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ABSTRACT

The effect of cadmium chloride (Cd{lon the expression of-8adherin was examined in bEnd.3 mouse
brain endothelial cells. Cd€induced PGErelease, which were blocked by nsteroidal antiinflamatory
drugs (NSAIDs) such as indomethacin and NS398 indicating the expression o2 @@ght contribute to
PGE production. CdCldecreased the expression et&dherin, but not ViEadherin at levels of mRNA and
protein. Reduced expression level e€&dherin was restored by NSAIDs, which was reversed by the addition
of PGE. CdCb-induced decrease of€&adherin level was also recovered by antioxidants includiagetlyl-
cyteine (NAC) and trolox. Together with previous report which showed Gd@iced COX2 expression in a
cellular oxidative stress dependent manner, these data suggest thad€d€ases €adherin expression
through induction of cellular oxidative stress and in turn €0akpression in brain endothelial cells.
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Cadherire Zt o]&A ¢l A =R2E=Q]l cad-
herin superfamilyg sl }2A] Als] A xZ (epithelial
cells) 5 dj3&2] A xzor 3= E-cadherin,
3z 2l A ¥ E= VE-cadherin, 2173 3}
28 8] $£AA M=z 3)E= N-cadherin1z]
T vk AlZ A 93] ¢l P-cadherinso =
FHE) o] & E-cadheril> A xZ 4 actin cyto-
skeletor} 7313t ez Ea)sp epithelial cell
o] A Aozl %S AL FA
ed o3 9EE 3kx gldh E-cadherin>
BBBol| M= #-d3H HIAH WM Z A L3l
™ (Rubinet al.,1991), BBB] A==zt 71=5 &
3t B2 44 (paracellular transporg zA3s= A
o=z od&# ¢l VE-cadherin (Vascular endothe-
lium cadherin® cadherir5e)gtzs 3} A Z7h
A ¥k ol % W pericytes 2171
o8-S 3p7|= 3. VE-cadheril> adherens junc-
tionse] F98 FAlgt o2 VE-cadheri®] £A1-2
Wl Adzde] 5dE S/ Aoz o
] ¢lv}(Cavedeet al.,1996; Fukuhraet al.,2006).

A3t vie} o] Fl= g EA =AW
W3 #o| Qe Aoz FAHT glov, o 3
AA dsliM= HET A7 AAE] A &
A1A o]t} (Elliott et al., 2000). 7} =52 E-cad-
herin 232 #]3) 5} (Prozialecket al.,2000)7}=
Holl x=&% AF 9] A E-cadherire] 3o
A Aoz a8z 9lort(Heimarket al.,
1990; Dejanaet al.,1995) =& WM 22 cad-
herirell #1293kl Hsir= o} ®g wp
ot B AT E 2T t=Ro] HP3 W
A Ze A2 cyclooxygenas® (COX-2) i3 o
SRR A fEshe o)t A ERARA
ol ICAM-19] s} WA Ak JA7} ol
B8 v} glo}(Seoket al., 2006). =3t 7}=F-o
o]t COX-2+3l-& AkshA] ~EH A0 F7lef 7]
Ql&+s ukgl v} gl (Parket al.,2006). 2 1<)
A 7legel 93l f=EE ¥ &) dErA
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1. MzZeiYg R X2

A7 YT £33 bEnd3 (CRLE2299)= Ame-
rican Type Culture Collection (ATCE@)A 313}
o] 4.5g/L2] glucose} 1.5¢/L2] sodium bicarbon-
aterl 235 DMEM (JBI, Seoul, Koreaj] 10%
FBS, 1% penicillinstreptomycin (100 unit/mi100
ug/mL, Gibco BRL, Grand Island, NY, USA) A
745 WA= 5% CQ/95% air, 37C =72] ) L)
oF71e A vl eksld o) Al 2= 70~80%2] confluent
7t A5 wfekst 5 Ao o] g3l on] Jt=F
(CdCh)el S8 AZ F2e} Fdel] w3
& A=sct

