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Abstract

Reciprocal t(9;22) BCR-ABL translocation gives rise to Philadelphia (Ph)
chromosome and results in production of chimeric BCR-ABL fusion protein, which
activates multiple signaling pathways that promote cell proliferation, survival and
self-renewal. Ph™-acute lymphoblastic leukemia presents very poor clinical outcomes
irrespective of the highest dose chemotherapy combined with tyrosine kinase inhibitors.
Therefore, it’s important to explore new agents act as alternative/supplemental
strategies in treatment of this high-risk disease. The 10°(Z2),13°(E),15°(E)
-heptadecatrienyl hydroquinone (HQ17(3)) is a small natural molecule extracted from
the sup of Rhus succedanea. HQ17(3) was found to be a DNA topoisomerase Ila poison
that cause DNA damage, induced oxidative stress and caspase-dependent apoptosis in
various types of cancer cells, but didn’t affect normal peripheral blood leukocytes. We
found HQ17(3) has significant cytotoxic effect on the Ph* B-ALL SUP-B15 cells within
24 hours at micromolar concentration. HQ17(3) induced ROS production, loss of
mitochondrial membrane potential, and DNA fragmentation in SUP-BI15 cells,
accompanied by signs of autophagy and ER stress, followed by caspase-independent
cell death. Here, we found HQ17(3) induced mitochondrial Ca?* ([Ca®'m]) elevation,
leading to apoptosis-inducing factor (AIF) cleavage and nuclear translocation. However,
inhibition of AIF cleavage by calpain-I inhibitor PD150606 only slightly attenuated the
HQ17(3)-induced cell death. Furthermore, Ca’* chelator Bapta-AM could prevent
[Ca*'m] overload and rescue cell death more effectively, indicating [Ca?"m] participate in
other mechanisms implicated in cell death. HQ17(3) treatment resulted in increased

mitochondrial superoxide, and loss of mitochondrial membrane potential. Degradation
v
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of mitochondrial fusion protein Mfnl/2 and Opal was noted, while MitoView stain
showed significant loss of mitochondrial mass preceded cell death, indicated
mitochondria might undergo fission followed by mitophagy, the selective degradation of
mitochondria by autophagy. Mitophagy was revealed by COX IV and LC3B
co-localization in immune-fluorescence stain. Furthermore, Ca?*-chelator attenuated
HQ17(3)-induced mitochondrial ROS elevation, Opal cleavage and mitophagy
occurence, indicated HQI17(3)-induced mitochondrial damage features are
consequences of [Ca*'m] overload and related to cell death. In conclusion, HQ17(3)
induces ER stress by yet-defined mechanism in Ph* preB-ALL SUP-B15 cells, leads to
[Ca’'m] overload, elevated superoxide and mitochondrial damage, followed by
mitophagy, and cell death ensue. Our finding also suggests that Ph* ALL cells is
vulnerable to ER stress or mitochondrial stress, may provide a new approach to study

alternative strategies for high-risk ALL treatment in future.

Key words:
Ph* acute lymphoblastic leukemia, SUP-B15, HQ17(3), mitochondria damage, cell
death
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[Ca®"m] Mitochondrial Calcium ion

AIF apoptosis-inducing factor

ALL acute lymphoblastic leukemia

ATCC American Type Culture Collection

CCCP Carbonyl cyanide 3-chlorophenylhydrazone
CQ Chloroquine

DAPI 4'.6-diamidino-2-phenylindole

elF2a Eukaryotic translation initiation factor 2

ER Endoplasmic reticulum

ERAD ER-associated degradation

Grp78 78 kDa glucose-regulated protein

GSH Glutathione

H20:2 Hydrogen peroxide

HQ Hydroquinone

HQ17(3) 10'(Z2),13'(E),15'(E)-heptadecatrienylhydroquinone
M Imatinib mesylate

IMM Mitochondrial inner membrane

IMS Mitochondrial inter-membrane space
MAMs mitochondrial associated membrane
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Mifnl Mitofusin 1

Mfn2 Mitofusin 2

MMP Mitochondrial membrane potential

MOMP Mitochondrial outer membrane permeabilization
NAC N-acetylcysteine

Opal optic atrophy 1

Ph* ALL Philadelphia chromosome-positive acute lymphoblastic leukemia
PI Propidium iodide

PINK1 PTEN-induced putative kinase protein 1

PS Phosphatidylserine

PT Permeability transition

ROS Reactive oxygen species

Topo 11 DNA topoisomerase 11

UPR Unfolded protein response
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BALAREAR > P e Ph™ ALL chjpf = £51 & .5 A& 1 5 5 pe oo e

fi i fis 31| A (tyrosine kinase inhibitor, TKI)» TKI si® * 5 ik 3% BCR-ABL * 7 ATP

e

GEE R AR IPA o T el o LB RS EEZFE
£ (FDA)e >+ 2001 & 5 * %8 TKI 2 4~ Imatinib mesylate (IM)_+ & > IM &4~ % /&
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2 i e 5 CML v @ f8 3 3% 20 e ook Pht ALL » w322 0ok 2% 0 5 90%:
A REpRy Ry IM R FEL R RLEIN AN K B E
disease-free survival (DFS)¥ j&_28% (hyper-CAVD it F)#% = 1 87% (IM # pe
hyper-CAVD %) o 828 TKI & & ipk T 7 £ |5 sen ¥ fE > 22 § - blen
PhALL R4 ¢ F R4 520 o B Mg s 3 % #1558 7 /00 Ph"ALL &5
Rk om &8 TKI #5752 RFLPpERF 0 % 4 & endi p 1L > TKI #40 0
fio~ig* kA PhY ALL & B 5% 5 > BP-iriwie o2 & TKI & B 5 12
ZER EHGEIN 4% DT 65% B ALz fi.‘rﬁ,&iﬁ 2 E

S 43% 132 .

8. TKI # Ph" ALL /5% + #7 o Fenf® 4

yosh #rit o Ph ALL B % g 2cfussf = 2 5 8 &8 o #5 e TKI #4 ch 4
T o 1@ E—‘k AP RHEERLE LEFEIHELFweHE - XAt
e B BRF 5 R bldem 2 3 e SR R T R o~ # & oD
REL PR ERFAEA RS Rw%e B 20 FEBESARFTLF
(graft-versus-host disease) ek " © 82 8, "ﬁ ¥ TKI Jof kil g o e 30 £ AOR8
7 7 5 (overall survival) e 2 fr 5 F2 § @:& € ik i 12 &) L RRF o
ERRREFEORTF L 19% (F BEBIEIGF)L 32% (AELBEISR) 0 &L
R F01 5 41% (F BZBHISR)D 60% (AL BALioR) P ¥ - 3 6 o
b # TR S npdf 04T P 5 Bd 4 % fRdp 90 %) 80% 11+ ¥ 4358 IM
o R 18 AR m%dﬁ » H g m¥e 4 3 ABL kinase domain <7 % % > @ 5 40% % A & &
R A BT TS R e A Y o IM B JAE 2 ABL kinase
domain 2 %4k ir o> B P BpkLehs TSI RS - A TKIZEH M~ § - & :h
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Dasatinib ~ Nilotinib 354+ 8 & »z » /f #ig % = 1% # $» Ponatinib 224

