o & A H el & &3 x|
Korean J Phys Anthropol
17(4): 281 ~ 288, 2004

A3 A E g 2o 23 i]?—:lol £ B 7onular occludens—1

el o] W)

=, 0|3, ZalF, UME

é%gl, ol—%‘IAOLs ?:III:HII_I! ilg.j 1 I:I 'S
o|Fz g3, A, olds, ?:.'?3%
oyl etm o) Fo) e o watmal, el Fataal

UEE  FFAAASGANA mMgA e )
™ o]-&-5.2] zonular occludens—l(ZO 1
E ez dHA o AT oz Q3 FY .ol o
FollM= 0 ¥ mA s Wli«l UzpoFE B8 HO0p0l 23] dejuis AlZ7 BAFI=2] wstel 24
o] &% BA S HFAshe Z20- 1«1 WaEhe detr uat sigivh AVAdez AT YAy Tz H0,
9] ¥=(0.01, 0.1, 1.0mM)e} =X 7kell nl#H Bl Z718ldet w3 HO0, 1mM o]3} 4417 WellA] HZAE
gol] W3l gloleh H,000 98] X ol &ol|A] ZO-10] 72 e}A 2AlE o} ZO-19] hil o= 1
317} 9ldt 2okl H O dA A A A 27t Foeg F7HA17IH, ol ZO-19] whijzle] Rz o] w3}
o WA HA7} ok & 4 ek

HotE7| gat : AFAE A, AR, AL o] 55, ZO0-1

el actin of] AA=T} (Marke} Davis 2002). &3] 9} =
M 2 2] WA 2] Aol S5 geFdt 240 vl
2751} (Kniesel 2} Wolburg 2000).

N ]2k (blood-brain barrier, BBB)& %3+ & o) eHo] Fxe A= AsALH A
Aol 5o 2A7)5E WIHZ Alelo] 3E X™e] G-proteins, serine, threonine, 18] 1 tyrosine kinase,
S5 (tight junction) & A8t A Ee] oF 2 extra™ A=W calcium level, cAMP level, protease,
TF&27 SEAH FAH #A7E sldk(Bolton 5 Z2]3 TNF dpha 5 Z3git) o) Al a9
1998, Mark<} Davis 2002). Ax dAyAHe EXNRL A zZAL A}

Ho] I 2 EARINEE FA5H A (Kniesel 7 Wolburg 2000). HUVECS o]-4-3F A&
o] 5= F 7H¢] integra protein (occludin} clau- o)A H,0, =3 A] extracellularly regulated kinase

din-1), membrane-associated guanylate kinase (ERKV/ERK2)E E3l xlsxHdA=z=z 42 T4
(MAGUK family) 91 zonula occluden-1(ZO-1), ZO o] Z7}a}H, o] =3l occludin 2] W3} 2)3ic}
-23} Z0-3, cingulin, Z8]x 7H6 o2 A=} (Kevil = 2000).

(Furuse % 1998, Mitic} Anderson 1998, Martin- HPA HAE doy|= £Alow qla] BE3)

Padura 5 1998). o] el & -3l MEZH  BBBE) 7|5l Aol7k 47 uk ohie} 417

*o] EEX 20043 dx P Fm sl Aol <3 A8} ofwA S o] 24 o, BEo] AAaka

A - .

AR A S (o o) E o ekmal) 71ell o] dofubH AbaellA] 71418k free radical

AxF-e-H : skull @cau.ac.kr o] F A3 ATFAl dojp= £A4F] 3 Held
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— &34, ol Y, AhT, = HE

elo} (Horikawa 5
A9 24715
o) ok v 5
3&74]7} S{l\:‘r(Mark?Jr Davis, 2002).