2. Prostaglandin E; (PGE,) Xz

bEnd3A| 2= 24 well tissue culture plagg 70~
80% confluengl == wjj k3t oh-g 2427t B9t &
g AR AN o W 9, Fheg
FEE5S A3t 37°C, 5% CQ wiF 2713}l A
2477 ok Wk = WA E Hste] AME
PGER2] °F& Enzymelinked immunoassay (EIA)
v oz =A3l9th. EIA= Cayman Chemical
(Ann Arbor, Ml, USA)] EIA kitE o] &3} 33}
dom assayy-2 A FAJl A A F3sl= protocol

o] w3t

=
——

3. Total RNA £&2| % Reverse transcription-
polymerase chain reaction (RT-PCR)

Total RNA:= easyBLUE® (Intron, Seoul, Korea)
RNA isolation kits- A}-g-3}e] He2jsle]on, 25
RNA pellets DEPCX2] Zfaol w9 ¥ 234
3 =74 (Amersham, Piscataway, NJ, US&) o] &3}
o] 260 nmelA] total RNA ek& =3)3}9] 37, 280 nm
AN 2HT & vimsed wx8 s
AMV reverse transcriptase (Boehringer Mannheim,
Mannheim, Germanyg ©]-§-3}o] cDNAZS 3HAlsH
%), &A%l cDNAZ templatee 3}e] E-cadherin
primer (sense: 'SCGTGATGAAGGTCTCAGCC3,
antisense: BATGGGGGCTTCATTCAG3') VE-
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cadherin primer (sense!-5TGCCCAGCCTACGA-
ACCTAAAG-3', antisense: SACCACCGCCCT
CCTCATCGTAAGT-3) & GAPDH primer (sense:
5'-GTGAAGGTCGGTGTGAACGGATTT3, anti-
sense: 5CACAGTCTTCTGAGTGGCAGTGATI)
% olg3te] thga} & 27 3lolA PCRE 3
3}git}. E-cadherin: 94C 15%, 52.5C 15%, 72C
30%, 30cycle; VEcadherin: 92C 1%, 60.4C 1+,
72C 1%, 28cycle; GAPDH: 94C 30%, 60°C 1%,
72°C 1% 30%, 25 cycle. PCRFZAMEE2 1.2%
agarose gellA A7]9d53 F A EAFS
u) ws}gle).

4. Western blotting

bEnd34] = 6 well tissue culture platé 70~
80% confluent} == uljofst oh-3- 2427 B4t &
Ag AAR AeelA | g F), Th=g e
FEE5S A3t 37°C, 5% CQ i F 2713}el|A]
2477 ZoF wiokst & cell lysates- it 10%
SDSPAGEE 33t =, PVDF membrane (Millipore,
Bedford, MA, USAp] #1715 o= whlag o|%F
A)7]1a1, E-cadherinz== VE-cadherind}A] (1 : 500;
BD Bioscience, San Diego, CA, USE) 2|3}
t}. o] & Horseradish peroxidage Z23t%l 2z} 3+
A (1:1,000 ARGGE #]2]3F t& ECL detection
reagent (Amersham, Piscataway, NJ, USA)E-
cadheri} VE-cadherird W A7) 37, LAS (Fuji,
Japang o]&-ske] ojn]x|E sl

5. HYHATH 28t AL

(immunocytochemistry)

bEnd34) == cover glasg} =gl 24 well tissue
culture platell 70~80% confluensl == wjj o3t
o 24717 59 BAS AATE AdeelA B wl
F3t H, 7l=f =x FEES Al 37C, 5%
COp o} ZAsoA wleFaadrh. 1xHCSS2 A
o] Wl Fo] 4% paraformaldehyde 31A35}37, E
cadherind}4] (1 : 500; BD Bioscience, San Diego,
CA, USA)E A-2ollA] 4x7F F<t vhgA7] &, 1
X HCSS2. Aol 3 FITC7} A5 o]} a4 (1:
500; BD Bioscience® x5 Alej2 A2 1
A7 30% E<F REAIF 5L’ 271 Sfell Hoe

