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Comparative Uptake of Tc-99m Sestamibi and Tc-99m Tetrpfosmin in
Cancer Cells and Tissue Expressing P-Glycoprotein or Multidrug Resistance
Associated Protein

Jung-Ah Cho, MD., Jaetae Lee, MD, Jung Ah Yoo, Ph.D, Ji Hyoung Seo, MD, Jin Ho Bae, MD,,
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Jeoung-Hee Ha, M.D.2, and Kyubo Lee, MD.

Department of Nuclear Medicine, Internal Medicine', and Pharmacologyz, School of Medicine, Kyungpook National
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Purpose: “™Tc-sestamibiMIB) and *™Tc-tetrofosmin have been used as substrates for P-glycoprotein (Pgp) and
multidrug resistance associated protein (MRP), which are closely associated with multidrug resistance of the tumors.
To understand different handling of radiotracers in cancer cell lines expressing Pgp and MRP, we compared cellular
uptakes of ®™Tc-MIBl and *™Tc-tetrofosmin. The effects of cyclosporin A (CsA), well-known multidrug resistant
reversing agent, on the uptake of both tracers were also compared. Materials and Methods: HCT15/CL02 human
colorectal cancer cells for Pgp  expressing cells, and human non-small cell lung cancer A549 cells for MRP
expressing cells, were used for in vitro and in vivo studies. RT-PCR, western blot analysis and immunohisto-
chemistry were used for detection of Pgp and MRP. MDR-reversal effect with CsA was evaluated at different drug
concentrations after incubation with MIBI or tetrofosmin. Radioactivities of supernatant and pellet were measured
with gamma well counter. Tumoral uptake of the tracers were measured from tumor bearing nude mice treated
with or without CsA. Results: RT-PCR, western blot analysis of the cells and immunochemical staining revealed
selective expression of Pgp and MRP for HCT15/CL0O2 and A549 cells, respectively. There were no significant
difference in cellular uptakes of both tracers in HCT15/CL02 cells, but MIBl uptake was slightly higher than that of
tetrofosmin in A549 cells. Co-incubation with CsA resulted in a increase in cellular uptakes of MBI and
tetrofosmin. Uptake of MIBI or tetrofosmin in HCT15/CL02 cells was increased by 10- and 2.4-fold, and by 7.5 and
6.3-fold in A549 cells, respectively. Percentage increase of MIBI was higher than that of tetrofosmin with CsA for
both cells (p<0.05). In vivo biodistribution study showed that MIB! (114% at 10 min, 257% at 60 min, 396% at 24C
min) and tetrofosmin uptake {110% at 10 min, 205% at 60 min, 410% at 240 min) were progressively increased by
the time, up to 240 min with CsA. But increases in tumoral uptake were not significantly different between. MiBI
and tetrofosmin for both tumors. Conclusion: MIBl seems to be a better tracer than tetrofosmin for evaluating
MDR reversal effect of the modulators in vitro, but these differences were not evident in vivo tumoral uptake.
Both MIBl and tetrofosmin seem to be suitable tracers for imaging Pgp- and MRP-mediated drug resistance in
tumors. (Korean J Nucl Med 39(1):34-43, 2005)
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associated protein (MRP)3} 7+ @i do] dA %o A%
ol A=A ARHEE Aol M Fos 9dden Y
Pgps mdrl 429 2@ o) 2F=HE Axwe) 170
kDa TEWAZ ATPE ©)&3l= ATP-binding cassette
transportervll &3l¥ anthracyclines, vinca alkaloids,
topoisomerase Il inhibitorg 3 722 3¢ 5425 AXE
FE AAAD Bk ohz QXU oFE HHS ZAaAA,
AFHoZ AAXE YR FAFEE FaAPORA o
Aol st WS FHAlT = thEH S v o)
okAle] WiEE 2 71ed BHE T gE gude MRPE
190 kDa®] #71& 7}A7, Cole 5 ol 93} 3
7 AAE A HEOARA Zol X A4S a5}
AgA A FE] P Te-gestamibi  (MIBI) 9
¥ Te-tetrofosmin® A2 BFE FHoHe WAL JokEo
ENEEAoY, 4o Ad 2 gy AY, A8 F.9)
27 AF S 98 ogse $M” T8y MIBIg
tetrofosmin®] F¢ W 42 FAAEY AxY HHANA
F FAFSIEE Pgput MRPS] @8 Axo] o3 JaFg w
£t} Piwnica-Worms 5''%'¢] Pgp7t MIBIZ A £8] 2 u)
SAZoEA SFAYAe] B E gM Zel X E MIBIAF7}
ZAadnyl 2378 o]F MIBIE Pgpst MRPY &ub714
2 AAE Az thebA A A9} A=t At
AN B0 o5 6 F Bl de o889 X ok
Diphosphine A€ 9] Tc-99m tetrofosmin® A &4 ofo]e
SEEA MBI fAF 71d0® AE %S thekAy
A EE grel AR ek whaba), & o) shod Aol
@xA o] MIBIS tetrofosmin & Aoz =434
HANA FARY] R 93 Pgpe MRPY FHaky
d&ate] g9t X Fol A 2L F S vty H1d
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MIBI¢} tetrofosming A9k 7t o] 857 glo
U 5 gAlE Ay uadt dys 43 AR AdA
MIBI®} tetrofosmin®] <Al T HHAAEE v w3 ATLE
< AR ARG N E Y] TR mE ME o3 AFE
& HAFATY wd )RR AYSE Mo Y
PETAE, FUIANE, 924 SEHNEES o] &3 g1
gom MY kRS Hrbsts] $)ske] MIBISH tetrofos-
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min FH ol o g bl?i%—t— TET
AAEE A axgridlA  MIBIS
tetrofosmin® +24< ¥ wal A, Pgpst MRP7F zhz)
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SFAUYA L FEEE= cyclosporin A (CsA) XX
Zokx ol A MIBI®} tetrofosmin®] Al EW 43
W3R BT

