Establishment of Mitomycin C-resistant Non-small
Cell Lung Cell Cancer Cell Lines and the
Mechanisms of Resistance
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<A b Ay ClftEe bR RE IR AR DRI AL &
% D IS AR O 1T

SIKRESERMESA RS S HE (TIE D RE  REIE)
% B M E

e/ N - BT A= 4 b= A ¥~ C (mitomycin C, MMC) 237 2 IHAEEEOBF £ HO 2127 5720, & Milil
e OIAE PC-O % Bikk & L C MMC IZHHs Ml 5 4 % 2 & 12 & ) MMCHi4#k, PC9/MC2 8 & UFPC-9/MC4 & 7 L7z,
RSB ORER, WikkkPC-9/MC2 B & U'PC9/MC4 13, MMcuﬂLfngA%,awﬁmm%E%HLrwt.:m@
OFHEMRIE, B/ > FOx ) Y RUEEYEEO I L TIIREMEEZR LAY, YATSIFY, EVyFyy, ThHRY
¥, AVED Y, BXUHEMMCHEEOKW2140 128 L TREEMBEERE S b, TRV T VyBRUAFTIF
VT LTI EmRSE L R LS. MENOEMERRIL, WHEETIIEROMNE0%IETL T/ MIBEANNDT-¥ 1
7 sk 5 —+ (DT-diaphorase, DTD) %13 PC-9 @ 261.5 & 92.7 nmol/%/mg EH 23+ L, PCH/MC2 T3 13.5+3.2, PC-9/MC4
TI31.3+ 0612 TF LT, NADH | F b 7 0 — A b BEBEF G 2 BMOMMEHR T L SICHKBRICE~ERBIETL T
#-. DTD OEIRMIEER CTH LY 7 wa— L ORI L Y, PCY @ IC, 1349 2 512 LH L 722, PC-9/MC4 TIIEALA %
ot 641, Yrwn—Lofiind KW2149 1233 2 S A BB ES L h o 727, DTDISHT A Bk % E09
VA B R IR T b AR T A LT L7, 7OV F AL 2 F o AR O £ RIS R I BV TIFERED B 2 &b
A L7, DTDEREOET 12 & 2 85 OMIEPIE L OB E), LI DTDHFMO R PCO 2B W\ T HEERS O#F &

LTEETHD LEmSNL.
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<4 <4 ¥ > C (mitomycin C, MMC) &, FE/HiRa i
3 LTHEITERTH A HD B VIUESIO—ETH5. LAl
Z O HERERECRH L COoRmEIP L. ThI T, P-HE
EHOHMBIC L AEFPHOTHED, DNABEO LD, FEH
MEBRBOTTEM R BV HE SN, RETEWOHOHET
EH ORI N TOFERALDOEEHN MMC I ¥ 5 TS ICE
ECHDLIEINRERENTVE T,

MMC A # DfilasitE % i 2 o1, MRBNTEILE
SIFEEESNALESRSH LY. FORBTRKEELT, ¥/
BO2EOBERTO—AFBLEZT, ¥3IX/ 570N
R ERT A —BFRTOBERYYE, WA —E BT S K
BAlx /o0 NEELD IBFRILOBED "FKHb L E
NTW5, EBdVEEBREOEH T CIE—BEFRITIEEL
BREL LTHBODTEES SRNTW A7, IFRBEHT TR,
L IX) I VAN E ST TRELENS DIZ, %
I BB TIC L AIERILDLENEE LI L REINT
W2, —BFBTEHEANTEIEEL LT, 4 F B
Ee3 2 NADPH:F b 7 0 — A P450 BEMESH SN, 8

FROE2ATHZM, FRIF4A4BRE

FBTEBEELELTE, DMLY DT-¥17+55—+¥ (DT-
diaphorase, DTD) &IfE TW:72NAD(P)H: / » L& ICH#
FMWe, NADH:F b7 U — L b BICH K", F4 2 F ik
EWEYPHON TG,

i fNe % v 7o fF%E Tld, DTD OiEM: & MMC IR A M
THEHRESHTVEL, itttk x v CMMCIH IS B
ADTD D&+ et L2 @EIZ R M6 2w, HE, ED
ARk % VT MMC T bR 2 B35 L, % O PEREAE,
& ICDTD & DIz D EEF 2 A 7.