139

chst 3325& 5%-7F A3t o}& v} 1xHCSS=
AojW12 VECTA Shield (Vector laboratories, CA,
USA)E mountinggle] slide glass] A7)
laser scanning confocal microscope (Zeiss LSM510,
Germany®- o]43le] 33 A= E-cadherirs)
W A Felskadek

6. Cell surface enzyme immunoassay (EIA)

bEnd3A] == 96 well tissue culture plaggé 70~
80% confluendl== wjje}3t o} 24x17F =¢ &
A AT AeelA o wickdt ), 7l=f ==
oFRE-¢ A3ty 37°C, 5% CQ vl =715}l A
wjok3t % 2% paraformaldehyde 1027+ 714 A]
713 5% BSA=Z 10%7F blockingslsi=}. E-cad
hering} VE-cadheriidAl & x]g]sle] 37°C M
v oF7)e| A 60827k vF-3-A]7]1 % Horseradish perox-
idase’} A% 23} A8 A2ty 4587 A
Az wfF7]o A BEEAIFE 30% HO7F 23
o] 9)+= O-phenylenediamine (Sigma, St Louis, MO,
USA) ¢a1-& Y1 5871 xejsla 2Me] Sulfuric
aciddie] ¥ 490l FH=E 2439t

5
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Fig. 1.Effects of COX inhibitors on cadmium-induced pros-
taglandin E(PGE,) production in bEnd3 cells. bEnd3
cells were preincubated with aspirin (ASA, 100),
indomethacin (INDO, 1QM), Ketoprofen (KETO,
10uM), NS398 (1quM) for 30 min and further incu-
bated with CdGI(2 uM) for 24h. The amount of
PGE; was measured by enzyme-linked immunoassay
(EIA) as described in Materials and Methods. Data
are expressed as mea®.E. (n=4). *p<0.01 vs
control;** p<0.01 vs cadmium control.
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7. EHEN o] PGB <& A3t COX AsiAl= 3083t
AAe g F 7t=gS A2sdnh AR Bl
EE AsE AdEEFAE YR StU- a5 p6) sl=ne PR QA S SoHos =7}
dents’ ttestz. 5A] EAMste] o AFAHT. N z00, o] 2= COX Aa)Alo] o8] wH o
2 2ge glsisdet (Fig. 1). 53] COX-2 A1)
A AafA ] NS-3981 o3 7t=# #= PGE A
o] dz2d $FLE F4dhe Jog Hel Ji=
Fol 213 PGR A4 Z7h= COX-2 Wl §=s9}
PGE, 44oj o|x]= COX A shelo] gle 71ele A talat 2= 9Jgl).

2 o

1. 7lE8 |
sidle] A&
. FIEB0| MEEAER} ghslol o|x|= Hs
] eFst bENd3 cele 70~80% A = confluen&t 2. 7ZhEEO| MESHER e#dl o]

o) 7}A] wl ekt F 24| 7F Eob R Au) Ao A] & FI=F (2uM) A7 4x7F & bEnd3 cel| A2
A8 § Y2 w2 w3stw Jl=F 2uM  E-cadherim} VE-cadheri®] mRNA W3S 7] €3}
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Fig. 2.Effects of COX inhibitors and PGn cadmium-induced adhesion molecule expression in bEnd3 cells. bEnd3 cells
were preincubated with indomethacin (INDO, 1), NS398 (NS, 1@M) for 30 min. Cells were further incubated
with CdCh (2 uM) and PGE (1 ng/mL) for 4h and the levels of E-cadherin and VE-cadherin mRNA and protein
were determined by RT-PCR (A) and immunocytochemistry (B) as described in Materials and Method. Protein
expression was expressed as a percent of control with densitometric analysis of confocal microscopic image (C). Data
are expressed as meaB.E (r=5). *p< 0.01 vs control#*p<0.01 vs cadmium contrdip< 0.01 vs Inomethacin or
NS398
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1 E-cadheri®] a2 %3] 74ade el
4 Aok (Fig. 2A). 7k=F-l 2|3+ E-cadherinit
7+ 4L indomethacim} NS398%-2] COX |3 A ol
o5 A FEoR 3B COX A Aol <]
3] 38 E-cadherintdle PGE Aol 23
A ZAaEE AE Fldeddh 12y VE-cad-
herine COX A4l == PGEel| 9s|r 24
Ql odEFE A ded i) Az
3PS o] 8-3te] whiAtE WstE Elst
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Fl=gel 98 f=sE BRG] glo]
AbBEE ~EH AL Fe] ThsAS sty Sl

