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7)) A —=IZBT B EHN R EEH OFEH

SYCRFLRFIEF RN AR BEE (B 1 LT HRE)
£ M Lk E

7)ok — 2 DALERE OGN R A BT 2 WT & L CEREIERECH Y, BUEE TI08 ¥ & 2 KA ML &R
FEshTwsg, F72, EEMRICa S s SHIHMEEED 20 TP HENORS LS AIEMIBIZIE, Sk %
[ (multidrug resistance-associated protein, MRP) #9568 L Clif#: %o TW B Z EAHILG N T A, RIFETHE, 74—~
DI BT B MRPOBRE 22 72012, FAEAL € b7+ —<Hlllabkic B 2 2055l L ERIB LB ORI
WORE L2, AR, RIS ot 7 o = A 2050 ( BESERE 114, BRI ECALIRANIENE 6 61, &l}iﬁﬁlﬂéﬂé?ﬁﬂ),
EEMEEIM s L O b 7))+ — < Hillatk 4 T8 (USTMG, U251MG, U373MG, T98G) Wi FHEEATIE, MRP
mRNA DFEI & B L~ O {E % WIES (reverse transcriptition, RT)-PCR & (MM b3 & VTR L2, ZOFRE,
MRP mRNA D3 ELIZIRENE 1160 9%, RIS EIRAIRIE6 BIH 3FUz A bR, EMARILEIZ1E MRPIZIBHHE 116 9
i, BRI NE 6 B0 30012 B C d 0 IR O MR ZL P BRRLIR IS BB L T e, BUIRMINNE 35 & OFIE R R
BT R A S Nt o 72, B R 2k MRP B RS IR Bas i & 2 1 As A &z, MRk T U,
MRP @ mRNA & B OB E % Z N PN EEMRT-PCREY LAY 70y MEx O TEERLLA. TXToOMIEKIZ
BT MRP O mRNA & EEDREIAA SNz, Mk O MRP O mRNA B & CEHOOEHEBIVWTROFEIBNTY
USTMG TOREA L L {, DWW TUBIMG, US73MG, T98G DIFIZ B EIFEM L T/, TI8G ® MRP ® mRNA & #
HOSEEILE D IZUSTMG OB ENN4S5ETH 7. AT IR [7 K 7~ 4 Y (adriamycin, ADM), VP-16 (= b
FLF), ¥YATSFF 2 (cis-diamminedichloroplatinum, CDDP), =4 A F ¥ [nimustine, 1-(4-amino-2-methyl-5-
pyrimidinyl) methyl-3-(2-chloroethyl)-3-nitrosourea, ACNU]] 23§ % SEHRZ IR T, w1 noHZ LT USTMG
0 50 % BN E (50% inhibitory concentration of cell growth, ICs) 47 & 122> 72, T98G IFMH ML A R & % < USTMG iZ

T ADM 2 LT 284, VP-161249f%, CDDP28.3f%, ACNUIZ17 RO RMEEESH LTz, ADM, VP-16 &
CDDP 2353 % S4B 1L, USTMG, U251MG, U373MG, T98G D IFHIZEML TH Y AN RER 0 MRP @ mRNA B & V& 1]
ORIEE L CHBLT VA, L L, ACNUIZHS 53R & MRP OSSR O MW & 2% Bl H i 2
57, MRPOZHEA RS %\ TI8G # ] L TMRPIZIERINAT v FL v A+ ) T2 7 LA F Fefh L, MRPOZESHD
B Pk S MARS VD BLE T v F Ly A4 U TEICTHRI L, Ty FEy 240 TR L4 F FESIZE 5 MRPEHD
REEIITL PO VORBEEICHLTHBRIIHP LTI TrFer A3 TR LdF Fi5%0ADM, VP-16¢
CDDPIZ 4 2 ICsofEid Ty PO — LD ICoEIZH L CHEIIR P LTH Y, ZRERADEMIS FORC AR g il e SV e ey
1L T621, 6.64%, 43fFICEIIL TWwi. ACNUIZK 4 B E ki afbida o hr o7, Lo »e, 794
— 4T BT 2 MRP O4HIE Z OB & SR R I L Cvw s b o e sz, )i, e b TUE — Ak
BWTIEMRP A SHITEICHE LTV h I EAVRKE N7,

