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Lung Cancer Cell Line, N231/CDDP
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Wi PC-9 20y R 75 F tkfifatk PC-9/0.5
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%y 3 > (D, L-buthionine-R, S-sulfoximine, BSO) %
B GSHE4A #HE L 2 RETH PC-9/CDDP 38
o PCY ik, 21fSMHET, MOBEROMEND
EE5EHALTHWS. TAFFFLS I T7 25—
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BLBHTHSS . §iho Bungo 52y R ST F

12k 2 DNA $8RI4EE% 71 4 ) B E RV TRE
L, itk PC-9/0.5T DNA #2885 L T
DSF DBIEREIZ 13 EH17 < DNA SEEBEE oMM
OB EIEENTHS AL 7. —7 Eastman
SVEY R TTF L DHEEAERTH S *{H]-cis-dichloro
(ethylenediammine) platinum (II) 2> DNA & 75
FFOIIEDTER &£ F O A EE L1210 L 20D ¥
A 72 F it TEt L, DNA-platinum {1
DB FIZMHERTEEDR 3 5 < DNA-platinum
ThfEo R, Bis DNA BEOBER Y A7 ZF >
HEEECES L Tws ZexRLE. LaLEds
YAT5F D DNA BEOEBERBZOL DO EH
BRECENTB ST, ZTOMEANOHEESRISEOR
HREETHAD.
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LTw2iy &v. SEEFEE, £ b/VERE
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I. & E-4

RPMI1640 £ & 'Y B4 @& ¥ (phosphate-buffer-
ed saline, pH 7.4, PBS) 3= w A/ HERTEIVE
AL7:. 4£KEMEIZ Immuno-Biochemical Laborat-
ores (HE) L DBEALL. X735 F >~ (cis-
diamminedicholoroplatinum (II), CDDP) i 7"V &
N R4 X —XA7 A4 7HRESH ER) L hift5 %
Fi. Bt REva, GSH, =827 ) VB, 1-7
owa-24-¥Y= a2 ¥ rid Sigma (St. Louis, MO.
USA) kDAL
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pug/m DY A7TF 0k EUREER CHMAARE &
%ol EE. BEICZOMEEISRD 7L — b
W, BERI0E 22 X5 HFNL itk riEsE
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DEELr L. BEHRBEITATIEAMLET> .
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BRI v F 2 LHIfRRREL 7. 20 BMEA
SEFFEERIFNSTFAANNE VI Y
LATFV—MELZoo 7 x a2 TR L. #iH
Lz 75 F F I RFRES (HIE 74 Z-7000,
) CTERL, NI FEBE2EH L.
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RN GSH & &3 Griffith 0 FEEWC® LU T{T-
72, HECEREIIC B 5 iR R KR LI PBSIZT 2 &

eE Lok, WlEO~LV y MicY) B EDTA &
(125mMKH,PO/K.HPO,, pH7.5+6.3mM EDTA)
3001 fNz, ¥ =%—%— (Branson sonifier 450) iz
THEREBE L. TAIS-AVT7 %) F L8 (&
FAREL, W) L2%@EE 2Nz, BB L%, E8T3
BEREIREB U 72, MR 15000EE T15 45 M@ EE L L
(4°C), LE%&0. ZOLE%® GSHEEAIE R
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T, BEEEETED > o7z,

YRS F BB EEAEREBR TR L. B
1ICHEBEEmEE T . ICs BZNFh 0.144%
0.054 g/ml, 0.575+0.06x g/ml T, RR134.0TH~>
7-. Bl®, N231/CDDP i3 N231 iz hbd L, 4 {5t
THot. L TT-7, Hbs P37 acmy
ZREHOBEERF 2 IRT. Hbh K=Y LoHT
3 ICx WZNZh 1.91+0.02 g/ml, 2.08+0.35
u g/ml T, N231, N231/CDDP OETHEEEZRY
oz,
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Fig.1. Growth inhibition of N231 and N231/

CDDP by cisplatin. Twenty four-well tissue
culture plates were set up each containing
4x10° cells. Drugs were added to each dish at
appropriate concentrations. After incubation for
7 days, the cells were counted by Microcellco-
unter CC-108. All assays were conducted using
continuous drug exposure. Each experiment
was performed in triplicate and each experim-
ent was done at least 3 independent times. O,
N231; ®, N231/CDDP.
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Fig.2. Growth inhibition of N231 and N231/