3}A13kA) ) NAC (10 mM)3} Trolox (10uM) S 30
AA2)3 & 7l=8-L x|t} E-cadherim} VE-
cadherir®] A Z32-2zte] Wy A& RT-PCR,
western blotd! cell surface Elf&. Z =3t A3}, 5
44 kst ol NACS 7h=F-l 2]3F E-cadherin
4% MRNA whild 5o 4] BF §-2)
2A2E FAT 4 sink (Fig. 3). =3
x+3hA] @] Trolox ¢ A] E-cadherint& 7+
o7 3EAZ o} NACTH w]wsle]
&3= ®W9jt} 28y VE-cadheri®)
FALE A o] 2] gk mMRNAS} thal 2]
W3l BaE A 2ol
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FI=g AR 5] RAMEE 37 Fol w)
Z5o] tefdt W EAE sl djxAel 3

AEAEA =24 # (lung), 7+ (liver), 413 (kidney,
w (bone), A 4= (testis), 1k (placenta®- x3}+s}=
cheFst 7] E4E doqld (Fassettet al.,
1975). 7b=F-e w2 A PH PHe] F4= 1
(Couraudet al., 1998) =417 Az} (Elliott et
al., 2000y} A =7t tight junctiore] B3 s}
o (Zimmerhacklet al.,1998) ] 7| % Aol S oo 7]

Aoz deid glow, 53] 43} 24} 2
7o) WEL ¥ 5 gl nyd v}
1} (Elliott et al.,2000) o}2] x}A|3F =4S 7]
Qi E A2l vl gloh £ AR vt=
3 Y Zf A PGR 9 COX-2 A&
313, o] HI P I ZA A ICAM-19] 3z
A3 Aol S-S Bad uh ol (Seoket al,
2006). =3, 7l=F 93t PGE A4 =7}
COX-2Hal =t HZ i Abd 2Egs 3
Zhsl LA Aol 9L wwd v Yok (Park
etal. 2006).2 AT ME Fh=o] A EREEA
% E-cadherir®] 3ol w]X& oJskE A=t
o]2fgt oJgko] AME W AMS}A AEH e o3
ZAEEAE Aoz H7)F e WA7|A
< ] Qg 712AAE daAt sl
E-cadherir®- catening- -3} actin cytoskeletos|
ZA3gt=l intracellular domais} extracellular domain
Apelol A RA ul e AYRIE AT
Qi ol Mzt Al glo} Z4re] A
< " T8 TtEEe] xE2 old Zao=
Agte] Hojok & Aol 27} oFol2<l Ft=F-e]
AgtE HEzZE Aol gFEHe] HF A
7157t putEE Aoz duA qlu(Geiger
et al, 1983). VEcadherir® 24|83 WM =
M W= LAEA=2 E-cadherind A3 7]
%< 7™ VE-cadheri®] £A2 Fotw F7Hs
frtste]l WMz AHoze] 75o &AES
2] gt} (Cavedaet al., 1996; Hordijket al., 1999;
Coradaet al.,1999). 7} =82 AF <] A E-
cadherig} VE-cadherir®] &S 71 4AA7)= Ao
2 B y¥ v} gJom (Pearsoret al.,2003), VEcad-
herin®] 322 7t=Fe] oJ2] 22 jA WIH=Z
AHozel Biwrt Frigel Biud wh =
(Gabbianiet al.,1974; Nolanet al.,2000). & <+
A Fh=Fel 2|5 E-cadheri] o] A
& sd 5 AN (Fig. 2). o] Ao Fh=dol
Zro] X|3Het ofel MlEEAEALS] e o
A5 fr=dte] HA3 AHelx o] AN=7 4% &
I 23 A AR Qloh & ATl A
T =3 gl 3 HAd A E i E-cad-
herine] &l 7t47} COX-2 AaA| sk gHaksha ol
s H2ge stk ol Pel sheol

