer A549, multidrug-resistance associated protein (MRP) expressing cell, were investigated in vitro
and in vivo. Materials and Methods: Western biot analysis and immunohistochemistry were used for
detection of MRP in A549 cells with anti-MRPr1 antibody. Cellular uptakes of two tracers were evaluated
at 100 pM of verapamil (Vrp), 50 uM of cyclosporin A {CsA) and 25 uM of butoxysulfoximide (BSO) after
incubation with MIBI and tetrofosmin for 30 and 60 min at 37C, using single cell suspensions at 1x10°
cells/ml. Radioactivities in supernatants and pellets were measured with gamma well counter. A549 cells
were inoculated in each flanks of 24 nude mice. Group 1 (Gr1) and Gr3 mice were treated with only MIBI
or tetrofosmin, and Gr2 and Gr4 mice were treated with 70mg/kg of CsA i.p. for 1 hour before injection of
370KBg of MIBI or tetrofosmin. Mice were sacrificed at 10, 60 and 240 min. Radioactivities of organs and
tumors were expressed as percentage injected dose per gram of tissue (%ID/gm). Results: Western blot
analysis of the A549 cells detected expression of MRPr1 {190 kDa) and immunohistochemical staining of
tumor tissue for MRPr1 revealed brownish staining in cell membrane but not P-gp. Upon incubating A549
cells for 60 min with MIBI and tetrofosmin, cellular uptake of MIBI was higher than that of tetrofosmin.
Coincubation with modulators resulted in an increase in cellular uptakes of MIBI and tetrofosmin. Percentage
increase of MIBI was higher than that of tetrofosmin with Vrp by 623% and 427%, CsA by 753% and 629%
and BSO by 219% and 140%, respectively. There was no significant difference in tumoral uptakes of MIBI
and tetrofosmin between Gr1 and Gr3. Percentage increases in MIB! (114% at 10 min, 257% at 60 min,
396% at 240 min) and tetrofosmin uptake (110% at 10 min, 205% at 60 min, 410% at 240 min) were
progressively higher by the time up to 240 min with CsA. Conclusion: These results indicate that MIBI and
tetrofosmin are suitable tracers for imaging MRP-mediated drug resistance in A549 tumors. MIBI-may be
a better tracer than tetrofosmin for evaluating MRP reversal effect of modulators.

Key Words: Tc-99m MIBI, Tc-99m Tetrofosmin, Verapamil, Cyclosporin A, Butoxysulfoximide, Multidrug
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HFEF] PA X BA WA= chebARA
(multidrug-resistance, MDR)2] Q3 elZ9] 3}
U= P-guh#l (P-glycoprotein, P-gp)o| QHA|Eol] A
A== A2 g, P-gpe ATP-binding cassette (ABC)
transportergol] &3l ollUA] o)A wiEHE o
T2 sto] PRHAIES AT ghog wigA A4
4oz QLAES] FAlol thR HAS Suraieh
PG el MiEEE 5o Ay = g 7
e 190 kDa9 whAel multidrug resistance-
associated protein (MRP)2] AJAo]w], MRP: Cole
7 ofl S8 £AIE AL HEOARAZNA ¢ &
A=At H]h, ek el diEek) e ol A
El| A vincristineo|u} doxorubicin, cisplatin S-oi]
WAE Jeld o= MRPY] o35 MRP1 #ut o}
Yk MRP2 ghld® wiEdcin @aeigloh )
MRPE P-gpe} 7o) ABC transporter7-ol] <al= o
WAoo} P-gpoll wlal 287142 wabs] FEo]
A el &, MRPE glutathione S-conjugate
efflux pumpo]w], MRPHFY UAHZES butoxy-
sulfoximide (BSO) *]2]Aloll= glutathione (GSH) &}
Aol AzlEs 0|9} odkE]o} ofg] detAl} AE
oz WEHE o) eldHlnz AT ozl
EEE SVHFIA Hok webd AlEY GSHe) &
7h= MRPEIEA thekAlul4 9 Wl S Yehie £
28 FAek3 shgiet

A4A] kA4 2ekEQl Te-99m sestamibi (MIBI)
£ AES AREA ST A BAre] 24

S A3 A slokEe e A
sglou, PFYelE AaEo e 4k 2
ol ¢H F qro] Ak 8l X\ guiyle) A, X8
Fo] AL ol olgslo] ek