Ph"ALL %7 5 BCR-ABL > & ¥ B ¢ &g & oA FIR % > R @ipjp { 4o F]
¥t oo 1395382 SNP array & %45 1 - CML o 4 R isfechii (20 > Hoo o 5
fn® 54§ 0.47 & somatic copy number alterations + § 7 i€ » P& LI R R &
ALL & AML pFR|34c 3 7.8 I > 1 * Ph* ALL B i i o e %2 0 somatic copy
number alteration ¥ 35#c £ 8.79 > &+ 2 genome 17 £ %+ - @ Ph" ALL ¥ L
B F A Fe 7 7 IKZF1 ~ CDKN2A ~PAXS5 % > F|pt 2§ 5 @ H 2 TKI #r 43 e

i R R R R 2 mendrg] B e

SN $YCEiLF HQUIGM 4
1 3 -pidagdoier = Ak

¥ ¥ = p~(hydroquinone, HQ)E_% (benzene):r it 4= » Fi& » | X §415 € %%' o
SRRV dmie & & p450 2E1(cytochrome p450 2E1) & 3= benzene oxide » # ¥ 1% i 2-
fi# % 12 £ ' (non-enzymatic rearrangement)f# # = fi= (phenol) > £ = fgd p450 2E1
HEHQT g F o kinl ¥ 447 AEF 4P chE 3 I § fF(myeloperoxidase, MPO) »
£ p 3 i (autoxidation)e= 3% » % 38FF it = 1,4-benzoquinone (BQ) » BQ ¢ £ DNA
% & @ i3 = DNA damage 14 2 ‘m? 8~ (apoptosis) * m BQ » # £ % iF NAD(P)H:
quinone oxidoreductase-1 (NQO1) (¥ * B i v HQ » @ & HQ * Fr= BQ iz ¢ &
g reactive oxygen species (ROS)en g 4 @ i = ‘mbe § (VR4 2628 o (5pgr=)

™ HQ BJZ % 7 MPO 9 HL-60 ‘0% 12 % 4% > MPO ¢ Jurkat ‘m? » % ¥ i =
‘& %Hk "y & (phosohatidyl, PS)#t s ~ > S f8 % % =& % (mitochondrial membrane
potential loss, MMP loss) ~ cytochrome C §#73c 12 2 caspase-3/8/9 & i* » ¥ 3k ¥

7%=, @ 11 pan-caspase inhibitor (z-VAD)Ff L o2 fm % > Fr+] fo#2 ¢ caspase-3/8/9

8
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&1 st Jurkat fnte ¢ T iz @ 4 HQ 3142 PS b R AT el £ U2
e = 535 e HL-60 Mm% R & 2 drd] IR % > P HQ ¥ 7 b w2 2 €
# % caspase-dependent £ caspase-independent & f& /¥~ FLiT ¥ - F g o iy b
| N-acetylcysteine (NAC)Tg £ a2 m¥2 > ¥ &> MMP loss e 4 > 3P o it HQ
BT Y AT A 4 G ROS Hime g 2 - wAER G T Do gt oh s HQ B
F 5% ¥ A € #r4] Topoisomerase II (Topo II)s77E 42 > % 5% DNA %74 ; ™ HQ fe
? X 3 CEM Leukemia Cells ¢ 7 DNA £ Topo I 5% & 3 4 ePIR % » o 3P HQ
1% = DNA %74] e %) §_Topo II jF X Tl drd] s E iR ee "f Bzt HQ S B g o
Fifi 2 (sulfhydryl) % & chic 4 0 32 F FB ¢ & 7 AR A 93 &|(DTT -~ glutathione)

&L isE 2 Topoll 2 DNA 5% > HQ § & % #r+1] Topo II ehax 4 260 -

2. HF - pit2 4l )[%J%%ﬂ??

10°(Z),13°(E),15’(E)-heptadecatrienylhydroquinone » ™ = i £ HQ17(3) > &2~ p
- % #H(Rhus succedanea)ik i ¥ EP-Ninx R o3t BB R AT B
% - B AERT 1T B2 Aforta s % 1013 158mR+ 33 C=CI
40 JUF A F R T 4p 00 HQLTQR) 4 5 8758 fm e th 30 8 § B F end Mootk > ¢
7 A E+ ¥ 3% w2 (Hela) ~ A # "8 ' * (Huh7, Hep3B, HepG2) ~ * #f ~ %% f fm
2 (HCT116, LoVo) ~ ~ & A 5% F % fw e (rat C6 glioma cells) % A 3w jf "6 o P
(HL-60)% - HQ17(3) 72 -] FF g2 ™ 17 ICso0 £ 3+ 0.9~60uM > * >+ 3 )k & (50uM) e
TWH A B B P w2 (PBMCs)# & & Bt 4 > MPEVEIGAFY 28 % B4
F334 < & Img/kg 57 HQ17(3)» & P A3k 5~ 4 (382 # 7 4p 21 w2 422 HQL7(3)

% 2 & HL-60 £ Topo Il 4% % ¢ HL-60/MX2 & 5 "5 5 P A A £ > ICs0 ~ &

5 09uM 22 9.6uM > E 7 HQ17(3) ¢ E# 24 M E 5 &+ ¥ Topo II # it chim?e 31 .
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R sk ¢ P HQI7(3)# % IR € &7 recombinant Topo IT & 2k & (Cys-427, -733, -977)
A5 £ 4o ¥ et B % ¢ 4 W HQI7(3) & Huh7 im#s ¥ ¢ 22 Topo llas Cys-427
A= & 4 > Cys-427 %t Topo IlasH1 ATPase domain » F]pt 3% 2 HQ17(3)& H A)
£ %4 ¢ B 5 Topo Hashps % & 2 ¥ 3k Topo Ila-DNA complex 3 v 2 DNA %74 »
B 5l4emPz v = o i Huh7 2 HL-60 ‘¥z th @ 323 3L HQ17(3) ¢ i3 = DNA 3f 5§
#ﬁ Hy-H2AX g v ensif 4v > fod» ™ 25 DNA £ 3540 M A Flen & 3 (4- DDITS,
GADD45A4, GADD45G) - ¢+ ¢t > HQ17(3)» #% I ¢ ¢ reactive oxygen species
(ROS) 3 4v » 5k dmPe 7+ = 325 e & Huh7 Mm% ¢ > Fp L a2 4§ i &) NAC 827
20 R0 HQL7(3)i & 1 DNA %74 ~ fm e Wopldf & # SUHIET = d 4 > & 40 o
= P B endrd A, 0 Bor HQ17(3)i@ & Huh7 w2 5+ = i %] 5 Topo 11
AR He] ARk 3032,
2 i 5 F7 4 5 T HQI7(3) A HL-60, RS4;11, SUP-B15, Jurkat & 146 s 5 4w
F R mre = > e AlfF 7 oo & Jurkat 514 caspase-dependent cell
death » 14 caspase #r#|#| z-VAD ¥ #r4| HQ17(3)3! 42 chim?2 5+ = ; @ & RS4;11 14
% SUP-BI15 m® P ¥_31 % caspase-independent cell death » 4o3f & &% fr P A2 Fi g
it #(NAC, Glutathione, Vitamin C)¥ 384 j > fm¥2 5* = ~ DNA %74 ~ ‘w2 5pliy
MR R SRR % 459 0 & & SUP-BIS W% ¢ 4 5 HQI7(3) § i & e §
(autophagy) ~ B4R 4 (ER stress)® 5= 4p M B/ cE 14 0 12 Chloroquine &

