Establishment and Characterization of a HLL60
Cell Line Overexpressing Multidrug Multidrug
Resistance-associated Protein
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B & Z DPEIRDIES
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EWEEOERETIZALNE, [EEMBEOZEMEEFOLH»T P HEAUNOLAIMERED—FEE L TEAH:
B (multidrug resistance-associated protein, MRP) 28416 W C\v: 5, AHFFETIE MRP O ZHIiH 4 #HE % g+ 5 H i
= MRP B #I5 3% SIS MRk HL60/ADR4 8 X OF HL60/ADR13 ##3 L 20RO WTRET L7z, & FRTERE
R SR T 5 HLB0 27 KU 7w 1 ¥~ (adramycin, ADR) &£+ 77 5 v F Y EHET T 1 EMBAREELZITVSH
it tEsfask HL60/ADRY %, & 5|2 1 AEMI#E(CHE2E L HL60/ADRIS M3 L7z, I 0=~ 7 v ki & 2 AR MR
T 13 HL60/ADR4 #lR2 13880 HL60 SIfg & el L ¥ > 7 1) A F iZat L4615, ADRIC4.06%, ¥ ¥ X 23f%, = bR
S FI5. MG & SRR L7, PBEEIICEHT A< YA E /) 7 0 —F LK P-glycoCHEK C219™8 £ U° MRP 123§¢ % F
v MEJ 71—+ VK MRPrl % B\ 72509 deta T3 HL60/ADR4 Hllfg ik MRP Mk, PIEEHBHETH 7. ADR zHwW
AR OILY A&, B X ORI~ OHEH O ET T i3 HL60/ADRS #ifa T ADR ORMaS N D FTH#EDFRD S, MRP O
RPN B> T LToMEIRB SN, F220 ADR BHEOMEIE AV 7 AEFFITH BRI NIV DEESN
7o, B 7Oy FEC X BHRETIE HL60/ADR4 #IFE Tld MRP DNA O#IRATERS b7z, BAMIEE PCR (competitive
reverse transcription-PCR, CRT-PCR) #12 £ 5 MRPmRNA O % & Tlid HL60/ADR4 #ifzid HL60 MR ICHE L T 8 o
MRPmRNA ORHEHIEAR S N7z, ADR DEWEZETH S DNA FKRA YV 25—+ Do« (DNA topoisomerase 1 «, Topolla)
& DNA bHA v 25—+ (DNAtopoisomerasell #, Topoll B) @ CRT-PCR (2 & 5 mRNA OEETid, W»§h b HLEO
#hRa, HL60/ADR4 MERARICEId %D o7, F72 DNA MRA Y 45—+ [ (DNA topoisomerase I, Topo 1), y-7 % I
VAT A Yy rtd —¥ (y-glutamyleystein synthetase, y-GCS) (CBILTH mRNA BIZEIE Ry o 4. SEHLLL
HL60/ADR #HH2 T O LRI D —2 & LT MRP 12 & 5 IO REITRIE S 1, MRP OFHiZ DNA L X)L TOHEIE
BLUEEDTTEICLIVRAHENTVE LD LEFEX LN

Key words multidrug resistance-associated protein, multidrug resistance 1, P-glycoprotein, DNA

topoisomerase, y -glutamylcystein synthetase

FLFE, ) @S LR S AR O BRI
b SB L O FREOERICEVRENCIELELTYS
A, — T CTHERBENRIL LD D SIEEIIH L RIEOEWIGEK
THEOEFIZFELTB Y, {LFFRECBIT AR LOKRE R
fEE R > TWA,

MEEMA AR I BV 72 L O WHHER 2 &0 S BEDH
BHNZ 0 L CEAIR M2 BT 2 L ) BEEHRNIZD 2L
BEIATBY, ZOZHITEBEILERIEIIBIT 5 EER
WHEOBEZRSEEDTWAEEZBNS. 19764, HFHK
M & % o 72 RE MR O ML 25 F & 170kD OWERB KL
MBI LTWB I LD HESH PEEH L AT HRLY,
FO% PHEER Y I— N T A2 BETFIHEE X NS HIERET
1 (multidrug resistance 1, MDR1) & &3 572, P RN
ZEZ 2R EET 2 BELRH L2800 T I JEEL D L B0

