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GIRKE T REF MR

R ARSI SE 12 317 A CAD (caspase-activated DNase) &
DNase I D5

SR IEF ISR AR RS (EME I TR E)
% ® M =

WWolEr»be MZELET, BT »E A (Cornu ammonis, CA) 18O MESHIIEATE M IZ4) U TR+ RT 2
L ElmeohTwa, BIAEMEHAEIED X # = X o 2B LTI, BE, F& LT >l siias mvaiseic ko
ET7RIMN =V RABUPEHMEIN TS, LHL, B MIBWT, 0L RSToMBELED L FETFLTWE 00
BB BARTH L. KEEIE, EEEOEECALICAET 2 BIMHEEEEST R -V X, F 70— 20WTRIC
L2800, T, FORBETRTFRIMTHLEPZHONMNITAHIIETHD, BKEIZBVWTE, =R PFLEHWTIS
S OEMEDZITV, CALOMIEMBIZB VT, TR -V ARBORRETRFTHAF v v N(caspase-activated
DNase, CAD), BLUAZ7 a0~ AIZHME LHBL 51 YV~ L#EFKTHHDNase I &AEMTEOREES 2OV THRE L7,
ZRVIFNVDCAD R s 0 == 7 Li2th, Y2 T AT 4T 28— HWTEM%O CALIZE T A CAD © mRNA I &
ERBE L. T, AL 70y MEERUEMLEMTEE VT, CALIZHT5 CAD & DNase T OREAKHES L UMl
NBEFRFE L. 8512, BTHEMES S CIZDNAMH (LOBIT 47V, Bm it oML/ S 7 — > 578 b —
YA, RTU=YADWTNTHELERE L. FO#E, CADOmRNARHEL, ov bo—L (BMEMEL) ZHL
MM LETHB.00MHICHEML T/, CADEHOBBEIZEMNE LD THT28MIINL, CAD&EEE, Bmk, MWiLH”
SHAN~NERIT LTz, —J5, DNase IIGHEEAORHEIL, T bo— it UEME2 A TH247H, ENH®3AT
#2.54 12N L T2z, DNase D& I EM#E2 BT, CAD LM EL SHMN~NOBITER L. BOESAB LY
5[ 12T, CAl DM TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling) Zeta fg i %
L7z, LaL, SRR, LA s CrsEoSREREERL, BFEMEEICTS 7R b2 ADBRERENEL
RS ZRdolz, &512, DNABHALOBATIZ TS 78 b — 2 AZIEHNE 7 ¥ —1BI3A SN, 70— 22BN %
ARXRT =B HONT DX, 2k P 0iEoRnEMERRIEZ R 70— 2285 6D T, TR -2 AREHDY
BREREECHCTIEVWE00, EENIZEMBIEEZFEEL Th AW EAVREENL, BIEEHEOEME &/ LA
DNase i, A VYV —LBEDOH T T v EHIZT 47— 2N S, EADNALTAHANZIE+4AZ &I124D
FTA—= Y APRET LD EHES NI,

Key words neuronal death, apoptosis, necrosis, lysosome

#109% #5565 437 — 447 (2000) 437

Wi 7 > F 4 (Cornu ammonis, CA) 1 #8180 FEEHHNL AT
38 A
SHHDO L ERFIICELETI MO TWARY Y HE, &
ELTWolHE R E L9ET, 2 oI mitiiasgic
TRV ADPEELTWELEW) G Z TVWDLY, F
mhh, CATMEMEARIAINEZTS L, Y bar P T
MPoHF O —ACHMREIZHRENT®, ZoF rru—2
CH A AN—EOB L OATP L HARETER L, 2KMI2H A
= EI3WEWALE N B O, T OIFHEEI D R 8= L 3HTT R
M= REDIERITHA REENE SR L, REMICHIE L
FHETINHILDTH A,

BMEO4~5 HISEBEREICHMEEE S22 8, F

T2 11 A 24 HZAY, P12 12 A 20 HZH

REFINOEBRIZB T, H 25— E3DHEE A D[
SESNTVDHY, T, REOETHTELTEYyy VT4
F v v F (caspase-activated DNase / inhibitor of CAD,
CAD/ICAD) %5 SAL7=" "W Z g3 % DNAW ALK -§
(DNA fragmentation factor)' & 11341, 40kDa ¢ DNase C&
BLCADEFD A ¥y —Th45kDa DICAD D _EH»
LA, MR A 28— E3HICAD % 433 % &, CADI3HY
KEOHNEBEIL, 7O<F L& & DNAK bz iRz $
ZEDM ORI R WO UL, EERNOEERIZBWT
i, 7HRM=Y 22X AMMAEIEIZBIT 2 CAD OG5 ZFER &
NTHESHY, FLTRMMEMZEMREZBVTCADDRES %