nE 3wy
1. A&

g Al A EZE doxorubicine] 2ls) LA Al o)
o oA gt HCTIS/CL2Y A 238 933187
Zukoly MRPE W&3t Y 98l A § A
AE  de ASMINEFE American  Type Culture
Collection (Rockville, MD, USA) ol A 4 3te] AM&-3FH )
RPMI-1640, fetal bovine serum, penicillin-streptomycin %
o AlE wjkE A[YFELS GIBCO BRL (Grand Island.
USA) A, CsA+x Sandoz (Basel, Switzerland) ol A 8}
o 09% AYAETE 01, 1, 10, 50, 100 uM&] &2 29
g wirich &4 38te] ARt RNAEE4 TRI-Reagent
+ MRC (Cincinnati, OH), RT-PCR Kit= Perkin Elmer
(New Jersey, USA), mdr] primere Bioneer (th4, Korea)
oA £ 3hed ALE-39l Tk P-170-glycoprotein (clone JSB-
1)3 MRP&A (clone MRPrl1)E Monosan® A} (Nether-
lands) ol Al F+Y ATt

WAL 9l o &

il

B o
K3
B
Hr o

(Cardiolite, EI. Du Pont
Pharma, North Billerica, MA)®} tetrofosmin (Myoview,
Amersham International, Avylesbury, Buckinghamshire,
UK) kitol ®™Tc pertechnetate® wj A@vict MEA %3
ato] AME-3FAT

sestamibi

EEAFL AT §~14F, AF 20 gm FA FTAk A~
(BALB/c-nu/nu nude mouse, 3= 3std7d A

A8,

2. W
1) ®™Tc-sestamibi® *™Tc-tetrofosmin
MIBI= 09% 21494 2 miol 200 MBqe] 948 7
Eo] 100CoNA 1587 £ F, 10 MBa/ml¢] HE5 g
AAFER YA 2 WMHO T tefrofosmin®= 10
MBg/ml°] HEE *J%‘)ﬂ/\

1 Evlatlen Ay 43 4
ol M= 100 ¢ 19 &% 5 mlé] AE dEelo] H7iste]
WAL 9ok o] HETrE= 01 MBg (50 nmol/ml)el =
AT
2) AMEwW

kA UM EES 5% fetal bovine serum (FBS)
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gl 100 units/ml penicillin, 100 pg/ml streptomycine 37}
g RPMI 1640 ®iAjoll A 37°C, 95% Oy 5% CO& vl %2
AA vt AEe A N2 AR A FHG
% 10x10° cells/ml®] FEE BHA7 Aol ALL5
on, FANAE Vel E GHNEE FUA7) P AEE
A% At gFsted thAl YiAdo] QiR E A& WAs)
st AFsly] dFY Aol doxorubicina vincristine S
Zk2 0.1 mg/mlo] M=% AL 4FAHE Frhjt & &
AR