Tk 8 F£11A26H %N, FHROF1A S HZH

EHHETHY, ATP HEEBEHHED ATP &Iy P A -
—7 7 31) — (ATP binding cassette superfamily) ®»—B T
Y. PHEZEEIZ ATP # TRV F—iF & LT &A% i
PABE T AERIER R T LTH L Z e s TE D,
PHEL*RBATAEFMILIZZ 0L HHF L D HIFL N
WREEART I, MHELERLTVREEILATVAS.
AR, P HEEARMETDH LA, LHITE L =T IEEMEOM
falg s X U/ NBARIZ, T8 190kD OEEHEATHBHL
TWwWaZeEFBHoh, ZHMENEEEA (multidrug
resistance-associated protein, MRP) & &fHi} 547z, MRP (&
PHEHEBICEL REERT2HEYHFL ATP 47t
FA=—=T7 7 IY—IZBTHD, FOT I/ BEIITIEPHE
BH & OB KN, MRP IZHEMH L ML hE X9
1o - THAERBERFTHY, ZOMEERIRKEE DD 2

Abbreviations : AB-AP, avidin-biotin-alkaline phosphatase; ADR, adriamycin; bp, base pairs; BSA, bovine serum
albumin; cMOAT, canalicular multispecific organic anion transporter; CRT-PCR, competitive reverse transcription-
PCR; DEPC, diethylpyrocarbonate; DIG, digoxigenin; dNTP, deoxyribonucleotide triphosphate; DTT, dithiothreitol;
FCS, fetal calf serum; y -GCS, y -glutamylcystein synthetase; GS-X pump, ATP dependent glutathione S-conjugate
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% BT B BRI BR OB 37 & 2 DPRIR O BT 3

PSR E N T W ARV EDE . KEFETlE MRP O £H|
MDD A h = A LR BETHEHNT, v ArEMEkEE
fmMaskcH 5 HL60 27 MY 7<% 4 ¥~ (adriamycin,
ADR) AT FIZHE$ 5 Z £ 12 & ) MRP 535 HI M f bk
HL60/ADR4 3 X U° HL60/ADR13 %M. L, £0HERE o=
— 7w AL HEFREM, ADR o#CEFIHE Lo#E
I, MRP 23§ 58/ 70—+ VPRI X BB getn,
7oy bk, BAMIES PCR (competitive reverse
transcription-PCR, CRT-PCR) %7 &0 F % v THRE 21T

o7,
WHRELUVEE

1. e

LSRRI RO b bR B IR %k K562
(American Type Culture Collection, Rockville, USA), £ b
L ¥+ — b (methotrexate, MTX) (HA&RL ¥V —, W) ik
O K562/MTX, ADR (H#%EE, HIW) CTHEL S HIE Mk
K562/ADR, ¥ ¥ #1) A » (vincristine, VCR) (HiBF3Hus,
KIR) THE L 22 LAk K562/VCR, b FLEAIIT SR

'MCF7/WT (National Cancer Institute, Dr. Schneider LN fts,

MCF7/WT #x bR FCHHEL S HIW ¥ MCF7/VP
(National Cancer Institute, Dr. Schneider & ¥ #t5), & MgIE
BTk 1 Pk HL60 (American Type Culture Collection),
HL60 # ADR T## L 7 £H|M M4k HL60/ADR4 B L U
HL60/ADR13 T 4. HIIZTTI0%4IEIEIMIE (fetal calf
serum, FCS) (Flow Laboratories, McLean, USA) /il RPMI1640
(Gibco, Grand Island, USA) H:38#IC TiBHE37C, 5% CO,
FIET CHEURER L7,

. ZHfEMmEsk HL60/ADR4 & £ UF HL60/ADR13 @

LioAvA

HL60 #Hifa% 10nM @ ADR % HlZ7210% FCS /il RPMI1640
BRI TITC, 5 %CO, A F TSR T o7, EDBP
BEROAOFELH CEMTEERIC MDRI BRI THL L7
7T T (FOEMETE, KB £ 1M MATHEZHA L
7z. ADR OiJE% 100nM ¥ TN S 878 TR A HEET
ya—=r7 L, WREEHET L7, ADR 202 T 1 FME;
#E L7 Mlatkt HL60/ADR4, & 612 1 RN L Motk %
HL60/ADR13 & L 7-.

