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Toxicity of Cadmium and Lead on Vascular Cells That Regulate Fibrinolysis
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Cadmium and lead are heavy metals that cause vascular lesions such as atherosclerosis and hypertension. Toxicity
of cadmium and lead on the regulation of fibrinolysis by vascular-composing cells was investigated using a cell culture
system. It was found that cadmium promotes the synthesis of plasminogen activator inhibitor-1 (PAI-1) whereas lead
inhibits the synthesis of tissue plasminogen activator (t-PA) in vascular endothelial cells; consequently, both heavy metals
reduced fibrinolytic activity in the liquid phase. The responses of endothelial cells to cadmium and lead were different
from those to other heavy metals and the release of the fibrinolytic proteins from vascular smooth muscle cells and
fibroblasts was perturbed by cadmium and lead in different manners. In conclusion, the present study showed that
cadmium and lead exhibit their toxicity on fibrinolysis regulated by vascular cells in different manners among cell types
and the individual cell types respond to cadmium and lead in different manners with respect to the release of fibrinolytic

proteins.
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Fig. 1. Effect of Cadmium on the Release of t-PA : Ag and
PAI-1: Ag from Cultured Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of cadmium chloride (0.5, 1 or 2uM). Values
are meanstS.E. of six samples. Significantly different from the
corresponding control, ¥p <0.05; **¥p < 0.001.
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Fig. 2. Fibrin Zymography of the Conditioned Medium of
Cultured Vascular Endothelial Cells
Confluent cultures of endothelial cells were incubated 37°C for 24 h in
the presence or absence of cadmium chloride (0.5, 1 or 2 uM).

Table 1. Effect of Heavy Metals on the Release of
PAI-1: Ag from Cultured Vascular Endothelial Cells

PAI-1: Ag released

(ug/10° cells)
Control 1.291£0.025
Cadmium 1.735+0.002%*
Lead 1.146£0.074
Copper 1.487+0.070
Nickel 1.650£0.111*
Zinc 1.324£0.039

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of cadmium chloride, lead chloride, copper
chloride, nickel chloride, and zinc sulfate at 1xM each. Values are
means =S.E. of four samples. Significantly different from the control,
*p < 0.05; **p < 0.01.
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Table 2. Accumulation of Cadmium in Cultured
Vascular Endothelial Cells

Cadmium accumulation
(pmol/ug DNA)

Cotrol N.D.

0.5 um Cadmium 148.91+5.2
1 uM Cadmium 167.3£4.0
2 uM Cadmium 178.51+8.2

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of cadmium chloride (0.5, 1, 2 or 5um).
Values are means=S.E. of five samples.
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Fig. 3. Accumulation of Metallothionein in Cultured
Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h

in the presence or absence of cadmium chloride (0.5, 1 or 2 M), Values
are means £ S.E. of five samples.
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Fig. 4. Effect of bFGF on the Release of t-PA : Ag and PAI-1:
Ag from Cultured Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h

in the presence or absence of bFGF (1, 10 or 100ng/ml). Values are
meanst8S.E. of six samples. Significantly different from the corresponding
control, ¥p <0.05; *¥¥p <0.01.
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Fig. 5. Effect of Endothelin-1 on the Release of t-PA: Ag
and PAI-1: Ag from Cultured Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h

in the presence or absence of bFGF (1, 10 or 100 nM). Values are

means+S.E. of six samples. Significantly different from the corresponding
control, *p <0.05; ¥*p <0.01.

Table 3. Effect of Anti-TGF-8 Antibody on
Cadmium-Induced Stimulation of PAI-1: Ag
Release from Vascular Endothelial Cells

PAI-1: Ag released

(ug/108 cells)
Control 0.4911+0.018
Cadmium 0.6221+0.028
Anti-TGF-8 antibody 0.729£0.031
Cadmium +anti-TGF-8 antibody 1.069+0.036
Anti-IgG antibody 0.84110.023
Cadmium + anti-IgG antibody 1.106£0.065

Confluent cultures of endothelial cells were incubated at 37°C for 24
h in the presence or absence of cadmium chloride at 2 uM each.
Values are meanstS.E. of four samples. Significantly different from
the corresponding control, **p <0.01; ***p <0.001.
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Fig. 6. Effect of Lead on the Release of t-PA : Ag and PAI-1:
Ag from Cultured Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of lead chloride (2, 5 or 10 uM). Values are
means +S.E. of six samples. Significantly different from the corresponding
control, ¥*p <0.01; ¥**p <0.001.
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Fig. 7. Fibrin Zymography of the Conditioned Medium of
Cultured Vascular Endothelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of lead chloride (1, 2 or 5 uM).

