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C}oFM| LM (Multidrug Resistance, MDR)
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Detection of Multidrug Resistance Using Molecular Nuclear Technique

Jaetae Lee, MD,, Byeong-Cheol Ahn, MD.
Department of Nuclear Medicine, School of Medicine, Kyungpook National University, Daegu, Korea

Although the outcome of cancer patients after cytotoxic chemotherapy is related diverse mechanisms, multidrug
resistance (MDR) for chemotherapeutic drugs due to cellular P-glycoprotein (Pgp) or multidrug-resistance associated
protein (MRP) is most important factor in the chemotherapy failure to cancer. A large number of pharmacologic
compounds, including verapamil, quinidine, tamoxifen, cyclosporin A and quinolone derivatives have been reported to
overcome MDR. Single photon emission computed tomography (SPECT) and positron emission tomography (PET) are
available for the detection of Pgp and MRP-mediated transporter. BMTe-MIBl and other ®™Tc-radiopharmaceuticals
are substrates for Pgp and MRP, and have been used in clinical studies for tumor imaging, and to visualize
blockade of Pgp-mediated transport after modulation of Pgp pump. Colchicine, verapamil and daunorubicin labeled
with "'C have been evaluated for the quantification of Pgp-mediated transport with PET in vivo and reported to
be feasible substrates with which to image Pgp function in tumors. Leukotrienes are specific substrates for MRP
and NA{"Clacetyl-leukotriene F4 provides an opportunity to study MRP function non-invasively in vivo. SPECT and
PET pharmaceuticals have successfully used to evaluate pharmacologic effects of MDR modulators. Imaging of
MDR and reversal of MDR with bioluminescence in a living animal is also evaluated for future clinical trial. We
have described recent advances in molecular imaging of MDR and reviewed recent publications regarding
feasibility of SPECT and PET |mag|ng to study the functionality of MDR transporters in vivo. (Korean J Nucl Med
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Fig 1. P-glycoprotein (Pgp) exirudes several chemotherapeutic
agents and radiotracers out of the cell with ATP. It is a major
reason for the failure of chemotherapy, because it makes
intracellular lower concentration of chemotherapeutic agents.
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Fig 2. Schematic representation of the structure of P-glycoprotein
embedded in the plasma membrane. 1-12: putative fransmem-
brane domains, NBS: nuclectide-binding sites.
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Fig 3. MDR reversing agents block the action of P-glycoprotein,
which pumps chemotherapeutic agents and other substances out
of the cell.
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71 7% MRPo 98 SA WA AHE T $tt Benderra
Y2 g7t AETE 58 FF wiEol BAHL AT
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| BT BRI

thebA A el S8 AR R JFARE AAste 7
783 29loltt” Pepel A-&atel B g e 444 5
Qe HAERE verapamilE WEHE ZEFE AQA,
cyclosporin®} 54¢] PSC833, quinine+AH, calmodulind

A, quinolone A, reserpine FAHA, acridonecarboxa-
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mides, triazinoaminopiperidines o] 131,101 o} =.& kA7t
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% Y Verapamil®] Pgp Z43HaH2-9] 7182 Pgp 71| ot
AAR AR AGolety LA glouk, Lampidis 579 &
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o]F o] &3t AHEFHEE AYAEA B FAEL
ZHE B3387) 9% JAFHA AL o]Fojx 27 itk A
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AZAFAR ol gy) $fste] Aw® FTe-MIBL
#Te-tetrofosmin, “™Te-furifosmin, “™Tc-Q58, “"Tc-Q63,
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718 717 9tk Piwnica-Worms 5%, Rao 5%, Chun £
& T A Sk Fohtdst AgkE Pep A4 ©) 2714
WA R FES) FAEANNE Te-MIBIZE SR AL
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AJH| 39} Pgp WA E Aol AHAHET} g8 o] 5o
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Fig. 4. Sarcoma expression P-glycoprotein. “Ga-
citrate (A), ®Tlchioride (B). and ~mTc-V-DMSA
(C©) images show the high tumoral uptake at
anterior chest wall. but, there is no significant M-
MIB! uptake (D(). Cancer cells with P-glycoprotfein
could pump “Te-MIBl out of the cell, therefore
no tumoral uptake was seen FTTe-MIBI scan.
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A FUA S AZH HA7A fAlete, AxEe] B2 5
=9 Pgp7}t EAlshe 7$olE F%lA P Te-MiBlo] 425
HaE AFHA £12 vtz WS e derugo) ud
2 2YNME *Te-MIBIS] A7} ZAaHnZ, 8o steat
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AN 4849 FEHE 23 5 AP Hae uys
& AA B A AA T ThekAlAl Y WA f-oF 2ok o
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E+ Hsivy sk 28 v g SE A5(ka)E U
B &%l daunorubicin®)v} THE anthracyclinAl kAl B.o}
50-1009) ol wij& ZHg-o] Wiy BV} o) HIZ
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AoE B1% 1ok *Te-MIBIE Pgpth MRP B56] 9)3}o]
FEE o nF Pgpoll FolAQl WA kEL ool t}
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g 7 oug 4 ARRRAME v B8] 2 F Yt
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9tk Luker 592 PSC83E £oidt Fol: 2 Aol
mTe-MIBl AF7t Zvtecty ®astch 22yv *Te-
MIBI 4% &2 Pgpe] &3 FEA Y 715& Hrlste de
@rlx)e] BARE 9tk Piwnica-Worms 5*& *™Tc-MIBI
7} Pgpsl 71l whaldiste] mEA Azl 4o
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AFE S/ AN FEASEY] JdEd 258 v
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Quinolone A&l MS-209 F9 wRUWA A% HrldE
" Te-MIBIZF $-&3tk 2 B2® v o™ vk, Pept