3) dAA F¥aEL 94 ¥S (RT-PCR)9 9%
mdr] 349 ¥4

FEG AEEL 1,000 g oA 587 A4 228 g,
PBSZ 23] A&t JdE Axe] TRIZS 1 mie ¥
of AE gdNE TE F ARAA 1087 $AE o,
200 19 chloroforme 2]
15%, 4C) st A594& 4
isopropanolS 23 Aoj& v A
AAEE(12,000 g 15%, 4C)3te RNA IHES Eoith
A% RNAE 75% ecthand® FAH3 2 T GAE
(7500 g 58)3te] A2 WL oA 1087 A=
AlA 50200 p19] B =9 3 56~60CoAA A3 L35 A]
ZAY. #8]8 RNAE RT-PCR kit (Perkin Elmer, USA)S
AH&Ete] RT-PCRE AAstATh WA 1 pgel RNA®
10xPCR buffer, 5 mM MgCl;, 1 mM dNTP (dATP,
dCTP, dGTP, dTTP), RNase inhibitor (1 U), 25 uM
random hexamer, reverse transcriptase (25 U)E #7}3lo
Aol A 1087 WH2A1Z]l & reverse transcription (42°C,
15%), denature (997C, 5%), coal (5C, 58)2 2|2 A A
stk o1=A FAE cDNA EFEA oAl 10xPCR
buffer, 2 mM MgCl,, Taq DNA polymerase (2.5 U), mdrl
primer (Bioneer, tH#) & A 7lsle] 95Coll A 28 Z<¢t w2
A7l F melt (95C, 1), anneal (58°C, 18), extend (72°C,
1) E 35 cycle ¢ AAISHE, mRAIBO.E 72Co A 7R 7+
WA AT mdrl #7321 28 JTE 2% agarose geloll
A719% & AAE 2, etidium bromide (EtBr) G402
ATt SEF mdrl 243 bpel A Yebgth RT-PCR
o o]&% mdrl primer | ik F2 ofel o} e
sense b AAG CTT AGT ACC AAA GAG GCT CTG 3
(2041-2064)
antisense 5° GGC TAG AAA VAA TAG TGA AAA
CAA 3 (2260-2282)
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4) MRP @] dl3 western blot ¥4
Western blot #41-& 8}7] 93l A549A 2 ¢ MRP7} &
2 = HCTIS/CLRAZES IS8 A W FAS
2 lysis buffer (protease inhibitor cocktail 1 tablet/50 ml
Tris-NaCl-EDTA-SDS buffer (TNES buffer 1 M
Tris-HCl, pH 7.4, 1% NP-40, 05 M EDTA, 5 M NaCl))
g 100 pl¥ st g@EdS F29 g 4C, 12,000
mmolA 1087 d4Edsty AFHE ESkth Bovine
serum albumin (BSA) 2 4 71E(Sigma, St. Louis,
USA)Z A3 & Fd93Fe D9ZE(30 w e sodium
dodecy! sulfate-polyacryl amide gel electrophoresis (SDS-
PAGE)E £8 % ¥ nitrocellulose membrane (NC)oll &7
t} o]o] NCE 5% non-fat dry milkE 3+ Tris buffer
saline-Tween (TBS-T : 10 mM Tris-HCl pH 74, 01 M
NaCl, 0.1% Tween 20) 2.2 3087+ ¥F2A1A ¥] Eold ot
WA hat WSS e F, MRPY thgh A9 whe-
A17152, Ao gk 22F & 9) anti-rat IeG A= 72 1
A7 kAl AT Zh gkSabolo] TBS-TZ 1024 33 F
Astdt. olojd Al dig di3 wHd WEE
enhanced chemiluminescence (Amersham/Pharmacia Biotech,
USA) ZA o2 Felsignh