Piwnica-Worms 5''Vo] P-gp7} slalAl9} 9-A)3k
7)o % MIBIE AEL 2 iAoz okl
Ko} MR QLAIEolAE MIBIA F7} 7hasicha
M3 o] ¥, MIBI: P-gpe] £417132 1ol
SHAIES] ThebAlulg 7o} oA BApel vk
AHA ] ol olF FHrlel] e o] & m

ek AT 48 FHA! diphosphine A]FG
9] Tc-99m tetrofosmin (tetrofosmin)= MIBI®} -$-AF
g R84 ofo) 3EEA clefAluiAde] utdE
QHAES} b Fake] Hlol]l AgE 3 gt

kA Fakel Akt X8 ¥ Hle) da] o] &3]
£ MIBIS} tetrofosmin®] Al ZEW] A3 A 5= Ao
AREE PAIES] Ffoll vl A E Aoldt AdE
& HolE: Ao g HaHi ¢lrk. MRPE Wi
H|QIZSE CNE-14|EFoA= MIBIS AF &l
tetrofosmin® .} 2wjAE EZ9kor}, P-gpe} MRP]
Aell oz A ekEe]  MEdA] AEE
tetrofosmino| 2u7}ek Egrom ¥ clepAluAe] &
wkE QRA|EEol|A] verapamil (Vrp)#} cyclosporin A
(CsA)oll 93 MIBIS] AZ HHe] F7HEEE
tetrofosmin®] Z7}PAH TR} Egvin Bas vl
Pk odz GAIE VX2E s 2ol 0|44
ErlollA] Fokol] tidl MIBIS} tetrofosming] 4%]-&
I} A F-&2 MIBIV} tetrofosmin ¥ v} $F3jc}ki B
31591 31.>Y MCE-73}F ZR-75 S-HFobA| Z.9} BN-472
frdelel ] #1F o4l MIBI® A3 &2 tetrofos-
mind} QI2¥r} Erkm RIFYL ¢JitolA
MIBI$} tetrofosmin& -S4Iek-S AeslA] et
Rom, 7 Ao kEe] et A 74
shekar Basgleh® g, MRPE AE g A
HEEolA GAEG FEeke] Hrloll de o] &
=3 9+ MIBI9} tetrofosmin®] AZ| A X E- njzgt
o =Zrh

E o3& MRP7F 3= geka Bargl QI u)
AAE H A5494|F A MIBIS} tetrofosmin2)
AT HHAEES 12T, P-gpst MRPE o)
3= Vip, CsA9} MRPERS olzlsl: BSOX 24|
5 A elobEe] AEW ARAE WoE doln
A} sk gl AS49MEE ofFolAgt )
$-2~oll4] MRPAAIQl CsA7} Fokz2 o] MIBI
9} tetrofosmin®] AZAFol vX]= JgkS Hrlst
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1.8 =2

OlH vlAAE A AS49EFE American
Type Culture Collection (Rockville, MD, USA)oi|A]
TYsled Aol AL8slgitt. RPMI-1640, fetal
bovine serum, penicillin-streptomycin 52 A|Z =)
k8 A]9}FE-2 GIBCO BRL (Grand Island, USA)ol|
4], verapamil (Vip)3} butoxysulfoximide (BSO):=
Sigma (St. Louis, USA)el|A], cyclosporin A (CsA):=
Sandoz (Basel, Switzerland)oll4] £)3le] 0.9% Y
AR FAste]  Agslgith P-170-glyco-
protein (clone JSB-1)¥} MRP3}A)| (clone MRPrl):=
Monosan (Netherlands)ol]4] #2131t}

SEAHES AR 8- 14, AlF 18 gmAFS] UAA
FEnlk9-2A (BALB/c-nu/nu nude mouse, 3+ 38}
A7, DS A-Lle.

ukA}A) o] okEe] MIBI (Cardiolite, E.I. Du Pont
North Billerica, MA)®} tetrofosmin
(Amersham International, Aylesbury, Buckingha-
mshire, UK)2- kit2 F%J8}o] Tc-99m pertechnetate
("Teyg v Aulet AFA Akl ALtk