Sl ANR oI A7ATE wioz B
WA A o] &re] AL wle Fas)
ket el oA TS wAEe W
7 dejubs Zlo] YA sl 2Bz Hoy]
Aoe] ol zolA Aol &RT TS Fo

4 2e) shpel ZO-1% elg 244 7%

o] Was) 9lg Aes Y7,

AT o] Sl A Wkl Pl o)
Az B DE HO olsh Yol
o] ero] 7] 1l 7O-1 cthiA o] wisl=
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[=]g=5]
o

M=

He

1. &9 of o|MEa oMz

= A 7 2R A4 L)
o] ice-cold MEM (pH 7.4)¢]] o] A
o] ¥5uls) W] uAg YBs
H2Anke Afdsz At F
HAAE 1~2mm’e] =7]2 A"t l’r,
dispases} collagenase/dispases o] 5417+ wjj<ks}
17, 50% percoll& o] g-3te] FHFH oz Ay
S A3 w3 A Z (bovine brain micro-
vessel endothelial cells, BBMECs)S #32]3lgot
(Audus¢} Borchardt 1987). A3 &3¢ uwlz} cover
glass, 12 well plate &= Transwell (Corning)el] ¥
AZE vl fstgict wjofel 2 3em) uhe] F, of
2 o vt vk Flth AP el H,0,10
UM, 100pM, 1mM, 5mM -2 Fofs}sich. 2 Alge
332 22 Ao,

of 229} ufet

Al
=
=

2. Transelectrical resistance (TER)2| &t

alugue] A5e depls e Fies
2487] 918 HO, Fo] ¥ @ A7 A ®
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3. MZMEE

H,0,= #]2]3t %o BBMECs?| AZ&F2 Alam-
arBlue assay (Serotec) & ©]-8-3tef 2telstodtt. H,0,
2 3087 AHz2staz 10% AlamarBlueE =33t
changing mediaz v}g 3 & 4417 E9) wjjekslmiAg
A ZAEES ZA 9. Spectra MAX 340 (Mo-
lecular Devices)E ©]&3}e] 570 nmel|r] =33t

absorbances| 4] Background absorbance (600 nm o]

A EA) wgler BEEL dE2w A %= =3
et (n=3).
4. = 20|X FAEold 2E

Slide chamber (Nunk)ol| 4] wjek3t YoM 2= 3%
paraformaldeyde (0.1 M PBS, 4°C)& 1A 3} H
gan7d e s JAEHA = rabbit poly-
clonal anti-ZO-1 antibody S A}-8-3}53t}. o =2
M AAA B4l PBSE AHEER. ol xHAl =
FITC conjugated goat anti-rabbit antibody (Zymed)
= r}g-3t9lc}. Slide chamber (Nunk)ol] A wlj ekat
)X £+ 3% paraformaldehyde (0.01 M PBS) W} 70%
ethanolel] 1087+ A3l PBSE A A3t 0.1
% Triton X100 (PBS) .2 | £1te] o] A& =1
A Z}. Bovine serum albumin (BSA, 0.5g/mL)o &
1027} blockingst & dx}3kA) (10 pg/mL)Z 4°C
oA 12A17F WHSAIFH 1 HhA] PBSZ A8}
I FITC7} & o]x}3kA| 2 1A7F ¥l-&-A| 7] PBS
2 AH3 £ 50% glycerol Al £ 9ol 2 whe 4
olmelm F2A #olx FAHEn]A (Zeiss, LM-5
10 meta) .= A3}

5. Western blot

wjoF¥ A|xzE 0.01M PBS(0.2mM phenylmethy-
Isulfonyl floride, 4°C)& A28t &, Complete mini
protease inhibitor (Boehringer Mannheim)S -2
lysis buffer (Triton/deoxycholate/SDS buffer, 0.2%
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SDS, 100 mM NaCl, 1% Triton-X 100, 0.5% deoxy-
cholic acid, 2mM EDTA, 10 mM HEPES pH 7.5, 10
mM NaFl, 1mM NavO,, 1mM benzamidine, 0.2 mM
phenylmethylsulfonyl floride) S o] 153271 4°Ce)
A A 2lstede}. o] % cell scraper ®of shaking g %
(A7, 4°C), A 2231+ (10,0009) 7454} pellet
< FElsle] -70°CellA BtatoiH-