Key words multidrug resistance-associated protein, glioma, chemotherapy, antisence
oligonucleotide

T F—=ld, BERVHENREE TH ) RIMEICRE S AL
OIVEHG AR X A ST IENEETS b, BRI, (Lo
EB L UREREONEIC L 2 EENEEITDR TS, L
ML, INSOBBIST D KISTEAE - 72 S BAE OB R
BT LOMETEBRLARVEL TR, BTH 7Y 4 -
T OLEBERN ST BRI & b TR, MR O

FROFEILA 12 %A, PH104F 1 A 16 HZHE

FEAREAT & 2 SEA S0P o BT V0 B S5 L 19 S ASEHN 1 2 A7
LTWD 2 EDNRHRLEOKRE MBI E L >Twb,
A B A48 & L TS o PRES I OB
MBNTWEDS, PHENIZATP 22 AL F e LCEN %
HHL AL ZHE L L’CHU-HJLMET” LTWwa I EDEHENTWnEY,
BT T A -2 2875 PEEHOEIICOVTIE—#

Abbreviations : ACNU, 1-(4-amino-2-methyl-5-pyrimidinyl) methyl-3-(2-chloroethyl)-3-nitrosourea; ADM,
adriamycin; bp, base pairs; CDDP, cis-diamminedichloroplatinum; FBS, fetal bovine serum; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; ICso, 50% inhibitory concentration of cell growth; MDRI, multidrug resistance 1; MRP,
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DIEEAN S & OTER & IEH OB FUIFET 5 I NI EE
THEHEVIPRENDH L, L LEIS, PEEHIIEEN
DOMEFEIIERB R EO LW L2 PHE D BIEEEME D
HEALHRNT L L) )t — Il BT B EAITHM MO T
HETFOFEESREL NS, 7 F—<IZBITEFDMOEH]
WHETFE LT, flRRTOERNFEECE L UCHERLE
FREICEE L T2 Ay 0FF 2 v 7Ly F4 S b
52725 -C "ORE, EHAOENWHEHTHS MRS VR
5 —EDRIETENAREETHIBIZE S NRI VAT —EHE
Flzxt+ 2 MY, DNABERETHL0AF VL TT = 0-
DNAAFLVIFTF R T7 27 7—BiHE%D ERIZED 7LVF L
LB % EPME SN TB ) Hie R FE» HFEIED &
NTwa.

B, PEEHYFEY LTS H ko ML=
AR TR 190kDa D EEEA D FEB L T 5 Z L AME
ENLHIHHEREE N (multidrug resistance-associated protein,
MRP) &g sn720, MRPIZPHIED & [ U ATPHS &%
BEHDA—=A=77 3 = |ZETAHHMRPOT I/ BEFIIP
WEAQO7 I 7 BEY EARMIE L, EEABRICB 296
bERLZ-TWAIEDMSNT WA, MRPIZIEAH L L #
DEEFNOND £ 2% - 12 EATEE 4 2 MM BRR A #
T O MRP DRHL & HHITH OB S-OBIZE V2 hitgsd ST
VB, A= II BT D EOFRBELEAIME T 2 EF
MR EN TV R, F I TRIFE T, 77+ — <Rk
ERIZBITAMRPOFEB % #ilEE. (reverse transcription, RT)-
PCR & il L2 Fike MV THM%ELA. 72, MRP®
BE L ZOEFHE~OEG L FT 5720 1T MRPIZIERT
BT FEYAFTI TR Y LAF FREIZ X 5 MRP S HIH]
EFIICPE D WA E 0BT ¢ ) — <R E v
THRE L.

