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Molecular mechanism of cadmium toxicity and its protection
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Summary

Cadmium (Cd), a harmful metal, causes severe toxicity such as renal toxicity, hepatotoxicity, pulmonary toxicity, osteotoxicity
and anemia. However, the molecular mechanism of these toxicity remains to be unknown. We have been studying the
identification of target molecules involved in Cd toxicity, their molecular mechanisms, and metallothionein, which is a protective
factor against Cd toxicity. In this paper, we present the molecular mechanism of Cd toxicity and its protection, focusing on our
research results. It has been comprehensively investigated which molecules are altered by Cd using DNA microarray analysis,
Protein/DNA binding assay analysis and siRNA method in order to identify the target molecules involved in Cd toxicity. As a
result, we have newly identified YY1, FOXF1, ARNT and MEF2A transcription factors as new Cd-targeted transcription factors,
and found the suppression of gene expression of UBE2D2, UBE2D4, BIRC3 and GLUTY, which are their downstream factors,
causes cytotoxicity. Moreover, it has been newly revealed that Cd causes inhibition of iron absorption from duodenal epithelial
cells through suppression of the expression of iron transport-related genes DMT1, FPNI, DCYTB, HEPH and HCPI. These
results suggested that Cd-induced iron deficiency anemia may result from lack of iron in the body. In addition, although
metallothionein-I and metallothionein-II have been strongly involved in protecting Cd toxicity, the relationship between
metallothionein-III and Cd toxicity has not been studied in vivo. We investigated the susceptibility of metallothionein-III null
mice and metallothionein-I/II null mice to Cd-induced hepatotoxicity and testicular toxicity. As a result, it was found that
Cd-induced hepatotoxicity and testicular toxicity were enhanced in metallothionein-I/Il null mice and attenuated in
metallothionein-III null mice as compared with wild-type mice. These results suggested that metallothionein-1II has opposite
effects to metallothionein-I and metallothionein-II on the acute toxicity of Cd, and provided new findings on the biological role
of metallothionein-III.
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Fig. 1. The new apoptotic pathway of Cd toxicity through the p53
overaccumulation via the downregulation of UBE2D family. Cd
causes inactivation of YY1 and FOXFI transcription factors and
induces p53-dependent apoptosis through the suppression of gene
expression of their downstream factors UBE2D2 and UBE2D4 in

proximal tubular cells.
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Fig. 2. The new apoptotic pathway of Cd toxicity through the
inhibition of ARNT transcription factor activity. Cd causes
of ARNT

caspase-3-dependent apoptosis through the suppression of gene

inactivation transcription ~ factor and  induces

expression of its downstream factor BIRC3 in proximal tubular cells.
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Fig. 3. The new pathway of Cd toxicity through the inhibition of
MEF2A transcription factor activity. Cd suppresses GLUT4 gene
expression through the inhibition of MEF2A transcriptional activity,
resulting in reduced glucose uptake into cells, causing cytotoxicity in

proximal tubule cells.
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Fig. 4. Model of the inhibitory effect of Cd on Fe transport. Cd
causes inhibition of iron absorption from duodenal epithelial cells
through suppression of the expression of iron transport-related genes
DMTI, FPNI, DCYTB, HEPH and HCPI.

ULEORERIY . #OERSAA FI v, +
TG BRGNS EEEA AR LT, Sk B R

+T&2% DMTIL, FPN1, DCYTB, HEPH 3 X OV HCPI
ORBEIHI L, TNODHTDX Ry EREE D
SEHZLEBUT, WLED OB EZ 5| &
LT ZEBHICHLNE o7 (Fig 4) &

3. ARI VAT E AT A RA

(1) AZuaFFRA T2 T

A BT FAFRA 2 (metallothionein, MT) (%, 1957 4
IZ Margoshes & Vallee (25> CU~DOR -G H R
SULEARZ N IEE LTHBEENED, AXaTF
FRA EE PRV T ABI T v b2 ElTBWT 4
FEOMAMNGFEL, D OFEIOTRHREKT
S (AFaTFAFRA U061 i, AZaTAxA
VA 68 fH, AXaTFARA LIV 62H) DO E 20
HEATANED, LOLEERT R BEEE
TRVRHB A R o TN 2 3430, 1957 FRITR R Iz A X
OFARA N, AZaFERA 1T HID, ED
B, AFOFARA N PHEREN, WEE I, T
RTCOMBRNHFET D Z EPMER SN TND, £,
AL aF AR A -IE, 1989 4E1Z Uchida 525~ T
Z v N O KA S AR B AR K Bl R 7 (growth
inhibitory factor, GIF) & U CHEEXN 373 L], M
WCRBMBIRET S & STV, BITKHICIPHZ
EOAFEZRE L OB ST BB L TV D 2 L0
BINTWD, AZaTFAHRA -V X, 1994 T
Quaife HIZL > TV ADEFE LY HEESh, FNHR
H, B ECORFYEEERECTHEPHRINT
WD, AFaTFHFRA I BLOAX BT A RA
I O E7BEREIE . BRI 2Bt SV &
W7V —=F PHWHEERERET 52 ThD, L
72RO T, AXOTFFTRA I BLOAXaF 4 A
VeIl iR, R U LET U AR ORI EE,
A ONZEC TSR 72 & D WZE A 8 DT P ORI B -
LTWHEBZLNTNWD, /o, AZuFtxrAy
A BEXOAZ O FARA - 1E, FEA OIEERTERE
(0y, H,0,, *OH) WEMEZEFRF (NO, ONOO) %
HETEDZ LD, BEA N L RITHT D EEAB
BIR A& LT Hhild CTEEREE Z /- LT D 4040,
IHIZ, AXuTFAERA I BLOAX BT A RA
ALiE, 7RI T AREDEREZIL Uk~ 2RI X
STEORENFEIND Z L ba=—7 RO |
DOTHL B, BRIV LHEHET oA n T AR



