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v EZEgol= A IAMapoptosis) & Yo7 = @ AS WEAY]
= 7)%5S E&) AMEAFE (apoptotic cell death)S ZAdst+=dH =03
q3s  Fdgtt. vEZ=or d@wAd = cytochrome o,
endonuclease G, 83  AXEIA  F%E<21 R apoptosis-inducing
factor; AlIF)sol Sth o3 @Wid 52 o] AELIALE Fiedhs
ol mEZ=gote] oRus T MEAdR WEE=, AIFY
ol freld AIF7E 3o 2 o]F 5 o] caspaset HHAQ F2E

ABAZANEE dodl= Aer Busol v a2y AR
W o] Atdol - Z4aF dy §d f e T &
HAF(reactive oxygen species; ROS)¥ #d o] wHAlstth= A}
of tefM = obx AT g EHA A il vk 2 A A
AIFe] dsts ety s ICR w$-29} copper/zinc-superoxide
dismutase (SODI1) transgenic (Tg) v}-$2=9F ofAY w25 ALE
sto] g4 T E™ ¥ M (middle cerebral artery occlusion;
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Smac)'"E& %3eth® E35] cytochrome c= MXE3A}e] 7)Ao 7}A
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Manganese(Ill)  tetrakis (4-Benzoic acid) porphyrin chloride
(MnTBAP)SF"'™ copper-—zinc #At2 AAFTZLE 44 HEY nf$~
(superoxide dismutase transgenic mice, SOD1 Tg)Z A}-g&3&to] o+
A 54 gy d8 %= § AIFS U ol kA gol #y
Z3ol HAE ATl e, AIF9 3 o]Fo] caspase?t % HH O
2 dojun 5¢€4 HA2E 53 DNA EEdNo] Yehtsr 9l
Skt



0. As % 4y
1. 9738 =4 358 =2d

F# ICR w923 7€, 35~40 @& HdE TFALE o] &3
sHHsHSs ANFoRA G4 T4 Fd mdS 4
QUEP mhg o o whaaE AREsle] 30%9] Abash 70%9] 2
a2k A 20%  isofluranes  AFE3EFe]  mEHAI AL, AL
homeothermic  blanket® 2 37+05CE fA it HEF &
(femoral artery)< cannulationdle] ¢ty 52 ol o 7pA~5 A

StAt. AH AFTHE AU & nmpg 9% 75 (extracranial

carotid artery)S w=2A7|3 1 717 BWE5L d7)|HoR LA Z
o 2S5 92 AEgste FuA e 11.0-mm Zolo 509 F&&
Gd A UddE FAbE R dews FE 4% JF A9

(intracranial carotid artery)o = A3k & 6
s wol AT 2 AeA A&
= At FE= AR we] AR &

sd 5 AIFS Holef #atah ol giryzo wAe #HHs
golslr] 9siA] SOD1 FdAE 3u] oA @& Al heterozygous
SOD1 Tg wh§-2=¢t C57BL/6 ©FAE whg-2=5 Abgst
ICR =347 22 WA 90-mm Zolo BAE AYsis

wwog  AAERTE FA3kAel Manganese (I tetrakis

—

(4-benzoic acid) porphyrin (MnTBAP)¥#} vehicle(ZHF)& 38
T 30%de ¥ =2 FYgekAt



2. AlZ @A 3

mM HEPES-KOH pH 7.05, 10 mM NaCl, 1.5 mM MgCl,, 1 mM
Na-EDTA, 1 mM Na-EGTA, 1 mM DTT, 01 mM PMSF,
proteinase inhibitor cocktail (Sigma, St Luise, USA), 250 mM
sucrose) oA A3} AAL, vEE=gol/AEA =S 4ToA 10