P B L UFHE

L. &%

RPMI1640 55313 & OV > Bk il AR BAUAE K (calcium-free and
megnesium-free Dulbecco’s phosphate-buffered saline, PBS) (pH 7.4)
1, v AAEBTE R XOEALL. 7 YREBLEEE
FAE TR RED LOEALZ. MMC, TR T7TA ¥~
(adriamycin), 7-N-[2-[[2-(y -L-7" V% IVT 3/ Y-LZF NV F
Fl-xF = A <42 C (7-N-[2-[[2-(y -Lglutamylamino)-

Abbreviations ; DIC, dicumarol; DTD, DT-diaphorase; EO9, 3-hydroxymethyl-5-aziridinyl-1-methyl-2-(H-indole-4,7-
indione)-propenol; GSH, glutathione; GST, glutathione-S-transferase; MMC, mitomycin C; MTT, 3-[4,5-
dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide; NSCLC, non-small cell lung cancer; PBS, calcium-free and
megnesium-free Dulbecco’ s phosphate-buffered saline; TTBS, Tris-buffered saline with Tween 20
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ethyl]-dithiol-ethyl]-MMC, KW-2149) 4 & UF 3-KER{L A F V-5
T4 ZNLAFN2-HA 2 K= V474 2 T4 F )T
a2/ — ) (3-hydroxymethyl-5-aziridinyl-1-methyl-2- (H-indole-
4, 7-indione)-propenol, EO9) XM LTE GRR) L h 5%
24372, *H-MMCiZE, Arai HiZ & o THRE S FBEICE
) Amarsham International (Buckinghamshire, England) T#& X
snboEHHMBERIELIVRE SR, VAT FIF
(cisplatin) 3 L O F K F (etoposide) (& HA(LIE GRR) &
W, #AFEI Y (carboquone) & N=LRXF > (nimustin) I3
=4k (HE) &b, ¥¥F ¥ (vindesine) iZ Lilly Research
Laboratories (Indianapolis, USA) & V), FhEht5 21T/,
A+ F ¥ (2methyl1,4-naphthoquinone, menadione), ¥ 7%
o — b (dicumarol, DIC), > 1 =220, ¥ 7 ibh oL, ¥
AFNANT 4 XY FIZFRMIETLHE (KB LOBALL.
ORI LR v & ) Sigma Chemical (St. Louis, USA)
IhEALL.

II. #miakk
b b IR AR RR PC-O 1, WA A R EE LS 2
Lo THiRBOBEN GBI SN2b DRt Shiz, BRI
10 % D3E@ML L7y YRR LT, 100pg/mlDX b L7 heA
v v, 100847/ml ®R=2 ) v & G1Z 7 RPMI1640 b (B
T, BEHBEMET) AV, 37C, B, 5%C0/9%B%ERAD
&M T Tk > 7. PC9 O MMCTiHERIE, LTSRS HET
S, BT L7 T b, MMC % 0.01 png/ml Wil 2 7= 55381
FTPCOREREL, MR L7, PCO & AR IRE TR T RE
Ll ozth, BB OMMCEEZ 0.02 pg/mlic BT, FEH|
RERGEP R AP AR, JOBRBETHRILTEES 2o 72/l
. ZoMat RO s L— bziEE, HH %
EIRVEBETHEL, BEORFLMEELZ. 0
itk & PC-O/MC2 & L7z, E#IZL T, PCY/MC274% 0.04
ng/ml OMMC % & &R THICTRE L 2o o oML 2 73 C
PC9/MC4 & L7:. %72, EUEK/KEHOTEIZIFALY Y —
TFger 3% sERIR LS 35\ TR E /2 PC-9/CDDPIE, FIE
BOWEEREOWMETIZL Y L4 a3 b0 2 fFH L.
£ 4 O MHIZ, FRESBRINGEE S ZBEOMMCE &
CREEETIENEEL, ERIIHNVLIIH->THE, Pal
EL AU EMMC % & BB P TR L 72

