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Nuclear Translocation of Apoptosis Inducing Factor and
Subsequent DNA Fragmentation by Reactive Oxygen Species
After Permanent Focal Cerebral Ischemia in Mice
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Hyun-Jung Kim, B.S., Byung In Lee, M.D., Sang-Nae Cho, Ph.D.}, and Gyung Whan Kim, M.D., Ph.D.

Background: Recently, the mitochondrial proapoptotic protein, apoptosis-inducing factor (AlF), and its nuclear
translocation have been reported in caspase-independent neuronal apoptosis. However, it is not elucidated whether
oxidative signaing is involved in the nuclear trandocation of AlF and subsequent caspase-independent apoptotic
cell death. We investigated whether oxidative signaling induces nuclear transocation of AlF and subsequent cas-
pase-independent apoptosis-associated DNA fragmentation after permanent focal cerebral ischemia (FCI).
Methods: Adult male ICR mice were subjected to permanent FCI by intraluminal suture blockade of middle cere-
bral artery. Immunohistochemistry and Western blot analysis were performed. Large-scale DNA fragmentation
was evaluated by pulse field gel electrophoresis and apoptotic cell death was quantified. Manganese tetrakis (4-
benzoic acid) porphyrin (MNTBAP), which mimics mitochondrial superoxide dismutase, was used to determine
whether the production of reactive oxygen speciesis required for the induction in AlF translocation. Results:
Western blot analysis showed that the nuclear translocation of AIF occurred as early as 2 hours after permanent
FCI. Immunostaining for AlF also confirmed early nuclear translocation of AlF after permanent FCI. Large-scale
DNA fragmentation was detected 8 hours after permanent FCI. MNnTBAP-treatment attenuated AlF translocation
and blocked large-scale DNA fragmentation. Caspase-3 activity was similarly inhibited between the pan-caspase
inhibitor- and MnTBAP-treated mice, but the amount of apoptosis-associated DNA fragmentation in the
MnTBAP-treated mice was less than in the pan-caspase inhibitor-treated mice (P<0.001). In addition, infarction
volume was also decreased by MnTBAP. Conclusions: These results suggest that reactive oxygen species induce
the caspase-independent nuclear translocation of AlF and subsequent apoptosis-associated DNA fragmentation
after permanent FCI.

(Korean Journal of Stroke 2005;7(2): 214~223)
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O 0O0000ooDpDooooooOooooom@l.oo,
00 OO0 000 (superoxide anion)d 0000
(apoptosis) 0000000 D00 O0O0O0O0 OO OO
00000000 OoDO00OOoDOooora-4i.

dddd(cell death)D O OO0OO(necrosid) O
OO0ODO@poptosid) OODO,00000 OO0 OO O
OO0 000000000 ATPOODO ODOO OO OO
000 ODooo 00,0 0 0og oood(e.g.
ischemic penumbra)J 0 OO0 OO0000 OO O O
0 O (death-receptor pathway) 0 0 OOOO OO
00 00O DNA OO(fragmentation) 000 OO0
0000000000 OooEl.0oooooo oo
U ooobdb odob obob oo obo boo
[6], OODODOODO O0O0O0O 000 000 000 00
00000 0000 ODoooOo ooooo, oo
cytochrome ¢ 0 SMAC (second mitochondria-
derived activator of caspase)/DIABLO (direct
inhibitor-of-apoptosis protein binding protein
with low pl), 0000 OO O0O(apoptosis-induc
ing factor, AlF), endonuclease G 00O O00[7]. O
U caspasél U000 ODO0OOO OO0Oooob, OO
00 caspasdl [0 caspase-activated DNase
(CAD)J 0O0OO0OO DNAOOO OO000,0000
caspase U0 0000000 ODOOOOO OOOO
00000 oore,s].

00 caspasél 000 00 00000 O0O0O0O O
0o ogoddb oo bbb obob ooooobo
[9,10], 00 OODOO OO AIFD OO0 caspase O
000 000 00000 key initiator)D 00 OO
000 0000 0odf[ii]. AlFo oogoooo od
00 D000 OOO(effector) OO0 OO0 OO0 O
00 (chromatin) 000 OO0 (—50 kbp) DNA O
00O ooodfpe, 8]. AIFO DOODOODOODO ODOO
O 0O(translocaté&)0 00, caspase 1000 OO0
000ddddoooooooogdle,12],0o00d
caspasél U000 AIFJ DO0O0OU0OOO ODOODO O
0000000 0oOore,12-15].

