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Abstract

The term of apoptosis, programmed cell death, was firstly coined to distinguish with necrosis, pathologic cell death,

by Kerr in 1972. Although various pathogenic factors are able to occur apoptosis, it is essential process for normal

development and physiology in the animals. Recently in the field of medicine, apoptosis research is especially focused

on several kind of pathopoiesis problems including cancer, immunodeficiency associated HIV and other virus, autoim-

munity, alzheimer and congenital anormality. The information obtained from the animal model system for apoptosis

should be directly applicable to both life science for understanding of development and medicine for practical the-

rapy. To know the common mechanism of apoptosis, it is prerequisite that the genes and factors responsible for apo-

ptosis should be defined and characterized on the molecular level. The study of apoptosis should contribute largely

to biology including cell physiology and development, and both basic and clinical medicine to understand cause of

diseases for therapy as well as congenital defect.
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Apoptosis S-& programmed cell deathgh= £-ol& 19
7239 KerrPol 9)8]M necrosis®} TE&7] 98t 3
57|74 A= apoptosis$} pathologic cell death¢] necrosis7}
Toolst Zo] AMREUTE Apoptosis HAl B HelF
2309 gFNE A7|AT B, dY sERALTH 22
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AR Ao el FFH physiological cell
deathZA, B3HQ AFFHAe WA T 23 3
& g, A FoplMe o virusHEel 93 24, au-
toimmunity, X7, =3}, HAA71E Fof wdd A BA
e o] 2o LelAEA b8 A4S THA =HADP.
chokgt AEWRIAZE AT AEALHAE F3HA apo-
ptosisE ¥oA 4 SUeH, 53 fAAF AH MY
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apoptosisE AR Hel HME Z4F A}H, AEA
g fdhe Aol $AANEE, dAgEolA 3T 9
or whd #¥ =§o] 1,00049 ol EEHI fict o)
23 QTEoke AXAR Y, BAHE LT YF Ao}
o 712, dosHiotA A4FAEe) AU, A8
AN ARG71Feel e 2A oupAZ Aotk

= =

Apoptosist 0T 2217} 7

Apoptosis@ £-01= 197299 Scotland®] H ] &=}
Kenr"7} 4Z948t3] o) mitosis9t th@3le o] Brke
AAAAHNELED) 9 FHAA U] apoptosiset 3}
WA ‘a basic biological phenomenon with wide-ranging
implications in tissue kinetics’ 2t3 B & W WA ArE-
52 ik Apoptosisst &9l apo(off : ¥l th o}
ptosis(falling : BoIXth) o] §Ajojo)ATt, &L dury
92 necrosis(coagulativeZ-2 shrinkage) 9t e &9 2}
°]& HO|E cell death& apoptosisEtidis] 1 2u|7}
oA FEHQ Apojdet opet A7 715H, MEF-L9
Apol, 23 oA o] AEold Tl AHEEH L Utk Apo-
ptosis®} necrosis®] FAYAF = FEHE 94250 B
o] AT AASA FEEH AL physiological cell
death £-& programmed ceil deaths, $A= pathologic
cell deathE 7H) Itk QRAAE FAE TE37] Y3t
AR AEAdolst st FAE Ak Hau gov.
Necrosis= H2<Ql 27sA dojude FF53HU cell
death®, A X0} YA|ME Fof g At

Apoptosis$t necrosis®] 54& 7198 A3} apop-
tosis: FHGH o2 AESL, H9 333 DNASH AIE
o] dHas} EFJHo|L necrosise MEHU, I mito-
chondriaed] £3, AXH&ES %, DNAY F2Ag
3 2 dFE dodle Aol A, =, apopto-
sist cell membrane¥ organelles®] W3}l &7 W2 cell
condensation®] YoJL} cell membraneo] 33 &L E717}
%ol A7 % E7A3A F2aEHN B& Yl apopto-
tic body) 2 AX7} FjEch MEY 79 geAe
nucleus?t #I1H=e A7 AFH A¥7} @A RaEE
A% itk oJBE apoptosis?t dold ME} apoptosis
AE ARAY MBS e BAE A8 21 2L