ME s L UFE

1. ##

1996 4 A & 1997 4 F T O B FATFEAR RN E 72 2051
F) =R RV, FORBRSFENSBIIOWTIE, HF
{RAE MM (World Health Organization) WIEESEHIZGE- 72,
PIER IR (glioblastoma, grade V) 1150, BFZA R IRMAE
(anaplastic astrocytoma, grade 1) 6%, 2 K 4 o I
(astrocytoma, grade 1) 3l CH o7z, xfiRE L Tik, 3HIOMK
NEH DL 0 Faff % O A EF B L Fv7o. RNAE &I
OMBAER I FMBHERRLMCRASEETHESEL, —
35T TRIFL 2. RIEMARILEMICIE, 4% /3T KN LT
Fe FICTERFEERNT 74 IZTEEL, e b T F
— v HROMA L L T USTMG, U251MG, U373MG, T98G 7 4
FEEEMH L. SHRKOREEICIE, 10%4ERILE (fetal
bovine serum, FBS) (Gibco, Grand Isrand, USA), 0.3 mg/ml 2"
VF 3y (AKEEEE, B, 100 U/ml=31 ) » FIGHE,
KIK), 100 mg/mlA M LT b A ¥ > (RIEME) &AL
RPMI 1640 (H 7K #38) b2 TRE37C, 5% CODEMHTT
R L7,

I. FHFEHERCE SRR

)

1. RT-PCR

DPCRHATI A4 ~<—

 F MRP O E O L 1), MRPIZHE®RM £~ R
774 <—%& LT5-AGAACCTCAGTGTCGGGCAGCG-3’
(4479-4499), 7 F A TS5 4 <w—& LTS5 -
TCGCATCTCTGTCTCTCCTGGG-3' (4985-5005) % 3% &1 L, A
EHENAFF YR (FE) ITKELL A fo—
7 VTV TR B3-1) CERBLK EBEF (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) i\, 771 < —
&L TIZBES S (Stratagene, La Jolla, USA) %/ L 7.
FOHEERNEI, £y RA T I A4 T — k5 -
CCACCCATGGCAAATTCCATGGCA-3’(213-236), 7 Ft ~
A 7T 4 <%—12 5 TCTAGACGGCAGGTCAGGTCCACC-3 (787-
810) THh - 7-.

2) # RNA D 53-# & RT-PCR

FHRNA DO HUE, Chomezynski 5 00 oW T,
Isogen (=v Rr ¥ =, ®K) W7z, RT-PCREn L,
RNA PCR ¥ v b} (Perkin-Elmer, Branchburg, USA) # w72,
Thabb, 0.6 gOWRNAZRE L, 7 v ¥FanFh~v—%
ToAv—b LCHEEEMEICTDNAFAR L. Kizk
mRNAIZEERM A 75 4w —% VT, Tag B 25 —¥IZT
cDNA KT Fr O IR % 47 - 7. PCRJEE {213 DNA Thermal Cycler
480 (Perkin-Elmer) %M L7/, KIHix, 94°C T35 D#Z
P, 4CTIHE, 60CTLSM, 2CTLAMDIAT v
TaR YA 70 LT30EEIEL 7. W¥iIEH% O PCREUSEY
2% 7 —=AX VIZTESRREL, =FYVv7a70vA N
WCTHmEE, BIEIBEEEE Fas-T (Toyobo, KER) % HwWT
Mt L7z,

2. SIEMIERILE

4%/87 KN LT VT FTEER, /877 ¢ 2 IZWHBLT
BARINES 4 mm O ZERL, RULY I Y @M
WEAS A F7FALIZREYHTERIER, ¥ Lreflv
THiRT 74 2L, )~ BoRiE B AIEK (phosphate-buffered
saline, PBS) CTuE#ig, 4 70 v 2 —70MEIT-72. 03%
BEALKEN X ¥ 7 — L TRREA L A %3 7 — € 5 %Ki &
&, PBSTHE%, FEMFRMSHHIOZD, 71w %> Fif
R QE®E Y FME) % SR T5MEN &/, Rz, —X
Pk e LTA0RIZHML/ZT v Ml FMRPE/ 20— F b
itk MRPr1'” (=9 L 4, W3 TR C1IRRH S S &7,
TRBEDOEF F AL T v b IgGHK (Vector
Lavoratories Inc., Burlingame, USA) % % T 304K & & 7.
FEYr-EFdFr-tFL¥—-YHEAK (avidine-biotin-
peroxidase complex) #: & 0.005 % BEE{LAKREN0.02% Y7 3 /
N v F ¥ (3-3-diaminobenzidine) (Sigma, St.Louis, USA) #LEL
ENRBIE, AT bX ) OB EREITo 7.

