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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, JKT-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 7, GST-7 ) 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-
7 was investigated by a real-time PCR. The expression levels of MDR 1, MRP, and GST- were
significantly higher in JKT/DDP than in JKT-1 and JKT-HM. It was suggested that JKT/DDP
acquired CDDP-resistance, and that an increased active exudation of cytoplasmic CDDP was
involved in the acquisition of this CDDP-resistance. (Accepted on August 29, 2002) Kawasaki
Igakkaishi 28(3) . 175—183, 2002
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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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rol LB L C, TOMMELMFNL, ICs%
BHlL7.
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(CD-DST) #:12 & % Hufie#l ik 52k sk B0
ARG, HEH Y A7 AF v b - Primaser®
FHEY 775>, KR #HWTIT 572, JKT
-1, JKT-HM, JKT/DDP @ & #ll {2 % control,
CDDP 1M, 10uM BIZ50F, SREOMBE%E
1x10@eLas—>r>-rnv-a—-r73
AIWNTFRIEEZIT). MREERTTH S
Gy FVICHEE LM E 25—
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25 11, DEPC ALE# K24 ul, %~ 7 )L cDNA1 ul %
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Table 1. The primers sequences and real-time PCR conditions used in this study
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BNRS %. KIS, W% 20ml @

MDR1

GGAAGCCAATGCCTATGACTTTA
CAACTGGGCCCCTCTCTCTC
FAM-TGAAACTGCCTCATAAATTTGACACCCTGG-TAMRA

sense primer
antisense primer
TagMan Probe

SiEa— MIBL, ZEK3ml T WP

b EORBRE L, T2 T

ACCTCCGCTTCAAGATCACCA
TTCTTCATCCGAGTACTGGCTGA
FAM-TTGTTTTCGGGTTCCCTCCGAATGAA-TAMRA

sense primer
antisense primer
TagMan Probe

Wa— MIANA. RICZ OOk

LRP

GGGCCTGAGATGCAGGTAAAAC
CCAAAGGCTGTGTTGAAGAGGT
FAM-AACCCTCATCACCGATGGCTCCACT-TAMRA

sense primer
antisense primer
' TagMan Probe

WV E3ml Nz, 50 MiEE L7 ot

TCTATGGGAAGGACCAGCAGGA
CTCATAGTTGGTGTAGATGAGGGAGATG
FAM-CAGCCCTGGTGGACATGGTGAATGA-TAMRA

sense primer
antisense primer
TagMan Probe

#%,7u0uRVABREDL. =
PCR

O¥EEX 3RHEVET. Foak ; 95.0C

95.0C

)V 2 J& % [a] Y #%, rotary evaporator 60,0

10:00
0:15
1:00

40 cycle
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Before treated CDDP

JKT/DDP

Fig. 2. Inverse microscopic morphologies of JKT-1 and JKT-HM cells without

CDDP and with CDDP (original magnification ; x 200)
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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
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Fig. 5. CD-DST showed that JKT/DDP is significantly
more resistant to CDDP than the other two cell lines

L7k %, CDDP1uM 2BV TIEFEN
JKT-17%55.6%, JKT-HM T % 70.5%, JKT/
DDP Ti3100% DA A7-3 Td - /2. CDDP10 uM
IZBWTIZAEAERA IKT-14513. 3%, JKT-HM,
T1325.6%, JKT/DDP Ti353.9% & B 5 12
JKT/DDP & o> 2 FE O Mk I 12 &= D
AR b7z (Fig. 5).

CDDP il A i i

CODP10 yM iR T DR B LM TH 2 D
CDDP OMIfBMiEEZFHN L2 25, #llwl
3 7= OXMKLPA CDDP J4EE 13 JKT-11.7 ug/
cell, IKT-HM 1.5 g g/cell, JKT/DDP 1.1 ug/cell
& JKT/DDP @75 25Hii3 1 1 & 7z ) & CDDP
IR T LCw/ (Fig. 6).