2. 4

Pharma,

1) YALMC|ORE

MIBIs= 0.9% Ag]Aledg 2 me] ~200 MBg2!
Tc-99m pertechnetate-8-0-2 W31 100°CoNA] 1587}
#o] EA% ¥, 10 MBg/mio] X5 Ag|ileddz
FAlsigic). 22 WH o tetrofosminie 10 MBg/
nio] % ALl g om 100 we] g
5 el AE Aol Aokelsinh WAL opE
9 HFFEE AEARNME 0.1 MBq (50 nmol/
mlyo] Hw, Fruhg-2 FEAYAE 370 KBgg
wAMo gz FAsgc)

2) M|ZEHHQE

A549A|3EE 5% fetal bovine serum (FBS) 9 1%
penicillin-streptomycine] 7+E RPMI 1640 ul=) o))
A 37°C, 95% 0y/5% CO.9] wjekzol|A] wjokstal

th. AEELE FElale] AR wiA 2 AFEI £
1x10°7W/mle] F%2 F-9A71 Aeolla] A4 9
okZo] AE A& ZHo Agsigdrt

3) WARM ojok=o| MIEL MFE SH

MIBI®} tetrofosmin®] AS494| ] A28 AL
Utsunomiya 579] wiell Felo] AAlsigll
1x10°7W/mi 2] AHE ekl 5 wE MIBIY} tetrofo-
sming H7ksb7] A 108 <k 37C Gz
Vrp (100 pM)#} CsA (50 uM)E X &lslslen,
BSO (25 uM) & 24X Aol A lslde}. 070l
100 9] MIBI &£ tetrofosming X 7}sle] 605
T WHSAIZ F, 300 o] §NE 4T ARl
4= 1 mlo] & microcentrifuge tube 2 73t} 14,000
pmollA] 287F AR & 3 AFod) AHEE
sl AAEES SEe U9l & 12 S
ob AR kel WA S FHAste] Fofdt
sl A2 wiEg g FAsch AEN e
2 534 33] o|4e] AYATE Fsle] Felict

Uptake(%) =

Count(pellet)
Count (supernatant) + Count(pellet)

x100(%)

I

4) 2 olopEo| ZAXLY M3Ig BH

10°-10°71/200 4l o] AS49MEE FTul9xo|
Aol SAESAT Asstel, Zge =A% 1
em AEE A2 5 whA g Qo shol )
24ulg] g2 Aldslgle). CsAdl] o3t Zok=zF P29
MIBI®} tetrofosmin®] 4| w32 vlaslr] $stod
MIBI thz&F(Group 1, Grl)Z CsA X 2]2(Gr 2),
tetrofosmin t=7H(Gr 3)3}F CsA X 2]HGr 4)2] 47Y
9] Fo.g o] Adsiglr). Grldt Griw Ajel4

%2 Gr29} Grals CsA TOnglkg S B7hHE 24}
slgioen, 147} o] Grid} Gr2ell&s MIBIE, Gr3
9} Gr4oll+= tetrofosmin 370 KBq2 ZzHzh mzg| A=
o= FA%YEh F ALslerE] 24 F 102,
605, 2405-0l] enflurane t S Asslga, A8
A EE5E HANA F43 AN5E ARele
W, Y e ¥ TS Sl Aleh Fo

(o]
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222 ZhAlF7|E A F88a S
ol N3k YA 471 42$(% injected dosc/gm
of organ, %ID/gm)-& AAFs}3c)

5) HAXES|St oA

shebell FufE 24 34 AR Ackslo
Sito|Eoll H2RAIA 60T d7]ollA] 24)7F 1k
g %, gulelgla e AX SHFE AN
sk 3% IFSlragdel] 3E7F He] ¥ Tris
buffer saline (TBS)2.2 33] Al&slgiv). =2y 4]
5ol =1L Aekslr] 8l A4 D& Aol 3087
HESAIH e AXHEEAIQ) p-170-glycoproteinol] e
clone ISB-1 349} MRPoll th3k clone MRPrl &k
g 12022 3]4slo] 4T Hb-S-=ollA] &% whEQr