M. & rJUFd—<ilfatkics 2 ER

1. FEMNRT-PCR

MRP mRNA OHIfERIZ BT A RBR L ERILT A -DEEN
RT-PCR%1T-o 7. RN T 74 v - HB W TMRP L
GAPDH 2o W RIBY 4 7 VHAY20 ~ 36 [H  RT-PCR % 1T
W, MEHRRR VR L 729, BEIRBR O PCREUGEWIZ2% 7

multidrug resistance-associated protein; MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide;

PBS,phosphate-buffered saline; RT,reverse transcription
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HO—AFVICTESREL, mFI7a70v 1 FIZT#E
1%, ENE RS E Fas-T (Toyobo) % AW THM L7, MRP
mRNADEBOEIZE, THU— A5V EDPCRREIGEY %,
E %47 7 » (Quantity One, Proteinbases Inc., Hungtington,
USA) 2 THISEL, W& I > + 92— )LD GAPDH %3 5 MRP
O CEERELLL.

2. YLAY 7T b

WA OMMBEE 2.5 X 10°HICZh ZNE#E L, PBS
(pH7.4) THEiEH, 5% 2A LI T by ) — V% &L SDSHE
LS00 pl THEMRIC, FRLEL, REWATISMER S
&7, BERIKEN Laemmli®™ O SDSPAGEEIZ L W iForz, 7
SUNTIFYVOBREIIZTS%E LEFRE10 pl % kB L7,
BRKERTETZIULTI NI VECGBEN B = b
04V 10— A (Clear Blot Membrane-P, 7 b —, ®H) ILEE
L, 01% V14 —220L 1% FMFE7NTIVEESALEIY A
BEEREHRET IOy v FETo2k, 40BIFKRLAT v b
it PMRPE 7 7 U —F VHEMRPrl % 4B RS & 4 72,
D%, TVHVRATT & —LEBINT v b IgGHikL 1k
BMREEEE, TVIVFRAT7 75y —FHEEF v+ (Vector
Laboratories Inc) x BWTHEBLZTo 7z, BONANY FiEH
&MV 7 b (Quantity One) IZTHIFEL, MRPEHREEES
FrEER L.

3. SRR OERIKTE

1) R L7 5H)

BRI ERERIIE, 7T 74> (adriamycin, ADM)
(%R, BR) , VPG (Z PRI F) (FTVA MV - =4 Y
- A RXA 247, BRE), ¥ A7 9 F v (s
diamminedichloroplatinum, CDDP) (7D A bV -« =4 ¥ — X A
7 47), =& AF~ [nimustine, 1-(4-amino-2-methyl-5-
pyrimidinyl) methyl-3-(2-chloroethyl)-3-nitrosourea, ACNU] (=
%, ®E) Aw.

2) BRI B

Hia bk £ REEAN T 2 B H 1L Mosmann ™ D 12 5
TOBELMAUTOREICL VT o7/, WEEHEEEICH 5
MiE M) 7o -EDTALEER, 2X10Y/mlic@EL, o
TAREREIBRFET L — MIERIBO ul T2, FERILE
BEFNOHFRBNEZMA LR EEREMA 2oy bo—n
T, 37T, 5% COFET TT2RMIEREL /2. $BEEPBS
WEBL2mg/ml & L723 [45-F AFNF T/ —N2yl] 25
7T bTU) A T7TOIF (3 [4,5-dimethylthiazol-2-
yl] -2,5-diphenyl tetrazolium bromide, MTT) (Sigma) & % &
RIZ2B plFoMMA C4RFMEEEL, EEFRIIL, Y2FLA
V7 +F ¥ F (dimethyl sulfoxide) % X200 ll 3§ 2Nz T L
= MREBRTSSMIRE L. SROEAE L HEERAER T
TIW550% 4 s a7 L— }1)—4— (Bio-Rad, California, USA)
TRV CHIERE 540nm, *RIER630nm THlE Lz, EHE
FIHVLOOMEEFIY b O—-VE LT, BHEFOFR
ATIEMR 2 ROBREE T > T — ST A=Y 5 —
UTERL, EFE (%) &L 1EADOERII2ROELEDFE
BEEL > TFOEBRICBITAEFERDOME L, av bo—
VOWENEEX100% & L THEFRHBLES, RMENIC
50 % T4 (50% inhibitory concentration of cell growth,
ICs) ZROFEHIRZUDOEEL L7z, BREURRIITNTIE
Frwv, FREPROREBT L I1RKD 72 [Co B O HAT T % &4