. ESERRAR & S ANRERE

M7y -EDTA BEHCCRLEEL, 3,000 I/ ml O #EIZH
B MM e, KEM 25 em® 07T AF 0 FREY
A 10ml F2o4MEL, 12HBE THROSHEEIT2bT
WHEE L/, HEERMB I HELS SHBRETHOEN L 10HE,
I2HBIZ MY 7Y~ - EDTA #UC X b, HEEHINR & B L
MYy TN — TRt L, JRgRie % A I & L CimERETER
THI Y ML7z &8I AICDE3 7T Ao 4K
YEEL, FOFHEEROTHSE ST 77y bL,
Vg 75 7 O & O 5N 2 R 7.

V. ZERIBZEER

PCOB & %0 MMCTiti&#k PC-9/MC2, PC9/MC4 D% HE
FEHNZ T 5 BZ ML, Mosmann 5 OMEDICETOEE %
MAZUTFOREICL WRE L, W EEiics szt b
73 v - EDTA 3 L CELEEIEICIRE LT 2 X 10Y/ml
CHRELL, Zo#ifmEi e 96 RFE T L — MIER 100 ul
TOWE, 2EMBELELL. TRk, RIMEED 2HOR

BEIZAIR L 72 3R 2 A1 100 pl 370N 4, 96IGHISERE L
7o, BB PBSIZHMEL 5 pg/ml & L2345V AFNVFT
—-2y1]-25-Y 722 F by AT I (3-14,5-
dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide, MTT) &
WEHRIZ20 plF2MA T 4BMEEEL, B6AFETL— b
F 4543 2000 [WHE T 109 M0 L7z tk, EEEEFRERCERIIL,
TRAFNALT 4 F L FEZFR200 ylF2M2TFL— MEE
BTHDHMIREL 2. EROENE % BB LRE ST EAR 340
AT (SLT, Vienna, Austria) % B\ THI%EHE & 560 nm, A& E
660 nm CRIE L. EHEEFE L VEBEOAZMAL 6K
ORNEOTHEEZ T ba—LEL, FRELOERZNZ
726 ROWMKEDEHEE T Y b O = VIIHT Bt F—
TTEL, EFER (%) L LA 1EOEBRFEEC3EHO 7
S2apb AL M EN LD 7L — NS, 37—}
DEBEOLEHELZ L > TEDERICBITLEFEOHEL L
7. HAURSHEOREL LT 050 %HREIMEIEE ICy) &, ¥
F P DX B RAE & A FEER O Hill B3 (log [ A7F5R,/ (100
— FEE)]) OERERO XYW & LTk, BRI,
s HICRE3 ETAY, ZREFRORBRIT LIZRD 7 IC,
TEOBH T & KHFDICs, & L, BRIk Celsiat L7z,
AP OIREE L LT, T %E (relative resistance, RR)
%, RO 1Co 2 BRDIC, THL -l L LTk 7,

V. #REA MMC EHEED#E
AR ICH A% M) S - EDTATRE LT 10E D
Wil % 5 ml ORI IR S 72, “H-MMC (eigEs 44
Ci/mmol) % ERFHENAMMC THIRL, BARE 10 uM & 72
2 X ) MR ISR 7. 30045 1204y, 37 COIERY
WCHRE L 2 A o538 L7 tg, 40 2,000 B4 T 5 oML L
ThHEZ¥®T, iK% L7z PBS 2142 T2 Bk#E LT,
HsEHOMIg s LB, T L HEOKERLTF b)Y LR
Wi 05ml & nZ TR LS R —BiE L CMlt e gL, 6
BO1IHEOEBEEZMA TR L., #0% Amersham @
ACSIL & »F L —%—% 10 ml hiZ CHREHEEET Bk ~»F L
— g rHhy sy — LSC-700 (Aloka, Arlington Heights, USA)
VTl L7,

