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noudnuaznaUAguul aselugadiiuldannndasaansadiBidnaseu wudssiunazmIsnnnalamsdaed
fiifeates Tagasuudadunalniiinainnisnszduaneluwadias (intrinsic pathway) Feizuduaindinissalnaves
flslasn C sananlulaneunie donaldiianisnssduiaulesd caspase-d lufign daunalnfiinainnianszdu
AINNBUBNYAR (extrinsic pathway) Wi 3NN ITURIUINIF AT U e TinguuRawadYda death receptors
W n1Inszduvey Fas ligand wildenasenvlFAananszdueulusl caspase-8 %3 caspase-10 luflgn uanani
fednunsautslaBauuuaunianszdurasionlesl caspase unalnnisnevesadiisasedenisiauvasioulysd
caspase (caspase dependent PCD) %‘%aﬁﬁé’ﬂﬁuﬁiummm apoptosis PCD L@ nalnnsaneveswasi lsigoeende
NN39191%Ye9LaulYs caspase (caspase independent PCD) Fouvegoelednidn autophagy PCD Wag apoptosis-like PCD
30 Paraptosis PCD eeslaff wadazdignazuaunaneuutladuiusgiufinssduuazaduturasnalafianum
wazlildAstlngendenaifissnalnlanalnnilswinna whaRAzeIdEN1INIEaUNIuIIAIe nalnlundeans i
L:v“v'a%’fﬂﬁwﬁ:}L@@L%ﬂgimzmumﬁmﬂ Lﬁdaéﬁmml,é’ammﬁi@mﬁﬁmﬁﬁ%gﬂﬁﬁ@@iﬁﬂ,mmjm phagocytic cells Hanane
Tusme wimnnalnmaiiReusndly duudesiiadduisaseatisandenszduliangliuaznduaiydlase
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FNeAad, 8 laNeangd

unu Y89 chromatin condensation TitdugUnsINILIVIAAAT

Programmed cell death (PCD) unalnaidsyves FaLas (81a0u globular, crescent-shaped 71b8) LAIEINU

aalunInauauDssafanszduvIe Ao fdusunae
vo9ad evinlHeTeasfivadinatursznavagiong
danndsenadulsndlild winnszuaunisign
Fuds Aasyhlwasiae Wusnnz donasauiaasild
fransaasaivleldegolifTadnin awiilveieasis
wadiug ey samduansdufige

PCD d1u13auteldna LU R NN YRIENNg
Wagwulaswes organelle venatsdivuldainndss
qanIsAsBLanaTeuLIUAaHIuLAYMTaANa LN
Fedos Togsigusuoslu caspase dependent PCD ‘1/1%@‘17155?1
A IUUINYBY apoptosis PCD™® TagupnaINagnuaniee

DNA fragmentation, membrane blebbing 33:AU cytoplasmic
shrinkage” Wa%/%InAN13 form apoptosis bodies with nu-
clear fragments éLﬁLﬁuMLszfazﬁﬁLﬁ@ apoptosis PCD Bnaag
Tuneasatna PCD Bnngamiteviudu PCD Tl caspase
independent PCD Fouvsdogldsnudu autophagy PCD
(self-digestion in Greek)** Foaenuanuwansasuuaswes
organelle ﬁwamﬁmﬂ@mﬁnﬂﬁwﬂu apoptosis PCD
NANIADATNY Sequestration of bulk cytoplasm WAZNU
dense organelle-containing vacuoles W& LUWU chromatin
condensation Gratgssingla apoptosis PCD FroLdi Motyl
wazmne leRnEWSeuieu morphology ¥89LYaALANN

F191TAT A UINLVFNFASNIARAN ASUNNYFERNT URIINNALTITNAFAS
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Y893TUAANITANYLUY apoptosis PCD g URU autophagy
PCD Tugu#l o

§‘1J°7|I o WA morphology ﬂaGLﬂaﬁLﬁW%N%aﬁ’J‘ﬁ
WANIIAYLUY apoptosis PCD (a, b) Uiy
autophagy PCD (¢, d) (a1n Motyl et al, 2006°)