FARRDBTANII T 51Cs & L B CLEBRS L. &
AR ORI MEEOEEL LT, KHEREOICEYrED
T BE DRV AR BR D [Cs0 B Th L 72 [ THIATHEE (relative
resistance) %K 7z,

4. TrFEyRF ) T

DNT7ryFLrABLUTEy2F)TIX 2L EFFF
t s MRP mRNADRE T F o % &4 58RI MM 4 20182
XT (base pairs, bp) D7+ A7+ O FFT— FEIT L F LR
FNVITRX7LAF e LT5AGCCCCGGAGCGCCATGCCG-3
BLUOMBELRZE 2V TX 2 LEFFELTS-
CGGCATGGCGCTCCGGGGCT-3'# 5% 5t L7=10W2  &RI35
BEER GRE) ITREt L.

D TrFLyAF) TR LAF FEEBZROMRPEH DR
HEDRIE & ERRZIERER

T98G ® MRP OEIRMFN & AERIBS M o3 2 HE% T
YF R AE) THETRELA®P®, FYTX s LAF PO
Bit025yM & LAV TR L F FOEBAES LIFL70
EEWI)RY—LD)RT 255 (5ng/ml, Gibco) ¥ HHEL
2. TyFEYAF)TX Y LAF FOMRP OHIHI%HE 1L
MRPOEH LNV TORRETHSD. T72b52 X 107/ml
IR LT8G % ER 10 cm OB D v — L1210 ml¥° 0 4E
L 10 % FBSNRPMI 1640353 T 24 BRRRE3E L, #EMiFEablc
T2EBEERT v F LY AF)VITXR IV AFFEYET 7 F

Table 1. RT-PCR and IHC® for MRP in surgical specimens

MRP
Patientno. Age Sex
RT-PCR IHC
Glioblastoma
1 17 M - -
2 45 M + +
3 48 M + +
4 59 M + +
5 64 F + +
6 64 F + +
7 67 F + +
8 72 M + +
9 73 M + +
10 73 F + +
11 78 F - -
Anaplastic astrocytoma
12 35 F — -
13 67 F + +
14 73 M - -
15 73 F + +
16 78 F + +
17 73 F - -
Astrocytoma
18 35 M - -
19 38 M - -
20 42 M - -
Control brain
21 16 F - -
22 38 F - -
23 55 F - -

M, male; F, female; +, positive; —, negative.
HC, immunohistochemistry.
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Y ERRE L EMESEH P TIRMERE LS. £0%10%FBS
HIRPMI 1640 55 #11= C 1 H #1410 % FBS N RPMI 1640 85 #1 T
A8 IR, BURBOLEEITo7. 2EE OLED 248
BiT%, #F% 1.25 X 10%8 2 FET L SDS #1250 ul TEME,
FRUBOMBIIFROFEIC LM, TZAF 7Oy b
2IFWRHELEEELLE. I bo—LE LT, 0.25uM
DEYAFN) TR VLFAFRES ug/mlOYRT 27 F %2R
SLTHAKICAB LD DL EMFEROREMA/bDER
v, MRPEHDORHREF L ERIL LILERET L. MRPER
5 BT A EFEEU~NORBIIRDO L 14T o72. Tb
HL9FREET L — MI2X 10/ mIcRE L - MR EEE S
7200 pl OB &, 10 % FBSHMIRPMI 1640 55 4b T 24 e i35 28
%, EMFELEHIZT2EERERID MOT > FL AT ) T
RILAFRESug/mDIR7 27 F R BELALERET
SEEMIEEE L7, #0710 % FBSHNRPMI 1640 %5 #112C 1 [E ¥k
SR ASENEEH CTERLBUEKOT v F L XX 7 L F
FRrOUBETo%. 0%, BREOFRATIZMA2REE
FEMAZVRATISHHMBERL, PTMITEREHEVT
ICs % R 7.

