J. ENVIRON. TOXICOL.
Vol. 22, No. 2, 137~ 145 (2007)

FtE 0| =& Hu| M ZoMe| E-cadherin o]
o|xX|= e

MMoj, o7, UG, &Y, W2F, Hols, olF#”

obol et o) 7oy}

Cadmium-induced E-cadherin Expression in
Cerebrovascular Endothelial Cells

Sun Mi Seok, Tae Gu Lee, Young-Chae Kim, Chang-Hyun Moon,
Eun Joo Baik, Yi-Sook Jung and Soo Hwan Lee ™

Department of Physiology, Ajou University, School of Medicine, Suwon 443-749, Korea

ABSTRACT

The effect of cadmium chloride (CdCl,) on the expression of E-cadherin was examined in bEnd.3 mouse
brain endothelial cells. CdCl; induced PGE, release, which were blocked by non-steroidal antiinflamatory
drugs (NSAIDs) such as indomethacin and NS398 indicating the expression of COX-2 might contribute to
PGE; production. CdCl, decreased the expression of E-cadherin, but not VE-cadherin at levels of mRNA and
protein. Reduced expression level of E-cadherin was restored by NSAIDs, which was reversed by the addition
of PGE:. CdClr-induced decrease of E-cadherin level was also recovered by antioxidants including N-acetyl-
cyteine (NAC) and trolox. Together with previous report which showed CdCl, induced COX-2 expression in a
cellular oxidative stress dependent manner, these data suggest that CdCl, decreases E-cadherin expression

through induction of cellular oxidative stress and in turn COX-2 expression in brain endothelial cells.
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Cadherine Z-g 9F3¢) M =Z3RFEAQ] cad-
herin superfamily® s3] Als] A = (epithelial
cells) 5 djxio] M zoA] WalE|= E-cadherin,
AW A 2l A H-AH = VE-cadherin, 4173 3}
<5 JEln £AA MEe ¢)E N-cadherin 12]
T euls}t A= A 9)s]e]] 9): P-cadherin S0 2
FHE} of 2 E-cadherin® AXZ W] actin cyto-
skeletons} A3t ez =8l epithelial cell
9] FFAFH AHo A 71%-& MBI A
ded $e3 98% 3l 3lvh E-cadhering
BBBo| A &= U3 HEH N 2o 2P
o] (Rubin ef al,, 1991), BBBS] M| Za7t 7428 =
gk B 44 (paracellular transport)2 ZAsH= 7
oz o42]x ¢lv}. VE-cadherin (Vascular endothe-
lium cadherin)2 cadherin-5¢]gln= shd A x7}
2 ¥t ol dF W pericyted A1) 7E=
H&E 8l7|= 3t} VE-cadherin® adherens junc-
tionse] F& FA M o= VE-cadherin®] &4l
W Az £44% M7 Aoz odF
2] gl}(Caveda et al., 1996; Fukuhra et al., 2006).

A&d vie} Zo] =g EHFHA HAgy
Wit Pe] 9l Aoz AT gle), I ¢
HAlell dfaire HEst ZA7) AA =] QA o
2 AlA o]t} (Elliott et al., 2000). F}=FH-2 E-cad-
herin A& A3 8} (Prozialeck ef al., 2000) 7}=
Boll =23 AF e oA E-cadherin®] o)
A4HE Aoz od#lx 9] o) (Heimark er al.,
1990; Dejana et al., 1995) &3} WM £ cad-
herinel BlA)% edgpol ShoAE obx mwd
Yok 2 AFALAME T ool 1B U3
M Z| 2] cyclooxygenase-2 (COX-2) &) = =
2relgEd WS FE5 ol AzraEz)
l ICAM-19] 437} UAHZ Ad B4 7} Y-
B3k v} glod(Seok er al., 2006). =3 7}=Fol
2)gk COX-2 a2 Ab3tA AEeg 2o Z7le 7]
Qlge urg) w} i} (Park er al, 2006). £ AT
ME 7teRel 93 fEEE = &4k dEr)A
THEE7]) S1% A7) YFow ghedHe] wF
&% WA 22| E-cadherin®} VE-cadhering)
¥ #H3lE COX-2/PGE, & Mz W 434 A&
el el APsAE FAloz AEgozH 7t
=gl 98 f=5+ BBB7% A& sl
At 712ARAE QA sk
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1. MEZHjE % 2