MRPS) W@ elish ohAuly FEAS BFS AL
Te-MIBL 4H &2 B7behe e 0480T 7154
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W] #EskE 50}04 BgA 7S AAEH dGHeEE
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tetrofosmin®] ©.31# 24 713k =k 3tk Yoo £ ‘3‘r
kAol kel MEFAA PMTe-MIBIY MEALHE
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AeT " Te-MIBIZF B Bohy Bustact 2 A3 A}
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o]&o| Fo|& 7|&ojok & Aolth,

A T.
T U=

2. PET#3A= 01512‘& A7
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"C-%A colchicineel\t doxorubicin 59 &4a§HEouy
AH Foste] Pgpet MRPY 23RS ¥
7Y, SMEA TR S MiEEEE RGO R YUt
27} 3 A% o] #olAL YTt Hendrikse & ¢
& M ZF(A2780) oA ®IZEA|ES} Pgp7l @dEE YAAHE
(A2780AD) ol A "C-daunorubicin® "C-verapamil®] AH AT
£ wwstanh AE ek Agelal A2780 AlE7} A2780AD
AEBT A27E k=), 'C-daunorubicin A E 16 oI
3, "C-verapamil®] AAVE 4-524 WA LEA ] 437}
Yobek Verapamil oA WAIAM E 2] "C-daunorubicin4d 2 7}
z7190.82 "C-daunorubicin® Pgp ¥ ¢ZA& e
v 018 US AR AGEY, A JAT Ak E

11C-Verapamﬂ

ol Zop 5 glth olE2 verapamil®] AFHWIV}
daunorubicin .t} 4-58) & o]fr= HFIA & v AN
u}, Al 25to] verapamilel] & 554 F344E Ho|BE 4l
Eg Aoy 3oz A e Fe AdHE Ve &
A 22390}, "C-daunorubicin® B3 TR ol o] &

= ] oz A9 AUFHE 7 &

i ofoRgel RASIRL

Qg e ks A4S T 4 Jok anthracydlin® oF
i Jolol A, AEEE AEot AEA 2HAstet A3 Al
Ffe] DNAS tigk 1ol = A o] Pepoll olg kAW

f
u@
>
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Amre) 332 FZah= e AR Aok oJEL LA EH
TAZE olalgt FEAHANNE FFAAE WAHEA 1)
ahed 20 A A HAL 50 mg cyclosporing FAF 45 ©]

#3 Aozt 249E BIFH”

Colchicine ¥4 €Al {4A BT = 913, A4 of
A7 Ao A EW tubdlinel gl 9813 FXE(target) 7t 92
oz g gekAuA FA A eekEel & & ith
Mehta 72 "C-colchicine FAF ¥ 608 A& A7he
AF71E 9 (autoradiography) A WAJ ol §l= ko] WAl Eok)

H)3le] 427} 2d) =943, UC-colchicineS FFAS: R3S o
A ol AVEEZE A BHY & du syt EF
colchicineS WA A ZA| A 2 paclitaxel % #1314

S

AxstE d
2432 2 colchicine# & 91 M Z& paclitaxelell = A&
Uehl o paclitaxel WA FdE F4E F & FHAR A
& 4 k™ 22} colchicine?) 15 2-E-E Zhol A Fojit
YA o] GEE WA g Bazad e 'C-cochicine$
olg-ah=dlE AEgel AT F A, FFI TP AE
B3 @tk Lewis 502 tetrofomind FE7b AN
bis-diphospineS 43 “5‘}3’_ pAAERE YCus A3
MDR SAIE WL E S Agst A3E vt o2 35 /gl
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Al -S2E 5 e Aog Agsligoh
3 MRPE 24| 712 EA 2 4 A leukotriene® &

¥ a%e=

HASERZ "SFAAY A

5 H7tE ofof Frh,
3. AAZs 93 H ot deRAUA 37t
HEAE dE) ¥ EF2A
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