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Apoptosis
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1. Apoptosis2t?

9 dsfol olgt M EA}L & I AMnecrosis)Ete
AdL nxgel s A7\ RE 859 F4o] Ho
stor, B 22 o] EHQd o] F
3} AV BAL deiE 7lsEH] 2o
o), Gt FAolatn ALFPEA A &
TAEL AL BA BEa dAch g Ker
oF Wyllie} 19724 Bl e sta @& A
apoptosis?] 7Nd-S LD EIF ezde Edy F
A7) 2 w7 A] Ao 200 o] Mldo] F st
Apoptosis7} 2 59 &AL | olf= AEAL
o] AZHQl )8 B old HFE & 5 Y
oA wlgEe] dee) 392 Aolaha A
"l k2 o) f+ apoptosisel] &1 3F A EALZE X
B3) w3l 43t e AXFY 2-o)TE A
HEAe] ZYA e EAlo] BaE Fu goes A
9] 14 W Folgtn & 4= glt

- MBI &

]9 & apoptosisE <& Agalel 93 M EAL
% I AHnecrosis)o ek shte] o] Z(antithesis)
24, W3 83 FA 9% programmed cell
death(PCD)E A FE38= Ao Aoy,
apoptosis®] -+ 3 (triggering mechanism)o] A%
YR ol ) 9 R = gl gl WAL, o'
< A, 53] AL A 24} apoptosisE
HhglE Alo] A ATk T 9 AEFI)E F4
olgte BEU) ol9d] ¥3}, n3, ¢3l, 1giu
apoptosisZh= A|EEo] Qe £O-& Fujge] o
AF o] gl Ao gl wrel apoptosist Al
EAesr 2 Wejgte F23 A7-Bopr) HUrk

Fig. 1o =4 3l5k npe} o] 3 AHnecrosis) A
Xo] Jojre nEEZ=|ol W HEute] T o
2 A)2ste #l3 organelles?] B3d] oj2x §
83 wslEe] EAo|, o] AFHZA dF,
i D AR a2 o] FHURA AR
(spread)H o] 9] MEAA Aol dod 5
= yhde), Ao & o)E B 5 waE o

IRREVERS!BLE CHANGES

High ampiilude
mitochondrial swelling

Mitochondriat matrix
densities

Pragressive dilatation of
endoplasmic reticulum

Lysosomal rupture

Plasma membrane

Nuclear dissolution

Loss of recognizable
organelles

FORMATION OF APDPTOTIC CELLS
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Zubgol el e g 2ol Bk Iyt
apoptosisE & M2 Afdde MEee 24
sk N XA Q) FAZA A Z8le] Alxute] FF
A A = quffle), W25 SAAEAA dF AA
ol gAHIE st -2 AU A &9
$H 2 Aol B A ¥ sHapoptosis body) 2 &
ok AR A o] A e] EA-E P EE O
PAEAT AFE-2 AL, FH W2 E
H 275 A GEgE Aol dE 59 9
gl Al sl H-& AlatH 2 ool A
L Feoll A e A EE Alg}R]7] A|RFEY, o]
5 SO EEZ2M apoptotic cellsE TE 4 9l
© A5 AY gl vivk 2w A A A
apoptosis FHEFEE 71EF dAHANNFHE
apoptosis& ¥ 27131 Q& MEES 2T 5 9l
S B} o} e}, apoptotic nucleioh A dolvkar ¢
= nucleosome ©$] 94 2] DNA A (fragm
entation)& A7|YeHeZ FHE F Utk
Apoptosis 7] el 2Jste] HIEALE A EJ TGS
Aegslsled o)&5E T WS ARt
W -4 TUNEL ¥& Z2)2 #H ol A apoptotic cells
& B2 A 4 s W ely, FDA/PL G4
(Ross et al, 1980)2 F-frAl 2T A apoptotic
cells& flow cytometryol 2Jake] st A4
olt}, 1992\ Gavrieli(Gavrieli et al, 1992)50] &
E3 Tunel B(TdT-mediated biotinylated-dUTP
nick end labelling method)& nucleosome TH1(2F
180bp)&. AdE DNA fragments®] 3'-OH~7] 2t
of TdT(terminal deoxynucleotidyl transferase)&
o] 8-5}4] template-independent 817 E71(47] 4
T dUTP F=ADE AFAN7)11 =X88y e
WA gshE] 7)oz ARo] AgE dJUTP &
28 A EZ apoptosisE F&AE= 7Yoot
Tunel-& formalin 313 % Paraffin sectiono]\}t
cytospin #& FoE $8% 4 Ut 9 FDA
/Pl 94882 apoptotic cell £2] A¥275& &
A AZWEL, d A esterase EAEA 0]
245 Arhe HE o] 85 Aolth. AR
fluorescein diacetate(FDA)E A& A 7)¥, viable
cello A= esterasedl ¢|5te] FDAVF 334
FDA(Z FDA+ cel)® W33} 1, esterase 84 o]
{10171 apoptotic cell& F 44 FDA(S FDA- cell)
7t e AEEA A, w3 A¥e 7)1 5S
812 necrotic cell(®+ dead cell)& propidium
iodide(PD& F3A)7] 22 Pl positive cell 24 1}