°& VE-cadherind wW3le #eld 4 glsle

3}

~—

A

g do o (X
o 2 o &
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2 o8 24 7|de] AeHx A& 7FeAE Al
Abta gieh. Fhege] X R % Ws)A 2 A E-cad-
hering} VE-cadherir®] 8o Albo]slA ogke F
 ahgr1Ae ob WEshA chowm ¥ unh
AR A5 B3 FE= o oFdt A ot
Fh=ge Az BAbsh AzEle w7 ALY
(Xu et al.,2003) 1] 2 =z]o}o] 7)5o] J3ke =
© 24 (Pouramad and O'Brien, 2008) = 4] ROS
AL 7M1, ol Qs M= Absk-3hY
FYe) B2, 2dab R AT s A2
o] wzo] doj}rA| =} (Ramirez and Gimenez,
2003).w}ebA 7h=F-2 AlEHH 7)1HS Ba A=
el BAAHL AFE T Aoz AAAT 9]
om, A Ak Aol o8 Fh=Fo] HA el
931E= 7oz B ¥ v}l 9Ju}(Stohset al.,2000).
HP3 M ZA M 2] ROSHA F7H= COX-2
T3 PCRAAS freshs Zlez od3A sle
o (Fanget al.,2000),7}=F 9] =33 o=
W ROSAAHE F7HA7]% COX-2 &3} PGE
AL Z71A)7)= Aoew elxl u} 9)uh(Parket
al., 2006). =3t A3 oAz ROS A 37
2l NACe] 7}=H-¢] 2J3t COX-29] 13} PGE

sion molecule expression in bEnd3 cells. bEnd3 cells/‘gﬂg AN 7|H o] @ Jl=F 8% ICAM-1¢]
o= m —4

were preincubated with NAC (10 mM) and trolox
(10uM) for 30 min and further incubated with CdCl

(2uM) for 24 h. The levels of £adherin and VE

WEo] FAlo] AaEHE Aoz Hol Ff=Fol 9
g ICAM-128-& COX-2 43 2712 wjf= 3

cadherin mRNA and protein were determined by o] 245 7oz x5 u} 9Jc}(Seoket al.,2006).

RT-PCR (A), Western blot (B), and (C) cell surface w o 2o E FleRe) o4& ow5 E-cadherin
ELISA as described in Materials and Method. Data - Al Al

are expressed as meaB.E. (n=4). *p<0.01 vs
control; **p<0.01 vs cadmium control.

], COX2 A4 H sAstAle] 23t J3k=
Q1&g 4 ¢)4lot. E-cadheri} VE-cadherir®- 7=
Holl 93] FlzAere] Wilo] F4EE Ho=
o= # ¢le] (Pearsoret al.,2003) 7 =4 7]# o]
AR Fom FAE, olshs Aoldt A7 Az
= BauEe] Qloh F A% 2 ez & A7
A7} ok=x9] ZF| ulg}l E-cadheirr®} N-cadherin
o] whell= zbo]7} AAAIRE VE-cadherir®] 3]
o= xz}o|7} ¢lgivtE= B 3 (Markovic-Lipkovski et
al., 2001)} AN I £ A] histamine> VE-
cadherimb& ESo]x oz <lASIAIZIG: By
(Andriopouplouet al.,1999) 52 cadhering 2 A

ke 714 Abo] RALSEA] Wl COX-2 A3l A|e 2
3 3EEE Zoz wFo] ICAM-1 U3 n]x|
t cdgst bz ROSAA Z7bel o]l
COX-2 w+8 =7])= o 24 E-cadherinddo] 7+4
B3 9eE 2T 5 Aok 2 A7 HPB
S| M 2 A] 7t=Fol 23 E-cadherintd 7FAS
AP sEE s 9 COX-2 3z} Baixle] 3
3 3 maelw, webd sh=gel os fEsE
HEAe] A 71 Ao g AR A AE AAEE
A=