Abbreviations . CA, Cornu ammonis; CAD, caspase-activated DNase; CPAN, caspase-activated endonuclease;
FITC, ﬂuorescein isothiocyanate; ICAD, inhibitor of CAD; PFA, paraformaldehyde; TBS-T, Tris-buffered saline-
Tween20; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling
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BELZBREIEETHS.

VF o S TR I AN &%) 72 CAL TR 0 & T- B SR AR
ﬁ@,7ﬁ}u91¢%$7u7%>&ﬁtwot7£b—&
AN R 7 R M A S L S B K D, BILTERE
WMBROEEL R 70 -2 A THrEVIHRELALND
me L, EORe A S = XL TCALMERIEA R s B —
SAEELTRMIE, BiELS, oMl &h TR,
Yamashima & 972 1, =5k >0 CATHEMAIZB T,
EIEMIZE D g VoS4 2 NEEALE I, (R o7 VoY
L DT 4T~ LB RETRER, T4V —Lh0HT
73 VB, LAHIEN, TheFARZO—VAEHERTHD
TlBVIhEWVS DN AT Ty R RRBLTY
B S4BV AFA IO T T —ETHIAT T
YB, LT ANTE L BTOFT ¥ THEHT T D,
BIUDNALZY FXZ L 7—¥THAHDNase D174 ENETN
T3, Zhbid, MIBANTHORPERNALLTHCARD
mE% L EoTEY, FAEIL, 7R - Y AOHEEECES
THILLRBERTVEND ™D ZOFEME AN =R 41
BehTikil. BOEHSHEREIIBTS, Thboo7D7
7 ¥ OG5 % RET 5 HEIIET &S LB OO,
DNase DIZHAL Tt &L MES LTV RV,

AR BT, EEEOESE CALIZET B IR M A
FagERs, TRR—V R, 2270=YA0WTROA AT — FIZ
IALDONEHB OISRy FVEBOHRERITo . ¥
bbb, TTIABOEFVIIBNT, B A/S—E3DEHEL
FHRLELZEDED, AET7TR D= ARBORTIRIZN
BT 2ETHEFCTHAECADICIEREL, TRV ADOHS %
<7z, FBEIC, Yamashima HARE LI “HNINAL AT
TR VI HTSE, AF TSV ERBICT AV U — A
% Tdh 5 DNase DN EMRE L. BEMIZE, =F>
L O—BYERE M 7V E R L, B CALFEBO AR
231} % CAD ® mRNA & CAD, DNase I DEHNFH % £E(L
2T HVCRENICRE L. 4, fEisEnT
EEHWTHZEOMBARBAELE RERGIIHRSE L, MR
B BElemt L. 85610, BTFEMEE HVv/-miEiia
ORI ERIRENIC L A DNAKTHLb T L, B
Mo EMEAEEEERT R -V A, 270—-YA0WVTH
THADERE L.

WHEELOHE

I. @iEm -t

EEIIIEES099 kg Dok FLEFHW, 15%0DT7H
— bty (REES, KB FRCTHE: EABRRERFEL,
L EREETo7. 05%0 70—, 60%DEL, 40%D
BREI TSR E IR L, ERPAE) ¥ 7 VIO
WxiTo7. BIRE LR, BIVCEBROERNE=Y—%
fTo7-.

—EMEREeEn, HERLVEINETHRET, B
#45em EFREIBA L, ML HEG LRV X ) IZEEICHMEL R
HOHRBAZEAL, KBRS S SEEEZOEBEIR & E#H
ETHRTERATICHEL, LEZ) vy 7E2HWTI8HMHIM
WAREAERT A Z LI X DR L. T TS AN,
BB LEVE D CHEF NS GREED, ROEE=S
— (Laserflo, Vasamedics Inc., California, USA) % FiiZE & 1) 5mm

WAL, BILAT - - BORFBMOKEOWE T/, Mz
BB RICBAL, YLEESRES O KBS 0%,
FERARET—HERAT Y —JICR L. RO A EIT - TR
AT ol ve oy hu— b U CHMBSERRE
1230, EHEEB LU mRNAEERICSEH W .