St 750 xg= A4 EElste] Axd duidy s xgsta gl

He

Ir
o

AHES 4TCAA 16 52t 1,025 xg= dA ZEtsch o]
F3E AHES d5oA 168 T © F, dTdoE A
4Co A 204 &< 16,000 xg= U4 st 3 FF o=z A}
th FEAe o FYAE (50 w/mL in buffer)ol &7 -80TColA 1
. AFAS MEIZE AAES A7] 918 4TolA 16%
ZF 10,000 xg= HA #EEetdnh vEZE=gol HHdES 3% Ficoll
€< (120 mM manitol, 30 mM sucrose, 25 M EDTA)®] o],
6% Ficoll &< (240 mM manitol, 60 mM sucrose, 50 M EDTA)S. &
T & ASAS AF Sk 4TAA 258 &< 16,000 xg=2 LA
Leste] mMEZ=gol EFow Attt @AY 2 Bradford

protein assay (Bio-Rad)®'H-S o] &3]t}

3. Western blotting

G dS 6% PolyAcrylamide GelollA H7]dso= s,

polyvinylidene fluoride (PVDF) =ol %31 % 16413 59 3%



non-fat dried milk (10 mmol/L Tris, pH 8.0, 150 mmol/L NaCl,
0.1% Tween-20)= blocking Al#AT. = F LdAIAZ  goat
polyclonal AIF antibody (1:200, Santa Cruz Biotechnology, Santa
Cruz, CA, USA)ZE A4 1 At & ¥k&-A] 71 3 3% non-fat
dried milkel 2 A]ZF &9t blocking AlZ T =S horseradish
peroxidase’} A3% anti-goat IgGet WHS-A|Z 3L, chemiluminescence
detection system (ECL plus kit, Amersham International,
Buckinghamshire, England)& AF-&-3to] T2 Zoh DdAE bl o
A2 ¢l kS X-ray film (Fuji Film Co., Tokyo, Japan)© 2 & A}a}t
o] Image analyzer LAS-1000S A}-&3lo] =435St

nHE sEAA AGS F3 10 U/mL slgdde] Hr7kd el 9
Fot 37% ETFLUS|I=R AR F 4 A mdo HE HET
d ¥ E 3.7% formalin®] A A7l % vibratomel. 2 50
m FAL] ARG whEo] HAxAs S NS e WAd 3
AFsl #3] @4+ phosphate-buffered saline (PBS, pH 7.4)°] 0.3%
Triton X-1002} 0.65% NaNs, 1% H.0.= 307 HH&AIA AAA A
th v EelA W wkg& Adstr] fla 607 F<t 20%°] rabbit
serumol|] WFEAIZl & Az &dAel  AIF  (1:200, Santa Cruz
Biotechnology)® 4TCol|A 16A17F wkg &t} nlo] e dlo] ZAgte
anti-goat IgG (10 pg/mL, Vector Laboratories, Burlingame, CA,
USA)¢} ofnldo] Azdtw horseradish peroxidase (Vectastatin Elite

ABC Kit, Vector laboratories) &3#|& Al-&3ste] AANEE-& A A5}



dom, ZZL diaminobenzidine (DAB)S. 2 7FAZIAZ T WY =1
2 (Vector laboratories) .2 3 txzA ML AA ATt SA42 iz

S 2A AAFAE AFAIA WA F T

AIF®] ozl HolE F<latr] 93] AAMES o] Ho]F<l
a9~ w2 &A ¢l NeuN (Chemicon, Temecula, CA, USA)¥} goat
polyclonal AIF (Santa Cruz Biotechnology)® ©]% &% A& A4
stk NeuNe| @3 2% wkg& ¢laf @dadA kit (DAKO
kit, K3954; Dako, Carpinteria, CA)& A}&3}o] H|Eo]4 W dbg-
Apek A 3 wpo] o ®lst A S AT AIFY] &3 FA4 W=
A8l A 2& WHes AIF @4 AA F opujdo] A4
fluorescent avidin DCS (50 ug/mL; Vector laboratories)2} Cy37} <1
A¥ anti-goat IgG (1:200, Jackson Immunoresearch Laboratories,
CA, USA)® A=A 1A &b WA ZH T Hoechst 33258
(2.5x10° mg/mL in PBS; Molecular Probes, Eugene, OR)Z 29
A5 Tt HEAAE AAE ¥ fEd 9ol &8 LSM 510
confocal laser scanning & V|7 (Carl Zeiss, Thornwood, NY, USA)S