S S

ER} 5L apoptotic cell 9] MEL7| 5L 2735k
2 PIE F34]7]%) ¢ Pl staining-negative cell
2] vebdtl. Argon laserg A A 525nm(3 34
FDA) 2 630nm(PDoll 4] flowcytometerel] 23}
2 &g}

2. Apoptosis 2| =& XHocl-2 family)

bel-2 #2198 Tsujimoto(Tsujimoto et
al, 1934)50] AZ AT F oA 1403 130 A
A9 3 AF (((1418)(g32q21)7F Lol AL
YA 180 A G (q2D)A 223 &
Azt bel-2 A2 A 79 exons 2 T4
%o ¢9).©1 splicing mechanism®] 2}o] 2A] hel-2
a(26kd)} bel-2 p2lkd)EHE F FF/9 vid &
A F &5 JaL, Bt 24 4 Y9E 7HRE -
2 o @A L mitochondria W2+# endoplasmic
reticulum, nuclear membrane 5o ¥¥5}= B3,
C-dto] A48 hel-285 AE A Ex3ich 4
AU bel-2 g A o] EAE WA 383 vy
o 9J3te] Qutz] Qo % A dw], gl A4
% tumover7} A3k ZAEolL}, FX]7] 7|7
& 71 2A S AM Els 1 9la, w3t FLES
A3 9] neuron §-ollA B 4 drHHockenbery et
al., 1991).

19884 Vaux 5(1988)2 c-myc =+ EIA #4
AEH HEo] bel-28ARE A FolM T
transfection A1ZS- i, transfectant fibroblasts”}
immortalize¥ o] A IEF2 N £ e AS
Bt McDonnell $(1989)2 hcl-2-Ig gene
transgenic mouseE YHEUE W, o]E EEolA
polyclonal B cell hyperplasia®] @48 #3235},
ol ¥ B cellE2 o7 224} glo] A7)
7t in vitro cultureo A A& = 9128 LAY
o). B4 o]E transgenic mouse® ¢k 1069] A
FE A B cell hyperplasiaZ} 944 9s}Fo g A
AF7be Ag BYT) ogd = o8] ZAHAHE
Al A bel-2 fFx:12+] apoptosis AA75& S
e B AgEe] HauFHAth

0]43} 2o} bel-2 §-AAE apoptosisE F
T e B 2EY A olgdA] AEE AT
€ 715 7 ol Aol galsh, o AT
28712 o] ds] B8t I3 bel-2 #-3
2 EYPo2ME JAHA ¢k apoptosis FRE
EA & cytotoxic T cell killing )} cytokine-
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Table 1. Characteristics of the Bel-2 and Related Gene Products

