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Role of Reactive Oxygen Species in Cell Death Pathways

Sang Won Kang

Department of Life Science, Ewha Womans University, Seoul, Korea

Reactive oxygen species (ROS) are the chemical species that includes the superoxide an-
ion, hydrogen peroxide and hydrogen radical. These ROS are simply thought as a group of
molecules harmful to cells because they oxidize proteins, lipids and DNA, and they medi-
ate cell death including apoptosis or necrosis. On the other hand, ROS have been shown
to act as essential intracellular second messengers for certain cytokines and growth fac-
tors. Although the importance of ROS in the execution of cell death is controversial, ROS
are likely to be involved in the signal transduction mechanism for cell death as signaling
intermediates in death receptor initiated signaling pathways, specifically in the tumor ne-
crosis factor alpha-tumor necrosis factor receptor 1 (TNFa-TNFR1) pathway. In this review,
using TNFa-TNFR as the model system, we attempt to address the involvement of intracel-
lular ROS in TNFa induced cell death, including apoptosis, necrosis and an alternative form

of programmed cell death, necroptosis.
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[1,2). ThebA] olefgt ROSS] AL SAIsHe A A At
Ao o9 Zaslck AlBA Ee Ak ROSS) A ol A
5= palsl HE-S- 7ho] B3 0 & Q13| A UY)9] ROS7} 2718
o DNAL} 291, A8 lipid) T #-540] 44171 Badolos
o teSht Az RIE PBEe] Y Aele 2 Lol
[1,3]. o|FA| ROS= A|G71A] T3] Tl o]l DNA, A1 55
ARBIA M ZIAE Y07 = GT-S st B E QAlEo] $i7)
Tt E3F A 3E U] 2] B=2]9] second messengerZ A £ A E7}9]
ojuf A7 QAR AlE Adof 83t AT agritt4,5]. Bl E

Eg Ak (reactive oxygen species, ROS)= %
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ROS&} A ZAFETLS] A= A2 AMREE K 317} Qx| HAlsh
218 ROS7} A AR Qlof 71 A1 i 7iA| o] Set= ﬂﬂi /ﬂ
= x{uk }-r olr;].]: x%o]r,]- u]-a}/q h=h 5/\401],\1: Ea] 40‘
AYQIAL Q- ORI AIA 48] 53 1 (TNFTNERI)O] 2J5t
MR % %Wlﬂl ol A o7t ROS7FAA] ZH2ko] A|sAFE
910} ol eJghe 53] gol 7] 2 g,

L

2 E

1. ROS2} MZXHHAHapoptosis)

AEAPEA= G470 2 Bz B Szt o8 o] 2o]7]
], 280| 7}t 554 Al AP hgolt) o] T2 HejH o
2 N3] u|F3ta, A azate] uhal, JAlA| o] 8% Gt Tl Eo] Al
Y] B2 50| APEA|(apoptotic body)2t= EW-S FAJSHH
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A AR 28-S AZITH6,7). 1991 ROS7F 023t Al = AFEAL
£ 55 O] E catalase?} Alsf3tth= W82 ARRS = ROS2}
A ZAEARRR] Aol Tt A7 AJAFE|QIAL o] % e AL
0] TFF GAlEEoA] o] 2 AE ZIeYselTh 53] ROS
£ second messenger@ ARE510] A S AL A S FLE35)o] AL
AEALE Yo7 Ao 2 2 AP Zlo] TNF-R10]th TNFo=
ol Bh-3-5ko] B/datel thAIA| L T 7lszokof] Ofsf) =2 A4k
] A EAFEARETL ofulg} HAFQIARS] nuclear factor kappa-
light-chain-enhancer of activator B cells (NF-xB)2} activator pro-
tein 1 (AP BT 24 TloFe 32} Hepgof
THojalrh ROS: o|efd TNEae] 4540 2 ols] Aslo] chopet
AT A S ARSEAIF] © 22 caspase S F 3t Al ZAPEAL A1S
2O} NF-kBE E3H E7 25 2 43H}H8]. ROS7} TNFa Al &4
o] 585tk AHE TNFaE A 2|65 o Al W ROS7HZ
7}gth= 4, butylated hydroxyanisole (BHA)U N-acetylcysteine
(NAC)#} 22 ikt 43 A 2]st9lS o] TNFaol o Al 22}
AP} 74-31es Hi0,10], 121 TNRaE: Hejat AlEAA o))
Z%Hdisulfide bond) F/d G0} -2 Thal 2 o] Aholehluk-g- ¥}
7} elofugo 2 A5 Ao shEics 2% S & 4 QeI
12]. A3 Yol A o E-E-2] thiol7]+= GSH/GSSG H]&-©] >100:19]
U E A= FE o)l Aol AL, GSHe| oJsf) 24 = T
210] AFs}3} 9] AMell+= glutaredoxin®} thioredoxin®]| &J3f A =
AETH13,14]. ROSO|| ©Jgt 0|23t thiol 7] 2] Ak} <= TNFao] &J3t
AlZAPEAL] Qlo] F-a3t Tl 50 gHg of Ko} ARk Thedo]
A e 1 5 71 t13E2491 97} c-Jun N-terminal kinase
(JNK)E 2£¢}3t mitogen-activated protein kinase (MAPK)©|tt.