O0AIFD 00000 00[16,170 OOO[11p
oooodobooooobo,00booo oogao
0[8],000 000 00 OO0 OoOoOo oo oo
00 00d[A9p o ooooo.0d0 oo oog, d
0O 0000000 Al OO0 000 0Oooooo o
oo oo bobo oob.oubo O ooboo
gooodo AlIFd 00 000 oooodb oo og,
000 000 000 (superoxide scavenger)d
manganese tetrakis(4-Benzoic acid) porphyrin
chloride (MNnTBAP) [20]0 0000 OO0 OO O
00000000000 0DO0Oo0AIR OO0
goood Dooooo,ooo AIFd OO0 ooo

caspase 1000 OO0 OO 0O0O0O0O0O,00 DO
Ul DNAUOOOOO Oooooobo oooad.

g b oo

1.

0 0000 00 O0ooobOoboo boboo odg
000000000000 000O00og, Association
for Assessment and Accreditation of Laboratory
Animal Care (AAALAC)D OO0 OOO.00 ICR O
oo@uog, 35-40 g)(baehan Biolink Co.,
Chunbuk, South Korea)d 000 O0OO0O O0OO
000000 O0((middle cerebral artery occlu-
sion, MCAO)OODO 000 OO OO0 OO0 OO0
00[3,21,22].00 O0O0O0O OOOO 20% isoflu-
rand] 00 000 OO0 0000O(70%/30%) 00O
00 00000, 000 heating pad O lamp] 37
+050000000.0000000DOO00O00O0OO
00 000 000 DOO(Roche Diagnostics,
Basel, Switzerland). 00000 0000 OOOO0O
goooo,000goo0o00odofd112.0mmOd
0 5-0000 00O 000 (Ethicon, Edinburg,
UKD 00000 OO0 ODOooobOo oobo e-o00
00 000 Oooooog. MnTBAP (Biomol
International, Plymouth Meeting, PA, USA)O
vehicleQOO)O OO OO0 300 OO OO0 OODOO
ooo.

2.

00000 0D01,2,4,24000 0000 OO
00 00 O0O0O0O OO0 000 0oog ooooo.
000000 00 0004120 mM HEPES-KOH pH
7.05, 10 mM NacCl, 1.5 mM MgCI2, 1 mM Na-
EDTA, 1 mM Na-EGTA, 1 mM DTT, 0.1 mM
PMSF, proteinase inhibitor cocktail (Sigma, St
Louis, MO, USA), 250 mM sucrose}1 0 000 O
0o0,000000/000 OO 4000 100 OO
750« g0 OO0O0O O O O 0OODOO OO 4000
150 00 1,02% g0 0000 0O00.00 OO0
0oooooooi1s0 oo o oo,0o0o000 g o
0004000 200 00 16,00 g0 0000 O
000000 O000ooo.oooooo oooo oo
00 000D 4000 150 O 10,00 g0 OO O
00 O0,000000 DDODDODO 3% Ficoll 0O(120
mM mannitol, 30 mM sucrose, 25 M EDTA)O O
00, 6% FicollD O (240 mM mannitol, 60 mM
sucrose, 50 M EDTA)OO OO0O0O O,00 O0OO
0 00004000 250 00O 16,00 g0 OO O
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000 O0O00O00 U000 0o0oooogras,19,24].
000000 Bradford protein assay (Bio-Rad,
Hercules, CA, USA) 000 0O00O0O0O.

3. Western blot analysis

0000 6% polyacrylamide gel0 0 000000
gooo, polyvinylidene fluoride (PVDF) OO OO
00,1600 OO0 3% skim milk (10 mmol/L Tris,
pH 8.0, 150 mmol/L NaCl, 0.1% Tween-20)0
blockingOOO.O0 O O0O0O0O0O 1:20@10 O0OO
goat anti-AlF polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA)O 0000
100 00 0000 0O, 3% skimmilkD 200 00O
blocking DO 0. OO0 horseradish peroxidase-
linked anti-goat IgGO O OO0O0O, ECL plus kit
(Amersham International, Buckinghamshire,
England)] 0000 OO0 ODOOO OO Image
analyzer LAS-1000 plus (Fuji Film Co., Tokyo,
Japan) O TINA 2.00 000 0O (Raytest Isotopen-
messgerate GmbH, Straubenhardt, Germany)
000000 000[18,19,24].