THE Hojr, F49) gl HEE 22 macrophages®l
oA EA o} WALt o)A &t necrosist FEA S
0 2% mitochondriae 59 MU A7|@Ec] B3d
theoll, MEANE 2E B0 energy Y5 EF A4F
Fed g A Hol Axole MERGe] doju dF
S Yo7tk ApoptosislA Eole FRE 5L 23
WollA AR o2 dojul, U apoptosis?t AFEHE W
274 Agso] dFo] glo] X2 Hele ol oA
olft wWEo FFHY 2AA FFAHA AeEdoz
oJu= apoptosis7t 2319 FRAAE BT <A
W2 #4e BA XA o9 22 I Wty TjFe
ob& WHx|A %3 A% nucleus matrix protein®] ¥
39t DNase®] Z-8o] Bu®5 1 910 Kerr®] &% o]
B ARES A9 2 3 wde 53 FHeR
Aeg Bude o] HSlshke FAAPEEHFE ol
dtofopgt ddd 4= Qivkn AZata 9ok

Apoptosis®t 2] #AVE HZo FEHL e of
#35Q Rozw 2A, 3449 (encephalomyelitis :
EAE), 99%8 9] 44, A71Hd, Au), A847199) f2
oty HIVe] #AGE™ o7t £L02A WA
7} B € o] YELF e &2 A9 apoptosise] 3
o, A71AY Al Pu79 F5of o3 Aot} 417
Ale] A71HH1 EAES] B HA] HAE7} apoptosisOll
A & o] /Mg F88 Yolch A} AHA
E5o] Futee A8E 94 apoptosis¥e] FHA o] ofF
F8AHI Utk Cancerst FFAXNE FAAFHAY
1537} DNAEAS e A X9 apoptosisel] FHEFoiglth
€ Ao dHAR gt 28 GAEZ} o tetrahy-
mena’} JE# Hel & (YA o] apoptosis® B2
3l o3l A oiAE Ao Hol BAE FEINE
ol" EF9 apoptosis7| 77t EAF=R PP, agA
apoptosist= AlE WA BAHNA & o, AHEY
apoptosis#d FrAAE AAFAE Yot 5 44
AeA AFFERY stk #4E 3l & BEH
& Zojgtal AZEr)l. Apoptosist necrosis®] 7$-shs
g2 54 fHA5e A oJsjA AgsHE S R
Hets, A4 AAEH 2 FAE 93 5AE = A
o2 Hol AIAEY Aoz FHE AYd E7o
alck.
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Apoptosise| &8t 1 HIIE

Apoptosist® BFAE, GAE, AAE, WAZE AY
EE F79Y AXEAA ta AelF 899 gsiA A
TUY T A HAYE Bt dojdrh £3, Ao
SHFA, 29, BAA ] kA, WEHIAY homeostasis,
MEF7] § o8] 3/ @ 95 9o 18
I A 2E F, o, vlold2 74, WA, sEAs
Al Fol M fdd 4 Aok o9} & apoptosist
AANA A7 BERF AXY PAFolA £ AEE
HIHo2 AAse 7IFEMR Fa3t 1AM Z4H
3l apoptosis7t YoJUA ¢om ¢ ulolyA #@dy,
ANVAHAE, alzheimerst & ABAAH, AHA 7189
i, AR 22 o hA Age] fuE $7) 9
. 2o d4EQ A% LY necrosisEha AT
A 42 AEo] apoptosisZ AL lojN ZF
Aol Uy Wy ZRAH A3E 9% AW o
§ gt ApoptosisilM Yojube AatEhEl W
3=, chromatin®] 2727} 848 H chromatin DNA7}
2 £ endonuclease®l 2}8A4 100—200bpFEZ A
95o] e 49 ‘DNA ©H3) 71 & g1 i, o]
DNA 9HEE A7IGENAAM Alde gz 44 #2
Hot @A7AE oo BAdte g7 B/ RuHn
AAT, Fo]Ho|A] F3te] Ao webAe DNATHS7}
BAHA g A4x AT T 2 71F 94 ERYe,
T2} apoptosis®] o] RNASH Se)dgdA Sof &
HE T5Hd AZAdaygorn glAfgRT opzt
SN AR} 238 apoptosise] HE AHHoE B
doe AdE Ak 53, ced—3& A% (nematode) o A
g Eod AR ase oy 45AL /M f4
A7t THEZAME HuE 3 apoptosis®) FBRAE e
We $A7 3718k Ao 9 apoptosisTHAole HE
AAAE0] signal2A AEEHo AAKFARNEY BdH 2
ol A Ax AR Qi