Bafilomycin Al #r+#] autophagy ¥ i f# fm¥ 5 = &igf 4 33

= =1£ % 4 3 reaction oxygen species (ROS)
1. %35 » 3+ ROS 4%
ROS iZip £ 7 #Heng 2 ¥ > ¢ 742§ I3 (superoxide anion, Oz + ) ~ i
10
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% i & (hydrogen peroxide, H202) ~ & ¥ & A d A (hydroxyl radical, OH =) » sifi/%
4 ¥ &  (reactive oxygen species, ROS) -
ALl & A4 ROSee B PRI AT 3 BB T 8 ivt o

+ By shcomplex [ 2 complex Il 7 + BiL B iLEARZ BN DT+ 25 ~F

ey

B4 ABBELMMP Frcoenzyme Q RO A O« "F i 7 F - RE P
& F HiFAZF oL 1 fE(superoxide dismutase, SOD)# & % ¥iwre £ 5 & 7 H02
e 3 = B HR-H02 M Prenig j$ > % - B % thioredoxine reductase(TR or TxR) 5 % =
% 1% i 2%k 3 fa(Glutathione, GSH) ¢ glutathione peroxidase (GPx):#- H2O2 * 2=
H0 ¥ O2; %= B {%ﬁﬁ catalase 1% 3 o 4o HoO2 A § ﬁﬁc'}ﬁ"“f & e v GSH
7 ERM 02 € 27 £+ (Fe* ~ Cu?"%)2A 2 Fenton reaction > 4 = { £ &
T g4 { A hOH .« o R me b ROS 2%+ i = fm iz 4 i 3637 u;rt TR AR
Bob o PRI mie ) A% % 0 ¢ 7 xanthine oxidase, lipoxygenase, NADPH
oxidase £+ B R 024 2 Oz 131 SOD # % = HoOy ¥timreid 2 5 (VR4 o
fmEe A Ry PRIV A SRS AR EEA S BER L 7 SOD -
GPx~catalase; 2L fi% % 1P| €_& 7 acorbic acid (vitamin C)~a-tocopherol (Vitamin E) ~
glutathione (GSH) ~ carotenoids ~ flavonoids > @ H # & 1 & =g i & 5 GSH ° ‘m
e f 4 R IR chROS 03 e ROS 7 w2 45 1l » 3 7 1% 5 S
B v 4 F (secondary messengers) %27 fmiz 4 £ & A (v 4phf e 4 Bk, ¥ g %
% (receptor) i & ¢ 22 ROS » ROS # M4 /& 1V T AR EL s F 5 JLeh v i3 4 3 2
Lﬁ%:}ﬁ 415> ROS ¥ F it 45 F]F > 40 AP-1 &2 NF-xB > B i A F] LI > Flpt fmPe P Jf
AF T EAROS MAED ¥ A Wby 30380 Famrg  ROS A4 i 5 & s it
AR B Y R ROS g Hwreg 2§ RS G ROS gk

DNA 7= 8-Hydroxyguanine(8-OH-G) % i# = *3 B i ¥ i (lipid peroxidation) » 5 &

11
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% it ¢ 514> lysosomal membrane permeability (LMP) £ malondialdehyde (MDA):H
44 @ MDA+ Ir ik ¢ s DNAdg A %> ¢t b > ROS 77 B v TS >

ROS @i & ¥ if'k » e @ gt § PB4 @S iR T 518 p% - ki

2. ROS & mrz 5=

L [F*J%#F] J1> TNF-a ¢ # HeLa m®2 p ROS 2> ERp AL 2 g o
Bax #4148 3E (7 F 3¢ ~ cytochrome C §#7% ~ caspase 7% {* > & ¥ e #7451 42w
"z /%= (apoptosis) » & £2 ¥ i* & BHA(Butylated hydroxyanisole)+ /&d2 » P it #7+]
e XAEE A B2 ¥ AT 0 Hela i » 3 TNF-athd (i 7 50
38,39 o ‘ﬁ% fmfe k= ¢t > ROS » 4335 282334 M % 3 5+ (necroptosis) » 12 TNF-«
Fed2 1929 ‘w¥e € 3% "2 necroptosis » BHA & @ B i jpt 4 fmre 5+ = 400 d b
lysosome = »" sk SRR HHIT 0 F R AAE A 4 ROS  lysosome » % % % 3| ROS sz # »
* lysosome # 7 ¥ ‘}Fi“,ﬁ?. ROS g i #4]x 57 e S dw Joehdh - § ROS &
» lysosome fé € X 4hHiEt > 2 A4 L B4 HOH - 5 i3 & lysosome b g
BiEF it E3R lysosome 7 fE A AL 2 LMP > lysosome Pk oK f2 iF
dtig = dmre 5= 4041, ROS 7 75 i AMPK (AMP-activated protein kinase) » i&m
#] mTOR 3542 w2 V%’ (autophagy) » % 3| ROS sc# a f ke B- ¢ %%’E’
autophagy » §I g4 -}%"f ROS - & autophagy 7= ¥ ‘)Fi% i MR R }’;J%:};q a o
11 z-VAD fed® 1929 m¥e ¢ 5142 autophagy > & catalase *# f#i¢ = ROS % ## ¥R m
e 7= 1L E $r drd autophagy 2 2 E F 3 PR B (RNAD 4] ATG7/8 e
T ROS B A H20I €3 4 > Trdlimee »= 290 d 1 87 ROS ¥ fads 3 2

WHIERmE = > 2 ROS 7~ 22l 45 ar v wALN4pS (8% cnff o

12
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T 3+ 3§ ¥ 5= (Programmed cell death, PCD)

Programmed cell death i £ & 8 $timre 7+ = Aljge 7ot > N4 2 K Sl fmie
7= 2538 21973 # s schweichel 27 merker #-‘m % 7+ = 3] ji £ 217w > & 5 Type
[~II~TI0 = 44 f& » 4 %] i 4 apoptosis ~ autophagic cell death 12 2 necroptosis 44
DAL 5 R KLV AR R R
1. P2 %= (apoptosis, type I)

Wi k= pE s A BT BRI e £ ”ﬁa\' 12~ % ¢ Fik %7 (chromatin
condensation) ~ %% f#(karyorrhexis) ~ ‘w? %2 ;¢ (plasma membrane blebbing) &
Ay k= RE G AT e el ¢ 35 L Bk g BR4E B-v fF(caspase protease):iis it~
DNA *» ] = 200bp © #ic~ -] 7% £~ fi?8 b 5 phosphatidylserine (PS)#i%g & “ %
% 1. % - Caspase » — #& cysteine aspartate-specific protease » & 7 o e g & ¢ X ¥
A G e k= A= ob initiators caspase (caspase-2/8/9/10)fr s {8 1 Hlimre 5 =
en effector caspase (caspase-3/6/7)  Caspase ** & F A JLFRT 1074 F i B A L5 @
e N H VRIS AELIS p RS 1 (auto-activation) 2 i 1 H # caspase %7 & o
caspase 1% v € 5l4x— i 8 ¥~ P& Ji(caspase cascade) > 7 B[S LT FH B
caspase * P BT L BB R mie B o

