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Cadmium (Cd) is an environmental pollutant that causes adverse effects in organisms, however, it remains
unclear how Cd enters cells. Metallothionein (MT) plays an important role in Cd detoxification. In a previous
study, we demonstrated that Cd traverses cells partly via a high-affinity transport system for manganese (Mn)
using a Cd-resistant cell line (Cd-rB5) from immortalized MT-null mouse fibroblasts and that the suppression of
this pathway is one of the determinants of the reduced susceptibility to Cd in Cd-rB5 cells. To clarify the role of the
transport system for Mn in the cytotoxicity of Cd, we investigated the modulation of cytotoxicity and accumulation
of Cd by Mn, using Cd-rB5 and their parental cells. Simultaneous addition of MnClz to a medium alleviated the cyto-
toxicity of Cd in parental cells dose-dependently. In parallel, the accumulation of Cd in parental cells was reduced
by the addition of MnCl; in a dose dependent manner. However, simultaneous exposure of Cd-rB5 cells to Mn did
not modulate the cytotoxicity and accumulation of Cd. These results suggest that Mn may act as a competitor for
Cd in entering cells, leading to the reduction of cytotoxicity of Cd. The cytotoxicity and accumulation of Cd in MT-
null parental cells was attenuated also by ZnCly, but not by CoCly, NiClz, FeSO4 or CuCly, suggesting that Zn may
also have an affinity to the transport system for Mn and Cd. Thus, in addition to MT, the inhibition of cellular Cd

uptake by Mn may be an important factor for detoxification for Cd.

AEIVLAREEREERO—DTHY, KM ATND L BFRERCHREL L, A LGEREALIERIT,
=%, *vuFFi Ly (MT) BHBRT7TIVBOILHI/EE2IATA VIEO LRGP TFREBHEABARTHY
HRIVAREOESREEEBHTIEEREARANRTFTH S,

INETIT, Fxld, MTEEFERBELZS FI 7 ATEMEE (CdrB5) B2 FI o A0R)AKIET S
W5 o, WALEBWHRA~DH K I AORY AHBDL %L &b —iE, BELBD—2THLI Y H VIR LTEHW
BARERTWERZNL TR T I L EZHLMILTVwE YD, —F , vV # Y OBERDA F I 2 A08H
REXBOTED L) REZRIZLTOERPCOWTRE L2 25, HIEOREMPIC Y F Y2 BNTs2 L2k
DRI AOMBEEFBRENDE L 2HLPIILTWAEY, 22T, AFETIE, EOLIICLTI Y Ui

*ETTEH D I EEAEHIRR2-1 (F351-0198)
R ITTEHL | REARS X 45-9-1 (F 108 - 8641)

— 141 —




FIwADMBEEEZBRBRLTVRIEIONIZOWTHRE Lz S/, YUy A VUNOEERICEE D FI Y AF5HORR
FHRIZDOWVWTH RN,

Table 1. Effect of simultaneous addition of MnClz, ZnClz, CoClz, NiCls, FeSOs or CuClz on Cd-induced cytotoxicity
and Cd accumulation in Cd-rB5 and parental cells

Metals added to the Parental cells Cd-rB5 cells
medium (M) ICsoof Cd(gM)a  19Cd uptake (% of control)® ICso of Cd(uM)e 19Cd uptake(% of control)®
MnClz 0 2.21 1000 + 3.1 22.46 1000 = 20
1 3.86 439 + 14 2133 97.0 = 30
3 713 173 = 14* 2151 958 = 47
5 14.76 128 = 0.3* 20.86 977 £ 35
10 2132 99 + 0.2* 20.10 956 £ 2.7
20 2217 90 * 0.8 100 01279
A 0o 021 1000*12 246 1000 + 13
231 971 = 1.3 22.36 101.2 + 3.1
2.33 86.1 = 34* 21.77 972 = 94
5 3.89 706 £ 2.1* 22.50 100.1 = 4.8
10 5.64 50.0 = 4.8* 21.96 976 = 56
20 803 383 * 18* 2136 075 £ 41
T CoCl o 221 100076 246 1000 £39
245 1044 + 2.1 22.52 1020 = 48
3 251 103.1 = 3.3 21.09 987 £ 1.3
240 1080 = 3.6 23.00 1035 = 4.6
10 242 101.6 = 6.2 22.66 99.1 = 2.8
20 26 2536 297 9986
"""" NiC o0 221 100065 22.46 1000 = 02
240 974 = 28 2327 1005 £ 1.5
3 243 102.7 = 29 2291 98.6 = 24
5 242 972 = 35 21.81 973 = 4.3
10 232 966 = 34 21.71 1004 = 40
20 238 11001 = 14 2216 100636
" FeSOs 0o 221 1000 +32 246 1000 + 3.1 )
2.39 101.7 = 6.9 2245 1031 £ 55
3 2.57 104.9 = 26 22.27 1009 = 46
5 2.70 103.9 = 6.9 23.03 1016 £ 1.3
10 2.59 101.2 £ 3.2 22.68 104.0 = 5.0
0 256 928 * 2.2 2200 1035 43
CuClz o 221 1000 25 2246 100030
1 2.51 983 = 2.0 21.96 100.8 = 3.2
245 985 = 14 21.11 ) 983 £ 1.7
261 931 = 15 21.88 1000 = 75
10 2.55 90.0 = 2.5* 2244 98.0 = 25
20 2.19 845 = 1.7* 22.30 982 = 24

a Cells were exposed to CdClz in the absence or presence of 1, 3,5, 10 and 20 uM MnCls, ZnClz, CoClz, NiClz, FeSOq4 or
CuClz for 48 hr, and then the surviving cells were detemined by MTT assay. The concentration of metals required to
kill 50% of the cells as calculated by MTT assay.

b Cells were exposed to 2 uM [1%Cd]-CdClz in the absence or presence of 1, 3, 5, 10, and 20 uM MnClz, ZnClz, CoCls,
NiClz, FeSO4 or CuClz for 48 hr. Asterisks indicate significant differences from the value obtained in the absence of metal
inhibitors by ¢ test (*p < 0.01).
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