4.

Urethane O 000 O 10U/mLO00O0O OOO
000000 3.7% 0000000 000 00 Oood
00,00 00000.00000 3. 7% 000000
O 0000 d,vibratomeld 500 OO0 OO0
000 0DO0000ooooo ooooofrze]. ooo
peroxidasél phosphate-buffered saline (PBS,
pH 7.4)0 0.3% Triton X-1000 0.65% NaN3, 1%
0 HO.00 3000 0000 0Dood0d.boog oo
0000000 00O 600 OO 20%] rabbit serum
O 0000 0,00 000 1:200 anti-AlIF0 4 00O
0 1600 O000DO0O. Vectastatin Elite ABC Kit
(Vector Laboratories, Burlingame, CA, USA)O O
000 OOO00O0O OO0D0O0OO0 diaminobenzidine
(DAB; Sigma)l 0 00O OO00O, methyl greenl]
00 000oooooond.

AIFO000O0O D000 OO0 000 neuron-spe
cific nuclear protein (NeuN; Chemicon,
Temecula, CA, USA)[ goat polyclonal anti-AlF0
U0 obooodoboobb.NeuND OO OO 0OOO
00 0000 kit (DAKO ARK kit; Dako,
Carpinteria, CA, USA)OJ 0000 O0O0O0O OO O
0o00o0bouobobob booboo. AIFD g
000 000 oo oo oooo AlFO0O OO O
avidird 000 fluorescent avidin DCS (50 O
/mL; Vector Laboratories)] Cy™ 30 OO0
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1:200 anti-goat IgG (Jackson ImmunoResearch,
West Grove, PA, USA)OD 0000 100 00O OO0
O0.00 OD000O0 OO LSM510 confocal laser
scanning 00O O (Carl Zeiss, Thornwood, NY,
USAY O OODOoOO.

5. in situ

0000000000 D000 o0ooooooo
0 4000 oxidized hydroethidine (HEt) 0000
00oodf2,21,22,26]. HEt (Molecular Probes)
O dimethylsulfoxide (DMSO) 100 mg/mLO O
o000 pBSOOOOCO 1:100000 ODOOOO.
ICROOODO O0O0DOO 100 00O 200 0 HEW O
00000000000 10u/mLO000 oOoO
opo0o0doD 3.7% 0000000 OO0 O 0O O
0o0gd. 3.7% formaldehydell 1600 00 400
O 0000 OO vibratomB OOO00 5000 OO
0 000 0O000.00000O00ODO0DO00OOoOO
00000000 00000 DoDOoooo.ooogo
0 Hoechst 33258 (Molecular Probes)d 0000
0. Oxidized HetD 00000 O0OOOO OO com
puterized digital camera system 00 OO0 (Ex=
510-550 nm, Em>580 nm; BX51, Olympus,
Tokyo, Japan) 00000 OO0 OO OOOOO
0 00000 MetaMorpho imaging, version 5.0;
Molecular devices, Downington, PA, USA)[3,26].

6. Pulse Field Gel Electrophoresis

AIFD0 00O 0000 OO0 DNAOOOO(large-
scale DNA fragmentation) 000 O00O0O0O OO
Pulse Field Gel Electrophoresis (PFGE)O O OO0
0.0000 0000000000 00000 oDo O
0000000 O0obOooo.bobpooobobooooo
0 000 ODOO0OdOd. Chromosomal DNA OO0
agarose plugd 00O O CHEF Mammalian
Genomic DNA Plug kit (Bio-Rad Hercules, CA,
USA)Y 0000 PFGH] O0O0O0OO[25].KitO0O O
0000000000000 00@5—20mg)d 50
00 2% low melting point (LMP) agarosel] (000
0000 00 agarose plughl 0O000. O plud] 50
0,1 mg/mLproteinase KOOOO 1600 00 00O
O000.0000 000 DNAD 0000 agarose plug
O 000000000 welD OO O LMP agarosel]
O000. PFGEO CHEF-DR Il Pulse Field
Electrophoresis Systems (Bio-Rad)(] OO 00O OO
O0OO.DNADOOO 1.2% agarose gell) 14 00O 0O
1700 00 0OO00DOOO O0OOO.00DOgb O 18so
V,0 120vO0 OO0OOODO OO0 ODOO ODOOO
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0 0.1—1010 OO0O0. GelOd ethidium bromide
(EtBr 0000 UVO OOoOoao.