MmN, BOAML 2, 3, 5HMK (B¥n=3) &
BUOSEHBRTICTHBL, £LBI0185 — VEHEE AN
M AIEIK500 (2 THERLA-DOE, PBSTHEMLZZ4%/85
FIVL T VT N (paraformaldehyde, PFA) 2 ¢ (2 THER
BEExiTo o0k, BEERTHEE L. REERILERAOREER
134 % PFAICC AMEE L, BT HMEROERIZ25% 7V
F—VTAFE FEFAIVLABRTIEREL. BEAL
mRNAGEH ORI, BOENHRENEM, 1, 2, 30 (Fi
n=5) LEHULYME T CaMrMli%k, EbI24 COPBSIIS
SEEHL, EAEMET CERCAIERTRE L, HASR
ZCHRM SRR, — 130 CIZRIFL /.

EEH I —TFA Y v b (Geymar, New York, USA) %/
L, EEEY37.038.0CICED L ISR L. M EoERIC
BLTH, AUEREAZTRNG LY, 95 L FER
BpsEL L 2 20 L TEHENICAE TS L), EREYOR
Wz E L.

I.cDNAYO—Z=>7

WH L CALRE L W 74 V5 (ISOGEN, =y Ry J—
v, EE)Z AV THRNAZMB L, cDNA FE ¥ v I (first-
strand ¢cDNA synthesis kit, Amersham Pharmacia Biotech,
Buckinghamshire, UK) % R\ CHIEE R %17V, cDNA 7
L75) =% R8T, =K YFILDCAD LT 7 F > DifEE
H 257012, CADBIUT 7 F » ORFES MR
e b, 5y FBLUFZIBTRL—HTHHEMTPCRY
54 v—%BELS. F—<¥ 4 25— (Gene Amp® PCR
System 9700, PE Applied Biosystems, Foster City, California,
USA) I TPCR%4T\vy, ZOPCREMZ 72 —=Y IR 5 —
(pPCR-Script Amp SK (+) cloning vector, Strategene, La Jolla,
California, USA)IZ3f A L, KBE (XL10-Gold™ ultracompetent
cells, Strategene) iIZ#EA L TH 77 a—=r L7z, ZOKE
Wb T 7RI FDNAZEILL, £~ b)Y RAE Y (CENTRI -
SPINty ~'* 2, PRINCETON SEPARATIONS, California, USA) %
FOWESTEESWE*BRFLBREOBVDNAZERL,
DO DNADIEEEY % DNAY — &7 ¥ — (377 Genetic
analyser, PE Applied Biosystems) & Fi \» T~ 7z,

. FEHNPCR

oy bho—, BhEeERM, mmkl, 2, 38 (F#n=b)
WHEH L7 CAL Mk & FEC & A2 BT L ) cDNA Z{ER
L, —80TCIZHRAFL THFIALZ.

B4 CALFISIZ 81T %5 CAD O mRNAD B E 3~ 5
72®12, Holland » @ Taqman™ 4 3 A b ) —OHFHIZHD S
EEHPCR% ABI PRISM 7700 ¥~ 27 v A7 41 5727 % —(PE
Applied Biosystems) % iV TiTo7. CADDLE Y AT T <
& L T5-CCGACCTCCTGCACAATGT-3, 7 v F ¥y 27T 1
7 & LT 5-TCCAAGCCTTCAAACCACG-3 & #aT L7z, £72,
MBI RGN, 7)) ¥4 ¥ =Y 3 »F 5 TagMan 710 —
7'+ LT 5-AGCCAGAACATTGCAGCCGAGACC-3 % #%&t L, Y
R—y —BEEL LTEDOSEE 7 74 FAM), 720 FY
—HBEL LTEDIEE & 45 (TAMURA) TRE# L7 b D
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% EE A1 L7 (PE Applied Biosystems). A#iz > ho— &
LCET 7 F o2, BRI, 77520ty AT74v—L
L T 5“TCACCCACACTGTGCCCATCTACGAY', 7 v Ft R T
5 1< — & L T5CAGCGGAACCGCTCATTGCCAATGG3', &H
2, 7u—7% LT5-ATGCCCTCCCCCATGCCATCCTGCGT-3