1) Mitogen activated protein kinase (MAPK)

MAPKE= ofe] 744] 912k 2o] SJa] A|9] A4 A2, 2o} 5
of] #oi3}=t] extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK/SAPK), p38 kinase= G-AJ%]0] §lom,
RS S QUEBRES 244 Thofat S AR S0 e =
A3t} £3] INK= stress-activated protein kinase (SAPK)2fal e
&)=t Al 71A] isoformo] Qlom ROSE 2£3HeE =24, 3514
2EY|A Ei= TNFafl 22 AlE7110] tisl Aok o] A| At
YAE S7HAZITE 7HA| 3 (hepatocyte) & 3E3HEE TheFRE Al 329
A TNFa 42 Sfh INK7} 248l =), 243te At 6
E= 7|3t whek AjEE e} $rgo] 4] Eas Al AN 2 A4 E
Z, NF-kB = MAP kinase phosphatases (MKP)2} 7-2 &JA||A]
O] 2H-8-0 2 INK7} TA7H30-60-2) &<t 23} =W A7t &
Aleh, /g3t AAIZH1204 o)) Al&5E A5 Al ZAPEAR L
S7Fetet o2 Hoaro] whEw Zojzl INK 2/3H= opAf| Eofn| =
Hl(acetaminophen)of] 2]+ 7+ &AM 3 &/ A -7 (ischemia/re-
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perfusion) =40 =8 4= 283ttt Zo] ERl=itt
(15,16]. THH TNFa A= 0] 2ol = UxpuleF A7 A| 22U THA| 2, 71
23 0] Q]9 theFgt A2zl A A 0 = H,0.5 Ae|sHA| HH
JNK7} 23t th= o] deiA] QIrH15,17). ROSE {18l INKE]
e Wshs AS 2A 7R Ao 2 o] AR e 4 3l
=t A WA= ROSE QI INKO] £843}2] #{sfjo]c}. ROSZ
QI3 INKE] SJAA1Q1 MKPO A| AH|Q17 |7} AR e o] BHeliksl &
2E2A Y ZE QA HL A7t ARFE MKP= 2402
ubiquitin-proteasome 7 2 0] 2J3f] H-3}1 %] 7] wf&-of] INKS] 745}
A| AL A1

ROSO|| oJ3l] INK7} 2/d3h = = 7 WA {8 INK e 2
435 X7 )= oItk INKE Al 2 g abgol A Adlof &
A5}= Tl Al oAkS}E § 401 MAP kinase kinase (MAPKK) 2}
MAP kinase kinase kinase (MAPKKK)o]| 2]3}] ZHAJs}=Ich ITNK
£ G 4= 9l MAPKKE mitogen-activated protein ki-
nase 4 (MKK4)2} MKK70] Z45}H 1 AF9 =& apoptosis sig-
nal-regulated kinase 1 (ASK1)0| 2183t} ASK1-2 § 49| thiore-
doxin (Trx)2} ZA3ghe 2 Qlsf| E2Hd3l=|o] A9t Trx o]l 9L
£ 4 thiol7]7} H.O, 4 t}2 oxidantof] &Jaf) AFs}=H ASK1.S.
EHE HejEo] H|Z 4 ASK1o] SJa}E|A| ok o|3A] 23}
H ASK1-2 39]THA| 2] MKKE QIAFIA7] o mheba] o3 A =
JNKE 335 MAPK7Z | &4 SHEIT}H18,19].