Table 4. Effect of Heavy Metals on the Release of
t-PA: Ag from Cultured Vascular Endothelial Cells

t-PA : Ag released
(ng/10° cells)

Control 144.4t4.5
Lead 128.4+4.0*%
Cadmium 149.8£8.7
Copper 134.71+0.5
Nickel 126.5£7.3
Zinc 134.3£5.2

Confluent cultures of endothelial cells were incubated at 37°C for 24
h in the presence or absence of lead chloride, cadmium chloride,
copper chloride, nickel chloride, and zinc sulfate at 1 uM each. Values
are means + S. E. of four samples. Significantly different from the
control, *p <0.05.
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Fig. 8. Effect of Lead on the Thrombin-Induced Increase in
the Release of t-PA : Ag from Cultured Vascular Endothe-
lial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of lead (1uM) combined with or without
thrombin (0.5 or 1.0 NIH units/ml). Values are means*S.E. of four
samples. Significantly different from the corresponding control, *p<0.05.
THR, thrombin.
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Fig. 9. Effect of Lead on the Endothelin-1-Induced Increase
in the Release of t-PA : Ag from Cultured Vascular Endo-
thelial Cells

Confluent cultures of endothelial cells were incubated at 37°C for 24 h
in the presence or absence of lead (1 #M) combined with or without
endothelin-1 (10 or 100nM). Values are meanstS.E. of four samples.
Significantly different from the corresponding control, *p<0.05. ET-1,
endothelin-1.
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LTWBEREBZLI V., RAFEESRBHBT 7=
Vv—=bv o 5—wiEHLRI7 s VR ) YOBERET
KBWTH t-PA: Ag HEIHIT 208, w2+ Y
I X535 — ¥HEHIBMX & U 8bromo cyclic
AMP OELET TRMOERIZEERL, #d+ R+
Vrzyo5—EERMHET S LIk > THRA
cyclic AMP ZHNE ¥, t-PA OEHRH %M
BOJREE AR LTV 5,

hF Yy ApMENKRMED OO PAI-L K%
BIRENCIEET 2 T L iIc & » THRHOBAERAE
TEx#2DIL, $Hd t-PA FH % @R A0 i 14
THIEITE-> THRHDRIBEHEZETI®ECE
WREh, $bL, MENKMROKATIC
BWT, # F3IvAaldPALl OFABIBIH L TE
MAEFREHT 0L, #idt-PA OEAEKRH I
LCHEEERHTIEMHOLENL -2, 0D
OFERIZ, # F I v L& LMPMEANRMEORAS
giicwt U TR 2 EARS THRICRBEREZET X
HE3EEETHEILEERLTV.

3. MEERBHMIBRE CHRMEFMBOMBHEBIC
e 3h KIILARUBOEBHERRE"®

Bikiz, WEE—RICE > MEXNEME, $ED
ME R MR O E ORI D S S
TW3, MENEAEAMME & BT 5M—0k
T & b MKEHE « SER 0T %8 U TIENE
BEEC T EEROEESHRIL LTV EDIH
L, MELRHERECHEESMdoETEREEZ
hZhED r — X 2 OFET K CIMERSHEE O
Btharsanhsd LrLEMS, VELUNEM
b EEIEEEZT R BARCME S L 72
BE, MELEGHIEL ORI m®g & 8
BT EITIEY, TOEXEE - RBEROATICEE
THEEILNS.

L AT, MEFBHHEIERE(REOER
i & b WA - H5E L NIRRTk 3
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Fig. 10. Effect of Cadmium on the Release of t-PA : Ag and
PAI-1: Ag from Cultured Vascular Smooth Muscle Cells

Confluent cultures of vascular smooth muscle cells were incubated

37°C for 24 h in the presence or absence of cadmium chloride (2, 5 or 10

(#M). Values are means*S.E. of six samples. Significantly different from
the corresponding control, **p < 0.01; ***p <0,001.

Human vascular smooth muscle cells

Cadmium o0 0.1 02 05 1 2 puM

tPA => &
u-PA -»

Fig. 11. Fibrin Zymography of the Conditioned Medium of
Cultured Vascular Smooth Muscle Cells

Confluent cultures of vascular smooth muscle cells were incubated at
37°C for 24 h in the presence or absence of cadmium chloride (0.1, 0.2, 0.5,
1 or 2 uM).

