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3F e FLER FaksE = ARAEY Al ZARE AL
(apoptosis) 9} Apoptosis Inducing Factor<]
WA Aol] g A

°

w3

2
K

Lo

ZHER 1 A AP A} (apoptosis) = ARl 8] 2AEHE Mo Ayt e g YA L R 3H3A (home-
ostasis) 712 918 Welol Foal ATk T} AAAFNN BAAST ek AzAEA R Qzeal
o]m ¥ (Alzheimer's disease) v £31 ol2] =] 3) A 4174 A 2 3} (degenerative neuronal disease) S} ] &3 (stroke)ol)
o5t A AA 22| 38 (ischemic damage)el] Z o] Fddtar itk & AT H T HMZ] HZAPEAL 3
Aol oleir] caspase Al Fe] =43 A Nle] g3 Aoz odelxl AlF (apoptosisinducing factor)] & kit
< 37 (rah) = A3 =433 w9 (focal ischemic mode)oll A T&s}e] ohe3t 22 A= A9

1. 579 5 (middle cerebral artery; MCA)®] sl 8ol ©]a] 4siale] 45l 39]2] A7A|ZolA A ZAPEA}
7} el Ae] Tl e,

Z70d = 592 H ) A)7] o =] ¥k (cerebral hemisphere)] ventral palidumel| 2] AlFe]] <

N

3. T2+ F el <J3) H-gloll ezt Western Blot Ak Fzbel =g o] sfsl d=nbr-o] wj= 24
(cerebral cortex)#} 3w} (hippocampus) #-¢1ell 4] AlFe] o] F7sksie
318 (brain ischemia)ell 213k A173A 22 AlEAPDAL 7)ol A o]sl= HI7HA] F2 caspase A D] =g
of o3t Aoz FH o] ghort, caspase A Do) g3} FAT AIFS] WAL caspase A D] AHgrozy: AN
5 A" FRel AT Bkt vle] AZAMES] AZAFAL 71AA Fog qE STl FHHAAU
oebA 2 dTelA WAl s HS el 3 AAME AzAPEARS} AHE e olsish=d 9l
oiA Fejshg oz oJugle AsE ATE Aoz AlsH

FolE7| et Al ZAPE AL AlF (apoptosisinducing factor), 215, 710 = 5, ] 5]d

M 2

M| ZAFE AL (apoptosis) = At ofs] A EH =
M 2] 2Rtz zte = A A €] A 2 homeostasis
S 9g welel] Wl Fe3iA 248 (Ellis F
1991). ol=jgt 242> AlA9] A< Bg]ol A
FEEE Afo|w, 53] AAA FoA dofh= Al

ZAAR: o)od e (R shar o) <o) et o) shardd)
2149 : anat104@dku.edu
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FAPEARE dz=slo| ] (Alzheimer's disease), 3
gl &1 (Huntington's disease) 3= EyA
] 4174 4 3} (degenerative neuronal disease)s} &3
(ischemiag)ol] 2Jgt =AM £ Apda} s}
F2Ee] glvh TjE= Al7M 2]
QAEC A3t EAAYESH
AR Z2] AL o

ZA s lelA] w9

o
=2
R oleh. AlZA AL 2714 A 0.

S
il 52
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H
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_ol

= B ofe AAE F AN mmA wF
elar #2923 7lo g ¥a]A caspase(cystein protease
with aspartate—specificity)+ (Cryns=} Yuan, 1998)
1 7])A (substrate)el| A] aspartic acid oF&-2 Hets}

cysteine protease2. S| 7}x] 11277} wad=] 9)
71" Azl et Al 2502 s 4 9lom,
Z5| welrE aternating splicingel] whel ]34
7} EA57)= gt} o] 9o = pb3 gl PARP, c-
jun 5-(Eliasson 5 1997, Endres 5 1997, Herdegen
= 1998, Morrison and Kinoshita, 2000, Martin—
Villaba 5 2001)3} 72 A zZzAd 282} (death
regulatory molecules)E-o] olel| Fodsl= o=
A glon, 53] p53 thil> AAM Z9] =4
2|gk Ml ZzAPE AL glelA] Ak 9 AIA| (upstream
initiator) 2 =F8-5}o] caspase?] AL =35 3
¥ (ischemia) o]} ZTH-=4 (excitotoxin) 5o 25
I de] FrbEE Aoz BuEd(Xiang 5,
1996, Banasiakz} Haddad 1998, McGahan 5 1998).
o2} tjEe] p53 {FAAZE WaAEA] ok (null mu-
tation) oM HHHE A A AAAZ
o] &Afe] AA3] FoEA == (Crumrine 5 1994,
Morrison 5 1996), o|2|3F AP S EZ HE] ozl

