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Purpose: Multidrug resistance (MDR) is a phenomenon
whereby tumor cells acquire resistance to a broad range
of structurally and functionally diverse chemotherapeutic
drugs. The most widely implicated mechanism of MDR is
that concerned with altered membrane transporters in tumor
cells. P-glycoprotein (Pgp), multidrug resistance protein
(MRP), and breast-cancer-resistance protein (BCRP) are
well-known membrane transporters that pump out anti-
tumor agents by using an ATP-dependent process, the
so-called ATP-binding cassette (ABC) superfamily or trans-
porter. This study was undertaken to test the prevalence
of each ABC transporter and to determine which trans-
porter has functional acitivity in various colon cancer cells.
Methods: Expressions of Pgp, MRP, and BCRP mRNA
were determined in 9 colon-cancer cell lines by using an
RT-PCR assay. The sensitivity to anticancer agents sub-
strate for each ABC transporter in the colon cancer cells
determined using an MTT assay. The accumulation of fluo-
rescent compounds for functional detection of each ABC
transporter was determined by using flow cytometry.
Results: Pgp mRNA was variably expressed in 6 of 9 colon
cancer cells lines. MRP and BCRP mRNA were expressed
in all the 9 cell lines. A smaller cytotoxic effect to paclitaxel
and a smaller amount of rhodaminel23 accumulation were

observed in Colo 320HSR expressing the highest levels of
Pgp than in SNU-C5 not expressing Pgp. These effects in
Colo320HSR were reversed with the addition of various
Pgp inhibitors, but such a reversal did not occur in SNU-CS5.
The cytotoxic effect to VP-16 was not related to the ex-
pression levels of MRP in Colo320HSR and SNU-C, but the
amount of calcein-AM accumulation was reversed with
addition of probenecid, MRP inhibitor. The cytotoxic effect
and the drug accumulation of mitoxantrone were not re-
lated to the expression levels of BCRP. Conclusions: This
study suggests that of the ABC transporters, primarily Pgp
and MRP have functional activity in colon cancer cell lines.
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MEANA F23F 7]5E F=AE Golr A} P (DUR 650 spectrophotometer, Beckman), RNA 4%+
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LoVo, DLD-1, HT-29, HCT-8, HCT-1162 $t= M X5 & () AXAL-SE A A2HHE: First strand cDNAE
Table 1. Primer sequences used for PCR
Gene S & AS* Nucleotide sequences Sequ&?ncg S Length of References’
region PCR products
P S 5’-CTGGTTTGATGTGCACGATGTTGG-3’ 907 ~930 205 b 8
& AS 5"-TGCCAAGACCTCTTCAGCTACTG-3’ 1179~ 1201 P
S 5’-GACGGGAGCTGGGAAGTC-3’ 4180~4197
MRP 355 bp 4
AS 5’-ACAACCTACTCCGGTGCC-3’ 4551 ~4568
S 5’-CGACCGACGACACAGA-3» 2136~2151
BCRP 475 bp 5
AS 5’-CTTAAAATGAATGCGATTGAT-3’ 2590~2610
. S 5’-GACTATGACTTAGTTGCGTTA-3’ 1912~1932
B-actin 501 bp 9
AS 5’-GTTGAACTCTCTACATACTTCCG-3’ 2392~2412

Pgp = P-glycoprotein, MRP = mutidrug resistance-associated protein, BCRP = breast cancer resistance protein. *Sense and
antisense; " The oligonucleotide primers constructed for PCR correspond to the sense and antisense based within these reported
sequences; ¥ References for primer sequences.
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Table 2. PCR conditions of Pgp, MRP, BCRP andp-actin