Effectors caspase ¢ *» | inhibitors of caspase-activated DNase (ICAD) % 3%
caspase-activated DNase (CAD):+#f 4! » CAD ¢ i& » 'wm?z % ¥ 7 5 endonuclease 7
71t ¥ nucleosome ¥ e DNA *7 3] = & 200bp &% #c~ | 0% £ > 3 45 (agarose)
AT AP € § R ladder” IR § ¥ o b #h s effectors caspase & it (54 X T dw
*2 ¥2 ¥+ Poly(ADP-ribose) polymerase (PARP):& {7 *» 2] - PARP % — #+% 3¢ > DNA
damage ¥ € /& 1t T A4 A 4\2 poly(ADP-ribose) polymers (PAR) » ¥ 51 DNA i3

RARBE P39 R B g DNA XA % f# 8 7 - PARP 7 ¢ 4L protease (¢ 4% caspase,

13
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calpain, cathepsins % )i& {77 &> H 5 DNA$F f4f 5 > i = " 7* = o7 [ ciprotease
773y € &2 7 e PARP 7 23] i > dwm¥e - % > PARP i & 4% caspase-3/7 *7

& 89 ~ 24kD A Ak 0 ¥ (T 5 m¥e &= & marker 46 o

‘wmPe k= X ¥ % & & caspase-dependent 2 % caspase-independent (*if4Fw ) 0 12T 4
Higa A7 A REEFRP
(1) Caspase-dependent apoptosis » 7 Fe A & P JR{E 1L B b Jffd 44454748
a. ‘MR

i% i o ve 5+ e death receptor ¢ 3% Fas/CD95~Tumor necrosis factor-a receptor
(TNFR) ~ TNF-related apoptosis inducing ligand receptor (TRAILR1-2)% - & ¢t jJqen
ligand % & f& ¥ 3| adaptor protein-Fas-associated death domain protein (FADD) >
FADD ¢ %% death effector domain (DED)¥¥ pro-caspase-8 i & = death-inducing
signaling complex (DISC) » 7% i caspase-8 2 -10 i&m ;% it T % effectors caspase *

BHRmE = o

b. NIRRT

Foww N B B4 e DNASI o~ 45 ~pA R R 5
BRA S HI A gES N FRRA S ik ¢ & F MM G > ¥R Mitochondrial outer
membrane permeabilization (MOMP) 3 4 > & {7 5 48 % (intermembrane space)
dife B 1) > cytochrome C & - fa AW 39 - § cytochrome ff 1! I ‘¥
B t¢ € £ apoptotic protease-activating factor-1 (APAF-1)14 2 pro-caspase-9 & & 2 =

apoptosome ;% i caspase-9 i@ & I T 5 effectors caspase » ¥R fmre = o @ W

it i i kR MBS ST S 1Y i caspase-8 B PF» ¥ #- BH3-interacting domain death

14
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agonist (Bid)*» & = tBid » i = # 44§ *} %< 4f > 15 3§ mitochondrial outer membrane

permeabilization (MOMP) % & P Jh il enfm?e k= o

(2) Caspase-independent apoptosis
% MOMP # 2 > R & S 88 %/ 3-¢ (intermembrane space protein) ¢ 8 &1 I 4>

HAE et > 3% caspase-independent cell death 44434748 » & 2 0™ K45 @

a. Smac/DIABLO % high-temperature-requirement protein A2(HtrA2)/Omi
"$ 1F g e 2 14 caspase-3/7/9 #r4 4 + > X-linked inhibitors of apoptosis
proteins (XIAPs) » & caspase-3/7 % i* 3k w?% = 4 4 ; HrA2/Omi » #_ serine

protease * ¥ E #:i% i protease £E 1 ¥ 3% caspase independent cell death #° o

b. Endonuclease G (Endo G)

5% A Fl¥ AR k348 -9 (Nuclear-encoded mitochondrial protein) » it ¥ /%
T g FEp s DNA shif W2 i34 o § MOMP # 4 pr ¢ 1 siplel > 7 &
2

# nuclear translocation 4 1% » € i€ » I %2 % "% f2 DNA > # 3k oligonucleosomal

DNA fragments v 4 3051 o

C. Apoptosis inducing factor (AIF)

AIF 1 C-terminal §F % mitochondrial intermembrane space (IMS) > N-terminal B
A4 4% & mitochondrial inner membrane (IMM)<h flavoprotein * > &7 5 NADH
oxidase B 0 P & I AIF R AR e @ R4 complex [ ¥ §F O (CERREL (G ITF o F

MOMP # 2 g% » AIF ¢ 4% calpain-I protease “» &] = 57kDa 5 £ » & IMS $#1 1

15
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fre B> F1H & 3 nuclear localization signals (NLS) » € & » 3 e %> ¥ B 5 =
51 endonuclease F f edF {2 1§ = 50-300 kb large-scale DNA % g1 2 % ¢ Tk 5 i

Wk dmrg v = 445520 Calpains 4235 5 4_¢ *» 3] IMS ¢ AIF & protease’ *» i & AIF
4 e Gly-10233» # 4 Ca*-dependent ~ non-lysosomal cysteine proteases * £ calpain-I
(p-calpain) 2 calpain-II (m-calpain) % & isoforms > calpain-I # 3 mitochondrial
localization signal (MLS) » 7% &3t 548 7 IMS f F AIF 0 processing > o § #4
P Ca? B RH 4 pF > i §75 0 calpain-l & 2 4 AIF & {727 2] » gt ¢t > Ca?'s ¢
B SR e s B LR i > R ROS & #f & i AIF 1 oxidative modification>

# non-modified AIF g+t > & { 7 »c= 4% calpain-1 i€ % 3 o (45T )

2. vz p V?ﬁ (autophagy, type II)

Autophagy * #{ & macroautophagy » £ ' 5 5. PR E 7 B vy B I iR
#1 4> 7 &~ % non-selective ¥2 selective @ fA#g 3] o § m¥e il X &robk(starvation) ~ #
¥ (hypoxia) % & >4+ £ /R pF > € 3 ¥ non-selective autophagy & # - & i ‘w %
¥ Kiyeng RApier % 4~ > @ selective autophagy B & & &~ L KRR T 4 £ F
Lo BERG R R i B £ 4P R B2 (7 autophagy 0o It ¥ dmie &
¥ 4 7% o basal level 7 autophagy > ¥7 'm#¢ 33 /& (survival) ~ # £ (growth) ~ 4 it
(differentiation) % {2 % (homeostasis)4p i 37 o
T e s 4H4 non-selective £2 selective autophagy & {7 /1 5 :
(1) Non-selective autophagy 378

¥ 0P It & A 7o ZPF > mammalian target of rapamycin (mTOR) § /& it * Bifis
it autophagy protein 13 (Atgl3) > ¢ Atgl3 # % fc+ 7 Atgl/17 e complex % & » j&_