Z12fu} TNFa Al A A A1 2F INKe] Ot A| ZAPES A5
ol&o]c}. ofg 3 (wild type, WT)H T} -7 AA E0k--22] TNK1”
THNK2 25 E F gt op--AufjoFAd-f- LA 3 (mouse embryon-
ic fibroblast, MEF)o||A] TNFao]| &Jgt AJZAFHAN | 578}
JINKQ] #AAS AASHY, F]2 K alo] W2 concanavalin A
(Con A)o]l 2J&t 7+ (hepatitis)of| A= INK9] 2d3H= o] ¢l

+ Ao] FeFTH20,21]. Wb TNFaof| oJ7h Al AFEA ] A
JNKE| AeHA| = A|3zof| whe} of-5 2o oFA 7K & 1=5Ho] of
A7k ol ke Aot wtEr)

2) D|E2=2|ot

n|EFEgof Yo EXs}= HAPAE A (respiratory chain)2]
complex I (NADH dehydrogenase) ¥} complex I1I (ubiquinone ox-
doreductase)& E3f| TH501%1 AFA2}t]ZH(oxygen radical)2 U] &
FEgo} 7] (matrix) o] 4] ZA] manganese-dependent superox-
ide dismutase (Mn-SOD)?]| 2]} H,0, = H3H=] 11 H3HE H,0,=
| EZ o} Yof] ZA5)= AL 714191 peroxiredoxin (Prx)
5.2 glutathione peroxidase (GPx)ol] &J3f &2 ZHAE At A3
A2 GAbE22]. v EFE o] AR} AgAl= Al WellA
nicotinamide dinucleotide phosphate (NADPH) oxidase S #| %]
3 919 ROSS] 2 A4 A40]H 2 nERE b} TNFao
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OJgt A| sEAPE AL Proah= FE-& 7HeFshd ohwke TNFaof 9
T A EAPEAL F9F A/ El= ROSY| 8 FHH o= AT
oj2fet n|EFE=glotof| Ao ROSE] At M 2d 2] Was
TNFa®} 22 A|32ALEA Al 5o] el n| EF=z2oke] uref i+
/o] efshg o = vf-& 2] X3y = A| FlTh23,24].

TNFa f=A|ZAPE ] Al e Aehe: S A 7 7FA]¢lH), shube 9
Q1 M| sEAFE AHextrinsic apoptosis) HE A A = A Z2tof] 925k
57815 279518t A3 caspase S ZAYSHAIA A ZANES
FEERHEH25]. B Shb= WA Al AR AKintrinsic apoptosis)
AAA A Al ol A3 B2l ofs] Al2AFEART Lofut
© 71delth2e]. ol= F2 nEF Lok F3l o]FoiA)7] wi
off ofuf Tkt S0l of7]of TofshA| H=d| 1 o= Bak
€} Baxi= /A0l i= monomer = EXSHHA] anti-Al| ZEAFHAR T
91200 Bel-20] O3] 1 -] A5 S WA Hick Al EAA} AL
7} 50|27 Bax2} Bake] el s} lofut ol dimen’S &
Kelo] vz} olufo] 2H43le] THE THET slERES
of o] S He 2 FEAIRIL: orf o= 32 cyto-
chrome C, apoptotic protease activating factor 1 (Apaf-1), second
mitochondria-drived activator of caspase/direct inhibitor of apop-
tosis binding protein with low pI (Smac/Diablo), apoptosis induc-
ing factor (AIF) 5-© = A|3£Z10)| 4] adenosine triphosphate (ATP)
oF oA DIAIE WHE0] 3H919] caspaseS B/JSIAA A= Al
APEARS B w27 Z3¥sHA| Hek

IE3} BH3 only protein ©. 2 55 = Bid} 742 5212 843}
% caspase®] 2J3f] 224 truncated Bid (tBid)7} H 1L ©]+= Bcl-2,
Bel-xLofl Aefsto] 71 285 AAIO 24 Bax@} Bako] 282
2/} AZITH26-28]. ZHA || A Bid 7} mEEER ol o] 5gt
A3} ROSE] AYgo] F71E1AL, Bid AR -0l M 2
St ZEA| 3o A = TNFa2} Actinomycin D *]2] A] AJZAFEARY
ROSE| F717F 7| 9] Kol QFkeHI]. 7 op g Az Hisf
Bl 25 IR AlE= Thefet A2 AEA A= A3
) AAJ%E ROSO] oF= 211 )& 7MAks}(lipid peroxidation)”}
3 %o], Bel-27}F 7=t @t} e Ald Aoz Bl H]lrt
29]. 0|2} o] TNFaz QIet Al s2AEAR ot uff v B2 =]
ofe} ofef reds Tl So] =8 wi7iA] S-S aste] ROS
A, Be dAlste 710 dovle e S & ), Al

