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I. M b}

M E3A} (Apoptosis) & M E7F F&9 o]m
FHE FRNM AY Z2aYe stEAge
EX 5508 58 Bolgte ot
HES IAAE $EFHA AFTAb (accidental
death) 23 Eohd A EaAle 244} (natu-
ral death) 24 S5 o|dA A% Q Apgtr
Holrpe,

AE olejgt Fgol g FuIgy fYe
19009t} & Rabl® Jokl o] 338 dmAoz
+Aolst Bole] wol WAL BARUA, o
Mol AzA = HY4 ¥ (dark-staining
granule) & Eusta o]Ho] ML} FAHo
2 = A%e FHsg 2ad b lge,

1951'd Gl cksmann'™ ©] EJo}oll X A EA}
& A3 #@s o] AgIIHol HAlshe
gan AYAA ARFANE AAFA A
FAbgo] dojdttm FAsATH

1965 Kerr’& 4@ 79 % £ §
e F AN e AL BAIEA, $3
AL dehd g3 AEde] 2wy

Ewha W Uni

kA Etels A AEAZ oA AN
AA A Aohe A Busgo

2%, 19729 Kerr, Wyllie, 28X Currie
o A FILAES Fed, BEYL Be
F AT S f¥o2 FE RS A
i, o]& Agole %A (shrinkage necro-
sis) 2 P AT} Zolo] 18209 fa
lling off (4] EolA) %2 7} apo (off)
<k ptosis (falling) ] #4121 apoptosis (M
AT g FFEA Q.

TLOlFRE METAE ME &40 By
B} FF F YU A4HD, A 4
S7) BRAN 2oy HMEESL A
A% TP 47 %olahe AL AWSA
HAck

ol MERAR= wiElES (embryogene-
sis), B9 2 ABA LG (development of im-
mune and nervous system), &1 Z% ¥
¥ (tumor regression)® Z-& AAU ofzs}
A A R BEE Aoy &3] BAH
HEd, & 2eMe AARIA HERA}
BAHE AAES ANMED, AETRAY
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HEd 5P Aty 545 248 o
2, AZAYHL YE XA FIY
3, AF7AA HuE 4F AP AER
At @ ATFE eEA 22§

I, MZEIJADL ZHAE Mz|5t 9l
Yalss AlAS

AEDALE Feohy At g Bdss B9%
ol:, VT AR & W AX dPE H5
(programmed cell death)©2 BEHH 1 glo
o gl E ik ede] Jouw,
2742 MEnAe JHE M EA} (program-
med cell death)€ §9o12 Alg&E 3 Qi)

o3¢ MEnAME  WH (metamorphosis),
vl e} % & (embryogenesis) F¢ HMES o
B A B 5 den g2 2L gy
A2gs, ety AAgd AR o

1 AAdN z=2E 924 HZ (involu-
tion)3 BAHY, ol Y WYL YAFNF
<+ AFWee] £8 (breakdown)®, AW
da X HAY, FHH89 olfF9 g
8 (regression)™o] A £ 4 slth

2 35939 (intestinal crypt epithelia)

FHHE AEIGoNNY MEALE (cell
deletlon)"“ T g,

3. FYol HAAY T, %%—Z‘Wi A
E7F F4%E T NEFSAN B 5
glqn:s)v

4. ARdE FANM A7) PR wkg
€ THXES Z&H cytokine 2¥A B T 9
ZT F&olA vepdohR,

5 ZE2E JEAXY ¥Ry gz =
AAEF AFHAIED, glucocorticoid FHF F
A FETe A ¥ 5 Ao,

6. BAHF 4A7B W dFdA
vEhue 32 A7, ostd, A5 BF
g & Ao,

7. 5% violgx AP M ] AE &3
A E F e, dESYE vlolg 24 gy

Ztel A MAH = Councilman bodiest® M E 1
At o] 3 M E 22} (fragment) o] O},

8 TIT FH &4& dodle A3E
—7Zug &3, AR, MESHY FU
Al, AR2F -0 g8 dete AEFSoR
olER AFEL ZsA FA HALE Yo
AT A FE B MELALE goT®,

ol o] AMETIARE OFH zANA
Aso, s2goy & JFass 2}
(addition) ¥ @ (withdrawaD ol 913 &
3 F Aok AS T F AeH, ojgge
Zgolods) MEAZHA MEDARE N2 23}
gAY 22 M2 989347 € £= i
2YER2 AEnse FPAEUYEE W3
e W T, =¥ AXDA] 9F A
EAS] Al e AFAY a0 o
ZIE @ oYeE AETAE HRFAE
U, £38 AXEE AASE @ NRE
e Ag & £ Aok