@ovE Al E 0 @ e ST A LR A IR BER 4 T P mTOR s € Ak
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Frd) Atgl3 ¥7 Atgl %% & i Atgl 5 i E 5k F /¢ $% 1 (vesicle nucleation) s & i% i class
I PI3K (Vps34) % it 2 Beclinl ~ UV irradiation resistance-associated tumor
suppressor gene (UVRAG) ~ myristylated kinase (Vpsl5) % F-v 14735 & isolation
membrane > * # % phagophore o ‘w# j 3 & & ubiquitin-like conjugation systems I
24 phagophare # ;¢ 4f & (vesicle elongation)% %4 autophagy i&4% - 7 L » El-like
enzyme Atg7 ¥7 E2-like enzyme Atgl0 §] &4 Atg5/12 complex 25 = ; ¥ — = & s protease
Atgd ¢ #-LC3-I (soluble form LC3)*~ &] = LC3-II (autophagic vesicle-associated form
LC3) > % :iF Atg7 ¥ E2-like enzyme Atg3 & H £2 phosphatidylethanolamine (PE).%
A5 = LC3-II/PE complex » £ £ Atg5/Atgl2 complex & & T #-px & e B g\ Fv
¥ & %)= autophagosome - 4* p¥ LC3-11 ¢ & # 4% 4x % autophagosome "} » & 14
autophagosome ¢ ¥2 lysosome f& & 7} = p V* % B+ %8 (autolysosome) » lysosome P £

fe 2% £ #-o RSN chf B 2 inner membrane £ f# 0 % = autophagy o (4% )

(2) Selective autophagy ¢

LYY L G W A B 2 W 2 autophagy IR % T K-
Héto & 7iF i“ % (peroxisome, pexophagy) ~ b % 4 (endoplasmic reticulum,
erphagy) ~ 12 #&%2 (ribosomes, ribophagy) ~ *3 7%¢ ¥ (lipid droplets, lipophagy) ~ & »
M #c 4 $~ (invading microbes, xenophagy) » H ¢ &4k L 7 1 selective autophagy

% % 448 (mitochondria, mitophagy) » >+ {5 5 € (F3-m /i 5§ o

B2 7% autophagy e84 5 § 2% 'wre SLPR FIEEIR B » (€ i /& o autophagy * @ €
Wik e 7= » B4e selective autophagy 1 mitophagy & ‘J?’-'ﬁ«ﬁ-@ e ¢

ERmie 2 adFd WD 7= o 3F 5 MBme Y ;Fwt@" BELF R FED
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autophagy 1 4 31 Wik 3% fri] autophagy 4 0 Ay ok ol F £ U
tissue type ~ tumor grade % £ fein i (7 o ¥ oo H B = & e LR

Wi s P m g e X FIRBR A PF o autophagy ¥ i me = g 4 o e
autophagy #H ¥ i iF R = A RER L S P € Flwre kina § AT A oo
Nomenclature Committee on Cell Death (NCCD) % 2012 +# #f autophagic cell death i+
AT g & e 5= % i 4% autophagy 7 +]#| (4 3-Methyladenine ~ Chloroquine)
22k FIA o Frdl & R % autophagy 4p Bk F](4r * AtgS ~ Beclinl)eh & 3L¥ Fr i

autophagy % # »  ffim¥ 7= = ;N % autophagic cell death #* -

3. m¥ 3 7 (necroptosis, type III) 4443

Apoptosis £¥ necroptosis ¥ d n?s 5= e¢h L TE A 0 apoptosis € IR fw e
4g 1 3. apoptotic body + necroptosis 7 = 3 i B A me e < T ALY o F 2 ¥ }%L;:Iéz-
U937 I P jd® TNF-a% z-VAD > % Iim* { apoptosis Fr#|efiinT™ ¢ 313
necroptosis > 4] * Necrostatin 1 (Nec-1)¥ & — {434/ receptor- interacting protein 1
(RIP1) i 1 it drdl moe 7 = g 2 > 3487 3 RIP1 &M en5v = 2558 4
i¥ necroptotic cell death > »
p o @ Zrd RIP1 2 ¥ ehnecroptosis ¥ 4 5 “FiRfE st piRiE s fa 4 H 1)
(1) *HimlrEes s

% death ligand ¥2 death receptor (4v : Fas, TNF-a, TRAILRI1) % & {5 ¢ i@
TNF-related apoptosis inducing ligand receptor (TRADD), FADD, RIP1, RIP3 £
caspase-8 % & 2) = complex > % caspase-8 J ' iE ik i 0 R € #-RIP1/3 & f2i¢ ‘w
*¢ 4_ caspase-dependent apoptosis’ % caspase-8 5 1% E i N AL F K G e o

RIP1/3 ¥ [ H 54 ¥ #-'w ¥ ¥ v necroptosis *
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(2) ™R

% 8 4F T i & genotoxic stress (4 ¢ it #  etoposide) » B_# mre p 4ot

-

it #7025 complex (#- °° death receptor) » i 5 ripoptosome * *4 7 caspase-8 Z. *F
P p p is pop p

2

g7 dwPe N 4 4 apoptosis inhibitor 3¢ IAP ¥ FLICE-like inhibitory protein

(FLIP):h %22 » 'm?s 4_w apoptosis £ necroptosis 74 2 _F]Z B &_{ 3t hm¥e 857 U

2w 3 BRI D LB o (k)

I~ Unfolded protein response (UPR)-p F % /& 4 (ER stress)

b B 4 (endoplasmic reticulum, ER) % fn%e p 2437 3-v B AR & &~ iR E

A4

ﬁ.

e B FER DR T2 A M AITHE BFITE R i g AL

=

Frie /R4 (ER stress)“ > @ p F Ry L p 1 & kG Ca?tame B FULp T
P Ca?i @ +4f+ ¢ H 3K ER stress % 2 > H is i &_glucose starvation i# = 3
v R D N A F TR N AR 0 § IR ER stress e e p G-

B op A EGE AR N R i 0 L5 unfolded protein response (UPR) » e &

ERERS FEEL T g ”‘T’ » UPR R § #5mee 4w p= 01620

>‘1\

E LS

\\\

¢ & UPR T %31 "3 ¢ = 8% % 3-v (UPR sensor)i# ¥y > » %] &
inositol-requiring enzyme 1 (IRE1) ~ protein kinase RNA (PKR)-like ER kinase (PERK)
™ % activating transcription factor 6 (ATF6) o i ¥ J%;= ™ » ER p ¢ chaperone-Heat
shock 70 kDa protein 5 / 78 kDa glucose-related protein / Binding immunoglobulin
protein (HSPAS5/Grp78/Bip) ¢ £ UPR sensor .: CRBEIFAGERE G F R
&4 g4 > Grp78 € ¥2 UPRsensor ~ B » & m 3 S &34 & ER p ehidrfp 2 45 3%

Prdpeni-d > €A @ UPR sensor /& i » » W 3k = 87 F UPR pathway % 24 -

11T g4+ UPR pathway i 17 47 52 016364 ¢ (rpgg- )
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1. PERK & f* i/

