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Abstract

Purpose: KR-30035 (KR), a new MDR reversing agent, has been found to produce a similar degree of increased
Tc-99m MIBI uptake in cultured tumor cells over-expressing mdrl mRNA compared to verapamil (VP), with less
cardiovascular effects. We assessed the MDR-reversing ability of KR in vivo, and effects of various doses of KR
on MBI uptake in nude mice bearing P-glycoprotein (P-gp) positive (+) and P-gp negative (-) human tumor
xenografts. Methods: P-gp (+) HCT15/CLO2 colorectal and P-gp (-) A549 non-small cell cancer cells were
inoculated in each flank of 120 nude mice (20 mice x 6 groups). Group 1 (Gr1) mice received 10mg/kg KR ip.
3 times (x3) Gr2, 10mg/kg VP ip. x3 Gr3, 10mg/kg KR ip. x2 + 25mg/kg KR ip. x1: Grd, 10mg/kg KR ip.
x2 + 50mg/kg ip. x1: Gr5, 10mg/kg KR ip. x2 + 25mg/kg KR iv. x1, GrC, controls. The mice were then injected
with Tc-99m MIBI and sacrificed after 10 min, 30 min, 90 min and 240 min. Tumor uptake of MIBI (TU) in each
group was compared. Results: TU in P-gp (+) and (-) tumors were both higher in-Gr1 than Gr2. Washout rate
between the 10 min and 4 hours was lower in Gr5 of P-gp (+) cel(0.93) than the control. Percentage increases
in TU were higher in P-gp (+) than P-gp (-) tumors with all KR doses. Pgp (+) TU were highest at 10 min (173%
of GrC) and persisted up to 240 min (144%) in Gr3. Larger doses of KR resulted in a lesser degree of increase
in P-gp (+) TU at 10 min (130% in Grd and 117% in Gr5) and 30 min (178%, 129%), but TU increased by time
up to 240 min (177%, 196%). Heart and lung uptakes were markedly increased in Gr4 and Gr5 at 10 and 30
min, likely due to cardiovascular effects. No mice died. Conclusion: These data further suggest that KR that has
significantly lower cardiovascular toxicity than verapamil can be used as an active inhibitor of MDR. Even a
relatively low dose of KR significantly increased Tc-99m MIBI uptake in P-gp (+) tumors in vivo. (Korean J Nucl
Med 2001:35:168-184)
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AWA SAETE Tc-99m MIBI AHGAES T
stod 71 = Qe AE goli i, KRo| Auell
A12] Tc-99m MIBI £Xol v]X]= Q&g st
37} stk clebAAle] Sl QA AS49A]
Zo} chebAl ulel sl AldlAet HCT/
CLO2 AIEE olFol4ja FEnges Fa]
8} kxzAoA  verapamil®} KR&] Tc-99m MIBI
Aol mAE Jee wlmal, oHAlel Eol o
£ 4719 24249 Te-99m MIBLGHS) Aol
2486 B4% AWA ASE F 9l KRS 2
Agake AReA Sie

Chat 2

1. 2|

Verapamil, doxorubicin, vincristine®} sulforho-
damine B (o]3} SRB)-2 Sigma Chemical Co. (St.
Louis, MO, USA)oll4 F<lslglar, KRS 3= 3}
1% ApaolA PR Vskel A8 Vera-
pamil-> 0.9% A§elAldpol] 3, KR 10% ol
HLEI} 10% cremophore] Edtellell =9l o3
09% AAATE HERS PFgom], FAL
£ o8NS YA o] 09% ARIYAUFE 3]
Aalo] A-gl9ck

2. MZbies 3 CIOtHILEY MZS

FEnpesol o)A ZFAEE vhekAl ol
N 2o QA v|AAE H]E AS49HEF
) (ATCC, Rockville, USA)E A-&31qc}h. Azg
fANA AES Heslr] $lsto] Dexter $7V0]
g Zeldk AA719e] oiAgAESQ] HCTI5
AEZF (ATCC, Rockville, USA)E 7|2 o7 A&
slgen], HCTIS AEE FHx= 1 M9
doxorubicing 4718k RPMI 1640 ufR)ol|4] wsfok
3liL, o] F AAAQ AAE v AEES 228
o] ©AIR o 2 doxorubicin®] EEE 100 pM 714
Foi7te AEZE dslo] HFH o2 100uM oA
Aot e AEZE Feldle] HCT/CLO2 AEFE

HEHoz el FAZE FLAE Fo

aul ol olyel AESe] FEol WS 7L,
At opAl WS vEhie QAEEE YA

gl Az AL Al sk oA g glo
A A$7h Yere, Suka HCT/CLO2 WA Al
EF Aavael 4 At FEAGA Ho
Agslelch. AS49AFEE 90%<¢ Ham’s FI2K
mediumel] 10% fetal bovine serum-S 7}s}o] ull
oksl¢dar, HCTI5/CLO2 AlE+ 80%2] RPMI
164080R] ol 20% 2] fetal bovine serum (FBS)-S
Wk wiokelo 2 viopsiglch wE QHAES] wiok
Aol wiR]d] penicillin (100 U/ml)} strepto-
mycin (100 mg/ml)-§& “d7}slgat 37°C2] 95% O2
5% CO,9] wF7]elA] miokaisict.