2 B&E3
5. in situ #}4tst Fol& YT A&

e F Iitks Fol2 gzt 2L FQlstr] fd € 4
AZkell  oxidized hydroethidine (HEt) #&W& A8tk HEt
(Molecular Probes)E dimethylsulfoxide (DMSO)e| 100 mg/mL= &
A A = o] §NS phosphate buffered saline (PBS) £+& <o

2 11100 ¥E&E FXAAY. ICR mt$2Z2 3 AA7]7] 1A A

_10_



T35 vREAID $ 200 pb HEtS A9 o] =Yk A4S &3l 10
U/mL slatdde] H7te A2 A9 3.7%
HE HE3F . 3.7% formaldehyde® 16413 &9t 4TCo A 14

A7l & vibratomeS AFE3Fe] 50 me FAE AHS ¥HEJY. F

2 Aol EHlE SA o dEe e flol Y dvjdew

F

Fddsl=2 #dF §

Zatodch. @ Moo= Hoechst 33258 (Molecular Probes)S A8 3}
o Fol $ AR zA3 gz AARY 27

ot
=
% El
Ll
>
o*

computerized digital camera system &% dAv]74d (Ex=510-550 nm,
Em>580 nm; BX51, Olympus, Tokyo, Japan)S AF&3t$la dAk3ste
w4 ZRafor FAe9 Tt (MetaMorpho, imaging, version 5.0;

Molecular devices, Downinton, PA, USA).

6. Pulse Field Gel Electrophoresis (PFGE)

Phenol/chloroform-& AF&3F ©@¥ld F5 A] o}7| = H|50]4 DNA
dds I35ty ¢1d d4"d DNA #ES CHEF Mammalian
Genomic DNA Plug kit (Bio-Rad Hercules, CA, USA)E A}-&3}¢]
agarose 2115 Fulatgd k" Kit W AX g gFHow F
A3 A7 22 (15-20 mg)< 50T 2% low melting point (LMP)

agarose?} = &3to] FHo| X7 agarose Z 15 WHEJAY. o] =

[¢]

#1215 50T, 1 mg/mL proteinase K & Ho| A 16417 H A ¥F-3-A| 7
=

o} @l o] Al AH DNATE E9]3 & agarose Z81E5 gFqo

-11 -



AL welle] ¥ F LMP agarose® &3ttt PFGE=
CHEF-DR III Pulse Field Electrophoresis Systems (Bio-Rad)& A}

&3te] AA]EEA T DNA 2252 1.2% agarose gelell 14CoA 17
AIZE EQE A7) FEetel EElAth M =S d 180V, ¥ 120 V

oja AL At wpA ) AFAZEL 0.1~10%22 HA AT

K

A& ethidium bromide (EtBr)® @ Mslo] UVE #2319t

7. MnTBAP X g

akskAI )l MnTBAP (BioMoD)E 50 pg/pt®l %% MCAO 30+

Aol HA W2 FYFATH2 w, 433, 1.0 mm, =7, 0.2 mm,
5% 31 mm, Zo]). AT MnTBAP (50 pg/nl)E L3 iz
Tl Y AAFE TSk

8. Caspase &4 =34

Caspase?] &5 FA3H7] 8 &A% caspase-3°] o3| 714
o] N-acetyl-Asp-Glu-Val-Asp-AFC (DEVD-AFC) Adi9s =

oJHoR dstel JEety WIS Ut H: WABY 3§ A

e

oL
o
I

(Oncogene, San Diego, CA, USA)E Al&3lch Axd HES
Western blot Btz FHHAT. Alxd F2eo @uld 5 5=(20
pg)= ELISAZ ZAste] ZAAstdth @ dS kit Aled
caspase buffer E (20 mM HEPES, pH 7.4, 50 mM NaCl, 0.2 mM
EDTA, and 4 mM dithiothreitol) &38|AIZl & 37TolA 458 &<t