BEEL, VR -HBEBELLTEDOSHE V1 2 (VIC)
TR L 7: b D EMRFEA R L7z, PCRIZIE TagMan Universal
PCR Master Mix (PE Applied Biosystems) #f#f L, 95CT10
SEOBEMERITo 21k, B5TTISH, 60CTLIHD2ER%
194 7 Ve LEH0H A 7 MiFo7z. B EOFETIE, BaE
F IV DRBRICEDEUHEO mRNADPEE S NS5, &
121k CAD O mRNADO WA RS 7 7 F /T 5 & LT
B, F/o, BRECIE, BMm%eRM, 1H, 20, 3R

BI1T5CAD mRNAOZHEEE, 2 bA— il §albe L
CEFM L 7z,

V. 14/70y b

oy hu—oy, ROHEKM, Ok, 2, 3H (K¥n=5
23 L7z CALHE#RE % 4 °C o RIPA T (50 mM Tris pH 8.0, 150
mM NaCl, 1% NP-40, 0.5% 74 F > a— V- b 74, 01%
SDS) HZ THEEF WML TRE{bL, 47C, 10,000XgiZT10
SEEL L, EEOAEIL . Bradfordi#® (Bio-Rad,
Hercules, USA) 2 CEHER%, EHIZBTTIOHMRIRL,
B A KB % Laemmli © SDS-PAGE #12 T{T -7z, 16% ® SDS
RYT7ZINT RSNV CERBTF, T3 2HCT &L-
Y1240 ug DEME O, 24 mA T STHIKEIR, 1E7T) ¥
PVDF x > 7'l » (Millipore, Bedford, USA){Z 160 mA, 2D
GUHTHEEES. AV TLrE1%0OESF >~ (Bio-Rad) %
& A720.5% Tween20 % & b 1) A I EE AR W (Tris-buffered
salineTween20, TBST) C2Mf 70 v F > & L7z, —XKififk:
LT, 70y %> ZEHECC2,000 /A L 725 CAD itk
[CPAN (caspase-activated endonuclease) (c-19), Santa Cruz
Biotechnology, Inc., California, USA], 7\ L, 1,000f&#&F L
72#1 DNase II #11&[Rabbit Anti-DNase II (C-Terminal) Polyclonal
Antibody, Chemicon International, Inc., Temecula, California,
USAl%# 4 CT—IRKIE, & A WIZRR T4ERIE 8¢/,
TBSTC5E %R, 0.5%DXTF % &AETBSTHERIZT
FNZ16,000 % TEfFR, 3,000 1% 45 F L 72 HRP (Horseradish
peroxidase) 3k Hifk (Amersham Pharmacia Biotech) # 45
SIS S 7. TBSTT6EFEH%, ECL¥ v b (Amersham
Pharmacia Biotech){Z THfa &, N4 /=7 1)L 4
(Amersham Pharmacia Biotech) |Z#5% L7z, Zeds, Nz~
fo—b& LT a-F271 ¥ (Santa Cruz Biotechnology) % JH
WO AR O S 7.

AL/70y MIL2EHOPEERFMIENIH £ A -2
V161 ¥ 7 + 7 =7 (Apple Inc., Cupertino, USA) & i fff L C&f
WL, CADB X (fDNase IDa-Fa7V g $aE LT
B LA, BRI, BOLEFIIBIT2ENEFNOREOOR
HEx o ]\U‘—JD J'é"él'[:c‘: L TR L 72,

V. mAREHEB LR

YruE—-, EMEL 2, 3, 5H (F#n=3) WL L
PFA \ZCHEE LR E 87 7 4 P I2AHEE, 5 um Dl
WA 2R L7z, B+ X2 L ICTHST 714 14,
100% (2[E), 90%, 80% D L¥ J — Wil T4 T 2@ ESE
Bk L PBS Tit#is, 0.3 %BEE{LARTFMASY / —VIZTH