. EFIBZMRER

. BEHUEANC A D A S O M

iﬂﬁf%u:nﬁ—71k4ﬁfﬁbt.?ﬁb%Hwo
Hile, HL60/ADR4 #HL % 10%FCS Il RPMI1640 X% 82 1%
&4, KGR OARARS] [ADR 3nM~3 M, VCR 0.1nM
~1uM, Ly r (BEME, D) InM~100nM, T+
R F (AARILE, EHE) 300nM~30.M] 2z 7-RE, EH
EMR B o —vE, RHE37C, 5% CO, FIET T24
RIS A AT o 7o, 24 BRMR A WEI LA 10mM ) >~ B4R
i (phosphate-buffered saline, PBS) (pH7.4) T#k#+ L, HL60
MM 2 X 10°/ml, HL60/ADR4 #AZIZ 5 X10°/ml & 725 &9
12, AF )k — X (Fisher, Fair Lawn, USA) % 30% RN

L 7210% FCS il RPMI1640 S48 T4 L7z, £ ¥ 0.3ml
% 3T o247tv 4 2 u S L— 1 (Costar, Cambridge, USA)
DHEY L VZEE, 37C, 5% CO, FETTT7 ~ 9 HMEEE
o7 &Y VAo an - KEEMSETICERIL, £h
Fhaoyho—-noao=—$HE100% & L THIBAETRR IR
B E, BTEAII50%EAE R ERE (50% inhibition of cell
growth, ICs) ZROFAKZHEOMWEL L. WHEE (fold
resistance) |ZFNEFNOFEHKIT D HLE0/ADRL #iL D IC, %
HL60 Mfao IC, ETHR LA TR LA, BEERBRIZT T
3MfT - 7.

2. ADRTHHIZBIT 2 NT 83 Vv ORKE

ADR BZHEIZHBIT B, B LDy LERFMINT 3 VoM
a0o —ECHE L7, HL60 #ifL, HL60/ADRIS fiifg z
10% FCS il RPMI1640 a2 iRl S &, SHEBERFIO
ADR %L, 37C, 5% CO, £ T Co4GMRFRE T o 72,
FOBENZIUT 10uM DT RI (2—H 1, T 2R
L, IC, 8 & UM OB % B1E L/,

V. EgeE

1. i SRR D/ER

F MR % %3 L7 PBS €2 mIMEE L /ofk, MGt
& (Cytospin 2, Shandon Southern Products Ltd., Cheshire,
England) % f#H LT, 544, 800EIZIZTAZA FF I AL
WZE L, BEEARTERL.

2. RERfn

RERBRETES VT FOTARY T+ AT T 7=
(avidin-biotin-alkaline phosphatase, AB-AP) #:T#f ¥ % Jfik
Lol PEEHICHTAHEETY AT/ 70— FLHik
T& 5 P-glycoCHEK C219™ (C219, Centocor Diagnostics,
Malvern, USA) # fj\y, MRP x4 A8ifkiz o v b/ 713
— VL& MRPrl (4 5 ~ % Free University Hospital, Dr.
Scheper & 0 fit5)P% v 7z, M L 7 SIUEOFHHUIL 4 MLiE
7 N7 3~ (bovine serum albumin, BSA, Sigma, St. Louis,
USA) 0.1% 0 b ) ASEEE SR (Tris-buffered saline, TBS)
(pH7.4) 12TV, RUDEEiR, M Cizi e Pl L’Cﬁ'
ot AT 4 FERETE M CLFBBEEERFT 1V —I2T
BomBEez Lz, 4% EF IS FREsa7sy v (DAKO,
Glostrup Denmark) 12 T205 M BGTE, K Lo b o[k

