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ABSTRACT

Screening for flavonid breast cancer resistance protein
(BCRP) inhibitors using the mitoxantrone-resistant breast
cancer cell subline MCF-7/DX5 overexpressing BCRP

Hyang Sok-Lee
Advisor: Prof. Cheol-Hee Choi, M.D. & Ph.D.

Department of medicine, Graduate School of Chosun

University

Background and Objective: The overexpression of breast cancer resistant
protein (BCRP) confers multidrug resistance (MDR) on cancer cells. MOR
cells could be sensitized to anticancer drugs when treated concomitantly
with a chemosensitizer. In this study, flavonoids have been screened for
the development of chemosensitizers reversing BCRP-mediated MDR using a
BCRP-overexpressing cancer cell line. Materials and methods: The
mitoxantrone-resistant breast cancer cell subline was selected from the
parental MCF-7cells by treating mitoxantrone chronically. Expression of
BCRP were determined wusing Western blot and RT-PCR analyses.
Chemosensitizing effects of flavonoids were determined by the MTT assay.
Results: The human breast cancer cell subline MCF-7/MX5 cells selected in

the presence of 5 pg/ml mitoxantrone (MX) were more resistant to MX (15.7



times), doxorubicin (3.4 times), camptothecin (3.8 times), irinotecan
(5.1 times) and 5-fluorouracil (4.4 times) than were the MCF-7cells.
Western blot and RT-PCR analyses revealed that the MCF-7/MX5 cells
overexpressed BCRP mRNA and protein, whose activity was inhibited by
nicardipine, a known BCRP inhibitor. Of eleven flavonoids tested 5,7,4'-
trimethoxyflavone, 5,6,7,3",4",5'-hexamethoxyflavone and 5,6,7,3",4-
pentamethoxyflavone  showed higher chemosensitizing effects than
nicardipine.

Conclusion: The mitoxantrone-resistant brest cancer cell subline MCF-
7/MX5 could provide a useful model for the screening of chemosensitizers
of BCRP-mediated MDR. It is anticipated 5,7,4-trimethoxyflavone,
5,6,7,3",4",5-hexamethoxyf |avone and 5,6,7,3",4"-pentamethoxyf lavone

could be candidates for BCRP inhibitors.
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1. MCF-7 MIZHHY X WHE MCF-7THIE=2 &

56 COIA 3022t EXclE fetal bovine serum (FBS, GibcoBRL,USA) 10%%2t
g Ml (antibiotic—antimycotic, GibcoBRL, USA)E &8k RPMI-1640 HHXIE
ArESHH MCF-7/WT (wild type) MIE=E 37T, 5% C0,2t S&SHE BID]
(Sanyo, Japan)LHOIlA BHEGHRACE. Mitoxantrone (Sigma, USA) 1Cs=s=(AMIE

of B2 50%MK DHE &= Us =%)E SFHE BHSHUHAM MCF-7 MIEF

ron

£ Bigot, 8 sZ0AM =S 3282t £ = confluentof XI®H =2 =

g/ml2 mitoxantroneO| ZXHot

OIU=E NES O0IEEEZ

ﬂJIO
J|>|I
-
A
d0
Qﬂ
X
=
_|
_|
>

Ot 24= MTTE SEAAH formazans S HAZE = USES 2HZ formazang
sEE SHEC=ZMN MESH HEZSE 2HEEHCZ =F)E 018510 st
Ol mitoxantrone= 322t MXICIH L2 B2 A==sT-MESIHL2ZRH
IChrsE=E  FRCHPieters S, 1983). BCRPS JIZA=22 L&
mitoxantrone, doxorubicin, camptothecin, irinotecan, 5-fluorouracil&

10 nlZ 96 well microplatedl 210 5-722F 2%=2gl0| HHLE AHIZE 4x10°04

/mlOl T =F & 22X 90 pl aliquotsE oY wel 0l ER/UACH. Ol <=2t A
2Ot gl= wellOil= <4S0HA! PBSEH 201 MIEZS HEZ &1, MZOHA BH
oHOF L blankZ &ULH. & EE F 3¢ > BHLDI0IA BHZSH = MTTE