41M5U caspase independent PCD Bnefinnil
@A Paraptosis PCD (Paraptosis WU&31 next or related
to apoptosis)™™ U apoptosis-like PCD fAnaINNT
NIgRuFITUYAM TNF receptor family member
TAJ/TROY (TNF receptor family member toxicity
and JNK inducer TNF Receptor family member
expressed in embryonic skin and hair follicles)® %38
IGFIR (insulin-like growth factor | receptor)® %'mwa
1ﬁLﬁ®ﬂ’]iﬂi$ﬁ%ﬁhuVl’m mitogen-activated protein kinases
Sanuariuinnsefiazny vacuole NzangLfa cytoplasm
YB9WAA (cytoplasmatic vacuolation) FaNAUANITUINYES
mitochondria &g Endoplasmic reticulum (ER) Tagiilsinu
apoptosis bodies Wa%/#3® nuclear fragmentation G19L3
Fovl apoptosis PCD A9LEASAN1EENIS morphology ¥8$
WadTinNeuuy Paraptosis PCD lugufl 1 aeglarid wud
waaUsnsnansagnnazguliing programmed cell death
Igmanemsluanidieaii Inenadiiuldduazanannaln
AAnldFuasiseaniamiiga

(a) late stage of apoptosis %Q%‘W‘U chromatin
condensation

(b) W& apoptosis bodies (AP) lugnigadd
#1811 apoptosis PCD

(c) early stage of autophagy W&mSLALAUE
disorganize ¥89 cytoskeletal element (gﬂﬂﬁu)
(d) late stage of autophagy WLaAGLALAUT

dense organelle-containing vacuoles (gn#3%)

g‘ﬂﬁ o L&AAY morphology VIR Dictyostelium

discoides TAANITANL UL apoptosis-like
PCD (Paraptosis)(a1n Wyllie and Golstein, 2001°%)

(237) WARSMANES vacuoles LA cytoplasm gAY
normal control (4g)

%@ﬂ"ﬂ’m'ﬁ $#INALOIUIY PCD B\i’]%%’]ﬁﬂ@iﬂﬁgﬁﬂ
wadte aansassuneldidn w N9REE] ANNNAYDI
nsnazduliiaasinisnielaenunselsiniu caspase
na19ABLUu caspase dependent PCD %38 apoptosis PCD
1L caspase independent PCD #3® apoptosis-like PCD

caspase dependent PCD %38 apoptosis PCD

1U52n0UnI8 2 pathway 1‘1&@]4"’] fe Extrinsic pathway
%39 death receptor pathway Wag intrinsic pathway %39
mitochondrial pathway®°¢

Extrinsic pathway: L%Nﬁuﬂﬁﬂﬁﬁﬂﬂix@ju (death sig-
nal)®>°* 1w TNF-OL (tumor necrosis factor-Ql), Fas L (Fas
ligand) Trail/Apo2L (TNF-related apoptosis-inducing ligand:
also called Apo2L), Apo3L 3aUTi receptor Foonasenls
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Wwnnzia1zaei1iungaves death receptor Joilungauns
integral membrane protein Aidlala% conserved motif 15N
death domain (DD) W1ALIINNLUEDR cytoplasm YDILUAR
Fodauwves DD Fianala cytoplasm Haswanusniae
71119%LAA death inducing signal complex (DISC) (L&A9F2g
wBaY o WugUl ) Boduansusznauiiiistuainnns
JINFINUYDY (homotypic interaction) death domain ¥BINEH
receptor wiana si3nazflss Tumor Necrosis Factor Receptor-1
(TNFR-1), Fas receptor iy TRADD (INF Receptor-Associated
Death Domain), FADD (Fas-associated death domain protein)
Foun adaptive molecule voslUshwmani donasionn
Tngfi DISC q’?il,ﬁm%uﬁmmm%lﬂmzﬁu procaspase-8
Wing/luguiaglifaguvas caspases At active caspase-8
dansoloangnild w nstusgiurinvessad loe
N19UIN active caspase-8 AzlUNITHU caspase-3 Wiog
TugUdedhadnnaauils LansFienaelay b luguil o
caspase-3 LiuLaulyslngsl cysteine protease Fsmidigae
TUIAUFN99 19ge1Ae nucleophilic group VBIFAL9YIY
WN1399A13AY substrate  wazdatuszlUInan1sane
carboxyl end USLI24 aspartic residues U84 substrate ‘ffu"]
WAANLAA proteolysis YRILUTAUGANT AUV gAY A
wadking apoptosis luftgn dauBnnewils active caspase-8
FAmR Azn3eAUlALAN intrinsic pathway Lagludn
#1¢1U5F Bid (Bok2 interacting domain death)* eiiiss
ﬁﬁﬁﬁiﬂﬂiﬁuﬂ&im BH3-family (Bcl-2 homology region 3)
gapalifleaide truncated protein fi3end1lusiu Bid
(truncated BH3 interacting domain death) (W&AIAILRNELAY 4-1
Tugudl 3) Feaglufinatqnauslusfis Bax (Bo-2-assock
ated X protein) Wag/%39 Bak (Bcl 2 antagonist killer)
Tagvinliaglugy oligomerize form vinlwlusfiusionan?
§1419022 migrate 91N cytoplasm 1Uge mitochondria
W& 3URUT mitochondria membrane ¥Tlifis permeability
Yp9 outer membrane ¥BY mitochondria S9NAMALAANTT
YanUasg Cytochrome ¢ (Cyt ¢ 98NN cytoplasm
wanssaevaeLay 42 Tuguil 3) walagauseanine