CDDP by cadmium chloride. All assays were
conducted using continuous drug exposure.
Each experiment was performed in triplicate
and each experiment was done at least 3
independent times. (O, N231; @, N231/CDDP.
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I, #feM GSH £&, GST &

A GSH &8, GSTEMZHAELLBERE R
12777, #l@MW GSH &3 N231 T 15.5+1.3
nmol/mg protein, N231/CDDP T 20.1+1.0nmol/
mg protein T& D, N231/CDDP TE A% R L7
BEEEZE 2o (P=0.573). & Z %3 GST &K
¥, N231/CDDP <Tii 80.2+1.9nmol/min/ mg
protein, N231 Tit 19.1%5. 1nmol/min/mg protein

T#HYH, N231/CDDP T, W4 BoRmEL2R L.
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Accumulation of cisplatin in sensitive and

resistant N231 cell lines. All cells were treated

with 5 u g/ml of cisplatin for 3 or 6 hr.

Plati-

num content incorporated into N231 and N231/
CDDP cells was determined by atomic absorpt-

ion method. (, N231; @, N231/CDDP.

Table 1. Detoxicification mechanisms of

N231cell lines

N231 N231/CDDP

Relative 1 4
resistance®
GSH content 15.5+1.3* 20.1x1.0
(nmol/mg protein)
GST activity 19.1£5.1 80.2+1.9°

(nmol/min/mg protein)

a: Relative resistance value was calculated by
the following formula: (IC50 value of
resistant cells) / (IC50 value of parental
cells).

b: Each value is the meanSD of the three
independent experiments.

¢: p<0.001 compared to value for N231 by
unpaired Student’s t-test.
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T, GST OMERTH2 25 7 ) B E2HELRZ
HHEERTo. BEMEROBICE, =57 ) V@
EMTRHRIEELREZVEE 0.1gg/ml, 1.04
g/ml) W/, 0.lug/mlOxy 7Y S EBANEL -
R THEIE L7 GST ¥z N231 T 2.1+0.2nmol/
min/mg protein, N231/CDDP T 14.2+2.9nmol/
min/mg protein TH -7z (F2). =527 ) L EBLED
BoRSTHERBROBRE2E 2 1CRT. N231, N231/
CDDP, WTFhOHIEHETH Y A7 I F Iz T 2 &K
ZHRIY 7)Y CBOREREKREFEEICITEL, IC, EiX
N231 T, 0.044£0.01p g/ml (x % 7 Y v EAE
0.1z g/ml, 0.036+0.07« g/ml (A 1.0x g/ml),

N231/CDDP T, 0.202+0.08 4 g/ml (& 0.1xg/
ml), 0.170+0.04 g/ml(F 1.0 g/ml) &, ##LEh
BTFL?. LHPL, RRiZxzF 7Y UBRAEBLLET
bENZTNL.6, 4.7THD, =¥ 7V BEAEL R
WiEE LR LU E (L oz,

% =

4 HO/NMIBRECERECS T 2BROMES I
EHETHSS. VAT F 2SO EN AR
ERTHIZECLD, BYEEROERTERE IZER
REENEONB L3k o7-d, GHED > bICHE
FLUCEEECN L TEREE2 T GHMCER
T3 DEESOERREAME, b EARED 7 o—
COFIEREOBREBE L, LEEEIC L 3 BEBEL
BoTHMT2LbEZLONDE (ARMM). £t
BEMBA MR > THEEERZTS ORI E
Uitk 2 B/ T2 L bE 2 6N 3 (EEMYE. NIl
i B TIE £ DEEK EOM R0 &5 EBEMENET
hrIrEZONDY. ZOMMEEELEFTTL I
BERIHEOERE S CICHEOHBICLEETH S

LEZSNS. SE, FEE, KERO/NER
HL OB S h Mgk N231 L 2DV A 75 F Vi
HERERV, YA 77 F VT 3 EEMEOBOL
fLFERERIZ OV TRE L. YA 7T F Uitk
N231/CDDP 2tk TH 2 N231 » iZ1ZE% 0Ty
IEFEE T L TH 0 LN ZRECHBLTw3
Eriohb.

YAZZF RN TIBRERHOE, MbMEER
4.0(5THY, BEDYASFF U EKRORSE L 1t
BT2E0RBEREEZORBD (THEH»5100
By ? R EOERTEIRZIRE TS TH 2
LEZS5NBOTY, ZOMBEERTORE I MHE25
HEEbLNh3.