p

-
al

AAM2EL #HArAaZ (hypoxiad)Z} (Haterman 5
1999) TE-=4of Wisk A3 e] F7tEe] Qo]

uks] Ao} (Xiang 5 1996, 1998).
°]2¥ caspase”} M EAPEARE HEATIE vl
T8 2442 BT AR IARE H T £ cas

pasee] #47 medoz AAME A
g AT Aol EAIFel AR weiA

a1} (Rideout} Stefanis 2001, Cregan 5 2002). A
PeEndS ol8ste] el 23 AAA =9
A ZAPEAL 713 & 73 Ao M = caspases <
Astde A5 AlZzAPEAE A=A g A17A
EEo] 9leS ®3}gc}(Rideouts} Stefanis 2001,
Zhan S 2001). ®ut ohg} 7o) wair:=
paser} Aoz A3} Holx caspasel "416&
AAI7F AAM E2] AEAFEAL A S AR =
23l= 7oz #A9FEgd (Miller 5 1997, Stefanis
5 1999, D'Méllo 5 2000). u}e}r] o]zt A2}
2 cagpase’} A HoEtE Al ZAPEALE A

=3
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St e wxAd 71he) b5 4 g
Alshe Aoleh @A7HA caspased] <13l oA
B AzApA e delae slsl A7
o} gror} caspaser o] P43 Aedo] gl A

o Y
ﬂ?~ 4

AbEAte] 714e) B QT vleke At @
% glet.
2ol F4% Apoptosis-inducing factor (AIF)=

EAbFe] 67kDA?Ql caspase ]| A Al ZAPEAL
#3117 (effector) 241, caspaseA| 2 9] @43 #A ¢l
o] MzArEA AL A= Aoz IdEA o
(Susin 5 1999). AIF= 1] &Z=g2]o} (mitochondria)
o] Wiutat ot Abelol] Exfshe Fehr ek (flavo-
protein) o2 A Z7} 543 AlzAbEAsE RH
9 | EFZ ootz XE 3 (nucleus) oz A 3=
E3g 73 9t} (Daugas 5 2000). =3+ AIF=
caspase A 92| A} T =l F m= A
oA 34 (chromatin)®] -3 (condensation)=}
DNA?®] A& odoFle] "J%—ﬂ‘}iﬁ}(Susin%
1999, 2000, Daugas 5 2000). #5k ofz} p-53)
o fEE Al7A 2] A ZAPEARE caspase 7
A& ADAUS APz afHoz dolde] By
=] 9lt} (Cregan 5 2002). ©]x]3 caspase Al Q2] =+
43 A7) HNZzAPEALE HRo2 A
e M2 while] Wb AEAPEAL] 7)A
olel] Fefsl= AREC g AFE o HA
A APeAF sk A7IE Bt Folo 1y
AIF7} A Z2APEA NS B0 2 §8A1Z 5 gle o
Yol = B3tar HlZAPEAL 2o qleiA 2k
"6“7“24 qgg Al dAe A7 o

H Ayuto gz AEAS 4 glom AlRS) Az
*P‘é*bﬂ Fofshe o A= Adsabgel o
g AT A toz s AlsEojof & Hofo]
o}.

B QoA 3179 Z7l = 59 (middle cere-

bral artery) s|3}ol| 23} =43]d (foca ischemia) 5
F2AE o) g3te] ¥o| 2 BejolAe] AlFe] 0
FAe dxzLd vl & ATl B
2 AL A3 el st AAAEY Al EAPEAL
o} #AE He A o)zl leiM FeiEH
o= ou] 9l ARE AFT oz AtsFH.
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M=

e

[=]3=3]
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1. 7l x| SWH|2ff (Middle Cerebral Artery
Occlusion; MCAQO)E E£E& S22 He 1=