A = d #4239 bEnd3 (CRL-2299)% Ame-
rican Type Culture Collection (ATCC)o A )3}
o] 4.5g/L2] glucose?} 1.5g/L2] sodium bicarbon-
ate7} %3 DMEM (JBIL, Seoul, Korea)ell 10%
FBS, 1% penicillin-streptomycin (100 unit/mL-100
pg/mL, Gibco BRL, Grand Island, NY, USA)e] &
7Ye WA 2 5% CO2/95% air, 37°C Z712] A &E»)
F7ol A Hl okl et Al £ 70~80%<) confluent
7} H=5 wjokdt | Ao olgslgoen ik
(CdCl)ell 23t Ml RARA} Walol] u)x|= o8
< A E3H

2. Prostaglandin E; (PGE;) Mz

bEnd3 M| ZZ 24 well tissue culture plates]] 70~
80% confluents} == wl|oFst o} 24A)17F 2ok &
A& AAT Aol o Wikt F, Sl=F =x
EE-S Ak 37°C, 5% CO, woF =78}l A
24717 B wloFEE F WA E FHEd AAR
PGE»®] ©°}& Enzyme-linked immunoassay (EIA)
oz 239} EIAX Cayman Chemical
(Ann Arbor, MI, USA)9] EIA kitZ o]-8}e] 33}
gow assay P& A FAbll A Al F31= protocol
o it

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

Total RNA:= easy-BLUE® (Intron, Seoul, Korea)
RNA isolation kit& A-g-3}e] B3l on, Rel=
RNA pellet& DEPC 22| 2§40 %9 3 23}
%= 7] (Amersham, Piscataway, NJ, USA)Z o]-8-3}
o] 260 nmel]A] total RNA & &35l 3, 280 nm
A EHAT & vlwdld ¢xg SA sy
AMY reverse transcriptase (Boehringer Mannheim,
Mannheim, Germany)Z o]£3}e] ¢cDNAE A3}
), &A% cDNAE template® 3l E-cadherin
primer (sense: 5-CGTGATGAAGGTCTCAGCC-3’,
antisense: 5-ATGGGGGCTTCATTCAC-3’) VE-
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cadherin primer (sense: 5-TTGCCCAGCCTACGA-
ACCTAAAG-3’, antisense: 5-ACCACCGCCCT
CCTCATCGTAAGT-3") @ GAPDH primer (sense:
5’-GTGAAGGTCGGTGTGAACGGATTT-3’, anti-
sense: 5"-CACAGTCTTCTGAGTGGCAGTGAT-3")
g olgste) whgw 2 =71 shellA PCRE 3}
8} o} E-cadherin: 94°C 15%, 52.5°C 15%, 72°C
302, 30cycle; VE-cadherin: 92°C 14, 60.4°C 1%,
72°C 18, 28cycle; GAPDH: 94°C 30%, 60°C 148,
72°C 18 30z%, 25 cycle. PCRYFMSAMEEL2 1.2%
agarose gelellAql 7|35 F A4 LS

v w3kt

4. Western biotting

bEnd3 4| ZZ 6 well tissue culture plates]] 70~
80% confluentd} =5 wjoFst o}& 244177 St &
Ag AAT Al o ekt ), Jt=E =
FEE-S AMelskar 37°C, 5% CO, Wi F 2713 el A
242)7F ZoF wieFst & cell lysate2 Hgic)h 10%
SDS-PAGEE 83} |, PVDF membrane (Millipore,
Bedford, MA, USA)dl| AH7|Hoz izl o]k
Al7] a1, E-cadherin 3= VE-cadherin 34 (1 : 500;
BD Bioscience, San Diego, CA, USA)S 2|3l
o}. o] & Horseradish peroxidase7} 25 23} 3
A (1:1,000 ARGG)E A28t -2 ECL detection
reagent (Amersham, Piscataway, NJ, USA)E. E-
cadherin®} VE-cadhering A 7]1, LAS (Fuji,
Japan)Z o] 4-3}e] oJu|x| & HFs|AT}

