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Using a highly metastatic human testicular seminoma cell line, JKT-HM, a CDDP-resistant cell
line, JKT/DDP, was established by long-term intermittent administration of a low dose of cis—
diamminedichloroplatnium ( I ) (CDDP).

parison of the growth curves, CDDP-sensitivity, and intracellular CDDP concentrations of the

CDDP-resistance was investigated in vitro by com-

established cell line, JKT/DDP, the original human seminoma cell line, JKT-1, and its highly
metastatic derivative, JKXT-HM. The growth curve and doubling time of JKT/DDP were not
significantly different from those of JKT-1 or JKT-HM in culture without CDDP. However, in the
presence of CDDP in culture, there was a significant difference in the growth curve. Morphological
observations revealed segmentation of the cytoplasm and aggregation of chromatin in JKT-1 and
JKT-HM. In contrast, in JKT/DDP, spindle-shaped cells showed cobblestone growth. In addition,
the ICs, values of CDDP determined by the collagen gel drop embedded drug sensitivity test (CD-
DST) showed JKT/DDP to be significantly more resistant to CDDP than the other two cell lines.
Therefore, a CDDP-resistant cell line was established. Next, we investigated the expression of the
genes (Multidrug resistance 1, MDR1 ; Multidrug resistance associated protein, MRP ; Lung
resistance-related protein, LRP ; Glutathione-S-transferase n, GST-rx ) related to anticancer
drug-resistance associated with the intracellular CDDP concentration and cytoplasmic CDDP
metabolism in JKT-1, JKT-HM, and JKT/DDP. The intracellular CDDP concentration was lower
in JKT/DDP than in the other two cell lines. mRNA expression of MDR1, MRP, LRP, and GST-
n was investigated by a real-time PCR. The expression levels of MDR 1, MRP, and GST- 7 were
significantly higher in JKT/DDP than in JKT-1 and JKT-HM. It was suggested that JXT/DDP
acquired CDDP-resistance, and that an increased active exudation of cytoplasmic CDDP was
involved in the acquisition of this CDDP-resistance. (Accepted on August29, 2002) Kawasaki
Igakkaishi 28(3) . 175— 183, 2002
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B, CilloC. 50#EYICEIX, HMKa%E25
ml 75 RA3221 X106 0F &AAR, EMER
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FCS # &1 MEN B IC bR %2 7o 72, %
B, £4DOCDDP H#KBEZ LT 5 HEIL 2
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ArimmL, MAEEL21T-7:. CODPEED
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Fig. 1. JKT/DDP was established from JKT-HM by culti-
vation with stepwise dose escalation of CDDP
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Premix WST-1 Cell Proliferation Assay System {Z
LB ARk RS LU, MBERoF
1iti

96RIAfra¥4%—7L— bIZIKT-],
JKT-HM, JKT/DDP %# %R 1 X103 o F
&k, EMFEREHEZHAVCCTIOHHEEZTT
-7, 1, 3, 5, 7, I00HBIKXF b5V UY
L% (WST-1) (Takara, HA) %% /RI210 ul
ZWML, 4R, KR 450nm/6550m,
450nm/630nm T Enzyme linked immunoabsorbent
assay (ELISA) THIEL, BRI %M L7,
RIZ CDDP O Mifa M IC DT b FARIZI6K
vAr7u% 4% —7L— MZIKT-1, JKT-HM,
JKT/DDP % &7 1 X100 % &AAh, %
MiFRE#HZ AT 2 HE¥EELITo 1%, i
& fT\V, control, 1uM, 5uM, 10uM, 30
M, 50 uM 2% % &5 \ZCDDP Z##mL,
XT3 HMEERELA. 3 HBICHNLR & FERIC
ELISA TEHIL7:. ZORRI V&K 4D cont-
rol LI L T, ZOWHERLMTL, ICs%k
BH L.