Apoptosis#H# FAHAR 71 & 4R AL HFE o
£ ATFARR I bd—29} p53R olEY] HHe] 3F,
A 2.2 apoptosis?t do] A e Aol YA
Ak, HZol apoptosisBH FHAE 0] €3 transgenic,
knock-out mouse®E =& Aol 7MEHAAM & 2EE

I Sltk ApoptosisBE FAAZE bd—2, Fas, c-mye, ¢

68/ 4733837

294

fos S0l EAHQ Roz A(AL Utk bd~21"€ YL
FEANEANA dojd Zoz EApFo] 26kDacl™ 23974
9 opvxAithuman) o2 TAE oAz C— U
&5 domaing 7Rt HEE YT | AA
AelX @A Fas'¥& AEZFAN Ed 2oz
306719] o}u|xAt(mouse), 335712] obu| At (human) &
2 #4349 g9 A TNF(tumor necrosis factor) type
receptor® A4S 7MW F4, AR, A, ¥, BheA
2 B ofos'E cancer virus7} codedt ¥ -
fosot BEAE T Rog FEAXRAAZ B9 Ao
2 RA#ES 39kDaol™ 380749 ojm:itez Hojglo
™, leucine-zipper motifE 7} HWAZA HAA olQ
AE2X Y q&E st AT Foll s wHAD, -
myc'¥E MC29 chicken 24 %virus7} codedtalglE ¢
FARAR v-myct FE8E 71 Ho] FEATAAM Eejd
Ao EAFEL 47kDacl™ helix-loop-helix 7% leu-
cine-zipper motifE 714 DNAZFATRARZA AxZF4
of ¥eigtt. PD—1'® = apoptosis’t =20 FEH2
2 Ugo] ke FAxZ 288709 obv=2Hmouse)
o @ dedoln JCDIFAE moused] FAo) F
A3t FA, 1AM Bdo] fFEH p53'7 = SV-40
2 transform¥® mouseA XA large T 3 Adteh=
g dojn} Fajgko] 53kDa(mouse), 54kDa(rat), 55
kDa(human)$l #eiida ¥ Fo] FAF HXA
el 53], A dzAlel oajx) wio] A5di.
15EEY PP AANE apoptosis’t FAAY A
HEGoz Yehdr ol dy Y 1555 Fe
FAHART ARG S AYshed ofF Fa3)
th AR ST E oFF nES 22 122 AN &
DA o] AYSAAM &71-, wrl=e] Alo]o] apopto-
sis7h AAHY SAAYoR Aoz Dol &g
Wrteto] FAEPD, F) ApAHo] A2 F opF wESG}
22 2l posterior, anterior necrosis zone®) A7 Fdl
interdigital necrotic zone®l A2 EA7 T 44
Bk o] @4e YAGAYo R ) #AY £ gle
o, &d7ldle F& AEE EA3E macrophages7t TEE
t}, o] apoptosist FHAo2 A ld Ho] A
§ A 7)o wrdste Zlo] Btk ojwle] WE P4
S EE necrosis¥H & wekA W gl ALHI gle
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Ag B2 & AUk 15529 AR apoptosis
Ao dre A g FAZAAR NN gol d7H
Ttk Agde vz Fae] Rel=e] UAgAT ¥
Aol Y HA palatal shelf7t AFEH] M2 ks
wjo] Az 20] apoptosisE Yo A HME/ FLo2
AN FE] AEE0] FEEA 227t FE T
ol flofl 93}l apoptosis7t oA F= HLde
TGl A7k oA ZHMYA o2 BAES FA3)
o 1 a%s ddske PYo® AT Hol, DON, EGFs}
5—BrdU7} 3] 33 cAMP7} 2R E EFZA7E Ao
BA= A 283 X F71A apoptosis?] ATHALE A
Zbe] A Gd AN 9o} v Aot ven o
2 Rate] TAF A9 oF 30%4=9 ME7} apopto-
sis® do7lE Aoz FAL Uth oJREL ARG 7
el WA e 2 WlEs) E8A] ¢ A& Fop
12717 €702 AFT AR JaiA oAl
Aol BaET) 4179 apoptosis$t o), AAZE F4H
oI FLY 9L e AYel® B F4H} HE
Aol AA @& A ek