MicroBCA kit (Pierce) 2 o] 8-le] whildo] x
= A=star 10% SDS polyacryamide gel = & 714
& (4g protein/lane) & sttt A2 PVDF membrane
o] A7]e]A 3k %, blocking solution (5% milk, TBST)
ol A g A|zF 2]2] s}l o} Rabbit polyclonal anti-ZO
-1 antibody (1: 5000) 2 1]z} ¥F-e-A|7] & TBST=
5%27F 3H A&}l HRP conjugated goat anti—
rabbit 1gG antibody = 147} ¥F&AIZ1 Z, ThA]
TBST= 587+ 3 A& st} ECL plus kit (Amer-
sham)2 ®l-2A]71 %, enhanced chemilucence met-
hod (ECL plus, Amersham)S o] &3 uF-2A| 7o}
Intelligent Box Il (Fugifilm)<} LAS-1000 Lite image
analysis software (Fugifilm)ei| 4] PVDF membrane &
Fasigir). M=) optical density:= Image Gauge
4.0 (Fugifilm)o 2 =A3}9ct(n=3). 23+= d=L

80
60
5 401
g
o
E 204
-@- Control
-O- 10uM H;0,
04 -¥- 100pM Hy0,
</ 1mM H,0,
- 5mM H,0,
-20 T . .
0 60 120
Minutes

Fig. 1. H,0O, mediated transendothelial electrical resistance
(TER, Q cm?). Treatment of 5mM H,0, showed and
significant decrease in TER. Compared with control level,
lower doses of H,0,, 10 uM, 100 uM and 1 mM showed
gradual decrease with dose and time dependent manner.
The data values are represented as mean +SD fromn=3
in each group. *: p<0.05.
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o) 9%z et
6. S7Ixz|

AlgE HotzFHALE Jeplglon, B4 A E
= Student'sttest® F2)A& HAsIH oW fFoj4
Zo 5%= 39gh

1. TER =&

H,050 ©]3F x7]#8ke] w3s BBMEC wh3j
FAAM FAsAe (Fig. 1). F AHgt x2S
TER 3ke] 9m|glE: W3tE Ho|A] ¢kt H,0.5
Foigt A FolME TERe| F=o welr, 282
AlZEe] Ao mEiA fol3H At s
Bgek o] A2 wol H00) Fwrk 2&5, 1
2 =ZAZbe] AeF WIA £ FHA o] F7}
3= e ok 4 slsie

200+ -@- Control

180 O 10uMm

¥ 100uM
160 Vo 1mM
- 5mM
2 140
g
S 120
3
100 ¥
80
60
40,
- Y .
20
0 : ‘ ‘ ‘
1 2 3 4

Time (hours)

Fig. 2. Percentage of viability of BBMECs after H,O, treatment
assessed using AlamarBlue assay. Treatment of 5 mM
H,0O, showed significant decrease in viability. Compared
with control level, lower doses of H,O,, 10 uM, 100 pM
and 1 mM, did not affect the cell viability. The data
values are represented as mean +SD from n=3 in each
group. *: p<0.05.
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2. H,0,%} ME2| MZEE

H, 0.0l €3 TER®] #t47} BBMECs?] 7)%H
Floll 23 Zelx] mx= AzAbde] 23 AIAES
&qlsly] AlamarBlue assay S sl A ZAZES

i

Z0-1-> —— i, e ———
160

140

—L'_L

100

80

% of control

60

20

Control 10 100 1000

H,0O, concentration (UM)

Fig. 3. Effect of H,0, on ZO-1 protein levels when treated with
H,0, of 10uM, 100 uM and 1 mM. Western blot analysis
showed the steady-state level of ZO-1. Densitometry
analysis of blots showed no statistical differences. The
data values are represented as mean +=SD from n=3 in
each group. *: p<0.05.

SN, 0|34, ZcHZ, 2 ¥, o|FF, =T, ZAF, o153 HEs, A oleE, HEE —

gelatath Hy0,2 F=7F 1mM e]ated el &= A
22| AEFo] Lol vld] o3 Aol HolA]
Akt (Fig. 2). 18} 5mMe] Fx= 3L 7
2 Az AEFL Yx2FY o 3% A2 FA
Zaste] 9lgle) o] s ujgloz vhgol 23
HE APANAME HO00 =5 1mM o]slE AHS-
3toi ot

3. Z0-12] Western blot

10puM, 100pM Z8]3 1mM H,00 A ZO-1 %
wzlo]l W3S immunoblottinge 2 s oY,
Z0O-1(220kD) stz H,O,0l 2J3 E-o]gt W3}
7} 91siet (Fig. 3).