5. S HAXE s HAl
(immunocytochemistry)

bEnd3 M ZZ cover glass7} &< 24 well tissue
culture plateol] 70~80% confluentdt == uljoFgk
ohg 24417 FoF AE AAT Aol o wf
3t H, Jl=E e FEES Al 37°C, 5%
CO; vioF Z713}ell A wiokslsdr). 1 X HCSS= A
o] W Fof] 4% paraformaldehyde® 143}, E-
cadherin 34 (1 : 500; BD Bioscience, San Diego,
CA, USA)E Al2ellA 42]7F <t ukgA1Z] & 1
X HCSS2 #eju)z FITC7} =A% o]z} &) (1:
500; BD Bioscience)Z 2}343F Alel2 A2oA 1
AzE 304 St A FAd 3 24 sl Hoe-

chst 332582 5¥7F {43 9% o+A] 1 xHCSS=
Aoy 32 VECTA Shield (Vector laboratories, CA,
USA)Z mountingsdted slide glassel] TR X731
laser scanning confocal microscope (Zeiss LSM510,
Germany)-& o] &-3le] 3 ¢dMgl E-cadhering]
23 e sk

6. Cell surface enzyme immunoassay (EIA)

bEnd3 M| 3£& 96 well tissue culture plates] 70~
80% confluent3l =2 wjefst o} 24x)7F =9t §
A& AT AeelA o wiekg H, vl=g =v
FEES HB8la 37°C, 5% CO, vl 278}l A
ufokgl ¥ 2% paraformaldehyde® 1083 AL A
7)a1 5% BSA®Z 1087} blocking3lglw}. E-cad-
herin®} VE-cadherin3}4l & 2|3} 37°C A=
wloF7) el Al 6087+ WF2-A1Z1 & Horseradish perox-
idase7} ZAgE 23 AAE Ak 4587 oA
Az wjekrlell Al wh-EA)1FH} 30% H.0.7F 23
o] ¢l O-phenylenediamine (Sigma, St Louis, MO,
USA) gl-& Jd 51 587 Aesty 2M2] Sulfuric
acidx2] F 490 nmollM F4 =5 ATk

PGE, (ng/mg protein)

o
e ﬂ
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Fig. 1. Effects of COX inhibitors on cadmium-induced pros-
taglandin E> (PGEz) production in bEnd3 cells. bEnd3
cells were preincubated with aspirin (ASA, 100 uM),
indomethacin (INDO, 10uM), Ketoprofen (KETO,
10 uM), NS398 (10 uM) for 30 min and further incu-
bated with CdCl, (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 mean+=S.E. (n=4). *p<0.01 vs
control; ** p<0.01 vs cadmium control.
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o PGE; & &A1t} COX AajAl = 3087}
AAe g F slegg Asidoh Auea xne)
A3} 7ro] Fh=B-2 PGE; A& §9-e=z F7}
AZew, o] 44 COX Asialdl] ofs] wa}xo
2 gL e (Fig. 1). 53] COX-2 A1
A AsjAlQl NS-3984] ]3] sb=F = PGE, A}
Aol Bz £FEoR Ade Hlor Hol vlu
Fol| 98 PGE, A ZF7H= COX-2 w3 =9}
FHo) & AYE AFAdd = ek

2. FIEF0| MEREZX Yol oxs A&

7I=F2uM) 2] 4A17F & bEnd3 cellel] A 2]
E-cadherin?} VE-cadherin®] mRNA W3-8 73}
Z 3} VE-cadherin ¥} W3lZ Ho|x] ¢gte
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Fig. 2. Effects of COX inhibitors and PGE; on cadmium-induced adhesion molecule expression in bEnd3 cells. bEnd3 cells
were preincubated with indomethacin (INDO, 10uM), NS398 (NS, 10uM) for 30 min. Cells were further incubated
with CdCl, (2 puM) and PGE: (I 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 mean=+ S.E (n=5). *p<0.01 vs control; **p<0.01 vs cadmium control, *p<0.01 vs Inomethacin or

