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ABSTRACT

Cerebral microvessel endothelial cells that form blood brain barmier (BBB) have tight junction for main-

taining brain homeostaziz, Occludin one of tight junction protein, iz crueial for BBB function, H;O; induced

occludin changes and effects in bovine brain BBE endothelial cells were examined in this smidy. The decrease

of transendothelial electrical resistance (TEER ) by HyO, was due to disnaption of oceludin localization. Cytoto-
sticity test revealed that HyO; did net canse cell death below 1 mM H,O, within 4 hr. HyO, caused intermittent

disruption and loss of occludin at tight junctions and ocecludin dizappeared with dose dependent manner from

tight junction in confocal lazer microscopy. But Western blot revealed that the total amounts of occludin

inereased by HyOp administration. Transmission electron microscopy revealed that the ultrastructare of tight

junction was not changed by HyO,, These data suggest that functional disruption of BEB by HoO; was due to

the localized losz of oceludin in tight junction, but the expression of oceludin increased in order to compensate

the dizmipted function in BBE.
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BBB)2 o|&F=ef B2 Ty, ofv| Akt k] ¢
2 AT £Hote o wgd Ed G =
22 44, A4 5T RS S5 (Any-
onetti etal, 1909), 2P 2 7|12 A xE B3l B
43 AA, 2 248 Ba 20T WA A
ol g Aol L ¥ (tight junction, T S}
o] F<] 2} (Bradbury, 1993).

YA 94T ok B0 o FohE Az
T =ZA transcellular route2} paracellular routs = v
of (Huber et al,, 2001). =9 55 =3t =474
W UT 4F> o] T Tz T ETAFE =
2or oAe gAY 39 T2 Qo Gumb-
leton & Audug, 2001), ¢|2f FA)e] A 28] gk
YA al ofmM|E e ¢d & (Gaillard et al, 2001; Prat et
al,, 200107 Multidrug resistence (Ghersi-Egea & Stra-
zielle, 2001; Loacher & Potschka, 2002)¢] o= <
TF7b il o ge] WAl AR el 24
3 Hedzs oz d3ot A9 g4
(Kallmann etal., 2002},

BEBS| 7% 2% 71s 59 shbe vl 4as
FRhe Aow AT St Lad Heaed
SHLadEE Aoz AU 2080 4
o, =l F| = f{F A EE superoxide dismutass, gluta-
thione peroxidase, catalass 2] gl x4 AT
¢1e] (Tayarani et al., 1987), AAH el 744 BEB
T Az 2EE Rew, ol Hy AMEU 7F
A w5 T vk

e S e BATHES AR A2
E¥E ofe U 23T Bl ALTA
actined] 2 Bt (Mark & Davis, 2002), 23]2] 5=
we) dmAlEe] AUelay b 2 o
T Zhsbct (Kniesel & Wolburg, 2000). &= ¢]-2-38] 7]
>2 G-protein, serine, threonine, 28] ¥ tyrosine
kinase, caloium level, cAME level, protease 22| TNF
alpha 5| #5l A&7 24 A7l BBBE A3
A ZZHL -3 (Kniesel & Wolburg, 2000),
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1. A 2}

wjj oFel 2. DMEM/F-124 10% horse serum®} peni-
cillin, streptomycin, heparing &H7bsled TS5
Dispaze#} collagenase/dispase 52 A &2 Sigmas}
Loche o4 F-4dstadct. ol 72 o (0.4pm 4,
12 -wall Transwsll®)2 Corning costar corporation

(UsA)2] A& A-getgich

2. 29| = ciM@e UsMEel Hajs et

= A 2 2AEE AAE 422 HE U5
lce—cold MEM (pH 7.4)¢] 2+ AFd =z Subsle] o
ot wae s vl e SRS AAT 3 AR
Adre Agfze Mg a3 A H2dE
1~2mm’e] =72 A=8% 2,  ZAe dispase o
collagenase/dispase 2. 5A)ZF wj ¢Fs} 52, 50% percoll2
°|43t+ HPHoz BERBE FAs mlAEH
M= (bovine brain microvessel endothelial cells,
BBMEC: )& 22| slgich AHEA e whg} cover glass,
12 well plate =% Tranzwell (Corning)e] ==&
shepstadch. i op & 32 WpEo] 3, o] B2 o
Suieh apE 7 A" Ue] HO, 10uM, 100 pM, 1
mM, S M Fedsisich A4S 45F A|siale