205, ZDO&HBEAITR—BRAICMBAEEL,
BRI & BIREE(LRA & OBIE DI RIS N 5,
MENRMREZZ G T, ME TR R
IEMKL S +-PA N U PAL-l OFEAREAH L, 2 4
BERIC (M P R MR o 15 35 s & O I B Bt i
WAEEOREIEET,b0EEL 50TV S,
L LeH s, W FMHENC B 2BBTEESET
LicE& 747 VHOBRESATSELD, #FR
PN BEEIEEE DT RA R T2 EMEIDE 3.
KB, BIRELKRE L SCEIRT PAL-L #{ZFO%R
BHOTTEL TORHIBHEShTVWE.® Lz
T, BRELREORIE « ERICEFS LES L xh
BHF 39 ARUERDS, WL KT 2 ME
AR K ORI O BIARETIc S0 X H 8
YERRER THEERET 200 2H O hIc T 2 HE
nBH5.
INETORIIZIBOVT, # N394l PALL K
HOBIRWEELE LT, 83 t-PAKHED

-
wn
o

t-PA pPar1 1270
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o
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Fig. 12. Effect of Cadmium on the Release of t-PA : Ag and
PAI-1: Ag from Cultured Fibroblasts

Confluent cultures of fibroblasts were incubated at 37°C for 24 h in the
presence or absence of cadmium chloride (1, 2 or 5uM). Values are
meanstS.E. of six samples. Significantly different from the corresponding
control, ¥¥p < 0.01; *** <0.001.

Fibroblastic IMR-90 cells

Cadmium 0 01 02 05 1 2 uM

t-PA=D |
u-PA=p

Fig. 13. Fibﬁn Zymography of the Conditioned Medium of
Cultured Fibroblasts

Confluent cultures of fibroblasts were incubated at 37°C for 24 h in the
presence or absence of cadmium chloride (0.1, 0.2, 0.5, 1 or 2 zM).

ERFHGEIZE LT, & bICMBENREBOBRA
EHAEAETSEEZEDBHSHICH -T2, £ T
hoOMEEZRIC, MBI OSRHESEmi
ORIBEITRHICNT 20 F 39 ARUBOER%
Bt L, W MHEOMATTIC T 20 F 1o A
RO AOE LT R T R

Fig. 10 17, MEEHETMES, OO +-PA: Ag KT
PAI-1: Ag RIS 24 F 3 v aDfEH AR T
t-PA : Ag U PAIL-1:Ag iz, # F 3o LBE
IIRERICE biciiflsh TV, 22T, AF3
U AR E SR F MR O A ORRIATENE R 7 4« 7
VYA ET T 74 —THREFILICETA, Fig. 111
AT &I, ARy ABRME R EE
EERITR u-PA IEHE IR S /o hs, +PA EMER
BHENEh -1z, TOuwPATEMIEIH F I oL
JEITRERNICIE T LT W, A FI ARIERLE
MESE D o Rt~k U 72 LDH O7fdE
KOl ER CEEESY~O *H) oA ¥ v DY
ABEFNIE T A, t-PA:Ag KU PAIL-l: Ag 1K
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Fig. 14. Effect of Lead on the Release of t-PA : Ag and PAI-
1: Ag from Cultured Vascular Smooth Muscle Cells

Confluent cultures of vascular smooth muscle cells were incubated at
37°C for 24 h in the presence or absence of lead chloride (0.5, 1, 2, 5 or 10
#M). Values are meanstS.E. of six samples. Significantly different from
the corresponding control, *p <0.05; **p <0.01.

Human vascular smooth muscle cells

Lead 0

05 1 2 5

10 M

t-PA=P
u-PA =p

Fig. 15. Fibrin Zymography of the Conditioned Medium of
Cultured Vascular Smooth Muscle Cells

Confluent cultures of vascular smooth muscle cells were incubated at
37°C for 24 h in the presence or absence of lead chloride (0.5, 1, 2, 5 or 10
UM).

HOMEPEDONILBEOAN FITAILKS
LDH Ot Mk o PHl o1 v YO AAD
BORRD ST, MEFEHHICBVLTA F 3
v L DSHEREEE O RB P RO K O = b3
t-PA L U PAL-L UH A MG LB 2 T LRI S N
7c.