, PR TIZ20ME AL 72 €219, b L CIX100fE AL 22
MRPrl & 604 M SLs & &72. TBS 12T 5 41 3 ki fz,
C219 OHAA00fEF ML 72+ F bt~y A ¥k o
71) » (DAKO) &, MRPrl O 420058 M L 72 €4 F > {LHt
Sy b ERIE s 7Y v (DAKO) &304 ML & &7,
TBS 12T 3 [Hk#EtL, 20005/ M7 LA ) 74 RT 75 —CHE
WMAMLT T EY L (DAKO) L3097 HKIG 272tk T
A T4 ART T Y —EREBHIE (Fast red TR salt, Sigma) % 1
WTRE IR S, ZOBEEBRIEFCIE ImM LYy
—LEmME, AT V) 7+ A7 7 ¥ —EiEHEEHEIELZ.
BBBIIH T v FAT NEY) UHRERIC TG E T 7.

V. ADR O#RA~NOR YA H, MHEANOH EORAE

ADR DR T 52HEEZF AL THEANOIY AL, BLU

export pump; ICs, 50% inhibition of cell growth; MDR1, multidrug resistance 1; MRP, multidrug resistance-associated
protein; MTX, methotrexate; PBS, phosphate-buffered saline; TBS, tris-buffered saline; TE, tris EDTA; Topo I, DNA
topoisomerase I ; Topo I« , DNA topoisomerase I« ; Topo II 3, DNA topoisomerase II 2 ; VCR, vincristine



WA~ OHE 2 72— 4 + X — % — (Cytoron Absolute,
Ortho Diagnostic Systems, Raritan, USA) 2 iV TEE L 7.

1. MR~ OD AH

HL60 #ifa, HL60/ADR4 #if1#%10% FCS il RPMI1640 5%
#l2 104M @ ADR 2%, 37CTHEZT-72. ADREINE
%, 10518, 20514, 4093, 604 MRICENE RO E HE
L7 PBS 2 [EI#%#, 10% FCS hil RPMI1640 55212 H#
L, 7O—H4 bA—F —TEEHENEE (mean fluorescence
intensity) % #flsE L 72.

2. MBS~ OHEH

HLG0 §ile, HL60/ADR4 #lii2%10% FCS fil RPMI1640 553
12 10M @ ADR %%, 37CT2MHL EEEEL, HHE
FAMBA I ) AT, FOBREE L/ PBS T2 BEEH
1%£1210% FCS Bl RPMI1640 8- TR & & T37TCTH%
AT L7, BRBES, 105%, 209%H, 305%, 60907,
905%, 1205 IO HHEME L REIZ 7T —F 1 b
A— & — 2 THIE L. FREROMBROBREREZOTY
WA 100% & L, FRENOKETOFHHIHEE /S
—k PTELE. RININVOEBERET A0, FiF
BEBEOBEERIIARTININVE 10,M MZ, ARRFET
ADR D#IE PR ORE & flE L 7. '

V. 470y N1 TVELE-2 3>

1. DNA o#liH

& EMR O SR ML % PRSIm] I2iRES Y, TaFF—¥
K (10mg/ml, FIyGHisETH) % 1001 KM%, DNA/RNA/7
5 Z 3 R Y A5 4 F 7341 (Perkin-Elmer Applied
Biosystems Division, Foster, USA) I CT##Mf & ) gtk
DNA %##liii L7-. §5#1 72 DNA % RNaseA (= v R I —>,
I T RNA #53L, 7=/ —LV/7oafLAafill, =
¥ 7 — VMikBiZC DNA #EIXL 7. 577 DNA i 0.2X
Tris-EDTA (TE) #&& % @mM FJ AT I/ A% ¥, 0.2mM
EDTA, pH7.0) (& L7:. ZO—E%EWY 260nm DWIERE
ZHlE L T DNABEZEE L7,