3. TEER (transendothelial electrical resistance)
2| mzt

HO, %o 3 308 802 T Azt Feb EVOM
{(Precisoin) & & transendothslial electrical resistance

(TEER)E S stelch

4. Cytotoxicity test

H,0,& A=3F %28 BBMEC:2| &5 Al
marBlue assay (Serotec) & o]-&3fe] Eeletedeh H,O,
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Z 3083F H=53m 10% AlamarBlue® =33
changing media®. ¥ S & 4231 Feob wiobspa A
cell viability® =759}, Spectra MAX 340 (Molecu-
lar Devices)E o|&8fe] 570 nmel+4 Z7TF absor
bancesd 4] Background absorbance (500 nmell4 &)
djor] BEEL 2 o) %z EUHEHa=T)

5. Western blot

kel AMlx 0.01 M PBS(0.2 mM phenylme-
thylaulfonyl floride, 4°C)2 A3 & Complete mini
protease inhibitor (Boehringsr Mannheim) & @2 lysis
buffer (Triton/deoxycholate/SDE buffsr, 0.2% DS, 100
v NaCl, 1% Triton-3 100, 0.5% deoxycholic acid, 2
mMEDTA, 10 mM HEPES pH 7.5, 10 mM NaFl, 1 mM
NaVOy,, 1 mM benzamidine, 0.2 mM phenylmethyleul-
fonyl floride) & Y] 15231 4°CdlA He] s o ¢
2 cell seraper®. 2o} shaking 3 & (14)3% 4°C), 4
2825t (10,000 g) A== pelleta B2]5te] -70
Cefl A matstyct

MicroBCA kit(Pierce) & o]-45te] ghilzls v &
A=t 10% SDS polyacryamide gelZ A7 F(4g
protein/lane)2 #t4dch A2 PVDF membranes]] A7)
o]Z3F & blocking solution (5% milk, TBIT)4| 4] =k
Azt A 25t oF. Mouse anti-occludin antibody (1
S00ME 1A)7F BheA)Z] = TRSTE 587 3 4=
st e}, HRP conjugated goat anti-mouse IgG anti-
bodyZ 14)7F 9kEA17E &, cfa] TBSTZ 5% 3F 39
A&z Z, BECL plus kit (Amersham)& o] &5}« 93
A7l 2, gel documentation system 2 o] &2 ¥WF-S

st

6. Confocal laser microscopy

Slide chamber (Nunk)ef 4] #f¢F5t W £ 3%
paraformaldeyde (0.01 M PBES, 4°C)2 2745t w WA
HEAT R TEE H& YA e
nal anti—occludin antibody &AMt o 204 =
dxpebA ojal PBSE AREStleh o|AehAe FITC
conjugated anti—mouse antibody (Zymed) & AR&-314
o}, Slide chambersl]+] wj <Fst =t 4| £ 3% parafor-

mouge monoclo-
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maldehyde (0.01 M PBIt 70% ethanols]] 1023t 32
Asielw PBSZ A5k 0.1% Triton X-100 (PBS)
o7 M xzwhs] o] FAL 294z Y Bovine serum al-
bumin (BSA, 0.5g/ml) 22 1083} blocking 3t & o
A (10 pg/mL) 2. 4°CelA 12417F whgA 3 2
& obA] PBSZE MAstD FITCAE 22 o2k 2 1
Alzk wh-AFI 2 PBSE A ES F 50% glycerol& Al
= ¢ @ vk o] =2] 7 confocal laser microscops
(Zeiss, LSM-510 meta) 2 2 sl of