BF2- Al T & 33-8(excitation/emission:  400/505 nm  for AFC)

-12 -



96-well Zelo] oA =430},

9. Caspase inhibitor A &

Pan-caspase inhibitor?]l N-Benzyloxycarbonyl-valinyl-alaninyl-a-
-spartyl-(O-methyl)-fluoromethyl ketone (z-VAD.fmk)(Sigma, St.
Louis Mo, USA)E 5 uf Hamilton syringe (Hamilton, Reno, NV,
USA)E AFgste] HWAQ w, -8 %; 1.0 mm, =5 0.2 mm, &5
3.1 mm, Zo)E MCAO 30% % F<l3

2

b AF TS 2-VAD.fmk
(125 pg/pl)E 0.3% DMSO°| ¢ FYdstar xS vehicleS
0.3% DMSO¢®| =9 F=3F9 ).

10. AIF$} DNA EH2dHA S 43517 93 o|FdF 94

AIFS] W x23}e g2 9o WA HAAsA x7std
DNA? d% FAE 93 fluorescent isothiocynate (FITC)7} AgtE

)
o]
.

[}
o
)
—+
—

9
D
=

200, Jackson Immunoresearch laboratories)® 2
o A 1AIZF HoF WS A AT PBSE Z2ZAS Aol & 2L 50
terminal deoxynucleotidyl transferase-mediated uridine
5'—triphosphate biotin nick-end labeling (TUNEL) %S Z3hod
(terminal deoxynucleotidyl transferase and fluorecein-dUTP, Roche)
o® 37T ofF& oA 60% s<F wEAZT Euj Alof
(Vectasheild, Vector Laboratories)S Ab&3to] &l 99

o
ir)
M

% LSM 510 confocal laser scanning €W 7 (Carl Zeiss)o=
o] &4 35kt

f
B
ol
o

_13_



11. Al EAE &4

Azl BAE UEldE DNA 2d34S AZsistr] ¢skd

¥ DNA =7t tisl Sol4]l a8 AE
3k WMod A HA A 9K(Cell death detection kit, Roche Diagnostics)<
ALg3Fe] AXEAFE oligonucleosomal DNA 5SS &3
FEES B Boe tix F9Y TuiHsH 7 dAE Ao
o 2 A A e o 2AE e o] e o] A7k
A3 4F5H B0 mM KHPO,, 0.1 mM EDTA, pH 7.8)& AF-&3
Teflon homogenizer® i 23}3k & 750 xgo] A 107 <t spindl s
o AEAs ZE8ElA 10,000 xgollA 20 &<F spindt ¥ 100,000
xg® 4ToA 60 &<t A4 ettt oAl AxEde fdE =

A A o AlgE Wi el wEl ELISAE A}
12. 3AEH 4

Ho]HE2 mean+SDZE X A3AT. o kel FAHA vl
= ANOVAZE AME3AaL, F Hugke] Zol= ¢ tests T3l AAH

31 (StatView; SAS Institute Inc., Cary, NC, USA), p<0.05,
p<0.001= Fogt Aoz AA3

- 14 -



1. B2st4 28

AL, d, 28] 598 ) 7k~ 2443 ICR w92, ICR 7}$-
2o A MnTBAP A& 3 vA- g, 28] SOD1 Tg vh$-2:7+9]
A st 2tz 2Fol7) gleS HolFAtHTable 1).

