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Abstract; Cadmium (Cd) is a ubiquitous environmental heavy metal pollutant which causes increasing worldwide
concern. In the general population, exposure to cadmium occurs primarily through dietary sources, cigarette smok-
ing, and drinking water. Cadmium has been classified as a human carcinogen by the international agency for re-
search on cancer (IARC). In 1993, its carcinogenicity has been long established; most evidence is available for ele-
vated risk for lung cancer, prostate cancer, breast cancer, gastroenteric cancer and so on. But the underlying mecha-
nisms of cadmium carcinogenesis are still not clear. Many studies have been demonstrated that Cd induces cancer
by multiple mechanisms: induction of oxidative stress, inhibition of DNA damage repair as well as apoptosis, aber-
rant methylation and gene expression, resulting in cell cycle arrest, as a metalloestrogen, promotion of cancer stem

cell growth and induction of cancer via chronic inflammation. This review summarizes the recent advances in the
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carcinogenic mechanism of cadmium on the molecular medicine level.

Keywords: cadmium; heavy metal; carcinogenicity; molecular mechanism
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THREUE I RT BES T ML (A 78 b SR — 253 .

A DNARE S

Inhibition of DNA

AR WMIER Fk

Influence of

Damage Repair

Osidative Stress
DNA Expression

T

Inhibit Apoptosis

520 40 B TR MR

Resulting in Cell Cycle Arrest

WA R

Metalloestrogen

PRt bR
AR 1%
Promotion of

Cancer Stem

DNASHH HIEAE

Aberrant Methylation}

of DNA
Cell Growth

E1 REERERILE

Fig. 1 Molecular mechanisms of cadmium

induced carcinogenesis

1 $BEERSFHLE (Molecular mechanisms of
cadmium induced carcinogenesis )
1.1 AN

Z IR R e s S AR A e, 7 AT
P4 A i 3 (reactive oxygen species, ROS), X #{IA K
SERREUE I EEEHLEIPY R4 JE AN R S
/U3 35 S5 B (fenton-type) 2 5 H B FEIE A, A H:
ToAGHA 4 & 25 1 —FE R AL b i 7, R
T8 3o A0 ] i 420 Ak B (superoxide dismutase, SOD)
2 e H IR R B (glutathione reductase , GSSG-R)%: H
FH SR 7 R TG PR T 3 55 ROS X 40 A #5475, W53 HiE
SEfmEEMEA 3 T mEmamE A b EERE. ) S
SOD .GSSG-R i ik J5 2 1 A B ) s L B 45
X SR AT AR PES 2 AR AR 5 MT &
HZ5 5, W/ BB s 3% 2 IE, #6l CuZn-
SOD JE ™ 5 3) 5 43 bt H K S Ak 4 il v A A T2 ok
HAEY W HIEEY S BeAh, B is nl i i 1 b v g
M4 AL I | M 2T (2 R AL 2 (heme oxygenase 2,
HO-2)flHLIAR P A 5 i ROSP %t T4k (1=
22 KAt 2 o — A ROS B BRI, Sk
SN L % B A Y B U, R AR K
ROS M3, 4 AJ 38 2 4% B 1) 38 3 398 A\ 4 i 56 o
FTIF LM R 300 175 M 2 e L) Al ] 3 3k ) 4 b
AR DY B I 17 B T2 & A2 TR e 328 B 1), 5 i 2 b 1
I BRI b i 47, DTS e AR A L
HEfE T, 7742 ROS,

K& ROS Brdi MM iR B 2 FE 2L A
F 36 S A2 =Wy, ik DNA SO0, e &8l
FEDRIGEAE 17T g A R 00 9 A D) 4 5 PR 28 A (i
ras JE 3L GC 5 TA Z v, 5 8OL W Ak ; #1988 FE A
p53GC 5 TA Zifii, B KIE) Wk — 2575 3 g
MR KRS WA RSN SR R I 2
MR R R % 5 Bl R L g I A i A —
FINN, B AT RE ACHH AL, E sl T,
AT AR f e 2 A1
1.2 ikl DNA s &