Collagen gel droplet embedded drug sensitivity test
(CD-DST) 12 & 2 $ifiE Al & 52tk kB0
ARAEBEL, EHY A7 4% v b+ Primaser®
FHESF ¥, KR) ZHVTITo72. JKT
-1, JKT-HM, JKT/DDP @ & #ii i1 % control,
CDDP 1M, 10uM BEIZ5T, £BEOMBKZ
1 X100 Las—5>ry - Frv-a—-r73
AINTTFHEREZIT). MEERTFTHS
A=Y - IVICEE LI EMRBE 2SS —
YHEALIC LD EIT 5. RIS, 35— -F
WEEX Y PP D AW (Cellmatrix® TypeCD),
B i (105 F-12554), C¥ (BHBRA®
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mm dish {2 2 X108 @32 F X AR, EMFR
#, MEN ¥:#i % Ji\»C, CDDP DR #KIERE )T
100uM 7% 5 X 9 [T, EXT T 4 KR,
37C, 5% CO D&M T THEELZ. HER,
PBS T 3 MPEi#t#%, Trypsin THif % dish X 1
FIEEST 5. 512, FEE L 7-Mifg % PBS T 3 [
HhiHd 5. RBICHRBEEL LU, ML
Z,EMBEEZFE L2 RIS, s oM
A 3ml 2 INZ,80C CTH BT 5. %
Htk, WEO A% ML L40% NaOH 3.5ml %
Mz, &51225% Nay; CO32.5ml 2 fil R 5. KIZ
JIFNVIF A HNINI VEEF B Table 1.
J 7 A300mg % MZ,80C T 10 e

(%528% &35 2002)

TRMEZET 5. FRiEZ0.5ml DX ¥ ) — Vi
B L, Ihi HVmEbY—~< Y ETRLER
Z-800JE % Tk & 265. 9nm TEHAI L 7.
RNA Ol & cDNA D& K

JKT-1, JKT-HM, JKT/DDP % % 4 7 H 8,
BE# L, ¥z 4O TRIzol (GIBCO BRL Life
Technologies Gaitherburg, MD, USA) % I\ T
A FEAS 200 ng/ul 1272 B & 9 12 RNA % #l
L7 KiZ cDNAEREZUTOFMETIT-
72. 4= RNA 5 yl, diethyl pirocarbonate (DEPC) JiL
FEARE K 63.5 ul, 10 x TagMan RT Buffer10 ul,
MgCl,12ul, ANTPmix10pu 1, 5 ¥ ¥ A~ FH
< — 5 ul, RNase inhibitor 2 1, WIEEREF2.5
pl IBA L7 KIS, 25T, 1050, 48T,
3040, 95C, 5 ZMOLBTTRESYE, 1
ul ®0.5MEDTA Mz, KL, 7
¢cDNA & L 7.

Real Time PCR f##T

7V cDNA BE % 50ng/ul 1275 £ 91
FEIL, 2 xTagMan Universal PCR Master Mix
25 ul, DEPC WL3 /K24 ul, % > 7' )V ¢cDNA1 ul %
RET AH. RIZ, TagMan Endogenous Control
Plate ® £ %12 50 1 3°2Hh1 2, ABIPRISM7700
Sequence Detection System % T, ATFDS
- TPCR %#479. 50C, 24, 95T, 104
MTRIB &4, 95C, 1580, 60C, 14M%
4% 4 7 VATH. NEEREORIER I &I
PCR REY DO HEFHM R 2 HERA L, Cr OEEIDI K
HbASVRISRZRHES S, SHOHH TIE P
TI7FUHRRBETHDZ EVHERINTDT,

The primers sequences and real-time PCR conditions used in this study

IR % . RS &, # % 20ml O

MDR1

GGAAGCCAATGCCTATGACTTTA
CAACTGGGCCCCTCTCTCTC
FAM-TGAAACTGCCTCATAAATTTGACACCCTGG-TAMRA

sense primer
antisense primer
TagMan Probe

G — MIBL,ZEK3m T
b L ORBREZ T, LR Z 7
W — MZANSL. RIZZ OOk
V% 3ml iz, 50 B#EE L7
#,runkRVa@ieEds. 2
O¥EEZ 3EHRYEYT. 7y ook
)V A J& % Bl Y #%, rotary evaporator