Gene Gene product Function

Expression

Subcellular location

bel-2  Bel-2,  Blocks apoptosis Widespread in embryonic tissues Outer mitochondria,
Highly restricted in postnatal tissues nuclear envelope, ER
bcl-x  Bel-x.  Blocks apoptosis Widespread in embryonic tissues Outer mitochondria,
Highly restricted in postnatal tissues nuclear envelope
Bcl-xs  Promotes apoptosis  Human thymus Unknown
Bcl-x;  Blocks apoptosis Same as Bcl-x. Unknown
bax Bax. Promotes apoptosis ~ Widespread Unknown
Al Al Blocks apoptosis Hematopoietic tissues Unknown
mcl-1  Mcl-1  Blocks apoptosis Myeloid cells Unknown

dependent cell line-8- °}%& cytokine-deficient
mediumel] A& # =< apoptosis & &
F Atk o] AFELE bal-2 227} apoptosise]
#HZ 949 endonuclease 48] ol2x o g
ARE 7FUA 1 48-E A 5 Qg A
& AlAFSEAL ot

bel-2 gl o olul At Aol 9loj A, el
g4o] gA=o gl ofv] ¢elxl g2 gildE
F& homologyE #obd 4 glot, # & bel-2
A 2+2} homology & 7+ -7 ok &} apoptosis <
A e FI71%E 710 F4E §AR o] dAE
o] o]&o] BF hel-2 family & A8l glgo) &
#HA ) bel-2 familys FZ2H 0 Z bel-2 homo
logy domains 1 & 2(BHl & BH2)Z &&3 F B
9 949E /A1 o, EH AEL bel-
2, bel-x, Bax &)™, ] 52 Z+A} homodimer-} A
2 heterodimers 4%}, bel-x(Boise et al,
1993)& bel-xl #} bel-xse] ¥ {7t A5,
hel-x1 & apoptosis )7} %52 7}A il neuron
e 0 FHE VA HEEAAM 1 FEE Ed
&= ¥, bel-xsE apoptosis 2R17)%S 7R 9
bel-29 20 2 7% she Ko, o7 e
HE3] T3 e MEM FEET Q)
Bax(Oltavai et al., 1993)& 21Kd ©¥ @ 2.4,
splicing mechanismel] ]t} 2h4 4 Bax e, Al
%23 Bax B, Baxy 50| AAHH, bel-29]
apoptosis 21 A Z 7}l Z8ste] apoptosis F717)
& 2§ 3ok (Table 1).

w3 F 2ol &= Bad, Mcl-1, Alol&be bal-29}
Atgt 22 AR} family 7 FAE Ak 25 )
% Adenovirus, Epstein-Barr virus, Baculovirus,
Cowpox virus S oA = bel-29) homology & 712
apoptosis 2} Al-f- AR S| BHE oz o]E
o] %3 Alo)2Hg-o] g3 d % stth(Table 1).

3. p&3 A E M ZEFT]

2 1979434} SV40 virus T antigend] 233}
£ glE2A @A H e, oncogened 7HsAdo) #
o AZE}7), 80d Yl Fukv)d HolEo]
tumor suppressor geneL 2 AHAR F-x=polck
o0l o122 Wild type p53& #HJAHE = F
FAETE 2 wjERA wEk O 4R A,
(1) apoptosis F T (th BIFEE god
T gol AR pi3e ATFEL AT MEF
7} 3} A ¥.7-3-apoptosis?] A HAS 3}
= 988 sk

JAretel Ao} 5%} p53 gene mutationg 714
I At A4 I, inherited human cancer
syndrome®. 2 ¢4#R Li-Fraumeni syndrome]
210} pb3 gene mutationo) @ AR, @)L p53

“knockout mouse modelol| A ¢k YAIW &7} T}

#F 502X p539] AR} 7S del
olEofA gttt a8y AFNEE] DNA A8l
EE= DNA 4 A7 dled AEF7IRAS
A SHE7} apoptosisE B3 ¥HH, pb3 mutation
S 713 FEFAEEL o) SHF-ENE &
A 1 cycling cell2A F4& A&Ho
(Kastan et al, 191)& #8253 979 A2
FTHE UG A A ZF7] A3 BAsle &
2 24 A (check points)g Figure 20 &9k3t4ct,
A EZF7] A8 gl retinoblastoma THe A
(Rb)e] Qdsdeirt 33490 247158 53
e, 9714 cyclin® cyclin dependent
kinase(CDK)9] <J&-& Rbe] 14t3le] ke A
< 2 &% ot} o] QIS AL 2-de
B 23dWdE 7k p2l e p3uide] &

Asa dvh 2¥w ohve ps3e Baxst
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Cell Cycle Regulators in G1 Nuclei

(Rb and Cyclin/CDK)

(a) Dephosphorylated Rb blocks the transcription of Immediate Early Genes(e.g. e-fos, c-jun, c-myc).
(b) Dephosphorylated Rb is complexed with transcription factors(e.g. E2F, PCNA, p21 etc),
but release these factors after phosphorylation by cyclin/CDK.
(¢) Four cycle braking systems are known in G1:Probably cells make decision to undergo apoptosis
or commit differentiation pathway utilizing these systems.