Wwo-bl

Pniliwaaidagnasuaunis apoptosis wpnani
Fenudn DISC TAnTuwenaINazLinaInNn1sTINGIves
TUsEunaINRAeYRAA 28919 Fas ligand U TRADD
Lag/M38NU FADD fINA1I9196%LAY S9NWUI1 Fas ligand
13013053067 UTUTF9 DAXX (Death-Domain-Associated

Protein) Wnw FADD uwiademaliifinnisnsseduioulys

Apoptosis-Signal-Regulated Kinase-1 (ASK-1) %@’Qﬂﬂﬂﬁzéu
C-Jun N-terminal kinases (JNK) (WAAYAIEHRNIELAY @
TugUil o) donaliingedu intrinsic pathway Tiagléinana
lusgandeasell wagainedeinldwasiianisnie
BUU apoptosis PCD

Intrinsic pathway: L’%Nmm’iﬁaﬂﬁzéwﬁ@mm
WU activated JNK, pro-apoptosis protein, Aasdidng
911812 DNA (DNA damage), oxidative stress, heat shock
Fonanemanii ALNINILAUNNTYIN91UYSTUTAUNGH Bel2
family i pro-apoptosis proteins Wagluguiasly a1#
Bax (Bcl-2—associated X protein), Bad (Bcl 2 Antagonist
of Cell Death), Bak (Bcl 2 Antagonist Killer), Bid (Bcl-2
interacting domain death) WA translocate $1ALe$aTN cytoplasm
47819 mitochondria LA oligomerize %uﬁl outer membrane
989 mitochondria #AHARAI% channel ¥ Fonals
mitochondria & permeability Wit (Mitochondrial Outer
Membrane Permeabilization, MOMP) inlAlusaiungs
pro-death molecule ¥ Cyt ¢ %3 Iﬂiﬁuﬂ@'ﬁﬁam%
Fugenisia apoptosis 81% Smac/Diablo (Second
Mitochondria-derived activator of caspases/ Direct 1AP-binding
protein with low pl), HrA2/OMI (High-temperature requirement
protein A2) FUpBNAN mitochondria magﬂiﬁﬁnm cytoplasm
18 annsas Cyt ¢ aglusaniy Apaf-1 (Apoptosis protease
activating factor-1)"" lage1Aeg ATP (ATP dependent)
gowalsl Apaf-1 d1a13aiia oligomerize 6 laggy
oligomerize Apaf-1 49\% procaspase-9 131308133361
DU NNDANIIlAYNIuNIS CARD domain (Caspase
Recruitment Domain) fInuvislulusiiuis v oied il
16103 apoptosome complex® (WHAIAIBNUELAY 5
luguit 3) Tovin ¥ caspase-9 aefluguinsly wazaglunszdu
caspase-3 WagluguiadlaBnnaswils (wansshemaneiay 6
eLug‘Uﬁ 3) euanain active caspase-3 agsduLoubyal
fislnrinig agTUstiusney 99 l¥wassia apoptosis PCD
ufigouda active caspase-3 fifiotsil sunsalunsedu
downstream cascade reaction Iﬂﬂlﬂﬂa‘ﬂawﬁaﬂ?}ﬁjmjm
caspase ?)Iu“] lai3nagti caspase-2, caspase6 %ﬁ%lﬂ'ﬂ@ﬂﬁm’ﬁg
caspase-8 WAy caspase-10 618 WagAvingdwiliwaa
AAN19aN8TUANYUZYBY apoptosis PCD  FOLEAININ
Togzaluguil «

qzRlaalUsAUNaN Bel2 family™ Feusznausig

a

£

Tsfunarnnaneyilansfisignidy anti-apoptosis (Lakn
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Bcl-2, BcI—XL, Bcl-w, Mcl-1, A1/Bf-1, Boo/Diva, Bcl-B/
Bcl-2L-10/Nrh) pro-apoptosis proteins (LatkA Bax,
Bak, Bok/Mtd, BC|—XS, BC|—GL, Bad, Bid, Bik/Nbk L{J%(ﬁ%)