Gene  No. of cycles Hot start Denaturation Annealing Extension

Pgp 21 65°C, 30 sec

MRP 22 53°C, 30

94°C, 12 min  94°C, 30 sec Lo usee 72°C, 1 min  72°C, 5 min

BCRP 22 53°C, 30 sec

B-actin 17 53°C, 30 sec
Abbreviations for genes are the same as those in Table 1.
1 U/al RNasin (Promega), oligo (dT) 450 ng, 40 mM NS 24zt YAt 18)al 24 A|7F $ol| =4 81aA} =
Tris-HC1 (pH 8.4), 100 mM KCl, 10 mM MgCl,, 1 mM GES 10w YA ojuf <FE Al PBS (phosphate bu
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mer) 2.5 wnit7} F-FH 2509 wHS-Ao) A A A
o} AL 9938t 3.33 UCH [a-p] CTPE ¥H3- &3
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AN 2A 7 Bt A7 GFE AT A7 FE F 1A
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3) MTT assayS 0O|&st MEZ=Y ¥
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WS o8 8} o tiAtEg o] AR A EE 1)
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MTT tetrazolium< A28 == H]4=8-4 2] MTT form
azanC. 2 FYA|Z1T), MTT formazan?] &3 == 540 nm
o] oA Huj7} =H, o] T A S8 H
2bolglal thALA o 7 A3 A XY T E ub
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w7 oA wloFe & ZE wello] MIT £9(5 mg/ml
PBS, Sigma) 10uE 7}l ©}A] 37°C, 5% CO.oA]
~5A1ZF O wjeFste] MTT7F SH =% 83tk
Monolayer ME A ZF welloll A 8o H#H o
< 150l DMSOE Y11 10% 5 <t shakingd Al A4 &
formazan 272 Z = A microplate reader (Bio-Tek,
USA)E ©]&3t4] 540 nmollA] FFE=E SAH3I
suspension A X1 749~ 0.04 N-HCL/Isopropanol -8 <}
1000 22 t}e formazans I =2 & STPE=E
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4) Drug accumulation test

A Bro g oS HjE
AN7E AlEE 0] F 5 fF41E 41 7](FACSC ailbur™,
Becton Dickinson)E ©]-8-3t] 7H A o2 4313t of
E §lo] ujdst Al E A7 PBS (pH 7.4) &R0 2 A
H AFE F 107ml7t H =S PBS S0 B3 ¥ Pgp,
MRP, BCRPS] 7]& 0] WA 33FS W= rhodaminel23
(2uM), calcein-AM (0.25uM), mitoxantrone (20uM)%+ ¥
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Fig. 1. (A) Expression of mRNA of ABC transporters in various colon cancer cells. Expression was determined by RT-PCR assay.
B-actin is used as a control for RNA. The cDNA reverse-transcribed from mRNA was separately amplified with each primer pair
for Pgp, MRP, BCRP and B-actin genes. Aliquotes of each PCR reaction mixture were separated on 7% polyacrylamide gel in TAE.
The gel was dried and exposed on X-ray film overnight. (B) The ratio of Pgp/f-actin in the colon cancer cells. (C) The ratio of
MRP/B-actin in the colon cancer cells. (D) The ratio of BCRP/B-actin in the colon cancer cells.
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Fig. 2. Sensitivity of the two colon cancer cells showing the
highest and the lowest expression of Pgp, MRP and BCRP.
Multi-drug resistance (MDR)-substrate anticancer agents; (A)

TAXOL™: paclitaxel for Pgp, (B) VP16: etoposide for MRP and

(C) MX: mitoxantrone for BCRP. MeantSE of triplicate deter-
mination is given. *Statistically significant (at P <0.05).
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Fig. 3. Effect of P-glycoprotein inhibition on the taxol cytotoxicity. The taxol cytotoxicity in the presence or absence of cyclosporin
A, verapamil, PSC833 in the two colon cancer cells, SNU-C5 showing the lowest (A) and Colo320HSR showing the highest (B)
expression of P-glycoprotein using an MTT assay.
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compounds accumulation was determined by flow cytometry.
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significant (at P <0.05).
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