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nuclear factor kappa B

ET2 AMEE 19E A sk F8 dHelth HETS WO 93 Ao
&= Q1% 3E (ischemia)ell ol HAIGAEZF Abdste] o1 A4 4=
e, b, B Aas denh H HAIFARES] AbE B ool i
d8 WaAEe HEFY a3 Hel AYs Gty dHx 1 #Alo
AxEI e vl HEd WMz Myt B2 Q1A (leukocyte adhesion
molecule) && % oo o 24 5, blood-brain barrier (BBB)2] <=
doll ofgh ¥ FF, WEA IAE Al oJF ¥ Hd &2H o= 99
& 4 9tk Nuclear factor kappa B (NF-B)&= 5, AEZ AE/APEA F

&S st AARIAIo|Y, B Ao A= S8 in vitro RSl oxygen
glucose deprivation (OGD)< o]-&3}to], NF-xB7} s1& 23t =& 3 A
E ARG A= S ATerivh HEd I Al Z5<] bEnd.3 AlEo
OGD A&latd, L 7]|zte] wl#Este] Al ARdo]l yepxtom, NF-xB7} €43
st QAT o] wWl OGDell 93k A2 APEE o, HmE AuFol o3 5
7F =42 glo], o] o] Aol A = OGDel o8k &Adol =4S Tk NF-
A3} electrophoretic mobility shift assay (EMSA)S o] -&3}o] 3Fels}
G, B Ao A3 E = NF-kB= p65/pb0 heterodimere} p50/p50
homodimer3ith. OGDel|l °]gt Hdy I Ao NF-xB &3} 7|4 dix
Al NF-iB 2743kl TNFa o 23 Z49-oh= 2 7ol v H, IiBa
32Ser®] <Q14kst B proteasome©] °]F uhd Aol vEUA @hgrorH, @]
/BT A9 JEPATE kBa 42Tyre] d4kste e o
of o9& &/d3tE = NF-kB7F Al AAZJAARIA, APERIAIA] &2 o] A5

=t

o)

_

2 &



of Al Aol BA i AARIA Lobrr] el Al T NF-«B A4
9] pyrrolidine dithiocarbamate (PDTC) + zinc, sodium salicylate, caffeic
acid phenethyl ester (CAPE)E AF&3lQlth. o] Al oF=2 &3] NF-kBE 9
Azt o, N APES F7F AT ol At vERG VHE 4] 9
3 M AE/APE S F NF-kBel|l o] 8= A2 24 p53, bax, bel-
2% Western bloto.2 Z43}o] HoLoL} o] 5] ¥ o g Walelx| &
of, Aojk= o] Al NF-iB JAIAe &3k= o] Al 7k A AE/AbE a4
guls AfskA] ettt AE2H o2, OGDe o% Hd# g A Ze] NF-«B
]

A= T HEdd WA E, AE AFE, NF-iB



nuclear factor kappa B
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glutamate?] 8|S Z7} A)7)a, 323 o] glutamate: A EW Z4
A &Aooz A e AIEE AESHA st} o]y s TRA AA
Ao o8k HAAME] &S TREA (excitotoxicity)o]gba ghoh? w

g 31d VI3 wot @4 AR T2 AlAdte Al&de] dAHER, FuE

il

A7 = A4 2aFe FHd SIS dovy]a o= A peroxidation,
3

(oxidative stress)ell €3t necrosis® F= AWE0o] o} HE HEF

Al apoptosisell & AE Abdo] EAgtE SA7F AAEHL A H HE
2oH & F dAde &5 9 $a, AxdEe 45, DNA 4

(fragmentation), cycloheximideo] ¢]&+ MXZ Apd W=z So] 1 FAo|t}°
o]¥l apoptosist glutamate A FAFstAo] o] AE ARG H7}
A A %31, apoptosisE JASH= 2FE<Q] caspase 3 A ALY bel-2
& Tol 98 7 Arrt ity dEHL°

AR, HET WA Al b= AlE7E HEE Wy
Axolnz a2 FAAAESA, AEZAESHA BHe7]de Az HAAAET}
ofyel W3 YoM xzd ol H: AAAES] AME 8 ol HEHRS
TSk WYAEZE Sa3 Wy s @it S50 AVl
o’ s a¥ge vE 249 AFRENE U2 FRE AL Y,
A Wme 24 oleS AASHA At vk HE W HWIAAE, A
(astrocyte)®] &% (end foot) H ©] Ato]¢] 7|4 (basement membrane) 2
2 o]Fo A& d¥AFH (blood-brain barrier, BBB)o] ¢]&3 7]5& &
=

Ay dAEzs sd Ased os o2 b wEys FF AR
(leukocyte adhesion molecule)E W&Astil, 95 W/EAS &gt o)+
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= WA E AFe]9] tight junctions </FA|7]3, matrix metallo-protease
(MMP)e] #dS F7HA71 24 BBB FHS =&k b, o Ade] 5%
S 4o ol HUYS ASAA ¥ AES AT, AT Ae H gF
S dorrt’ 53] g o8 WPy WML} AFE

Al AuF A HEFl ol HuW
=92 op71d 4= Atk o]#l A$-= hemorrhagic transformation©]2} 3},
- XA eolnR el o HAW I AEY] AEE HEFO WHEjA

=92

g o] Wy 0

il
o:

s A%, A=

’

X
o,

Nuclear factor kappa B (NF-kB)+= 1986% B cellel A immunoglobulin
kappa chaing %F=9o] U+= dlo] H Q3 transcription factor®=A LAESQI o

M, 7 olF Be ATE Bojo, 4% 5o Wel W] v§ Fad 4Ue

ke AS GA HAEY AR NF-kBe] 5 2101 p65 A7 A
up9-227F A dA A F AE (hepatocyte)e] HALE oA Aelal, I}
N E A &= mutant kBl 93] apoptosis7t EHlEHE 59 AFH FAE

ols) NF-iB7} AlE APES A8k (anti-apoptotic) &S Frh= Ao
defx 1 Faxst % AEHA AU

NF-kB+ o]&tA| & o] F2 v} p65, p50, p5h2, cRel, RelB 5 5714 talo]
Fdolghal (homodimer) =& 4FololgA] (heterodimer)S o]l rh.'
A3 A %S NF-xB+ inhibitor kB (IkB) ©@o] 23] A|3EAo] 7% o]

Sl ol IkB7F NF-iB  ofghAleh Adhste], NF-kB7F 7HAa 9l
nuclear localization sequence (NLS)Z 7zl gl7] wj&o|t}.'® UV,
reactive oxygen species (ROS), TNFa , interleukin (IL)-1B & 9% #o]
7k Tol os) NF-kB7F @A43tse=d], oyl Aol ol kB kinase
(IKK)  complex7}  &4dstsar ofd] o3k LBl <liksl, kB
polyubiquitination, proteasome®l] |3t [kB2] 3|7} FE 4 vk 02 Joji}
NF-iB9] NLS7} :=F5o] NF-iB7F 3 Qtem Fof7pAl 5o} ZdARQIAt=A]
7158 A Ak