DNA 50718 52 16 2t 72 A= 1 i a5t % sl 3k R 4 AR
FETETR RS AR I Re i 5 2 Fh e i &
JEEEAEN, 2SR AR T i 2 AR
il DNA #4515 % . 1) 30 il il 3 VI B 18 & (base-exci-
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sion repair, BER) : #F 5% 11F 52 IG5 £ % A A4 i) BER
FIAB TN 8- 5L S S DNA B H i (human 8-
hydroxyguanine deoxyribonucleic acid glycosidase,
hOGG1) 2 IE B i, NTTTsZ I A 8 46 S IS (7,8-
dihydro-8-oxoguanine , 8-0xoG) (%, tL N I H WL 7= )
GT Gy i 0 Bk 2k 18 &2, i 35056 [ g€ A2 i HL
hOGG1 111 P 3 1] 55 57 2 2% 5 B[] B 5] o 44K 3t
PE . Bravard SE"HACH RS2 IE 4 I hOGGT X
PEBURL A SR AT ) hOGGT & R iy B3R M
M hOGG1 23k ; 2) il A% H R V) BR & 42 (nu-
cleotide excision repair, NER) . WF 5348 H | 4 n] i 1< ¢
RS 8 1 B BETT 2 0 DNA 252 i XPA \Fpg 1Y
T PE A0 NER!" ™ ; 3) 300 il 485 4% W7 2404 & (mis
mathch repair, MMR) . &8 A] {1 il 45 Fic & &2 25 11 Mish2-
Msh6 1 Msh2-Msh3 9 15 7%, 52 ATP 25 4 | 7K i
MMR Hi 56 1 FI B L &% Msh2-Msh6 1 Msh2-Msh3
5 DNA M454, I H AL REAR e AT 48 B H8 07 19 43
fiﬁﬁ%jj[w-lﬁ]o
1.3 5 DNA 53 H 34k

DNA 58 H 3 b 2R B0 i 2 AL Z —
Yuan VR BN N BB BR TR 2 S BUN RN
DNA H 4% fiff DNMT1 & DNMT3b i 3 34 i,
MNTEAM R L ] pl6 Ak, R BOHL IR 1M
iz HB A 5, ple W 3R I8 3 fin, Hossain
R0 & A 2 B TR AR, & B LINE-1
FEPH (R P 5152 o0 e 1) AR Y R4k T
LINE-1 & [A B {5 FP A0 m] 5] 7S 2 (5 PR BT 2Rk 2k |
Pl NG TR SR RN e M R A
AR S e oAb ok IR A 2 5 T
ST A PR P R A D T ) 2 5 TR 0 25
SO R WP AL, HED X AT 2 5 DNMT 36 PE A
SR B BRI 8 RERF ST
1.4 HHIAALgE T

3 P B A A1 o 20 B T A S e
Z IS4 B R A d Z R AR T FRA A 40
LR T AT e 238 ik AT 3 A S A - 1) 5% 1) 44 i
WG . Son A1V P20 4 Ab R ) A0, 25 (24 Bel-2 3
[A % 1 (B-cell lymphoma-2,Bcl-2) Bel-xL & [H &
(B-cell lymphoma-extra large, Bel-xL) 45 #t ## - 25 11
DL K Nrf2 (NF-E2-related factor 2), P62 55 & [H & &
Ik ML R 2R s Rk, AT RE S T4 M A
Wi T 2 TG v T, T He b SR Nrf2 (P62 [ Y
FFGAERI . EBR Nef2 (P62 FE[H 5, 4 i A

K EE R K A ; 23 i AKT/GSK-3B/B-catenin i
FEAEIT - Son 48P % LK ) 2 67 T 4% 2 2 ff PI3Ks/
AKT } Wnt/B-catenin Wi 5515 5 38 4% 1 1) 2 Fh ) ot
PRI I, 065 20 1 PN B D5 AL G 3 B (Gly-
cogen synthase kinase-3B8, GSK-3p). B-catenin , B i
Pk L B35 1 (phosphatidylino-sitol 3-kinases, PI3Ks)
LU0y T 22 PRIy 2 IR EE I Akt SEH) e,
X P A% 00 T -5 e 110 A R TR IR SR . e 2
WFFE A B, 3 2o AN L 7 21 ROS , 77 A R it
AL, T BT A LB SOD1 K& SOD2 24 il 5
S Sl I BEIR AL KSF 4 GSK-3B 11k, A
M B-catenin [ ff , SA ML 98 - #5, 1 AKT
/23 1 GSK-3B #Iifil B-catenin [ R fiff: 1 B0 1Y
(FEULIEL 2) 5 3) 5 ma 0095 5 R 923 « Urani 4529 & B4R
A REIE W 5 AL A T 3R R P53 ca dd i

PR JULRE-3 93 il R G 38 Tl Wl R T A P 52 W) P53 5 b
BB A h B BENT 52 DNA 2545 68 77, AT
Bt N7

Cd*— ROS — PI3]<1/AKT

GSK-3p |

B-catenin 1

Target genes:
c-myc. COX-2,
HIF-la. MMPs.
VEGF

f3-catenin
TCF/LEF

B2 $RIEAT AKT/GSK-3p/B-catenin i ¥
Fig. 2 Cadmium-induced activating of
AKT/GSK-3f/B-catenin signaling