A 250~30028 7hEke] 4271 SD (Sprague-
Dawley) 2155 Alglel AHgstadet. A sE2] v}
& zoletil-50%8 EF7hl FAbsle] fwsiglon
HZ2-E-Z (external carotid artery)e] Aty RQ9|=
4-0 Ethicon nylon filament®=2 A}elsle] Z7ho ]
= (MCA)S HH2)A|Z ). o= 4-0 Ethicon nylon
filament®= <=z (internal carotid artery) 2 734
sted HEHoz FzidFH ] upgRlel Feol
=5 3t viF e freelA Ry 357 A 2
e APFEL A2 3r°C7 fAEES 8
om $go] AFRE ] 8 a5 F A
ZH 2 (3, 6, 12417 T2k =59 o] FF3hs &
Q= =3stE= ¥ 7 B9 TTC(2,3,5-triph-
enyl tetrazolium chloride) 3-8 A A|stgde}. TTC
AL 93 F=H 3179 HE braindicers o] 4
3 oF 2cm A= F7 =2 A} (coronal)EH L& A
Y3t o2 37°CollA 3087 2%2] TTC gH el *]
gletalet. TTC 9A4E vbAl 3 o 22 #5H
© 2 neutral buffered formalin(NBF)-& o] &3] 12
ke

2. TUNEL &M

A ZAPE A gejul= nuclear DNA fragmenta-
tiong olr 7] & in-situ apoptosis detection kit
¢l Apoptag kit (Oncor™)& Ahg-stdeh. |4 5%

29S ether2 v} A]Z] = Bouin'sfluidz 732
g e xH2 FZ3}e] bran-dicerz Rz
HE A2 Fol Y Y A7 FAs)
Ak 29 e B4 w =wsie] FAA 244
2|4& A Paaplastel Eviste] 10um F72]
By ASAAF GAA Sl 2 7x Bas
Aot AH-L xyleneo|x] &3} 3} (deparaffiniza
tion)s}x ok Ax 3= (hydration)A]7] o}
PBS(0.05M, pH 7.4)= 5%zt 23] AH3lz oA
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10mM PBS (phosphate buffered saline) = 5%-7F 33]
M8 F2 }4 endogenous peroxidase quench=
23 2% H,00l 5E2F Aol A ukg-A|Fie) BhA|
10mM PBS= 537t 33] A|&3}ar equilibrium buf-
fers Ztzte] Lejol=of] 291 (oF 100p) A=E
Gojzme] 1087F A2olA ubSAIFH 13 o
reaction buffer 2 ¥}-g-o] Tdt (terminal deoxy-trans-
ferase) enzyme 1 ¥}-2-& 7}3le] ®wHE Tdt £9&
1004 7kste] 37°CellA oF 80%7F BE-EAIZH-
1 % stop wash bufferg 7}sle] <] 37°Col|A] <
1A7F HReAZ e B4 10mM PBS= 587 33
M= & anti digoxigenin-peroxidase® 2v}-24 7}
78] ehol o] Aol AolA o 0834 W
)73 10mM PBSZ 584 33] A|Hsisict.
2 e 0.02%2] H,0,7} A7}% 0.05% DAB &4
o2 Lo o 5¥3 MANIT BFERIE
MA sl ony wixjeto 2 0.5% methyl greenc = 1
B AEGIE AT T8 T 5l R 54
< AA Auldez Hasslch

17

U
A

3. AIF med==Zl5}5ted M (AIF Immunohistochemistry)

Etherz #H32 n3A7] & £75S do] A4}
AN S Ao FAA R perigtaltic pumpe} A
22GHl=S Y11, 0.12M PBS, pH 7.4, 4°C &
187}, 283 4% paraformaldehyde”t S-¢14)
phosphate buffer (0.12M)ZE 1087t F3 34
W 2E F4%xE= 50~60 m/ming fx]sk
Hoje o] Aze] of 26 Hwrl FYH=F
R

o

=

1
b

o i

Ble] mRE Wedz AN

=

ok koo 12 md

z9] o]u}m (frontal bone)S- A xts}ed
% s}gloh Brain dicere]] &

) I CL thr]- _,—7_;<Jouoﬂ 16~
B yAsle o) 12%9] sucrose’} A7)

AT B BE
= o @) Fole
o, 16%2] sucroseg} 18%2] sucroser} H7p= 0.12
M PBS $dEx 22 wpgoz 34 w3 &
o}& 18%2] sucroseZ} H71El 0.12M PBS £-24 o A