PCR condition

MRP

sense primer
antisense primer
TagMan Probe

ACCTCCGCTTCAAGATCACCA
TTCTTCATCCGAGTACTGGCTGA
FAM-TTGTTTTCGGGTTCCCTCCGAATGAA-TAMRA

LRP

sense primer
antisense primer
TagMan Probe

GGGCCTGAGATGCAGGTAAAAC
CCAAAGGCTGTGTTGAAGAGGT
FAM-AACCCTCATCACCGATGGCTCCACT-TAMRA

GSTr

sense primer
primer
TagMan Probe

TCTATGGGAAGGACCAGCAGGA
CTCATAGTTGGTGTAGATGAGGGAGATG
FAM-CAGCCCTGGTGGACATGGTGAATGA-TAMRA

95.0C
95.0C
60.0°C

10:00
0:15
1:00

40 cycle
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Before treated CDDP

JKT-, JKT-HM

JKT/DDP
Fig. 2.
CDDP and with CDDP (original magnification ; X 200)

B 7 7 F v & MDR1, MRP, LRP, GST-n
(Table 1) D& % L &M ER L7,

RIZ mRNA i, %~ 7 ) cDNA & % 10ng/
w72 X HICHEL,
PCR Master Mix 25 41, DEPC LB K21 ul, 5uM
TagMan 7 — 7" 1 yl, 10 uM forward 7 5 A4
< —1ul, 10uMreverse 75 4 <—1ul, ¥~
7 cDNA1ul % {E4& L, MicroAmp Optical
96-well reaction Plate D %% X250 ul 37000 2
% .ABI PRISM 7700 Sequence Detection System
ZzHWT, L& FAKEDOEMTPCR 21TV,
PCR M OHJEMBZ ) 7V 5 4 A THRIBL,
Sequence Detection ) 7 b 7 L7 % F\» TN
T5.

2 XTagMan Universal

= R

EREEIE

CDDP &}l MEN ¥:# T JKT-1, JKT-HM,
JKT/DDP Z Bl V. BHME THE T L L, wih
DM D BAROMIBES % L, SIHEOMIE
LRESEEOMABED 2 REOMB THER S hTw
5. L»L,JKT/DDP Tit, *hzua<xFon
RV ESER OB A% < Hi5#E L C\»/z. CDDP

After treated CDDP (10 uM)

Inverse microscopic morphologies of JKT-1 and JKT-HM cells without

10uM 4 HER, #inj5ss itk MEN
B CHEERZToH L OMIE
REBELTALE, BN
JKT-1, JKT-HM THIEIZ R
L, Z0f4 ORI AR
2TV BiI2d b 6T, Mg
BoOgENLHOSELLZEL
Tw7:. —%, JKT/DDP Tii#l
Raix 35 L, fH 4 oIz onwT
bEHLZEEIED O oz
(Fig. 2).

BB L O, Mt o

% » CDDP ERIMOKE#ET
R R I ISR
Lo 7z (Fig. 3). LA L,CDDP
I X AERIZBWTIKT-1TIZ CDDP 14
M, JKT-HM Tt 5uM % 5 control {2, 3
FEFEAMET LTw5b. —%, JKT/DDP Ti 20
UM DS T Y control & R M AR L
TWwi, F/72, ThoDREMBIOEHRSN
72 IC 5 1% JKT-1 2.85 uM, JKT-HM4. 73 uM T
» 0, JKT/DDP (% 24.2 uM L B # R L,
JKT-10#710f%, IKT-HM D 5 f5Td - 7= ( Fig.
4).

CD-DST #:12 & 5 CDDP &M 5
CD-DST 2 X 2 HmA R AR TIZ
CDDP 1 M, CDDP10 uM T#% % DNtk % 1

6.E+06

@ S5.E+06 ,l—
; /
é 4.E+06 7’/
g ¥ / — - JKT-1
Z 308 v —— JKT-HM
—e— JKT/DDP
=1 2.E+06
[V
O
1.E+06
0.E+00

0 2 5 7 10
Days

(days)

Fig. 3. Growth curves of JKT-1, JKT-HM and JKT/DDP
cells cultured without CDDP
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Fig. 4. The IC 5, values of CDDP showed that JKT/DDP is
significantly more resistant to CDDP than the other two
cell lines