2SR R A5 ARAIE SEAR T A 45 PR A 5 5
28755 0 R P </ A% ¢ X (11 LK 1 BTV N7 o1 R
SUAE AR Ff A 0T B0 40 B A T, 4 RE ST, Son
L L I 2 wmol - L HRANFE A | Bz 41 (BE-
AS-2B)1 JJ& , A EE S 41 o fob 35 345 1 H Ak B s
[ESE K2 2 HJE, % B0 e 5 e, X R
W, HA LR N B sk B — e KO KR A
A S UL E T T AR O S AN SO 23
AT B SR T, AN A
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N TERR SR R b, AT BesE o S S A A T L
], A 2 FRU 2 30 1 s A IR O T T
FRBE 0 3 R A PR T
1.5 S0 20 0 0 45

£ o JR) 40012 A0 B A i 3 B A SR AR S R 4 AR
JE IR AR A A8 1 rh itk A6 B ok BRI T A AR
P AR 7 200 R SR S A S O 24 R A AT FERIR
A, BUWIE BTG T 55 M 240 ) 1 9 4 i
P, Choi 5P IA Sk 4 32 B J2 38 o 100 1 240 fi
HABE P R 7 38R 11 (cyclin-dependent kinase 2,
CDK2), ¥4 in P21 ik, i 3 Jn p21-cyclin E-
CDK2 & &R & Wi S 2041 i G1 # BHL ; Bork
SEPUA Sy 5 T 2o 4 A R B S DNA 45 30
ATM/ATR 3l 541 G2/M HWIBH AT | i G2/M 191 FH
A A TR BT T, Y RIS S 0 G2M
BELH 5, AR AR T3
1.6 HEBEREFERY

1994 4F- | Garcia 5% 5 Y H 0 02— i 4 s
WE , ZJ5 Johnson %P % ML 25k K BRUBR SLJ5 , 7F
KU I N T IRV B4, 5 5 B RS A 3L
AT, BAREUETE, 2558t 55 5k
A S ELAG T ER S5O0, L[] P e AR B AR 3R
IR BE T S Mm% 2 VR, Wk R o v T 2 S B At i
PAGE" R SRS K B, S L AR SE e B 4 7
FURH 1M —5(E2) 5 M & 3Z 1K a(estrogen receptor
o, ERa)ZE A, AT 52 M 35 2% ) 4 86 R ) B S L 3
ik, BRI HR # 5 ERa 2561 2 /P75 1T i
FDERSECRSE A X 2)FR HUR 5 DNA 254 X
BEE B9 DNA 5 ERa WIZEE 71, Wi K3
e 5 2 0 L 4 A P 4 Y Ponce 4527 U 2 91
3 i G AL R T SDF-1 263K /6 T ERa 18
H ., UEAM, Liu S5 R 3040 B B0A 225 2410 Re
A a5 2 R 1 AE N 32 R GPR30 45 &, BT
Erk-1/-2 ¢ AKT gAiii = fie 3 FE i
1.7 AR IE R T A 1 i -+ 20

MEAE SRR S — AW, Z I 58 IA R i AT AR
FH T 200 M JR) PRG035 A1 8 1 8 T 400 L 2z £ g ek 9
T Xu P ] BRI o AL
MR AN PSR e A AL A FH T 40 R A A
B gk — LIS B SR e 2 AR AT R —
AN JEAEFIER -, AT LR 27 A 48 B S RGO S5
[ G 50l ot oo < (N R ER &8 B r S Ny L Dl
FRIE T Z R 5E 380 . Barrett Z5PA 53] T

LA 251 . Qu Z5P o LR B 7 47 15 FH T 41 it S
FlMIAEE S , OCTA(UI M Ak i) 22 X+, 7E Mg 1
2 it P 5 3K CDA4(— R T4 iU 32 i b s, 7E 3K
SE A AR T 25 B 22 3K) B CXCR4 (K] T e 1 7 ) &
PRI R, T 3K 2 5 R 119 3 3 18 s R R A
Jifre B A 3 5 e RS
1.8 TIZFEEH RSB

KMo R B T E T 2RI, T2 Fh
HE IR 3R (B P ST J8), AT A 224~ J7 T 52 Wi i g
MR Al FEB LR 1),
1.9 VEHITFRAEH T, R0 4 i s o fig