FONA19U196%3U MRl uaenIulen (oridging signal)

b S

AeUeYIeUIENINY death receptor pathway %38 extrinsic
pathway AU mitochondrial pathway %38 intrinsic pathway
1@81‘17‘1‘U3§%ﬂ&q’3¢ pro-apoptosis member azginsng
unilansa sensor A death signal AMeuandilésusn
mﬂﬁuﬁﬂﬁmﬁﬂﬁwjﬂmﬁu?}m downstream st
aunsevionlsivadiing apoptosis Tufign lunienseda
TUsFungy anti-apoptosis member fagginnsindisuda
A5309N1T apoptosis ARt

na1aleedgy 18la caspase™ gnnIzeulvingIu

E. L |nl e tpacocrmal prodslss
maksgs incladizg calsepain =&ich fursor

This PCD chprsowries by oo plasmeg
eyl lesbion withosf chromalin
condezmion -

Pmt;!l‘yam_‘:jﬁmm: - q
k] -.I'ﬂli.

4. frlive coupess-l crepegaica Infomel desth
plgnal bry prowndyeds BHY-galy prodeds Bed 4
bt 1Bl sendch chian (rarepiacaing oo machandoy
Bl Wi gy Doth wang pralcn and g oenargsiion
ool ipa! Blai B thel giie PR Bra i G milechondeig
:I'H'lr—il.l.lrluuhn'— p-'mlﬂui.l-md

T.THFRI con lzduca mupl.uh by

iz rudirlaa] rast by asager miol
FADIlL. bin sl RIS Gr by scsl vl i
thegiiph TRNTROY maapion which
turier vEmizlieizw WAPH, wobeacpzemdy
scHveinn Bha JRH mad Arelly claasen

Extcl

cngenrad i ol o i i
sl wilch was s g priy
blrade b procaspase-b bl

Eld k= ba 1B which promoim both o spopicaame
MOUVP yra] LHP,
FUN @ wdAg intrinsic LAY

Abbreviation: Apaf, Apoptosis protease activating factor-1;

HIM Bl Thin I:I'IHIl'l-“'P“-

LLﬁ’Jﬁu L‘ﬁmﬂnﬂ caspase Lﬂm@ﬂ%ﬁjﬂ@'&l Cysteine protease
ﬁ’%ﬂ‘ﬂE]ﬂﬂﬂ%éﬂ@ﬂiﬂiﬁu%@ﬁﬂﬁm%ﬂﬁ@ 9191 gagsany
TUsdudusa CAD (Caspase-Activated DNase)™ 111#
enzyme CAD &1313091197%b6 Wan@e WU chromatin
condensation, 8a8aaNeUTAY lamins WANABNY nuclear
shrinkage, #08daNelUsAUNGN cytoskeletal protein
NANABNUANBLYDY cytosolic reorganization/ cytoplasmic
shrinkage Whaygipgdanglushiu p21-activated kinase-2
/Rho-activated serine/threonine kinase WaNAe $11l#LA%
membrane blebbing kazgaesaelUshudug auvinld
#190150071A15 formation L% apoptosis bodies ﬁﬁ
nuclear fragments lagatau aalaaduneasuanglemiie
Foguit o G

Dugthagisiax. 1, When dexl sipsal biad
Faet LB, I i recepriar.  adapaer
meieculan b recraling mod
mxwacinied with e
recapior Brmugh B DO
deimala lgaming DR5C

R mE e

1='_Ht_f||i i

T N sdppiar moloculs ln FADD,
DISC s thas  ptiomdsd  the

pritepiion  af  cappaEsR}  and
sutanguasty Iniistizg tha
ceacei s mection of spopicale.