I MIZAbe| HEefstsy £3

1. MZ3Atet 2|Atetel Ao|H

A AMERALG AAMY F FF7}
Aed AERAE FolM AP upe} go)
HE7F 222 Adse 7t 553, B83
FFolm ol il o3} MM FH47% (ho
meostatic function)©] FA=A €ch. wd 7
Abe $EFos MAE £ U3, A &40
2 Astq AE7L sAgozEn dFuga
A BYSA AP,

AERALS} AL 2 A& HolHE B,
AEAbE 23 &olM AEAEE H2Ho
2 gFAJE wE, dabe AFANESS J
©og &ZA7NA "ok a8m, AEDAL
A AETe] &4go] f1a, AXgto] W
d AeEHe @He Bold, JAdAE MX
el £3E # & Atk 2F AXaANE
HMEFE, FAAEA A S4REo] g,
AFWEl fou, AAeIME HMERFE, °
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Fig. 1.

Sequence of ultrastructual changes in apoptosis(2~6) and necrosis(7 and 8)

1, Normal cell 2, Compaction and segregation of chromatin 3, Nucleus fragments and
further condensation fo cytoplasm 4, Phagocytosis by nearby cells and degradation
by lysosomal enzymes 5, Rapidely reduction 6, In irreversibly injured cell, the onset
of necrosis 7, Irregular clumping of chromatin 8, All cellular components disintegra-

tion

HAZS P gL, FHEF Nee B
T SIHD).

dutHo 2 AEaAlY Fe RIS A
P Add wate FHate el Holn, 4
EnAe golig EaH2 (lysosomal enz-
yme release) 7t 2495 o] led W], Yajes
Exfre7t flem, MERANE DNA o]
TEHL%E Aol (internucleosome) ol U4 &
A dejuted FAAAE B2 5h? (Table

1, Figure 1).

2. MEDAte| mEEH AA

1D ARdmA 22

AEDAZL dejua Qe HEE A2
B2 #FSW UL H 2 Fugy 5
7Hn HEDA B84 A Az geet
H 53 YA wAs e, = 8 g9 o
el F3% (condensation)o] WAEHHEA ¢
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Table 1. General differences between apoptosis and necrosis
Characteristics Apoptosis Necrosis
Stimuli Physiological Pathological (injury)
Occurrence Single cells . Groups of cells
Reversibility No(after morphological changes)  Yes)up to the point of no return)
Adhesions between cells and to BM Lost(early) Lost(late)
Cytoplasmic organelles Late stage swelling Very early swelling
Lysosomal enzyme release Absent Present
Nucleus Convolution of nuclear outline Disappearance(Karyolysis)
and breakdown(karyorrhexis)
Nuclear chromatin Compaction in uniformly dense Clumping not sharply defined
masses
DNA breakdown Internucleosomal Randomized
Cell Formation of apoptotic bodies Swelling and later disintegration
Phagocytosis by other cells Present Absent
Exudative inflammation Absent Present
Scar_formation Ansent Present

Hdo] ot uiz of HFRYR FHPHY
G 2ga 2719 Re gojgz mg
(Fig 2).

Fig. 2.Early stage of apoptosis: Convolution
of, the nuclear outline and segregation
of condensed chromatin in sharply cir-
cumscribed uniformely fine granular
masses that lie against the inner sur-
face of the nuclear envelope.

AERANE Agols BESsHA o] 3
50 WEAYP Bo|Au (Fig 3), olo] =
ZE2 URoAN MEAR FE8A AR
£7|BEE TAE o2 EYRU AEnA
A (apoptotic body) 2 H.QIt} ojuf &4

Fig. 3. Convolution of cell and nuclear out-
line and compact nucleolar remnant
(arrow).