Ao F4 L7 E 2o R FANA TE
o) Rolgt 1 FAHNEZN EHed AXE HAS
A 7)o A gart Aok olwel apoptosis7t B3
A AE@gez A T-HEE FANY
CD48A X @A oA, B—AEE p-chaing LAz @A
ol 4 apoptosis®l E& #4AE UedTh 53] T-HXE
AW o)&dstd NEE A A37] 918t apoptosisE
& 71X 3 9} o)Eo) apoptosis7t Yol'd Wl @ F
4432 actinomycin D9} cycloheximideZt %iAl3h=
202 Hol apoptosisE A E MZE dWEY &
ol A Aoz Btk T-AHEe FAAAAN 7
71-HIZ1E sk 558 7les SRAALT o
& 71%5E& 7HA] 8ted Fdeolge SHE J18E of%
e 2 FolA E4HE receptorE W= MEY A
71439 B9 receptors BH3= T—HEE apopto-
sisghe HE & B3] AAS HAh CD48A X9 A4
A T—HE29 &receptor(TCR) 7t s =t ojafol] &
Az A0l YojutA] ¢f7] WFo] TCRE LA %+
AEE 249 GEBA7} o] 7oA 93 apoptosis7
doju} oAk 12 4AF TCRE WA= CD48

AE FoME F4UY A7l st TCREES 3t
E T-HEE H332E apoptosis7]|ZHo] HHE o] Ttk
3, B A X £3l9} A%e FEAEY TR 4
SAEE I AL e EFA dojuid, T- A2
F43 22 A"7IHe] goiA At ool 8o B
—A¥o) Ay WA H-chainol A3 ¥ L-chain®]
HrhozA vAd4d B-HEEA [gME 7IAE p-chain
(5013 Wreceptor) o] WA} 1 thio| gD/l &
chainol H& o] y, §-chaing A 44§ B-AE}
"ot