5. et RN

HEtEmAEERIL, FRECIIEFHOBRELZTV, 78
HEE L E &2t Student’'sDtIREZ, FLLRVEICK
Weich’'s DtRE®FTo 72, EREFLSBKEE D> TEEERY
E¥HsE L7

134 #

1. FRAMLRA

1. RT-PCR (£1)

MRP & GAPDH @ cDNA 12 Z W Z#.527bp & 600bp D3~ F
L THREBENS. MRP mRNAOREIRIZ ) F—< D206+
1261z A SN, REERITIE, BEECE1ETIBI,
BEREREMETIEEBRIFICHS Nd, BINMEAEC
BERBIRALN L o7, T, EERMAKTIE, MRP
MRNADEF 345 Rz ho7 (F ).

2. RIEMELE RD
7 =12 B4T 5 MRP DR IR i IE 5 40 A o4 o B 1< BALIK

2 345 6 7 8 910

Fig.l. Reverse transcriptition-PCR (RT-PCR) analysis of
mRNA for multidrug resistance-associated protein (MRP) in
human gliomas and control brain.cDNA was synthesized from
0.6 ;¢ g of total RNA. Expression of glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was also studied as an
internal control. MRP and GAPDH were subjected to 30 cycles
of PCR, and the products were resolved on 2% agarose gel and
visualized by ethidium bromide staining. Lane 1, marker; lane
2-5, glioblastomas; lane 6-7, anaplastic astrocytomas; lane 89,
astrocytomas; lane 10, control brain.

#

Y 7V LTaLRE. 7)) F—< 0BT, B
FRETIZ 1169961, B EIREIETIZ6BIF 3B MEE
ThotzdS, BRMEEICIERI&AON 2ok (2). T
7z, EERMEETIE, MRPOZEHIZA LN dh o7,

I. & bJUF—7HBtk

1. ERHRT-PCR

EHBAEM TOMRP O mMRNAL NV CORBEEL EEY
RT-PCRIETHISE L7z, BEIIY 1 7 V8, fEBICIHIEEY
DOV FNEEE Ty LREMBETIE, 527bp ® MRP
cDNABTF ORIBIZ 20 4 2 V55 304 4 7 VE TIIEHN
\ZHEFT L 2 As 2 R AR FAE L L7 (H3-A). - T, MRP®
RT-PCRIZ, EEBMUE*FHOLELONLMIEY 1 7 VE26H O
&HTITo7z. WELBOFEL LT, GAPDHEZAHI Y +
O— )k LTHWA. O GAPDH 22T b F#EL R E i
WEER L, HIEY /S 7 VE4BOLEGETI Y PO- VRIS
ORT-PCR%4T->7:. MRP mRNA DOHBL8iZ USTMGH*& b 4
%<, 2w U251IMG, U373MG, TO8G DIEIZS < RHL TH
D, TISG DHEIBLEIIUSTMG DR EDH45ETH 72 (H
3-B).