(nucleolus) o] ZFEL 3<tel e A=zt
o deiglon #Pde Pz v5E 942
W 7h7telel 1Al €t (Fig 4).

ol WEst oA FAo) MEDe)
= @ Wt dojuh, MED T3] A
g, AEEA] FUAYG BEo| AT B
H4e FAE AU (scanning EM)IA 2
#2490 (Fig 5). ¥58 A dele 59
@ TE7H gor duz 2] HEES A
X9] #2 (exocytosis)oll o3 wjds = &
o} (Fig 6).
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Fig. 4. Multiple nuclear fragments, which
are enclosed by double membraned
and which have varying chromatin
content. Nucleolar remnants are in-

dicated by arrows.

Fig. 5. The surface protuberances are gra-
phically obvious using scanning elec-

tron microscopy.

.

Fig. 6. Apoptotic bodies shed into tubule
lumen in nephrogenic zone of kid-
ney.

Fig. 7. Degraded apoptotic body within int-
raepithelial macrophage(short ar-
row) and early apoptosis of epithe-
lial cell(long arrow).

o’

Light microscopic appearance of apo-
ptotic bodies(arrow).

a, Untreated poorly differentiated
human carcinoma.

b, Rat liver 3 days after ligation of
associated portal vein branch.

IF 1AE AZY AERAAES A
AR AX, F, AZAEY PAAE o)
G453, golasuely BT (Fig 7).
223 glojR MERAME o) 225
9 32 APAEEC] o] FAY, T4 35y
w o] A @,

(2 #Fdm3 44

AEZRAZE 31 Qe HMEY ety 5
€ Hematoxylin—eosin® 2 QA3}e] B8t
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drjZez BASYLH, MERAE 2H&
AN B ME EE AEES Fe Ao
A 2AEY, DALY AEE AL QP =
7} (dense nuclear chromatin fragments)& 7}
3 2% 3234 MZA (intensly eosinophilic
cytoplasm) & 7Hd 98] £ FAY 9 $of
2] (mass)2 Bt} (Fig 8). 284, Al ¥4%
# HMEDAL] FAol maA oy, ol
@ z2Ztse M2/ gA8q, 2oga, a3
o2 Wojel A7) HEo] 4Ie AERA}
%7 A4 (histologic section)] A 0] 7] o]
olvl ZF&o)A AT ke A Lojo}
3H, 2 Selx MERAE FHAhshe g o
L dodA @olo} d, o olguE

o zAHo 2 WA} Bs YsTe,

V. MEZ DAl gsjsts sxy

1. MZZDAbe| Msisty 7|8

AEDA} FEHE Z2E AFoly ME
Felol me} v st 2 B s
ohzle BasA wHAUA g

HMEALY] A 279 44d 53
71de BPAA 7= Y, oy
W3te 728 2% (nucleosome) Atole] A7
91 (linker region)lA ] o]=# DNAZ
s o] 180 WA 200 4714 (base pair) 2
ole] w2 Ad® xZtEo] A7E Ro|g
olE@ 27 o3 nAE HMEJ FHA
#719% (agarose gel electrophoresis) 4 &
A4 Ate] 2% (ladder pattern)e] o
(band) 2 veb}A €} o] Fge Hape] 4
HolE 729 DNA £3lo] o nuty u
B (diffuse smear pattern)St B PO
(Fig 9).

°l2i@d #z DNA #%# (internucleosomal
DNA cleavage)© W#4H2 8 &2 (endonuc-
lease)ol o8] zPdtn 3253 glon of
Bae ZER vlavgd 98 ZEHY of
ol <13 JAEGn Hug u Yoo Yy

L

a b C
Agarose gel electrophoresis.
a, control b, apoptosis; characteristic
ladder pattern of DNA fragment c,
necrosis; diffuse smearing of DNA

Fig. 9.

AEHELE BR HMEN PR =
A3te} 1982 Nikonova®7t 4 & o2 Z4/u}
TUE EY WYY EHEE (Ca*/Mg* de-
pendent endonuclease) & RE.11§ olgjz A3
AR 6 Nz ge BE/miaue 924
WAARSH A7 BaEm Qlopes,

AFAN BnE uzE FAMES 1A}
 ZEAY Fso) ¥Wedn BHEXI} 44
HE W dERaLst 48 E Rz 2
SHL Q7. a8y, FAMEY nAE Y
oTled AE W 24 5ol g Az
(€59 Protein kinase C9 843 % Bof
3 Aoz ¥MNYD YW =P e FH9
AEAME AZY ZEA7 AERALE FE
sed F28 €L e N E o}
B3 Flo] girpess,