100%

75%

OJKT-1
E JKT-HM
A JKT/DDP

50%

% srowth

25%

0% i
CDDP1uM
CDDP concentration

Fig. 5. CD-DST showed that JKT/DDP is significantly
more resistant to CDDP than the other two cell lines

CDDPIOuM

FL7-ESE, CDDP1uM 2BV TIZEFEERS
JKT-17%55.6%, JKT-HM Tt 70.5%, JKT/
DDP Ti3100% D447 T - 72. CDDP10 uM
BV TIIAFEED JKT-12513. 3%, JKT-HM,
T1325.6%, JKT/DDP Ti353.9% & B & » 12
JKT/DDP & Lo 2 FEEH OMBMRIIZTEZ D
EZHRD 5N (Fig. 5).

CDDP iR EE

CDDP10 yM RMTOREHEEHETH A D
CDDP Ofifa PR EEZEHI L7 & 2 A, M1
Bd7- 0 OFfEA CDDP gL JKT-11.7 ug/
cell, JKT-HM 1.5 yg/cell, JKT/DDP 1.1 pg/cell
& JKT/DDP O A34ife 1 i & 72 ) & CDDP %
BT LT (Fig. 6).

'
He

(5528% 3% 2002)

{ w g/cell)

0.5

Intracellular platinum accumulation

JKT-1 JKT-HM

JKT/DDP

Fig. 6. Intracellular platinum accumulation : When treated
with CDDP at a concentration of 10 uM, JKT/DDP
cells showed a lower platinum concentration than the
other two cell lines

PURE A i 1 BE AR 1 DT

48], Ttk B & {5 F £ LT MDRI, MRP,
LRP, GST-7 ® mRNA L XV IZDWTHE L
72, F DO F 13, JKT-1Tld MDR 13.7 X107 %
i, MRP 2.1 x 1073, LRP 0.7 X 1073, GST- 7 0. 037
X 10754, JKT-HM T MDRI1 4.1 X 107 A i,
MRP 2.9% 10, LRP 1.3 %10, GST- 7 0.051 X
10k i#§, JKT/DDP T i MDR1 12.0 X 107,
MRP 4.2x107%, LRP 1.5 x107%, GST- 7160 X
10°TH-o7-. kXY, JKT/DDP & JKT-1,
JKT-HM & H#§ 5% & LRP L4ko> CDDP O#i
RS~ D BE I HEA% (2 B 3 5 P A it 1 B
£F (MDRI, MRP, GST-7) lZBWTHH
A3k { GRS N7 (Table 2),

% &=

B, 2sRERBLAETARBEEE LT
CDDP % Hulh & L =% AIBF Hif 05T & %
E9I2RY, ZOFRIEUELTETVEYY,
LaL, ZOEMRIISONEETHY, YA
HEOEMDHFEL TS, DL ZREFIC
LCiE, &R T ERXEIEARS
R CPT-11% EOFHBAIERITR G & EAFRA L
nctwnb,

—%, EBEHEICBWCIIBEERICBT
% CDDP Dfif 8% (B3 % i id Mo T4
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Table 2. The mRNA expression of MDR1, MRP, LRP, and
GST-n was investigated by a real-time PCR.
The expression levels of MDR1, MRP, and GST-
n were higher in JKT/DDP than in JKT-1 and

JKT-HM
MDR-1 MRP LRP GST
JKT-1 <3.7X107 2.1X10° 0.7X10° < 0.037X10°
JKT-HM <4.1X107 2.9X10° 1.3X10° < 0.0561X10°
JKT/ODP 12.0X107 4.2X10° 1.5X10° 160.0X10°®

target gene expression/ f -actin expression

v F72, BRMICER D VEHRERZEOBE W
BHEELI ) —<i2onTikEE XL v. SR
EEBRT, bhbhOBRETH VL Mkt
I ) —<HifakkE HC, CDDP itk % fERK
T5LEBIZ, 2D CDDP DR~ DHEH
AR I BEE 3 5 DR AR R B R T icoWw T
FRAT & A A T,