Braking the Cycle

1. pl6/MTS binds CDK4 and depletes CDK4, therefore Rb remains dephosphorylated.
2. p53 induces Pic gene and Pic gene products (p21/Cip-1/WAF-1/Sdi-1) inhibit

cyclin(D, E, A)/CDK(2, 4, 5).

3. TGF- B induces p27/Kip-1 and Kip 1 inhibits cyclin D/CDK4.

4. p24/Cdi inhibits cyclin E/CDK2

Cyclin A
& CDK2

Cyclin E
& CDK2

(Cdi)
Fig 2.

(Miyashita et al, 1994), Fas(Owen-Schaub et al,
1995), =+ E2FE %53}9 cell cycle arrest B+
apoptosis F5=& A3 &}A "k (Chemova et al,
199%5). ©]& TAIE Figure 39 2.9F3)}59 ). B39
olale] &% cell cycle arrests G1-S A oA
T dojus Ao Az ghovh pi3E G2-M
transiion| M= GA] AEF7) APS ZH3E=
Aol H WA

539}t 5180 cycling cellE oA apoptosisE &
Wl AEF7| PR} GRAEZAE c-myc
i} E2F-1&°] & # 21t} Nuclear protooncogene
c-myc< helix-loop-helix(HLH) family AAFZA
QA2 A pa3gt A G1-S AA A AEFANH
P& 2-sE A 2ok Wid type c-mycS ¥8
e ARolAEES AYAGuA A FAFX
(growth arrest) A} ol] E0]71*] T, c-myc mutant
& 7 ARl EES 2L d3lA F4%XR
delel Eo7}A] X33l apoptosisE fEgkct

Cyclin D's |Gl

(Evan et al, 1992). T cell =88 33 2 cross-
linking A7)22M T cell hybridoma XS
apoptosisE LA = ded], o]" c-myc
antisense cligonucleotide® FPMFH, & T
e A EETHE apoptosisE EHE 4 9 oHShi
et al, 1992). c-myc-induced apoptosise] 7] -2 g}
) A gR o}, B2 HLH transactivatorEy) o
£9] c-myc @& @ o] pa3 -2} promoter<} A3t
3o o] & AN AL E Hol, oln) -
myc-ph3 system A ¥ 7] Z-| A negative
feedback loopE ©]F1L gl Ao] obd7l 549
. c-myco) }t pb3 mRNAS] turnover?} W21,
oligomerization H A Y & ZHJARE
complexing s} A $2.8 Hol 0|5 23759
B L of o oldlHojol & Aoz Azt
E2F-1°] apoptosis?t B E o] glrhs K 1(Field
et al,, 19961} oncogeneo. &%t el AW c-ahl
gene©] Al¥Z2) o 2]¢] negative regulator®2 2§
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Growth Inhibition and Apoptosis by p53