V. #ERRRE TERIEEORE

MMC % ® itk 2% & LC, DTD, NADPH : # }+
70— 2 P-450 B TEEZ, NADH @ F b 70— L4 b, BILEED
E A L7, ORI H S 5 X 10" oML E, ki
L7:PBST 2 [nlifeif L, #2474 4R & 500 wl 02 C i
f4 4% 58 Sonifier 250 (Branson, Danbury, USA) % JH\» THIHL &
ML, 4°C, 15314000 Mz T 155 M EE L L TH - Rig
e L L7, DTD iffkid, Ernster 50 HEPIZELE N
% 7-Benson H D HEMIZ X o Tl L7z, M@k E LT 25
mM b Y AYEEERETE I (pH 7.4) R HV, 0.07% Y L IET VT
I, 001% Y4 —>20, 02mM NADPH, 5yM 75> 7
FoY YRy LEF R 2 IARBEERNIC, 107\ L 100 ul
OWEEMAL, BBECREESNT26-Y 71072/ —b 1
VNI - EBKIEE4 pM & A B &9 02 T600 nm
TOWSEEDMERE RO, 2O % 20 uM O DIC DFF
ETFEHEBET TR, FOEERD, BEEELZEHNLZ.
NADPH : 5 M 7 U — 4 P-450 BICEEZIEMIE, Philips 5DH
ERCIDMEL:. BERELTOIBM DY YBRAYTA
BT EH7.6) #HV, 1mM 7 bA ) YA, 0.01%7 ¥
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ME7 V73, 50uM F + 20 —24C, 42 yM NADPH %1
Z 7RISR, MK 100 ml #INZ, F 87 O—LAcDRRE
DOWFEL 550 nm THE L 7. NADH © F b 7 u— L4 b, BT
FOWEMEL Yubisui > O FEPTHIE L. 10mM D S f#Eh
V) 7 BT (DH 6.6) % AV, 0.1mM NADH, 0.5mM ¥ 7 ~
LD ) 7 A ZINA 72 SIS, 50 ul Ok ERmL,
420 nm COWEEDIETEED SHIFELEH L. BREOE
HEBER2CY 4= VEEEFMZES v M (bicinchoninic acid
protein assay kit, Pierce Chemical, Rockford, USA) % HW TR
o, BEEEIVTRL HUEHEY D ICEEL 2.
V. #MEER I & F+ > (glutathione, GSH) BB B LU J L
8FHF2-S-bF 2 RXT 1xF— ¥ (glutathione-S-
transferase, GST) &N RITE
HIAN GSH & &\ Griffith 5O JFEEc# L CTllE L7, M
faoo~vL v M2y B EDTA % (125 mM KH.PO,/K.HPO,,
pH 7.5, 63 mM EDTA) #% 300 ulfnx THESWEMMLZ. Zh
W5BANT 4% ) FNEE12% B E ML, BELHE, SRT
SHHEKEL, 4°C, B4 14,000 @ T 155 MAEELLT
EHERIMLZ. MAEANEAOF 2y M2 0.3 mM
NADPH B/ 700 ul, 6 mM 55’ -V FF-ERA2= haRy ¥y
EEHRH 100 pl, 1100 ul, 500 mM Y A Y v A%REHR (OH
75 100l zi, SHIZ2EBHERTHREL:. ZOREHE
WZNY 4 v BUREEOSEMZINA, 412 nm OBGE %8
FELZ, EEORDLYICHELOBEDOGSHAREMA S Z &
& o CEEHEMMR Z SR, oM E FWv N O GSHE
wEER L. MENGSTIEMIE, Habig b DJFE™IC L il
EL7z. Mlao~~L vy MY SEES ) T AEETK pH 6.5) 240
ATHEEERBL, 4°C, 85 14,000 T 159 8 & HE-L
LCEFZRWLZ, ZhiZ, ImM GSH, 1mM 1-7 o024
VotuxrEremi, HHEHYD O 340 nm TCOWREEZEL
FPE L. GSH #E, GSTHMEEVINIEMEEENYY
HRE L.