5)- "= 35 A4

gtetele] Erjd 24 34 mFAZ A@et] geo]
ol BAAA 60C 2714 2417 HA T F,
3 FEAF S AR SHFE AFL 3% 423t
o) 387+ A2 & Tris buffer saline (TBS) 2.2 33
Sk AU v 5o} g Adatr] A3 A2
3087 dAIH e daHEAQl p-170-glycoproteind]
% clone JSB-1 &Al9 MRPe] ™3 clone MRPrl &
1:200.2 33X 4C ¥hezolA 3% et WA
% TBSZ 33 A& o|AgAE 087 WA
ABC (avidin-biotin conjugate) reagents- 420
WA AT TBSE A& & diaminobenzidine tetrahydroc-
hloride (DAB : Sigma, St. Louis, USA) 2 2213513 Mayer
Hematoxylin® 2 tlZ2@ 3 & B45te] g2fo| =8 &4
33 BerduA o g A3
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6) WA o okEe Axu HAE &4

wj e Al 2] ) 5 mE 108 T 37C F25x0
A3} 2, CsAE MIBI9} tetrofosming | &]3}7]
¢ FEERE Ak o7l 100 x19] MIBI

&2 tetrofosming F7tsted 30834 608 F WA
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C A7 300 419 &S 4CY AAASF Tmlel EF ¢ 3 241 gmAEY FUo] UF A7) FAH
%Zi‘ﬂr 14,000 rpmell Al 28-7F QA ET 3 3 A= Zokz AL Hematoxylin-eosin g4 3} P-170-glycoprotein
I AAES o JAESE 83 U4E 3, 18 o 2 MRPrl &A1& o] 83 HAxAsE g A Al
u} A 57 h% 140 kevoll YRS A 2+zbe] WAy A& &7 A% A Fig 39 Yeh ok HCT15/CL02 £ Al
gte] R g WAls Xo thE HH WESE gAsgch Zuboli= Pgpoll st Az 24 GAEHew, AS9 £
AE JHES) 54 =Y 33 o)y 232HE g7 U A2 MRPEH ] ] &t g5tk HCT15/CLO2 &
sty 1R %3} AS49M E = 7z MRPSHA| 9F Pepdal 2 JAH ] ¢
Count(pellet) o}
X 100(%) s
Count(supernatant) + Count(pellet)
3. HCT/CLO2 Al X9} AS9M EojA el MIBI ¢
tetrofosmin 43 & v
IE HCTI15/CLO2 thAA Z o MIBIE 308, 605 wjokst
ZF AL A& W] MIBI A3 &2 7h2F 047+0.04%, 0.43+0.08%
tetrofosmin®l 30%, 60% A& 042+011%, 049+
-- B-actin
-- mdr1
1 marker
2: MRP-A549
3: Pgp—HCT15/CL02

Uptake(%) =
7) FEug 2 ojFol A FF ) HARY =
10°-10°70/200 11 ¢ HCTI15/CLO2 A X9} A549 Al
FERR29] FE Ao 27 WEREL 34F
St T A717H ] gm AR A H 340l E @
2 200, §A 40kl E AgE
3 Fokx 7 W e MIBISH

o = s
s O
TOR st 7t Alxd
&tk CsAdl <]
tetrofosmin®] A W32 w)wslr] 9ste] MIBI W23
CsA AT § MIBI &, tetrofosmin thZE7# CsA &3t
Fig. 1. RT-PCR products demonstrated mdr] gene expression in
cancer cell lines. HCT15/CLO2 cell (lane 3) demonstrated madr!
gene expression in RNA somples, whereas mdr! gene expression
was not detected in A549 cell (lane 2).
kDa

T34 498
tetrofosmin % 4722 o] AdsAY) gErzL Ag
HAHTE, CsA A CsA 70 mg/kgs A g4
=9 Bl FAtstdon, 1A7 Fo MIBI EE
tetrofosmin 370 KBqe 27 mElydw oz FAlsigh 1t
AP FE FAF 108, 608, 2408l enflurane "I E
Aet A, ¥R FEES IAMANA TUdH FNES
AFRon, YL B ¥ wAS HAAn. 9
FYzAL AR S EYAAT FA)
st FAE A7H#E(% injected dose/gm of organ
%1D/gm) < AAFstTh
24 ] BT
1. AENA Pgpst MRP #Hdls] %4 - =205
HCT15/CLO2A o1 M Pgpell thet mdrl ###ke} s -116
THE & AN A-59A 2] RT-
MEs #2845 UTHFie - 106
MRP9] o}& % MRP1e ol sk MRPrl 34
i o} -- 80
Yel= ¥+, HCT15/
3 1 2
Fig. 2. MRP was demonstrafed by western blot analysis of
cancer cell lines. Protein (30 ug) was fractionated in a 7.5%
polyacrylamide gel containing 0.1% SDS. MRP was visualized
with monoclonal antibody against MRPr1 (190kDa). 1: A549 cell,