HE_N A F F—ERFadiz, PBERGELED O
0.1M 7 =V BRI T L0 Mo~ £ 7 0y o — 7ML & AT
-7z, PBS TR, FEISRNTSIIRIO%, PBSTHMHL
5% IER L% 1MEIE &8k, —XkiifkL LCTH CADI
f&[CPAN (c-19), Santa Cruz Biotechnology], @ % \2i3#iDNase
I #ifk[Rabbit Anti-DNase II (C-Terminal) Polyclonal Antibody,
Chemicon International, Inc.] % # 1L £ 200512 AWML, 4CT
—BRRIE S, WET A7 Ly Ry - AVFFVT VB
(fluorescein isothiocyanate, FITC) THEa#% & 17z ZkHifk (Santa
Cruz Biotechnology) # 1RFMINIG &7z, 4B, T RILAELIE
OFERE TN CHERL LS To /2. PBSTIMBEHR L Afk,
PBSTO0.2 pg/mliFHFML AT OEF I L - A5 AF
(propidium iodide) (Molecular Probes, Eugene, USA) % 54/
I &4, B PBSTI3HkERRE, HEH AH (Vectashield
Mounting Medium for Fluorescence, Vector Laboratories, Inc.,
Burlingame, California, USA) T# AL, FLEML —H— R F v
¥ JAMEE (LSM510, Ver.2.3, Carl Zeiss Co.Ltd, F3) |2 THE L
7.

V. TUNEL (terminal deoxynucleotidyl transferase-

mediated dUTP-biotin nick end labeling) %

HEE DM Az, MAEANMRIERDEF v b (Roche
Molecular Biochemicals, ) % Ffi\v» T TUNEL §ef i & 17 -

b, HEBTEEFRILCTANT T4 L,
Mm,t;ny J = WAZTHARIL L 72k, PBSTHEMHLA. A4
J = AR L 72 0.3 % B KFREH T MREL, H
JEPBS THEWH#, 10 mM M) A 27 OIVIEHETE (oH 7.4) \Zi5f#
L7:20 pg/ml O 705 4 F—FKERT 5 HEZETRL S
7. PBSTHEME%, RKMFAFIUNRR s LI F VIRBEE
(terminal deoxyribonucleotidyl transferase) & FITC £ dUTP
FEORIBHE 37 CTINBKIG & &7/, PBSTHkiEE, ~u
ALY - CHME Y VT VA Ly 2 ik 37T T 205
RIS &E g%, Y73/ Xy+Y > (diaminobenzidine)
(Sigma, St.Louis, USA) {2 Tt &8, B#EMIIAT MFI L
Jeta BT F L L U TEAL

. EFEME

PFA {2 THEHI % L 72 ALk o> CAL I A A L, 25% 7
NF— VT LT FERTHOMBEL, MyTha Vg
WM L7210% > o 7 00— ARRUCEBR L, 1EBEE L7,
10% 3 = 70— AEHCHE LA 4 2 17 ATHRENE
L, WM TR s L e S oL ) M & ek
L, 9= VEREE 7 = S CEY %, B M (H
SLHE00 7, BT THIBIL 7.

VIl. DNAF LR

ar b= (n=5) , BlfAEL, 2, 3H (F#En=5) ML
72 CAL#L# 100 mg % ¥R HE (20 mM EDTA, 0.5%Triton X-100,
5 mM Tris HC) - CE M L Tildfb L, 10,000 X gil T

SR, LEOAMEL, 7o/ —VENLE, BE

12,000 X gz TI0 HE Ok, Lot LA, suakL
Lo AVT LT La= &ML 12,000 X gl T 54 HE L,
EEoAsfmt L, SMEEEEF U 7 ABHE100% TS/ —
A, —20CT—BEE L7 ZOEMREE 15000 X giT
104 M-, EBETE)REgRsE, TEFHE (10 mM
Tris-HCl, 1 mM EDTA) 12#%#% L, RNase %2 37 CT 1H¢fE
iR L, DNAOHHERT L7z, M SN/ DNAZ2%T A



440 17

o— 24 L (Agarose L 03, Takara Biomedicals, ¥ 50) THEXK
B LT 247 o 72.

X. #eEtseadisss

ABI PRISM 7700 ¥ — 2 L v AF 45 7 ¥ —12 X 5 mRNAD
EEEf L/ 7Oy MELIABATEROT—YIE, S—HL
v MREZHVTHHMY —~THE I L e REL 2R, —IA
BAMATEEAVTREL, 1% RBOBRELZD > THAR
EhHhEHELSE, AEEFBOLNZLOIL T,
Fisher ® PLSD {12 CH BEILEHME (KA MRy 77 A F) 217
otz Ttz HERX L SDTHE L.

B 15

1. BRERR

FERR OERRIE37.04 5 38.0CT, MBINLE R RO L
[F1288 + 16 mmHg Td - 7z, MAENR & 280 THIIR D MR
T AL, FVOBILIEESICHAL, ML A
L, ULHREAMLAE 12198 £ 18 mmHg & % » 72, R ILET O BT
[ 1240+ 5 ml/5r/100g i CH B Oixt L, BMATFHOZ
NI 1.0+ 0.5 ml/5/100g T v, MFERTIZ X D B~
WAIFITEEIER SN TWA I LA RSN, 187 HDE
MERHRTRIZNE, =AY HFLDISL 5L F A TR AT
F & AZIZFBETH o 7.