A. ¥ sdopiar molieoaly b DAXX, B
thign AUV s AEK1,
g B e pthearan of Jud
and guhpeqeeatly Enhisirg 1ag

T S

kS A Beopiscrme Then sciienias

ﬂ. ﬂ..' Cxapamed, promeating apoptali.
L

_ E‘" Cazpase dapendent PCD

{Apoptosts PCD)

extrinsic pathway U89 apoptosis PCD wag apoptosis-like PCD

ASK-1, Apoptosis-Signal-Regulated Kinase-1; Bax/Bak, Bcl-2—associated

X protein/ Bcl 2 antagonist killer; Bcl2, B-cell lymphoma 2; Bid, Bcl-2 interacting domain death; Cyt ¢, Cytochrome c; DAXX, Death-Domain-
Associated Protein; DD, Death Domain; DISC, Death Inducing Signal Complex; FADD, Fas-Associated Death Domain protein; HtrA2/OMI,
High-temperature requirement protein A2 /OMI; IAPs, Inhibitor of Apoptosis Proteins; JNK, C-Jun N-terminal Kinases; MAPK, Mitogen-Activated
Protein Kinase; MOMP, Mitochondrial Outer Membrane Permeabilization; RIP, Receptor Interacting Protein; Smac/Diablo, Second mitochondria-

Derived activator of caspases/ Direct 1AP-binding protein with low

pl; TAJ/TROY, TINF receptor family member toxicity And JNK inducer/

TNF Receptor family member expressed in embryonic skin and hair follicles; PCD, Programmed Cell Death; tBid, truncated BH3 interacting

domain death; TNFR-1, Tumor Necrosis Factor Receptor-1; TRADD,

TNF Receptor-Associated Death Domain.
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caspase independent PCD %38 apoptosis-like
cell death

wudfinalnnianszgulduatanng seannnssmg
TNF receptor family member TAJ/TROY (INF receptor
family member toxicity and JNK inducer/ TNF receptor
family member expressed in embryonic skin and hair follicles)
%ﬂlﬂumjmm TFR family ‘1‘71|’W‘1_| overexpress 5N embryo
waziungamassause TNF filaifidaunes death domain
Suagsnls cytoplasm mﬁaué’ﬁuﬁwmwzmjmﬁm finana
Tuthedu andutedenalfifanisnazdueulsd MaP
kinase (Mitogen-Activated protein Kinase)”***""
(Sperandio et al, 2004; Wang et al, 2004; Eby et al,
2000; Kojima et al, 2000) (WHAIFIYNNYLAY oo
gl o) TodowalviAnmanszduenlzsings INK ngliAn
cascade reaction S1NNN u@ﬂ’r«nﬂﬁ 9NV apoptosis-ike cell
death %38 paraptosis ﬁé’q@wnﬁxﬁumww IGFIR
(Insulin-like Growth Factor 1 Receptor)™ (Sperandio et al, 2000)
1§3ndae Falaiinaznseduanmdlaina wanuin cascade
reaction THAATH Anavinlilusfungs Bel2 family i
annszsulviaglugudachy uadlulinasie lysosome vl
lysosome & permeability L‘W'N'%u (Lysosomal Membrane
Permeabilization, LMP) ghenalnFenfiuTvals mitochondria
§1 permeability isRudeRaena1713996u naade Bid
(Bcl-2 interacting domain death) gnéinaneLUulnguisdau
ponledu truncated protein fi3endlUsiu tBid (truncated
BH3 Interacting Domain death) Teaglufinavqnanilusiu
Bax (Bcl-2—associated X protein) Wag/%3e Bak (Bcl 2
Antagonist Killer) 9MALUSARAINA1IEIN1TORE migrate
17 cytoplasm Tude lysosome LA oligomerize "%%‘71 outer
membrane Y8V lysosome $ilALARLD% channel '%u gonali
lysosome § permeability L‘ﬁlaﬁuww (Heinrich et al, 2004;
Werneburg et al, 2004; Stoka et al, 2001) (LER96g
vineay 7-2 lugudi 3) Jevilsenlysdanen lu ysosome
%ﬂiamﬁﬂl@ﬂ?}ﬁﬂ@:m cathepsin (1% cathepsin B, C, D)
Foulln cysteine protease %"glmaaﬂmé cytoplasm L%
Tngnudn cathepsin B s13nsaligogaarelusiusua
Lgnannanese i dud oo ruLaz M A9
YD9 caspase-3 b6 (Guicciardi et al, 2000; Foghsgaard
et al, 2001) (LAAIAIYNNILLAY 8 "Lugﬁ‘ﬁ' 3) uenanG
Fonvirludauves MOMP fiAatuiu wonainazfinain