H(5 mg/ml) 10 plE 2E wellOl €2 = CIAl 5-6A12F BHESH = HIXIE
suctiondtiCt. &0tU= HEZS DIEZCE0t 40 2o MHE formazan2
99% DMSOE M 150 pl=2 & =0 A microplate reader& 0[&0at
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3. Western blot 24

Dulbecco’ s phosphate buffered saline (D-PBS, GibcoBRL, USA)2=Z 33|
NI&Est MIZE 1 mM PMSF (Sigma, USA)2t =& 2= H(2% sodium dodecy!
sul fate, 4% 2-mercaptoethanol, 10% glycerolE& &SR8 pH=6.82 Tris-Hcl&
HICZ ZBoHAIZl & HEBHAQl =& = Bio-Rad protein assay kitE 0|Z3t(
=XotH (DU 650 spectrophotometer, Beckman, USA), Western blot &2

Towbin & (1979)01l 2ol MS Jl=& LHS 0ISSHAUL.

4. Transcript &4
1) & RNAS ==
TRIzol Al (Invitrogen)S 0I5t = RNAE 22l F=&ot%0.

L

Polypropylene tubeOfl 5 x 10° JHQl MIZE ZFAIZ2I & TRIzol Ml €1 5
= 302t 15-30CH A e-SAIZICH. 200 p chlorofromE €1 156 =2 £2=2

JHEH A0=F=10 2-32 S 15-30COlA BSAIZICH. 4COHlA 13,2000 rpm2

2 163 2t |AZ2Iot] ASHE tubelfl sS21CH. 500 ul isopropy!l alcoholS
20 & A0HE O3 102 s 15-30CH M BtSAIZICH. 4TCHM 13,2000 rpm
b2 S0 JAZE2 ot &F HS Held 75% EtOH 1 mIE RNA pelletOll <

1 vortexingdotld 4CHAM 13,2000 rpm@Z 52 2 A Zel sttt TS &=
A pelletE® 2= Al2! & 0.1% DEPC waterOfl CHAl =RACH. RNAS (1 Aso
unit of single-stranded RNA = 40 pg/ml)= 260 nMOIA =ESHA D (DUR 650
spectrophotometer, Beckman, USA), RNA &%= Ax (260 nMOIMEl S&

) /Axg (280 NMOIAM Sl E2 %) HlZ ZTSIRUCH. AIBE ZE A2 HIZE

ot2& ¢t IrCOAM Xl = 121C0HAM 2022t D& S| E28 0.1%

DEPC waterE JtAI1D BHSRULMH, =X JI7t= 180TOAM 8AIZ Ol 2 =

-

o

4
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2) SNAL B

First strand cONAZ 1 U/u Rnasin (Promega), oligo(dT)x, 100 ng, 50 mM
Tris-Hcl (PH 8.3), 75 mM KCI, 3 mM MgCl, 1 mM each dNTP, 10 mM OTT
(GibcoBRL) 2t MMLV reverse transcriptase (GibcoBRL) 200 UJt &SR& 20 ul2l
XM 5 RNA 1 gL =22 H S4GIACH. PCRE 1X PCR ZH(10 MM Tris-
HCI PH 8.3, 50 mM KCI, 1 mM MgCl, 100 pg/ml gelatin, 0.05% triton X-100)
Ol 25 ng2l RNAZSRH &&dE cONA, 22 primers 10 pmole, 50 uM dNTP2t
tag DNA polymerase (Perkin Elmer, USA) 2.5 unit Ot &RE 25 pl2 BHSH
lA AIEHSECEH(GeneAmp PCR system 2400, Perkin Elmer, USA). PCR Bt
AESH primer2t ZAHSE Table 1, 22 2Lt

PCR &2 25 pwI25Ef BCAP 10 pl® B-actin 5 plE A2 = 10% Hleis
pollyacrylamide gel &0IM 2A12F ¢ 100 V2 &J|F= ot ZclotULt.
HIIES = gel=2 1 pg/ml2l ethidium bromide EH U 20= F1) CHA
EF=0 ZHolz2 €2 = A 2Fs oFRUACHSL-56D-Photographic system,