I. CAD, 79 F>MDcDNA 7O0—=>Y

=& LD CAD DRIk e ~ @ CAD (DFF40, DNA
fragmentation factor-40 & H\»9)) OIFIEACTI & 94.0 % DA F:
FRL (A, T27FroEEETITIE100%OHFEEEZRL
2. —F, =K FLDOCADOT I /EEESIIZe PO CADD
Fh k953 %DM AR L7, ‘

1. CAD D mRNAFHEDEL

S-S IURAFATY Y-l X BERMRETIE, CALFEE
DOCAD DmRNADFEH &L, 2> ba—VICKLEMBKLIE
TI1X8.09+ 0.80 5 L FEITHIIML TV /-(p < 0.001). LAL,
EIMA KR, mmf2H, 3HIZBWTIE, FhEn1.52%
0.404%, 1.04 +£0.9245, 09506015k, > bo—NiZlkL

BRI N e o7 (M2).

V. EERREOFENE(L

CADdk MNORIZBWTHBHBEN DL L, U v /SH R LIH,
B Sl BOWTRBEENLEVWE I N TS DY, R4 F
473 ba—E LTLIREY @i ER L. CADE
FiE, 5T R40kDa /s> F& LTl g b2s, a v bo—
NWCALIZBW T &b T R LM S e 0o 72 (F3A).
aybu—-LoOFERREERELTLE, Blfk6RKHE T
458 209615 L FEAMMEARL (<00, &5, BiMHEL
HTid7.28 =107 L AELMMERL (p <0.001), Bl
HTCADEH DB — 7 1E L. BILE2ATIA562:
1184, BMHE3ATIE414L 160 Loy ba— N 2 LA
FIZEEERTOOD P < 0.01), BMHLH IR
D ER LA (W3 B).

DNase T 1, BiSR{AAT40kDaDSF TR T, o #i32kDa & 344
12kDad Z2o®F 7122y b bEREN TS, KIfETH
W7zEL R, ATERE O 40kDa L iEMERO o $32kDa Dl E %
BT HL0THA(™IC). MIDTHRT LI, FibRkiza
PO =2k LM 6 ERE T 1.44 £ 0.07 5 L B M E R
W7z < 0.001). FHLSME, BmFELIETIFLI6E0174, 2

FTi20.95+0.054%, 3HTIX1.03+0.09% & HELBMILER
HHENLhol, —J7, HHEO o §832kDalda > ba— LT
LTFEAELTBY, ZORBRE L LB L THRINEG6KE T
1.18 0224, HMmk1HTIZ1.14 £ 02218 &L A ERIEINE
HoNLhodz, LaL, BlHE2HTIE247£0.241%, 3H
T3 254 £ 02605 L AERMIMNEZR L7 (p<0.001) (M3E).

Monkey: 1  CCAGGAGGTGCTGCGCAAGGGCTGTCTTCGCTTCCAGCTCCCTGAGCGTGGCTCCCGGLT 6@
CECLTUE LT T R B e e e e e ey
Human : 209 CCAGGAGGTGCTGCGCAAGGGCTGTCTCCGCTTCCAGCTCCCTGAGCGCGGTTCCCGGLT 268

Monkey: 61 GTGCCTGTACGAGGATGGCACGGAGCTCACCGAAGACTACTTCCCCAGCGTTCCCGACAA 120
POVCETEU RV PR LR EE VR DV PRI BRI e
Human : 269 GTGCCTGTACGAGGATGGCACGGAGCTGACGGAAGATTACTYCCCCAGTGTTCCCGACAA 328

Monkey: 121 CGCCGAGCTGGTGCTGCTCACTTCGGGCCAGGCCTGGCAGGGCT. ATGTAAGTGACATCGG 180
PECLUCEVV R T TR TR C DL b b e gt |
Human : 329 CGCCGAGCTGGTGCTGCTCACCTTGGGCCAGGCCTGGCAGGGCTATGTGAGCGACATCAG 388