3. mdr1 SEXIS SH: RNA £al ¥
oiTA} SEEA oM HEY (RT-PCR)

ok A7) W7 fEdt AZE 1,000 xg oA 5
B2 94 B8 ohg, 4T PBSE 2 3] A3l
o} HAE AlEo) TRI-§H 1 mlg Yol AEFE
NG vhE ohg, Aol 10 B2 FHrt 200 W
¢ chloroform& W3 E3dt o dAdel
(12,000 xg, 15%, 4C) 3to] AFAE ek &
23k 45Holl FFe] isopropanold Wil FlolT
o2 AollA 10 £7F Wxja Tl 4R
(12,000 xg, 158yslo] RNA HAES Bt 2
2 RNAE 75% ethanol2 F=AI3F vhg thA] 944
el (7,500 xg, 5Eyste] FEoHs welsr el
A 10 27+ A=AA 50~200 pe] Eofl 590 $F
55~60ColA] ghAlsl Sl

Haldk RNAE RT-PCR kit (Perkin Elmer,
USA)E A-83lo] RT-PCR-E AAJ3Igiek. 4] 1 1
g2] RNAol] 10x PCR 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 Hrfsjod 4-2oll4 10 7+
Hl2.X]7] ¥ reverse transcription (42°C, 158),
denature (99°C, 58), cool (5C, 55 zel2 A
Askgic). o]FA F4H cDNA E3hgoll 4] 10
x PCR buffer, 2 mM MgCl,, Tag DNA poly-
merase (2.5 U), mdrl primer (Bioneer, d)E 4

1
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7tsto] 95 CollA 28 Fok Mk-g-A]7] & melt (957,
14, anneal (58T, 1&), extend (72°C, 1E)E 35
cycle B9F AA)ela, wlAwte g 727CoA] TR
CHEZAIFCE mdrl AR wHE ARE 2%
A X }2 etidium bromide
(EtBr) dAo 2 3Felslyirl. RT-PCRo]| o]-8&3}
mdrl primer ©| @lAbwjode olzish 7t

agarose A7|d5S

sense 5" AAG CTT AGT ACC AAA GAG
GCT CTG 3° (2041-2064)

antisense 5° GGC TAG AAA CAA TAG TGA
AAA CAA 3 (2260-2282)

4. NESH AF

KR} verapamil®] MEZEAAS-S o}eflel 7o)
AAstgdc). AEZEE 96 well flat-bottom micro-
plateol] welld A|E57}F 2x10° - 5x10° o] H %

Boeln, AlEs} upebl) Hateln s 2447}5@}
jekstint. AlEs} wpehmol] Babel o), wioke
< AASE, B4l s EE AHulsle] 3087+
ufjek Fof] oFE-& A|7sla, PBSE 23] AHsS)
t}h o] ofFo] FoiQlA ok &g uioklg 4
7ksto], CO, wfF7]oll A 7247k5<k wioketda,
sulforhodamine B (SRB) ¥"Y& o]&3le] ALE
e 2Aasich = ko] Bt 7t welle] o
okol-S A&, 10% Trichloroacetic acid (TCA)
147 Bo Aelslel ATEL gAY ¥
TCAE AAst & M-

Aot 2AH AEE9 AzTl Bk 3 1% acetic
acid So]] 0.4% SRBE 0] SJAGNS 7}ato]

Loll4] 30 EEQl ulxjslo] MEE I}, 1%
acetic acid §Ho g AXslo] AlFxe} AgslA] &
£ o8] SRBE AA Ak ojgA M= A
Eol] pH 103~1052] 10mM Trisma base
(unbuffered)-8-o0-& 7}slod A)E9} #H3ksl SRBE
% A7 & microplate reader® o]83kod 520 nm
o oS vlelA @ well (O FE&
74_E ZF well (T)9] FFEE S48, FEE A
S 71l well (Tz)9] E359} v)as}lo], Tz<
T ¢ ZAgolE [(T-T2)/(C-Tz)]x100 & F4loz
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Akt Asgkel 80% o4 Lhe wii oFE
=AY} Gl Ao st

1o o rir

stebgel] ol 225 4 umFAR st
%dlo]=  (Probe-on plus
slide, Fisher Scientific, U.S.A)ol] ¥-2kA)A ehsla}
A ¢ HFE AHd FFTE A
Microwaves A}l A -2 o] &3]0 10mM citrate
buffer (pH 6.0)% 750 watt A z}EA 2 5571 wi#]
712 Tl Salo|=E W 557 23] 7L ﬂ gt
of YUAEE F 2087 Aol WA} L5354
Als] Y2zl on] ojo] tris buffered saline (Ol“s]—
TBS, 50 mM, pH 7.4)°o.& APdet & 03% A3}
TN Al & TBSE A AXsgich =3
W v]Eo] Y-S Axlslr] 4@ Normal horse
serumeol] 3045-7F HH-2-A)7) 3L
Al (clone JSB-1, Monosan, Netherlands) & 1:202
2 3 Asle] YxbAlE uk-2-A17] & chamberdl] F-
SL47C FzollA sl5kget vha-g AI71$ TBS&
A AFsEaL o] %&kA] (Vector Elite kit, Vector
Laboratorieds, U.S.A)E 3037} ¥1-2-X|713% ABC

organosalineS- -z}

P170-glycoprotein &+

(avidin-biotin conjugate) reagent & 4120l 455
7F wk-2 A7k TBSol| A% 2 Tris-HCl (pH 7.6)
bufferol] A3t % diainobenzidine tetrahydro-
chloride (DAB, Sigma Chemicals, U.S.A)Z "4
ek FFaoll AR ¥ Mayer Hematoxilin.©
220 &7 pﬂzo:lxﬂa' ox 1015]_0:1 f‘a}o]E—g %
Aeh, A on B,