2o fHAe] promoter FHo NF-kB 2% H¢ =, B site’} =459,
NF-kB 2ol welt 1 7d#ke] 2do] zddvh. TNFa , 1L.-2,3,6,8, TGF-
B, MnSOD, Calbindin, Proenkaphaline, Bcl-2 family members, p53, IkBa ,
intercellular adhesion molecule (ICAM)-1, iNOS, cyclooxygenase (COX)-2,
amyloid precursor protein (APP), transglutaminase, glial fibrillar acidic
protein (GFAP), endothelial cell leukocyte adhesion molecule (ELAM)-1,
vascular cell adhesion molecule (VCAM)-1, e-selectin, T cell recepter
alpha, beta chains, ay—microglobulin, c-rel, c—myc, interferon regulatory
factor (IRF)-1 & B FdAke] T&o] NF-iB 24 ofs] 1 2do] =4

A, o] @ fAAES AHRY, NF-B7 9% 5 WAng, AE A2/}
1

5,16

o ds wkee wiEte oY TR MelETR]lL wEy RA QA
(leukocyte adhesion molecule) 52| W&do] FZ7lEt}, o] AyYH o=z 3F
2 §d T Ayl g3 249 d45 vES ofrlste % =

2017 s x gk, s Aol 9F Hdy WaAEe] NF-iB 243}
HAdd WIAEZY AbEel oW F3FE mA = A= e vt gloh w
A, g A9 in vitro 924 oxygen glucose deprivation (OGD)<
AbRgetaL, HEd W AEEA vz HAW WIAZFAA FHf AE
d.35 o]&3te, ¥ & Al NF-kB EA437F Hdd UIAxe] A}
o WAE FFE otz gQlth olE Foto] HET oM 7
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0. Ag £ "

o
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1. A= wi<k

b0 gy A EFNA Feg AMEFS bEnd.3 cell (ATCC,
Manassas, VA, USA)< 10% fetal bovine serum (Life Technologies Inc.,
Grand Island, NY, USA)¢| *¥3%¥ Dullbeco’ s modified Eagle’ s media
(DMEM, Life Technologies Inc., Grand Island, NY, USA)ol| A v &3}t o]
w1 9] NaHCO; %2 2.2 g/L& 3kel, 37C, 5% CO, &4A A3ttt
mE AL 3x10* cells/cm?e] AE FEE AZE BFF F 16-24 A 3bl

ERET:

2. Oxygen glucose deprivation (OGD) — in vitro ischemia

OGD+ <£H[E Ao A kAot T ETS Z33 B JdE R dyAd
S AA = Ao, A#FE OGD Foll AHAast X35 Aggste FA ol
t}. Balanced salt solutiong (BSSg, NaCl 116 mM, CaCls 1.8 mM, MgSO, 0.8
mM, KCI 5.4 mM, NaH,PO, 1 mM, NaHCO3 26.2 mM, pH 7.4)2 J4% &
iAol gl FHola, of7le] Exd 5.5 mM<S F7+e Zlo] BSSs sl
. BSSpE Ata7t gl E¢712: (CO2 5%, Hy 10%, Ny 85%)= bubblingd}o]
AAaE AAT Aol deoxyBSSpolH, MEe] HiAE deoxyBSSp= 7 H Al
2 9 deoxyBSSp= A8t anaerobic chamber (Forma scientific Inc,
Marietta, OH, USA)el Yol 37C=E wjdst= #4 S OGDE &lar, OGD 4
o] ¥ M XEZE anaerobic chambero]l X AW A4S ¥33lal = BSSss

3 o)
= A wae F= Bge ARFRT &9



3. F=AH

Pyrrolidine dithiocarbamate (PDTC), ZnSO, (Sigma, St. Louis, MO, USA)
+ phosphate buffered saline (PBS)el|l =of o]yt & L8313l o,
sodium salicylate (Sigma, St. Louis, MO, USA)E= BSS,, BSSss9] 20 mM=E
o] pH 742 AA% §, Fodste] AREsl3th Sodium salicylate™ A
2 F=7F ol RSt wigk dEFol AE=E, NaClé] ¥S =9 AFSS
3105 mosm/LE ZZA3}3 ). Caffeic acid phenethyl ester (CAPE,
Calbiochem, Darmstadt, Germany)+= 99% ethanol (Sigma, St. Louis, MO,
USA)ell 100 mM= 0] ARE3IGIth. CAPE Aol 7%, tixatel s%9
ethanols 2] 3}3ith.

4. U3 L& o] &% AE AT 4

Aol AbE S22 AES SA47] A 714 W Fedvd el
A shdstug Alske Aotk @ng el Beole AX T APES AlEE do}
W7l $1gk M 2= propidium iodine (PD) 9443} trypan blue 415 A3}

Aot PIE 1 g/mLz AHElsle 30 & ¥l 5, FFHu| oA excitation
546 nm, emission 590 nm ZE =2 T3t Pl= A¥7F AFESHA A X oF
S & o]Fste] DNAC A¥, w2 F#S Wi, A7t dolglow A ke
2 5o7R B dES wA] Esho) MXEe] 0.4% trypan blueE *8]3}¢]
1 AIZE wjFet &, wiAE A A PBSE #H7Fet & Fstdn|gdoz wEs)

fl

of A PHE ATE FL Ao, ANFA e ATE dokde AER



5. MTT SAYE ol &8 AE AT 24

24 well platedl]l AEE &5 5, A& A= Fol MTT SAHE AHEst
RTH AlFEo] MTT 95E 1 mg/mLe F=2 AHgste] 1
MTTel 3go=w <13 HzZHHe] formazan Z2AAS & &9 (25%
dimethylforamide, 10% SDS)ol| 12A17F o] el 570 nmolA Y STHE=E

EL [

spectrofluorometer (Molecular Devices, Sunnyvale, CA, USA)Z =43} 4t}
A2t ODsro2b &4 WA @82 79 ODsro#e] &S AX AES (cell
viability) & &}git}.

T

6. @ v, XA v

AEZE 1.8x10°%] A ®o} 27+ PBSZ A& & 1 packed cell volume
(PCV)9] buffer A (10 mM HEPES, pH 7.9, 1.5 mM MgCl,, 10 mM KCl, 0.5
mM DTT, 1 pg/mL leupeptin, 1 pg/mL aprotinin)ol] -/ AlAH EL° 10 &

oASY 27 AlolAl wbmel 5-10W EHAA AETS S A]7]aL, A
A sho] S Ko, AlF, EYsk3ivh. o] we] ZSHs 13,000 rpm,

4°C, 15%lA AAEe dto] 2 ATy v FHeld Axd 9 FE50] |
thoREE oy dumAds FEs7] 98] 2/3 PCVE AR buffer
B (10 mM HEPES, pH 7.9, 1.5 mM MgCl,, 420 mM KCI, 0.5 mM DTT, 0.2
mM EDTA, 1 ug/mL leupeptin, 1 xg/ml aprotinin, 0.5 mM PMSF, 25%
glyceroDE ¥ ol 30% WAsHth 30 & F buffer C (10 mM
HEPES, pH 7.9, 1.5 mM MgCl,, 0.5 mM DTT, 0.2 mM EDTA, 1 ug/mL
leupeptin, 1 uxg/mL aprotinin, 0.5 mM PMSF, 25% glycero)Z 2/3 PCV ®h=
wol 13,000 rpm, 4T, 15304 AHE 2] a3itt o] FFHo] ghujdolr},