7. MnTBAP

000 00oooooooOos500/00 MNTBAP O
MCAO 30000 OO OO0 OoOooood2d, medio-
lateral=1.0 mm; anteroposterior=0.2 mm;
dorsoventral=3.1 mm). 0000 MnTBAR OO
OO0 00oo vehiclel 0DOO0OO.

8. Caspase-3

Caspase-3 00000 OO0 O0O0OO caspase-3
0O OO0 OO0 N-acetyl-Asp-Glu-Val-Asp-AFC
(DEVD-AFC) 00000 ODOOO0D DOOO Ooo
0O OO0 OO0 ELISAIO(Oncogene, San Diego,
CA,USA)DO 00000.000 000 Western blot
goooooobOoo oo oboo ooobog, d
0O 000002000 0000 ODOOO0OD.DOO0OO
kit O 000 caspase buffer E (20 mM HEPES,
pH 7.4, 50 mM NacCl, 0.2 mM EDTA, and 4 mM
dithiothreital) 0000 O 37000 450 00O O
O000. 000 luminescence spectrometer
SL50B (Perkin Elmer, Wellesley, MA, USA)(exci-
tation/emission: 400/505 nm for AFC)O OO O
O0DbOooo.

9. Caspase inhibitor

Pan-caspase inhibitord] N-Benzyloxycarbonyl
-val-ala-asp-(O-methyl)-fluoromethyl ketone (z-
VAD.fmk; Sigma)d 5 0 Hamilton syringe
(Hamilton, Reno, NV, USA)O 0000 OO O,
mediolateral=1.0 mm; anteroposterior=0.2
mm; dorsoventral=3.1 mm)d MCAO 300 00
OOooOoo.ooog z-VAD.fmk (125 0/0)0
0.3% DMSOUO 00O O0O0O0O 0000 vehicled
0.3% DMSOU 0 0000[23].-

10. AIF DNA

AlRD 000000000 OO0 000 ODO0O00O 00
OO0, DNADOOO OO0 bDOO OO fluorescent
isothiocynate (FITC)OO OO0 1:200 anti-goat
IgG (Jackson Immunoresearch)d 0000 100
00 0oOooo.pBSO OO0 ODOO 500 terminal
deoxynucleotidyl transferase-mediated uridine
5’ -triphosphate biotin nick-end labeling
(TUNEL) 00O 0O0O0O (terminal deoxynucleotidyl

transferase and fluorecein-dUTP; Roche
Diagnostics, Indianapolis, IN, USA)OO 37 00O

000 000 600 OO ODOOOO. Vectashield
(Vector Laboratories)1 0000 OOO0O LSM510
confocal laser scanning 0 0 0O (Carl Zeiss)O O O

oooooooo.

11.

0000000000 DNAOODOODO O0ODOO o
O histone 00O OO0 DNAOOOO OO oOOO
ELISAO O (Cell death detection Kkit, Roche
Diagnostics) 0000 ODOO0OO0O OO OODO
oligo-DNA O OO0 OOO0DOO[23]. 0000 0O O
OO0 00 OO0 00000 00 000 goood.
0 0000 000 0O 000 oooo,s500 ooo
000 000dG0 mM KH2PO4, 0.1 mM EDTA, pH
7.8)1 Teflon homogenizerd OO0 O O 750< g
00 100 00O 0000 0O0O0.0000 oooo
10,00 g0 200 OO spird O 100,006 gO
4000 60J OO 00O OOODO.00 OODOO O
000 0000 000 0O kitO0O 000 OO0 OO0
ELISAI O0O0O0O 0O0OO00O0O.

12.

VehicleQOO) O0OO0O MNTBAPOOOOO OO
O 00ooooo,00 0 150 0o MCAQD 0000
000 00000 000 0,240000 0OO00OO O
000 00 00000.000 00 brain matrix™
0000 0000000 2mmO00 00 00 OO
0000.000 D00 2% 2,3,5-triphenyltetra-
zolium chloride (TTC)O OO 37000 1500 O
000 000000, 00 D000 0000 1200
dpi0 00O O O, MetaMorpho imaging (version
5.0; Molecular devices)l 0000 000 OOO
000 000 000 000,00 0000 00 oo
000 0oooo [22,24].