2. HHFrTOY bE

FheEnoMiatkk h 55072 DNA 10 ug % HilBREEFE Pst I

(FilizE, ®WFE) 37T T2 MK, 09% 7 Fo—2 5
)V (H14-Takara, E#E) K CERKEKELZ. 70— 7 W
FIFYTLTEYA FICTHREBL, FIMESTI24 DNA
BFEZIZA—THAZ L2 MBLL., ZOBTHAO—-AS V%
&M EF 40y A7 L (Boehringer Mannheim,
Mannheim, Germany) (ZHEE L, 120C, 157 MOBMEIZ X
S>TDNA% A Y7L IZEE L. MRP X A48 8% T
54 <—T&A MRP-2F, MRP-2R (1) x WV THIEL 7z
(X% m) PCR 4 % $ % & L, DNA Labeling Kit
(Boehringer Mannheim) *# i W T ¥ T % ¥ 7 = »
(digoxigenin, DIG)-dUTP THE#L /-7 w—7&/El L2z, *
VTV ERTUNLAT YT A E—Ta LR [B0%F VAT IF,
5 XSSC, 2% 7T ¥ ¥ (Boehringer Mannheim),
0.1%N-F v 4 L4 nay »BF bJw L, 0.02%SDS] &
42°C, 2WMRIB &2k, LRTu-TE T LNA TN 54
Y= a VTN 72d DI Z42C, 208G S g, X
B TH A>T L % 2 XSSC, 0.1% SDS #i THEin10% M
e, 55120.1XSSC, 0.1% SDS i T70°C, 457 Muk# L
7-. ¥ H 1213 DIG Luminescent Detection Kit (Boehringer
Mannheim) %\, HiDIGT VA ) 7+ A7 7§ —EHifkE K
i, TVHY T+ A7 T —EORETHS Disodium 3- (4
methoxyspiro {1, 2-dioxetane-3, 2-(5'-chloro) tricyclo [3.3.1.1*"]
decan}-4-yl) phenyl phosphate (CSPD, Boehringer Mannheim)
DILFERENE X 27 4 v & (Fuji Medical X-ray Film New RX,
BEEE7 1A, fEIDICTHRIBLZ.

V. CRT-PCR &

mRNA O E & 121: CRT-PCR & fv 722,

1. # RNA Ot

# RNA Ot Chomezynski & D FEC# LT O &) 12eL
BALTITo7:. 1BEBEODH UM 7=V T4 TH—b,
25mM 27 B> by pH7.0, OIM2-ANVA TS Py ) —
N, 0.5%N-FT T A NNy 8BS N)YLA)IC1/10 BHE
» 2M BEEEF MY 7 4 (pHA.0) &, 1 HEO THREY TV
(diethylpyrocarbonate, DEPC) #LEEAKIZCTHRM LT =/ — b
RAEL X e EE Lz, RN 5 X 10° Mizxd L X i 1ml

Table 1. PCR primers for j3-Actin gene, MRP gene, DNA topoisomerase I gene, DNA topoisomerase Il a gene,
DNA topoisomerase II 3 gene and y -glutamylcysteine synthetase gene

Gene Primer Sequence Target Restriction Control
size (bp) enzyme size (bp)
A -Actin BAS 5“TGGACTTCGAGCAAGAGATG-3' 320 415
BA3 5-GATCTTCATTGTGCTGGGTG-3'
MRP MRP-2F 5-AGAAGTCTGGACGTCCCTG-3' 404 Mbo I 260
MRP-2R 5-ACACCAAGCCGGCGTCTTT-3'
Topo I Topo I -F 5-CAGAGAACATCCAAGGTTCC-3' 329 Taq I 267
Topo I -R 5'-CTCTACCACATATTCCTGAC-3'
Topo1l e Topoll ¢-F - 5'-GCTGTTTCAGGCCTTGGTG-3' 309 Mbo 1 190
Topoll «-R 5'-CTCCAGAAAACGATGTCGC-3'
Topo Il B Topo Il 5-F 5-ACTTGAACACATTCTTCTTCG-3' 332 Mbo I 249
Topoll 3R 5-TACTGGATGTTAAAAGCTGTC-3'
y -GCS GCS-F 5'-GACATAGGAGAGGAGAAAAG-3' 329 Mbo I 230

GCS-R 5'-AGATGCAGAAATCACTCCCC-3'

bp, base pairs ; MRP, multidrug resistance-associated protein ; Topo I, DNA topoisomerase I ; Topo II «, DNA
topoisomerase I a ; Topo II 3, DNA topoisomerase Il 5 ; y -GCS, y -glutamylcysteine synthetase.