85— |2 CDDP T M#RIE I H 72 1,
T& 5 JKT-1Tl3 CDDP B 2D TE ¢,
T HEROVER I SHEETH - 72, 22T, BKRY
WD EBEBEIIH LT, CDDP Zduik L7
ZHIGRPBLERES TS hsZ L kD,
EEBKTH B JKT-HM % F v Ttttk % 1k
B L7z,

BT TICHEIN TV 288
@ CDDP it 4 7 1 & 5 #k o i 25
S LU F @ CDDP 23 5 it
EREE LI THE. 1M
RANDHER LY ABDR?,
2) MBLENRHBOILED 1Y, 3)
DNA 5B FE D ITTH TH 51910,
ZOHIZBWT, HMRERNORH
DEALIEK A, AL THESH
THY, WHIbickE ke %
HoTwB EE X LT 5 (Fig.
7). ZFORBEEL L T, MDR #&
& Fi2a— F &b P-glycoprotein
pump'”, MRP pump'®, LRP 334
££19.200 " glutathione ¥4 & B L
T\ % GSH pump @ £ 75 28 #t &5

original

ERTwaY, 1Ty, GST-n @Iz Fiza—
F & 15 GSH pump A5 & CDDP #iifid & A%
FHICEELTWAREENTWS, 4N, JKT-
HM % fi\»C CDDP % i, BIRWIZKG T
5 ZETHHRARZTHRABRL 0, OB
B LA EZNE 610, MKBA
CDDPREDEHNIC X Y MifaE AN CDDP O
MRS OB D TTE DR 2 7.

CDDP #iA & PR3 B 53 2 Pus#l i 1 &
{z¥F (MDR1, MRP, LRP, GST- r ;&{%F)
% Real Time PCR TERMIZHIT L7z L 2 5,
JKT/DDP |Z 3\ T LRP LA} i 98 %) it 1 8
ZF D mRNA ORHPELBDHN F0
HFIZBWTH GST-1 DRBAHRLSEAD O,
HFRODOBEL—-HTHIDTHo/2. ZDZ
EXbh, LI —< D CDDP iHALIc
fE N CDDP #4255, 4¥i2, GST-n #ifm
F2oa— FERTw3 GSH pump O 553
Zzbhl:. &6IT, 5%, BAELNLVOK
HOLELEDLNSG. ¥, SHOBERIZBVT
FREMIZTREP—Y 22 BT A/
(Fig. 2). SO LizonTit, BAS A,
JKT-123CDDP (2L ) 7R b — ¥ A3 E X
NEERELTWAER, EHIEE, TRI—Y
A L PUBAIMEOBEE L LT, bax DBBRKT

Glutathione
conjugation
(GST > GSH)

[ ]
Nuclear

Pinocytotic

Fig. 7. Possible mechanism of cytoplasmic CDDP metabolism
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R bel-2D S BB RSB A L A5 5 &
W RED, E72, pSINERWLRLDTH -

YAMERZEFIIOVWTOHEDDHD, IhD
Db LELEDND.
] S

YHETHY Lz MERE I —< Mgtk
OB Lo EERgk JKT-HM) 2 Hw T,
CDDP it # (JKT/DDP) % W% L, #ika
E N CDDP O M/~ D HE I # R (2 BE 5 %
PUREH P B & (a7 IS W TORET L 7.

1) IC s, CD-DST |23} 5 P # stk Bk
1238\ C JKT/DDP X JKT-1, JKT-HM |2 H
LTilE%E2mnL 7.

2) JKT/DDP (28} % #ild & N CDDP B 1%
JKT-1, JKT-HM &l L TIRT LT /e,

3) M2 B N CDDP X 3#f 12 BY & 4 % Hide Al it
W BT ORBEOELERET LIz L 2 5,

X

uli
it

(5528% fH3%5 2002)

MDR1, MRP, GST-7 OB HEL B Sh,
12, GST-7 OFRBIE - 7.
PR X b, CODPHALIC B W CTHIfRE N
CDDP (X # D 5-257R2 S 7.

E | 33

Be®zbildhizy, THREZBY F L2)IIFER
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