A VIBLOAY B T4 A - OBEZHIIC DT
X, B~ T ACH G A MR & AV -
WFEENEZ < EINTWD, TNOHLOEREZE LD
Dl AXOTFARA I BLOAX BT A RA -1
3 RI v aoatEEE (FErh) cwtmEE (B
P, FFENE, BEME. mkEME. ETRE QN
FENA) OB EEREFZ R LD Z L3
EMNZINTWD, Fie, A¥aTFARA -1 BIY
AFOFAFRA - BA R T LOENENREICKT L
THES G T2 Z LN RENTWD, ERLLED T,
7RI T AOFECHRNEREE . A ¥ 0T AR A 1
BLUOAXBFAFRA - & OBRICONTIL, #h
TN ERENTVAEDT, MHEBREN S
24 5 A aF A RA IS DN
FIRBENILTEY, AT A3 A -1 D358EOHT
FelbiFRAZ B L, fix OEE (01 = ICK 25K
HEAE, PR MIC K D AMFEZE, SRR, ZEME A SR A
{bIE7ZR &) 1Tk L CTIREER A BT 5 Z LB HLMNIC
S TS 45408 BRLISNORERRIC 1T D A Z e T4
FA - OAEFRRIEENC SOV TITIEE A ERBHTH
b, Flo, AZOFAFRA VL, 1994 FITE DT
TEDHER SAVTEARE, <R ED HILTHZRNO
BERTH D,

RE. YHFERTIE, P—r 2 —FF IRk
DAZaTARA D EAZ T LA - DOREBE
MR AFOF A FA I R~V ABLIURA XD
FARA M DREBEEMZ T A Z 0 F 4 %A -1 K
BT A RALTEY, A ¥ aF 4351 PWFRIHE
ALTW3,

(2) BRI VLEMNEMCRIETAZ 0T FR2A
- D%

EROEIZ, AFaTFARA I BIOA YT
FRA VLTS R I AOBMERICES BE S5
EPHBEMNZENTWDENR, AZrFAxrA 1
LRI U AFEMEE OBURICOWTIE, 13 & A EKR
INTVZRY, £2ZT, EELIX, I FIVLOEM
FFEEN TR B ER RIS D A ¥ o TR A -V
KE~TABLUORAZ 0T A% A U KB~ T AD
B LBRFT L, ZOREER, A RITAICKD
SRERFEMER, WA~ AR TAZ BT AR A
VA RIB~UATIHEBR S, AXaF x4 -0

KE~T AT EIND Z L EZHLMNT LTz 4749,
—F. BRIV AL AREEBEICOWTL, A4 1
FARA VI R~ U A TEER <D 2 L RfEET
HoTed, AZaFARA - K~ T A TEAR
< U AT EOBMEIREG L ¥, S 512, Somji

Hidt MEARAE RIS A X 0T AR A - Eif
FIRBIED L, I NI VAL DEZHENEKRT D
TEERELTND O,

ZOEIT, AXuTFERAAIE, B RITLAD
ST L TAZ T A RA I RAF a T A F
AV EITHR T AR E R T I E AR S AT
D, LLAERL, b ZEDAH =X LZDONTIE
HLNZENTELT, I RIva2MmEIcxtd s
A B OFFRA - OF =2 EREMEA D 7= b1, 3
M RFIBLECHDH (Table 1)

Table 1. Susceptibility of metallothionein-I/II null mice and
metallothionein-III null mice to Cd toxicity.

Comparison with wild-type mice (susceptibility)

Cd toxicity MT-V/II null mice MT-III null mice
Single injection
Hepatoxicity O A
Testicular toxicity - VAN
Long-term exposure
Lethal toxicity O -
Hepatoxicity O -

O: High sensitivity, /\: Resistance, —: No change.