E-cadherire 7}=8-2] AuAlz SA-5de] 4l
ol 9 mAEA= 2 g#ix gl (Prozialeck,
2000).7}=%-2 embryogenesis}?y = E-cadherin
ozl gks =747 A (Chen and Hales, 1994) in
vivo Hel gt sl zAe e 23l gl Ao
2% A=)z ¢l}(Pearsoret al., 2003). 7l =F-2
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27} o]0 = E-cadheri}e] AAH=<gl A5
E3) permeability barrier] 5ol 38ks F
Aoz oA glom, oo Az Rz
3} 4 oo u}E E-cadherin/catenin complek
238 FIME SHLES fuse Hoz o
## 9lt} (Prozialecket al., 2000; Weidneret al.,
2000). Ml Aksb AEdga JA] HFH Y9
M Z9] junctional proteinl] °33F& %o =3 BBB
71%& A&lsl (Krizbai et al., 2005) o]+ E-cad-
herine] W&ol <3k F7|Hrh= F2 Azl ¥
ZE5 WA ZIddste Aoz dEA b
(Parrish ARet al.,1999; Schmelet al.,2001; Racet
al., 2002). Ecadheri} =}371x]2 VE-cadherin
] AbEA Ee 2ol o8] mMRNA levebl &
3}¢le] (Zhanget al., 2003) Al =W} Exo] W3S
f=3}e] (Zhanget al., 2003; Usatyuket al., 2006)
adherens junctio| 7]% RAe] I = Ao
2 By vl ol webr AR AEH A7) E-
cadherir®] o= 430 3L njAv F=z
child Z) Rzl oJ3FE Fri oAk Ry
Fl=Ho] ROS/ICOX2 &< vwjsl= E-cadherin
B A Aelebe # AN FHT 24
e Aol g welxm gle} FF Alm A
Aol dg ek 34U AEst By Aoz

Ategeh.

op %
o

LR ol L iR

74 =

B AFeME Fhege] HEd WA Eof| A €]
M ZRZEAL o) v X ok} Z2 Aelgst
9 g AE AlEb AE ] Fel TsAS
AEFo =z 7t=R fx= HEA WA 7AS &
ofR vz} vk Zh=FS HE3 WM Eol A
zz el S S7HF e o] COX-2
A A Al o3 AAPE sk 7h=
F2 E-cadherir®] W& mRNA 2 Al 2z
oM BE ZRAAIZoH o] gAlsiAIQl NACH
COX-2 AsfjAl &l o8 3|5dS & 5 U
=3 COX A3l|A|e] 242> PGR Al 28 o}
Al B Ye] ZHAES F]lste] 7= COX-2/
PGE A& wj7f & 3sled E-cadherind &g A
MRS o 5 3lgleh =3 7l=Fe] A £ W ROS

AA Z71E B3 COX-25 fr=idtthe o)A <
TFE uigez Jteg A AlEd AlEg ~E
H2g ZF7AF 2R COX-2wd 5 PGE A4
& Z71A7]3 o= Qs E-cadheri] o] 7t
a¥E ez FAT 4 AUl

LAt 2

B ATE B @7 B4 A7)
Z7)1trl4] (Ecotechnopia 21 project] 7] = X
A ATAE AL (b st Al zAbE 242 oF
) Aoz e don oo A=Y

it

b2

Andriopouplou P, Navarro P, Zanetti A, Lampugnani MG
and Dejana E. Arterioscler. Thromb. Vasc. Biol. 1999;
19: 22862297.

Brightman MW. The anatomic basis of the bldmatrier. In
implications of the blood brain barrier and its manipula-
tion. Vol. 1. Basic Sciences Aspects. Neuwelt E ed. Ple-
num Publishing Corp. New York 1989;83.

Caveda L, MartiFPadura |, Navarro P, Breviario F, Corada
M, Gulino D and Dejana E. Inhibition of cultured cell
growth by vascular endothelial cadherin (cadhéiin
VE-cadherin). J. Clin. Invest. 1996; 98(4): 8883.