2. 974 A& Uy FHE 5 F AIFY Y ol

Western blot #4114 AlF= @74 Fixs™ #4 1A &
FE W F919 3y mEZE=goldlA ~67kDa A Ee 1A
A FQlEN e, dix F9o] MEIME A AEFHA Fskot
(Figure 1A). AIF¢] A 55+ 38 F% T 4 A7 24 A 7ho A
0 Z7FEqed Azkel & AIFY 3 F7ls S48 2o
2 fFod ol A optical density [O.D.]; Ctr, 0.8+0.2; 1h, 8.0+0.37;
2h, 11.87+0.38; 4h, 14.75%0.4, 24h, 28.87+0.79; ANOVA, p<0.001)(Fig
ure 1B). Wkdo] WEFZE=gol AIFE iz F9leh Wy 9 25
A HEE AR r e
N = sttt 24 AlZFl A = Th Al F7FeRSl T
Ay dolHE mEZ=gole] AIF7F tix 299k vugls wf
A oah e F 2 A 4 ARl A FAUA FAaEE A
o ® Yyt 28y tix Felek vudls o dd fF= F 24 A
A= @A F7HE JTHO.D,; Ctr, 1.0+0.06; 1h, 0.
0.71+0.1; 4h, 0.60£0.07; 24h, 1.29+0.24, ANOVA)(Figure 1C).

Ay

goww PelAE 97 Y
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Tablel. Summary of selected physiological variables at baseline (before

ischemia), during ischemia, and after MCAO (after ischemia)

ICR SOD1 Tg
Baseline Mean valuexSD Mean valuexSD
Before MCAO
pH 7.4%0.1 7.5%£0.1
PCO2(mm Hg) 29+£5 24.814.5
PO2(mm Hg) 153.5+4.5 152.5+14
BP 83.6£6.5 90.6£9.5
Temperature(C) 36.8+0.3 37.2+0.2
After MCAO
pH 7.4%0.1 7.4%0.1
PCO2(mm Hg) 29.51£6.5 28.2+5.2
PO2(mm Hg) 166.3+6.4 144.3+12.2
BP 87.3x5.7 91.9+3.7
Temperature(C) 37.0+0.2 37.0+0.3
Before MnTBAP treatment
pH 7.5%0.1
PCO2(mm Hg) 28.0+2.0
PO2(mm Hg) 169+9.0
BP 79.9%+7.1
Temperature(C) 37.1+0.7
After MnTBAP treatment
pH 7.5%0.1
PCO2(mm Hg) 24.8+1.2
PO2(mm Hg) 165.2+5.8
BP 75.6x5.5
Temperature(C) 37.510.4

Values are mean+tSEM. n=4-5 per group.

_16_



Ctr  1H 2H 4H 24H

AFN e o o —

Hig M s s o i s

AIF M s a0
COX N D oD O

o
: O

z® z
g 30 1 E 1.4
S 7 g 1,2 1
820 g
E_ 15 1 E‘ 1.6
e 10 » 08
E 5 =
- o 06
[V o

T T T T T 0.4

Ctr ih 2h dh  24h Ctr ih Zh dh  2dh
Nucleus Mitochondria

Figure 1. The changeof AIF protein levels in nuclear and mitochondrial
fractions after permanent MCAO. (A) Western blots of AIF. Histone and
COX show bands only within nuclear and mitochondrial fractions,
respectively, confirming successful separation of nuclear and mitochondrial
fractions. (B) and (C) AIF protein levels present optical density (OD)
values. Ctr, control; AIF, apoptosis-inducing factor; His, histone; COX,
cytochrome oxidase; N, nuclear subfraction; M, mitochondrial subfraction.
P<0.001
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e 5 g e AR AIFY] U o
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qedo]l 79 HAE=HA kot HH
follM= 31d 5 AzHe] Aol wel ATFe] | Wgg/de] At
Hom Frbste Aol AFZHAG AAAMEZAA AIFS] U o5&
glatr] Sl F7A Ta FE fr= ¥ 24 Aol i ] 24
S AR&3lo] AIF$} anti-neuronal nuclei (anti-NeuN)2o.= o|F &3
S A AsEe] confocal @ H oz #HEAs H(Figure 2B). WX
ool M= AIFS] WA g e o] mEZ=golrh fJAstal Sl Al
FANA  FAoE oA dAEHl Y= W] i e
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4. MnTBAP AT AA 9 FHqts FolL oz Ao JA