1=

=3

HESAIZ] 3, TBSE. 33] AlXslsl o] XAIE 308

Zb ¥ESAl7l 3 ABC  (avidin-biotin  conjugate)
=

reagentd A-Z-ollA] 4587F ubZ-A|Zick TBSZ A%
% diainobenzidine tetrahydrochloride (DAB : Sigma,
St. Louis, USA)& '} 3 Mayer Hematoxylin ©.
2 UERGAY F 29sle] Leel=E Sl

Fernl e n Baisich

“

6) MRPYH 23

Western blot analysis& &}7] sl A5494)3ELe}
MRP7} R E]#] 9k K5624)Z9} HCT15/CLO2A|
ZE52 dSEZ Al W AR oS lysis buffer

(protease  inhibitor cocktail 1 tablet/SO0 ml
Tris-NaCI-EDTA-SDS buffer (TNES buffer : 1 M
Tris-HCl, pH 7.4, 1% NP-40, 0.5 M EDTA, 5 M
NaCl)) & 100 x4 H7islo] ghildg S o}
 4°C, 12,000 rpmof|A] 1027} A4 Ee]ste] A5
oB-8- B9k} Bovine serum albumin (BSA) whalA
Z72] 7] E(Sigma, St. Louis, USA) & A=kl & Tl
ol oA (30 ug)-S sodium  dodecyl sulfate-
polyacryl amide gel electrophoresis (SDS-PAGE)Z.
Fal8k &, nitrocellulose membrane (NC)ol| transfer
st} o] NCE 5% non-fat dry milkE &-5-3) Tris
buffer saline-Tween (TBS-T : 10 mM Tris-HCl pH
7.4, 0.1 M NaCl, 0.1% Tween 20)2.2 3087} vl-&-
AlA o] Fold whulAle] oigh uk-g-Ad-& xpekat ¥,

MRPol| w3l gA|2} BhGA17| AL, Faol] oz 2%

Vo 385
gAQl antirat 1gG S Z47H 1 A1704 WHSAZ
o} Zk ab-gAbelol] TBS-TE 1084 33 FAlst3)
o olold ahlel Ui che Ped bandi
enhanced chemiluminescence (ECL Amersham

/Pharmacia Biotech, USA) ZAAH o2 #olalyic).
7) BASA M|
RE Adte Hid ZEHERE A eH,
EAEA 22 Kruskal-Wallis TestE o] 83}
Z I

1. A549MZS| MRP W&

MRP1¢}} tJ3+ MRPri1 3}4l(clone MRPr1)S o] &3}
western blot analysisell 4] 2F 190 kDaoll #{-&}+

MRPri  Wi=E  Jehle  wbH,  KS6240%£9}
doxorubicing  HalFle] TFAAS  {uksk

HCT15/CLO2A|E= MRPrlo)] #fddsls wicrs} o
2wl 4] ekghcl(Fig 1). RT-PCRe| 23} mdr]l S22
wlg ghele] B A3} HCT15/CLO2AEE 52l
g w=E Jehdls b, AS494E= WiEr) YEr
1}A] okgkrhdata not shown). AS49NZE FEvh¢
2ol FekEA 3 B 4FHE AA 1 gmP 9
Foko] Zwlell PAEUoH(Fig 2), FTX=AE
MRPrl 3A|(clone MRPrl)E o] 83} w223}t
AN el Mo T FEEE= MRPGZ 9
o] = Qck(Fig 3). A549 FofzA-E P-gp
ZA(clone JSB-1)ofl thallAli= g 2= 4] ekgtch

lo

Of

i)

2. AS49MIZECIM MIBI2t tetrofosming
HFE diw

A5494) L ol| 4] MIBI$} tetrofosmin®] A12]-&-2 60
7k uoFal 75 30 wijeket AR} E9)vk 308
vkl MIBIA 2|+ 1.73:0.01% %3, tetrofosmin-&
137+0.12% oM, 605 wlokd] MIBIAIZ:
1.89+0.02% %1 31, tetrofosmin-2 1.43+0.03% % MIBI
9] AHFHAEI} tetrofosminEtt  Z9ktk(p<0.05).
MRPA|AQ] Vip (100 IM), CsA (50 pM)g} BSO
(25 uME 308 Age wi MIBIGHE 22
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kDa
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Fig 1. Detection of MRP by western blot
analysis from cancer cell lines. Protein
(30 ug) was fractionated in a 7.5%
polyacrylamide gel containing 0.1%
SDS. After electrophoresis, MRP was
visualized with  monoclonal  antibody
against MRPr1 (190kDa). 1: K562 cell,
20 HCT15/CLO2 cell, 3: A549 cell.