Transwell 2] TS 2a]sted 2.5% glutaraldehydes
(pH7.4, 0.01 M phosphate buffer, 4°C)ef] 2~44]7F &
2AEE 1% osmium tetroxide (pH 7.4, 0.01 M pho-
sphate buffer 4°Cef] 12)7F ZwAsigdd o) Z2
shzgal oz AAE 250,70, 80, 90, 100%2] 4°C+]
DegddA A% 1087 FNHoT Dl ch
propylene oxide¥ Th& W3 A7 AbesiA] gebd, o
% epone] 24417+ FTAIZ F epon 81241 Erfslyl
o

Sorvall Mt 50000 2. 0.1~0.5pm 578 22
M-S A Zsiw Richardsondd & she] Fafsin]
2 AT F A S0nm FAY 2EHL A
37 uranyl acetate®} lead citrate®. <¢|298 2 A5}
ol TEOL 200 CX Esbaiz}ain| 7 o 2= 100Ky 5L 4
e

o
& Jo wk

8. EAIAE

AEE ot 2EHAR HEpg e, FA AR
Student’s t test® S2]AL HAFPen folfms
S shade

4 o

1. H0.0l 2|8t TEER2| 4%

I0pPMEFE] SmMe| o|23 H0,8 el w2
BBMECS] TEERS w3 EVOMe=z skgtslsic
(Fig. 1). SmM=2] H;0,2 #j8] TEER® 3 A7k 34
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Fig. 1. H,O, mediated transendothelial slectrical resistance
(TEER, Qlem?). TEER of bovine brain microvessel en-
dothelial cells (BEMECS) was measrad with EWOM.,
Treatment of SmM H,C, showed abrupt and significant
decrease in TEER at 15 mimites. Compared with control
level, lower doges of HyOQ,, 10WM, 100 M and 1 mM
showed gradual decrease with dose and time dependent
pattern. Data are shown as mean + 3D with p<Z0.05 (n
=3).

FE7 Frastd T A Aele 2|4 44 =9
AT o FAE 299 ANFERG o 2L FE
wad | mMeAE A" ez TEERSF zhesie
ez weyend & A I ARFEd £
4T AT DA AAPERG | B2 Fe 23
o} 10pM, 100 pMel| 4= TEERS} @Al e 2 7hisl
v opE 2oz g o Ad & oo A=
HO, 1mMe] =7y $% slase] TEER7}

Aashe e nad

2. Cytotoxicity test

TEER = H;0,%] =7} Z7bslwia ghiste o4
< Byoh 28y H0,2 cell toxicityE 927 cell
deaths]] ]2 A FE=Z cytotoxicity testE A F 54 o
APGa) 7] 4417 Bk H0.2) F=7F 10puM, 100
RN 1 mMed A2 A =4 Z‘—ﬁ*i W25t fAbebl et
(Fig.2). 22ht A28 AZEL SmMS) H0,2 A
At Bt A28 AEEo tﬂi"r% %F 30% H=
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Fig. 2. Percentage of viability of BEMECs after H,O, freat-
ment. The cell viability was asyessed using AlamarBlue
azzay, Treatment of SmM H,O, showed aignificant dec-
rease in viability, Compared with confrol lewvel, lower
doges of H,O,, 10pM, 100 pM and 1 mM did not affect
the cell wiability. Data are shown asmean + 3D (n=35).
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Fig. 3. Effect of H,O, on actin protein levels. EBMECs were
treated with H, O, of 10pM, 100 pM, and 1mM. Wes-
tern blot analyais showed the increased level of actin
{100 pM, 1m M), Densitometry analysis of blots showed
significant increase in actin (100 pM, 1 mM). Data are
shown as the mean £ SD with *p<20.05 (n=3).
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Kg. 4. Immunostaining of BEMEC monolayers for occludin, Immunofluorezcence showing oceludin localization in bowine brain
microvessel endothelial cells. 4a shows control staining for occludin, 4b exhibits ntermittent loss of occludin at tight

junctions after 30-min exposare of ImM H,O,.