7. A A A EA (electrophoretic mobility shift assay, EMSA)

TAHE9A2E #®Ag  NF-xB  consensus  oligonucleotide (5" -
AGTTGAGGGGACTTTCCCAGGC-3" , Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) Z probe 0.0175 pmole (>10* CPM)T} 1 ug®] poly
dldCE X33t 10 pLe] 2X 23 &% (20 mM Tris-HCI, pH 7.6, 20 mM
NaCl, 1 mM DTT, 1 mM EDTA, 5% glyceroD& %9 & F&&53 4o F
Aok e oA 30 &+ FF vEs A vt £3ES nondenaturing 6%
polyacrylamide gelel 180VellA 2 AlZF &<
AL AT Ax AA AZPEA7IE 89 Y. Competition assay$} supershift
assay?] 49, probeE ¥7| Ao FALA FAFA &2 oligonucleotide
52 3-NFkB @7 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
2 uL 2ol RE§AIZ § probes H7FeFiTh

—_

4719% sk A719%F F

.

ot

il

8. Western blot

MEE 27H- PBSE 7 W A2 thg, 50 mM Tris, pH 7.2, 2 mM EDTA,
1% Triton X-100, complete protease inhibitor cocktail (Roche, Manheim,
Germany)©] 235 &3 $FHE Wil 550] 1.5 mL FHEC| ®o}, 30 &

ol WAg $ 13,000 rpm, 4C, 15 &4 LA ZE 8T 50 pgd] &9
S 10% SDS-PAGE®Z #g]3}al, nitrocellulose Bl @A 8- o] 5423}
Atk 5% SAEFE W5 FAALS WAL 5, 1:1000e.2 M 13
A ek 1:50000. % 84 gk 234 A (HRP 34 [gB)E AT kBa ,
p65, bax, bcl-2 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
phospho-IkBa (New England Biolab, Beverly, MA, USA), p53 (Neomarker,
Fremont, CA, USA)S9] &A1& AR&silor, F4]] w4 ikgo= ECL

kit (Amersham Biosciences, Piscataway, NJ, USA)& o] 83}%i ).

10



9. M¥HAAAMH (immunocytochemistry)

AW &Ho 3x10! cells/cm®*Z 719 o|A® X 3 AEZE phosphate
buffer (PB, 0.1 M Na,HPO,, pH 7.4)% A% s+ % 4% paraformaldehyde
2 1A3}aL, 0.2% triton X-1002.2 AxTHE T3 7hs7] sholh 1% 4
g7 dFview H|5o| FYA-FA Ads AAstiL, anti-p6d FAE
1:10002.2 A2late] 4 AIZF wFatar, A2 5 o|ak&HA] biotine] X3
anti-rabbit 33 (Vector Laboratories, Burlingame, CA, USA)E 2] s}
a1, avidin-bioting ©]&3% ABC Vectastain kit (Vector Laboratories,
Burlingame, CA, USA)Z A&t} o] 2142l sl of eh2- A
2 9 xyleneoZ &3 2 Permount (Fisher Scientific, Fair Lawn, NJ,

=

USA)® vk Este] Fstdwngdom spasiolct

11



m. 2 =
1. Wj®] €&2+4 3} (Deoxygenation)

OGDE 384 A& wHAMN (HEFF)8 A2AMe in vitro Edo|t}.
OGDE Fd3t7] 913l BSSy A9 AbAaE A A= HA o] 5421 o] &
el &3 7 (A4 85%, T4 10%, ©1AFsteta 5%)E ©]-8-3Fe] bubbling
3} t}. BubblingS 4338l A dissolved oxygen meter (Corning, Corning,
NY, USA)E At Z3w7) #h4ske AS SAHE Y (28 1). Bubbling 15
Fo ola] BSSy W] 4ba E3=E 0.5% olst® Srolxitl whEhA, o] F 9
Ao BSSpe] &4k4stE $18l 30% bubblinge A3t

SERERS

=

2

& £ =

= 50

L \

& I
1l T ;P 8 1
U =} 0 - 21

Bubbling time (rmin}

Iy 1. wA Erkas b WHR2RYH FFEHe ERVEEHA 85%, T4
10%, ©]At3lElA 5%)E syringe filter® o] #38le] 2 mL ¥ 3L E3&) 500 mL,
=2 250 mL el Sl BSSeel &wskltt THAE 4% HFo
dissolved oxygen meterE ©|-&35}o] kA ¥ 3=E F45S o)

12



2. OGDell 93t Hd& YIME AP

npg-2o] HdP WIAEZZEE FPd 2T bEnd.3 MEe] OGD A
glatH AE7F Abdetch AE AFE Al FS 9 A BE Al FE A
54 At AE Abole] AAZE AbEAWA, W R AE7E 1 FHE
Slv Fo® ok 4 ) (¥l 2A, 9% of). A7t ApEITE 2
propidium iodine @& &3l At (19 2A, LEF of)).
o] A ArES Astslr] 918 LDH 24 SAHS stelaigdon, B 23
Alz=glof Al A2 Aol o3t LDH W& Al LDH &4¢] fA %A o} th&
AE AME SAE AFgElor doh (s ). webA, MTT S8HS AHE-§
A}, OGD 2 Al AgwrozE Alare] MTT A %7F vf9 7ads 4ok
U, AR ml vix9l DMEMS #w3te] 38 MTT 97k 2413kl

il

flo

2
to
J
ittt
o
e
X
i
o
o

ek
\\]
)
=
I
>
o
rlr
o
o
[N
-z
B
2
lo
_?L
=
ﬂ
ﬂ

—MTT 5749 @<= AMgsh7]2 skt ol= trypan blue 94& ]85k
APRRE A S S W sk #AE BT (R A,

OGD 7]ztel we AEAE A=d 543 A3}, OGD 8AIZHE AlE A
o] tethr] Al=aiAl, 10A17Eel™ 30~40%, 12417F0]™ 50~60%2] AlE At
He ot (2" 20).

i)
2,
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B
100
80
5
© = B
28 %
oS
§§ 40
~ 20 }
o 1 1 J
0 10 20 30
Hours
C
100 r
c 80
ST
D= 60
>S9
T «©
S 40
|_=
|_(|J
=O 20
0 1 1 1 ]

OGD 8 OGD 10 OGD 12 OGD 14

1% 2. OGDell 98 ¥ &3 yuAEe] Abd. A, bEnd.3 AI¥Z 3x10* /em®9]
A= vt BSSss (91), OGD (of#) 14A17F AHglgk Aot dZEFe 914t
Hu| Ao 2 QEZL propidium iodine GMete] AlEE MNEES 4 Hn|Fog
Ao Abiloltl, B, €% BSS;sE HIXE ngtste] Al @2 MTT Y=g 2
A8k Zo]i, Mot A ZHZF OGD 2A17F &, 10417 & BSS552 o] &3t
S AldstiaA AZPER MXE APES SAS Aottt C. OGDE AlZHE R
o] 7 MTT Q=2 =43