MDM-2
TGF- B AN

pl6 L

027 p21 \
l / E2F
CDK '
CDK Rb
7_) Cyclin — E2F \

l

(53) «— pNA Damage

Anticancer Drugs

« <—Radiation

»
bax

gene promoter

PCNA DNA S

Cyclin Polymerase ADOptO sis
Rb-p + E2F .
) ;
transcription H
Gl —L s ¥

GrOWth Inh-lbltlon € _Tosmyukl Miyashita and John C. Reed

Fig 3. Growth Inhibition and Apoptosis by pb3

FTh= Hoa(Sawyers et al, 1994 25 ol
Z47)%9 d9ez AE 3 gt

4. Apoptosis 7= 78 At Fas/Fas Ligand

NEFEe] ERg9e AT BHoz A
3 G Eo] BytdlE L AEE sty
cell-killing activity 7} S1the Z21& 1481, 1 &
785 EAHFYE Fas(Ei= APO-DI o) e} 2
231 71 cDNA cloning & AlE31e] o] JF & A
o] apoptosis-inducing gene, Fas®] W7 o] it
(Trauth et al, 1989: Itoh et al, 1991). Fas gL
3pkde] ekl A £ A Fas-&A A= tumor necrosis
factor receptor(TNFR)$} homology 7} &3t TNFR
familydl &3te 2ol 2 o] F W& ATHTNE/
TNFRell oA = o3 doll A AE3l7] 2 st
Fas ¥ 3 M %07 Fas 342 32 24 apoptosis
£ FEE & e Ho= v Fo] Fast 84
(receptor)o}at o]o] e e A effector(S
ligand)7} EAE A& o3t o) & A% A3,
Fas ligand7} 40kd®] Zere)d 2.4 18] 2] 51, o]of
3 F3h= cDNA cloningdl] 4533 tHSuda et al,
1993). Al AH 9] FasL 769% homology &
Ho]3 TNF family¢+= homology & B.©]% Fas-

Cel, Vol. BO, 293-299, January 27, 1985,

FasL interaction®] {lo]A] ofF# F&£Eo|A
(species specificity)g H.0]1%] ¢+=th Fass §4,
Zh A%, A%, dA Bl A% dEsEn
A 718 2AAE FAME EAHIL Yt
FasL 4@ & Qlufza g AiolM B 5 A&
g oluel Al &7 R oA B ozl A tha
W EHL e B g Fas/FasLAlE AYZAAE
o tumoverg 2E3ti Q& AR FHEAY. &
3] v} AT} S A £ constitutive expressiong &
4+ 8] 21} concanavalin A =¥ phorbol ester 53}
Ca” ionophore&4] 24331 FasL X8 ¢] 3A H
Y@t} Fas/FasLA+= TNE/TNFRA ¢} o}
CTL-mediated cytotoxicity®ll 23 #alx &
et o} 2} activation-induced cell death(AICD)®l|
A dab7-¢] poputation controlell ZF41o] ¥t 3l
o A ool E el B, FYHY
4 711 B3t ke FAEC] Tk
A7 WolZF29] AF-EoA lymphadenopathy <
splenomegaly & FZ 0.2 st 4199 g4
autosomal recessive mutant$-©] WA= o] lpr(for
lymphoproliferation)&} 31 2] gk}, o]9) FA}shH
X & autosomal recessive mutationo] A 14 4442
of WAFE Wo|F AFE) FHAEH o]E geno
typeE gld(for generalized lymphoproliferative
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Fas antigen gene in Ipr mice

5%LTR ETn LR
AATAAA AATAAA
Clong  {btp)
F2-9  (662)
F1-7 (504)
F2-10  (387)

A Aberrant transcripts of the Fas antigen gene in Jpr mice.

S EXT ™

mras -2 N |

[ —

\

Lys Lys Phe Ala Arg Glu Asn Asn Asn Lys Glu Gly Lys Ile Asp Glu Ile Met

mFAScg AAA AAA TTT GCT CGA GAA AAT AAC AAC AAG GAG GGC AAG ATA GAT GAG ATC ATG

mFAS AAA AAA TTT GCT CGA GAA AAT AAC ATC AAG GAG GGC AAG ATA GAT GAG ATC ATG
Lys|Lys{Phe Ala Arg|Glu Asn Asn]Ilel Lys|Glu|Gly Lys|Ile Asp|[GlufIle{Met (217-234)

Ile Asp|Gluflle|Lys (230-247)

hFas Lys|Gly|Phe Val Arg|Lys Asn Gly|Val| Asn|Glu}jAla Lys
(332-349)

hTNFRI|Lys| Glu|Phe Val Arg|{Arg Leu Glyj Leu] Ser|Asp{His Glu|Ile Asp|ArgjLeu|Glu

B A point mutation in the cytoplasmic region of the Fas gene of Ipr” mice.