(e} o

o
AL} ROSLO] elAdo] 982 o 4= gk,

2. ROS2} 1| AKnecrosis)
1) Caspase?} receptor—interacting protein 1 (RIP1)

IRHE QAT 2|0 W 215 Z1AE SrbsiA] ok A
Ak ae|efol ol o3t 7 At ofujet JoFe] R, pH, 2%
o] W3} 5 A1 el e E Rk 45AQl Al
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A o MEAZTEOIN BaAA0 ot |

Zgo= Qg 2xo] 4% gueleloleln ezl 18]
U o A5 Ta} @A) A EAEAL} 0}l 1A] 2 TNFag)
28 %8 487 death recepton] ol 2lofet 4 ek AL

1929 Al| 22320l A HEASESITH31]. “12] 3L of7]o] pan-caspase A]3]
A)?1 benzyloxycarbonyl-Val-Ala-Asp (OMe)-fluoromethylketone
(zVAD-fmk)4} cytokine response modifier (CrmA)E 2|5}
TNFael oJgt BAp} o 275he AL Belsteich BRI T
R, 557, MEF S04 Zeiat AImAEAL SRhee] Fas I
gand (FasL)L} Tumor necrosis factor-related apoptosis-including
ligand (TRAIL)®] A}=+of| ZVAD-fmk 2 caspase©]| 2|5+ Al 32 A}
A AalistelS ) ZARR QI AlszAREe] A dojiuh= Zo]
H A E|QITH32-34]. o] & 53l HAh= AlZAFEALR} He] Thekgt
A E IS0l o TAL Al | Aol A AEZH
WAFE F3f o] FoIAH caspase@t FHBIA ojuh= I AH(ne-
crosis)2F -2 Al EAPE-S A2 0 & Yofuhi= caspased]| OJE 4]
AN A ZAPIAR A3 79~ Yofuf= thA| ZHoleh3s]. 1e]
3L TNFaof| 2J3t At Al APEAREEE ROSO o A 51A] &
Ho] 91, |2 o] 19299] WAt} L AEAEE vz
clofz e frehel ROSO] 9J Zolek B S0 glovize ),
YARS 55k $18l caspaseE Ao =W ROS7F S571gtct
= A& vIFo] & w31, F2 =-8A0l &3 YAl ROSE A=
positive feedback> FAJ S = A2 & 4= Qlch

Caspase 2|o]] I Ato]| Toidt= T th2 FQ8F AL recep-
tor-interacting protein 1 (RIP1)0|t}. RIP12 TNFR1 A& A4S &
S 20] =9 o] x|ut o] flof iz x|t B |7F RIP19] A
W AE A wk-gof| digh ko] gk At AEs] qlolstet
[32,38]. o] X 1o wp= RIP10] T @ Lof|A] FasLu TNFq,
TRAILe] o3t I|ALo]| F-Q8}ct= Zlo] dref 3. om[32], virusol] 7+
A% Jurkat A|22E0f| TNFa & A 2]gt A3} HJA] vz 2 RIP1
o] HAafof| =8 whFolek= A& WU ATH39]. TNFalt FasL
Of z=of| oJaf) AlEAPEARE dofut o] = QI 2HJ 3t caspase
2 013]| RIP10| A& A IAP} A8 Elch= AFA & RIP10] necrosis
o Zaslth= AFEE AARRHEH40]. 1231 RIPL OFAY Y whe-2
o} 4] o] 4= TNFac] oI+ 2}Ael 4 ROS7} 27H814)8 RIPY
AR F RS- HjoFELA| Zof| A= ROS7F B 453l o
34] 22 vp9-2 viop Al azof A TNFaZ}F oPd HoO, 2 Al
& W RIPL A HERS-2 HjobiLA| 2.9) 7-9-ofl = H| A7}
ofufr] orot MAZ} dolt wf RIP1¥}F ROS7} 3] 2H-8-3tcH=
S AAIZHEH41].