Monkey: 181 GCGCTTCCTCAGT GCATTTCACGAGCCGCACGCGEGGCTCGTCCAGGCCGCCCAGCAGLT 240
PEECELTON R T L T R T vt
Human : 389 GCGCTTCCTCAGTGCATTTCACGAGCCACAGGTGGGGCTCATCCAGGCCGCCCAGCAGLT 448

Monkey: 241 GCTGTGTGATGAGCAGGCCCCGCAGAGGCAGAGGCTGCTGGCCGACCTCCTGCACAATGT 300
VECLCTI VLT T T L R TR Ph e b 1t
Human : 449 GCTGTGTGATGAGCAGGCCCCACAGAGGCAGAGGCTGCTGGCTGACCTCCTGCACAACGT 508

Monkey: 301 CAGCCAGAACATTGCAGCCGAGACCCGGGCTGAGGACCCGCCGTGGTTTGAAGGCTTGGA 360
PCCLCRRVEEED T BT e e e e e e e e e e e end
Human : 509 CAGCCAGAACATCGCGGCCGAGACCCGGGCTGAGGACCCGCCGTGGTTTGAAGGCTTGGA 568

Monkey: 361 GTCCCGATTTCAGA 374
[IRRARRRNARNN]
Human : 569 GTCCCGATTTCAGA 582

Fig. 1. Deduced sequence of monkey brain CAD from the cDNA
clone. This sequence shared 94.0 % identity with the human
CAD / DFF40 (GI = “4758149” [GenBank]). Under line are
sense PCR primer (—), anti-sense PCR primer (+) and PCR
probe ).

sk

2

(fold vs control)
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0
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Control 6hr Dayl Day2 Day3

Fig. 2. Relative abundance of CAD mRNA in the hippocampal
CAl sector, being analyzed by ABI PRISM 7700 Sequence
Detection System (PE Applied Biosystems), at 6 hr, days 1, 2
and 3 after ischemia, being compared to the non-ischemic
controls (n=5 per group). CAD mRNA expression was
significantly (p < 0.001) increased on day 1 after ischemia, but
was unchanged at 6hr, day 2, and day 3. Data were shown by
X =+ SD, representing fold changes in ischemic brains, being

- compared to the non-schemic controls. *p < 0.01, and ** p <
0.001 versus non-ischemic controls (ANOVA and post hoc
Fisher’s PLSD tests).
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Control 6hr Dayl Day2 Day3 Heart Lym.

=

n

Relative protein abundance
(fold vs control)

° Control 6 hr Day 1 Day2 Day 3

CAD

0
Control 6hr Dayl Day2 Day3

Control 6 hr Dayl Day2 Day3

a ~chain

o -tubulin

L

Control 6hr Dayl Day2 Day3

Fig. 3. Western blot analyses of CAD and DNase II protein in the monkey hippocampal CA1 sector, (A) CAD protein was shown by a single
band of 40-kDa, and (C) DNase II protein was shown by two bands of the precursor (40-kDa) and « -chain of activated protein (32-kDa).
Heart (lane Heart) and lymph node tissues (lane Lym.), served for positive controls of CAD protein. « -tubulin was used as an internal
control (bottom panel). B, D, E) Graphs, semiquantitative analyses of expressions of CAD (B), DNase II precursor protein (D), and
DNase I «-chain subunit (E), determined by optical density (OD) measurements on NIH image soft. Expression of CAD was increased
at 6 hr, days 1, 2, and 3 after ischemia, being compared to the non-ischemic control. The level was most increased on day 1 and decreased
on days 2 and 3. DNase II precursor protein expression (40-kDa) was significantly (p < 0.001) increased at 6 hr after ischemia, but not
increased on days 1, 2, and 3. Expression of the activated form, «-chain (32kDa), was significantly (p < 0.001) increased on days 2 and 3.
Data were shown by X =+ SD (n=5 per group), representing fold changes in ischemic brains, being compared to the non-ischemic controls.
*p < 0.01, and ** p < 0.001 versus non-ischemic controls (ANOVA and post hoc Fisher’s PLSD tests).
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Fig. 4. Immunofluorescent images of CAD protein. CAD immunostaining with FITC (green) counterstaing of the monkey hippocampal CAl
sector. (A) Control. (B) Day 1 after ischemia. (C) Day 2. (D) Day 3. Compared to the non-ischemic control (A), CAD
immunofluorescence was increased in the cytoplasm of CAl neuron on day 1 after ischemia (B). On days 2 and 3, CAD
immunofluorescence was seen not only in the cytoplasm but also in the nucleus of CA1 neuron (C, D). Scale bar, 20 » m.