A-& RT-PCRE =
PCRAME mdrl+AA2] o
1). AS49A X =
(clone MRPr1)E& ©]£3l western blot analysisol A 2F 190
MRPrl Hi=&
Aot Wt A=A 4ok
2: HCT15/CLO2 cell

kDaoll 38l
CLO2A 2o X & MRPrlel

HFig. 2)
2. F4xR9 WAR 94
ZF MG TRy 2o AHFA F
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MRP-A549

Pgp-HCT15/CL02

Ay By

Hematoxylin-eosin staining

Immunochemical staining

with anti-MRP r1

lmmunochemical staining
with anti-Pgp antibody

Fig. 3. A549 fumor was only stained brownish with anti-MRPr1 antibody and HCT15/CLO2 tumor was only stained with anti-P-
170-glycoprotein antibody. Hematoxylin-eosin staining is demonstrated to show histology.

Table 1. Comparison of *™Tc-MIBI and *"Tc-tetrofosmin uptake in Pgp-positive HCTI5/CLO2 tumor cells with and without cyclosporin A(CSA) treatment.

30 min 60 min
MIBI confrol 0.47 +£0.04* 0.48+0.08
CsA 3.08+0.14** 5.29+0.18**
. confrol 0.4240.11 0.49+0.10
Tefrofosmin CsA 0.79+0.18* 1264008

* Cellular uptakes of MIBI were similar fo those of tetrofosmin (p=0.09)
** CsA increased celiular uptakes of both MIBl and tfetrofosmin (p<0.05)

01%Z MIBI%} tetrofosmin 43H&L 23k 2Jo)7t ¢isl
ot CsAE 01, 1, 10, 50, 100 pM} =2 Q< o
MIBI$} tetrofosmin®] 43 &2 A|7ke] Agdof whae}t 714 R
Hoh Zrpstgoenz 50 uMY o) H3 HAHEE v wsky
th 50 M FE9 CsA 2 3087 vl%F L w9 & F32
9 HAAREE vzd BY MIBlE 108 =k
tetrofosmine 244 5718be, CsAol <13 MIBI A3 &9
Z7V7} tetrofosmin Bt 48] 014 24 tHp<0.05) (Table 1).
AS49M Z A MIBI9} tetrofosmin A3 &2 30%, 608
ZF BRI 308 MGA MIBIEHE 1.73£0.01%,

tetrofosmine 1.37+0.12%R.2.™, 60 #) %Al MIBIA#H =
1.89+0.02% 9 2, tetrofosmin< 1.43+0.03%Z MIBI® A
HAA L} tetrofosminE.tF ETHP<0.05). CsA (50 uM) 2
308 MNPPL 1 MBIAIE 1054+039%2 278147,
tetrofosmine 552+0.08%2 Z718tth 60 A2FHS o
o] MIBIA#HE 1442+066%%93, tetrofosmin A3+ 9.00
+0.14%2 F7tete T BAGEY AEW HHELS
B2% fF93A FUHAtHp<0.05). 60% 7IAAE 7IES
2 779 AAAe & HdFH & S7HEEE CsA (50 1
Mol olsjA MIBI= 763%, tetrofosmine 629% %713l
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Table 2. Comparison of *™Tc-MIBI and *™Tc-tetrofosmin uptake in MRP-positive AS49 tumor cefls with and without cyclosporin A(CsA) treatment,

30 min 40 min
control 1.73+0.01* 1.89+0.02*
MIBI
CsA 10.54+0.39** 14.42+0.03**
control 1.37+£0.12 1.43+0.03
Tetrofosmin
CsA 5.52+0.08* 9.00+0.14*

* Cellular uptakes of MIBI were higher than those of tefrofosmin (0<0.05)
“*CsA increased cellular uptakes of MIBI and tetrofosmin (p<0.05)

Table 3. Comparison of uptake of *™Tc-MIBI and *™Tc-tetrofosmin in Pgp-positive HCT15/CLO2 tumor tissue with and without cyclosporin A (CsA) treatment.