— ol
1~3Y7t R3Asigieh vl =2 Fsxz w3AZ
o= 2Aeo] il Loz gk A&
% w3ksldo}. Sucrose ﬂﬂi g Z‘A‘—% i A

257} Yol AdFE- Sl Yol 30x 9

2+ A5t
WEAAL 40pm FAZ Alssigdon], A4 4
H A4S 7 REgNo] Boig)= ThZF (mul-

tiwell plate)el] Po] Welzsiat GAg A5
RA7kA) 4°CollH nFs}edet,

Rz 5}st Ale 2534 (free-floating) 1}
Moz Agsiglen, 7 s e R Ae
v 54 wiet & A Hsteld 8749 welle]
9l o}z el £AY 2 ¥ = 0.012M PBSo]
Al 1584 33] Al=8t ¥ rabhit anti-AlF (1:2,000)
o-=-E314 2} 0.5mg/ml bovine serum albumin, 1.5%
goat serum 28] 32 0.3% Triton X-100¢] Eo{gl= 1
A} SHA g-Ael| A 48A17F Fot 4°CollA ABA 7
4] vFe-A]F T 0.012M PBSel| A 1084 33] A3 3t
o}-& biotinylated anti —rabbit IgG (Vectastain kit™)=
1:2000.2 3]A3}ed 1A|7F 30% F<F A 7]+
Aol HESAIZ . B1A] 0.012M PBSelA] 10+
A 33] Axs}la avidin-biotin peroxidase complex
(Vectastain kite] A €4 1:100, B £ 1:100, 0.3%
Triton X-100)el| 4] 1]z} 308 ot zeka]7|n Al
2ol A BE3AIFH. o] ¥ vhA] 0.012M PBSe|A] 10
B4 33] 433 oS8 0.003% hydrogen peroxides
=38t 0.05% 3, 3 -diaminobenzidine (Sigma™) &
Aol 7~1287F ALoA HANgE A
Al 0.012M PBSell A& 3t v} =32 gelatin coat-
ed slidesl] 221 2417+ o4 A2ellA] B3t

ARAZ AT GAEE FA 5] skl o
29l A& F7}3s}ed ). Ethanol =} chloroforme- 1:
12 A& goo 24& 147 Bk B2 F 108
Bt FF4E AN ms) FEA A
0.005% OsO, (osmiun tetroxide) -2 oi] 4] 7—r7P vt
SA71a, SR 10870 AW AAsE F 05%
thiocarbohydrazide (Sigma™) g-o8¢j A] 10 —E.—ﬁ uk-2-
AlZIa B FF4R 1083 Al Al A s
0.005% OsO, §-<fol| 2] 287k Tha] HRSA|7] T}e
FFTE 1087 AW AlEEta A% = ethanol ¢ A

24g

P

=

T =

o{o

dlo
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T3 % ehanolz $7AAM &8t ¥ xylenecz %
= 3A)AA coverglassE )3T}

4. AIF Western Blotting

o 23} *,:134?—-4 A o)
2 Fd e FAE F2E =2} bro-
mophenol blue dye— A7kgk & 5 7,} Zg o) oA
A3 F 5% Bk ARt DS 2FH gel
ol loadingsted 17935815k zaﬂog%ol 7t F
ACoflA] 12217k <t =g nitrocellulose filter
2 o]%(transfer) A Z o} Nitrocellulose filters #-2]
3t o} non-fat milk7} 37}% Blotto &8¢ 1A]7F
Z9l o] H|Eo|Aql Y -3}A ureS xjghst
9t} Blotto £98& A A3 3 1:4,00002 343
anti-AlF 1x}8}A4)| 2 3A|7F Z¢t 2]2]sla Blotto £
Moz 108 7t o= 43] AFHstgdch 1:2,00002
3] A3k anti-rabbit 1gG (alkaline phosphatase conju-
gate) = 2x}3}A| = Al&-3}e] 3A)7F x]2] 3t & Blotto
ol o 2 A|H s}yl v} A kA2 enhanced chemilu-
minescence (ECL Western blotting detection reagents,
Amersham Pharmacia Biotech™) ul} o 2 x| 88 3}9]
o Hzhoz A Ha PP 2L 99
o] m] x| A A| 2~ ®l (image-analysis system, Vilber
Lourmat™)& Ahg-al w744+ & (area percentage)

& Fasie

kel 74zt 50puge.