6. TEOFPA0| 0I5 OfAfE AZ=H0|AM2
A2z =4

A 8-14F, AF 20 gmAFe) A Frops-
2~ (BALB/c-nu/nu nude mouse, &k=r ﬂﬁhﬂ?—/‘
S BB Agslgdel thekdl WAle] g
£ A549 AlES vk Ao whEE HCT15/
CLO2 MEE Fruhgo 5 AAat 535 Azt
ol Z+2t 10°-10°7W/200 ul 4 Ay Fsbar A5}
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L Fde] 2o} 1g HER AR 7 20mke)A @
O F5 6o F FEsle] A 120u2] |4
Igslodct. 1% 492 PBSE E7h FAE o
Tol| H]523F KR#} verapamil®] Fokz7] ]9
Te-99m MIBI A#HZF7 vl&E #3l7] sl
)z (Control Group, GrC)¥ KR X837
(Groupl, Grl), verapamil X|E7 (Group 2, Gr2)
9] 3] 2Eo g o] Adslgr) Verapamil
3 KRS AXE A4 312 Aol 1247 Aoz
4 10 mg/kg s 7N AR, oS of
Aol 8 O 5 mgkeS B FAG 9 147}
Z.0]] Tc-99m MIBI 370 KBqE me|dWoz FA
sttt ZTE Te-99m MIBISFEA 14]7F Ao
PBSE E7 FAIG el 24 A4S KR o
gepe] Aol ME A7|9 FFEANE Tc-99m
MIBIAH o] XpolE Fstaal Adslelon, A

x

W

P

AXE Grizh o] ZHAA 315 ol 12417} 7+ o
Z 5 9 10 mgkgs BN FAsIG o, ok
1 Tc-99m MIBIFA 10846 25 mg/kgs 27
Well SARE T (Group3, Gr3), 50mg/kgE 57l

ol] 414k F (Groupd, Grd), 25 mg/kgE ma]A
o2 FAZ + (Groups, Gr5)2g FEsle] F=
ulg-20l 279} FokzA e A4 9] Te-99m MIBIA]
HAEZ AFHog A Tc-99m MIBI:
MIBI (Cardiolite®, Du Pont, Massachusetts, USA)
cold vialol] Tc-99m pertechnetate & @31 1050] 4k

Tl EAY ¥ A89l5, shetz ol 2ol

A BAEEL 95% o]eolirh Tc-99m MIBIE
ZA8 & 105, 305, 90, 240%0|| halothane w}
Fsloll AxkollA] 257]0]2] FAZZ FHE A
e2A AT AWAD, B, 2, A o)
A% HeE ADe) Fake AZeel B
S, TS Sgesich lojx 242 gob
712 140 KeVollA 20%9 ovA A& 4
Te-99me] WASE Zgeto] FAkeel Uit Bl
FAE A7 4% & (% injected dose/gm of organ,
o]} %ID/gm)E Aksidch. Te-99m MIBIS| 7|
AgE 47 105-A714H &4 24087714

Aes W % 103 4HRE hrol T

fo 2 Ao 4x

A
~

M

7. SHEH

RE A BT EFAAE TN, §
Aekd x]2]+& SAS program (version 6.11)& o]
sloleh. A4 EA71%-E T-7174, one-way analy-
sis of variance (ANOVA)o|™, p ko] 0.05 v|rkal
A92 g% Aoz sk

o
AL

A _T_I_l.

1. FEZ0t MZEOIM CHEAMLiMel WH £H

7AW ZE MRS Belelsl Sk
o], HCTISHIZE 7|Roz 3lx, 100iM S5
doxorubicing H7}31 uljekelo]| 4] uljekr] Aot

- Fig. 1. Photo of nude mouse with human tumor xenografts in both flanks. P-gp positive HCT15/CLO2 colon
cancer was grown in left, and P-gp negative A549 lung cancer in right flank.



2 2] 89h Tc-99m MIBIS] AW BEZ o]-g3F vhebAA

AEEE 670 ol doxorubicing X7lelA] ok
aAGIA 7L wieketod, 6704 ol el A4
AL Holvl w3 214 Y WAL et
Y= HCT15/CLO2 AEFEZ HEA o2 ool A
£34900k, QLS slepens
% Zwol] 1 gmA Eo] Foko] A=A} (Fig. 1).

chekAliAl wlE2 RT-PCRe]] &3t mdrl-
mRNAS] ZAy} p-Jbiol] gt A5 o] g3}
wolzAed Mo & Zulslgdrt.  RT-PCRAARG|A]
ASAQA|Fol A= A71edER Aol A mdrl $]Xo)
AMedo] YehtR] okokar, miekulA]of} doxorubicinE
922171 HCTI5/CLO2 A|EZFol| A= mdrl 9%
ol 473t 4ledo] veh} mdrl§AR7E shehika

Ao Pelsleh okadelAlel prehy
A& P170-glycoprotein €+ (clone JSB-1)E o]
gk m gkt Aol E szl AS49 #

A 25 ATl o

o il

ofo

AA7beA 37 173

oAt FAES @AMl WA ghskert,
HCTI15/CLO2 ¢tzA Aol A= A ZEulol] #s}A)
AuEgln PR ATe) RAGOE o
Ao] slo} P-ghebel A4S & & It (Fig
2).

SRBH o & 243 A EZEAAUS A= Table 1
o EAIsIEE KR AZEEAoll4] Aol A8-3k
100 WM 5 5ol|A] A549xﬂ;_f 94.6%, HCTAH|E:
98.8%, HCT15/CLO2A|E 94.6% 2] AZE-S Hol
AELe] SRBAIZ 0] 90% o4 A= S, 300 1
Mo} | mM9] EEoHE 90% olAbe] Zko = 1}
ER} AEEAL =4 9kgke). VerapamilS ©]-8-3}
AE AME KRI} SAFsto] AS494 %, HCTA)E,
HCTIS/CLO2AIE 2504 | mMESE okl

HCT/CLO2 (A)

Fig. 2. Immunochemical staining of tumor tissues with anti-

A549 (B)

P170-glycoprotein antibody revealed intense brownish

staining in cell membrane of P-gp (+) HCT/CLO2 tumor (A), whereas P-gp negative A549 tumor (B) showed

no visible staining.