Fig. 12 1T, MHEFMORAEER OBt Icxtd
50 K39 ADER%ERT. MHEFHE» S
t-PA: Ag fkHIE, 1umPEDOAI F I aitk-T

iU Twi, Thics L, PAI-1: Ag iU
BS5uMBPITOA NI v Ak B EBEZII D -
fo. AR Y o JLPRERHESF RN O HAE ORRTATE TE A
FHAI & A, t+-PA KU u-PA DIEHLED S 1,

EHIHF I ABEBIKENICERLTVE
(Fig. 13). COKHT TR, [H] o1 v v OEYA
AIHEBELRBED SNt H I T AR
X2 tPA: Ag [ OIRES 2 uMm TIRAED S
uM DA F 3o AT STV 30 Mk

Lead Concentration (uM)

Fig. 16. Effect of Lead on the Release of t-PA : Ag and PAI-
1: Ag from Cultured Fibroblasts

Confluent cultures of fibroblasts were incubated at 37°C for 24 h in the
presence or absence of lead chloride (0.5, 1, 2, 5 or 10uM). Values are
means+S.E. of six samples. Significantly different from the corresponding
control, *p <0.05; **¥p <0.001.

Fibroblastic IMR-90 cells

Lead

t-PA=> |
u-PA=p |

Fig. 17. Fibrin Zymography of the Conditioned Medium of
Cultured Fibroblasts

Confluent cultures of fibroblasts were incubated at 37°C for 24 h in the
presence or absence .of lead chloride (0.5, 1, 2, 5 or 10 uM).

AFRBE LI E LDH OfEREM SHEINS. L
HLEAS, 2uMPlTOH F 3y aldiElaEED
RN O IR RIS EAAKOZ L% b 3 I B
FHR D O O tPA R BRI ICEE L, £ Ok
R ORATEYED LR 5 &R E e,

Fig. 14 ic, MEFHEBHMED S ORBEER DK
ot 28 0EA %R, t-PA R U PAI-1 i
Bk - TEbIARIIFIE LTV, t-PA
BBV T X O EOIIFEIDFED S, BEODR
BEHIC 2 WTIE, uw-PATEHZZ I BRIB S 0L,
ghic X AIEHE T PEIZE S /o (Fig. 15).

Fig. 16 i<, MHEFEMPEH» 5 D t-PA: Ag KU
PAI-1: Ag OHICH T B8OIER%ZRY. $RMEHFE
MR BVTIE, 83 t-PA : Ag T A BEIKER
L TV, L LIEhs S, PAL-L: Ag fiitid
ISR B IRENNICEML TWi, & E, 4
RUERERMEZF MR O I ORTATEE E T L Tw
(Fig. 17).

NII-Electronic Library Service



No. 5

471

t-PA  PAI-1  PA activity

Vascular endothelial cells

Cadmium - Li

Lead 4 nd
Vascular smooth muscle cells

Cadmium . 2

Lead : 3 1 3
Fibroblasts

Cadmium t -

Lead 2 3 t

Vascular smooth muscle cells

Vascular endothelial cells

Fibroblasts

Chart 1. The Release of Fibrinolytic Proteins and the Fibrinolytic Activity in the Liquid Phase of Vascular Cells after Exposure to

Cadmium or Lead.

1, stimulation; ¥, inhibition; =, no effect.

ME N TR I 2 ME BB & O
LMD & t-PA R U PAI-1 EEAEREA B L, WEMHRD
[EDEERH 5\ I ME KRR O ek ORRIER % H
HiTaEansd, #FIYyARUBRSESICMEE
BEEED S @ t-PA KU PAL-1 R 2 M#I4 5 <
EARE T, PAL REMICH a0 5 &L KRS
DSBAER & 12 5 T t-PA & ORTEHRIE SE DAL
fEEk W, —ERDIEMERI? I BRIAR O FEICB S
TB9DT, #FIYLAKRURICHERE L INE T
B B VTR, tPA R ORI/ SERIETEEIC
MONBLcb o L RSN S, MELEHHED
EEEEBICBOTR PATEESREIENE - 12
B, A FIYARKRUEIC K B u-PA TEHOET AR
Do, tPABBETHED L TV 05 t-PA
EHHETL, 2F& L TREERETLTVS
LB 5,

—7, BHEMICBVTIR, 7 F Y AIRt-PA
A RIR R L, FRE L TR t-PA TR
B LR LU Chicdl, 83 t+-PA RHAZERE
WHIHIL, PAI-l & 9c B (@4 2558,
BHHORIBERE2ET S, $HhbbL, HASEN
Ot EEELE Lo s &, BHFMRE FIva
LT L TR BB - BB ER L. CD&kD
AR Iy s EhoElREKNOENG, MEN
KBV THEDONLODTHY, [FA—0F
SRUMHEEICKRE L el a2 RE T 5120
T, E—offaEnsEL 2ELBICH L TR
BRRTINET B DO M ER 51,