Vi. DTD ZEBED#&E
MBEAODIDEROEY, Y7 AHe b DTD £/ Fa—F
VA KMI015 % —RFUE L LTT7 2 A% 70y bg 7
FA =3 VIETHRE L7 KMI015 4, HFRFS 7
M ERT R ORI L E G REE TES R TR L2
DEIFBEICL VS S0 WREEERMRL, t0Er
BEORE003 53 mg/ml & %5 LI IZPBSTHMBELL. Zh
2B M) ASDSE STV (b HE) 2L
TI5CTE5HMMEA L TEAZENEE, £020ml 210%,/
20%EYTIVLT I RPNV (E—{LEER) Oz LIZEA
LT, 60 mA DEBIRCTERIREIZIT R o7z, KEWHETH, &
VEOEHEY 66 mA, 1BEBFo70y T2k, K
VEZUFY I TINE ) FEHOEERE (3 )XY, EFE) 2
BELL. BEHO BEE 0.1% @/v) VA4 —>r 20 A7z 100
mM ) AEHE A AIEK (Tris-buffered saline with Tween 20,
TTBS) #iz# L, 304 2 E#kE L7z, —RPifdk KM1015 %
5pg/ml DRI TTBS THRL, TOBHAICESEEBL,
04 MRS &7z, 1547, 3| TTBS T Lok, Y4
F AL RPURIE R T30 MG &, U3 M OBE &
DL, TEPYDHEEEAEREZEBR L EAF bt
VY- YHOBRBEFCI0FHEIIB ST, 3EOEHEDE,
ANNVFF VT —-FERE L T0.02%EBILAFEKE 0.1% 3,3

VT I/ RV S v EULERPCLOSERE & ¢,
BRAKTHRE T2 2 L8 ) UL FEIE 72, REUEDE
DRIEIE, X2 ¥ ZAF4 1) —F ABC Fv k, BLUwp
FTF T —-YEE* v b (& b1 Vector, Burlingame, USA) %
7z,

K. DIC I & 2 EHIBZ MO LDOMRET

DTD iz L LB Is R OBV HEME M % /R ¥ DIC 2%, PC-
9 BILUMMHROER LML 2HEEMIT2E VS
HCHRET L7z, SRR 1R e L7, 35, 96wV
K7IAFy o< 207 L—} (Costar, Cambridge, USA)
{2 50 pl @ DIC i & 7= 1385 i % 437 L 72, DIC 12 0.5 Nk
ERAbF D) LRI R L 7o, RTSERRC IR b R e
10 % FK M 128 T 5 RKIRE T - 72500 pM F THEE CHMR
L7z, KEEEF P )Y L 0BREEIZ001I NER S L) cHE
L, a¥bE—DORIZS ZOREDKELF MU Y L%EN
L7, &ICEMGBED 4 BRI ICHE L7 3% 50 ml
mz, &5ICHEMEREERE 100 plnz, ¥y Fq 70k
S>THCRALZ. 1TRMERL2HK, EOLT, LiERE
FlREL, BHEE& T2 BERT L IEEL:. &L, LF
BrEmE U200 Wl DBEEEMAZ, ¥Ry F 1 7I2L 03
BRE L7, CoRERsFESOTS 70 7L—-MIBL, %
FEREEEE L7z, FNLBEORENLS, SHROFEIZ Lo,
X. 7R IERBENOERB O

MMC @7 V3 MG Y O 4 B & % Kennedy 5 D fE»
WETOEEZMACTHELZ. H10EOMEE, 10 mMo
) A )Y LRE pH 6.6) N TEFRBERL, 0L
1 mM NADPH, 1 mM NADH, 0.1% 4 (p-= ha~X> V) ¥
Py, 600 pM MMC 2z, 37CTC1RMEELA. KE
B, OREEBLCZ2mIORG LT N 2MABIEIZES
TRIBEFEIL&E, 1EEOKBET M) YA 1lml 2Nz %
&, MMCE 4 (= bRy UL ¥ VL nBEAEE
FEER T F b 4 mITHIM L, 1000 X g C 2 S-F0 L CEfg
VA DOIE R % 540 nm TRIGE L 72,

XI. #EEtERaoag
EEERIIX LSDTEBE L. HESWEERT, WEoR
WHREL VY, p<0.05% FEED D LHIBTL /2.

3% &

1. #mBafEhnesrs

BN, PCOPB L UPCI/MC213 4 HiRIZ, PCH/MC4
135 BRI EONEIRIZ Ao 72 (B0 1), MRS e &, PCI
H320 %, PC-9/MC24%24 B¢, PC-9/MCAA23 WM &, i
PRk THE T OB IEATERD STz,