AN B MR A BR O L & Z DR OIRE 5

Pz TECRALL 02ml o7 oakivhs (VT INVT
NI—NEMABVBD) FMAELT v 72 IFF—127T20
~3OMERBE L. ERTSOMBER, MESREGHECS
(FI—HI, FE) 2T 15000rpm, 204, 4 CTELITH
L7 LBESBO/ v 7O/~ vEMABRCRAL, ER
< 55 R E%REC 15000 rpm, 205H, 4 CTTELOSHELL.
BOBEERIET, B RNA) 275%T % / — )V 1Iml ICHEE
PR gEd L7z, 15,000mpm, 54H, 4 CTELOLUGEZE
W, LErRESCKRESBECTSOMKELERSEL. 1X
TE &% A0mM ) A7 3 7 A%, 1mM EDTA, pH6.8)
oy L, 260nm OWRNE A BIE L TH RNABEZEE L,
¥ 7- 260nm, 280nm OWEEED L% RE L RNA MEDEE L
L7245, REEIZE o TB5h 5 RNA £ OD 260nm/280nm=1.9
~20L EbLDTRITFTHoT:.

2. 1444 cDNA OER

FEHICL o TELNIB RNA 28R LIy YLT74<
—lZT 1454 cDNA 24 L7, TR RNA2ug 12T ¥ 5 A
AFHIILEFF TSI AT~ (FiBEE) 80, M % 15,1 MR,
1 XTE % (pH6.8) TH & 251 \ZFRE. GeneAmp™ PCR
system 9600-R (Perkin-Elmer Applied Biosystems Division) % Fi
VWE5TTL05 MR R05»ITC25CTE THEL, ZHBET
RNA OEMETIAv—DT =) T&ffoiz. FlEHE
KT [100mM Tris-HCl (pH8.3), 200mM E{kA 1) 7 & (KCD,
20mM 1= 7 % 7 4 MgCl), 20mM ¥ F4 AL A F—
(dithiothreitol, DTT), % 2mM 74 F L K2y LA FF=

MRP B-Actin

144 bp Genomic
B . DNA

MRP-2F Mbol Mbol
5
3
MRP-2R BAS Intron4  BA3
Mbol
digestion PCR. .
amplification
Mbol Mbol
5 P 415 bp
—] <, -~
BAS
5 o
_— 3
Ligation BA3
260 bp
5
| - <+
3

Fig.1  The construction of the DNA clones for the quantitative

analysis of MRP and 3-actin mRNAs by the competitive RT-
PCR.
The PCR product of the MRP amplified from the genomic
DNA using MRP-2F and MRP-2R primers was digested with
Mbol and then religated. The resultant 260bp DNA temprate
was subcloned and used as the control DNA for the
competitive RT-PCR of MRP. The DNA segment including
intron 4 sequence of the 3-actin was amplified from the
genomic DNA using BA5 and BA3 primers (Table 1). The
resultant 415bp DNA temprate was subcloned and used as the
control DNA for the competitive RT-PCR of 3-actin. MRP,
multidrug resistance-associated protein.

1) B (deoxyribonucleotide triphosphate, dNTP), RAV-2 (&
iE5E) 10847] 2541 2INZ, 42CTE05MMREEL cDNA % &5
s701%, 90C, 20MTEEEREE RAV2) TRIFEER,
RIS#T % 1 XTE B % ©H7.0) 5021 2 MAHKE 1001 &
L, 1[E®PCRIGIZ5d k8B L LTHW.