USA).
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5. Flow cytometry
NEZSHC=z U=SS HHESH2ZM U2

transporter® JlsSZ flow cytometryE O|E0tH A& H2= =ZFHOIAUL.
SRHS III2 PBSEUCZ 28 KIS = 10°H/mlIJt ©I == PBSEX

ol 288 = gZ= We mitoxantrone (20 pM)8F =EHLE BCRP HIA

nicardipine (5 uM) = ATPRD 2 HIQl cyanide (2 mM)E SAIO 20 37COlA

3022t YXIst =, flow cytometer (FACSCailbur™, Becton Dikenson, USA)Z2

NEZLHS 222 =XOIUCH. OlTH argon ion laser beam (488 nm)22

laminar sheath flow2 MIZE OJIAIFI2 HIEZ2 &2 emission= 670 nmO A
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Mo CH
ol C}S 38lAo
MIel mitoxantrone2 Al

stor

20{& = BCRPH

J

6. Z2tE2L0/=9 &Y HEZo Adcld
dimethy! sulfoxide (DMSO, Sigma)0il =@

IetEL0lE=
ArSotRACH. MCF-7/MX501 BCRPSl JIEZ i

2 FA &%= 2l s5(100 pM) It EI&
nicrdipineS positive control2 AlZ3dt0d BCRPE M SIS
OlE2| O MIZE=0{l CH

P

Zo| A0 Hek
MMz & ¢Hd
MTTZE = =QIoIALt. €2 HE2=Z 11 Ect2:
et StetRY ZHSUE MTHE2Z 2128 ZAGHRIL.



Table 1. Primer sequences used for PCR

Sequences | Length
Gene® |S & AS Nucleot ide sequences Region® of PCR
products
BCRP S 5'-CGACCGACGACACAGA-3' 2136-2151 475
AS 5'-CTTAAAATGAATGCGATTGAT-3' 2590-2610
MDR-1 S 5'-CTGGTTTGATGTGCACGATGTTGG-3' 907-930 295
AS 5'-TGCCAAGACCTCTTCAGCTACTG-3' 1179-1201
MRP S 5'-GACGGGAGCTGGGAAGTC-3' 4182-4201 396
AS 5'-ACAACCTACTCCGGTGCC-3' 4553-4575
B-actin S 5 -GACTATGACTTAGTTGCGTTA-3’ 1912-1932 501
AS 5" —GTTGAACTCTCTACATACTTCCG-3’ 2392-2412

2 BCRP, BCRP gene; MDR-1, Pgp gene; MRP,MRP gene;

(house keeping gene).

b Sense and antisense.

B-actin, PCR control

° The oligonucleotide primers constructed for PCR correspond to the sense
and antisense based within these reported sequences.
Table 2. PCR conditions of BCRP and B-actin
Gene Hot start Denaturation Anneal ing Extension
BCRP 53T, 30 sec 72CO A
MDR-1 65T, 30 sec 72c, |5=< &
94C, 12 min | 94C, 30 sec 1 min SAl2!
MRP 53C, 30 sec i
F 47COl
B-actin 53T, 30 sec oo
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1. BCRPUUAEAMIZS &2 3 MCF-7/MX52] H&JIE =Y

1) BCRPLHA MIZS| MH
BCRPS D& 2A4=2Q! mitoxantrone I1Co=sTE &858 BHLHOAM MCF-7/WT Al

& M
I
I
==
00
fel]
@
ror
O
H
2
x
12
THO
o
w
1o
e
3l
=
0l
&
0x
is
r
o
10
[l
o
o
]

flof A== MHOIH HE = E = B8 = confluentof XIH 422
SsEE 0% BIAID = HHe=Z HESHH 5 ng/ml 2l mitoxantroneOl & XH ot