NAYBINNINTLFWLALTA oligomerization Y89 Bax/Bak channel

Fofinanangs Soiinldannnisyingiwues cathepsin D 7
$399N%1370 lysosome Bndag maﬁ;mﬁ Foduniennis
Fossiagzning caspase-dependent Lag caspase-independent
pathway DestonasaaiReywEnssTlnaves Cyt ¢ ponsN
nlalanouedelufign Tedenaldiia downstream
activation Y89 caspase FofinanaFludauves caspase de-
pendent pathway pe19lnA caspase-independent pathway
Fidetuil wenannszuasMIRANRANETinaT TR LA
gawujﬂﬂﬂﬁ:%'aimﬂaﬂmﬁuﬂ@;m AlFs (Apoptosis Inducing
Factors) 103 Smac/Diablo™ wag HtrA2/OMI a1n mitochondria
pan318glw cytoplasm Bnsag %ﬂﬂiaumjmﬁaﬂmgﬁawé
lﬂguézﬂﬂﬁauﬂa;m IAPs (Inhibitor of Apoptosis Proteins)™
Snnaemit Flnlusiunauileglugides falianansa
§udle apoptosis ﬁﬁwﬁwﬁuﬁuazﬂilﬁ ENSIEERIVEG
Wunsdewadaldiwaaing apoptosislike PCD §iuLes
FILEAINININETINUSUEUAY apoptosis cell death
GL‘LLEU‘?]I 3 ﬁﬂ%%ﬂiumﬁﬁmzﬁmm caspase independent
pathway WUIHATIANNNN A Fnaildiaaidngnisene
Tngflanwaenionaasaansadiluanuazyas apoptosis-ike
PCD #7398 paraptosis cell death™ ™ (Broker et al, 2004;
Foghsgaard et al, 2001) ﬁGLLamﬁiﬁLﬁuﬁﬂgﬂﬁ ©

asu

aeholsfia azilean pathway Hronane/laldAeT
Tneendefiadimaiaviominti uwindunuddiofFenasd
weanmeluuagmsamenaniad Wasazendemanszdu
NIUN19AaNg nalnlunsase ﬁugﬁaﬁﬂﬁwﬁuauﬁng
nazvaumaneuuUlauuunistuiusanazduiidonis
avanluad soudnsnwlaennlugudl @ mnnszuaunis
sonanadululaeusnd wadfiensudaumarifazgninde
falaengal phagocytic cells yanaelugen1e wann
nalnmariifiauandly dundasdindaddanansestis
anfenszdulsionsld waznduaTadvlasely aunany

duwaanzssluiign
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‘\ Death stimuli
x + Extrinsic pathway
Death receptors Death receptors Cell membrane
MAP kinase
actlve%K Procaspase 8 ||‘ Active caspase 8 |:> 8Er'?)rtr':2tin:?gztcig:{sation
Intrinsic pathway @
aspase dependent P!
apoptosis
Cytoplasmic va(_:uolization |]|] m L
but no chromat% condensation @ Active=lCaspase 3
@ N o
_ _ ﬂD:}Apcﬁtosome
Caspase independent PCD
apoptosis-like PCD
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Abstract

Biochemical mechanism in Programmed Cell Death: An Overview
Panadda Rojpibulstit
Biochemistry, Faculty of Medicine, Thammasat University

Programmed cell death (PCD) is the cellular process in response with any cellular dangerous stimulus. It can
be divided into several types depend on ultra-structural changes detected by electron transmission microscope and
biochemical pathway involving in the processes. In conclusion, two main pathways relying on an initiating point has been
proposed, i.e. intrinsic and extrinsic pathway. Intrinsic pathway is initiated by the mitochondrial permeabilization resulting
in cytochrome ¢ releasing out which then activated the caspase-9. While an extrinsic pathway is started off after cell
surface death receptor bound with the death signal for example Fas ligand. This event finally triggers the activation
of caspase-8 or caspase-10. In addition, PCD can be divided into another two pathway according to an involvement
of enzyme caspase i.e. caspase dependent or apoptosis-PCD and caspase independent- including autophagy and
apoptosis-like or Paraptosis-PCD. Cells will, however, be turned to be death via which pathway depend on the type
of stimuli and its cascade reaction. Actually, it does not rely on only one mechanism but depend on multi-mechanism
instead. Naturally, the death cells will then be removed by those of the phagocytic cells in the body. On the other hand,
if the apoptosis mechanism in any cell has been dismissed, it will lead that cell having its own talent to be still grown without

dying till reaching an immortal situation i.e. finally being to be cancer.

Key words: Programmed cell death (PCD), apoptosis, apoptosis-like PCD, paraptosis, caspase dependent pathway, caspase

independent pathway
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