A)
Fig 3. H-E staining and immunohistochemical staining of tumor tissue either with anti-MRPri or anti-P-gp
antibody. A549 tumor revealed brownish staining with MRPr1 antibody (C), whereas tumor tissue did not

staining with P-gp antbody (B). (A)
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Fig 2. Photc of nude mouse with MRP-
expressing A549 lung cancer xenograft
in flank.

€

H-E staining, (B): immunohistochemical staining with

P-170~glycoprotein antibody, (C): immunohistochemical staining with MRPr1 antibody.

8.07+0.18%, 10.54+0.39%, 4.5+0.07%%)1, tetrofos-
min< 7}zF 3.83+0.03%, 5.52+0.08%, 1.91£0.01% %
ZF7Fstsick MRPAAIAIES 60% HElgs )
MIBIA = ZHF  11.5840.89%, 14.42+0.66%,
4.13+0.01% 933, tetrofosmine Z+zb 6.11+0.03%,
9.00£0.14%, 2.00£0.08% %, MRPAA] HelA] F+
WA ok Ee AT AHES BT foeA &
FRehelekFig 4. F AR 0% 71ANE
718 Z7kel AAAl 2 AFge] S
£ HZ3] Y Vip (100 pM)ol] 2]34] MIBIE=

613%, tetrofosmind 428% Z7lslglow, CsA (50
uMyel] &lsllA] MIBI&= 763%, tetrofosmine 629%
Z7¥stg 3L, BSO (25 uM)ol] &]sliA] MIBI= 218%,
tetrofosminS  140% Z7}sldrl. A54947F ol 4]
MRS o8 ATH 4AZH AR
MIBIZ} tetrofosmin 2.t} Z9tHp<0.05).
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cont Vrp100 CsAS0 BS025 cont Vip100 CsASD BS0O25
uM : uM

A ' B)
Fig 4. Comparison of uptakes of MIBI and tetrofosmin in A549 celis between 30min and 60min incubation. Uptakes
of MIBI (A) and tetrofosmin (B) were increased in the presence of MRP modulators. Data represent mean
+ SD obtained from three separate experiments.

cont: control, Vrp100: verapamil 100 «M, CsA50: cyclosporin A 50 ©M, BSO25: butoxysulfoximide 25 uM

80 80
60 |
S £
2 2
Q4 [s]
® PR
) ‘[L+
0
liver kidney intestine ; liver kidney intestine
(A) B)

Fig 5. Biodistribution of MIBI{A) and tetrofosmin(B) of liver, kidney and intestine in normal mice over various time.

3. Cyclosporin A7} FEOIRAS 2] 4 o S LA 2 186%SF 11% 2, Al
- T=HIT—— < =

EFAXZHAM MIBIRF tetrofosminddFl 2 177%8k 16252 fSfebA SohelirHdata
ol Olxls oiat not shown).

A549Zkof| 2] MIBI®} tetrofosmin®] A#| AT+
MIBI®} tetrofosmin®] AHFA - 41352 A A5 2 K (Table 1), CsAF-A} 3 MIBIS} tetro-
2o 7 243 1052 "ol 1 gmd 42 go] 1%9] fosmin®] AZHATE: TE Zrkslgioh CAS *g]
L2 wlh2A "FollA] £AEo] AiAT el 42 g 7%, MIBIAHARZw 108l 114%, 60
o, FAZ AFe2 Alato] 7tal w=gtx 7y} 257%, 24080l 396% 2 Z718191 L, tetrofosminAg
e AHE okE A7)ol vl E9keh Alzbe] A 2 Axi 105l 110%, 6050l 205%, 2405
ol wtet 71} AR A e sty ot Ake] 410% 2 Z7}s19ieh CsAFAL & MIBIAH &= 604
A= ZUlssdckFig 5). CsAol| <3k MIBIS; 3} 240014 FoJstA F7hslol o (ZHt p<0.05),
tetrofosmin®| 457} A E= P-gp7l Wol EAI tetrofosmin . 60323} 2405014 §-9J1A1 Z7balad
vhar 4Rl 7kt Aol ek 4= 9lgivt. MIBI o K7zt p<0.05), F WA e R AHEF

¢} tetrofosmin®] FAF E 10504 CsAol 2k 7+ 7}e] zjoli= ¢l9)chHFig 6).