% PERK # % chaperone #+#] » ¢ oligomerization ¥ p #8#kpk i > &7 7 2%

a subunit of eukaryotic translation initiation factor 2 (eIF2a)@ifi& i« & H i (X 1 dr 4]
"% 14w %2 P mRNA A5 88 4 S (translation) 250 ¢ 2 BT p Fo BB 5 R4
e ¢ i % 434 v activating transcription factor 4 (ATF4) % 3. » ATF4 ¢ i& » 3| w2 §%
B R Hard s FRF L ER S mrep “‘,%’ “F AR RBL R e = A e
%] » ATF4 » ¥ % 1* GADD34 # 3k growth arrest ' 2 DNA damage » GADD34 [ p¥
< ¢ #r4| phosphatase 1 (PP1)fé H & * #-p-elF2a3 Fifk (v > ‘adF Jov 4 = eofr
#] o ¥ ¢t > PERK ~ ¢ ¥} nuclear factor (erythroid- derived 2)-like 2 (NRF2):# #7473

v E o

2. IRE-lai# v g2 s
IRE-la % 3 endoribonuclease (RNase)# kinase domain > % ER stress % 2 -

IRE-la ¢ oligomerization @ p ¥ it @ & it > ¥ £ H RNase 5 ¥ X box
binding protein-1 (XBP1) 7 mRNA :& {7 unconventional splicing > *7 “%T? intron 1 } &1
26 Bk 2k 0 E 3R frameshift 778 4 @ @3 2 4 M i XBPls &0 H v E i
ER chaperones, ER associated degradation (ERAD)£? phospholipid 7 & = ;’%’J‘l Fr ]
UPR sensor /& |+ 22 v "% j&» ¥ j# ER stresscIRE-la» ¥ » ¥ i i§ kinase domain
7% 1v apoptosis-signaling kinase-1 (ASK1) > i&m % i* T 7?5 c-jun N-terminal kinase

(JNK) £ p38 i % 4 5= B/ o

3. ATF6 i% it 5/
ER stress 3 # P¥ > % % chaperone #7471 ATF6 ¢ &N & H 3 § & < #
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b oo A -9 fF sitel (membrane-bound transcription factor peptidase site 1, MBTPS1)
£ site2 (MBTPS2)i% iF intramembrane proteolysis *» 3] = & & (4 g & ]+ > i&4c

7% 1* ER chaperone ¥2 ERAD #p i 3~v > % f# ER stress °

UPR pathway ",% T ¥ %2 ER stress R ime > LR L T € R A
&S o Aok i Ardg b en IRE-la# it JNK/ASKT 12 2 PERK/ elF2a % it eh
pro-apoptotic transcription factor CHOP ’K € 1t - BZETY o ¥ b CHOP » 44
%= € 51 endoplasmic reticulum oxidoreductase-1 (Eorla) » # p FieiBER F it @
Rz > @ BorlaiEd » MIFFE 2 F 1P Tt g+ i inositol
triphosphate receptor (IP3R) » IP3R 2= 5 #8 ¢t %+ 9 VDAC i if ¢ 1548 Grp75 48
WA Pl g B Cal A TR IR o R CaTH AR §
Tl et B E R ROS 4t > + € i3 & mitochondrial permeability

transition (MPT) ¥ 3 4> SR8 N 9530 o 1513 N SR = e T 0068 o

NE
4

R 2
1. ksegd T

B - B8 % B o ¢ 4E I (7 b £ (fusion) 2 A 2 (fission) 1t 2 8 2 41
)0 MRS ] d B K T e R Rl R LR
fmre h TR B A B o R AR a0 fusion £ fission ¥t imre 4 £ v R AR A HIE A
FRERAMOeLL o £ R o F2 3 R fusion 2 fission 7R % € 1 > F L
P v 0 22 apoptosis £ mitophagy 73 £ 4p B 75 o 7] fusion £ fission £
ERlmie B 2 mE B E G APM L Flt s i fi T PSR S e g
Ve & AE T 5 10T T 4L¥t fusion £ fission faiEdmer ) S 6970
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(1) & & (fusion)

A g e fusion 8.d = A FE TR 0 ¢ 7 mitofusin 1/2 (mfnl/2)11 3 optic
atrophy I (opal) » Mfn1/2 F=v =>4 5048 *h -t e GTPase » A4 Mg £ > I ¢
#% 1% ubiquitination ¥ 4]3r 4| H B o L EH G we @R AR X PR o ¢
w1t % I ligase # Mfnl/2 i& 72 % i* & 4% proteasome *# f% » |4 Doxorubicin
fed® U20S m% # E3 ligase Huwel 7% i » 2 selenite &2 Hela ‘w & > 4k § i
&4 & 4 3% E3 ligase Mull & 1+ > " ¢ 3¢ & Mfn2 2% it 7172 F]t mitofusin £h
AR & ¥ stress-induced pathway 7 40 B f£ ¥ — & £* fusion 49 B 3¢ % Opal »
= dynamin-related GTPase » =3t SRf8p Mo f 7 N g £ - Opal 55 8 f&

isoforms > % i & N ¥ transmembrane segments 5 7| % ¢ alternatively spliced exons

Mr

14 I S1 ~ S2 ¥ S3 = i proteolytic cleavage sites m A 2 7 F A i > S1 *7 & =
¢ 7 w3t 2 ¥%isoforms * > S2 ¥ S3 B EF & iT L fiefvisoform ¢ 0 B g ARE AR
8 intermembrane space 57 AAA protease Ymel *» & » F]pt Opal 0% F isoform *
¥ % 4 5 long form (L-Opal > & *7 £] 2 )£ short form (S-Opal>Ymel *» 2| & ) >
A2 SdF 1l et o L-Opal ¢ 440 0 s Scitae o %ep & 0 S-Opal RIAL¢
PEHEY R ARG R ¥ Rk AR fission 3 4 7o ",f 7 S2 82 S3 ety 3| 4 = S-Opal
z_¢h s gk AR 4 4 &1 (5]4e carbonyl cyanide m-chlorophenyl hydranzone (CCCP)
iT#F uncoupler E T T i AR AT CE A ) AR E L E A SN 4 P
¢ 3+ % metalloprotease Omal &7/ it 3 4 S1 =B {722 2] > HRA L S22 S3
e L-form » ¢ 44 %7 2] & S-Opal » & #5048 7 4_% fusion @ ¥ # i& {7 fission ™ »

G L SRS kg s
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(2) » % (fission)
F st s 2 d dynamin-related GTPase Drp-1 f § > Drpl T P i3 &8 fm e T

) kRS 2K A 4 PF ¢ 4 TR mitochondrial fission 1 (Fisl)#-v & 4048 h s+ i

D

adaptor protein ¥ 5! Drpl > Drpl § %gzl v TR B AAF G AR 2
7= BB €47 I kinase BEfL 1t > % - B % Ser-616> ¢ 44 protein kinase C (PKC),
Rock kinase, CDK1/Cyclin B & CAMK-Ia #ifiz i* » b = BLEpRpe i 430 5 € RaE e
Fsupg b wc b e Fisl % & ¢ fission 2 24 75 % = % = 2LE_Ser-637> ¢ 4% protein
kinase A (PKA)#ipz it > Ser637 #ifis i* ¢ & Drpl g 3ldrd] » 7 53§
calcium-activated cytosolic phosphatase Calcineurin & B2 & gipsis 777 % = B =2
P 2_Ser-693 » # GSK3B Eifit iv » I #'m?2 apoptosis PFHr+] fission 2 # 8 ¥ -
GHoox FATRHON TR OS H G AR N TR MR ¢ 58
mitochondrion-associated membranes (MAMs)#-% 4 K Apid ¥R {7 g R ATAE S PR
# 7> 17 & 7 2 ER tubules € &3 4 fission PP el SR8 2 R 4P A

@ Drpl » ¢ BjE i p FaRedp S ongii e TV p R TR T EEALESR

R B e 4 80

Fusion £ fission % i# 7 3 2 ¢dR % > fsR48:2 (7 fusion P¥ € #:iF mitoPLD
(phospholipase D superfamily proteins ® 73— B )& # phosphatidic acid » i&m 7% i
Lipinl & 2 diacylglycerol » ¥ % 4F 3+ 5 fenfi-;nT™ &t PKC > PKC ¢ % Drpl
% 616 B serine Fifk (& p-S616 7% i* fi RiE fission # 4 > ’%—‘ TR A S
v iE B :}ﬁ ! fission ¥ fusion i@ F M 4 s g B8 HRa LK iE T
kinase ##f i Drpl #1% 3% ¢ alternative fission-inducing pathway 7 % # - fusion &

¥ F 4 5 bldorl CCCP & apoptosis-inducing 2 3 g J2 ‘P2 5k S0 48 5 B v 2
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4 4k3n i # % § Drpl 12 % fission 4p B F=v 75 1 > 2 27 fusion 4p B F-v & B 25 83 5
P B A g A 2 et e U T T ) ST 3T € 34 % Calcineurin 97
it » @ apoptosis-induced fission + ¥ iy f& g p B g i D s S @ g 4 88 .