29l ofdo] MEujFolM A ETALE
dAdGE ATEA7} lon odzEy 3
e W EANN AABYAEA} 24
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TG ATEAEZ AE3Ale] Bojsi
W ARAELT} olde] o3 AP A
& BoAFm glrpom,

HIole A4 pHol AW S4stea 244
9} °]2 (metal ion)e Wastx ge Deoxy-
ribonuclease II2he WHBE N T2} HED
At SAETE Bus glomse Qe 9
JEQ AEEA T YZ7 (interleukin 2 de-
pendent cytotoxic T lymphocytes, CTLL-2) 2
S AZAME vladg &4 yapesa
4 (Mg' dependent endonuclease)®] %7}
EE Aoz Hugn 9o,

clstge]l BB A 2o NG Be wum
7b Qeu okf oW WYuRHELI} AX
LA BAHEAE Ao 29 g
AVEHALTE @ ME7 BEolx)
7l Aele @ $7F don, &8 ojag Wy
AEsExze] ¢ W DNA £8o| o)y
AFY A9 F%9 FYIYA YAAAE
by Bad ZAE g,

AAHE AES MELHT moke] Wale
FEHOZ transglutaminase &4 o] o3}
Rz Y5z Yo transglutaminase
AEZDA} AYste ok FHET S48
€092 FdsA dH SuFoln, o A
© AEN ueMdse PUIY aduy
(cross—linking) & YoAM ZHuy g
(keratinized squamous cells)®] 7 d 3} frAbst
Al AED ghe] Bty HAe YHsmaR
HEDAA FHME o8] FA5 )0
Wege] ¥ro wALYe ] RalA s o
g% @,E‘,N,ls)'

ES AT EAPoz HoxE 4
¥5% (cellular condensation) €& MY Wg
& SHATIEY 2 J1Ae obF wEAm g
A gt a8y, H2 BEEy wwEs
(Calcium dependant protease, Calpain)7} Al
EZ7 (cytoskeleton) & 23 ste] MEs} H2
FIHAL PP E ol FH BAPThe
Hazk g,

AZDNAZL FAZA S wa] @iy

€ AE A% AR Yo AL on
30 WY EY Qe Ee] oF HETIAE
o AFg ol AT Sl mAE AT
ARse 58 A (receptors) Tl o8] =4 d
o AR Qe olEg #8A F9 sy
7} vitronectin 48] (beta3-integrin) 24 1
A BFTe YXT gz zYe
Aoz &A oo,

2. MEDA REQIX}

AEIA FEAASL AE EHe 584
% 2¥Y F U357 YA (messenger)
o1at AF A} (second messenger) B9 o] 5tod
AEIWe Aoy AEmA frpd B3
FAA 2do] /1T 53 gud Fao)
F7hEo] o) gudse] Y, Qo AN
°l DNAE #¥ste] METIA} dojdcin
Boh 2N MEDA SE ARFY st
glucocorticoid & FHMEo] Fojshn oyt
TAES $HH ¥4 Z7lso] DNAS T
ko] MEAL] A3ty SAAA 2o
dehdT, olel @ HERALY SR ATP &
Hel oluAe "ae sw MEDLA RNA
o wude) A3 Ao WAy ofy
A AxYeor ME T 2FFQ9) gt
I A g 59 2YFY AESE Yuy
1M RNA EE B9 gde odAse 23
E°l AXIAE AT ge Ao
A AESE TFPY 2R WYy gxs
ANE HETALE FIAZTGE Aoy,

ol ¥R mio] o Hyoze g
o AE7 AAA MEZSL A AL
FTANAF g 28 wIS Xn Qo
53 MM AAAY FAA hAL e 4
93 gl o5 RNASH A §A4e F
Agke o] MEDAE BHER e §
EdheAd deigicka Ao,

19809 % FRRE gAYl N MESA
T dE79 2AFEHE (natural killer cell)
SOl olf AL AMY, FHANE 49
AEA7} AE lymphotoxin, interferon, inter-
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Table 2. Stimuli for apoptosis in different systems