S

A&
T3

14



3. OGDell HAwE AAF7F HEH WIAE APgol mR= I

3, OGD 8 AJZF, 10 AZF 3, BSS; 2 A@FatdA MTT =S =43}
A3}, OGDoll 23+ Al AHE

(19 3). ol= AdF 4ol glas oneh

120

g 100 3o s

£ 80 #
B 60

= 1 '
E 40
2 20

0 1 1 1 ]

0 6 12 18 24

Reperfusion period (hours)

a¥ 3. OGDe FHuwE ATF7F HEH WIAE AlFel wXe= JEE e
OGD & ¢lo] BSSss=z HjA= ﬂiﬂé}oq A7t & MTT assayE 3k zo|th,
e A= ZHZF OGD 8 A|7F 12A17F HEl &, ABFsiy A7 ¥ MTT assays
gk Blo|t},

15



4. OGD9| 9% NF-xB &4 3}t

OGD A7 Al NF-xBe| 2SS dolr7] 9 A AARAES 33 A}
NF-xBe] &/4& OGD 7|ztel we} F7tslleh (e 4A). Competition
assays AAISH 23 5 UL A HA e wild type NF-kB consensus

oligonucleotideE ¥A| AAAHTE 1008] o] o=2 Yo =7 di=7} A}

b

A 3L, mutantt ©HE F7F9] oligonucleotideE E o™ W=7} AlgpA]|A] &

=<}
Ao 7 Hol NF-kB 5o] =S 213813 a1, supershift assayolA] S 9l

[

iy
Iy

anti-p65 A, anti-p50 Ao ol 1 A&7 7} FAEF A, o

iy

anti-p50 Aol AT 1 AF| 7 fgAaEFen=

v

flo

o= A
p65/p50 heterodimer®} p50/p50 homodimere]™, o] A XEXF2] NF-kB+=
2 p65/50 heterodimerd S & 4 It} (18 4B, 40).

N

A B c
- B2 EZ N
s 1 3 E *+ & = ¥ &
- !u.'_"‘ = = ¥ ¥ 8§
E;;;g-zi- I
g 8 & 2 -

M u m H.I- -

18 4. OGD9 93 NF-iB9 #&43}. A. 100 mm dish®] bEnd.3 A3 OGD
A S sle] A AAEAS 2AAF Aol B. Competition assay. T YL2E &
R A LS wild type¥} mutant NF-1B consensus oligonucleotide, AP-1, SP-

1 consensus oligonucleotide®E ©]&€3}%t}. C. Supershift assay. NF-iBe] 5 7}
A G il st dAE ) a3zt vES A7l probed Yo A XAEN S
A A% Aol
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5. OGDd| 93 NF-«xB &4 3} 714

| TNFa o 3 NF-B &

Askeld], o] A%, TNFa £ IkB kinase (IKK)E &4 3}x]7)3, &A314

= IkBa & <14F8}A]A, polyubiquitination®] 7FsshAl stH, 2 23} kBa 7t
proteasome°] ©Jal | Eo] AlxzHe] I NF-kB7} 3 ko= o]&sH
wof NF-kB7F 2443heth. OGDel 23k NF-B &43ke] 4% TNFa 9
A9 AR S 1] 98] IkBa 9 32Ser-phosphorylated IkBa 2] %
WS Western blote= &R18}3ith. TNFa & Agstd, g & 152 Ik
Ba 7} QIAbstE o] st HAThrp AlZbe] AuHA oAl ARG E = wE, OGD
Aeloll o3 NF-xB7} &43tH+= 49, IkBa o el WA ghomn,
32Ser9] QlAkste yERA] Rttt (¥ 5A, 5B, 5C). AW NF-kBe] +
A 809l p6hel & <oto Z o] o]%F5& Western blot & A|EHIAMH O 7
gel= o], o] MEF2] OGDel 98 NF-xB #/d3st= TNFa o 9§ NF-xB
Aot vhE 7)ol #ofske Aom AZE (LY 6A, 6B). s d/AH
ol 9lel TNFa o 9] NF-iB &43teh= v 71d, § IkBa ¢ 93] gl0]
UEt= NF-kB @43t2 a1 Zlo] 42Tyr QlAkstel &3k NF-xB 2743}
oJth ! IkBa  42Tyre] 14HelE W IkBa o 2 glo] IkBa 9 NF-kB7}
g o] NF-xB7} @3t th= Aolt}. o]& F<¢letr] #18 anti-IkBa A
2 WYHAE & anti-IkBa @A 9} anti-phosphotyrosine &3] Z Western
blota}$ith. Tyrosine phosphatase SJAIAIQl pervanadate *2]el ¢]3 IkBa
o] @A77} S7F8E9 o™, anti-phosphotyrosine A7} Adsl2 2 o)== kB
a 9 tyrosine <12F3} wj&E<l Aol dA|wE, OGDol oA 1w 3o
UehbA gstormg 2 A3 xxox OGDel ©§ NF-kB 2743t 45,
42Tyr AQ4ksbel] osk NF-«B &4 3t givh (23 7).

NF-iB 243} 7|de=A 713 2 szl Ao
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A

THFa 10mg; ml
Cont 15 38 &0 (min)

— - @ a— DB

- +— Phospho=LaBz

B

OG0
Cont 15 38 60 {min}
- e e . - LB

= Phoaphs- B

Cc

G0
Conl F | & {hr}

- e .
= s pleo- Lk Ba
3% 5. OGDAl 93 IiBa 32Ser?] ¢14ks} o IkBa A. B. C. TNFa A& 3

15, 30, 60 ¥, OGD A& ¥, 15, 30, 60 ¥, 2, 4, 6A]17F2] IiBa ¢ 32Sero] <14t
3} H IiBa o FWHIE Western bloto 2 7 ojt},

(o))

3
<

Y

A

Cytosolic Extract Huclear Extract

Comt 2 4 & Cont 2 4 -]
e B ]

e ¥ +— a5

B

Control QGD 4 hr

a3 6. OGDoll 23k p65<] 3 o). A. OGDel 98] NF-iB7F 843 =2 o
Axzd duy 3 guls Faste] 247} p65el o WslE Western bloto =
4%k Zo|th B. BSSs5 OGD 4 AIF Ag] %, p65 FAE o] &3 AXHAAN
A A8k

o [y
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-l L T T . L
:r"#'i"uﬁ{?ﬁ ?ﬁﬁﬁ@
B Y42 luler m' '

lacte -

Westem © anti-lxlie  anti-phosphoTwosine
P = il B

% 7. OGDel 9%k IBa 9] 42Tyre <14ksl o4 Pervanadate(pV) 30,
OGD 1A%}, 4AIZE Aelst AEd di s d-TiBa A= dIFAAS & 3-8
a A, &-phosphotyrosine @A E Western blot3F t}.