4. SEH #lo|N FAE0ZE BE

BBMECSE% wjoFoll A H,O0 °]3t ZO-19]
z2o| W3ls HAYPANL B3 HA3AH
(Fig. 4). 2ol A ZO-12 UFA| 22 FHKEe,
= YIHES] Q-] A X o]-S-HolA]
%7l Aoz Yepdt(Fig. 43). 1mM H,0,2 30
°JIL ZO-1°] ®xo FA3H Wz}
°ﬂ*1 HAHY Al Ao Fzb

O-1o] 7= e lSit(Fig. 4b).

M e
o
D
i
rﬂi
+»

3
5L
= A
r{J

Fig. 4. Immunofluorescence showing ZO-1 localization in bovine brain microvessel endothelial cells. 4a showed control staining for
Z0O-1. 4b exhibits intermittent loss of ZO-1 at tight junctions after 30—min exposure of 1mM H,0,.
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al

2t

Ji*i °131‘P 7134 %
M Z Aelel] FAEE "ol gHel o3 {4
o} (Bradbury 1993, Huber 5 2001). w}2}r o]}
40 Bhome Yz olFshe 2 Fu
H o] MelA 7]%of 98 A)|3tEl}(Rubinz} Staddon
1999).

AEERVERER
e s zel A Aoz 7]
A=l RS A A3 AE &
A3 et
& H0, 3
Ws) WA ERe) Syl WaE el Paks
% 1984, Chaudhuri 2000, Horikawa % 2001).

B AP 23 HO00l 93 TER7} &4
o2 Zhasle ofAFS TAF S lgict M EZ =
HO0l =ZAIA ABIAEYAS fedhs 71> &
ozl o=, ¥ F= (250~ 1000 pM)ell A=
WA Zol] £ o] ZF A9k (Shimizu 5 1994),
A T2 (121 pM)ellM= Aot 2] F4e]
=5 (Burdon 5 1990), W] o] £l M= HAFHA
o] f-x¥+E 7o (Yasudas 1999, Mauliks} Das
2002) 4 A et ® AAIME 3 H=(10
UM, 100pM) B! =& =% (I1mM, S5mM)oA] =&

e ohe} W
s

°
=
Rk

° 4

% Wi 3 o ox

TER7} Zr43le Aoz Jepdon, HO0] 23t
TER®) ot F3h4e) Z7k9 AAshA 2A=e]

alel Al invivort invitrool| A £ E 31 ] o] Z7)el=
o7 ofAXT(Lum 5 1992, Siflinger—Birnboim
% 1996, Kevil 5 2001). o]83t R TE FofA
oxidant® viAN 2 el FAAo] Frheh Wyl 4l
IAZAAZ WA 9ot molecular target>-
A2 LE R

H,0,01 2|3t TERS] 7t47} BBMECse] 7]%w
Stof] 2J3t AR = MZEAPE o3 AIAE
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ofoln 7] fate] A ZEAEES Tt H0,2
F=7F 1mM e]atd dofl = Alze] AEES dx
Lol vlE] 28 Xe]E Ro|A] 9kgkort, 5mMe]
FEZ AYUS A Az AEES dze
of 30% A== FA FHAEA) o] AIE nigke
2 1mM H,0,9) 5ol M vehbs Eabie)
e AzAME = fANE 715 Wste e
= ddek

Ha0z0ll &J3ll Wis|Azell A T34 o] F7hsle |
ol WIHZ Apelell zHAe] A= 1 actine]rt
cadherinz} 72 whifAlo] AAIE7] Wil How
od=x gloh(Carbagjal =} Schaeffer 1998, Kevil 5
1998). =3t AA7HA] H,O,7} A A A ZO-10l <338k
& 712 A d=A AR gk

olglgt wi7dE IR & AYeMx HOE &
AF 9ol Aol gye] whuAel ZO-1¢) ¥=
o] WslE WelyRae Sa BReA Ly
el WA Zel A Aol Sl AgE ZO-1&
H00l ©Ja] AlzAteloll M zhasled Qlgieh. o o
e AR o= AEAtelo] bt Felrt H,0,
o ols) = A%A el T315ef glgiek HUVECH A
% o]} §A1E pAtem ZO-19 Exe| W)
epbdo} (Kevil 5 2000).