3. CRT:PCRZBITB > ba— )L (§i4) DNA OfER

BRI~ B+ 5720, MRP Oftt DNA bRAV A5
— ¥ I (DNA topoisomerase I, TopoI), DNA FRA VAT
— ¥ I« (DNA topoisomerasell«, Topo I ), DNA FE 1V
*F—+ 13 (DNA topoisomerase I 3, Topo I 3), -7V ¥
IWVARTFA Y Yy —+ (y-glutamylcystein synthetase,
y-GCS) ##E L7, MRP, Topol, Topolla, Topol 3,
y-GCS FNZFHIHTHHRML PCR 7717 —%FK1. 42
RTEERFITRELL. 794 v—DERIE 7T T VHRRE
HO(EE) L. M1 ICMRPO I Y Fu— )L DNA Off
BFERRT. 794 <— MRP-2F, MRP-2R THIE s h 5§
BomziEEE L HIRBEE Mbol EEASFEEL TV,
MRP-2F/MRP-2R PCR /&4 # #IPREEE Mbol (EilE) TiHL
L, BU'T4DNA ) #—¥ (Fili%) THEesEA. ZORD
B % SR L L TEHU MRP-2F, MRP2R 77 1 v—TPCR K
E%4TS & 200 Mbol B 01443525} (base pairs, bp) DiE#
ECF % /R L7z 260bp OIEIEED E/E I EATELIEITTH
b, BERXEICTHBERIF Y7707 FIZTHRELES
BESTIZZOREEEED 260bp O/¥ FEIHH L, DNA
%@L L7>. EYL L7 DNA % pT7Blue T-Vector Kit (Novagen,

Table 2. Sensitivity of HL60 and HL60/ADR4 cells to four
different anti-cancer agents

IC,,” X£SD, n=3, nM)

Drugs Fold
HL60 HL60/ADR4 resistance
Adriamycin 52.1%5.9 210+2.1 4.0%£0.4
Vincristine 2.7+0.8 13.8+0.4 4.6+1.2
Pirarubicin 82126 15.5+2.8 23103
Etoposide 1800300 96002600 5.7%£0.7

The multidrug-resistant cell line, HL60/ADR4, was established
after incubation of the parent HL60 cells with increasing
concentration (up to 100nM) of adriamycin (ADR) and 1« M
cephalanthine as shown in “Materials and methods”.

¥ ICy,, drug concentration that inhibited colony formation by
50%.

Table 3. Reversal effect of verepamil on the multidrug-
resistance of the HL60/ADR 13 cells

Verapamil IC,,” (x+SD, n=3, nM)

. for adriamycin Fold
concentration resistance
(M) HL60 HL60/ADR13
0 38t16 47191 13.5+4.3
10 39+10 14618 40*1.5

The multidrug-resistant cell line, HL60/ADR13, was
established after incubation of the parent HLG0 cells with
increasing concentration (up to 100nM) of adriamycin (ADR)
and 1 2 M cephalanthine as shown in “Materials and methods”.
o 1Cs,, drug concentration that inhibited colony formation by
50%. )



Fig.2 Immunocytochemical staining for the detection of MRP and P-giycoprotein (P-gp) in the human tumor cell lines. (A) Drug
sensitive HL60 cells. (B and D) Multidrug-resistant HL60/ADR4 cells. (C) P-gp-overexpressing multidrug-resistant K562/ADR cells. A

and B were stained with a rat monoclonal antibody MRPr1, and C and D were stained with a murine monoclonal antibody C219. MRP,
multidrug resistance-associated protein.
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é Fig.3  Analysis of adriamycin uptake and efflux in the HL60
and the HL60/ADR4 cells. (A) Analysis of adriamycin uptake.

0 T T —

o 2 40 60 The HL60 or the HL60/ADR4 cells were incubated at 37T in
the presence of the medium containing 10 M adriamycin.
After incubation for various time periods cells were
centrifuged and suspended in a fresh RPMI medium. The
B mean fluorescence intensity of the cells was analyzed by a flow
cytometer. Values represent X +SD of the three separate