Inter- Apoptotic
nucleosomal nuclear and
DNA cytoplasmic
Stimuli Cell type fr: morphology
ATP Thymocytes, lymphoma cell line Yes Yes
Actinomycin D Leukemia cell line, primary cultures of Yes Yes
rabbit endometrium
A23187 Ca**-Mg** Thymocytes, prostate Yes Yes
ionophore organ culture
Cytochlasin B T cell lymphoma line Yes Yes
Calcium Immature thymocytes Yes Yes
Cycloheximide HL-60, 1° cultures of rabbit endometrium Yes Yes
Anti-CD3/T-cell Immature mouse Yes Yes
receptor antibody thymocytes
Epipodopt i Thymocy Yes Yes
Gliotoxin Macrophages, T blasts Yes Yes
Glucocorticoids Thymocytes, lymphoma cell lines Yes Yes
Hyperthermia Lymphoma, mastocytoma cell lines Yes Yes
Irradiation(soft Thymocytes, mouse Yes Yes
beta or gamma) fibroblasts
Lymphotoxin Target cells Yes Yes
RU 486 Rabbit uterine epithelium Yes Yes
TCDD Rat immature thymocytes Yes Yes
Tumor necrosis Target cells factor Yes Yes
TGF-p1 Cultured rabbit endometrial cells Yes Yes

leukin, tumornecrosis factor (TNF), transfor-
ming growth factor (TGF-B)§% 22 cyto-
kine, glucocorticoids E & F9| g
(topoisomerase inhibitors, alkylating agents,
antimetabolitics, hormone antagonist) $ol ]
dol AEIAL FERE BHdPon Fa
7AA AR AZIA FEAREL Ged
ZoH" (Table 2) .

3. MEIALS REE RER Y CHHMS

S AP uket o) A Sbx) guxF
oy AEIA FEAREY ot AT
A AZE FAA FHo Frhgm o] §HA
ol elste] APNE wude] MELAE &
=3 Aoz 4491 e, Ygoly ¢
el BAY B FHARATO] MERAY
ZA9EE & Aoz duEA A, z8n
oY MENAFE YN B4 gz

#FAz Aol Wad Aol olua}, §AR W
g A e HEIA} fEddE A
olth & g W MELAIF MELAE §
Edhs @A wizbrlhc 48 Ze Wz
71§ 7k JAA G o3 YA Moz FxH
At AAGEE A el FA o) sy
Hol 28 AT FLSATH GA A
EA7} FEETE Rojrhy,

AF7HA Bad AEDAY BHE FAA
R BAEe O g

D bel2 FHEA

bel-2 fAAE BAIX I PAoA w7
HE GRAREA gWE BB nESE=
ob wat WAAAY, 123 Aty wdw
o ABrHod pol-2 dHFAAE MELALE
ARHoz =dse HAEAL AL (cell
death suppressor, antidote to apoptosis) 2 &
HAA AT bel29 FE7 £oW cmycol
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A FEE MEIAZRE NEE WolsA
e,

SHH 7R bel-27t oI RA MEAFAAES A
AsteAe ¢ god BA wed Bai
2 (reactive oxygen pathway)ol Zeai=] o
7t F5H3 A2,

1992'd Korsemeyer® 52 wjokz Pz 4
Foll A bcl-29} heterodimerE o] & wuld
?l Bax homodimer”} A¥iAlE fEgois
AL HA}AET, bel-29 Bax® A Z hete-
rodimerE °] &%+ UeH Y Bax7t FET
WAZ heterodimer® WEW MEIAE &
AN I, bel-27h FFold AERAIL A"
o HZALS AL bal-2o] o dojubm
Baxe °l& £AANN=H MEZMZ heterodi-
merE Ol FEER HAH ko) HolzH o]d
4& 2HFE Ko MAda ik A7
S bel A @ do] oJHA HETALE o
AstEAE o} olssx Fata gtk

(2) ps3 @9

p53 FFAAFAAS @uMAEe HAY
DNA #4 AlF do] MEF7] A%< FAA
2§ low, AggAN LAE e S
o p53 frAAY Mol e AL AT
o,

p539] 71 R A& DNA7} 2 AA 9 &4he
43| 337 M] DNAE BAlEl=ZH o
Aoz wold ME BEolAA sty
& FEALD $ Yo,

p53< olgge] NERG oAARY w
ohet 3o weh APHA AEDAM ARG
(apoptogene) &, MEIALE FEahes FaA}
EE ZEoc JEEY TEYNEY MEF
X B3 p53 @wel FAYAL A ETAL)
3 WE AEAE FEFT,