13.

00000 meant SDO OO0OO0O.00 OOOO
0000 000 ANOVAl 00000, 0 0000 O
OO0 t-testd OO OOOOOO(StatView; SAS
Institute Inc, Cary, NC, USA), p<0.05, p<0.0010
o000 oooooooo.
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ooO,00 00000000 00,IicrROo0bonOO
FClOOO 00,000 MnTBAPOOODO O OOO
o0 0000 o000 o000 oob boboo boooo
(Table 1).

2. AlF

Western blot 0000 AIFJ OO0 MCAO 100
0000000000 O0DO0D0000 —6rkba O
000 0000 000000.00 000 ooooo
0O 000000 00o0@Fg.1A).AIFD0 OO0 OO0
000004000 240000 00 0oOoOooOO
000 0000 A O00 0000 0000 OO
00 000 (optical density(OD): Ctr, 0.8+ 0.2; 1
h, 8.0+ 0.37; 2 h, 11.87+ 0.38; 4 h, 14.75+
0.4, 24 h, 28.87+ 0.79; ANOVA, p<0.001)(Fig.
1A). 00 00000 000000 AIKD 0O OO0
00000000 000000,00 0000000
000000 1,2,400000 000002400
000 00 000o0.0Doooo Al 00 0o
O000000,0000000000200040
000 0000 0000 000 oooo.ooo oo
000 0000 DO 000002400000 000
00000 (OD: Ctr, 25+ 0.95; 1 h, 20.25+ 1.25;
2 h, 17.25+ 0.95; 4 h, 14.50+ 1.29; 24 h,
31.25 2.67; ANOVA, p<0.001)(Fig. 1A).

3. AIF AlF

000000000 00000000000 AIFD
000000000000000000000,000
000 AIFD 0000000000000 00000
000000000 00000000AIF 000
0000000000000 00 00000 (Fig. 1B).
AIF] NeuNOD0 0000000 0000000 AIFD
000000000000000000000 0000
0000 000 0000 0000 O00(Fig. 1G9, O
000000 AF0000000 NeuNDO 00 00O
0000000000 00000 (Fig. 1Ci.e).

4. MnTBAP

000 0000 00000 oxidized HEtD OO O
0 000 00000 (Fig. 2A, arrow heads), 000
OO0 000 40000 vehicleOOOO OOOOO
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00 00000 00 00 HED OO0 000 OO0
(Fig. 2B), MNnTBAPO 000 O(Fig. 2D)0 0OO0O
OOHEDQ O0O0O0O@g.20)0 0000 O0O0ODO O
O MNTBAROOO vehicle OO0 OO0 OO OO
000 000 (OD: vehicle, 0.68+ 0.03; MNTBAP,
0.33 0.05; unpaired t-test, P <0.001).

5. MnTBAP AlF

000 OO0 0D 400 OO, MNTBAP OOOO
vehicle 000 (Fig. 3A)0 0 Western blotO OO O
OAFO0O0 00D OD0OO0OO.MNTBAPOOOODO
O AIFO0O 000 vehicleOODODO OO0 OO0 OO
000 (OD: vehicle, 11.92+ 0.94; MNTBAP, 2.60
+ 0.27; unpaired t-test, P < 0.001)(Fig. 3A). O
00,00000000 AIFD MNTBAPOODOOO O
00 000.00000000 AIFOD OO0
MnTBAP O OO0 vehicle 00000 OO0 O0OO O
0 O (data not shown).

00 0000000040000 0O0OOO0O0O
OO0 00 AIFOD ODO O0ODOOO0O, MNTBAP O
000 vehicle OOO0O OO OO O0DOOOO OO
AIFO000000 OO0 OO0 0D0oooFig. 3B).

6. MnTBAP
DNA

000000 80000 ~50kbp 000 OO0
DNADOOOO PFGEJ D 000000, 00 0 140
00 240000 000 00000 (Fig. 4A), 000
000 DNAOOOOO 000000 0000 000.
000 DNAOOOOO MNnTBAPOOOOOO 00O
0 000,00 vehicle 00000 000 OO0O(Fig.
4B).