ETVYRATIF COMBNERE 2 E TR
BEtL 7. MlENEREOS LI EAMEDOL - Ly
BEELERTHE. EEOT P74 v ofitites
W3, MDR-1&{EFIZ code 3N 3 PHEEHII L3
BEOHEMEESHEDOEL 2 BB rfEshtn
%52 20 MDR-1BEFOFERIE, TRIF<AL vy
AR D &7 5 9z bRy FEfHER, €705y
MHEED IcB VT RO oM, £EA, RBEREAOL
ThizsnwTyh, SFIMEEHFE T2 LrLlias
SIEEXT, IO PEEEI L 2 EABEMR O ATES
YATITF RN TIMEDOE BB THL LT
WHEREE R, LOLYATTFUMERDIFZEA
RMRENEREORS ERL T3 ™, /Mg
DO#E T3, Hospers 52 %% GLC4, GLC4/CDDP3,
GLC4/CDDP1l TY R 75+ v OMBENERELR
HLWTFhOMERT L MENERECELIEED S
NixdofzkLTWwa, FREE S & /NMAKREK
H69, H69/CDDP0.2, H69/CDDP #% F >, [ Pt]
CDDP DOMifENER 2 Rt L -o8, Z0ORGAE, #il2

Table 2. Modification of sensitivity by ethacrynic acid

N231 N231/CDDP
GST activity EA (=) 19.1%5.1 80.2+1.9
EA* (0.1xg/ml) 2.140.2 14.2£2.9
ICq value to EA (—) 0.1444+0.06 0.575+0.06
cisplatin EA (0.1pg/ml) 0.044£0.01 0.202=%0.08
EA (1.0 g/ml)y 0.036£0.07 0.170+0.04
Relative EA (=) 1 4.0
resistance EA (0.1xg/ml) 1 4.6
EA (1.0pg/ml) 1 4.7

a: Ethacrynic acid.

b: Cells were treated with 0.1 # g of ethacrynic acid per ml.
¢: Cells were treated with 1.0 g of ethacrynic acid per ml.
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HADHHBEERELED o7, SEOEED
BETH, SEBMTIRY R 7S 7 MBNEREH
N231/CDDP CT{EWEAEZRL 7223, 6BHTCREE
Z2RE<, MREAEREOEE, MHECEEL 2w
v#Ezoni:. MEOEBERLD, NABEMECBVLT
REAOHEAEREORLD ¥ 2 75 F it

B AREIR TG EHEREIND.
HRAESHE I ERTERET L LCEETH S .
ZHTH GSH BRI EBETHD, BREOHEHORK
SUHLHETIEEL SN T2 . GSH i3MlaN+
F-LDELDZLOTHY, BEFHEPLE L OLE
MEBETDIEBMAATLEY, A+ L{LEIZ
T AHHERTIE GSH O LR nHE STz ®
ThEEBRID, =7 A QIMFEMERELE L1210 0> 7
SFUMHERTY GSH O LABREE N TWHL 29,
b bUESEY, EEHE, FEAMEMNEY Ty
GSHO EHR»#HE SN T3 . Russo 523 b i
BEHRT2 A FST7VYVFr—d —HLERF
V—biZ&D GSH 250% LR &R 22V R 7S
FOATKLLABRMICZ > EREL TR . 251
Hamillton & ¥ix GSH O &HHEHTH 2 BSO #
W, #ilER GSH & 2B 822755012
MNTAMUENTRENLZERELTHE. Zhonil
ERYATTFUMEICBE T2 GSH 0BEN 27T
YbOTHD», BSO VLB ETL YR T I+ >
ENT 2BZUSNERCEEL LOREII R,
LA BSO idME:ER/CHERTEZVLELTY
BRENVS V. NRERR SR E TIZ TR D
Hospers &* 3% & #HRI L CHIAEAN GSH & &0
FREREL T2, EES™1L GSH & cE%
BOB-7: 2 EEBEL TV S, SEOKRNTLH
fa GSH & &1 N231 & N231/CDDP i cHE=%
#» T, MEEAN GSH &2 0% kix CDDP iz fs
LTwinrEZ shi:.