WAk Fole girzhe] Al
HEto] A4 4x FefzA #zHAH(Figure 3). 474 8 7=
T 1 A7l A= AFstEl HEto] thzxtel nBla] WWEe nmEFZCS
oo A o] gk Sk Aol #AEAAINE, MnTBAP A 2] €]
HRE o= A% 2olE Holx &t d+4 IHE f = &
A Zrol A W F9lo M= AbslE HEte] A3 F7hso] YEeld vE

e, izl Ae nEZ=golrt e 3 F99 AEAo

a
m 0
do
ki
o
E
E
2
o)
(i,

Wge] A2 RSl Hlth MnTBAPE Ad A3 Ww 3.9

_18_



A [Cir 1 T

e P A

& -

A, \ }* - . b

& S B P

\ - W ¢ '_ L)
s ¥ & 3 a

“ B

- =

B

Ctr

Lesion

Figure 2. Nuclear AIF translocation after permanent MCAO. (A)
Immunohistochemistry of AIF. Nuclei were counterstained with methyl
green. (B) Double labeling immunofluorescence of AIF and NeuN. AIF
positive cell is red and NeulN positive cell is green. NeulN is neuronal
marker. Ctr, control. Scale bar=(A) 50 gm, (B) 20 /m.
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AFshel HEtE vehicles A3k ol nls) dA 3] astalon, dx
T = A AEHA Zdkth(Figure 3B).

5. MnTBAP A3 SOD1 Tg oA ¢ AIFe Ay o]lF Z&

T4 ¥ = F 4 AgFel A Western blot 4ol &g AIF
il 2> MnTBAP A 23 vehicle A 2] (Figure 4A), 17
1 SOD1 Tgw 3 ok &+ (Figure 4B)oll A ¥l &} it MnTBAP #
gtol A oz o]FH AIFE vehicle A2l Hlal dA3] site
™ (0.D.; vehicle, 1.0+0.23; MnTBAP, 0.22+0.13; p<0.001)(Figure 4A,
a and b), SOD1 Tgw oA % 3oz o]y AIF7} oFA 3 o H |
A3 EATHOD; Wt 1.0+0.09; SOD1  Tg, 0.41+0.11;
p<0.001)(Figure 4B, ¢ and d). M|[EZ =g} U] AIFe] U=SA F
A= 3 W AIFY] A FA9gs AiHe doR EMHAYT
(0.D; Wt, 1.0£0.11; SOD1 Tg, 2.22+0.08; p<0.001)(Figure 4A).
MnTBAP A 2] vehicle Al 2], Z2]al SOD1 Tgw ¥ op @
718] Hlugls o g FooA mEZE=gol Ul AIF gde A9
z}o] 7k §1%ltH(data not shown).

MnTBAP A 2] vehicle 22, 223 SOD1 Tg w5229} oF
A whg271e] G4 FE FE F 4 ARFolA Y xA 58k Al

W

S &% AIFe "y A4S v s tH(Figure 4B). ¥ 9]0 A9

wn
o

off

] AIF WAEAgEES S MnTBAPES HelshA] &L o vl
MnTBAP Aol d ZAawQoen SODI Tg vl A= oA &
up-g-2of wlE] ] AIF2] WY wkSAl o] TAE AT
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Figure 3. Suppression of O, production after MnTBAP pretreatment.

Oxidized HEt signals (red) were detected in the perinuclear area (blue).
Scale bar=20 pm.
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6. 8 $ % ¥ MnTBAP AHzg & SOD1 TgZolA Ao
DNA 22 &4 97

PFGE®] W oz 74 sd #F= F ~50kbp 7] Akt

DNA x7}5o] 9474 38 Fx § 8 AFH HEHNeH 58
‘ﬁ_

@ DNA #4342 dxzddAs YelA skt & DNA #4244
(Figure 5B).