(3) myc &HAA

myc FfAAE FLAEE A Hfohd
EoA FHe] FAHE 2o FA A A
EaAt FEETE AL 2ASEN myc &
FHA7E MEZNE oA HEIA})
¥ MEAYE JO ke A0 Evan B2

oA A G

myc ¢FH2 3 c-mycs} s-myc AR S}
I AHEEC] AHFF AT MIEANA
ol FrtAUTR sy, olg FAA 4w
E°l max#t ¥ 2& @ AEH heterodimer S
Y F AEDAE FEdE sde) B}
A€ obY7A B,

(4) Anti-Fas antibody

1989'd 5] Krammer BAME o] W R
Apo-1 F97 &% N 7)e] YRS Yonehara
FEYEo] Hug Fas 9L Y adal
®l, o] Apo-1/Fas &o] th-$3k= anti-Fas &
Ae AR FEIAAAL 583, AF YA
2t 879 AFste] Apo-1/FAS Fdo] FA
W Boly AMEEAN AMEAYEA #o
e AREY F8e ADFEA TE AE
ARAEE Rl MEES AEILAE A
o3 oy,

(5) cell death (Ced) gene

A% (nematode) & ¥ o] (mutant) S o Al
MEA o] BHE Ced HAAES] BART
53] Ced-1, Ced-2, 23X nuc-1 FAAE]
AEDALS} Bde] Utk 87, Ced-3% Ced-
4 FAAEE 43 WA ATEY HERA
o e Aol AL Aolgdm Fu»,

V. MEAbel B gy

1. HENSHN weol o8t MEDALS| RHE

(D ARde Ao o 23

AEIALS AGe AERALS] 2H G &
Aol X A vheh go] AAEN AL o] &
ZAM T2 (ultrastructure) 8] 2ol o =
&5 Aok

shpe) MEF AEDAA S Polelz A
Hede & 2fel & Az, 2 YA g
A oA AEZIAAE YRE FFe
WHAE £ S0 Qe HAE F g
o o3 w2 gAE. oy BFe W
Ay Edol WP AEE ARG AAA
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HRE =224 & F Atke Aol JEME
& F Yk F 2H 50N ATRAA Y FY
I BEHAP L 5 AL (F 347 gl By
Al B, 282 AAPuZEL0) AELA}
e &27)e e oW F2 UFe
BBl FRAA F2 wALA Horp,

FEANE B AXZIAAT FHA X
o8 F4En, gAE o] AEaAME g
olag Eiol o3 P =
| ME MEIAREAE B2 FHE
£¢ ¥¥sn dod ¢ & Qo

(2 #g@n e 9T 83

%749 Hematoxylin-eosin g o2 #IE
F ok SAMNE AFE vhe} 2ol AEuAL
o Bedn|Fe)] AF Je F2 g BEd
AEIALR Q) Eo] g},

Hujg SUEE (smear) Aol MEEHo]
WeRgor Wed MEI RHolrle A
dHe] 2P =9 gty FAGNE =
B RAAY v5E AE2YEH AEDA
o] ERge nA¢ 23g ARjeiar Sup2
AR E ZH o)A T4 AHEHE Ny 2
E% (blocks) & 2gNo] JFshed AL
AlZbEeh Byl doh =3 AXadse ¢
A F AsA BEgd 28] od9gR
o AERFANE AERANE AHE B3
Hol A% AANAES] 2AGWPoZRE 7y
o] olgA drh.

MERAAZE AER] e FAE A
e FRA0F e AHgst] #FY PE of
2 B3¢7 % Ao geiw B8 238
EAFEL AT F glo] BAHE AX $
& AEbte) e MEIAAFH T
HE F 9leh oA AFE Y (artifact) & ol &
MEDAA stetEABANN Eol F YA
HEE Bl Ak (Fig 2).