6. PDTC+ZnSO,7F OGDell 93 Hd & HIAAE Ag3 NF-xB 843
o "X+ 9F

NF-kBe= Al AFo] Zas dijolgts SA7F o 714 AlE AlE 29l
o Al AAIE AL 9l bk, OGDOl o A3t Wl AEe] AbE Ale] NF-xB9]
S golr 1z OGD Azl A 24133 OGD 7|3t &<t NF-«B S AA &
Aglste] NF-xBE A A, 1 X Abde] ofdA w&= A& Lolrt
t}. NF-xBe] JAAZ dg &deix PDTC7F NF-kBE A8t deol g4,
O FAAE obd oo FRdtrhi= AMES B g} glo] *** PDTC 50 uM
7 ZnSO, 0.5 pM, 1 pM, 2 pMS AH@ste] NF-kBE 9 Ast¢lth. PDTC,
ZnSO, 5 Al €31 OGD A 2lgh § A AARLA S AA 23, OGD 4 A
Zboll ogk NF-xB @487t ddstA Ao, o uf ofd o9 F&
of vl#lstAl M AbEe] FIFsEATE (1 8A, 8B).
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Contral
& PDTC, Znd.8
# POTC, Zn 1

DGoD 4

FA[E

L

4 - L

o
= 3
5 B
= T
52

I IDA+

Crbid+

S

S OE0GS+
LZIDEd

P D+

% 8. PDTC+ ZnS047F OGDell 93k NF-1B &4 3te} AE Abdel mx= <3k
OGD A& 2] PDTC 50 pM3} ZnSO; 0.5 pM, 1 pM, 2 pME % 3Hs+ BSSpS 1h
£9], OGD A& 3tk OGD Az F A AL A)Z MTT ZHEB)S AA
sle] NF-BBe] 43 AlZ &S S48

7. Sodium salicylateZ} OGD®l|l 93t Hd3 WA X Alg3 NF-xB 43}
o] mXE= g3F

Salicylate”] ¢f=2 9T, e, ald, Fdd o 28-S Ad F4
o

212 oFE2 A, cyclooxygenase A a¥7F 1 o] 28-S yEeRd o=
AzZyergd o, H NF-kBE A= Apao] urax] 1 okg] 8¢S 3=

o oldlahAl H k2t T salicylate’t HEF Al A4 AX AFES oA
= "yl 9lo], o1 /JHdo R NF-kB oA 284S X235 9}
T2 T & NF-kB AAZA salicylateE AFE3e] OGDell 93 &
I WM E APEel P X FJFs dolRkth Sodium salicylate 10 mM ©]
dolld NF-kB A4 8t7F oAl a3zt veu, Alx ApEE S7kediv (2
H 9A, 9B).
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Cioerybral
+ HaGal §
& MaSal 10
|
¥

oGoD 4

e -

% 9. Sodium salicylate”} OGDell 9]gt NF-B EAdsle} M Al mx]&=
9338k, OGD A8 Al Na Salicylate 5 mM, 10 mMZ = &3ttt OGD A7 % A
AAFA (AT MTT assay(B)E AAlste] NF-iB &3 Ax AES 5743}
e

8. CAPE7} OGDdl| 2% Hd# WIAAE Al43} NF-xB &43}d mX& 3
gk

CAPE: #HHe] W AEQ ZaZelxro Fo 4 BEHd2A, I95
ol A3 Fakst auE v BdE 4y
AAZAM 2] CAPEE NF-kB7F 8 ¢toz ZEojrbs AL 9 A wiel A
2 dA rh? CAPES NF-iB AIAZ Abgslo] dA&3 1l ¢l OGDo
olgk NF-xB &/dste} Al Abdel tigh a5 Yol gt CAPEE 0.2 uM,
2 uM Al Al OGDell €3 NF-xB 437} A= a1, 20 pM A2 Aol
OGDell o3k AL Ab o] 20%M 90%= S7Fetivt (C17 10A, 10B).
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P

=1 [T1e
i

APE [k

22 Al CAPE 0.2 pM, 2 pME X338 BSSyE wH=o], OGD A& 3+gith. OGD
A7 F A AR AT MTT SAUMB)IE AAste] NF-iBe A3 Hx A

= S

9. OGD % NF-1xB HAAZ} AE BE/APE #d @i v = 4F

NF-xB JAA7}F OGDell gk Ml AFES S7H7IBRE, 1 71HS Solr
7] $13) NF-xBe} ##ddo] @Wrhar &2zl p53, bax, bel-2 59 A2 AFE/
AbE B g o] ok WM 3ElE Western bloto &2 ol OGD 10 A7kl
9]&], 18]l sodium salicylateE 7] He|dt TolM = o5 whilo] A<l
WA= vebuA] gokdt whebd, NF-xB A1 #17F OGDell €)%+ bEnd.3 A%
o] ApESE S7HA7IE dlol Aol p53, bax, bel-2% #ASHA] G om
Azt (21 1D).

& 9 ﬁ'ﬁ
& &

— —l|'—|ﬁi

X K — Hil=2
29 11. OGD ¥ sodium salicylate”’} p53, bax, bcl-22] il QFof] WX < &,
= 7+ =

BSSs55 OGD, sodium salicylate 10 mM+ OGD9] A| 1%
7 a@S FZF3o] Western blotg 2 A3 T},
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v, 1 &

A2 MEFel We Aelod HEe ATt Fad 432 & dow
W73 ik B8, NF-dh @ 9 A5 o8 248 ", 99
A 24 @F FaF 4TS T Ao 4AHT Uk HAW NF-BE
Woluks ® ohuel Mol AE, AbEel o8 99 dPsn, ¥
Aol K Ee AL NF-B 240l 87k WAL Aol vH =

FFS walazt sl

WA, OGDe| 98 H 83 WA EF¢] bEnd.39] HME APE S-S Bt
OGD 8 AIZMHAI= wig- A AE APES Holthrl, 10 AlRbelW 30-40%
Aol AlX AtdEo] YElgT ol 49 HdEd WIAME (bovine cerebral
endothelial cell, BCEC)E ©]&3t 3184 AMx AlE AFAA ] MxE AFEA
wof FAbstu, MEZF F53kar, gkebA WA AbdskE BCECS 49-9t= L
et 271o] th=g 00t

o] w, NF-kB7} &43} == d], TNFa ol <3 NF-«B &3} 2$-9=
=], IkBa 32Ser?] 14Fs7F UERUA] ekton, kBa o G WSHA ek
o}, ol o] AEFe OGDel 23 NF-iB @43t 7]do] TNFa o <3
NF-kB 24319 4$-9h= 8-S GAIZY o) s d/AaFel 98] NF-«
B7} @43stH = A9, kBa 32Ser®] 14bs7h WERFA] eFar, 42Tyro] Q14
7 o A4S o, kBa #¥ HAe] Edestrke Halel AdXF
oh202h weba, o]E  Felely] fste] IkBa 42Tyrel AMSEE anti-
phosphotyrosine A& o] &3t W o=z sl HQOL o] AEF9
OGDell o]gt NF-xB &/dste] ZAg-ol& 42Tyrel QUAs7E yYepbA] &3kt
HL AZA717e] NF-kBe @A 3}e] kBB C-terminal PEST domain®] <14Fs}
7 dofdite Bavt flem e kBB o I4kEtyE OGDel o3k NF-xB 24
35 A 7ol doldnh