Z
,Z_
o T

o

r{m

it
1. =3{gel Mzt W =AHTTC HM

FHEEH e w2 ZA (infart) H S
A7) S8t EF AZHER (3, 6, 12417
TTC (2, 3, 5-triphenyl tetrazolium chloride) <3 4-&
Aldst A3 F2 me]zrp) 3 (caudate putamen;
Cpu)3} 7123 (nucleus accumbens) 72] 17 vl 2l
3l (ventral pallidum)g 2315} w3l (basal gan-
gia) 392 FAo= TTCH o3 A JAFH=
%2 e FFY £ gllen I FHE dxREA

(cerebral cortex) 2-¢]= TTCel| w3t gMe] 79

=
=
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Fig. 1. TTC Staining for measurement of infarct volume.

Interaural 10.20 mm
Interaural 9.20mm
Interaural 7.20mm

A : Bregmal.20mm
B : Bregma 0.20mm
C : Bregma —0.80mm

HA kLol FAHN(Fig. 1). o]=3t fﬂ”
FEF A AT oAM= FHlo] AT 4
ow Azte] AR oS FrelAe oM
Hgeh g TTC o8] Agxos A5 39
o Aoz Qs G o] HA % w9l AAE
o] FFIE A9E AR vwy A&
FEHNeH ol FERD FEE 98 v EF
= (external carotid artery)®] Axtyl 9= Al

P

o L FlO

O

ol
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4—0 Ethicon nylon filament®7} %‘7]-1”]1}451111 o] A

Holo| %55 S B A

R
-

o]u}.

\:!

2. MZAMIZ MEZAPHALTUNEL A4

Aoz ¥FPe] frel H9lo] Ex|ske Al

M M ZAPEA} dofidi=A] of el 7 A=

ez sjefslr] 91 e wes 4
=5 AZFHER (3, 6, 124]7H) TUNEL A4S A8
sl TUNEL efdub-g-2 & 5 124170 A
ol ARE HAT 4 glglen e F 47 3A7F
F 6A]17ko] At ZellAE TUNEL oFAdubk-g-o]
ZE A okshet TUNEL cpAdubs-S Bel AlAA =
o I F2 A 25 AA (infarction)o]
wk=] o ¥k (cerebral hemisphere)e] mz] z7}H)
3l (caudate putamen; Cpu)oll A &= ot b A
A WS T A B2 g
Z3hst = E H oo TUNEL Bl Al
ZAMES] e 7o) HAFE 5 %i?iEP(Fig- 2).

=
=

3. AlFoj| ci$t HAZ

SEEEICEIERE
AIFS] op4ql Wste 2
suhe] weliz

| 5154 M (Immunohistochemistry)

friEl Fejelx o] Az
= ;ngiu_qo] _':_1_;1—,5]..__ \:H
A R7] Q3 e F 1243
3} 247)7ke] Ak 2ol el 27k AlFel] w)gk we
zA3}stodMe A)s)slelc) AlFe] o3k medelx
Ao A YEure] BE Hje)A H];Jr_ﬂ, =
A AT ot 1 BAA =L w5 z—r%
QA=|gdet. ofel W Aol i
Foll A=z s (ventral pallidum ):2:
AlFel g A9 o] Felo] Z7hel d%
& 4 Aok o2 AlFe] et wof
7]~— FEF 1277ko] AT Fol A=
YR gkkR|Nl 244]7k0] AFE FollME F
el 5 AR (Fig. ).

ol

4. AFFe| Akt gl
M) o] ol

FAI-
cc

o| 5} (Western Blotting)

Az AlFe] A o]
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CPu

®

Bregma 1.60 mm Interaural 10.60 mm
CPu : Caudate Putamen

Fig. 2. TUNEL positive nuclei (arrows) in the ipsilateral (ischemic) caudate putamen. 12 hrs. after middle cerebral artery occlusion x 200.