A - B

Fig. 5. Inmunofluorescent images of DNase II protein. DNase Il immunostaining with FITC (green) and propidium iodide with rhodamine
(red) counterstaing of the monkey hippocampal CAl. (A) Control. (B) Day 1 after ischemia. (C) Day 2. (D) Day 3. DNase Il
immunoreactivity at the non-ischemic normal hippocampus (control) was positive in the cytoplasm. But, on days 2 and 3 after ischemia,
DNase II immunoreactivity was seen not only in the cytoplasm but also in the nucleus. Similar to CAD, DNase II protein transferred from
the cytoplasm to the nucleus after ischemia. Scale bar, 20 ,m.
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Fig. 6. TUNEL staining of the postischemic neurons on day 5
after ischemia. The postischemic CAl neurons on days 3-5
showed positive TUNEL staining. Specific staining was seen in
the CA1 sector, but the remaining sectors were negative, Scale
bar, 20 pm.
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Fig. 8. Genomic DNA agarose gel electrophoresis. No DNA
laddering was observed in the monkey hippocampal CAl
sector of non-ischemic normal control brain (lane 1), day 1
(lane 2), day 2 (lane 3) , and day 3 (lane 4) after ischemia. In
contrast, on days 2 and 3 after ischemia, DNA smear was
detected. MW, Molecular weight.

Fig. 7. Ultrastructural features of the neuronal degeneration after the 18 min whole brain complete ischemia. (A) Control. (B) Day 1 after
ischemia. (C) Day 3. (D) Day 5. Compared to the control neuron (A), the CAl neuron on day 1 (B) showed swollen and vacuolated
organelles. But the nuclear and plasmic membranes in the neuron remained intact. On day 3 (C), the CA1 neuron showed the progressive
cytoplasmic degeneration, and aliquot of nuclear and plasma membranes broken. The nucleus showed heterogeneous chromatin
condensation into numerous, irregular clumps, while the nucleolus showed mild degeneration. On day 5 (D), the membranes of the
nucleus and cytoplasm were severely broken, and the nucleus showed many heterogeneous chromatin condensation, being compared to
day 1 after ischemia. The postischemic CA1 neuron never showed typical apoptotic features such as apoptotic body or sharp chromatin

condensation. Scale bar, 2 zm.
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Abstract

Although cornu ammonis (CA)1 neurons of the hippocampus are well known to be vulnerable to transient ischemia from
rodents to humans, the mechanism of ischemic neuronal death still remains obscure. A number of studies using lower species
animals have suggested that apoptotic cascade may be implicated. However, it still remains unknown what determines cell
death fate in primates. This paper is to clarify the role of apoptotic and/or necrotic cascade, in CA1 neuronal death in primates.
Here, we focused at the implications of terminal apoptotic effector, caspase-activated DNase (CAD), and a necrotic effector,
DNase II, using the monkey CA1 sector undergoing 18 min whole brain complete ischemia. After cloning cDNA encoding the
monkey brain CAD, expression of CAD mRNA was studied by Sequence Detection System. Expression level and subcellular
localization of CAD or DNase II protein were studied using Western blot and immunohistochemical analyses. Furthermore,
the cell death pattern of the postischemic CAl neurons was studied with particular attention to the morphology and the DNA
laddering. On day 1 after ischemia, CAD mRNA was significantly increased 8.09 fold, compared to the non-ishemic CAl
sector (control). CAD protein was significantly increased 7.28 fold on day I, but decreased on days 2 and 3 after ischemia,
when CAD protein was transferred from the cytosol to the nucleus. Activated DNase 1I protein was significantly increased
2.47 fold on day 2, and 2.54 fold on day 3 after ischemia, compared to the control. DNase II protein was also transferred from
the cytosol to the nucleus on day 2 after ischemia. Although the postischemic CAl neurons on days 3-5 showed positive
TUNEL staining, they also showed eosinophilic coagulation necrosis under light microscopy, and showed neither apoptotic
bodies nor membrane disruptions under electron microscopy. Furthermore, the DNA smear patterns specific for necrosis was
observed instead of DNA laddering. This data suggests that the postischemic neuronal death of monkey CAl neurons occurs
not by apoptosis but by necrosis. It is likely that extralysosomal release of up-regulated DNase 1I might degrade DNA with the
aid of not only CAD but also cathepsin enzymes, which are similarly released after ischemia.