Ao SOD
¢ktH(Figure 5C).
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7. Caspase®t 583 ZAEE T3 AIF9 Y olF

Western blot #4122 vehicle A g]a*3 caspase A 3|AI
z-VAD.fmk A e]atol A AIF @9d 2 5218 4o o7 glas
S HO.D.; vehicle, 1.0+0.06; z-VAD.fmk, 0.96+0.08, p<0.05)(Figure
6A). ©]+= pan-caspase inhibitor7} AIFe] iU o] = IS
A et AMEE HolFErh AIFY TUNEL¥S #AE 9187
8l olF Mg xAsegA NS AASH TH(Figure 6B). TUNEL %43
WS M9} AIF 44 W AlXELS 974 38 fF2 § 24 A1
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Figure 4. Inhibition of AIF translocation after MnTBAP pretreatment or
in SOD1 Tg mice. (A) Western blots (a and ¢) and protein levels of AIF
(b and d). AIF protein levels present OD values. Wt, wild type mice;
AIF, apoptosis—inducing factor; His, histone; COX, cytochrome oxidase; N,

nuclear subfraction; M, mitochondrial

subfraction.

Immunohistochemistry of AIF. Ctr, control. Scale bar=50 ym.
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A5 8135t7] 93l vehicle, z-VAD.fmk$} MnTBAPS] A 7}#] 2] A
2 &2 AgxddA I8 f% & JEUE caspase-3¢9 €4 3
DNA #A4dAS @35 A tH(Figure 6C). Caspase-3 @42 38 &
24 A9 vehicle Aol H]& z-VAD.fmke MnTBAP A 2] ol
A A A 3] 7+ 2 =] 9l th(vehicle, 445/70+15.10; z-VAD.fmk,
276.30£13.30;, MnTBAP, 287.00£10.00, % of nonischemic control
brain, p<0.001). Caspase &4 <2 z-VAD.fmk * &+ MnTBAP *
g2l Abolol = ¥ Zol7b fldtH(Figure 6C). Al 3LAFY DNA #
Aol HE+  vehicle Aol #H&| z-VAD.fmk A2}
MnTBAP A gatellA dAA3 FAHAT  (vehicle, 515.00+58.00;
z-VAD.fmk, 399.00+.31.80, p<0.01; MnTBAP 236.00+49.00, % of
nonischemic control brain, p<0.001) (Figure 6C). =%t MnTBAP =

24

gl ol A M ELAFE DNA 248 2-VAD.fmk # & wtol vla) & A 3]
A A THp<0.01).
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Figure 5. Representative photographic findings of large scale DNA
fragmentation. (A) Large scale DNA fragmentation was shown in
time-dependent pattern after permanent MCAQ. (B) Inhibition of large
scale DNA fragmentation after MnTBAP pretreatment. (C) Inhibition of
large scale DNA fragmentation in SOD1 Tg mice compared with wild
type mice.
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Figure 6. AIF translocation and subsequent DNA fragmentation via
caspase-independent pathway after permanent MCAO. (A) AIF
translocation was not inhibited after z-VAD.fmk treatment. (B) AIF (red)
was partially colocalized with TUNEL (green). Scale bar=10 m. (C)
Caspase—3 activity and cell death assay after z-VAD.fmk or MnTBAP
treatment. *p < 0.01, **p < 0.001, NS = no significancy.
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(Figure 1). =3 A9 x4 Mol A= ATFe] ] o] Fo] x|
2 tH(Figure 2). 4, 974 = r z=