Fas Ligand(FasL) gene in gld mice
cvr ™ EXT

L H N

Ile Asn Phe Glu Gl o * feu
n e u u Ser Lys Thr Leu Phe Gly Leu Tyr Lys Leu **x
mFasL{gld) ATC AAT TTT GAG GAA TCT AAG ACC CTT TTC GGC TTG TAT AAG CTT TAA
mFasL ATC AAT TTT GAG GAA TCT AAG ACC TTT TTC GGC TTG TAT AAG CTT TAA

[1le]asn phe(Glu klulSer Lys|Thr Phe Phe Gly Tyr Lys
hTNF Asp Phe Ala|Glu |Ser|Gly {Gln Val Tyr Phe Gly Ile Ala
hLTo, Leu(val Leu Ser Pro}Ser|Thr val|Pphe Phe Gly Phe Ala

hLT8 Val |Asp Phe Ala Arg|Gly [Lys[Thr phe Phe Gly Val Met
hcp4oL Val [Ser His Gly Thr|Gly |Phe Thr[ Ser]phe Gly Leu Lys
hCD27L Pro Ser Arg|Asn |[Thr Asp Glul|Thr Phe Phe Gly Gln Trp
hCD30L Pro Leu Glu|[Asn [Val Leu Ser lle Phe Leu Tyr Ser Asn 8Ser Asp

C A point mutation in the extracellular region of FasL of gld mice.

Fig 4.
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Table 2.

PCD-inhibiting gene product Characteristics

Adenovirus E1B(19kDa, 55kDa) Block E1A-induced PCD;thought to function by different
mechanisms

African swine fever virus LMW5-HL Has homology to Bel~2
Bcl-2 family(Bel-2, Bel-x, Ced-9, Mcl-1)  Dimerize with and inhibit the function of pro-death Bcl-2

Cowpox virus crmA
[AP family

Epstein—-Barr virus LMP-1

family members

Cowpox virus serpin that inhibits ICE/Ced-3 proteases
Inhibitor of apoptosis proteins having homology to
baculoviral IAPs

Epstein-Barr viral protein that up-regulates host cell Bcl-2

expression

Baculovirus p35 Protein inhibitor of ICE/Ced-3 proteases;distinct from IAP
proteins

PCD-promoting gene product Characteristics

Adenovirus E1A

Bel-2 family(Bax, Bel-Xs)
c-Myc

Cytokines(Fas ligand, TNF)
ICE/Ced~3 family

Stabilizes pb3 protein, which might in turn induce PCD
Promote PCD in damaged and senescent cells

Induces PCD in growth-factor deprived cells

Induce PCD in hemopoietic cells via receptor activation
Cysteine proteases involved in the execution of PCD

P53 Tumor suppressor associated with hypoxia-and DNA
damage-induced PCD
RB-1 Tumor suppressor that induces PCD when hypophosphorylated
Reaper Universal activator of PCD in Drosophila
TNF
Fas-L l
Fas TNFR1
{CD35/APO-1) (p55)
Plasma
membrane

<« ProFLICE/MACH »

|

Active
FLICE/MACH

l

ICE-like
protease cascade

|

Cleavage of death substrates

o| Death domain (DD)

Death effector
domain (DED)

FIGURE 1

Fig 5. Model of how ligation of a death receptor (CD%/TNFR1) may induce ICE-like
protease activity and apoptosis by recruitment of FLICE/MACH.



-378-

BHEARLE BISE BN

Table 3. Pharmacological tools for inducing programmed cell death’

Site of perturbation Possible mechanism

Example(s)

Cell surface
Disrupt regulation of plasma
membrane solute flux

- Membrane perturbation(?)
Intracellular oxidants
Metal ion chelators
Alter protein synthesis

Cytosol and organellar
compartments

Disrupt intracellular membrane

ion gradients
Cytoskeleton

Disrupt actin networks
Perturb DNA integrity

Nucleus
Affect gene expression
Intracellular signaling Alter protein phosphorylation

Alter signal transduction

Putative second messenger inTNF,
Fas, and radiation-induced PCD

Activate cell membrane receptors

Alter microtubule organization

Excitotoxins:glutamate, NMDA, kainate
lonophores:A23187, ionomycin
Transporter inhibitors:amiloride, ouabain
Detergents: Triton X-100