Table 1. Results of cellular cytotoxicity of KR-30035 and Verapamil measured with Sulforhodamine B method

Cells Verapamil KR-30035
e (M A549 HCT15  HCT15/CLO2  A549 HCT15 HCT15/CLO2
S (M)
100 9958 9354 9657 9461 98.76 9462
300 9354 87.41 10257 106.37 95.37 99.07
1000 94.27 9229 9163 9058 91.64 9061

Values are represented as percentage cell viability.
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= AlEAAe] R 90% o] FoE FAER e
2 KR verapamilS 7 9k 2571 1 mM =%
2 ufoflel] 3087 ikt S W AEEALS =
A G Ao AwekE]ict &7 (GrC), 25 mg/kg (Gr3), 50 mg/kg (Grd)

£ 53U FA% 77 25 meg/kgE AUFAR &

3. KR-300357} F=0A FLHQ|
Te-99m MIBIEEO O|Xl= HE

Table 2. Biodistribution of Tc-99m MIBI in mice treated with various doses of KR-30035 infused either intraperi-
toneally or intravenously.

group organ 10min 30min 90min 240min
Blood 0.23+005 013001 007+001 0.03+0.00
Liver 228+29 184+237 107423 1.82+0.25
(GrC) Kidney 326+262 7.4+0.92 131426 2.1+0.39
control Intestine 11.8+09 139426 21.4+068 46+1.19
Lung 1.5+0.31 1.2+0.28 06+0.16 04009
Heart 11.3£1.7 11.2+1.86 11.1£1.18 9.0+1.31
Blood 0.3+0.08 0.15+004 0.12+0.04 0.03+0.007
Liver 239+15 228+33* 149464 21402
(Gr3) Kidney 66.6+4.22+ 412+128+ 154419+ 3.1£0.28+
25mg ip Intestine 121409 124407 154+116 15.2+43
Lung 2.3+0.73 1.0+0.23 08+02 04+0.13
Heart 105+4.2 95427 99+15 9.1+13
Blood 04+002 0.14+002 0.1+£001 0.03+0.01
Liver 21.2+1.76 21.7+3.1* 95463 28+1.29
(Grd) Kidney 5324124+ 437419+ 16.2+0.86+ 36+0.94+
50mg ip intestine 89+33 107415 12.8+055 10.3+6.02
Lung 29+04 144024 0.9+0.21 04+0.07
Heart 11.244. 9.0+23 8646 6.1+16
Blood 0.7+0.08 0.2+0.02 0.08+001 0.04+0.01
Liver 76+1.1* 108414 80+2.4* 2.1+04
(Gr5) Kidney 259277+ ++ 18.6+14.5+,++ 10.9+2.4+++ 31204+ ++
25mg v Intestine 53402 73+2.9 9417 9.1+25
Lung 6.7+0.3 27+15 1.1£0.3 0.8+0.3
Heart 24.8+1.7+++ 17.0+£4.7+++ 19.5+6.1+++ 16.3+£1.9+++

Values are represented as percentage injected dose per gram of tissue (%ID/gm). Organ uptakes were measured
in different time points after injection. GrC: without treatment of KR-30035, Gr3 : treatment with 25 mg/kg i.p.
of KR-30035, Gr4 : treatment with 50 mg/kg lLp. of KR-30035, Gr5 : treatment with 25 mg/kg iv. of KR-30035,
* p<0.01, Compare to liver uptake in GrC at 30 min.

* 1 p<0.01, Compared to liver uptake in Gr3 and Gr4 at same times, + : p<0.01 Compared to kidney uptake
in GrC at same times ++ : p<0.01 Compared to kidney uptake in Gr3 and Gr4 at same times, +++ :p<0.01
Compared to heart uptake in GrC, Gr3 and Gr4 at the same times.
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(Gr5)ell Al KRo| *F=nke-2 Hule] Te-99m MIBI
EFoll WX gE Table 20 ehNgch
Tc-99m MIBI&= AWHEAE HAEE Aoz &
ARk 10 F2 "dH 1 gm 43 o] 1%olslE w)
2A ol 2As 0] AiAT ol AHEge
FAR AFHES Aol b =g, 7 ‘S-rl%iﬂr
Aol o8t a3 i 4H e Bk 7k
Ae] AlFH= AlTre] A3kl whel Thasiglont
23 el A3 2R el 7haet edgky o]
Alke] Aol whel <zh Zobslodeh Te-99m
MIBI®] 5422 Gr3, Gr4, Gr59 10837} 308
27} GrCRY}l =gkeh 7 A4S Gr3e] 105
= GrCe $-A 1) Gr3, Gr42] 308x= GrCRo}
FrelstAl F7tElo] 2Rl AfrE gkl (p<0.01),
Gr3z} Grad-oll&= 2lol7}t gl 18t Grsel 7t
AHEL 105, 304, 9080l Z5F o}& AT (GrC,
Gr3, Grd)¥r} §olslr] Yakor} (p<0.01), 2405
l:_— FAskA AAAE = Gr3, Grd, Gr5e) &
AZbRel| A GrC B} E=3kon) (p<0.01), Gr5=
Gr33 GraXel Jokrh (p<0.01). GrCe] fte]
WAbs AF S Gr3dt Grael 271A4HA7F FA
3L 90Ro|A = T E3hon), 24004 = KRS &
AZE o] GrCHr}l Fof, Az el ujdoe] el
S 4 g dget et GriolA Q) 108, 308 4
e v o Hoh dUgich o 43S G,
Grd, Gr5¢] =42 zobxl o} 240Fl= FA3F
e Bck A AHES GrColA 105 A&

o

ﬂ°“ o

o] Gr3, Gralr}t o7k Eghon] A7k Hitel| upE

sl vz okgkar, GrC, Gr3, Grat Zhol) §-Ak3)

ek zEu GrsellA= 1079 AFH7E g -2l

20l oA Eoks BE A 7kfel|l4 GrC, Gr3, Gr4
T 2o A7) Ed (p<0.01).