NS398
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1} E-cadherin®] 8L A3 7t4ge g
4= 9o} (Fig. 2A). 7}=H<)] 2|38 E-cadherin 23
7} 42 indomethacin®} NS398 5-2] COX ]3] A)| ¢
sl A4 zoz 38Fsich COX Ml 2
8] 3]2=3= E-cadherin 98-8 PGE, Ag]ol] 2]3)
oAl AaEE e gelddeh 22y VE-cad-
herin® COX A4 =X PGEydl] &la)r] $-23
A g WA S-S v FFEIxA
SEAAPE S o) 83t DAY WMEs Hld
23 mRNAd|A e} Fdg AzE el
(Fig. 2B, ©). oJ&i% AHEL sh=gd 2 E-
cadherin 8 740 COX-2 W 7 PGE, AA
Z717} Bedshn Qe AAtehm ol

3. g4tstH|7L Ft=Foll 28t MEZ R EEALL
Lol ojx= F&

Ft=fel 3 feEe FAEA 2] gl
APSLA AEH A0 e 7PsAE F)lElr] $s)
g}ALs}A] Q] NAC (10 mM)3} Trolox (10 uM)S 308
AxEst & yl=F& Aelsted E-cadhering} VE-
cadherin®] AM|Z32Rx1e] W& <fA-S RT-PCR,
western blot @ cell surface EIAZ 7 €3+ H3}, 4
4.4 3ALEHA ) NACS 7}=F-ol 2|8} E-cadherin
W ZFAS mRNA 2 3 3N 2% §9
Aoz 3BAZNE FAF 5 AU (Fig. 3). =3t
R84 s} 9 Trolox 9 A] E-cadherin W& 7}
A2 $oAHoz 3BAZ o} NACT u]msle]
BlxA AL 38 wgv} a2} VE-cadherin]
A% 7t=F 9 gAtsiale) 2)3 mRNASH whiA
o] fol™ i syt A=A skt

]|

O

o F#

F=g2 ANA &5 HAMER 37 Fol W)
Z£5o] oiekal HeE3ake ek e

AEAEA2A H (lung), ZF(liver), A1# (kidney,
] (bone), A A (testis), €}H}F(placenta)S E ¥ sh=
thofgl 7132 &£4k& Ao 7)) (Fassett er al.,
1975). 7t=FE =& A T Ao FAFHT
(Couraud er al., 1998) %4173 A=A} (Elliott et
al., 20003} M) 327} tight junction?) B3|& §nuks}
o] (Zimmerhackl et al., 1998) ¥ 7]% Aol S o 07

Aoz odEA glen, 53] 93 A 43 o
39 HHES Y 4 Lol HuE vl gle
W} (Elliott et al., 2000) o}#] A4 gF SADEE 7)Ao
HaM = el vl glok 2 QA 7leHol
g W3 2o A PGE, ¥ COX-2 A& H=
3k, o] MY AN ICAM-19] Bz
Az} ABA o] 9le-S R vl glek(Seok et al,
2006). =&k Ft=Ho] &8 PGE; A =7} 2
COX2Hd frex Az W Ay 2Edx &
7ket MR FHe] UL&S B3 W ot (Park
et al.,, 2006). & QFd X FteFo| Az}
Z E-cadherin®] 8o v]X& 93 &3
ol2]gk °jgfo] AMZ W AHA AEFH ] 2
ZAHEAE FFgoz HHrs Ao H¥rld
+ 7] A8 7I2AAE d31A sl
E-cadherin2- catenin-& %3} actin cytoskeletonsi]