2 =ZA Zhastgich o|H 2= el HO,4 FEIL |
mM ¢]5te] A e TEERS] ZHae cell deathd
subslr] ko chedt r)xe] wEelw AzbE
Zeut SmMe] H0,8 T4 FF cell deathr} =
A Z7EA veht <3 As5He A 1 mM
o]5te] F=eoflA AP Al

3. Occludin E¢2| Wl

10 uM, 100 pM, 1 mM2] H,0,48 303 w@&Al7]w
I A7 8 2 et occludin ¢S western blot
o7 st o occludin? HoO, 10 pMeA| A e F2
F OHEIT JHA 100pM, 1 mMe A e W22
w)s] whllEle] ofe] ZrlEle] 4l AL Densitome-
tric analysis<].4 sty oF(Fig, 30

4 woHBALS 0|8 occluding]

localization2| H3}

3087 1 mM HOud 24172 HA2E 5F Fef
M EApe] 8] ZH o] 2B T FAEE occluding] WEZ
2550 BEMEC/ 25h] 956 o5z sl
=+ (Fig. Sa)e ] Z=Ee]&x¥e] oecludin2 HEZE

3 A& AARg vl AUEA 225 gl 2k
Z T7 ] 31A9F occludine] A EA o] E Ao d5
Mo 2 e e Qe Aol 6 519
olgdet H,O, A A4 48] e occludin kg
4 Byxy dzgd vz o 229 g5 395
o] slgiet Hl ZAbolef A s

ol QA Em FRET] T AR
ol Feol FAHAT 2 F=U 1 mMH0,4 ¢
# occludin®] Bxo] Wity oL FHSA ERE
oH(Fig. 5b). B ¥912) Amboldlq Rl A
24 occluding] 44 o] o< I sk o

occludin i

5 FErt{Awolg o

1mMe] HyO4| 308 =&AF]2 3t Alzk ¥ e

FastaEe g o e dAR A Aol g He
T} MEe AAFA gl 22 AEabold

vehtbe AEape|d g A=xe 71 e d+] A
2 o[} (Fig. 5a) 9|25 (Fig. 5b) SAH 314
o H,0, 1 mM& Fo43F A4 vehis A 2A}e] 4
A2 Az wls] TR Heol glgdch Al=ap
ol@El| vJERE 2 F7HFig. So)et B4 (Fig. 5d)
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Fig, 5. Transmission elactron micrograph of bovine brain microvessel endothelial cells cultured on 0.4 pm pore transwell, The
intercellular junction between endothelial celly are oblique (2) or nearly flat (b) with high electron density showing tight
Jjunction and adherens junction. When treated with 1mM H,O, for 30min, the intercellular junction showed no alteration in
ultrastructure (¢, dj. The vacuole (¢) and widening (d) in intercellular junction were considered as artifact. Bars equal 2 pm.
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S CE RN E PN
HO 9% 7274 w3oz #957] Y8a

2 &

FFANAAAH WAz FeT FHZEEH
AAQT ol mM EE R EEE 13E BEFAEA
g4 2 gl (Bottaro et al,, 1986). o] B &3]
2] TI7} paracellular transport & 2 =23
7152 @Sty glof (Huber et al, 2001). Cecludinsf
clandin® 2 F4= Tl A2 hliae] B3 24
membrane associated accsssory protein {zonular occlu-
dens (ZO)-1, -2, -35F cingulin}S ZF=| M=z g
AA =] gl (Mitic & Anderson, 1998). o] wlzl &=
2 integral transmembrane protein & 2 AT & A
o] M Ewhe] T2 chilae] zRgsied TIE A3
o (Taukamoto & MNigam, 1999), ¢]-24¢|4] occludin #]
W2 ez 7% & solute barrierZ.4
233 4q 9EL T (Trocha etal., 1999),

Hy W AR 2ele H4¥ETE R F 452
HO. 34 nlHdldate] T4l wWEg ubabd
(Parks et al,, 1984) Bh2 A Fo] Flx]7 2] =]
H=Z7t obd AL o]g8ted 0,4 3 WEe %
Fted o (Kevwil etal., 1998, 2000),