A gA ¢ dojube apoptosis?t =3 TR A %
Al dojuberke 133 E Hugle AFo oA 7t
A Fag Fopol st 4 9tk 2 FoIME ‘SOD(su-
peroxide dismutase)7} =3} radicald’ o] FAA] 4¥E
319 &2 Edo] glth. FALS(familial amyotrophic late-
ral sclerosis) N4 Cu, Zn-SOD9] F8A4)o] AL AN,
AZRAEANAM 239] 847 apoptosis®e] AT F &
THAQJP . F, HAEE Cu, Zn-SODY inhibitor
£.& Cu, Zn-SODY] antisense RNAZ A 2|3} apopto-
sis7} dojubA|gt, W2 SODE =YAI7IH apoptosis7t
A€} 718]32 NGF(nerve growth factor) & A 74
follz 3A7F ol AEe] 84347t 453t apopto-
sis7h dofdt). 12y o] 3A1ke) Cu, Zn-SODE A2
3 apoptosisol oA Fo] 7l MEF7F EAT Cy,
7n-SOD° th3t antibody 3< antisense RNAS # 2|31
apoptosis”} ZZHr} 85k 34|7ke] At Hel SODY
Al oflF-d &#st glok. o] HI= NGFel| 2] apo-
ptosis”} ROI(reactive oxygen intermediate)®] <ol wk
gt AFaHE 9] Futd) oF Aojgty] Bule A|EY AZE
TEE UMY E FA g 299 2L 9EE ¥
adEA Zrh Hd gA4L A dejuE apop-
tosisE A A)7]= GPx(glutathione peroxidase) 7} &7 =
A, o]R 2 NO(nitric oxide)ol | HA3A A3
ok 4=, AR 8440a%E F7HA oA Al
do] ol apoptosis7t dod2 ARtk AFAAE
SODFAY =3} radical’do] 3}e] @EE apoptosisd
Astaded 7)o ROL #tstasst ¥7 NOvt ¥
7 A3 apoptosisA 77t kAT A2 E HE F
7 Eia=
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A%(C. elegans) & HTo| LKA HArdz 7}
B Ye FE2A AXYEEA, 498802 apopto-
sis®] A7l 71 BisA ol4HT U, MFo
2 FHst GAGA Arle ARy ¥3E 2AFA
A I tEe] BdENFeE FEE ¢ Utke
o] Gl EAo] HoM, F5FAY T o)FNYE
1,000709] Ztzte} HEgwo] SAsHA 71EE £ Sl
LT A Eo|T). RGN ERFET o] A
FAME Fojrte ulole] ME7), AAZE 80%AE,
AMAATHHY MEESoth 19833 apoptosisol] FFL
= FAAE, ced—1, ced—2(cell death abnormal)7} 3
+2o2 2¥=90th Apoptosis7t AIZEH HE7} @39
e Zgoz HHA Fozid, o] NEE Ao F¢
o AZEAA AN waA FFHoHA o g2
%9 apoptosis= A A A FEIA] ok 1A]7ko]H
% ced—13% ced 2R MolE JH WolAl= MR}
€ A7 dolubAwt F99] A #RAN F
THA R SRR Y2 A FAINA FAEA A
A &AM Ferh o)H @42 o]& FAA7} engulfment
of #o3te AL TPt 19863 ced—3% ced—47}
LA o)L ced—1, 29 t2A A4HY apop-
tosis7t Aot A ME BolA e AE7L, FH71 =
o= E7HA] EASA 3L Uth ced— 3% ced ~4E THAE
A E FAHQ HEE TENAT ced—3 45 71 AL
7t FA g AE Bol o) fAAE A&Hoz ¥4
& vehlie o2 Heolw, A3 apoptosisfd §AAE
2227} g £33 B9 AE codedt gle Aoz
AZE. FH ced— 95 7 A AN MEA} oA
%2 AL ced—3 48 1R NAY FLIAYN ced— 95
7tAA % /HAE over-apoptosis7t oLt wlukAl A) 7o)
Zolg]7] wjiolch o] Wolxel ced—3, & wd—4E
7FA A 8 apoptosis7t YojL}R] RE HOZ Hol ced—
9T ced—3, 45T FFAA 0159 FAAE negativedtil
2% A A FVNES AL wd-97AA} T A
Fo2RH FEHE EHEEY apoptosisE: A9 Te
oncogene?] ¥ E£FQ bd—29 L AFEAL yeghe
Aoltt. TRFEY b —28 HAFolA FHAIZ A apo-
ptosis7} HEHO 2 AeHE HOZ Bo} ced—9% bl —2
% 715308 BT %S AT EAR AAEG. 1