7Z3% intracellular domain®} extracellular domain
Apole) A} BF U B AFRAS AT
qle el AEg AT Aol BHe) 4T
L ) 295l o RY] wZ22 Q) Agom
Aol Helof & Aol 27} oFel24l Fl=Fol
Ag=E A2 Age] $3F HAPAAH 2
715 Aol 7t SutE e Aoz deA gk (Geiger
et al., 1983). VE-cadherin& BA| 3 %o WuM =
oM HEE e HARAZ E-cadherind §AF8E 7]
5% 712" VE-cadherin®] $£A418 B3l 2715
frdste WAz AFHone) Fge] &4EE
o)n) gk} (Caveda er al., 1996; Hordijk er al., 1999;
Corada et al., 1999). 7}=8-2 A1F 2] Ho|r E-
cadherin®} VE-cadherin®] W3-& 71A4A]7)= 7o
2 B 3% v} ¢low] (Pearson ef al., 2003), VE-cad-
herin®] 32 7t=Ho] of2] A A WIME
Aozl Riwmrt F7lgel Xy Wb v
(Gabbiani et al., 1974; Nolan et al., 2000). 2 QI
A= Ft=Fo) 2]3] E-cadherin®] & o] A%
€ g 4 9= (Fig. 2). of A 7l=gol
ZHpe] A3Enr ol AlERAEate] WE o
AE fF=ste AR APHelA ] Mz 27 ¥
A& 2HsAL USE AR Sl B AdFollA]
T =g Jhegel o HA[RTHZ W Ecad-
herin®] W& Zharl COX-2 Ao} hAlEHA ol
3 FEE-e A ol 2] Fh=Fel
©]3t VE-cadherin ®F& WH3be= #ld 4 glgle
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(A)
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Fig. 3. Effects of ROS inhibitors cadmium-induced adhe-
sion molecule expression in bEnd3 cells. bEnd3 cells
were preincubated with NAC (10 mM) and trolox
(10 uM) for 30 min and further incubated with CdCl»
(2uM) for 24 h. The levels of E-cadherin and VE-
cadherin mRNA and protein were determined by
RT-PCR (A). Western blot (B), and (C) cell surface
ELISA as described in Materials and Method. Data
are expressed as mean+S.E. (n=4). *p<0.01 vs
control; ¥*p<0.01 vs cadmium control.

), COX-2 AsiA 3 JAkstA|o| o5t jsk= 2}
el 4= 9i4iv}. E-cadherin®} VE-cadherin® 7}=
Bl oa) AzAelne) Bao) BaTe Aoz
a2l #] gle] (Pearson er al.,, 2003) 2L =3 7]% o)
A2 Aoz 2T, ook Aol 7 Az
= 2u5e) o) 2 A% g GHoz & A7
A3} obzo] 2% we} E-cadheirn®} N-cadherin
o} walel = Aol7}k AR VE-cadherin®] 3
ol z}ol7} ¢lgdel= B3 (Markovic-Lipkovski ef
al., 2001)¢} FJRI) M EANA histamine> VE-
cadheringt& Eo]H oz AlziA 7l B
(Andriopouplou et al., 1999) 5 cadherin 2 A

Vol. 22, No. 2

2 g8 23 7Ade] 2AEHI & S Al
Abstar et Fh=He] HEH YoM 2o A E-cad-
herin#} VE-cadhering] &e) AolslA] kg =
E AL obA gHEeA] ¢tow % ur
A" A7 B3 FEE o oFd Ao}

Fheg Az Akst AlAElRE wakAl7]AY
(Xu et al,, 2003) | &g o} 7% o3Fe =
£ 2 3 (Pouramad and O’Brien, 2000) 4% W ROS
AL ZIA7IH, o2 Q8] M= Absl-3kd
w3 33, Agdat @ Az AsAD AAE
9] mahto] doju}A ¥} (Ramirez and Gimenez,
2003). wpetr Fh=R-S ARSHH 71AE B8 A=
7ol FAHA gL FE Aor AR T g
o, AA| SASEA) Aelo] o8] Fl=F9) HA] o)
A3}El= Aoz ¥ 1 wb glu}(Stohs et al., 2000).
&3 Yo ZeAe] ROS 44 F7H= COX-2
Wy PCE; A4S f=dhe oz dex gle
v (Fang et al., 2000), 7}=F 94 A& & W=
W ROS AMAl& Z7}x)7]m] COX-2 283} PGE,
AL 771 Aoz #ld vt U} (Park ef
al., 2006). =3k = WA Ze A ROS A3
el NACe] 7h=4ol 23 COX-29] 33} PGE:
A& A7 o] W 7t=F = ICAM-19]
W o] FAlo MaEE Zom Mol Ft=Fo 9
g} ICAM-1 ¥1&-2 COX-2 i =712 )= 3
o] 2% 7oz Z2Hg vl 9Jul(Seok er al., 2006).
B AFoM e 7p=Rol 98] #-=%E E-cadherin
W ZhaE el dRAkskAl 9 COX-2 A sfAlol <
3 FEHE ez nFe] ICAM-1 W] njx|
g8} wpEsbAl2 ROS A4 Z7)e] oe]
COX-2 g =7lg o 23 E-cadherin W& o] 744
Hi odsE FAHY 5 vk B A7 HP3 W
A £l A Ft=Fol] 2|3 E-cadherin U3 7}A%
AbzbA AEF A g COX-2 2z #3ix|e] A7
g A Bien, deir =Rl o fEEE
HEate] A 71 g 2 AZE AAlE
I glo