4. KR-300352} verapamil8 SZx=|LY
Tc-99m MIBIMHN O|X|= Y&k

ZokollA]e] Tc-99m MIBIAH T chekAllAl o]

9l& HCTI5/CLO2 F<o] ciekAliAo]l Q=
A549 Zokwr} okt} (Table 3). Zok] Te-99m
MIBI®| 41F 5= P-gub (+), P-ebl () Z5ol|A4]
Grlo] Gr2it} %gtch P-elehwdl (+) HCTILS/
CLO2 Z9kol| 4 9] Tc-99m MIBI 412+ verapamil
o ZA Ao gzEI vlwste] Te-99m MIBI
ZAZ 108 107%, 305 103%, 905l 96%,
24051 118% % Z7lsl9a, KRS FARF A+
105 & 119%, 308 3 127%, 905 % 113%, 240
B % 132% % KR FAF Fol] Te-99m MIBIS] 4]
Z 7} verapamil FAA|RT}L EAGo R FolslA
Eokeh kAol gle A549 FokollA] vera-
pamil-& FA3E & Tc-99m MIBIS] A= GrColl
Blazsled FAZE 1050 99%, 3045l 101%, 90%-
o] 101%, 2408] 116%E 2408 A8 o]
GrColl ulste] F-olshAl E9%ar, KRE A 735
= 108 = 113%, 305 3 108%, 905 % 121%,
2408 F 122% 5 B thaiol nlale] $oliA)

Table 3. Comparison of Tc-99m MIBI uptake between P-gp positive HCT15/CLO2 and P-gp negative A549
tumors with intraperitoneal treatment of 10 mg/kg KR-30035 or Verapamil

10min 30min 90min 240min
(Gre) mdr(+) 1.770.01 1.57+0.07* 1.73+0.18* 1.29+003°
control mdr{-) 1394012 1.30+0.09 1.07+0.08 1.09+0.06
(Gr1) mdr(+) 2.10+0.29* 201+0.24* 1.97+0.19* 714022
KR-30035 mdr(-) 158+0.20 1412037 1.30£0.20 1.34+0.04
(Gr2) mar(+) 1.89+0.24* 1.54+0.04* 158+0.16* 153+0.16*
Verapamil mdr(-) 1.39+0.21 1.25+0.22 1.09+1.10 1.27+0.10

Values are expressed as percentage injected dose/gm of organ. * :

p<0.01, Compared to Tc-99m MIBI uptake

of mdr(-) cell in same time and with the same pharmacologic treatment.



176 uhigkolalz]A): #]35W A3 3 2001

%5—2,\‘1:}. T F

RE FA3)F 797} verapamil&

Z59] ZoR) Tc-99m MIBI®] A&
FAR 7-$-Hct
10.%, 30K, 90X, 24054 BE 9ojaiA =9t
t} (Table 4).

chebAl WiAo] il HCTI5/CLO2 kol A 9]
Tc-99m MIBI A#A %+ verapamils FA3E
Hok KRS FAY FoA felsbAl R
(p<0.05).

5. KR-30035 FE&0f g 23U
Tc-99m MiBIAH

P-gehll (+) FRH Te99m MIBIYHEE

Gr3, Gr4, Gr5o] 108, 30%, 90EN4 GrCHo}
=9ka1, 108 ﬁ-r]‘g-* Gr3 > Grd > Gr59) <A &
=9k, 308 A& Grd > Gr3 > G5 ¢ ¢4

2 B9kt 2408 Q&S Aokl Uskor} %
Z7}H8-E G5 > Grd4 > Gr39] FAE =) ZA|
HoZ 108XE Gr3o] Egton}, 3083} 902
4382 Grav} 7bg gk KRe) Wejshy g
o] A£A¥ 2408 AH &L Gr57b 7B EAL
Gr4, Gr39] FAZ AFH7 F7i=Edek p-Fahy
(-) Z<kol|A ¢} Tc-99m MIBI 48 Gr3g} Gr4
o4 108 Aol F7tEFe), 308 A2
23]8] GrCHr}l Ygks, 908, 2408 AFgo] &

Table 4. Percentage increases in Tc-99m MIBI uptake with 10ug KR-30035 or Verapamil in P-gp positive
HCT15/CLO2 and P-gp negative A549 tumor xenografts in mice

10min 30min 90min 240min
HCT15/CLO2 119* 127* 113 132*
KR-30035
A549 113* 108* ** 121%** 122%**
HCT15/CLO2 107 103 96 118
Verapamil
A549 99 101 101 116

Values are expressed as mean percentage increases in tumor uptake compared to control mice.

%ID/gm of VP or KR treated group

(value =
%|D/gm of control group

100)

* 1 p<0.05, compare to percentage increase of Tc-99m MIBI in cells with verapamil treatment,
** 1 p<0.01, significant increased Tc-99m MIBI uptake compare to the uptake in GrC.

Table 5. Effect of various doses of KR-30035 on tumoral uptake of Tc-99m MIBI in P-gp positive HCT15/CLO2
and P-gp negative A549 celis in nude mice bearing human tumor xenografts

10min 30min 90min 240min

mdr(+) 0.49+0.07 0.20+0.04 0.09+0.01 0.02+0.01
(GrC) control

mdr(-) 063+0.19 052+0.04 0.30+0.10 0.13+0.03

mdr(+) 0.85+0.48 0.31+£0.21 0.13+£0.05 0.02+0.01
(Gr3) 25mg i.p.

mdr(-) 0.83+0.09 048+0.24 0.32+0.03 0.15+0.03

mdr(+) 063+0.14 0.36+0.07 0.16+0.02 0.03+0.01
(Gr4) 50mg ip.

mdr(-) 069+0.19 046+0.07 0.38+0.07 0.19+0.01

mdr(+) 057+0.29 0.26+0.10 0.14+0.08 0.03+0.01
(Gr5) 25mg iwv.

mdr(-) 059+0.22 0.44+0.07 0.26+0.03 0.11+0.04

Values are expressed as percentage injected dose/gm of organ.
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Table 6. Percentage increases in Tc-99m MIBI uptake with different doses of KR-30035 in P-gp positive
HCT15/CLO2 and P-gp negative A549 tumor xenografts in mice

10min 30min 90min 240min

mdr(+) 173 150* 138* 144*
(Gr3) 25mg ip.

mdr(-) 131 93 106 115

mdr(+) 130* 178* 170" 177
(Grd) 50mg i.p.

mdr(-) 109 88 126 142

mdr(+) nr 129* 148* 196°
(Gr5) 25mg i.v.

mdr(-) 92 86 86 85

Values are expressed as percentage increases in uptake compared to those of control mice.