70/ 433531

I bol—-278A7 Adske BCL— 28] F2 mi-
tochondria®) inner membraned] EAJ3l= RO Kol
mitochondria”} o|® 42 22t% apoptosisol 8.3 98
< de Aog RJIY ERFAME e e FHAAE
B & A4 I £AAL QALY EfFe
apoptosis& &= A 4 & A 2.
25 e K37 4FA7E A8 dE Py
HEdle o] ol Joh & AW AEFE Hd7IAS
AX fFFo2RE AFo) Ho A e 3P
ot A Rzl A WHild KFAVE AH FHG
AEol "ot oud] {329 B HEE] apoptosis
§ doAN AAHZL, MZE HEE0] T3 AF
S o)FA "ok %9 apoptosise] #F ATFe FE
2929 UYH|E F4H02 o]FojA R 0, 2ute] 9]
Hel P E B 59 apoptosis7t 3¥ dojdth 1
319} apoptosis= WEl7]e] H7IA {59 BRole A
g #$ 30719 2§F dAEI F3 UolAst §£1,
AE 471 A3t 22t} 239 apoptosist W 717F B
AFd ojfoiAH yFEe 25L& HiHu B Jl9
50| ol WHFEA ¥, wer|gF2Ry 223 g9
e #7) Y3t AHSEh 3319 apoptosist @77t
HEolR F 2470l dofdtt. 1E|T ARA R
apoptosist WEIZ719 Y7t ©HEojF Fo] ERFFA
AN Bt} o] 259 T&3 AHA TN Bojx)
T apoptosis© 2% hormoned) &3te] W= = E3,
AW 9] ecdysone hormone?| #47} A Fodsta giuh
1 FA=2A apoptosis®] +Ho] AR 7] A9 ecdysone
hormone s 7] 533 apoptosis7t A= Aoy &
F ok A7 A 29 apoptosis®l ' ecdysone hormone re-
ceptors (EcR-A, B1, B2)9] A& Wiz A wzlz
FES] o signalell 93t AT JAAT Apop-
tosis®] FAAA7F FA UojeTte] WE AFER
A med—17} med—2 (muscle cell death)7} &# A ok
med —1EQROIA AN E 289 57 AL dojuAg
g ME Z2 macrophagesd] 9% F5€ QP
med—2E Ao AN M 259 75L& dojuR|gt T52
sl gAEd. 38 He A 9 apoptosiss FFAE
Bt ol AFY 29 FAHE AR dojudr) 2
d2A glEdd71e) Fa%$ HEEo| apoptosisE Y
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SAM Uule A B & e A Zo] Sojrta
U 2S5 vk wore AR FHE-H
HEES AR o] A7E T2 BFY EAE 7HAA
A} ZZFA Bojue apoptosise olFle FE Wg
HFAoX B 71Fo] ARA Y55 ANFH L
A4S A=A U A ¥ F A& A 2o

2 o

Apoptosis®] Hz9| AAY signaldeFH IAEH B
H fAAEL AXE gEty FYsA gt olst Ze
apoptosist TS JF-Q1ke} W -l o34 th2
FeHoz FUF AP L AXe A BAYL 2 £
22 Aol )AL MNES AL ol F Awdn
EA% 1% oA o]Fo] AnYe A TEch AAZ
apoptosisB&AF A&7} Tol AT YA, 1749 FA
A7t HE22 apoptosisd] M #AAL Y + e
A% {irh FF oz FdsAT o fAA BHEE
= A% ofA 2& HELE M apoptosis7t AtEAH o
dojyeR|, FAzMEo] AAE apoptosis®] oH Tl
ol¥A ZLIFeEAE AFLEME ¢ F gk go9
apoptosisATA#HE A X759 A7 47T AE o
7o} A7 A o, AA )72 eju e Av|e §
A QAAA71EY freel] B¢ 713, 184 FHFALY
g F48% dgE £ Aol £Hsth 187 HstdAMe
4 Zzte) 2 AN apoptosisel BT £}, F3
ArEd] o7t F48] o]F0j7 thed, AE AN B
ol &Y 7IFE fEdteol & Fojth 22I 9 F
F9] WENM apoptosisE Audte 97, FHAY #Eo|
o] Fojzjol A o) X2 apoptosis®] FAF WEHY oojs}
Mol BYE Zlojth. T, apoptosisT o8 ZHsh= <
A, 2kAl7E S = o] apoptosis’t FHshe ofg] AW A
g9 A48 o} rsAE A4E + Yok
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