(3) In situ staining®] & M E 1A}
a3

AERALE TR PYdlE 474 AT
AN EHste WET 249 Yuyg BEF
WA AG3E in situ &80l Utk o)F =3

o Aty welN MERALE EASE
wyes F49 =APARE AHL AR
whEolxl =AAMAA Zzte] do)A DNATH
38 A< in situ Nick end labellingg 3H&
2o ok,

% st ¥ujzAoeny WL VE F
xylene3} alcohole ©]&3te] gujeldAn g4
38 A7 ¥ digoxigenin©| labelled® UTP
(Uridine triphosphate)® TdT (Terminal deo-
xynucleotidyl transferase) 4 & 439 (bu-
fer) 3 F7 WA ol AEIAL U
ojus MEZAXNE DNAZZOl 171 f&o)
Aol o8 UTP7E A ®ch 28 ¥ stop
buffer® #-8-& A1 anti digoxigenin-
peroxidaseE THAl ol PBS (phosphate
buffered saline) 2 3L DAB (3'-diaminoben-
zidine) 2 WA AT B,

HZ) OncorAt AMF F2IARZA A}
(in situ apoptosis detection kit. ApopTag TM-
ki) & o83 Az siet gaya z3
9] methyl green®] =G Mo] &) HA @
T F Ak o] WPE thgol AT A5y
Wil g@Ael ws MELAY FHQ
FAo] 7hedttte B3 Ak

(4) MEARAS (Apoptotic Indices, A

%49 Hematoxylin-Eosin @408 =g
dezAsety Yyoz DNAZZAS g3
o & ¥ v) Eehel=vith 4008 & 3ol
A ME 10003 AXZAA S 8 2] g
0T H AN Ao BEG F, Ee 4 &8l
BET FH9Z 10709) 2 & Aok (40080)
A #EE A E DA F9) FRFHEE T
MEIAAFZ & 5 Aok F, E4HA g
100708 MEZ AXIAA S £& HE g2
EHY Aotk a8y oty e Alge F¥
oA A EFZAF (proliferative indices) T
AEXIARAE7E Bo] Basm JAE o2,

2. gsists welo| ol ME DAl A
(1) @3 A 3N9s
YAE 29¢ olgdtel I A AI9T
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€& AYE, MERAE DNAY FEHes
Atole] AZR-SJolA HEHo] o 180~200
G71%AN2 RAHES Altenee] w2
VeI g AAel N deHos g
o] Aoz 248 Rolng AIFIES
el gk =adez JetuA € (Fig
9 .

o] WHe AAAnAoY F8 HuFe
o183t Fepsty AL st Wyl ulg
o] HA 3 ugo] ARHNE Y, &
Hl#g o] 3~49 Aa FAY Aol %
7le AW METAGANN AERAZF "
AEo) wge FEeA & FE Aok gty
HIZolE ojd BAY A WPoE FAE
23 (Flow cytometry)ol o3 2A7ubo]
Al=H 3 ik

(2) ®AX £47] (Flow cytometry) el 2]
& 4

FAZ FEHe AXY I sty
ARE AL A&3A 244G & e,
MEF719) o8] @A ate] ¥E9} DNA
o FdAH FFo] shsEy, Aol oEF
A MEYGANN 24zke) ME9] DNA, FLF
< AFHoR ENE F WA Ik

ZAye sy ZojE 23S AT 3
TdT$} biotin-dUTP $°] X3te &Fqo] B
FA1Zth&  FITC (Fluorescein isothiocya-
nate)-aviding EFT FAAR dedA 2
B2 WAL MH8 propidium io-
dide$t RNAase7t €#¥€ AdSF4 g%
BRHAA ez Rol AJFEE 303
HEA 7L A A FAX SR2 FAH
o
o3 WY o8 FITC-dUTP7} 38 =7
% DNAE 7HA& IAME AE$E 233n
ol AFMEF} v Fo2R MR e
HEES JDolM, T HME EFT)
A AEIALY M S AT 5 A DAY

VI. ZVE ZBEtol|A{Q] M TAtO|
ot o

1. 2tat ME A

%< DNAY 37t AZE 71839 &
He 24 W BASA "ok AE Ed
AEZE Aol Fi A v &e dup) g
ool Asterte AR ofm e FA
AT AF3 FEHAT AX HE7)3H
ol ARNE2HN o] AXA B £ Utk

