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Summary

It has been reported that the cellular Cu®" ion and metallothionein (MT) expression contribute to the acquisition
of cisplatin (CDDP)-resistance phenotype in the tumor cells. However, the mechanism of cellular MT induction by
CDDP has not been clear. Previously, we reported that the nuclear proteins prepared from HeLa cells with the ele-
vated MT level after treatment of 12-O-tetradecanoyl phorbol-13-acetate (TPA) or the tumor necrosis factor o
(TNFo) bind to the metal responsive elements (MREs) as the regulatory DNA sequences in human MT-IIA gene
promoter, in the presence of Cu®" ion. In this study, the copper effect on binding of MREs to the nuclear proteins
extracted from CDDP-resistant HelLa cells which were maintained for 3 months in Dulbecco’s modified Eagle
(DMEM) medium supplemented with 10 % FBS and 1 uM or 5 uM CDDP. The expression level of MT-ITA mRNA in
CDDP-resistant cells was compared with that of the normal HeLa cells, the resistant cells expressed more MT-IIA
mRNA than the HeLa cells. The plasmid constructed the human MT-IIA promoter gene in puCl9 were digested
with the restriction enzymes. The bindings of linear DNA fragments produced by the enzyme digestion to the
nuclear extracts prepared from the CDDP-resistant cells or the cells treated with 1 yM CDDP for 1 h in the pres-
ence of Cu®' ion, was examined by the gel-mobility shift assay. It was suggested that Cu®" ion may play an impor-

tant role in the binding of the proteins in nuclear extracts prepared these cells to 3’-end DNA fragments of MREq.
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WREMEDSE 2 bize £ 2 TANIFETIX, CDDPIZx L Ciif % 1% L 7z HeLaMiig 7 & o Hilis% & > 737 B £ MREs
LDOREIZBWTCuB G T 25 E ) IOV THRE L7z,

KB E

1. #AkE

v b FEHEA AR R HeLa iz id DMEM (10% FBS) 2 H\WW TR L 720 1 uM CDDP % 1 HFRRERE L 22/, B X
01 uM F 72135 uM CDDP % & & DMEMH T3 » A Biflle #5538 L, CDDPAAAE F CHIM 3 A /kk (1 pM & 721
5 uM HeLa/CDDP) % CDDPiPEMNIE & L TR 7z,
2. HHRaiEsEREE RER

HeLaB X U1 uM B & U5 uM HeLa/CDDPIif Az (2% 3™ 2 CDDP OM 3 i il /i 1k, CDDP 72k 0
AN A WST-13:2 W TS 5 2 LI X DM L 72,
3. 77ZX3IFNK

v P MT-IIA 70— % —@Ef5 T (845 bp) Z2&E 79 A 3 F (3495 bp) # M4 L (pKBS), KM DH50 238 A L 72
b D5 GenEluteTM Plasmid Maxpre Kit (Sigma) % FWCTHE L 72,
4. BENVE

M5 O % 787 1iE Nuclear Extract Kit (Active Motif) ZJHWCTHRE L7zo ¥ ¥ 787 B¢ 1 Bradford pro-
tein assay & H\VCHIM L 72,
5. IV T ME

pKB8% BstX TIC X DiHAb L, WilEs - B L ClESHpKB8 & /FH L 720 KIC, 1E$HpKB8 % Ml # il (3 TIHAL
WAL LT, BiEES - BidE L 72 012, HeLafifal s > 827 B & Z2h2h0, 100, 250, 500, 1000, 2000 uM CuCls
BIROGIE T, KIS (6 mM Y Y% pH 74, 10% Glycerol, 1 mM DTT, 0.05 mg/mL BSA, 2 mM MgCly)
ZMZRT, 37C, 200 MBUE L7ze BISHEDESY 737 B - DNABGRO AKX, 08% 7 71— A7 VESIKEIZ T
BigE L7z
6. MT-IIA mRNA#IHE

£l A 5 GenEluteTM Mammalian Total RNA Kit (Sigma-Aldrich) # W, ZRNAZ#iH L7z, D%, MT-
HA O mRNAZHEIE, RT-PCRIEICXDEHG L7z %3, PCRTHM L7 F 4 ~—F¥5E, Table 11IRT#Y T
Hbo

Table 1 Gene-specific oligonucleotide as PCR primers

Gene Forward Primer Reverse Primer Base Pair” Reference
MT-IIA 5’-ccgactctageeggetett-3” 5’-gtggaagtcgcgttctttaca-3’ 240 - 473 (5)
Bs-microglobulin 5’-accccactgaaaaagatga-3’ 5’-atcttcaaacctccatgatg-3° 303 - 418 (6)

“Area amplified are referred to the sequences deposited at GenBank with accession numbers as follows:
NMO005953
MT-ITIA) and BC032589 (Bs-microgloblin)

— 125 —



HWREEE

ARHFZE T, ¥ 3 HeLaik & O"HeLa/CDDPAHNEYE5H 1260 5 %5 CDDP @ FHER) RIS D THES L 72, HeLaflify,
1 uM 3B £ 05 pM HeLa/CDDP it P4 4l g 0> 50 % Ml i, #8 it BH 5595 B2 (ICsofH) &, £ 24037 pM, 708 uM B & O
162y M TH o720 72, 1puMB L5 uM HeLa/CDDPiFEMNEIC 31 % HeLaMifa x5 % x4 2 CDDP i B 1,
ZFNZEN191M5B X 1M43815TH - 72 (Table 2)