7. Caspase AIF

Western blot 000 OO vehicleOOOO cas
pase 0000 z-VAD.fmk OOOOO AIFOOOO
000 OO0 000 O O 000 (OD: vehicle,
11.62 0.69; z-VAD.fmk, 11.16+ 0.82, NS) (Fig.
5A). 000 00 00 2400 OO AIFD TUNEL O
0000000000 000000 @Fg. 5Ba), 000
000 TUNEL OO OO0 AIFO0O OO0ODOO OOO
000 OD0O0O(Fig- 5Ba3, arrow heads). Vehicle,
z-VAD.fmk, MNnTBAPO 00O OO0 0O 00O O00OO
00000002400 0 0000 caspase-3 00
O DNAOOOOD ODooooo, z-VAD.fmkO
MNTBAP OOODOO vehicle DO OO OO caspase-
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Figure 1. Western blot analysis, immunohistochemical staining, and double labeling immunofluorescence with AIF and NeuN after
permanent FCI. (A) Western blot analysis of AlF confirmed successful separation of nuclear and mitochondrial fractions and early
nuclear translocation of AlF. Histone and COX were used as the internal controls in the nuclear and mitochondrial fractions each.
(B) Immunohistochemistry revealed a time-dependent increase of AIF nuclear translocation. Scale bar =50 . (C) Double labeling
immunofluorescence with AIF and NeuN at 4 hours after permanent FCI. AIF (C1), NeuN (C2), and combined AIF and NeuN (C3)
in the non-ischemic cortex were shown respectively. AIF (C4), NeuN (C5) and combined AIF and NeuN (C6) immunohistochem-
istry in the ischemic cortex after permanent FCI were revealed also. AIF immunoreactivity was intensely visible in the nucleus at 4
hours after permanent FCI (arrow heads). FCI, focal cerebral ischemia; AlF, apoptosis inducing factor; NeuN, neuron-specific
nuclear protein; Mito-, Mitochondrial; Ctr, control. Scale bar = 20

Table 1. Summary of the selected physiological variables of the ICR mice, measured at the time of baseline (before MCAO),
ischemia (after MCAOQ), and before and after MNTBARP treatment. There were no statistically different parameters among
the groups. Abbreviations: MCAO, middle cerebral artery occlusion; MNTBAP, manganese tetrakis (4-benzoic acid) por-
phyrin. n = 4~5 per each group

ICR MnTBAP treated ICR
Meanvaue+ SD Meanvalue+ SD

Before MCAO Before MNnTBAP treatment
pH 74+ 01 75+ 01
PCO2(mm Hg) 29+ 5 28.0+ 20
PO2(mm Hg) 1535+ 45 169+ 9.0
BP 836+ 6.5 799+ 7.1
Temperature([] ) 36.8+ 0.3 371+ 07

After MCAO After MNTBAP treatment
pH 74+ 01 75+ 0.1
PCO2(mm Hg) 295+ 6.5 248+ 1.2
PO2(mm Hg) 166.3+ 6.4 165.2+ 5.8
BP 873+ 57 756+ 55
Temperature(O ) 370+ 0.2 375+ 04
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3000 000 0000 0O O 000 (OD: vehicle,
445.70t 15.10; z-VAD.fmk, 276.30+ 13.30;
MNTBAP, 287.00+ 10.00; ANOVA, p<0.001)(Fig.
5Bb). 000, z-VAD.fmk 0000 MnTBAP O OO
00 caspase-3 000 000 O OO0 OoOO.0O0O
OO0 0000 OO COODNAOOOOO OO0
vehicle 0000 00O z-VAD.fmk 0 00O MnTBAP
00000 000 0oDOOooo(oD: vehicle, 515.00
+ 58.00; z-VAD.fmk, 399.00+ 31.80; MnTBAP,
236.0@ 49.00; ANOVA, p<0.001)(Fig. 5Bc). O
O MNTBAPOOOOO DNAOOOOO z-VAD.fmk
0000 OO OO 00O 00O OoooO poooo
(P<0.001). TTC stainingd OO MnTBAR vehicle

W mrrleid A T el Bl
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0. —_
Wohicle  MnTEBAP
Treatment