(Value %ID/gm of VP or KR treated group
alue =

%|D/gm of control group

x 100)

* 1 p<0.05, compare to percentage increase in Tc-99m MIBI uptake in mdr(-) cell.

0.99
1
0.96
0.93 - - H
0.9 - :
GrC Gr3 Gr4 Gr5

Fig. 3. Effect of different doses of KR-30035 on
Tc-99m MIBI washout rate in P-gp positive
HCT15/CLO2 tumor grafted in nude mice. ns :
no significance. GrC: without treatment of
KR-30035, Gr3 : treatment with 25 mg/kg ip.
of KR-30035, Gr4 : treatment with 50 mg/kg
bp. of KR-30035, Gr5 : treatment with 25
mg/kg iv. of KR-30035.

F Zrhlgen), $7EE P-awh (+)%
1:} °ﬂ6} | kel (p<0.05). 53] GrsollA]
EE AZbollA] GrCEx} A#go] 7 ioPi“«}
(Table 5, 6). P-gdukil (+) ZokolA] Tc-99m MIBI
W82 Gr37} 0.9824 GrCe] 0.978c} ok =
ot foJst Zpol= oL, Graw 0.94, Gr5
= 0.932.24 GrCe} Gr3kr} Yol L3-8 =714
I AMEARY A9 wiEgo) ashe Ags
Holel (Fig. 3). e} P-wgubll (o) FobollA]=
Gr3ofl A 9] uj&&-2 0.81, Grd 0.72, Gr5: 0.80

R

rlr

EL

24 KRE Foi@ 7o) whEgo] GiCo wizg
0.79¢} Hol7t Pglek. et Fakel Ao th
BAZ P-wehl (HFEE P-gxby ()Fekake]
ARAQ HlaE AWk gk

2k

1

C

l-xal o°ol’9/] 3].01-35]:6]—;(.]] 0134/{] ;qEN_r,Hg] Z9
o19) c}ekA A (multidrug resistance, MDR)
A S AlEupZo R wiFAA ATl kAl
FE 7H4A7)5= P-drbila}l multidrug-resistance
associated protein (MRP)Q] 3% &t Ao oIty
o] grk'? oAl uiAle] whg J1Ae P-wduhy
7 MRP 9ol 110 KDa =7]¢] lung resistant
related protein (LRP)2] WA, w2 shaldlel F3
o] )&= A)ZY DNAZ A9 topoisomerase 112] H
AEANe) FReALd Fk
pyruvate kinaseX|&] wiglelT Falo]| 9= BEHA
ol #bo|ch."*? MRP= mrpl 41 2}ell kol 2
Sol AYHE] BEARDE p-IehlshE DA 2
ZE}X-2 S-conjugate efflux pump® Zh-gsko] &
FERx| ol AP FAE EATIAY FFEHA
23} 7ol ALY B3 vineristine 52 w17}
A7t A A vl AfE kAN
A9 ele] )31, leukotrienes?] o]Fol|% Z-g-3tc).

o.?.". (‘1\3'[

2 rfo e

ol W 7
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]y}t Zells MRP1 Wdoe] F 3 n)Eol3] go]
29 ujAel] ozl MRP27}F ZHAE9] w|APh
Moz wHslel glom], BEMA ol4ol L}
1}+= Dubin-JohnsonZFZ 7ol 4= MRP27} 7]
o] ek B uE9lek” 5484 buthionine
sulfoximine (BSO)2.8 AMXEW FFEPXE L E
277 -5 MRP| 23t okxﬂqi/ﬁ > &4
vl gch Benderra 798 p-wubumle g|Eub
3 oFE9 wiEol =S, AERNS 4
(vesicle)E &3k kA9 AE upgo 9 o]z
MRPy}lo] fojghcks Bwslgict

oA DS mdr A, P-dshulz)
MRPYHE S F4slm ghzZ o)A RT-PCRo)| o]
mdrl mRNA2] Z# 3} Northern blottingol] 23]
p-gichule] =7, p-gubmlzl MRPe)| dh oI
WA o83 Wiz o FATRA
W (flow cytometry) 59 He] HAHH Fx4
(confocal) €u]7-& o] gslo] AT <kAle] B
5 s uhy B ol m gk AA)
2 ol AL AXe] mdrl FAAE FFANAE
e 7 gle =g RT-PCRZEE RIZE Wiylew
42 o] mRNAE %& 4 ek 2 Aoy
5 doxorubicing wiFHel] drlsto] vhepAlAlE
5471 HCT/CLO2A|¥oll4] RT-PCRHM o2
mdrl mRNA®] 1S FAHT 4 I3, F=
wk-2ol] HCT/CLO2AEE o]Fo|Alsle] AAl=l
Fokzzle p-gukd] FAIE o] &3 WH =% 3}
o gapgee ALl AekA USlo] ek
Aol AFA o FEHISS Y + Uk
P-dehulolLt MRPO €18 QHAES o4 ujzs
< ¥Uloll=  rhodamine-1231}
daunorybicin 5 ¥4-& wbAlbsl= okA|e] AZR) 5
2 A% W] ol & a gk e ol
g I ES AATIEe] A E g1, il o
A|Z} FekzAS odo] AollA Asgst= 7“}01
22 Ad-oeg olgzlyldl jlE A5t urh &
H p-giufo] AlEuto]] Wil FFoll AR 3HotbA]
X goll uk-g-& Kol 97t dar 1 whle A%
= 9JF 7 3o, 21]5’474/‘]'4 ZAymte g Hulsl=
73l 2adRle] Aol £4do] WY F=