F sk € 1 * fusion 2 fission et BRI UK FARR hlwie B4 o F lw
7 X RS PR 4 (e L AUBR) > € TEGE fusion 1 34 SR8 7 4% autophagosome
i 80, ¥ IR MME EY R ERMB S VREF N KRR E

F P RJT e BFL € F BF 00T %o AR AL L stress-induced mitochondrial hyperfusion
(SIMH) » & 3 & 3% 6 Mfnl ~ L-Opal £2 SLP2 #3875 fv ¢ ‘w2 1§ & 2 3s 7)) R 4
R AT & 4 pF o €@ fusion 4P M F-v " f2ie @ (RAE fission 3 2 o B5iF
fission 4" 2 &) ke en B Bt e ARl € 49 2 T 1k i - TR 17 fusion & {%‘ﬁi‘}ﬁ“",ﬁi )
F AR ST A M A § 53 fusion £ v PRS0k o
FAA N R AT N § @R H fusion £ FlHFRF] 0 @R x B D

mltophagy /%— F$ @ﬁi 69,70 o (Fﬁ»ﬁ‘,——i )

2. ASREP TE

Selective autophagy - & » & & — (L "5 MR i AL > i agE D F 4 2
ERE B84 T & KR EF TN REF DR FEFL A RF L PE > Lo
P A A ST AR Y b 2 PR e 37§ § 49 M 1 Mitophagy
3t 2004 & A Kissova et al.>® yeast ¥ 3 JLeniT4 + #4] 0 & yeast ¥ %27 mitophagy
Nk T 5 Atg32 ~ Uthlp ™ 3 Auplp » #Xd forf 58 4 058 ¢ & K8 40 B
iRk ] @ B T S b e T PR g ] 568

frf L@ p e ¢ e SUREEE i M & 3% (mitochondrial permeability transition,

MPT)#t i s B R p 5482 &1 ¥ 514 mitophagy % 2 R F] - MPT £35 4 =
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F8 9 3E J-v 7% & ¢ permeability transition (PT) pore #7347 » ¢ 7z &3¢ ¢ iin
voltage-dependent anion channel (VDAC) ~ p %} £ adenine nucleotide translocator
(ANT) 12 2 =%+ JL % ef3 cyclophilin D (CypD)» £ i 4= 448 % 3o (4 creatine kinase,
hexokinase 2 Bax)+ 4335 € 52 PT pore inle = o F MPT B fapF » ¥ & #4088
HB PR 4> B3 E X 1500kDa ehd-v 7 i » 3R A > & FRP AW
Bt AT o 2T FRIEC PR E ORISR RS DR
% > T AF F LC3 7 autophagosome i& {7 # % ¥ i€ {7 mitophagy - ¥ - > & » £ 3
WO e R € M9 i~ it mitochondrial fission (uEAE 0 L AT RGO B
#F fission @ AL % Eit i kY o F)H A #c] T2t { 5 4L autophagosome #7E
BT L[ T IR A Hela M2 231 17 fission nff 42 2 7] Fisl i & |57 €
& mitophagy % 2 - @ fusion 4p B A F] OPAl il £ IR AL 5 € #ri)

mitophagy 73 4 » 3P fission & mitophagy & 42 2 § 4p B 25 6 o

P AR yeast Eof U 7 2 428 F194 4 mitophagy s s (7 g g 968891 ¢
(i85
(1) Atg32 A4

Mitophagy =4 4] % % ** yeast ¥ 488 3 » H4XW 5 € f stationary-phase 3% 43
Fe 4R e quality control » #-iE B 1 * B 5 A el AR iVT‘ o 3T # K AFT} yeast e
mitophagy % # #5417 > #-¥f mitophagy % 4 FF#ré Hehkv 7ot gm i
27 autophagy 4p B ¥ A& mitophagy %27 & & A kv 5 Atg32 o Atg32 i 48

g3k S48 ¢F %+ e autophagy protein 0§ fw ¥ i3t mitophagy-inducing growth Ik

s

TR H G e F N = 6 8 Atgll B & 0 Atgll 2 F 5] Atg8 il 42 0 Atg8

g & d - k5 Fd T {0 isolation membrane SR e ¥ - 2 g 0 Atg32
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N A Ly F 5 WXXL-like Atg8-binding domain > F]pt» 7 7 #3F Atgll & 4%
B OAtg8 &0 m P hA E BEAFEGEE Atgll @) 0 Atg8 #7% 3l isolation

membrane % {& #-f A48 iE (7 ¢ H A= autophagosome ° i@ % 4 mitophagy °

(2) NIX 2 £

% i mitophagy #-it ¥ SR P ARG S8 bl n IR T EARY 0% F o
FERFPOLR R ETEFTREAM A ST E LA SR o s MY e
mitophagy *:if = - AL E B4 B AR DR 4EF-0 5 NIP3-like protein X (NIX » 7=
#iL# BNIP3L)-NIX P ﬁ%q‘)\*& AR s g e e B e s 3 WXXL-like motif
¢ T 2 LC3 2 GABA receptor associated protein (GABARAP) % & » ¥ 51 isolation

membrane ¢ % I F 548 > 3 ¥ mitophagy #F 4 o

(3) Parkin-PINK1 33 37

TEPFPYAE R SR o ¢ 11 % mitophagy MAFA AR hEFE e
Fia o D45 1A A F & mitophagy 2 chd-v o A REG FONR AR e
PTEN-induced putative kinase protein 1 (PINK1)r 2 33t ¥z 57 E3 ubiquitin
ligase parkin (Parkin) » i&7 f 3-v 9% % ¢ ¥ X mitophagy sfrd] » TARIRL & o
& BN gpavF 4 phkd o Parkin B L4 B2 E_%& ek LA N S N A i
VLB IRERE 5 i 3 3 TR AR g uncoupler #F 4 (4 CCCP)EJE # Fe fm?e > 84 i
AR AWML A B (el p X ) “"3 ¢ & Parkin & mre B 3 £ AF AR
£+ > R4¢ mitophagy % 2 > @ 7 R o A FU Parkin 4R35 € BiFR
RS F L adF BE & ¥ a0 om Parkin B E PI4E § k58 % 5k mitophagy if