2) NADPH oxidase

oS ALEAEALS} BRI 2 4§41 B3 IAPE dofut
7] $1A] ROSE= 33 SelolglRt 1 Afe] 2IE ROS 3
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ERaa= U]Ei‘:alo} | 2ol skt Qlrfar & A ¢ltk NADPH
= HAA Y] A Az A FU-E Altol ol E A
< &7 ] o=t ROSE AHE-5H7] I8l EAEH= Azt
A B oln 1 E/dAL} AIA o] FFell et NADPH
oxidase 1 (Noxl1), Nox2, Nox3, Nox4, Nox5, dual oxidases 1/2
(DUOX1/2) 52 & F-FHrt o= ARt =3te]= 22 of
U QM| ThE ARG Al ol A e 22] Eo]A 0 = Wy
o] Q13 TNFa S E33t thoFat g]7ke=o| ofajA = SHAsleth=
Zo] & QJrk W K y1of wf2 9 TNFa”} NADPH oxidase]
A A IA Y] EE S FT R IAU =S ST
T Nox22] 2 3to] 7101 = QIkar shA|Rt oF4] 21 7)7%1-2- B
24| ghoket. @352 2007\ g Aol A= Nox27} obd Noxl
NADPH oxidase”} 1929 Al|ZEF0f|A] TNFao]] ]38t Z|Alof| A &4
Shelo] ROSE AVATEO 24 IAHE 2 AAIcH: U8-< )
ATH42]. = 1929 A|2zof TNFag A28t wf 30-45+- o]
superoxide”| AAJ=E|H o2 A A superoide”} Nox1of 2]t
AipEo]al o] & QIsl INK7F /st o] AR} dofdth= Zlo|
ok A5 7] LAk Q18] A/d% ROSO] thgh ¢1-7F TNFag A2
StaL H AZE S, & ] A7t on] 7] AlZLskglE wf A
£ HIEOIARI Aol Aetstd o] A= sl Aa7HA|
TNFa= QI3 HALo]| 4] ROSE| A4 7185 & T Sol4e]aL vy
5] 7 A& 4= = AVI7HE 4 9 Aol Azt

oxidase+=

3. ROS2} necroptosis

QoA AFst AAE 2ol HAP) ehest E8F
OJgh 4~54Q1 §h-g-o] obd, HA| AlsIA A= ] =
QA AP 7)7 0. 2 WS A HA] o 4] 2| AH(programmed necro-
sis) S-2- necroptosisZ E2|7] E Atk AR} FejF o 2= S
)R] AT necroptosist= 2 TNFa el -2 Al 5of o3 &A15}
= vholg| A 4] 5o thekat Aol A caspase-82] 2Hdo] A
= %ke o B/dete]= 2] ARt necroptosiseh= HA0] A1 A
2 RIP1-RIP3Z A% necroptosome complex” | 24 & tH A F-E]
o|T}H43-45].

A}

B
i

1
()

22

=
o

1) RIP32} necroptosome
RIP3+= RIP1-9] Y5© & Z|<L necroptosis©]| S13kE|o] gtk
1= AbAo] BILERA] 2L Gl Thallolch RIPSE Cg

HEO| RIP homotypic motif (RHIM) ¢%l(domain)2 =3} RIP1

J,} Asksly N-UThE Bojl= olAREA] S 714 oo Qltt o]
T 9 nE necroptos1s7]— Qlojubi=g| Za35}c} RIP37} 2Haly]
A| Q= Al 320] RIP3 {3AHE HE A7 | necroptosis7 | Ao LA]

Tk QlAksE S EHRH0]Q] K50A -F-7H4AHE WHEA|ZH necropto-
siso] YoJUA] k= 710 & njFo] RIP3 {143} &/Jo] necropto-
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sisol] F-23H2 o 4 Qlrh43]. RIP1] &J3k Z1A] 2H415] LefA]
2 oFoFA|ul RIP3S] 19987 ©12]01 AJ2] 2k7]] lAks} [44], H]
2 A3 gho|| A= RIP10| RIP3E QIAISIA|7]7] SRt AlE 2
I} QASATE RIP19] 143} 2Hdo] RIP3S] QIAHSHE doql&
HIELO & RIP39] QlALS}HE: 351 necroptosis 2] 2HYo] RIP19] 7
RO AR 2L A 5 UsAch T2 RHIM B
S F3F RIP13} RIP32}C] AgH0] necroptosisE o= A9
o] {1 ujolih 2ofihz 20,2 2o} 710] o] necrop-
tosisol| Z-8FHS & 4= I} oA necroptosis7} o= A 2]
A] RIP13} RIP37} 285t ATHIAE complex 11b 22 necropto-
some® |2} RFTH(Fig. 1). 9HH, Aol F-ak QIxfeh= Atk il
G RIP19] A28 7170 necroptosis] - I}of| 4] BF&| H=d|
RIP19] cellular inhibitor of apoptosis 1/2 (cIAP1/2)2] X143} H3|
£ 55l IRl smac mimeticsQl IAP antagonist®] A}=+o] T
3l 4+= necroptosiso]] THof5kA] A3L7] wZoltH4e]. & =
TNFa2} smacS A2]5}9-S W= fas-associated death domain
(FADD) 235k 20| lof] RIP1O] Z3H= A A ZAFEAR}
oI AT TNFal} zVADE T A2J5t51S wofl= RIP1}