Interaural 9.48 mm
VP : Ventral Pallidum

Bregma 0.48 mm

Fig. 3. Increased AIF immunoreactivity in CPu (caudateputamen) after 24 hrs. of ischemic insult. x 200. A : contralateral hemisphere

(non-ischemic), B : ipsilateral hemisphere (ischemic)

WEle wo Aoz Awjur] fjs AlFe] Hg
Western Blottlng—"E— 23 1247}, 18417}, a8
24X17k0] Ak 2ol 27k AlastgiEk o W West
ern Blotting& -r] Eis Z7 = o] 38}

7)
=z o
N

t R9leh HF el vw wzkE 3oz g
#|u} (hippocampus)#-¢] 2 v}iro] FZE3lgdc) HA]
sluprglel A o] AIFS] s HAWEE (%

aez AEE 4
& W 7

FEF 24X7Fe] 723kl
we ok (100%) S X 12X 7}

—{o
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Ak} 1847 AL 47 80%s) 87%%
ehde) B slobe AR FEE el R

Sh H9lolAl) AIF R Sk 124]7k0]
Fage o A B LR 100%)E nyow
18417t b3} 24417 Az AT 717} 65%s)
80%% Vel mekA ulslol o) AlFe]
dere] H 1AL shuke A T E0) T
Fos Helel e 2 Yehte A2 olg

@ 4= st (Fig. 4).
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27} gleh meba wsiale] Ax 2 wslel Ha

67kba —# | - = 2 A7 47= =2x9 (carotid artery)s} %l
(vertebral artery)e ZA3sle] o] b33 (globa

o7 ischemia) & 24171 7129) A7ubgs) vl wd
100 7 o Ag=ze}l A%, T8 &8l SHAA H

80 4 A A Aoz FEld. T2 B Al e F

g ol = F e Sk AEA s E dAA (transient)
g, | o] old o7 (permanent). .2 sl =d], 9A|

. A HHmd-s A=st7] $sl] 4-0 Ethicon nylon
20 | filament® g 97 7)7ke] AAT F Fieh= 5o
FRE AR 915 58 AARE A5 AR
2] 3FEo] A% 7= (convulsion)z} &7 wlz
=z Azxs zdsldd. 2y Aoz gas)
A AHgE7] SlsAE FasE 2R okl YA

A o] 7hedt mile] Hl=A] AeduR ofF

12hrs. 18hrs. 24hrs.

Hippocampus

67kDa siirhe] |- =TT A% oied nae) 33 avsdel elA 2o
uel Fe9 Aoz gekdo

120 ¢ Caspase Al o] H4d=<4} (acute neuronal injury)

100 1 of w2 A7AAM Z2] M ZAFEAL] lelAM Fadt

o 807 vl 7§ 2} (mediator) = 2H8-3H SR AT AR olH
S o8 A 7] skl AEADAL Hete=
T | o} 4| A (peptide inhibitor) 2 Z 3+t caspase & A Al o]
20| ofs) olAHeke Able] wyEgon e cas

o pase S04l 7]%-& A7 913 caspase FHA

12hrs. 18hrs. 24hrs.

= A A= 97 (knock-out mice)S-o] 431 %ot
(Sadowski 5 2002). Caspase-1 &=+ caspase-119]
Fig. 4. Western Blot analysis of AIF accoring to the time course A= micex AA Ao 7= AR Q] HEAIS- 31A]
il ord 0 o ORI g, 14 s sl ggme-71 s
AEAE A e AaA el gl Ao vehdet

(Kudia 5 1995, Wang 5 1998). 3t caspase-3¢|
A A (null) ABF (mice)= 32174 (central ner-
vous system)el| 4] Z}o}A) s2Z2] (hypercellularity) o]
vehtz 24 AFE AF Al Hed), o
2 A7e) AgfelA vehd uksh o] Fhy 3 Az MARN FRUAAS 2EEY
FHe] H o &8t 434 (foca ischemia)-2 v A ZAPEe)] 23 AYS o 4= 9ok (Kudia 5 1996).
¢ Agsa aspgoz AR oA HPe Tt AmAbEALe) caspase A Abele] A3l
aMos UAZ AgE Ko S4Rwe Aol U o8 AT LFsha A
dsted 7 29)e] Z15A ofulg Betd e capaseALE AskAE Al AFHEA )
dubd oz = diyfulTelMwt HPS g A H oA AT B et loka B