B AT AEAE 542 A MTT 5948 Aesgd. g

_

o
Chy

rlo
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MFEAE =34 Al lactate dehydrogenase (LDH) A H S A}&3}+= 9|, LDH
& AE7} AbEsbd AE Stel]l ¢l LDHZF WA=

o =2A, HMIXE fFE¥ LDHO &4 4o ehgAe

L 7R AAZAL A Qb B e A AbEe A% H|X

¥ LDHe| &2 #o] Alztel meh F43] #aste] 12 A7kl Aataiul

2 S A dA HER Ax AME AEE LDH SAMOR 573HA

a
23T (Fm A, AdAew MTT S48 AHesgen)

ofo
e
S

A= AES] MTT #9585 SAHsks ZoBnz2, AX Abd AeE 57435
HH AEZ7E SAshE G flojok ke A, AlES MTT 9 590
dobdle MES] ol SefAnt Wstal e Aol S WebA| erolof
b Aol dAl xxdolth. & ATgellA ARESE AEFE= dHo] gled &
dokbA i (AR AEh), OGD/A 7 AL dio] flo] IPHum HAA}o
2L ZAZE HA gk shAR, F24e] 2ol #A7F HA=H, OGD 2
A kel olaf Al AbE AdE gl dHiE Etskal, MTT &4 e#e] 3438}
Al HAT o= St BEot] FH 2 AR oyl 3 EHERE MTT 5
AW Al del S 2 AR A BHEFseE WS ARgSsHl HAd AR
Aoz dn delA trypan blue FMHOZ ME AEALEE SHS Ay
dAsh= AE AME SARORA MTT SRS AT

& 1 Aol o5k AlE AbE R ooty Fnee s AR =3 Az
e oPleke dom deA e, ole sd VIRE w24 AR
(reactive oxygen species)E A|st= Al2~¥lo] a3F =¥ o] vir), A&
oAl B g AtaE gEekA Estel 1 54o] YEive Adow oA
QEEP g ez AuF &4 HEFT AE, 53 duxIE
(angioplasty)= ©]-&3% AT7F Ao 83 WS 7HXa oz o ojsh
ATE FHEATE OGD A 5, A7 st 2 Algbel] @& Alx AE=S
=743 Ax AAF 7139 ]7}01] w2 Ax AE FAES OGDE T3}
Al g o EA &t ol AAFIE SEE S-S oA F



S

Ak A NG WIAMTE o] g3 AelM ABF o] ke B
a7F Qo3 o] A ME ApES LDH Ao A e}

F7F A4 7S wiAE = 9l
A

r“
;m
=
b
)
>
g
_O'L
=
no
K} %
o
—
@)
X
)
Ho

=5 d Algke] Bash b Fol oaid ME7F g% Abdaidr] my
= LDH7F WA 2 f&5E o Alzte] A7) wjiEel Aow Aztett

o] 7kA AE AFE S Ag-oll A NF-kBe] &/do] 7t W A AbES o
Ashes asb gkt §" A5 Al NF-B7F @48 HE vh o] NF-iB
o] &4dsl7F OGDOl 3t bEnd.3 Al AbEe] tish S dolriiz Al F
79 NF-kB A AE AF&35}% T PDTCE NF-kB AAZ & 47 &
ol ¢|,*'™*% 1 z+8 7]A 9] zinc ionophoredl= AL wralul 9oy #22 pPDTC
+ ZnSO4Z NF-kB JAAZA Azlstdrh. PDTC 50 uM, Zine 0.5 pM # ]
o OGDell ©]gk NF-xB7} ¢bdatAl A= om, o] uwf OGDel o3k A
ApE 2 E S7HE AT ol OGD A=l o’k NF-kB &/d35h7h Alxe] A
s AAlsks Ao, 1 GAsE AAEA 7] wiitel AlXE ApHo]l STt
g Aom Azt 4= vk ol= TNFa A2l Ao m= AE Abdo] et
Al ZAIRE, o] wf NF-kBe 285 oAlstH Al Abdo] vephvbs 459
PR R 3 TEH] A o] AlE AV AEe AE AE AEE T @
A3t A7]7] wiol, AlE AE AEE JAlsH AE Abdo] IF VtEEE
BFE Az

SalicylateZ FE&2 &9, W&, s1d, 3194 59 a34E 71zl of
E=ZA4 cyclooxygenase®] A7} FH 28 7|HdY o=
U, NF-kBE dAlets 2go] 83 Ja8 dvpes A HEF59 o ¢
HEF A G AE APES AT ARdo] Hito] a1
A A sodium salicylateE NF-xB JAAZ AFEsI =], o 49 A
OGDell ¢Jgh A3 Abdo] SZ£H A} o= PDTC + ZnS0,°| 499 w7
A&, NF-iB &43ts Ak ad wiel ez Y7, wehs 0GD
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7} inducible nitric oxide synthase A 28-S 7HX|3 YYo= Ha%E
b o] ofEo] S E/AUF Sl 93 A3t AEHAE AT
Harh glol HEF we BEE Furt s et B dFeMe=
CAPEZS NF-iB AAZ A8l =2 o] 49% mirbx= OGDel 9]
g AE AVES SIS Ale®E YERTh ol CAPES NF-xB A &
3 gFEow Aztert

I AFelA Al 7EA S NF-kB A4l = OGDell ©3t NF-kB &35 <
AsAIL, OGDel % bEnd.3 AEe] AMES F7HAIZCR=E, OGDO o3
NF-xB &4 sl M2 AE Qx=2 AZE
g, OGDell gk M AbE Al 1 APE7]HE dolr 7] 93, NF-kBSF o
dol Z AIE AE/AFE T@HQl p53, bax, bel-2 @ o] A WstE 5%
ste] moko), ol Al @l X APE A WElEHA] 2 Ao ® e
AL Al @ W3 A3 (human umbilical vein endothelial cel)& ©] &3 <
Tol A OGDell 98] A*E7F AFEE o], NF-kBE ol 98tk 3}x] ¢l p53
of o8] ME Abde] yehdrhs Buk glout ol HIAy yuAZ7}
AYs & 249 g3 yaAlxes b8 5ol 7|Qlgttar et
Bel-2%& 38 o8] NF-kB &A3}o| o8] A =R, NF-kBE JA|shH,
bel-2 #HAaE Aste] AE AL dAFTE Burl gl do ' NF-k
B &43lo] 2a) bel-27F S7HE B2, NF-iBE o AstH AE Apdo] 714
O B Quk? old vhakdt A 7h7ho] 519 wde] Sojgom Azt
), Bt} Sol¥og NF-BS WA 4 d& Wil Fad o=z A
Zte e},