BHXHWAME & Xtet= WA OtMIZES MCF-7/MX5 MIIEZFE 2 ACH. MCF-
7/MX5 NIEZZ== MCF-7/WT MIEZ=2t HBIWA|l doubling time0l BiE ZIt3IA2 0
SEi= HE HIxotR2L SHM AZtCEH MCF-7/WT MIZ =2t MCF-7/MX5 AIXE
F0M 02t =2 mitoxantrone2 HMXIS 2Dt 1C5Hat 22 HIWAl MCF-7/MX5
= MCF-7/WTECH 15.67H12 AUE WAES XD JUUCHFig 2). MCF-7/MX5
NExF= O MR  doxorubicin, camptothecin, irinotecan, 5-

fluorouracil S &2 E RILHAES EXCHTable 3).

2) MCF=7/MX5HIZ =2 LHEDIN 7Y
Mitoxantrone LH& MCF-7 OLAMIZ==0il transporter SHeH&E Q! Pgp, MRP, BCRP
of WYE SKRE =QIoHI)| RSt Westen blotlt RT-PCRE AlHSHALE.
Western blot2 Al 2Dt MCF-7/WTDt MCF-7/MX5MI =0l Al PgpHHE 2
S0l X LUD MRPHHMA 2 LEHA0| 2UCHZ UOIMAI). RT-PCRE 2=
Western blotll Z 2t OF&IFXIZ MCF-7/WT2t MCF-7/MX5 MIZF0A Pgp
CONAZ ZEEIX LU MRP cONAZS ZE 2o XI0IE E0IX LUCHZ2t OIX
Al). 4Lt MCF=7/WT MIEZ=0lM= BCRPSl L& 0l HUA2LE, MCF-7/MX5 Al
Z0l M= MCF-7/WT M= Ct 9.85H0 O 2T AUCHFig. 2). BCRP &

e |
_I_
SO =& €& Sotol Jlelgt HXE LOotE)| fot I&

ne

JE
[l
10

8



AN-ZeteA dMetESES Alst 213 Western blot 242 Z1et 20| BCRP

CONADE MCF-7/MX50l A MCF-7/WTECH 4. 180 O & E N AUCHFig. 2). O &
J

UtZ BCRP A &SIt RAX HESH2=Z 2lst mRNASI St =82
g = UUC

2. Flow cytometryE 0|88t %422 FHAS

22202l mitoxantronel =E= flow cytometryE OIS0t SAGIELH.

0

Flow cytometryE 0|8t MZEUW AZ2=HASH0 A MCF-7/MX5= mitoxantrone
Of MIZLH E&E0| MCF-7/WTECH 31.77% 2 ATIACH. MCF=7/MXSMIZOIA 24 &
=29l =X nicaedipinedil 2aH 12.33% S A EACH. Sodium cyanideOll 2Ia6H

MCF-7/WTOI M= 2422 =HO0I 31.78% SIHEIALD MCF-7/MXS0ME 2= =
X0| 53.97% SIt=IUCHFig 4).

3. gsiey 2A&H A3ed
MCF=7/MX50f BCRP2| J|& 2 LA X S HIC!I mitoxantronesS M2l ME

FdE2 FA 2= 2l sZ(100 M) It SEE S0 E = BCRPY MM Z & &
A&l nicardipinesS positive control2 AF26t0d BCRPEMESUE MTTEHHOZ

I

Mot CH. 3sr2H & X 2= (chemosensitizing index, Cl)ES MCF-7/MX5AI = 0ll A
mitoxantroneOl ZMotK LS H SMHE [ LHEZE 40%= LHMots &t
EL0|ES 2«22 Hldge=E HASHACH. Nicardipine2 MAHSAE2 2

OlH AN CIgtol 3.870IA2Lt, 5,7,4-trimethoxyflavone, 5,6,7,3,4",5-

o

hexamethoxyflavone, 5, 6, 7, 3",4’-pentamethoxyflavone=2 Clgt0l 2+t
14,67, 12.41, 5.150|4 22 BCRPE AMKMZ &l nicardipine2Ct L= &
st SUHE BACH(Fig5 ¥ Fig 6). 5,7,3,4-tetramethoxyf lavone,