I. EHESM (F1)

MMC @ PCOIZ 33 5 [Csp 13 0.19 £ 0.04 pM Ty = 7= DK
L, PC-9/MC23# X UFPC-9/MC4 =33 5 IC,lZ # L &
0.64£018, 1.1£06uMTHh Y, HITHEEILE 4 3.4, 59
BThor: (M24). TOMEER, FHZEEFTLVERTY
GEDADPAMBERLTCOALETH 7. FHlllamaEn:
MMC ? #FERKW-2149 123 L Tid PC-9/MC2 B £ UFPC-
9/MCA DHMTHERE X Fh F 126, 13#THH, HERK
EMEERE R o7 (W2B). —F, HRHOA ¥ FuF) v
FLAM EO AT LT, HIMTHIERE 344 4.96, 4.4/5L13
IZEELREMMEEZR L (K2C) . oft&yIclL T,




MMC T P4 AN BT 8 BR D T 1A 4

7 RYT AL Y DICeHPCOTO0.40 uM, PC-9/MC2T0.26
uM, PC9/MC4T0.10 uM &, Wik TH BIZEZ O TS
Wb b7z, FBOLEBEME, A F I+ 220 TLE®
Lh7z. £7:, ACNUIIH L Th PC/MCLIZBVTDAFR
BIESEATTEDTRD b, EBRET o oL AW TRk
LERR & ORI S » R EEROBIERO o N kb o 7.

II. #HEEAMMC ETEE (X 3)

MR O MMC & 1d, 604312 il Mk THIR D 60% 12K
FLTWzA, PC9/MC2 & PC-9/MC4 DIIZIZFEILFRD B
otz F7m, BERIOBEMSEE IR E TR BB S 7k
EREBOBLP oI,

V. MRRrRTERE (R2)

26-Y7unu 7)) =4y N7/ —-VaEHELTlE

10 7 3
E
~
@
0 L T ¥ T T T T T T T T 1
0 3 6 9 12
Incubation time (days)

Figl. Growth curve of PC-9 cell lines. The average cell

counts of three flasks at each day were plotted. O, PC-9; &,
PC-9/MC2; [], PC-9/MCA4.
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L 7-4a M DTD & PEIE, PC-OM 261.5+ 92.7 nmol/4>/mg &
{23 L, PC9/MC2TI313.5+3.2, PC9/MCATIX13+£06%,
FNEFENBEEOHS%, 0.5%IKTLTWA, ZhizxL,
NADH: % b 7 1 — L b BILEE RIG IR VTR OW MR T b bk
DHZFO VLT LT w7285, MBI TliEZrBo b o
7z. NADPH:¥ b 7 0 — 4 P450 BTGREE G ML, W h oM
HafRC b RHRED T T o 72,

V. MBEBAGSHEEH L U'GSTEM (]R3)

MM GSH & B X BMEMROB THELELBD D o 12,
GSTiEMEIE, PCO/MCATOABRIZLEREFELRETHRD S
FAWAR

V. DTDEBE

N DTDIEEA KT ADID O BMWEILIZ L 2 dOx, %
BEHICLAENEDO2FHL,IZT 5720, HMBA®
DIDEMR* Y2 AY > 70y MERBWTHIELE., BX
WBSVOE L — L IIFMAkOBE R E HOEE LT
L5 gz 7825, MAIZRT L) ICHEBEPCIDL - TD
A#933kDa OALEAZHIDTD iR & KB T BN FRFERTS
7o BHOBAERY 03 ug I THA IR THIONY FEffiE
THIENTER. ), kT, PCY/MC2TIE 5 pg,
PC-9/MC4 T30 pg OEEA B RISy FEFERT 27
DIZLETH T,