ZAF T A R R ) R AR R R T R R
A, S ] T B SR e T A 2 A e T R
TR i A B G 1 HBY R B0 PR 4 RS
3G I R AR R, T AR AN 23 R IR
R — RIS K77 A, T F g & A=
K., Kundu 5504 % B T iR i 1 dz g Ak K
PR ik Rk TR T D03 % AR AE PRl 3R 38 | B Al
HEAR MU SE . Freitas 2550 & IU4R BE R 0T DAL
NF-«B 38 B 0E , 7 A K RAE T, T 3% 26 4 E
PRI =10 7 A A A a2 g 7 A e Ty Thi A B B VR

2 WFREE (Future research)

S ERBURE AL Y 5 2 F T A 2 R o
FHLHI N Z A D7 AR T 4G UL 3), 52 i 4 i
oAb S R TS 2 A B B AT R
B, 250 4 AR ok O R OC PR 28 7E R B0 1L B v Y AH
HAEH, MR R s, 455 BETA G
BRI FHILR ARG O, S 5 FATAT LUANLR
JUAN T T T X U8 IR AT .«

DSRS0 ) BARBLE, an Pk, 4 AT LU i
ZRIEAR S EUMIE 1 KA BN B4R W AR
AR S e @, e AR REIEHT Wk
ATLAF AR T, SURT DAGE 20 B B, 5 T A ]
FRHLE 2 EGR R IX 2 FORE A 2= E R, B 1F
WFSE s I 2R 58 T4, 2 S50l D i 2 R P R Ak 2
M2 88 TR0 2 S BOE R 4L, X
ML s 2 — AR R e il A LI E T 2
FONEZEE R (R 1), T T 8o i 0 & 4, o2 E S
ff R — TR, A, 4R AT LASE Sk AR 22 1Y iR
B ) K A 3 S P R AR 2 A T 2
S EN A AL R R B 1) &4 XA IRA
iR, BT, E ARG R H 5 E, AREZEE
P2 10 2 P4 B BG VR B0 AR BRSO e 1Y
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Fig. 3 A schematic representation of the mechanisms involved in cadmium-induced carcinogenesis

KR M Z R 4 R B G1E H B B ARG, AR i
il F S BR A R 40 0 DNA B8 RS HEH,
iR HALBUE N R WEH T, WA HIRE.
B2, HA IR A N LR EUE T, A
REA R ATEE 4 T 1) 1 e B0 1 SR e A g >
FATH JF B0 1 B ih TAESOE M 5T A

2 Y BEPEVEAS . BT, A K s SCHRE
THFFEERBUE I 3 HLUH (E2 el B 2 00, HERA |
T E PR X T A AR BB PEE D 208 TR F
9%, FRATELAE BB 1 7 - W i 1 (atomic absorp-
tion spectroscopy , AAS) & 2 K I 72 | HLJERAH A 45 2
FIA % X (inductively coupled plasma mass spec-
trometry , ICP-MS) & 5 K6 I 15 45 5 3, A5 I ¥4 . I,
K RWE SR AR T X AN H R S LR FE
PRI A REEAE 5 i, Ok B UL I L o0 TAILAA
A RE PRI AR T . AT A R A1 40 B S
FEAE T2 g b i) 8- FL R 1 2 A 7K B (delta-
aminolevulinic acid dehydratase, ALAD), I il H: Jif
P, IR ALAD 374 T DA T4 S 4 %o T HILAA g A
WS, R4, = BET, R 0 308 1 2 Fh bl
HEOFRATRE A S B — M S bR AR, 25 ik
fli X FAURR A Py B 007, X R (E A FRATTF
FEI)— KPR,

NI T Biih . BEAR R 2 T U I kA4
B2 aT 7 ify G AR AR X Fh AR B AR, B 3R

MBI E R Z 8RR T ISR 1 7T HL
i L, FATA BE 4 B HEAT R B 2 T B if T AR e
A AR Z SR s, AR AT LS BILA 2
WIS, — 7 Th LIRS TR R BB, 5 —T5
TR 25 W0 THLA R BE 45 07, 58 22 S H 5 —Fh
A LSRR AR EUR AR R 259, X R AT TR R Y
W E R Z—,

4oy A FENEOR R A R (5
AT B F3RATTE— 20 1A O AL 10X S
TEAE S BA TR B BA W7 TAEFT#E— R,

BIEBEE N k42121955, B, i+, AL E N, #¥% £
T INE R G K AR B IG RA R T R T R R F R
#4002

HEEMMEEB M AR &L F 1974, K, ¥+, THE T, #
¥, EBANEMN G ST K AN BN ARG T TR T
AR A B A BRI F R I 100 45 .
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