wo g rul

[ i

g

doxorubicin,

o

. B3] m@Foke) AzollA vioka] FEAA
ko] EAlol ok X 249 2
sold 28 A4}, 2 WYL
BAAY 57t p-deluig xjpoiet kg 2R
£2 EgelA FelAu ohlTol) Sl P-g
ghulo] HlEEYel7] wiFelekn FEHTY. w
Oda =8%® 72 AHo)4 RT-PCRZ ZA
mdrl RNA wHls} 2 sfstel ol 4] ghald uh
AX dot blotAAe] AXsl= AL 47% G Ul
ynuo puciule] BFesiA) 4 558 BX
st GARE o] Wiz} wleA] gy Al
Aol YAE ghol, WA Yo el
PHg 5 glels BAAe gleka dieh aele
= AuiollAl chepAiAe] e wRgHoz 3
whalar, P-gighule] MRPE T4 FAMIE&
MzA o 7 Byt 4= glojok who] HAI FHA)
A & Jht B ed Fuale] 4L ]
g 7t ek

Tc-99m MIBI, Tc-99m tetrofosmin, Tc-99m
Q58, Tc-99m Q63 £9] sHeE& o] SPECT
(single photon emission computed tomography)2d
A3k C-11%A colchicineo]t} doxorubicin 2]
PPN EL
tomography) <@4b#-& P-wighillal MRPO] $-HHA
& & gokn Bane®. p-
elulo)] 931 okalle] Ao HEARB) oFA]Eokol| 4]
°kZﬂHH*“° Bl ‘%}‘ﬁf’i Aol A At

4 i ARE A 24 FEsjelok
w”” A, AFEris} AZe] xggsm Aol o
T-1R= Eo| AHglo] glojof &t} szﬂ kA 7L’"AA
AES} p-giehul MAAE Aolo] HHRES Bt
@ o] Hofok drk 4, FANY FHAle)
Fold WAAEN ARPES HASA Z7ps
ofo} ghek. Aol 71 el ol ATAF 3
A8 Z2Az1el Te-99m MIBIE Te-99m  tetro-
fosminRx} Zohy A7} wrtn B a*E|glon
A7 ANAE HEakel Brtoll Bol o] 5
gk Te-99m MIBIE Zubdlg whasle A84
ASISNElS] Aol A EE A5
g 4 glol, ATAFE AASE AL Mg

X
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Alel] P-
AuAE
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]m i ;F)
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o] 83 PET (positron emission
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o1}, RAEFE AYHoz AANHE LS
ol-gsto] <tef Agk 1l A

3, 9l x| g3k o)

FAWE Goll s AgEm g
Tc-99m MIBIS] AZEW] 427148 8-10kDag] A
24 chilAof] A%}, el AAR S, gAka
F5A a2 AFE E3o)Aed kv
AHA YT AP S v 284 goleE
I FAEA AlZEre] 22 SAMAE T a A
HAF FHg A 7, A, S5 5] Avlel '
o] EZ3FY. Te-99m MIBIS] Zokl AHAE
= FFe €7 GAEe] AT P-dube]
ahelo) Aol ool e wor'® golekiE
W AT fAsHA AF =, AZEet
o ¢ F=9 P-drbile] EAlsls 7ol Al
Eufjol] AE A Fahar vk wiEcE>. cheka
WAo] ukals] kol A= Te-99m MIBIS] 427}
#Aawng, WAool ol 4z Te-99m
MIBI 4212 gebow 2 choba] WA &
AALe BEE of|EE 4 rkar Bard wl gl
e Rage AR BRG] A o
oRAl A9 i f5el Zok w9l Te-99m MIBI
AR S Aolol) g2 FuAdo] Juta sy,
AA Gukel zZlol|A] Tc-99m MIBIAHAEE P-
Srhle) AR S 2AE A e A B
A7t 9ot FEokzzh) p-glubul] R¥Eo] 2

A EEsle] Ux] Axr) o2A Vvehls
7b ek #1993, Del Vecchio 72 gulk
Apol|A] Te-99m MIBIA 7T} P-thelufo] H

23k A3} P-gihil vido] o A9Ut e A
ofl Hlaled Tc-99m MIBIsZo] 2.70l =vha 319
i1, Bom S92 2 AE s|obel)4] Te-99m MIBI A
ARSI F AS A g gk Pelgol
gokrla W3l vpr) glek Vergote =¥.o MRP,
P-gehul 2 G213 chekA|4) 3ol Te-99m
MIBI= $7}A] whuBAe]  2ul7]A  (transport
substrate)o| 32, MDR, MRP7} Tc-99m MIBI w3
o A= E AET vzt ek e 3
T TENE A ka)E Ve E59] daunoru-
bicine|u} T2 anthracyclinA] <kA|Rxc} 50-100%9Y
sho} g ko] yrka Harslglrl ofeidt W

ofN

2]

0@ ox !
g Ho ofn

\d

e
=

D=
=
(o]

p
o

2|

I

2 ulEo] Ko} Tc-99m MIBIZ H7}3t p-tiglu
oJu} MRP9] HaAd s AARe A H7hd
Adekir 5% 5 ok, olE WAEE ALl
A Hrlsigon® Aol o]eldt o]zt vhEA]
W A= & a7 flvk

p-opoblel] AT AEuie] gl A
9] wiE-E Ao N AEW e FEE F
o1 chebANIA ARAEE ch B 54
& AU gert, FAE W 4544 FE 5
A 7 AgAEe #4714 e 2= MDR
effluxcl] oJat ool Folst: FEA AR
ol iR AR AR, s Wl W) 4] Bl
ol (recognition domain)@2] X 3}A) W3} Fol| &
HAY” WATEAF 48 AERA (apo-
plosis) & ZAslo] HAS FEshizu] sloldithe
B ek bl WA qhlEE CaTEEvt 4
gt s Al Hekelo] AEatel Ca” §
ZRANQ verapamil& A-8-31H WA o] A=k
v 250 )% kAl X 8A FAMAY Tl
verapamil-2- Wgoo] A48H¥ ul 93, calmo-