» 49e A% HOM 94 TEERA} 412
28 Zhasle FE HEE 3ot AEE O,
(250 ~1000 uM)s]| eEA|FH AtEg e AT Sabsig
ol o] &4be] &)= A9 (Shimizu et al., 1994),
A2 FE(121pM)dlA e dfordEe] 4 (Burdon
& Gill, 19907 HEM =24 A A (Yasuda et al,
1999) o] E317 o|¢f T2 Alug WAz UFY
AAT S R (10uM, 100pM) § ¥ el
M, SmM)e 4| 2% TEER-} 7ha3is 7oz 1je}
wor, o 4 fuH =z Jehde wEsf
FAbslE o (Lum et al,, 1992; Siflinger—Birnboim et al,
1996). HyOp#l| 213k TEER#] Zha- T8 Z7hef
DA FA Ee] ¢lolA] invivort invitroe] 4] &2
T o] 2rbete Aol RuEY gl (Lum etal,
1992; Siflinger-Birnboim et al., 1996; Kevil st al., 2001,

2002). ¢|HE RTE FH oxidantE w7z 51
Fapa o] 2rbEe 2E AzASAAC) geA sle
1} molecular target-2- o ¥2. wha]a ¢l=| ot

SRR EENER PR ST REr T
S WAAE Aole] Aol FAHT actinelet cad-
herin®} 2 vhiizle] LAEZ] wlFel Aoz ouF
A gl (Carbajal & Schaeffer, 1998; Kevil et al,,
1998). et o|n| wrejzl ule o] Pt fj A Ze
A R A ) elA, TIE P o
2 & occludine] 7FAF 225 932 Iheh(Hirase o
al, 1997), ]2 BW HUVECHA H,0,8 =ojsiw
Wl =] T2 o] Fbeted ole HO0 44
occludin®] 2=x7F W37 #-Feo)F (Kevil st al.,
2000), =3 A7A HO,7F F&A occludine]| =k
=+ 7172 Ae dEA slA et

ol wiAE FAE 2 A E HO,8 T
Fled Lpepe TI] b el occludin®] B3e] Wat
E woasgga s B4 sEstyiot BEMECH A TT
2 T4 occludine H,0,0 &) 4Zsa=dez
TIellA ZhaE ] sldde Zase e 2, A4
Ao A E:Abole vehte widnbgeo] HO,H 24
T dAgH o] T Ee gloleh 2Bt occludind A=
Apelell A AAHez AAFHA gk del lsd.
HUVECH| A= o|efk A 2FF2 2 occluding] 2
x& HErl e (Kevil etal,, 2000

¥ Hdsagadae Astg Az B, occludin
0 Sje) TIlA ¥240z Aegen, o @
o] Aphal Aol vhE TI2) Apo] AR ¥
99 Agacn & 4 sach w0 29 A=
Aol B2 94ED, o Roz $49 AFee
J1%+] Weirt TEERA RaHT 2% 4ol 371
ot Hez AE 4 sl

W HFE A A HO4 & TIg WAse
occludine| A ZEAfe]ef| s The] AR AT western
blotE 5t A occludin®] 29f2 238 Zr7Fstdoh
Cecludind ZO-12] NH, terminal regions]] =3 o]¢]
A ¢len ¢|& E4] actind]] 923 (Fanning et al,
1998), H,O,4 2#] occludin®} Z0-14] @3fe] 74
7] w-E| (Kevil et al, 2000), occludine] M Zdo
Z FidE e Ax Adube] #HAAY, oscludine] HyO,
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A o Uy e A2 = et
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ez of e P WS FAFe A
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ez FL d Aoz F5F ¢ s+ =%
HRAERAREE FA= Ad|ere 72
F27k 1O e WHuebh SRHe
23] YEA

e BREE B B G HO0 o
occludine] W7t Lot Fbe] Fohen A7)
et 2t o] occluding] St 2ol A2 24
S S Ael Shi T 1A ocoludine] S ¥z
gt ez 9 Aee rhac

H,0,& =33 ROSE DA =44 MAP kinase
E:2] Z= kinase?} transcription factor® ZH 5]
protein systhesiz 2} redox-sensitive genedl *5F2 7
Al Aoz dwA gldh =3 ROSH| &3k MAPK
activity 282 MAPK family membert}t cell types]
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MAPK signal transductoin 7], ROS| vhE-351% sig-
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