I A AHE VMRS 108 714X Bl
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Table 1. Comparison of Tc-99m MIBI and Tetrofosmin Uptakes in Control and

(70mg/kg) Nude Mice with A549 Tumor Xenograft

CsA Pretreated

10 min 60 min 240 min

MIBI Control 1.12+0.42 0.40=0.08 0.19£0.04

CsA 1.28+0.14 1.02£0.24 0.76£0.16

] Control 1044022 0.46£0.10 0.15+0.03
Tetrofosmin

CsA 1.14+0.41 0.94*0.21 0.63+0.1C

Data are % uptake of radiotracers and represented as mean £ SD.

500
EYER
400 | muenofosmin|
&
9_“3 300
&)
£
° 200
100
0
10 min 60 min 240 min

Fig 6. Percentage increases of MIBlI and tetrofosmin in

MRP-expressing A549  tumor  xenograft by
cyclosporin A (70 mg/kg). Values are expressed as
percentage increases of radiotracers  uptake
compared to those of control mice without
cyclosporin A treatment.

]

2

Tlepi ) b Fag AT e ak
A AzubgoZ wiEAA AE FAlY AFE
Z4A)7]+= P-gp, MRP, lung cancer related protein
(LRP)$} breast cancer related protein (BCRP) 5-9]
5 Ao} Axksie] ek Te-99m MIBL,
Tc-99m tetrofosmin, Tc-99m furifosmin, Tc-99m
Q12 F9 33552 £k Auha} X539 7}
ofl o]0} $t7, P-gpsh MRPe] o] rjoll=
ALE 4 QYT K Qe H00520 o are) A
1 A ASH w9 ATRF G 2
9] MIBI:= QHAIEW A2 7} tetrofosminEr} Tl

Hars) gl o 0 *-Ml eJ*Poﬂxit g Fke]
Frtell 7bg wol olgEm gt e,
MIBI$} tetrofosmin-2 °“§T°rHJ A& AeslA A
% 4 Qe PSR R Suet IS §
Asta?  cpekAlfe] whEE SR EollA
tetrofosmin-S MIBI®} 7ro] P-gpel 7]Zo] & 5 9
chx gEA Yoh'? ), MRPEE 173 A Eol)
A4} tetrofosming- MIBIET} 58 WA LA] of oFFo]
g BaE vl Jda'? tetrofosming A-Lol)A] F
Asto] AEE 5 ok Aol Qlo] ofol] gk 1
7t 2 a3kt

B ol ol A-83 ASI9AIEE chekAlAd IR
Aol <Ja MIBle] 42127} $adekn Bag
ib Qe P mEReglol BANE SN
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)31 LA nigericing X 2]gl AS49AEL u|EZ
=elo} mdsl7t Z7bgo) wheh MIBIAAE 374
3] Z7hskek'Y Moretti 572 QR Z ol 4] MIBLA
el REr Pgpt} MRPUFEZ Bio] 9lem,
ASI9R|E ] R8fe G477} Pgprl Sl MRP
WHE g, BSOAelel] 23] MIBIAZ 7L
Z7kslon g AS494| X = MRPEE A Eeh A
Astgde). uhebAl, AS4941E7 MRPUMHS uhasl
AZEQJA el i3t o He}l A5494Eoll4] MIBIS}
tetrofosmin®] A} w32 dolH 112} 319}

o] oITolA]5E RT-PCREPHOZ AS494|E:
mdr] mRNAZ} W%]7) ¢35 F43 4= U,
MRP cllZ-2glael MRPr1-S o]83le] western
blot analysisE AA|gF 743} 190 kDaol| sfidsl=
MRPrIMIE7h FPEIQIT) S SulSso] AS4OME
= olFolste] AR FokzA e AHNAE W
o2 31ek oA el o3 MRPrl &kxl7} Al £}l
A9 L Urk MRpEEe] v
AS549 A3 of|A] MIBI9} tetrofosming] 42} 303
o} 60 wReFat A-97b o =9ka, MIBIS) A#HA
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