(%28% 45375 2002)
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Intracellular platinum accumulation

JKT-HM

JKT-1 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
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4-Ial, it B E R & L C MDRI, MRP,
LRP, GST-7 ® mRNA L RVIZDOWTHE L
72, Z OFEFIE,JKT-1Tid MDR 13.7 X 107k
i, MRP 2.1 %103, LRP 0.7 x 107, GST- 7 0. 037
X 1074, JKT-HM T MDRI1 4.1 X 1077 i,
MRP 2.9% 1073, LRP 1.3 %107, GST- 7 0.051 x
10755 i, JKT/DDP T (& MDR1 12.0 x 107,
MRP 4.2 1073, LRP 1.5 x 107, GST- 7 160 x
10°CTH-7-. Lk kb, JKT/DDP & JKT-1,
JKT-HM & H#4 % & LRP LAt o> CDDP Ol
Ra A~ D LB | B8 58 5 2 B 7 i 1 B i
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255 < e S 7z (Table 2),
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Table 2. The mRNA expression of MDR1, MRP, LRP, and
GST- 7 was investigated by a real-time PCR.
The expression levels of MDR1, MRP, and GST-
7 were higher in JKT/DDP than in JKT-1 and

JKT-HM
MDR-1 MRP LRP GST 7
JKT-1 <8.7X107 2.1X10°  0.7X10° <0.037X10°

JKT-HM  <4.1X107 2.9X10°® 1.3X10°® <0.051X10°*

JKT/DDP  12.0X107 4.2X10° 1.5X10° 160.0X10°*

target gene expression/ § —actin expression

v, 7o, ERRMICR D PERRZEO W
WL I ) —<IilonTiEER 2. SEO
EERT, bLbhOHEETH Lz MEkt
3 ) —<HllfaRkE VT, CDDP i Ptk % 1Emk
T5EE3HIZ, %o CDDP O~ DHEH
BAR 12 B9 2 DU AN M B AR T I2 DT
FRHT 2 A7,

5 — 12 CDDP [t EMRAE A& 72 1),  original
T& 5 JKT-1Tl3d CDDP &2 T <,
TR OVER I NEECTH - /2. 22T, BKM
12D EER R HLIC L C, CDDP #Hulh & L7z
ZRIPEHPR L ERESIT S a2 L XD,
EHEMTH H JKT-HM % H W T dk % 1
B L 7.

BT TICHESIN TS K1
@ CDDP Tiif P4 7 1 i 55 #k o 3t 15
A5 LLF @ CDDP (2% 5 fif P
ARG SN Tw s, 1)
RANNDE R 2 I AR DAY
2) MIREHNRBOITES W) 3)
DNA BB F DL TH 51919,
ZOHFIZBNT, MBENORH
DEALIZK 4, HBLTHES N
THBY, WHLIcKE RkE%E
HoTwp EEZ LI TWw5 (Fig.
7). Z OHBERE & LT, MDR &
{51123 — F &b P-glycoprotein
pump'”, MRP pump'®, LRP $3&
f£19:20 " glutathione ¥4 & B8 L
T\ % GSH pump D £ 1E A 15

EhTwap?, htd, GST-r #IETIZ

F &N % GSH pump A%# 3 CDDP #i g & Wﬁ
BICHEL TR EEN TS, 4, JKT-
HM % v C CDDP # K], BIRIIZH5 5
% & THUERIR SRR L 0, kOB
BRI LA EZNDE, 512, MEA
CDDP o EHlC £ b Mg E N CDDP @
MR~ DHE B D JeHE A3 2 7.

CDDP i i & N A B 59 2 U A 1 8
% (MDR1, MRP, LRP, GST- r ;& {Z 1)
% Real Time PCR TERINIZHNT L72L 25,
JKT/DDP (2 3\ "C LRP LIA} o B3 #) if 1 2
27 ® mRNA OFHIEL DD SN FD
FiZBWTH GST-1 DREBDFHRL FO SR,
HRLOWMEL —HTHHDOTHo7. ZDZ
EXy, LI/ —~ o CDDP fif P12l
o' &N CDDP #2358 5, ¥#I12, GST-rx #Eix
Fb 32— KFENTWw5D GSH pump D 578
Zzbhiz, 351, 4%, EAELNVOR
AL LEEBbNG. T2, SROBIEIZENT
CRESZIIC T R b — Y A2 Bb3TELd D7
(Fig. 2). SO LiZonwTlE, BAS S,
JKT-1A5CDDP 12X ) 7R b — ¥ ADFHE X
NHEHMELTVDEY, SBIEE, TR
2 EPEAIIE OB & LT, bax ORIUKT

Glutathione

conjugation
(GST - GSH)

Fig. 7. Possible mechanism of cytoplasmic CDDP metabolism
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MDRI1, MRP, GST-r ®ZHI R FED LN,
¥52, GST-7 ORBITHED - 72,
Lk X b, CDDPiftEfbic B CHIRBE W
CDDP {{#f DB G-25mg S h 7z,

e B

FE#z21CHhzh, THEZEY T LA)IRER
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Y, EBICOWTHRkZ L, MRt 27
B HR B R BT WIS L, ERIWE,
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DURE AP B R F 1o W TRRES L 72,
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