=39 HH Aol NF-xBe MxX Abdo] gk ot 27 M EZeA

T8 ATEHE vl 8 T AT Al 24 AIRE ol AEFHE A

rﬂ
O

0.I.4
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NF-kB @487 417 AlEe] A1de fedva dejd o> o|€A NF-
KB 2487 AX APE QAR #Eshs A= AE AEZAA FR2 oo H
oA, tREe] o2 A EY AlHAA NF-iBE AlE AE AAZ olopr]d
ok 2 A E HEF DA A HE3 UM Ee] NF-xB &438= Ax
AEQAZ = AL B o 58 &4 23 A7 AXe da UuA
Fo|A NF-kBe <ldo] witjebd NF-kBY &4 =4S = o 2353 sfof
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C A A FEel OGDY 98 WEW WuAEE Aldelgon o]
_[E_I_

of o3 Eae et gk

. 0GDl ola = A xS NF-BE 2435

o] A% IkBa ¢ 32Ser A4Fs}, IkBa 42Tyr <1AFsh= YELER|
R ie=

. Al 7FA] NF-kB 9AA1¢l PDTC, sodium salicylate, CAPE+=

OGDsl |8 NF-xB 34315 oAstgla, 06D o3 =8 )
oA £ A F7HAAAT

o] w] bcl-2, bax, pb3 &< AXEX AE/APE FH Teo] 2 W
stalA] skt

RE AY sl 2ARL W, HY &4 A 1BF B A NF-B

28



10.

11.

12.

=

1583

. Rowland LP. Merritt’ s Neurology. 10th ed. Philadelphia: Lippincott

Williams & Wilkins Publishers; 2000. p.217-39.

. Lee J, Grabb MC, Zipfel GJ, Choi DW. Brain tissue responses to ischemia.

J Clin Invest 2000;106:723-31.

. Excitotoxic cell death. Choi DW Biology of disease: free radicals and

tissue injury. J Neurobiol 1992;23:1261-76

. Freeman BA, Crapo JD. Lab Invest 1982;47:412-26

. Ikeda Y, Long DM. The molecular basis of brain injury and brain edema:

the role of oxygen free radicals. Neurosurgery 1990;27:1-11

. Del Zoppo GJ, Hallenbeck JM. Advances in the vascular pathophysiology

of ischemic stroke. Thromb Res 2000;98: V73-81.

. Risau W, Wolburg H Development of the blood-brain barrier. Trends

Neurosci 1990;13:174-8

. Barone FC, Feuerstein GZ. Inflammatory mediators and stroke: new

opportunities for novel therapeutics. J Cereb Blood Flow Metab

1999;19:819-34.

. De Vries HE, Kuiper J, de Boer AG, Van Berkel TJ, Breimer DD. The

blood-brain barrier in neuroinflammatory diseases. Pharmacol Rev
1997;9:143-55.
Okada Y, Tamaguchi T, Minematsu K, Miyashita T, Sawada T,
Sadishima S, et al. Hemorrhagic transformation in cerebral embolism.
Stroke 1989;20:598-603.
Hornig CR, Dorndorf W, Agnoli AL. Hemorrhagic cerebral infarction: a
prospective study. Stroke 1986;17:179-85.

Del Zoppo GJ, von Kummer R, Hamann GF. Ischaemic damage of brain

29



13.

14.

15.

16.

17.

18.

19.

20.

21.

microvessels: inherent risks for thrombolytic treatment in stroke. J
Neurol Neurosurg Psychiatry 1998;65:1-9.

Sen R, Baltimore D. Multiple nuclear factors interact with the
immunoglobulin enhancer sequences. Cell 1986;46:705-16.

Baeuerle PA, Baltimore D. NF-kB: Ten Years After. Cell 1996;87:13-
20.

Neurath MF, Becker C, Barbulescu K. Role of NF-kappaB in immune
and inflammatory responses in the gut. Gut 1998;43:856-60

Mattson MP, Culmsee C, Yu Z, Camandola S Roles of nuclear factor
kappaB in neuronal survival and plasticity. J Neurochem 2000;74:443-
56

Okada Y, Copeland BR, Mori E, Tung M-M, Thomas WS, del Zoppo GJ.
P-selectin and intercellular adhesion molecule-1 expression after
focal ischemia and reperfusion. Stroke 1994,25:202-11.

Haring HP, Berg EL, Tsurushita N, Tagaya M, del Zoppo GJ. E-selectin
appears in non-ischemic tissue during experimental focal cerebral
ischemia. Stroke 1996;27:1386-92.

Garcia JH, Liu KF, Yoshida Y, Lian J, Chen S, del Zoppo GJ. Influx of
leukocytes and platelets in an evolving brain infarc (Wistar rat). Am J
Pathol 1994;144:188-99.

Imbert V, Rupec RA, Livolsi A, Pahl HL, Traenckner EB, Mueller-
Dieckmann C, et al. Tyrosine phosphorylation of I kappa B-alpha
activates NF-kappa B without proteolytic degradation of I kappa B-
alpha. Cell 1996;86:787-98.

Koong AC, Chen EY, Mivechi NF, Denko NC, Stambrook P, Giaccia Al.
Hypoxic activation of nuclear factor-kappa B is mediated by a Ras and

Raf signaling pathway and does not involve MAP kinase (ERK1 or

30



22.

23.

24.

20.

26.

27.

28.

29.

30.

ERK2). Cancer Res 1994;54:5273-9.

Kim CH, Kim JH, Hsu CY, Ahn YS. Zinc is required in pyrrolidine
dithiocarbamate inhibition of NF-xB. FEBS Lett 1999;449:28-32.

Kim CH, Kim JH, Moon SJ, Chung KC, Hsu CY, Seo JT, Ahn YS.
Pyrithione, a zinc ionophore, inhibits NF-kB activation. Biochem
Biophys Res Commun 1999;259:505-9.

Kopp E, Ghosh S. Inhibition of NF-kB by sodium salicylate and aspirin.
Science 1994;265:956-9.

Grilli M, Pizzi M, Memo M, Spano F. Neuroprotection by aspirin and
sodium salicylate through blockade of NF-kB activation. Science
1996:;274:1383-5.

Grunberger D, Banerjee R, Eisinger K, Oltz EM, Efros L, Caldwell M, et
al. Preferential cytotoxicity on tumor cells by caffeic acid phenethyl
ester isolated from propolis. Experientia 1988;44:230-2.

Su ZZ, Lin J, Grunberger D, Fisher PB. Growth suppression and toxicity
induced by caffeic acid phenethyl ester (CAPE) in type 5 adenovirus-
transformed rat embryo cells correlate directly with transformation
progression. Cancer Res 1994;54:1865-70.

Guarini L, Su ZZ, Zucker S, Lin J, Grunberger D, Fisher PB. Growth
inhibition and modulation of antigenic phenotype in human melanoma
and glioblastoma multiforme cells by caffeic acid phenethyl ester
(CAPE) Cell Mol Biol 1992;38:513-27.

Natarajan K, Singh S, Burke TR Jr, Grunberger D, Aggarwal BB.
Caffeic acid phenethyl ester is a potent and specific inhibitor of
activation of nuclear transcription factor NF-kappa B. Proc Natl Acad
Sci USA 1996;93;9090-5.

Zhang J, Tan Z, Tran ND. Chemical hypoxia-ischemia induces

31



31.