V. DICIZ & 2 EHBREOE(L (5, +*4)

WAREMEZ LML LSS, PCO B LU PC9/MC4
12242 MMC @ IC, fiild, &4 12 uM, 68 pM TH 1Y), PC-
9/MC4 DA TMHEIES57/TH - 7. 500 M O DIC DHFH
FTid PC9 O MMC RS, ICHAT2.0fF 12 LA L, &%
HOET 2D 745, PC/MC4 TIRIFLAERETH 7.
—75, KW-2149 (2%t L Ti&, DICHRMIZ & Y, PCO TIZRT
PEZEL R O B o 72h%, PC-9/MCA Tid 2.0 O AT
HEF RSz, EO9 12+ AT ML, DICOENMNC & b #FWIZ

ML, IC.ffiid PC-9 T33f%, PCO/MC4 TI3 1851210 L
7o, FOFEE, DICHEMEIZIZEOY oF&EFUSI#IEL, PC9

Table 1. Sensitivities to various anticancer agents of PC-9 cell lines

b PC-9 PC-9/MC2 PC-9/MC4

e IC,, values ( ;2 M)” IC, values (2 M) RRY IC,, values (;« M) RR
MMC 0.19%:0.04"” 0.64+0.18* 34 1.1£0.6%,** 59
EO9 0.037£0.024 0.180.06* 49 0.16+0.04* 4.4
KW-2149 0.093£0.049 0.11£0.04 1.2 0.12£0.04 1.3
Carboquone 0.017x0.009 0.024%0.010 1.4 0.026%0.010 1.5
Adriamycin 0.40£0.03 0.26+0.03* 0.65 0.10:0.02% ** 0.25
Menadione 1743 9.8+3.8% 0.57 7.3+ 1.0% 0.42
Cisplatin 1304 1.9+0.7 1.5 1.7£0.6 1.3
Nimustin 420350 3204120 0.76 240£60* 057
Vindesine 0.020=£0.010 0.02140.010 1.0 0.0160.007 0.80
Etoposide 4.7£28 6725 1.4 34t16 0.74

* Drug concentration that inhibits cell growth by 50% by continuous drug exposure for 96 hr.
 Each value is X £ SD of at least three independent experiments.
“ Relative resistance value = ICy, value of resistant cells / IC,, value of parental cells.

* p<0.05 as compared to IC, value of PC-9.

*# p<(0.05 as compared to IC, value of PC-9/MC2.
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Fig3. Accumulation of MMC in PC-9 cell lines. The cells of 5
X 10° in number were cultured with 10 pM [*H}-MMC for the
indicated time. Efflux was evaluated by washing the cells with
warm fresh medium after 60-min drug exposure and
resuspendeding and incubating the cells in drug-free medium
for up to 120 min after addition of the drug. The radioactivity
of the cells were measured and X =SD of three determinations
were shown. @, PC-9; A, PC9/MC2; , PC-9/MCA4.

75 A

50

25 1

o T Ty r —rrrT
0.001 001 0. 1 10
EO9 (uM)

Fig2. Growth inhibition curve of PC-9 cell lines by 96 hr
exposure to MMC (A), KW-2149 (B) and EQ9 (C). Surviving
fractions were determined by MTT assay as described in
Materials and Methods. Points and bars indicate X +SD of at
least three indepéndent tripricate experiments. @, PC-9; A,
PC-9/MC2; B, PC-9/MCA4.

MW (kD)

- 20.4

Fig4. Western blot analysis of DT-diaphorase content of cell
sonicates from PC-9 (lane 1) , PC-9/MC2 (lane 2) and PC-
9/MC4 (lane 3) cells. An amount of 1.5 ug of cytosolic protein
was loaded onto each lane.
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Table 2. Activities of flavoenzymes of PC-9 cell lines

DT-diaphorase activity NADPH : cytochrome P-450  NADH : cytochrome b

Cell lines Relative resistance ( 4« mol/min/mg protein) reductase activity reductase activity

(  mol/min/mg protein) ( x mol/min/mg protein)
PC-9 1 261.5492.7" ND" 2.23+0.30°
PC-9/MC2 34 13.5+3.2% ND 0.68 £0.17%#*
PC-9/MC4 5.9 1.30.6% ** ND 0.73£0.08%**

¥ Each value is X +SD of five determinations.

" Not detected.

© Bach value is X £SD of four determinations.