MT i, FFE6000—T0000EHT, YAF4 > %
K% E A, MEAOEHRF A —LOELLZB LD
Thz™ MT AR 1w A, BHREOELSEORE
KESBEb > T03 Z L BHHIN TV, v 27
TFUMMEBBICR L TR LTI ES I R E
§2T&# 53 . Schilder »* oSBT % AL
TR TR A ST Foiott+ 2 R2H L MT
MRNA OREOEREIIHEEL 2o o7 b WEL T
5.7, BEHEOOVDOBNTRY AT I F ity 3
BREL MT 28% 0 MT mRNA SE 2348 L 72
CEERHLTWS . 7 Keley 5¥ 13w 2
CL27 fifaskiz, £ b MT BEF£ 5> 2727 b

LEDBMLORBRZMFHEBLULERE, vRA 75+
Y, ANT v Iy, 7RI ATVILT, HEERLE
L#RE L T % . Naganuma &3 RESEEE 2 < A D
RAMVBETMT 2 BELLBEER, v R 7770 0BEY
PERENTEHRELTVS. U0 MT &8
BYRA75F v OBBECEET, VAL F Vit %
FETBEEL>NS. SHOEZFORETIE MT &
BEREELTORLY, HAIFIvACHLTER
ML R& LM o722 L1k, N231/CDDP 0y A7 5
FUMEEEIC MT BES LTI L2 RET
SR THBEELLNS.

GST i GSH 0 BRARIS AT 2 BETH 228,
fibiz b SRRABWEER Lo SHEBE L L TEE A &
. B GST-n i EET RU 74y v ick 2 %5
M e b AER I B O T EERRBBYE N L TR
HERT LRI GST-2 P BRERBENT LB I £ A8
BRESHTVAE™. i P-HEERIC L 2 LHFIRHEMR
BIZBOWTY GST-7 D LR WED SN T 5",
GST-a D ERIFEZBEO 7 L+ VLA TED 5
N T 5*. Nakagawa & “l3/)NEBKITESE 6 8, FE/
MRENERR AR T, YA TS F v inHT 2 BS ML,
GST EMEMETL, YRS F iz ntT 2 R2 M
GST M I VEEEIN TV A A2 TRB L 7.
GST OEBRBIEFDO LISV A7 27v 3> OHER
3 o®H D, Nakagawa &', Moscow »>*i+ A 75 F
CENRTARZHEIEL Lo LTw 5,
Miyazaki &2 DO##& T3 GST 0 L& %R L -tk
TYAFTFLEEERLEE LTV S, SEOE
HOBETIZ GST ¥EMIx N231/CDDP T 4 {512 0
LTWuic, ZO8NKRLTY A 75 F 0 OfMEE L1313
B—7T, GST EHEO LAY A 75 7 ittt % F¥
L7 AIBEMER R E s . LirLadssy z ) Vg
ZHFAL, GST EMEHEHELZRETL R 2 1IRL
72HRIZ RRI34.6, 4.7THY, =7 7Y v ERHAL
BOBELIZIERETH . £ N3l Oy v Y
CEEMIEL S WIBEADY AT I F LN T L BE M
£, N231/CDDP =% 7 ) > LB L - B&0
CDDP 1233 2 B2 28 L TH B &, N231/

L, MERERCETRs R AL EE L SN
5. ¥ EBAMEL 72 N231/CDDP o GST &%
By 7 ) CEEAER L 2o N23L O#FR LD
R fE%RL Tus/z. N231/CDDP i3, =% 7 ) >
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Abstract

Drug resistance may be one reason for the failure of Chemotherapy of small cell lung cancer.
N231/CDDP, a cis-diamminedichloroplatim (II) (cisplatin) resistant human small cell lung cancer cell
line, has been established to investigate the mechanism of acquired resistance to cisplatin.
N231/CDDP was four times wore resistant to cisplatin than the N231 parental cell line. There was no
significant difference in the intracellular accumulation of cisplatin between N231 and N231/CDDP.
There being no cross resistance to cadmium chloride, it is possible that metallothionein does not con-
tribute to the cisplatin resistance in these cell lines. Intracellular glutathione content was equal in
both cell lines. N231/CDDP had 4-fold higher glutathione S-transferase activity compared with that
of parental cells. The ICs, values for cisplatin in parental and resistant cell lines decreased after treat-
ment with ethacrynic acid, an inhibitor of GST- x , in a dose dependent manner, but this did not alter
the relative degree of resistance. The present study suggests that glutathione S-transferase is one of
the regulatory factors in cisplatin resistance mechanisms of N231/CDDP, but other factors are also
required to cause cisplatin resistance.