Chen B and Hales BF. Cadmitinduced rat embryotoxicity
in vitro is associated with an increased abundance of E
cadherin protein in the yolk sac. Toxicol. Appl. Pharma-
col. 1994; 128(2): 29301.

Corada M, Mariotti M, Thurston G, Smith K, Kunkel R,
Brockhaus M, Lampugnani MG, Martihadura |, Stop-
pacciaro A, Ruco L, McDonald DM, Ward PA and
Dejana E. Vascular endothelighdherin is an important
of microvascular integrity in vivo. Proc. Natl. Sci. USA.
1999; 96(17): 9819820.

Couraud PO. Infiltration of inflammatory cells through brain
endothelium. Pathol. Biol. (Paris) 1998; 46(3): 118D.

Degraeve N. Carcinogenic, teratogenic and mutagenic ef-
fects of cadmium. Mutat. Res. 1981; 86: 11135.

Dejana E and Del Maschio A. Molecular organization and
functional regulation of celtell junctions in the endo-
thelium. Thromb. Haemost. 1995; 74(1): 3BE2.

Elliott P, Arnold R, Cockings S, Eaton N, Jarup L, Jones J,




144 J. ENVIRON. TOXICOL. Vol. 22, No. 2

Jones J, Quinn M, Rosato M, Thornton |, Toledano M, cally induced oxidative stress disrupts thedtherin/
Tristan E and Wakefield J. Risk of mortality, incidence, catenin cell adhesion complex. Toxicol. Sci. 1999; 51(1):
and stroke in a population potentially exposed to cad- 80-86.
mium. Occup. Environ. Med. 2000; 57(2):-9%. Pearson CA, Lamar PC and Prozialeck WC. Effects of cad-
Fang X, Moore AS, Nwankwo JO, Weintraub LN, Oberley = mium on Ecadherin and VEadherin in mouse lung.
WL, Snyder DG and Spector AA. Induction of cyclooxy- Life Sci. 2003; 72: 1303.320.
genase2 by overexpression of the human catalase gen®ouramad J and O’Brien PJ. A comparison of hepatocyte
in cerebral microvascular endothelial cells. J. Neurochem.  cytotoxic mechanisms for Eliand Cd*. Toxicology.
2000; 75(2): 614623. 2000; 143: 26273.
Fassett DW. Cadmium: Biological effects and occurrence irProzialeck WC. Evidence thatd&dherin may be a target
the environment. Annu. Rev. Pharmacol. 1975; 15: 425  for cadmium toxicity in epithelial cells. Toxicol. Appl.

435. Pharmacol. 2000; 64: 23249.

Fukuhra S, Sakurai A, Yamagishi A, Sako A and MochizukiRamirez DC and Gimenez MS. Induction of redox changes,
N. Vasucular endothelial cadhenmediated cetcell inducible nitric synthase and cyclooxygenadey chron-
adhesion regulated by a small TPase, Rapl. J. Biochem. ic cadmium exposure inperitoneal macrophages. Toxi-
Mol. Biol. 2006; 39(2): 1321.39. col. Lett. 2003; 145(2): 12132.

Gabbiani G, Badonnel M, Matthewson S and Ryan G. AcutdRao RK, Basuroy S, Rao VU, Karnaky Jr KJ and Gupta A.
cadmium in toxication: early selective lesions of endo-  Tyrosine phosphorylation and dissociation of occludin

thelial clefts. Lab. Invest. 1974; 30(6): 6865. Z0-1 and Ecadherinbetacatenin complexes from the
Geiger B. Membraneytoskeleton interaction. Biochim. cytoskeleton by oxidative stress. J. Biochem. 2002; 368:
Biophys. Acta. 1983; 737: 36541. 471-481.