Tissue amyloid

Menadione

TPEN, desferrioxamine

Inhibit transcription:actinomycin-D
Inbibit translation:cycloheximide, puromycin
Endoplasmic reticulum:thapsigargin
Vacuoles:bafilomycin, concanamycin A
MitochondriaMPTP

Taxol, colchicine, colcemid, vincristine
Cytochalasins

Alter structure:adriamycin, camptothecin
etoposide, teniposide

inhibit nucleotide synthesis:fluorinated
pyrimidines, methotrexate

Nuclear hormones:vitamin D, glucocorticoids,
retinoids

Enhancement:okadaic acid, PMA
Inhibition:staurosporine, genistein
Enhancement:cAMP analogues, forskolin
Inhibition:flutamide, tamoxifen

Ceramide

‘Abbreviations used:MPTP, N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine;NMDA, N-methyl-D-
aspartate;PCD, programmed cell death;PMA, phorbol 12-myristate-13-acetate; TNF, tumor necrosis factor,
TPEN, N, NN N’ ~tetrakis(2-pyridylmethyl) ethylenediamine.

disease)e} 2 B3t} lpr mouse?] F-ARH] H
4] 9] A3} o)A o] vtE Fas antigen gene?
splicing anomaliesoll A &2l gt Ho]9d-& &A HA
o} I o] Ipr moused] 7 -§-9 @] Fas gene
9] point mutation®. 2 Q¥ Wo)ZTx WAt
(Figure 4 A & B). $]°]o] gld mouse®] #4A&
Aol A3} o]Ao] Fas ligand gene?l point
mutation®] 2% 9438 H vMFigure 4C). MRL
2 Ipr mouse-} gld mouses= lymphadenopathy £}
splenomegaly o} 9]l t}ake] IgG 2 IgM anti-
DNA antibody®} rheumatoid factor 52 2}7}3}A]
E AArsto] A% oF 578 Yol = nephritis &
arthritis24] S| €t

OJRAMES Al MAlY 3T FABIRR
SLE Rdex g a4 2o it 539
SLE @x}ol| A 85 soluble Fas7} B 5 o] Fass}
SLE We]7|xd7e] #iHe] A7 =l $4E =
St

Fas(APO-1/CD95)9} TNFR1(p55)E<2 7z}t
FasL¢} TNF %-¢] ligands(effectors)s} A gs)l e 8
A AZA el apoptosis N EE ALt} Fase}
TNFR1E 9 cytoplasmic domain &£ “death
domain”o)2} a2 B2+ Drosophila®] reaper genes}
homology& 712! conserved sequenceZ} g o™ o]
& domain ol &= A EAV £A51= Zhzke] A%
AHEC] sh&e] Rtk TNFRIClE TRADD
{TNFR1-associated death domain protein)7}, Fas
o= FADD/MORT!1 (Fas-associated protein with
death domain) @ RIP(receptor interacting protein)
7} A%Hgic}. & 2ol apoptosis %5 H 2}H(Fas,
TNFR1), FADD 2+ TRADDS}, apoptosis 74 &
o] B 3tE proteinase(ICE)E Q4 A7l Azt
HE #x FLICE/MACHI(FADD-like ICE/
MORT 1 associated CED-3 homologue)©] 24 =
21 tHBoldin et al., 1996: Muzio et al., 1996).
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Activation of Cytotoxic
death receplors T cells
Growth factor Endonuclease
withdrawal activation

Central cell death signal

N
-

ONA p53 T BCL2
damage
Matabolic or
cell cycle perturbations
Fig 6.

5. Apoptosis 7| &1 2of ® A

g2 A MEE 2] population dynamicse] o3
ol ] B uj apoptosis®= AEj@3e] G¥-o| AR,
A Y hAle)d T e AAE | wEbA] W
el it 2)& Q] apoptosis S5 QAEC] THPS
2y 239 5 HA el 31o}A] apoptosis B4
F8% 95 33 3l& Aotk Apoptosis B
programmed cell death(PCD)$] 97& 9843 &
4(Z glgst 2 HEgho MRt ol e} 5%
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