PUb&bv, BAEAOKEEREEE Lcs %, [H
—DHESBHSMENEAMN, MEFEHHMER R
HETERRRa W U CHIR R IR L R TaEtk a2 R
Bd 57200, B—0MaEss F o Ak
e L TRE - 2R TIRE LBS L, &6
t-PA U R O PATL IR DO A K 3 % & ROt
TRHIRESSHT LB L TV W LS hIC
Bote, ThoDfERR, MBEHEB BT FI
Y ARUBSREAG OREEZ R HELT 5 &

ZREL, ChODESRICE-THEREISNS
MERZE © I MEEE ORIEBFICHREA
HEORENETNAAREM AR L T,

BhUIC

MEREEFERTEEENE 0 F Iy aRUHBD
My ~vcoEEREEZHS T ZEHNT, (M
EHRAEHF T 5 L TEELMENKME, MmEF
TR S ORRME SR DRI Ic 3 5 4 F L
Y AR UOEEREEZMEEEREH VTR
L, DITofEEAE.

1) MENKMRICBWT, & 839 sidilas
YWORBEK VRO L NIVOZELEL T 105
T t-PA OFEAKHIC 3B L KT & 4 PALL O
BEAE U 2R (B L, B ORBTE%2ET
IHDBZEMRENL. TDX DS PAI-l DEAIK
HEHE, & F I aicEESERTh -1, L1z
DT, 1 F 3943 PAL-1 OFEEARH 2 8RI I
RETIHEOESBE LT, WRHRSHETT S
WIBTEM KT %28 U T O BHEIE 1% D,
FRELEEOMBEREORE L EBICEET 5 b
DEEZ LN,

2) Zhicxl, SRMEANEAIC X 5 PAI-1
DOEAKRHEICHE A KT & 41T t-PA U % R
HIEIL, BAHORAERZET IS EMRE
Ntz BIINEMIRAIC X % t-PA DFEA % BN
Flclifld 28 E0ESBTH -1, Lkd-T,
gridh b Yo s LERRIC, NGRS 5 8RA
TEYEDET 288 U T Ik O BEEHRMEN: 2589, Bk
B2 ESCNEREORIELERBICTE5T 500
EZonid, zoslRERARIT FIvALR
SLRBBZIEDHSMLEN S L.

3y MEFEGHEICBYT, &7 F 1Y AKUH
2 & 1T t+-PA KU PAL-l OFEA A MG L, &
BELTRHEDBAEEAE T2 T EHRE X
N, —H, BHEFMRcBLTE, A FITAR
PAI-1 O EABIHIC I3 EE KT X 7 t-PA DFEAE
HH A BREC R T 5 C ST & » TR ORIATE
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i ERXEZ0ITHL, $idt-PA DELEKRIE%
&I 272131 PAILl OEARIE 2 EET 3
TEICE > THRHDOBRIBTERZETI S MR
SNt LEdioT, & F3IvakUsgizE—oM
fafdicst L TR 2 TEMERBT 5XJ T
 , BHERE—0ELBICH L TRIEZHRAT
&G B AL L - (Chart 1).
EELOWRETIE, H F 339 ARUBHHIEE
DHEFE, © B, D B, 2D AT VIRERR
B 1 PMEBBRMBCY L TERETERER
HtazL2BHopIILTWS, KHFEOHKERE,
H K3y ARUBHINE ST 3 MIHTT 5 RE
HMAEHEIELT A EERTEEDIL, AFIVLAK
oehicxtd B MENEMR, MEEEHERR R
MR D 2R S ISR & SR T 54 F
Iy ARUBOBELBHRERXEZHS»ITT S
5DTH- .

Wi AR O H I D KGR I HE
HEIFO £ LI BERERERRENEEE &G
FEPBRCERLIRHOBERLET LLED
2, fEfsNitocEANEREEB Y $ L cBILERSER
K¥IMIE HLEHIRIE I/ PNREZHRLEERIC
BB 7. AREIERERENEHE T
bhizbDThHh, RHEEOHRITLL DHEALEL
LiFEd. Fh, BEEUABSEZEEEILLEL
EREMARERER BT EHE BAGHBIRICR
BB LS. BB, AR, XEHAEARFEH
EEMBESREHE (A) RUCILERFRBIBIZER
Rick - THEfITEhE LA 2MELET.
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