(3) H R U LBHFIECRIETAZ 0 F 4 R1A
- D%

EF O, I FIvLoEEREICHT A ST
FHRA VU RE~TABLI A Y BT A 0
K~ U ZADRESNEZ LR FT L7, 300 ppm OH K
RULEGUEEITCHBE LIZE A, AX T4 RA
VKRB~ T AT 8 BIZ T T Liehs, ¥
AR ZAB L RAZ aF 4314 -1 RE~ T R
67 BMAMF L., Wi~ AL HICRRFEtEE R LTz
SO, LIER-T, AFaFtxA U1 KE~T A X
R AOEHRERICKR L TEES S TH - 72238,
ABaFFRA - KE~ T A TEER < T 2 L[
BETHTz, A¥aFA A - KRE~T A,
71 R UL L AaMEFEECK L TR Th o7
23, B REICR LR b S bR &7
Mot (Table1) . EOBEHE LT, A ¥ aF4 1A



VAL RE~ DAL, BEM T X EFRRRICA X a T
FRA L ARAZ AT F A U BFEBELLTNDTD
LEZLND,

4. BbYic

DNA ¥ A 7 a7 LA fi#hi, Protei/DNA 7 v &A1 fi#
Wi LOVSIRNA VEZBRE LC, 4 KX 7 AOEMERE
2B BHER Y T OFE & D0y THENEARIRIZELY
FHATERESR, Biic7eh RI U MENEBERT L LT
YY1, FOXFI, ARNT X MERA #55 K% [FE
L. &5 O FitA+ CTé 5 UBE2D2, UBE2D4, BIRC3
TN GLUT4 OB FFBNH S Mia =t 5] & i
T EHTICHLNNIT A ENTEZ, 20X
2T, TNFETUT LHIRIZ STV oo+
LoYLTCOH R 7 AmERBEIC OV T, flix
RGN EAEN LT DH2 0 B2 U LB e s
WEPALNCT DI ENTE, INHOUERETY
R U AEHERRICKRESERTEL LD LEEZX D,

BT, I R T AT K BERKZ PER M 0O FEIERERS
PEEAEHLNTSITW VRO H, B O
SN R I AR, + FaHE R A B (e
A LT, $kimspdEsy+ (DMT1, FPN1, DCYTB,
HEPH ¥ X OY HCP1) O3B AMHIT 5 Z & T, Wik
B OB EZFIZEZ T2 & 2H- I 60
2T DT EMTET,

T, AT ERA EH RI v LAEHICHT D
ARNBEIRT- & L CHLBN TS OO, BifEizhE
EATHDTA4OO5TREDI L, AFZaTFAxAr
AL AZOFERA N THD, BRI TLFEEED
BfRIZONWT, 1ZEAERFI SN T W olo A ¥ 1
FARA - BH RI T LORMEFEEICR L TAH
BT AR IRAZaT A A - ETHRIT D%
RERTZEEZHELNCIL, AX T4 RA o DER
W TOEENZ DWW TH 72725 A ik L7z,

—J. BRI HEMERE (B ORE
WIHERERRBD LN TND Z EMnD, AREMICE
B0 RI T LAOHERED A7 FHEOBIZIE, e Ao
N Z RIS 2 RS D, TDT-0, ST
ETH, BRI U LAHUFEENE - 2 oz 5
WFEITIN AT, B B0 DR F O E & 2D A
=AM T LR LHFIZICEFTLTEY, AR

7 AREZPER - DB EIC O TR, BLBEZEE R AS HY
BT D,

BB\, BRSO A SRR D3 BRRR
NTC, AEFETISHERICR D, AfaTik, YMfgR=ET
HEOTERIEE DS, [ RITv L) ([TESE
BTTHI SE TV W, SRR TIE, 4% b
BRIEFMY, FRCEBREFORELIZLo0h &L
B EEE D L5, FRE—IL > TH EH X
IEE 2D TOL FTETH D,

e

AR TR LI R o—BiT, BRIRE [EeEED
TREERBNZ BT DR GI5E (f & A A X A i R OVEME
1Ry APERICET AN | (TR
VEREREES . 2006 £4E55~2021 4E)%) | SUHEMFEE (HA
RIS BURR A AEba: TR (B)  (—
) 1 (AFFERERE - VeRMEZ . 2008 4255 ~2010 4R,
2018 FFEEE~2020 FFHE) | SCERRL 78 (H AR PR IR Bl2x)
Bepurfe e TR (O (—%) 1 (W%
REH & JRwE, 2016 FE~2018 FFE) | AL
IENER M TEREERFTEBI AR ) (FERRHE . 2006 ) |
IS B NRSEM [ B 8BV 2R B se B (3=
JRFE, 2016 4R | AL FNE NS AR TR SR R T4
ek 4] (AL, 2017 4B | —fRMEEAE
SNBEREEEI R TEE2E5E - (RFEHEIS EhAE DO Bk
(TEAREAD, 2018 4 ) B L OAEMEIE AR A
IREVE T35 RMseBha) (BB R, 2020 )
DB % S CHEM Sz,

KBFENC TSI T2 120 72 S e = BLE O R
OREFEACS, NEIAHK, & HERK) | 6%
AN ONCREIERFSE B (2006 4= 6 H~2008 43 ) TH
ol A HEE A (Bl BAHEEGASH) 1T kb
JEHE L R E T,
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