2. DXAZrT7av b (K4)

Fig.2. Immunohistochemical staining for multidrug
resistance-associated protein (MRP) in the human gliomas.
MRP was reacted with rat monoclonal antibody MRPr1 using
biotinylated anti-rat IgG and avitdin-biotin-peroxidase complex,
and was counterstained with hematoxylin. (A) Glioblastoma.
(B) Astrocytoma. (4), X 200 ; (B), X 150.
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MRP &1L, 190kDad/¥> Fe LTHRIHE I, TXCToOHM WFEN ORI LT USTMG @ ICs fliA i b 1% <, i
Takklz BV CREEA AL R, EORBEIIUSTMGH R b & LRk 1Cs fit % USTMG @ ICs Mu‘a T L TUSTMG 23 B Ak
< SV T U251IMG, U378MG, T98G DIz % { BHL Th M & 2 ik, WERLOERNIN L T LT8G (i

. T98G MBI USTMG DB E D 4445 TH - 7. PEREAE G #  ADM 23 L-C 284, VP-1612491%, CDDPIZ

3 | RS2 T ECER (B 5) 8.3f%, ACNUIZ 1750t 4K 24 L T\ /z. ADM, VP-
s HEEHN AT A AR B EEE ICHETHER L (K2). 16, CODP @ 3 D EF 12 L Tix, USTMG, U251MG,

U373MG, T98G D WHIZMHHEIE A < % o T iz, ACNU DR
1412 USTMG, U373MG, U251MG, T98G D MBI i PR A58 < 7
- T\,
4, TrFby ALY T
A 1) MRP &I O3B ENEIL
FoFEyARTEYAF) TX 2 LFF NeTI8G 25
MRP = | o o G G G L, MRPEHOEBRRENELE Y25 ¥ 70y MERTY
ME Lz, FREFROFY TR 7 LT F FOREZ0S5 pM L
E Lo il HEL AR 2D 025 uM & L. ZORRET
1 YFEYAX) TRy LA F NG I2X D MRPEAERER
Ly A TR LA F FRGEEOR 25 % IZH S 7 (3
6). £ A1) TR LAF FOFKETIEMRP &M DFEHE
E I ST, A0 TX 7 LA F FIERGOBMEREETO%R
] BEEFSETHo 7.
0.01 4 N TrFEryAF TRy LFF FEGICL DHEFEZ D
216 (M7)
0.001 : T T T T T T T ! FrFEyAF) TR L F FIFE5EOTISGIZB ¥

0.1 4

Intensty of fluorescence

Cycle FERSHOE{LEMITHEREN W TR L., 7o F
ARG TR LAF PG %0ADM, VP-16, CDDPIZ 4§
ZICoMlEt sy AA ) TR LAF FESHBOICMHIZIL T

ST LTEY, FNFROEFNIT LT 6.2,
6.6, 43 ICIML Tz (£3). LaL, T¥FEry A4

Fig.3. Quantitative RT-PCR analysis of MRP mRNA in glioma
cell lines. PCR was performed for 20 to 36 cycles at 2-cycle
interval in U251MG cells, the intensities of the products were
measured (A). MRP was subjected to 26 cycles of PCR. :
GAPDH as an internal control was subjected to 24 cycles of Fig4. Western blot analysis of MRP in glioma cell lines. Cell

PCR(B). Lane 1, UB7MG; lane 2, U251MG; lane 3, U373MG; lysates were loaded on 7.5% polyacrylamide gel, transferred
lane 4, T98G. The relative amount of MRP mRNA were onto nitrocellulose membrane, and were detected by rat
analyzed by quantitative RT-PCR method and standardized by monoclonal antibody against MRP. Lane 1,U87MG; lane 2,
the amount of GAPDH mRNA. U251MG; lane 3, U373MG; lane 4, T98G.

Table 2. Sensitivity of human glioma cell lines to four anticancer agents

Ug87MG U251MG U373MG T98G
Drugs 1Cy," IC, ICy IC;,

(uM) (4 M) RR? (# M) RR (e M) RR
ADM 0.036+0.0028" 0.0641+0.0098 1.8 0.93£0.19 26 1,.040.10 28
VP-16 0.85%0.10 6.7+£2.2 7.9 26k7.1 31 421%39 49
CDDP 1.2£0.22 2.2£0.66 1.8 471025 39 10k1.5 8.3
ACNU 45%7.1 490t 12 1.1 290£58 6.5 750434 17

a) ICy,, 50% inhibitory concentration of cell growth.
b) Each value is X3 SD of three experiments.
¢) RR (relative resistance) means ICs, of other cells/ICs, of U8TMG cells.
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Fig.5. Growth inhibition curve of glioma cell lines to ADM (A), VP-16 (B), CDDP (C) and ACNU (D). Surviving fractions were
determined by MTT assay as described in Materials and Methods. O, US7TMG; @, U251MG; & U373MG; 4, T98G.