MnTBAPE A gk to] W FoolA Hika Fol gz A
Aboll o)z Abstel HEt7F 74 vk (Figure 3). AAl, 3138 $ AIF]
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MnTBAP A #lol A= A Atk 3 SOD1 Tg w20l A = o]
o} e ARE BFE AT (Figure 5). v o2 ATFe] Y o] %
o] pan-caspase A& A<l z-VAD.fmkel <& dAEHZE e A
grgton DNA #4dd4L z-VAD.fmk 2]+ Rt} MnTBAP A&
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caspase A= AT Ho| AL AAHo T ANAMEIE HFII}LF T

3t AIF7} caspase$t S A 7|dog MIAES do7itta B

HojA gk 2 Wi hs AR T M AEE ' 7 Utk A
A, AIFe] nEZcglolZRE Moz Hol7) caspasedt =HZ o

2 Yol Aolgte AHY =4, AIF7} caspasedt S H A o & DNA
EAAAS AT £ gt Aouh® dAF g ¥ = F

AIF®] 3] o] o] caspase &7 A o3
9 Feve FE AY 237 nn HJr? £33 Aol YE
9A 4 hypoxia 3d = FolA e IAFM = AIFS] 3 o]
Fol AuuA @ty wik HZ AT AFHESS Az ofdmnlol

>

. I
APdE Bl Faoogivh B A% Adfo]A  caspase ZA>

z-VADfmk ##3 MnTBAP H#l#olA ZAEA o, DNA #
AL, VADfmk gl 13 MnTBAP Ha oA @A ¢

o} A = A tH(Figure 6C). o]# 3k AME S ks ol uzte] ALt

=
A BAEAY fdEo] durin A7l gk 1 wA ¥
of @e geetgon Al 2 wAel FelsA Hid 1 BAdAe o
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Abstract

Nuclear Translocation of Apoptosis Inducing Factor by
Reactive Oxygen Species After Permanent Focal Cerebral

Ischemia in Mice Model
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The Graduate School, Yonsei University

(Directed by Professor Byung In Lee)

Mitochondria play the important roles in the regulation of
apoptotic cell death through their capacity to release pro—apoptotic
proteins, such as cytochrome c, endonuclease G, and apoptosis
inducing factor. Above these translocate through the outer
mitochondrial membrane to the cytosol and to the nucleus in
response to different apoptosis—-inducing conditions. Recently it has
been reported that nuclear translocation of AIF has been implicated
in caspase-independent neuronal cell death. However, it is not
elucidated whether reactive oxygen species (ROS) is involved in
nuclear translocation of AIF and subsequent caspase-independent
apoptosis after permanent focal cerebral ischemia.

Permanent middle cerebral artery occlusion (MCAO) was
performed in adult ICR mice, and cooper/zinc—superoxide dismutase
(SOD1) transgenic (Tg) mice and wild type mice. Western blotting

and Immunohistochemistry were performed to examine the
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translocation of AIF. To identify large scale DNA fragmentation
via AIF translocation, pulse field gel electrophoresis (PFGE) was
used. To clarify whether AIF translocation is implicated in ROS,
antioxidant MnTBAP was injected before permanent MCAQO and
SOD1 Tg mice were induced by permanent MCAO. In Western
blot and immunohistochemistry analysis, nuclear translocation of
AIF was gradually increased 1h to 24h after permanent MCAO.
Large-scale DNA fragments of ~50 kbp were detected 8h after
permanent MCAO. MnTBAP-treated and SOD1 Tg mice showed
that AIF translocation was attenuated in comparison with control
and blocked large scale DNA fragmentation after permanent
MCAQO. Caspase activity was similarly inhibited between
pan-caspase inhibitor- and MnTBAP-treated mice, But apoptotic
cell death was significantly inhibited in MnTBAP-treated mice
compared with pan-caspase inhibitor-treated mice.

These results suggest that inhibition of superoxide production
may prevent nuclear translocation of AIF and subsequent neuronal

apoptotic cell death after permanent MCAO.

Key Words : permanent focal cerebral ischemia, reactive oxygen

species, nuclear translocation, large-scale DNA fragmentation
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