32.

33.

34.

35.

36.

37.

38.

39.

apoptosis in cerebromicrovascular endothelial cells. Brain Res
2000;877:134-40.

Xu J, He L, Ahmed SH, Chen SW, Goldberg MP, Beckman JS, Hsu CY.
Oxygen—glucose deprivation induces inducible nitric oxide synthase
and nitrotyrosine expression in cerebral endothelial cells. Stroke
2000;31:1744-51.

Traenckner EB, Pahl HL, Henkel T, Schmidt KN, Wilk S, Baeuerle PA.
Phosphorylation of human I kappa B-alpha on serine 32 and 36
controls I kappa B-alpha proteolysis and NF-kappa B activation in
reponse to diverse stimuli. EMBO J 1995;14:2876-83.

Pando MP, Verma IM. Signal-dependent and —independent degradation
of free and NF-kappa B-bound IkappaBalpha. J Biol Chem
2000;275:21278-86.

Koh JY, Choi DW. Quantitative determination of glutamate mediated
cortical neuronal injury in cell culture by lactate dehydrogenase efflux
assay. J Neurosci Methods 1987;20:83-90.

Hallenbeck JM, Dutka AJ. Background review and current concepts of
reperfusion injury. Arch Neuro 1990;47:1245-54.

Kontos HA. Oxygen radicals in CNS damage., Chem Biol Interact
1989;72:229-55.

Phillis JW. A ‘ radical view of cerebral ischemic injury. Prog
Neurobiol 1994;42:441-8.

Traytsman RJ, Kirsch JR, Koehler RC. Oxygen radical mechanisms of
brain injury following ischemia and reperfusion. J Appl Physiol
1991;71:1185-95.

Beetsch JW, Park TS, Dugan LL, Shah AR, Gidday JM. Xanthine

oxidase—derived superoxide causes reoxygenation injury of ischemic

32



40

41

42.

43

44.

45.

46.

47.

48.

cerebral endothelial cells. Brain Res 1989;786:89-95.

. Wang CY, Mayo MW, Baldwin Jr AS. TNF-a and cancer therapy-
induced apoptosis: Potentiation by inhibition of NF-xB. Science
1996:;274:784-7.

. Ferran C, Millan MT, Csizmadia V, Copper JT, Brosrjam C, Bach FH, et

al. Inhibition of NF-kappa B by pyrrolidine dithiocarbamate blocks

endothelial cell activation. Biochem Biophys Res Commun
1995;214:212-223.

Schreck R, Meier B, Minnel DN, Droge W, Baeuerle PA.
Dithiocarbamates as potent inhibitors of nuclear factor kB activation in
intact cells. J Exp Med 1992;175:1181-94.

. Bessho R, Masubara K, Lubota M, Kuwakado K, Hirota H, Wakazono T,

et al. Pyrrolidine dithiocarbamate, a potent inhibitor of nuclear factor
kappa B activiation, prevents apoptosis in human promyelocytic
leukemia HL-60 cells and thymocytes. Biochem Pharmacol
1994;48:1883-9.

Van Antwerp DJ, Martin SJ, Kafri T, Green DR, Verma IM.
Suppression of TNF-a -induced apoptosis by NF-xB. Science
1996;274:787-89.

Carolei A, Prencipe M, Fiorelli M, Fieschi C. Severity of stroke and
aspirin. Neurology 1986;36:1010-1.

Grotta JC, Lemak NA, Gary H, Fields WS, Vital D. Dose platelet
antiaggregant therapy lessen the severity of stroke? Neurology
1985:;35:632-6.

Joseph R, Han F, Tsering C, Grunfeld S, Welch KM. Platelet activity

and stroke severity. J Neurol Sci 1992;108:1-6.

Song YS, Park EH, Hur GM, Ryu YS, Lee YS, Lee JY, et al. Caffeic acid

33



49.

o50.

ol.

52.

53.

phenethyl ester inhibits nitric oxide synthase gene expression and
enzyme activity. Cancer Lett 2002;175:53-61.

Ozyurt H, Irmak MK, Akyol O, Sogut S. Caffeic acid phenethyl ester
changes the indices of oxidative stress in serum of rats with renal
ischaemia-reperfusion injury. Cell Biochem Funct 2001;19:259-63.
Stempien—Otero A, Karsan A, Cornejo CJ, Xiang H, Eunson T, Morrison
RS, et al. Mechanisms of hypoxia-induced endothelial cell death. Role
of p53 in apoptosis. J Biol Chem 1999;274:8039-45.

Matsushita H, Morishita R, Nata T, Aokt M, Nakagami H, Taniyama Y,
et al. Hypoxia-induced endothelial apoptosis through nuclear factor-
kappaB (NF-kappaB)-mediated bcl-2 suppression: in vivo evidence of
the importance of NF-kappaB in endothelial cell regulation. Circ Res
2000;86:974-81.

Tamatani M, Mitsuda N, Matsuzaki H, Okado H, Miyake S, Vitek MP, et
al. Pathway of neuronal apoptosis induced by hypoxia/reoxygenation:
roles of nuclear factor-kB and Bcl-2. J Neurochem 2000;75:683-93.
Clemens JA. Cerebral ischemia: gene activation, neuronal injury, and
the protective role of antioxidants. Free Radic Biol Med

2000;28;1526-31.

34



Abstract

Role of nuclear factor kappa B activation in ischemic injury of

cerebral endothelial cells

Kyu Dae SHIM
Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Young Soo Ahn)

Stroke is a leading cause of sudden death. The major pathophysiology of
stroke i1s cerebral ischemia causing neuronal death. There is increasing
evidence that ischemia—-induced vascular damage is an integral step in the
cascade of the cellular and molecular events initiated by cerebral ischemia.
In the present study, the role of nuclear factor kappa B (NF-xB) activation
during ischemic injury was investigated in cerebral endothelial cells. A
mouse brain endothelioma—-derived cell line, bEnd.3 was used and oxygen-—
glucose deprivation (OGD) was applied for in vitro stroke model. OGD
activated NF-xB through a quite different mechanism from that of TNFa -
induced NF-kB activation; no phosphorylation of IkBa 32Ser, no
degradation of IkBa , and no phosphorylation of [kBa 42Tyr. OGD induced
bEnd.3 cell death in a time-dependent manner. The extent of cell death
was 40%, 60% and 90% after 10, 12 and 14 hours of OGD respectively.
Reperfusion following OGD did not cause additional cell death, which
means there is no reperfusion injury in case of cerebral endothelial cells.
Three chemicals, sodium salicylate, pyrrolidine dithiocarbamate (PDTC)

and caffeic acid phenethyl ester (CAPE) known as NF-xB inhibitors,
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inhibited OGD-induced NF-kB activation and increased OGD-induced
bEnd.3 cell death in a dose dependent manner. There was no changes in
the protein levels of p53, bax and bcl-2 which can be modulated by NF-«B
activity. These results suggest that NF-kB activation would be a protective

mechanism for OGD-induced cell death in bEnd.3.

Key Words : cerebral endothelial cells, cell death, NF-xB
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