E-cadherin®- 7}1=8-2] AFaA| = Z-A] 5] )
o] Fo mABEA=E A od#A 9o} (Prozialeck,
2000). 7}=8-2 embryogenesis Z+3] 3 E-cadherin
chl A eke Z7}A)7] A1} (Chen and Hales, 1994) in
vivo 2|8t Fl 24| 93]8 ZHAaAFE Ao
2x d#A 5 (Pearson et al, 2003). 7}=F-2
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=
2+8.-5 B3] permeability barrier 7) 5l 3-8 F
T Aoz deiA glom, o)gd Mz Rz
H3 9 olo] wl2 E-cadherin/catenin complex2]
238 SANE SHAEE U e
2 # 9o} (Prozialeck et al., 2000; Weidner et al.,
2000). Al zu] AEHE 2EdA oA HEH W)
AM|£.2] junctional proteine] ¢J3F& Z o 2% BBB
71%%& A 33 (Krizbai et al., 2005) o]= E-cad-
herin®] &lo)] J3-& F7| P F2 A2 &
EE WAIFl] 715k ez oA slo
(Parrish AR et al., 1999; Schmelz et al., 2001; Rao et
al., 2002). E-cadherin®} w}37)}x] 2 VE-cadherin
HA] AL AEd Ao 23] mRNA levelol| =
3}l o) (Zhang er al., 2003) A=W Hxo] #H3lE
F%3}o (Zhang et al., 2003; Usatyuk et al., 2006)
adherens junction®] 7]% XA 9&& 3= 7o
2 wus v} Aok W s Aseas) E-
cadherin®] Wl 2 48ke] J3kE w|X F=
DA ARz e Fohe o4 wwEe
7}=Fo] ROS/COX-2 &g w7l & E-cadherin
e A7 Aoleke B ATelN 2% 23
e Holde wolm glo] FF Amd
ARl AT met AUY AR 4eF Aow
NETEY

z e

E d7elM e Jhefe] HEa WM 2o
A ZRAEA} S]] n|X| = g Ze el
W W AEW AR AEH 20 e SsAlS
AEFozH Jl=g G w2y 7)HE &
ol 7z} lHvh FtEFE HIFHd Az
zzxebzdd A4€ F7HIz e ok COX2
AgA A o8] AR ge Falsigdn) 7=
H-2 E-cadherin®] W&-& mRNA ¥ |zl 2z
Al BT FaAF e o] HAksiAIQl NACH
COX-2 A|A| B~ 28 FEFE o 5 3=
=3 COX A8 242 PGE; X|2]ol] &) o}
Al 3] Be] A Feldle =82 COX-2/
PGE; A48 w7l & &} E-cadherin ¥3e 714
AZE o & 9ot =3 Fl=Fo] A= ) ROS

A 2718 B8 COX-28 f=dtrhs o) o
FE viglog oS A AlE AgH AE
A28 Z7MAH 028 COX-2 28 2 PGE; A4
& Z7}A)7]31 o)2 Q8] E-cadherin® W o] 7}
AHE o 3T 4 s+

ZAle 2

2 ATE B ATE 84% AR
=7 A (Eco-technopia 21 project) @ A7 = X
AHHATAE A (gt Al ZzAbd Al of
AAE) Aoz s en ool ZAR=IY)
o}

o
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