Heimark RL, Degner M and Schwartz SM. Identification of Rubin L, Hall DE, Porter S, Barbu K, Cannon C, Horner
a C&*-dependent adhesion molecule in endothelial cells. HC, Janatpour M, Liaw CW, Manning K, Morales J,

J. Cell. Biol. 1990; 110(5): 1745756. Tanner LI, Tomaselli KF and Bard F. A cell culture
Hordijk PL, Anthony E, Mul FPJ, Rientsma R, Oomen model of the blooebrain barrier. J. Cell. Biol. 1991;

LCJIM and Roos D. Vascular endotheli@dherin 115: 17251735.

modulates endothelial monolayer permeability. J. Cell.Schmelz M, Schmid VJ and Parrish AR. Selective disruption

Sci. 1999; 112 (Pt 12): 1918923. of cadherin/catenin complexes by oxidative stress in

Krizbai IA, Bauer H, Bresgen N, Eckl PM, Farkas A, Szat-  precisiorcut mouse liver slices. Toxicol. Sci. 2001;

mari E, Traweger A, Wejksza K and Bauer HC. Effect  61(2): 389394.

of oxidative stress on the junctional protein of cultured Seok SM, Park DH, Kim YC, Moon CH, Jung YS, Baik EJ,

cerebroendothelial cells. Cell. Mol. Neurobiol. 2005; Moon CK and Lee SH. COR® is associated with cad-

25(1): 129139. mium-induced ICAM1 expression in cerebrovascular
Markovic-Lipkovski J, Brasanac D, Muller GA and Muller endothelial cells. Toxicol. Lett. 2006; 165: 2220.

CA. Cadherins and integrins in renal cell carcinoma: anShukla A, Shukla GS and Srimal RC. Cadmiumduced

immunohistochemical study. Tumori. 2001; 87: 1473 alterations in blootbrain barrier permeability and its

178. possible correlation with decreased microvessel antioxi-
Nolan F, Kools P and van Roy F. Phylogenetic analysis of dant potential in rat. Hum. Exp. Toxicol. 1996; 15: 400

the cadherin superfamily allows identification of six 405.

major subfamilies besides several solitary members. JStohs SJ, Bagchi D, Hassoun E and Bagchi M. Oxidative

Mol. Biol. 2000; 299(3): 55572. mechanisms in the toxicity of chromium and cadmium
Okuda B, lwamoto Y, Tachibana H and Sugita M. Parkin- ions. J. Environ. Pathol. Toxicol. Oncol. 2000; 19: 201

sonism after acute cadmium poisoning. Clin. Neurol.  213.

Neurosurg. 1997; 99(4): 26355. Usatyuk PV, Parinandi NL and Natarajan V. Redox regula-
Park DH, Kim YC, Moon CK, Jung YS, Baik EJ, Moon CH tion of 4hydroxy-2-nonenalmediated endothelial barrier

and Lee SH. Cadmiwimduced COX2 expression in dysfunction by focal adhesion, adherens and tight junc-

cerebrovascular endothelial cells. J. Environ. Toxicol.  tion proteins. J. Biol. Chem. 2006; 281: 35588566.

2006; 21(3): 27282. Weidner WJ, Waddell DS and Sillman AJ. Low levels of
Parrish AR, Catania JM, Orozco J and Gandolfi AJ. Chemi- cadmium chloride alter the immunoprecipitation of



June 2007 Seddt al.: Cd-induced E-cadherin Expression in Brain Endothelial Cells 145

corneal cadhericomplex proteins. Arch. Toxicol. 2000; Cadmium is more toxic to LL®K1 cells than to MDCK
4(10): 578581. cells acting on the cadheritatenin complex. Am. J.
Xu J, Maki D and Stapleton SR. Mediation of cadmium Physiol. 1998; 275 (1 Pt 2): F143.
induced oxidative damage and gluc@sphosphate de- Zhang Y, Gu Y, Lucas MJ and Wang Y. Antioxidant super-
hydrogenase expression through glutathione depletion. oxide dismutase attenuates increased endothelial perme-
J. Biochem. Mol. Toxicol. 2003; 17: &675. ability induced by plateledctivating factor. J. Soc. Gyne
Zimmerhackl LB, Momn F, Wiegele G and Brandis M. col. Investig. 2003; 10:-80.