dulin 734, quinine A, ¥4 isoprenoids,

4 4

2

g

=

tamoxifen, 22|l cyclosporin 5-2] <FA7} P-xt
o) IS AHAA ATellA 2 AHAl wiEE
AAA7E Aoz A AH?. p-driulo] 7
Az 7 gho] Q¥ o] verapamil>- 2|84
side-chaing 712 F-EwlsbalAgg 4], Hd 6-10
uM/Lel B FiollA Aol Al vl glrk
15}2h8-0] 7142 P-debel] T3k 73 A%{Q) oAl
& (competitive inhibition)o]g}st ¢tedA glet'’.
AR E o]| A+ verapamile] 1-2 uM/Le] A5 %
A AT RS ANEE fueglens
B gebd WS Fuehs SEe e A
Q2 SAS Zol7l SAstol verapamile] Tz
WA 7! o] 7}A] verapamil - 241 Eo] &
drsEloigka A4 " A2 A &

=9k, Dexverapamil (dextro-(d-) stereoisomer

2 o oo

ox
B

b1

of verapamil, Knoll pharmaceuticals, Whippany,
NS gl o7 71t gho] o] &5l verapamil ¥
TA1%¢] shitolch Wilson & EPOCH 3kl 9.

W 2| Zol| yk2o] STl FZE9] X FA] dexvera-
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pamilS Wg3slo] B2 on s FrHAAH G
Harella, Hol X 8832 900mg/m’/d & A&}
Qe W HohE Fahgo] gigicka Bsslel o,
ool HzMoR el sl dTE At
MDR FEAE Folsis Aol 7ol it 5
Aol Z71E & glent, YiHoz YRl 4
e A4 A7l gl A4 AR X8
ubkgoll gt 7397 cii-Eel v & AT HA
= ¥rh AA dexverapamil &3 X 8ollA] 3
SOl SJ3 ol ZAg ZohEIgeaL 1y
ot diZellA Aulsla 7l Al W3tEe|gl
o,

KR staalslodqt4oflA] AR AlZg ek
ANE SEAAZA verapamile] FzollA F AN
o) wlgsE ARk o el shel WSy
o olEASE AR F2E AT 9 H 5
We pogule] AYE HCTIS thARHIEA
KR-£ verapamil}2r} paclitaxelol] 2]3F AELA)-S
159 =7FAZH 22, GAEW o) rhodamine 24§
= KR& FoIgt A57t $Y5%9 verapamilg
Soldh Agueh 15w o ob clepAl wide] F
Az AL = A& Aol sigiek = FV9
kAl WA e P AN ] thekA] WA
ARAEY AFollAE, Te-99m MIBI A3 A =7}
o3} verapamild} KRE| 550 vlaljslo] Z7)s)
pom, chekAl WAdQIRke] AAladE KR}
verapamil®] F-oigkol] wldlsto] Frlsla, FY
29 ALAE W) HHEA AEE ¥ F
ol §ARTT stk B A7olAE KRS
1 mM2| FE2 wigslols A|EAYEe] L
0%l do FARYenE o]t Aolr} AE
E4r obleRs SIS G1% WAL ohigle
e FEY 4 Ype = BV ATelNE
verapamil¥} KR FESoll4] AHLEe zlo|= gleor}
P-dhullo]  glyE A549 U=AJAE Tc-99m
MIBI 43 F7ph =ty Basgls,
Piwnica-Worms 579 odoA % $A+ Az}
R wpr} glek

AREL = Fo] A Aol Bh Apr)
TEARAA ARE F A=AE 24, P

o & rst

chulzl MRPO] 34 ¥k ofue} chebalA S5
Ao TEeE wAFHY Wz AdedlA #HA
B7re 4 ek F#F Te-99m MIBIS] AW &
ZE F3lo] KRE Fof & Xolol]| ubE chekAy
A FE5E Hrlsle 93 es ALY 5 e
AR gk X3}t slgdr). KRY} verapamile] ¥
o2 Hlask AAES] ATolAE, KR FoifolA
= verapamil FoigXr} Te-99m MIBI 4382
Z717F So8lA =931, Tc-99m MIBI AAE&L
verapamil®} KR Folit B4 tz7Ho) g9t
o1}, verapamil?} KR o7~ Aolol] §-2]g *}o]
E 9P, sy AEE o] g3t A2 A )
ao] Te-99m MIBIYAZA A5 dskeh A
NAE AdHd Aol nlsle] FEE FE2 A
7} FokzAol FulElA] grol olzidt Xolr}
Heloglel Adun, gHoRE ZAgEE /MNEA
9] okejdtd] PPl 2goll 2le] Fg=Z 9
P57t S7lEH, Ao =hAgxie] wilE of
713k Tc-99m MIBIAZE Z7MAAE 74l o)
Jormz, et PAES] kA S5 83t
o] 9g 4HZI A=t BREsHA =HAdE 74
o] A& HAoZ FZHr)

4 A% Freto] Folguel WE 5E 4ls
ZH Tc-99m MIBIAH 9| W3S sl g,
Gr3, Gr4, G159 o8 108 d54H o] £7}
slo] AA7F AR AT 7F AFe AT 7l
AzbE chokst wWskE Bl P-gduhlo] o]
FEAga 47l HdFHE 108ll= Gr3, Grag)
=T (GrC)o] HlS=s}g) o1} 308, 904, 24050
5 o] B Egton], At BE A7)
o] Gr3, Grdo] GrCHr} E9kr) A4t A4
= 1086 §AsKRoM, 308 olFollE GroFol
A Gr3, GraErt 1] =g} o]o)] vkl Gr5e
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