= 110 experiments. O, HL60; @, HL60/ADR4. *p<0.05 compared
£ 100 by Student’s t test. (B) Analysis of adriamycin efflux. The
S HL60 or the HL60/ADRA4 cells were incubated in the presence
¥ 907 of the medium containing 10 xM adriamycin for 2 hrs. The
2 g0 _ e | % cells were washed and further incubated with an adriamycin-
E free medium with or without 10 xM verapamil. After
-E 7071 incubation for various time periods the mean fluorescence
g 607 intensity of the cells was analyzed by a flow cytometer. Values
g i represent X = SD of the three separate experiments. O, HL60
= S0 in the absence of verapamil; @, HL60/ADR4 in the absence of
5 40 T T T 1 verapamil; ll, HL60/ADR4 in the presence of verapamil.
0 30 60 90 120

**n<0.01 compared by Scheffé’s F test after Kruskal-Wallis
Incubation time (min) test..




ZHIA LR Rk O 7 & 2 o MR o e 7

SilE) #HVTT IR KXy ¥ — AL, E. coli IM109
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Fig.4  Southern blot analysis of MRP gene amplification in
drug sensitive and drug resistant human tumor cell lines.
Genomic DNA from each cell line was digested with Pst I,
subjected to an agarose gel electrophoresis, and then
transferred to nylon membrane. The filters were hybridized
with the digoxigenin-labeled probes specific for MRP gene.
Lanel, the parent drug-sensitive K562 cells; lane2,
methotrexate-resistant K562/MTX cells; lane3, adriamycin-
induced MDR1-overexpressing multidrug-resistant K562/ADR
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cells; laned, vincristine-induced MDR1-overexpressing
multidrug-resistant K562/VCR cells; lane5, drug-sensitive
human breast cancer cell line, MCF7/WT cells; lane6,
etoposide-induced MRP-overexpressing multidrug-resistant
subline, MCF7/VP cells; lane7, drug sensitive HL60 cells;
lane8, adriamycin-induced multidrug-resistant HL60/ADR4
cells.
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Fig.5  Quantitative analysis of various mRNAs by the competitive RT-PCR method.
The competitive RT-PCR was carried out using cDNA derived from the parent HL60 and the mutant HL60/ADR4 cells in combination
with each control DNA for the detection of multidrug resistance-associated protein (MRP), DNA topoisomerase I (Topo I), DNA
i topoisomerase T« (Topo Il «), DNA topoisomerase I # (Topo Il 8), and y -glutamylcysteine synthetase (y -GCS). The PCR products were
i Subtjlfcged to 3% agarose gel electrophoresis, and bands were visualized by ultraviolet transillumination using ethidium bromide staining
method.
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Abstract

A new human leukemic cell line, HL60/ADR4 and HL60/ADR13, resistant to adriamycin was established in a selection
medium containing increasing concentrations of adriamycin (ADR) in the presence of 1 M cepharanthine, a multidrug
resistance reversing agent. The HL60/ADR4 cells were resistant 4-fold (the ratio of ICs, of the mutant cells to that of the
parental cells) for ADR, and also cross-resistant to some other drugs, including vincristine (4.6-fold), pirarubicin (2.3-fold),
and etoposide (5.7-fold). The HL60/ADR4 cells did not contain a level of P-glycoprotein detectable by immunocytochemical
staining with a murine monoclonal antibody C219. In contrast, they exhibited the elevated expression of the multidrug
resistance-associated protein (MRP) as shown immunocytochemically using a rat monoclonal antibody, MRPrl. The
intracellular accumulation of ADR was decreased in the HL60/ADR4 cells and the efflux of ADR was enhanced as compared
to that of the parental HL60 cells, which was reversed by the addition of 10 «M verapamil. The MRP gene was amplified in
the HL60/ADR4 cells. Competitive RT-PCR analysis revealed that the MRP mRNA level was increased 8-fold in the
HL60/ADR4 cells as compared to the parent HL60 cells. The mRNA levels of DNA topoisomerase I , DNA topoisomerase [l «,
DNA topoisomerase Il 3, and y -glutamylcystein synthetase in the parent HL60 and the HL60/ADR4 cells were similar.
These results indicate that MRP overexpression in the HL60/ADR4 cells due to the transcriptibnal activation as well as the
amplification of the MRP gene is responsible for the reduced intracellular accumulation of ADR.
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