10 min 60 min 240 min
MBI control 0.27+0.02 0.18+0.03 0.11+0.05
CsA 0.43+0.08 0.58+0.05 0.324+0.02
control 0.27+0.04 0.18+0.08 0.13+0.05
Tetrofosmin
CsA 0.41+0.08 0.34+0.06 0.27+0.04

* No significant differences in both tracer uptakes except at 60 minute. CsA increased tumoral uptakes of MIBI and tetrofosmin
(p<0.05). Numbers are represented as percentage injected dose per gram of tissue (%ID/gm)

Table 4. Comparison of uptake of *™c-MIBI and *™Tc-tetrofosmin uptake in MRP-positive A549 tumor tissue with and without cyclosporin A (CsA) treatment.

10 min 60 min 240 min
MBI control 1124042 0.40+0.08 0.19+0.04
CsA 1.28+0.14 1.02+0.25 0.76+0.16
control 1.04+0.22 0.46+0.10 0.15+£0.03

Tetrofosmin
CsA 1.14+£0.41 0.94+0.21 0.63+0.10

* No significant differences between two {racers, CsA increased tfumoral uptakes of MIBI and tetrofosmin (p<0.05) Numbers are
represented as percentage injected dose per gram of tissue (%ID/gm)

%

1200

1000

2 MBI
 Tetrofosmin

@M B!
mTetrofosmin

min ' SOmi ¢ = mir o i - ZAOmin
MRP-A549 Pgp-HCT15/CLO2 MRP-A549 Pgp-HCT15/CL02
Fig. 4. In comparison of percentage increases between MIB! Fig. 5. In comparison of percentage increases in fumor uptakes
and fefrofosmin (T in vitro by cyclosporin A, percentage between MIBI and tetrofosmin (Tf) in Pgp or MRP tumors
increases in MIBl uptake were higher than Tf uptake in both xenograffed in nude mice, there were no significant differences
cancer cells. in percentage increases of uptake between MBI and Tf for both

HCT15/CLO2 and A549 tumors.
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ABIM E A MRPAAAES A& A2 HH=7 &
£ MIBIZ} tetrofosmin 2t} 25 =eH(p<0.05) (Table 2)
(Fig. 4).

4. CsA7} 7] B Fg=x3 ol 4] MIBI$} tetrofosmin

AR A= I

MIBI®} tetrofosmin®] AMFAL 108 Fo] Y 1 gmT
AFHE] 1%C13tE WEA FFNA AdEHo AU
FEsaoH, 4719 FAT A& A%l 7H £33,
2t e AR EokTh AlZko] At et 7k A%
o dH+= gasa ey Ao 43 S18Ah CsA FA
& 7k3 AA A MIBIS tetrofosmin®] 4H & F 712 &
T =7t 90k MIBIS} tetrofosmin®] FAF 3 10%-6) A
CsAdl 93 7v3 A7) A& S7/HHEE 108 71-A 9
2GS o, 2+ 247 186% S 111%E, AAd = 7
2 177%9 162% 2§94 Z718ki

HCT15/CL02 %<4 MIBI$} tetrofosmin 43 &2 Ab49
Zoutk Uokon} HCTI5/CLO2 % AB49F % B FollA
MIBI$} tetrofosmin AHAAEE Fo3 Aozt fATh
(Table 3, 4). CsAX R & £okz2 2] MIBI9 tetrofosmin
AHe F718R Y. HCT/CLO2AI XA+ MIBIY# 7t 10
ol 150%, 60%l 318%, 24089 287%= Z7V8197,
tetrofosminAd # = 1080 147%, 608l 179%, 24089
202% = S7tste] MIBIE A S 5717 4oy BA40=R
Frol g ol= ol itk AS494 Eoll 4 MIBIAH &= 102
114%, 608l 257%, 240?‘:_’4“' 39%%=  F7tsr9 A,
tetrofosminAd = 1089 110%, 608 205%, 240%-ol
410%Z2 5713t th CsA FAF & MIBIA#HE= 60%3 240
Bl fostA S/ (AZ p0.05), tetrofosmin A
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