Figure 2. Representative photomicrographs showing the pro-
duction of superoxide radicals by the detection of oxidized
HEt in both the MNnTBAP- and vehicle-treated mouse brain at
4 hours after permanent FCI. Perinuclear expression of oxi-
dized HEt signals (arrow heads) is shown in the contralateral
nonischemic brain (A), whereas profound increase of oxidized
HEt signals in the cytosol are observed in the ischemic brain
of vehicle-treated mice brain (B). Expression of oxidized HEt
signalsis barely detected in nonischemic brain (C), whereas
slightly increased cytosolic expression of oxidized HEt signals
is observed in ischemic brain of MnTBAP-treated mice (D).
MnTBAP, manganese tetrakis (4-benzoic acid) porphyrin;
HEt, hydroethidine. Scale bar = 20
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00000 0000 000 0DO0O00oFig. 50),
MNTBAP O OOOO OO0 OO0 OO OO O0OOOO
O 0O 000.@: vehicle, 92.28+ 14.85; MNnTBAP,
36.16& 1.21; unpaired t-test, p<0.001)
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Figure 3. Inhibition of AIF translocation after MnTBAP treat-
ment. (A) Comparisons of AlF expression between MnTBAP-
and vehicle-treated mice by Western blot analysis showed
decrease of AIF nuclear translocation by MNnTBAP. (B)
Immunohistochemistry after permanent FCI revealed signifi-
cant reduction of AIF expression in MNnTBAP-treated mice.
Scale bar=50
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O D0 00000 0000 00 00000 (Fig- 1A).
OO0 0D00000000 Al NeuNOOOOOOO
OO0 0000 000 O ooocrig. 1B, C). 00O,
MnTBARI OO0 000 OO0 OO0 00 OO0 O
O 000 0000 000 0000 oxidized HEt O
000000000 @Fg.-2).00,000 A OO
oo MnTBAR] OO0 OO0 OOO0OO OO0OOO O
O000(g.3). 00 000 0000 AIKO Ooo
O00O00 OO0 o000 0 oO.04g, vehicled
oob obooobO oobo oo bbb oo 2400 0O
gbodob obdo DNAODOOOO oo goooo,

MNTBAP OUO0OD000O OO0 000 0000 PFGE

OO0O000O00000@ig.4).00000 AIFD OO
000 pan-caspase OO0 z-VAD.fmk 00O O
000 000 00000 0000 00 AIFD cas
pase 0 OO0 O0O0O0 O0OO 0OOO.00 z-
VAD.mk OOOO MNTBAPOOO OO OO0 OO
O caspas€@ 00 0000 OO0 COOO,0000
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Figure 4. Representative photographic findings of large-scale
DNA fragmentation using PFGE after permanent FCI and
comparison between MnTBAP- and vehicle-treated mice. (A)
Large-scale DNA fragmentation (mainly 50 kbp) was shown
as early as 8 hours after permanent FCI. (B) The large-scale
DNA fragmentation was blocked in the MnTBAP-treated mice
at 24 hours after permanent FCl. PFGE, pulse field gel elec-
trophoresis; M, marker; ctr, control.
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Figure 5. Western blot analysis, immunofluorescent staining,
and TTC staining. (A) Nuclear translocation of AlF was not
different between z-VAD.fmk- and vehicle-treated mice 4
hours after permanent FCI in Western blot analysis. (Ba)
Immunofluorescent double-staining for AIF and TUNEL dis-
closed colocalization of AIF and TUNEL 24 hours after per-
manent FCI. AlF-positive cells (Bal), TUNEL-positive cells
(Ba2), combined AlIF and TUNEL (Ba3), and high magnified
result (Bad). Colocalization of nuclear AIF and TUNEL-posi-
tive cells (arrow heads). Scale bar = 20 . (Bb) Comparison
of caspase-3 activity (*P < 0.001) and apoptosis-associated
DNA fragmentation by cell death assay (Bc) 24 hours after
permanent FCI among the vehicle-, z-VAD.fmk- and
MnTBAP-treated mice. (C) TTC staining of vehicle- and
MnTBAP-treated mice showed significant decrease of infarc-
tion volume by MnTBAP-treatment, compared with vehicle-
treatment. z-VAD.fmk, N-Benzyloxycarbonyl-val-ala-asp-(O-
methyl)-fluoromethyl ketone; TUNEL, terminal deoxynu-
cleotidyl transferase-mediated uridine 5'-triphosphate biotin
nick-end labeling; TTC, 2,3,5-triphenyltetrazolium chloride.
Scale bar = 4 mm.
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