= o 3] 5o A 9] 7:1;1],2_ 24742 »™, Z0-1&

H Ol S8 X ol g3el ] 2RA oz ez
W, ol shaAel Al AzAel we ARelg
27} 249 2ele] QX Aoz Azt 1
Hmz o] 29)9] AmAtele] Aol AT, o]
Foz 49 Az olFel Yo} TER/ 7
bk Aom AT 4

olek.
WAl A HO o3 Aol &sl B
AR Z0-1& AZ HE R9lolA AR wes

tern blotg 3 A3} ZO-19] Fofol|= 2|3t W3}
7} $19ek ZO-1-2- occludine]l 24 o]ej# §lom
w3} actine] Q2= (Fanning 5 1998, Itoh 5
1999). H,O.¢l ¢J3l] occludinz}t ZO-12] ZAgto] 7t
A7) W&o (Kevil 5 2000), ZO-1eo] L] =
aollA AELoz FUHHA G2 Frz o5}
Aoz AZkEY (Kevil 5 1998, 2000). 1=}

p

T



AzA WA Z0-19] WHdukLo] ZrlEx] e
Aoz mol ZO-1o] AEA ZellA] HlEg we}

Avbd oz WA EakEHA HA(AW e RS
& 4 glok

2 AlgefA Az £ o], H00l 3
ZO-19] Fxol W37} doju, o] 9} dAxtEe] A
7173 o] Zhadte] o] 2-FIAe] FriEhH Ty
o] ZO-1°] AAlel|l 2t Ae] epw, ZO-19]
HZA Lol Al $1X] 2] o] Fell 2J3t Aoz Azt
th ZO-12 A zrtel] QA3 H9jell gHAJ o] gl
] 2] H0p0l 23l Al zrt ZAel A 27} o
ofuf Ay 7)me] AT & 4 Qi)

H,0.5 Z3Hs AAARES d3 WA ZA
MAP kinase 3l 7z} kinasee} AAFeIA}=
o] thilA A3} redox-sensitive geneel]
A Aoz dA gleh Azl Hgt gefgt 25
g2 MAPK &4de] wsts frdshe, o] w3}
MAPK family membert} A =Zf3e) wel =4
Jeaz oz FMyAH YaMzrl ~EE
of disl MAPK Al 342714, &4kl vk-g-3}
+ AsAGA A, 2=l B3RS AHAHe =

VA el & Aot HEHozE
A A AT od] 2AEE= WA=
2] 7S w3 o] AE HAZ | A A=
A Aof & 7ol

uj A

o]0

L=
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Abstract
Oxidative Stress | nduced - Expression Changes of
Zonular Occludens—-1in Tight Junction

Dongsuep Sohn?, Heesang Lee, Dajin Kim, Hyunhtaek Choi, Kumjeong Lee, Hyejin Cho,
Sukjoong Kim, Jongchan Lee, Yoonhee Jeong, Sungsu Kim, Wonbok Lee, Kyungyong Kim

Department of Anatomy, Thoracic & 'Cardiovascular Surgery, College of Medicine, Chung-Ang University,

The homeostasis of microenvironment in central nervous system, essential for normal function, is maintained by
blood-brain barrier (BBB). ZO-1 in tight junctions (TJs) plays an important role in maintaining BBB endothelial ion
and solute barriers. Mafunction of BBB by reactive oxygen species has been attributed to disruption of TJs. This study
examined H,0, effects on paracellular permeability and changes in TJ protein ZO-1 using primary culture of bovine
brain microvessel endothelia cells.

The BBB permeability,measured as TER, increased in a dose-and time-dependent manner when treated with H,0,
(0.01, 0.1, 1.0mM). Cytotoxicity test reveaed that H,O, did not cause cell death below 1 mM H,O, within 4 hr. H,O,
caused intermittent disruption and loss of ZO-1 at tight junctions, but ZO-1 maintained steady state levels of
expression. In conclusion, we report that H,O, induces increased paracellular permeability of BBB that is accompanied
with aterationsin localization of ZO-1.

Key words : Oxidative stress, Blood-brain barrier, Tight junction, ZO-1
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