7,3, 4 -trimethoxyflavone, 5,7,3",4'-tetrahydroxy—flavone, 3,7-dihydroxy-
3",4-dimethoxyflavone2 CIgt0l 22t 2.46, 2.38, 1.65, 1.5801& O|A2MH
3,6,3"4'-tetramethoxyflavone, 3,5,7-trihydroxy-3",4",5-tr imethoxyf lavone,

9



3,4 -dimethoxyf lavone, 3,3",4",5,7-pentahydroxyflavone2 400 uMOl& il A
SOt ARUCH. (Fig 7 & Table 4).

10
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Fig 1. Structure of eleven flavonoids
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Fig. 2. Cytotoxicity of mitoxantrone in the MCF-7/WT and MCF-7/MX5 cells.

The cytotoxicity was determined using the MTT assay.
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Table 3. Relative resistance of the mitoxantrone-resistant MCF-7 subline

to a variety of anticancer drugs.

ICsp #( M) Relative
Drug resistance °
MCF-7/WT MCF-7/MX5 ° MCF-7/MX5 °
Mitoxantrone 1.03 16.14 15.67
Doxorubicin 1.19 4.08 3.43
Camptothecin 0.22 0.84 3.82
Irinotecan 19.29 98.07 5.08
5-Fluorouraci | 52.61 233.50 4.44

® 1Csp value means drug concentration required to inhibit 50% of growth
(72-h exposure).

® relative resistance was caculated as the ratio of ICs which inhibited
50% growth of each drug-resistant sublines and the drug-sensitive parent
line.

® numbers refer to mitoxantrone concentrations in pg/ml.

13



WI MG

B o

| BAactin

Westem blot

WI MG

—
— S
RT-PCR

R-actin

Fig. 3. Expression of BCRP in the MCF-7/WT and MCF-7/MX5 cells. Levels of
BCRP and its mRNA were determined using Western blot analysis and RT-PCR
method, respectively. WT, MCF-7/WT; MX5, MCF-7/MX5.
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180
*, P<0.05 * VX

160 - * [ MX + Nicardipine
I MX + NaCN

140 A —‘

120 A

100 o — *

80 -

% of MCF-7/WT

60

40 A

20 +

MCF-7/WT MCF-7/MX5

Fig. 4. Effects of nicardipine and sodium cyanide on drug accumulation in
the MCF-7/MX5 cells. Intracellular drug accumulation was determined by
flow cytometry. Cell suspensions (5 x 10°/ml) in PBS were exposed to
mitoxantrone (20 pM), nicardipine (5 pM), sodium cyanide (2 mM) at 37 C
for 30 min. Control represents mean fluorescence in the absence of
mitoxantrone, nicardipine or sodium cyanide. Nicardipine, BCRP inhibitor;

NaCN, sodium cyanide.
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Table 4. Chemosensitizing effects of the flavonoids on MCF-7/MX5 cells

overexpressing BCRP

Chemosensitizer IC40"( uM ) ICy40"( uM ) Cr
MX (") MX (+)

Nicardipine 99.19 26.19 3.87
57,4 -OMe* >400 27.27 >14.67
5,6,7,3',4",5'- OMe" >400 32.23 >12.41
5.6,7,3',4'~ OMe’ >400 77.67 >5.15
57,34~ OMe" >400 162.87 >2.46
7.3',4'- OMe" >400 167.89 >2.38
57,34’ -OH° 392.57 237.97 1.65
3,7-OH°-3",4'- OMe* >400 252.86 >1.58
3,6,3',4'- OMe’ >400 400 >1
3,5,7-OH°-3",4’ 5'-OMe" >400 400 >1
3'.4"- OMe" 346.58 400 >1
3,3',4’,5,7-0OH" >400 >400 >1

® 1Cp value means drug concentration required to inhibit 40% of growth
(24-h exposure).

+/-, presence/absence of drugs.

¢ chemosensitizing index = 1Csx(MX=)/1Csx(MX+)

OMe, methoxy.

® OH, hydroxy
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