* p<0.001 as compared to the value of PC-9, ** p<0.001 as compared to thevalue of PC-9/MC2, *** p<0.05 as compared to

the value of PC-9.

Table 3. Glutathione-S-transferase activities and glutathione contents of PC-9 cell lines

Cell lines Relative resistance Glutathione-S-fransferase z}ctivity Glutathione contegt
( ¢« mol/min/mg protein) (¢ mol/mg protein)
PC-9 1 21817 28.1+9.6"
PC-9/MC2 3.4 161134 27.0%£0.7
PC-9/MC4 59 1684 12%* 32.0£2.8

“ Each value is X £SD of five determinations.
* p<0.05 as compared to the value of PC-9.

100 E 100
75 1 75 1
50 T 50 B
25 A 25 1
0 T T T 1 0 T T rrreT n
0.1 1 10 100 1000 0.1 1 10 100 1000
MMC (uM) EQ9 (uM)

Fig5. Effects of DIC treatment on the sensitivity to MMC (A),
KW-2149 (B) and EQ9 (C). PC-9 (circle symbols) and PC-
9/MC4 (square symbols) were exposed to each drug for 1 hr
with (closed symbols) or without (open symbols) 500 uM DIC
and growth inhibition were measured by MTT assay following
96-hr incubation. Points and bars indicate X+SD of three
independent dupricate experiments.

0 T v T .
0.1 1 10 100 '
KW-2149 (uM) ¢
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Metabolite formation
{absorbance/hr/mg protein)

0

PC-9 PC-9/MC2 PC-9/MC4 PC-9/CDDP

Fig6. Formation of alkylating metabolites by the cell

sonicates of PC-9 cell lines. The amounts of alkylating .

metabolites after 1 hr incubation were 31.5+7.9,4.5+0.6, 2.3
+ 0.6 and absorbance at 540 nm / hr / mg protein in PC-9, PC-
9/MC2, PC-9/MC4 and PC-9/CDDP, respectively. Columns
and bars indicate X +SD of four determinations. *; P<0.0001 in
comparison with PC-9. **; P<0.05 in comparison with PC-
9/MC2.
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Establishment of Mitomycin C-resistant Non-small Cell Lung Cancer Cell Lines and the Mechanisms of Resistance
Kazuhiko Shibata, Department of Internal Medicine (Il), School of Medicine, Kanazawa University, Kanazawa 920 — J.
Juzen Med Soc., 106,302 — 311 (1997)

key words : mitomycin C, DT-diaphorase, EO9, KW-2149, non-small cell lung cancer
Abstract

To elucidate the mechanisms of acquired resistance to mitomycin C (MMC) in non-small cell lung cancer (NSCLC), two
MMC-resistant NSCLC sublines were established using PC-9 as a parent cell line by continuous exposure to MMC. The
sublines, PC-9/MC2 and PC-9/MC4, were 6.4- and 10-fold more resistant to MMC than their parent cell line, respectively, at
the ICs value by MTT assay. They exhibited cross-resistance to EO9, but were not resistant to cisplatin, vindesine, etoposide,
carboquone, or a novel MMC derivative, KW-2149. They were collaterally sensitive to adriamycin and menadione.
Intracellutar accumulation of MMC was reduced in the resistant sublines to about 60% of that in the parent cells. Cytosolic
DT-diaphorase (DTD) activities were reduced to 13.5%3.2 in PC9/MC2 and 1.320.6 in PC-9/MC4 from 261.5£92.7
nmol/min/mg prot. in the parent PC-9. NADH:cytochrome bs reductase activities in both of the resistant cell lines
significantly decreased compared to that in the parent cell line. Addition of dicumarol resulted in two-fold increase in the ICy,
value in PC-9, whereas the ICs, value showed no change in PC-9/MC4. Moreover, dicumarol did not affect the sensitivities to
KW-2149 but did decrease the sensitivities to EQ9 in both the parent and the resistant cell line. Formation of alkylating
metabolite had significantly decreased in the resistant cells parallel to the degree of resistance. It was concluded that deficient
drug activation due to decreased DTD activity was important as a mechanism of resistance to MMC in PC-9, a relatively
DTD-rich NSCLC cell line.