TNF-«
| oo
I ITNFFH
NADPH

3
: E TRAR oxidase

NF-kB <—— (S
/ complex|
Deubiquitination of
1 RIP1
RP1

d
ROS =
o RIPT

ROS

complex lla complex IIb or
1 necroptosume
APOPTOSIS NECROPTOSIS

Fig. 1. TNFa induced formation of apoptotic and necroptotic signal-
ing complexes. TNFR1, tumor necrosis factor receptor 1; TRADD, TNFR
type 1-associated death domain protein; TRAF2, TNF receptor-asso-
ciated factor 2; clAP1, cellular inhibitor of apoptosis 1; JNK, c-Jun N-
terminal kinase; RIP1, receptor-interacting protein 1; FADD, Fas-asso-
ciated death domain; GSH, glutathione; MnSOD, manganese-depen-
dent superoxide dismutase; PRx, peroxiredoxin-3; NF-kB, nuclear fac-
tor kappa-light-chain-enhancer of activator B cells; ROS, reactive oxy-
gen species.
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RIP3E 2£3F3} necrosome®| A& HA] necroptosis”} GoLi=
712 Panc-1 A|2Eof| A ZFel8}3ith Smaco]] 2]t cIAP1/22] B2

RS RIPIS A M2 G Eoh SRR ol ok
= §IA9E clAP1/27} RIP19] 58] ElH(ubiquitination)
AP B3 liguse 28T 28 712131 1] RIPLS] S
s ) £ A S0 o ke

o] 4 é% ]Eiﬂ necroptosis”} dojut=d] 1o uj-g-7+=
3 ARRAAR 2 85H] of7 ol taFa 5717} R gt o]
vl asajole] of 2] BiAl7} IAPE Aofihi o] Fasi 14
s7] otk &8 XE F 72| TNFao] 2|8t necroptosisol] 2101
/\-1 ROS.J umo] Jéf,‘—?ﬁ]‘) o}qz]u} TNFR1 A3 % ukoﬂ 0]
ofx] RIP32] QAk8} A mlEREZofo] 4155H ofiIA|t)
AFeF ROS | Iegt /ol ek ARE o] glo] Helrk. RIP3
+ glucogen phosphorylase (PYGL)%} glutamate dehydrogenase 1
(GLUDDE 3o}ttt a5 Ao =M o]5a B/
It} o] o7 AR 452 RNAIE o83 I E Ao <
=3l Sl TH45]. PYGLL 2] A1 glucose-1-phosphate =
B3A1A 35 71221 glucose-6-phosphate & 35}to] Atofl=
ROS2| ¥Ho] 7]ofdh= A 4o]th ERE GLUDLE: 4kaH4 Qlikal

el lof vl S8t AAE AA ek AT7FRIP3E ©2
gHefjatell THE BaE0] e SAANHL BN HlZANE S A

o7l = F8 AA 9910 7 A8sl= 7102 HQItH47). Necrop-
tosis?} H[EZE=2]o} ROSS WHd E thE B o] w2,
necroptosome©| dojd ujj RIP10] RIP32] 22794 Al #7|&
QAFSIAIA A W EZE 2o} ThulZ] 2elAks} & 4
glycerate mutase 5L (PGAM5L)¥} mixed lineage kinase domain-
like protein (MLKL)& Q14FIAXITH= Z10|3IT}H48,49]. O]+
RIP3-PGAMS5LS: 3£35S} necroptosome?| n]EZEg]obato] &
Ask= PGAMS5Se]| ZAg}sto] n|EZEe]ot A}t 241k Drpl
2 A5 A A=t 2/935HE dynamin-related protein 1 (Drpl)©|
b|EEEelolahg £ 4pAA A3 Al U ROST} S/ bRt 23
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