=35} 2=z d = (control)g utz AAE I =i} (Rideout®} Stefanis 2001). o]2]3t A= ¥

Middle cerebral artery supplying region

al

M2t
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AN z2 B35 98 =l 7|

< O3] caspase AlGE AA|E el
REE Aol GA7L 9ee weiFw glor], o}
2hx caspase A9 2Hg-& HS|FAY o|eh=
5317191 apoposis 7] el 3t A9} o] F 7]
22 3 g Ay el B =gis:
ARz vEzeelolzny el® wdsl endo-
nucleaseG$} HtrA2:= 5 ZEo] 718 -1} caspase 7
o n|o|&A M ZAPEAL ufARte] Aoz uks AT}

Egozne 4
1

U

(Li & 2001, Suzuki 5 2001, van Loo S 2001). AlF
o] sl AIF-null mouse =2< s 4 ¢l
7o Bk zpAgE A7 28" 4 sk TEE
A= AlF= A oA Yel}s= programmed
cell deathel] @4H 2l 7oz wW =gl o (Joza s

2001) o]= AIF-null mouse =& THE7]| g%
olf & 3htd Aoz Aluzld.

R A ZAFEARE ESAAT|IAY QAR T
AAUER o]FoiZ Bd-2 Age =AEL A=
ke 2hee A3 2@FeEHN vEZ=d
ofef] 2Jsf wisl= & N ZAPEAL A4S Ao
& 2 9lA =} (Adamse} Cory 1998, Gross 5
1999). A ZAPEALS £%] A7)+ (proapoptotic) 7 <.
2 odEA Baxe obx] AEEE 71Ade] #hEAl A

=
Anle=

ol At A3 Al ZAFEA] 5 (cell death signal)el]
o] MEARR mEZ=eolx A ¢ =] (Goping

T 1998) T30 A] u|EZrgolute] EpAS l;_o]
I cytochrome-ce} 22 M| ZAPEAL §lA-2

<317 (Finucane - 1999), caspase A| el 2]&4 °l
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Abstract

Changes of Apoptosis Inducing Factor in the Rat Brain with
I schemic Injury Induced by Middle Cerebral Artery Occlusion

Young-Il Lee

Department of Anatomy, College of Medicine, DanKook University, Chonan, Korea

It iswell known that cerebral ischemia induces apoptotic neuronal cell death along with necrosis. Apoptosis is char-
acterized by several morphological nuclear changes including chromatin condensation and nuclear fragmentation. These
changes are triggered by the activation of members of caspase family, caspase activated DNase, and several novel pro-
teins. A novel gene, the product of which caused chromatin condensation and DNA fragmentation, was recently identi-
fied, cloned, and designated apoptosis inducing factor (AlF). AIF is a mitochondria flavoprotein (prosthetic group:
flavin adenine dinuclectide) with significant homology to plant ascorbate reductase and bacterial NADH oxidase, and is
normally confined to the mitochondrial space. In avariety of different apoptosis-inducing conditions, AlF translocates
through the outer mitochondrial membrane to the cytosol and the nucleus. Thus, similar to cytochrome c, AIF is a phy-
logenetically old, bifunctional protein with an oxidoreductase function and a second apoptogenic function.

In this study, to investigate changes of AlF expression levels in the rat brain during various time periods (6, 12, 18,
24 hrs) of ischemic insults, we performed permanent middle cerebral artery (MCA) occlusion model using male SD rats
and the extent of ischemic injury was measured by 2% TTC (2, 3, 5-triphenyl tetrazolium chloride) staining. There
were numerous TUNEL —positive neuronal cell nuclel, which implies apoptotic cell death in the areas with ischemic
insult. Western blot analysis was performed with separate samples (cytosolic fraction & mitochondrial fraction). This
method was designed to investigate if the expression of AlF isreally increased during ischemic injury, or the increased
AIF activity is caused by its release from the mitochondrial inter—membrane space to cytosol. In the immunohisto-
chemical study using polyclonal anti—-AlF antibody revealed overall distribution of AlF in the rat brain including cere-
bral cortex, basal ganglia and aso in hippocampus that is especially sensitive to ischemia. There was apparently
increased AlIF immunoreactivity in the nucleus accumbens of ischemia-induced hemisphere compared to contralateral
control hemisphere.

Our results seem to be the first evidence on the involvement of AIF in the apoptotic neuronal cell loss with ischemic
insult and will provide some clues to the pathophysiology of neurona apoptosis induced by ischemic insult. Further
researches will reveal functional relationship between AIF and other factors involved in chromatin condensation and
degradation and whether AIF itself will be useful as a caspase-independent, Bcl -2-independent death inducer.
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