Table 3. Effect of antisense treatment on T98G cells

Drugs ICSOa) )

Fig.6. Effect of antisense oligonucleotide treatment on MRP Antisense Sense
protein level in T.98G c:ells (VV estern blot analysi§). T98G ce-:lls ADM 0.34+0.10* 2 140.60
were treated twice with antisense or sense oligonucleotide o

1 1 . . . . VP-16 9.34-4.9% 6110
complexed with lipofectin for a period of 3 hr with an interval 1o N
of 48 hr between exposures. Protein was isolated and the CDDP 42%1. 18+5.6
levels of MRP protein were quantitated 24 hr after the second ACNU 850+160 920180

treatment. Lane 1, serum free condition without
oligonucleotide treatment; lane 2, antisense oligonucleotide
treatment; lane 3, sense oligonucleotide treatment.

a) ICy,, 50% inhibitory concentration of cell growth.
b) Each value is Xx=SD of three experiments.
*P<0.05 as compared to IC, of sense.
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Effect of antisense oligonucleotide treatment on the sensitivity of T98G cells to ADM (A), VP-16 (B), CDDP (C) and ACNU (D).

T98G cells were treated twice with antisense or sense oligonucleotide complexed with lipofectin for a period of 3 hr with an interval of 48
hr between exposures and growth inhibition were measured by MTT assay as descrived in Materials and Methods. 4, antisense

oligonucleotide treatment; @, sense oligonucleotide treatment.
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Abstract

The present study was performed to investigate whether multidrug resistance-associated protein (MRP) is involved in
intrinsic drug resistance of human gliomas. Expression of MRP were studied by reverse transcription-PCR (RT-PCR) and
immunohistochemistry in surgical specimens of 20 gliomas (11 glioblastomas, 6 anaplastic astrocytomas and 3 astrosytomas),
3 brain tissues and 4 glioma cell lines (US§7MG, U251MG, U373MG and T98G). MRP expression levels in the human glioma
cell lines were assessed by quantitative RT-PCR and Western blot analyses. Chemosensitivity to adriamycin (ADM),
etoposide (VP-16), cis-diamminedichloroplatinum (CDDP) and nimustine [1-(4-amino-2-methyl-5-pyrimidinyl) methyl-3-(2-
chloroethyl)-3-nitrosourea, ACNU],determined by MTT assay, was evaluated in the cell lines. Expression of MRP in surgical
specimens was detected in 9 of 11 glioblastomas and 3 of 6 anaplastic astrocytomas by RT-PCR and immunohistochemistry.
MRP was not detected in all astrocytomas and normal brain tissues. Immunohistochemical examination revealed that MRP
appeared as granular cytoplasmic staining in tumor cells. Quantitative analyses in human glioma cell lines revealed that the
MRP mRNA and protein levels were increased 4.5-fold in the T98G cells as compared to US87MG. In the glioma cell lines, the
degree of sensitivity to ADM, VP-16 and CDDP appeared to correlate with their respective MRP expression levels. T98G
cells showed relative resistant 28-fold (the ratio of ICsy of the most resistant T98G cells to that of most sensitive U87TMG cells)
for ADM, and also cross-resistant to other drugs, including VP-16 (49-fold), CDDP (8.3-fold) and ACNU (17-fold).
Treatment with the antisense oligonucleotide targeted to the initiation codon region of the MRP mRNA reduced the level of
MRP protein to 25% of sense oligonucleotide treatment in Western blot analysis in T98G cells. Sensitivity to ADM, VP-16
and CDDP was significantly increased in antisense treatment cells as compared to sense treatment cells. In contrast, no change
in sensitivity to ACNU existed in T98G cells even with antisense treatment. These results indicate that MRP expression is
related to intrinsic multidrug resistance in human gliomas.