CDDPi MR IZ B1F 5 MT-IIA mRNA DZELIZDWT, RT-PCRIKIG#, BRHKE L, Quantity One (Bio-RAD)
ZHVCHeLaflifg & L CEORBBEBEMNTLA2L T A, 1 uMB L U5 uM HeLa/CDDP R PEMINEIZ B> TIZMT-
A mRNA OFBEmA HeLafilZ IR THEICHML 2o 20T, MTIA#ET 70 E—F —#llt &H 7 I A 3
F pKB8 % BssHIT T YJ Wi L # L C 42 B L 72 it §H DNA W - & HeLafifig, 1 uM CDDP T 1B [ AL 3 L 72 HeLa i g,
1 uM B X5 uM HeLa/CDDPFEMN D & DF 7 37 H & OFEE IOV THEF L72o 1 uM CDDP T 1HFRLEE L
7-HeLafifd 3 X O°1 uM HeLa/CDDPIi ML TIE, 1000 bpfiEIZDNA —# % ¥ 3 7 BHAKZ RIR T 530 K%
BI%E L 72%%, 5uM HeLa/CDDPIHERIIZIC BV TR LAY FIZBIETE o7,

K2, CDDPPEMINA & O3iiA% & > 737 B & MT # 15T O MREs & O 4123515 5 Cu®™ OG22 W TRETS
572012, pKB8% BssHIL THIMTALER L C A S N7 BREEZIHIL DNA W & HeLaiid, 1 uM CDDP T 1K ALE
L 7z HeLafilfe, 1 uM 3 X 05 uM HeLa/CDDPTEMIEA & 04 5 ¥ 87 B & Cu®* T IC BT A aTEIcow T,
P 7 MEICE D BEF L7z 1 uM CDDP T 1RRALE L 72 HeLaMila T, 500 uM 3 X 01000 pM Cu® f77E FI2 3B
WTCU IEAFE T & LR TDNA -8 v 87 AR ZRIBT 5782 F%1000 bp i T ic#it L7ze $72, 1 uM
HeLa/CDDPIifPERIIE D ¥4121%, 500 uM Cu® #2715 FCld, RALHL & B LCDNA — B ¥ ¥ 8 7 BHEAKO L %
RET BNy R AREICHH L7z,

k2, pKB8% Eco52 1B & U'Sac UTENZNYMWHEL7zb DL, 1 uM CDDP T 1AL L 72 HeLaflifa,
1 uM HeLa/CDDPHEMIIEA 5 D8 5 > 787 B id Cu® OB IRAE L7452 5 23, DNA -8y ¥ 87 BoME
RERBTHNY FEBELZ, LA2L, HeLafifulzB T, Ecob52 18 L U8Sac ITIZ X o TERZENYIW A L 72
DNA (MREq¢3 & O'MREey) — 5 ¥ 37 B & OBAERERIET 58 Wi, Cu® 1Tk U Tl BEARAE 1 72 B nfe ) %
RL7z.

VDEokiReF b EFig 1& Table 3& 7%, 1uMPB & U5 uM HeLa/CDDP il 13 HeLa M2 o< T MT-
DA mRNADREFEHLTHBY, MTIA Y > 37 B L Dt % 5 L CHllL A @ CDDP % JEilk3 2 W g PR AR IE S L7z,
% 72, CDDP CHFFRILEL L 72 HeLa il d % W 2K EE @ CDDP IS % HeLalif thAlifia 2 & 08 & v 237 Bhizix
Cu™ IARAE L 72T CE A RSN DNA B O —>Td 2 MRE(D 3 KM L $5 8T 5 5 ¥ 87 BOGAEDTRR SNz,

Table 2 IC; values of the HeLa, 1 uMHeLa/CDDP-
resistant and 5 uM HeLa/CDDP-resistant
cells for CDDP

CDDP
1Cs (UM) RR”
HeLa 0.37 = 0.06
HeLa/CDDP 708 = 216 19.1
5 MM *k
HeLa/CDDP 162 = 1.31 438

¥ Relative resistance: ICs0 = SD. (n =4 or 8)
**p < 0.01 significantly different from HeLa cells.
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A) MREs located upstream of the human M7-114 gene

' :
_._ MRE, || MRE; || MRE; i MRE, | MRE, |
Bssl.-l I Sac-II BSSH.H E Eco521 gEco52 I
B) Sequences of MREs
MRE MRESs Sequences
Core GC-rich
GGCCC
a G CTTT GTCCC([GGCTC
b C TGCC GCCccCccCc|GCGCT
c C CCAG GGCCG|GGTGT
d C CGGG GGCCC|AGTGC
e G GCTC GGGCC|GCGGG
f C CCGC AGCCC|CTTCC
g A GCTG GGCGGIAGGCG

Fig. 1 MREs of the human MT-ITA gene.

Table 3 DNA fragments and the recognized regions in MREs by the restriction enzymes, and the
indication of the binding of the nuclear proteins from HeLa cells and the CDDP-resistant
cells to the DNA fragments

Gel shift
Fragments Recognized HeLa cells 1uM 5 uM
(bp) regions HeLacels | (eated With | pep2/CDDP. | HeLa/CDDP-
%0 1 bhr resistant cells | resistant cells
216 -
+ (= + + -
BssHII 409 MRE. =) () (1)
2870 MRE.» - - - -
58 -
+ + (— + (— + (—
Ecob2I 630 MRE, (t) =) =) )
2807 MRE,; - - . -
Sacll 589 MRE., + (1) + (=) + (=) + (=)
2906 MRE, - . - -

t : DNA binding W)ith the nuclear proteins depending on cu**
— : no effect by Cu’"
— : the bands were detected.
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