< EAAAIE DNAE A AY F &
DNA HAd] B8d &E4zEe Wasty, A
Ee AHYez o|AdFFY &4 ugs
A Hed, 8 A9E &3] BRI
AXEEE A7NZEF & AT £9E FeE
222 AEIAE doANAY, B AELR
F718 F8 Fool 1YY F = Qg 2
HEg, AEnAbe fASHA Pl e
HEZE AASLZA Y3 e & e
EAH A ygoln, HFFAQA MEDLALE B
F3te AT g sigstn dAse s}
S48 70 FAA WolA (varinats) & A A
3 Rz g F2AY £ AU 2y
W, FAAAE NEE E3E Fo AELA}
2 27 48 298 58LA, B AX
FNE B3 AL 2AEAE vy & &
Ao,

ojstge] MEIARZ AAF/NAH B
dE A EAIG7IHO] opdrtst] Be AT}
AP Aok F FFAXES] M2 HME
A FEAAEC] A& BAHD o)Ee 7)
Mol BHAY oW HERA FEUARA7 oj W
Az Ag A 2% (signal transduction system)
o o3 FAARES NI/ AERHE A
€1, ofd 54 fAxe audse ¥y
ol FHARNEAE FA%L olF FHAY @
HAEY 54¢ F95E ¢ N8 N2
el €9 Aolgtx st U,
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1995'd Liv* & T3 %o Hyyajrze
o)A adenovirus-mediated gene transfer® Al
g3t ok WY p53& FLANANE AFo] o
Ase A BASL, olHF AN ps3 #
Aol 4 FFRFAAY 1AL HEDAL
o g% Aoz Boe Mg UM, o4y
p53°] AbHe] TR EFol A Al E A}
28 4¥L 3t Ao BT, oE AE
AA MEDALY HAAA FE7F FHAAR
E9 @ oz AT Hojol gty Hmsn
sk

2. MZ ARl Xt7pHoA &

A4 AFzAANME A7t Fdo] AYW
NS YEFE AERA g8 FA G,
a2y, olE YEFIF AT oF A A
e o Aol A7E AstEe Agol A
7171 4A sed, H2 bel2 FAA7} g
Hge AN B9EHAY U39 (Immune co-
mplex nephritis)o] HASHE R BuF B
A op,

3. =siel HMY oML HMEDA

westel met AMEDFe] i He Ao
FAHoz 2dHe e EFsd 2y,
=3EE F 270 EE doaiA Azt
EdFE A2 /B9 ey ARe
deslA fo. FFNHA HYY A@o
daixe & drsel ged, Folste 473
AEe AEIAY Tz, Y35 wWag
YehhAE etk 28y, B RNAY @
2 $4e 4eR e 3" MEAY A=
& ZHAZ glepee,

AR AAY, FEA ofvlwat A4
GEAE] A xFe WAHATNA =4
ol e, mANBALANA bel-29] T B
e BRI AA g ATAS
WA £ Joke BIE e,

4. MY HAZE ZFF (AIDS)H ME
A}

HIV-1 (human immunodeficiency virus 1)
2 9" AHe CD4 g e ALow @
ZTPREFH 9dEYS 2gPd. e,
FHY WAZRTFTL CD4 MEFSTH A4
EHFAole) BAHA BTYOR B ¢ g,

HIV-1 el M 927 AEe) 7lne B3
g 4o gt HIV-102 Zdd Ay
CD4 BZFE FAHE L EE (mitogen) & 2+
S AZnAe] o) ZA @rh,

olehto] wrop MENAF FHA WAAY
THTAAM PZF AEe W9 setw
AZnAS DA RAFES AeAs
EX dqdge] ARg AAANY = e
2o

5. MEDAte &% XZNY

SRAMEY AEnA) WG FEHE FI)
ANAAG gaNlegN Jadg Heg 5
sledlet Bop MELALE FIAAE Al
Aol WAel Yx MESH W g
e FZAY ¢ oz v, oY Al
AZE bol-2 B AAA, METAY T2
A dstes 248 BEAEY Boe AF
Sold A4 Fol A& 5 AT MEIA}
o dAAE FALALEYS S =
ol 2 Aolm, KA Mgl A% F A4
T2 RIS FRUZAY HA4 A
E7F Q& F AT,

B AZnAtel g d7E Z4FHA =
SelA HEZE 24 e €S gA @
Aolw AEd AEFLe sy AAe
=g e 24% & Qo By,
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