2% & 3 PINKI 7% » PINKI1 #_4 ;£ % A0 S48 p chkinase 39 > it B on
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RS § KR S SR R A L 0 SRS T G B 6 # PINKI ok
fE )4 > @ PINKI 245§ & e 5! Parkin 2 & T H g > BP0

i Parkin ¥ ¢ 5% & F L RM PRk Flo§ Parkin B & R4 2 E3 ubiquitin
ligase € ¥k 488 ch7h 3 Fev (¢ 3 Mitofusinl/2 2 VDACI) it # 4%+ i 4 @
£ e11 Lys63-linked polyubiquitin chains > 5142 ubiquitin-binding adaptor p62 % & » p62
% € p R & { 4o 3] ubiquitylated protein (hFE # - T £5iFE LC3 chig &
#- autophagosome ¥ 5| 1" & Hf 548 - & % 2R ,j.’?-“f ¥ - 2 % > parkin ¥
mfnl/2 i§ & 72 % * (ubiquitination)» A3 5 € 5142 v H-K 2 ehpe s o ;’5 b i)

RLR AR R E TR & 0 a4 4 1 2 mitophagy % 4 o

B2 7% mitophagy # el = £ - fERER T S &G % LIRS A mre B
io £ iy 0 @ mitophagy R F 4 P mE ol AL & ED TR € KR
e R AR E R 0 @ e s £ 7 XA ¥ R mitophagic cell death ; ke E
mitophagy # it & 4 > A AW E X FFREFRF P € R G O AMEY

g

B e N R e DK i B § B R o g 4
F]¢ mitophagy svF 4 £ 5 7 FIEther A L ERwE - > FARmE R R

BT A SR

\r
/4

Preliminary data
AR E BT Y F R HQUIG) AL 33 4 ¢ 4 HE 12(Ph") s B-ALL 'm
* tA SUP-B15 § % ik caspase-independent cell death » # 1 g2 8 /| & ¥ 4 3| f
B = A0 £ % ROS HAFE R MMWT &2 $ME > 8 LFF A

Glutathione (GSH) &% vitamin C &% U2 ¥ #% K ROS & 2 ¥ % j2im%% 7 = o 2 4
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% 7L SUP-BIS & HQI7(3) S £ 6 /| P AL ™ 4 p 7 4K 4 (ER stress) ¥ i f

V‘%’ (autophagy) e # > 12 autophagy #r || chloroquine #r+] lysosome & 4 &
bafilomycin Al #r+| autolysosome 37} = 357 & fmPe 7+ = 35 5 I &
[dmPe 4% 0 SR G IR G T &

/|- BT L% F] apoptosis-inducing factor (AIF):i& » I

ER stress % ‘m#2 5* = § #7 b B 3435
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¥-F PLP @Rk R

LHE L 40 HQUIG) SR me £ § /B4 B % $ ¥ Piokime Al

N

Edrdlrdk > 2 ApiH B F ARG me > A4 ALL dwE cnd BT F R oo

P HQIT(3)™ it § 44 ALL ‘¥ & B Hkss 8L > EREHF I M 4 4edp o A0

T

49 % 2 ;3 & SUP-BI5 (Ph* B-ALL)m#¢ $k + » ] BCR-ABL* ALL #3235 ¥ BB
# % 1 ALL subtype » 1 14 % 5 & i 5 e TKI# 4 enié * 192 % 2iniy > 2
Flpt5p A ALL B & &—‘F,’z Py bk gt F o mi R B R R KR T UZ
P B R o FI R R EH AT e EMAR S P ALL
S /B RS S B 4 o A kR 7 8 IR HQ17(3) %t SUP-BI1S #134  chim e 5+ =
% caspase-independent cell death » ¥2 H {s *8 % ‘w2 (4= Huh7 ¥ HL-60)% ¥ - }x
T-ALL ¥ $k Jurkat #73% 3 ¢ caspase-dependent apoptosis # F > F]t 32 5 HQ17(3)
T it o SUP-BIS fm%% § W2 B & My im¥e 7 o cniR & BT 0 3T i 810 b eh
PR3 BT Mo AFT T TR 3 473 HQ17(3)% SUP-BIS #1734 #chd ML /T 5 o o
%&éﬁmPNMLﬁ%%ﬁ%’uﬂ%%%&$,rILW%%%Pﬁ$%°
p % < 4o HQI7(3) € it & SUP-BIS ‘m® b ROS 34> 11 4f 1t A7 R E moe
F= 5 2 BEIIHQIIB)RIZ S ) FF € 4 # ER stress # 2 » 112 6] PPl
T ¢ 7 autophagy IR % o I 4 Ed L 24 o) PEELEF] AIF A F i~ D]l E i
25 3% Fripligat B T ciE £ F 4p B 14 BR stress 03 4 7y R RPN Ca?t
% L fF s 2@ E R calpain-l B i ¥R AN R0 AIF {7273 > @ Higr 3

mEE > BTV B me = F M e
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2. FAF B
(1) # %82 »+8 RerHQ17(3)% SUP-B1S ke #r3f e 7 o B[S 548 5 M (heh
#Ft e

(2) # 31 HQ17(3)#7 % SUP-BIS !m¥e 5 = et [T 4 i@ o

> TR

¥ — %4 —FE:% mitochondrial Ca®* 3 4v 12 2 AIF &7 2] &2 fm¥e 5+ = § B

(1) 4 Ca?" indicator Fluo4 ¥2 Rhod2 % ¢ L% HQI17(3)AJL 5 -] PF 18 » k4 4 e Ca??
R AR Y RS R HQIT(3) L 24 o) PE{S > ATF & 3 & » Ilim¥e
Frenfa) o FEiL ER stress ¥R AM N Ca?r e 4o 3 e AIF chig 45 2 2 7
"

(2) & =12 Ca** chelator Bapta-AM % calpain-1 #r ]3| PD150606 & HQ17(3)+ /&2

VUG R ¥ RFERL AIF *7 ) 258 2 ¥ £ $l¥Fed] 0 & 2 Annexin V/PL 4 ¢ L% 'w

o= A g Ca? TR ATF » B R FIFrd| A E ¥ ¥ fEmre = o

F e — i HQL7(3)ig = a4 fl Ca?' 4 ffr ¢ RO A G 2k el p v ﬂ

(1) 24488 ROS % | MitoSOX 2 5% = 1f i8] 4 ] JC1 L% HQI7(3)AJL 8 | ¥
{83 2 e SRR O 9 5 04 & 2 % 2hi2 1 p] mitochondrial dynamic 4p B #-¢
Mfnl/2 2 Opal e 35 ;5 2 MitoView % A& 7 50 4 ¢ B2k 587
AR e I % 5 LB ¥ k4 ¢ L% mitophagy F 4 25 o

(2) Bapta-AM ¥ HQI7(3)% A2 > ™2 mitoSOX % ¢ ~ & = F B2 & f 4 ¥ kA d
LR AR R R T R PR it HQLT(3)H e sty Ca?”

AR 0 5w 2§ R -
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Bz R He

- AR

1. fmPe ik

e B2 it % 2 BCR-ABL" B-ALL ‘w " tx SUP-BI5 B£% i American Type

Culture Collection (ATCC)

ATCC %% @ CRL-1929™

2. RE/H A REFHE

B P B (catalog Number)
1-Butanol Merck (1.01990.1000)

40% Acrylamide/bis-acrylamide (29:1)
2-Mercaptoehanol

4’ ,6-Diamidino-2-phenylindole (DAPI)

Agarose I™
Ammonium persulfate (APS)
Annexin V-FITC

Albumin

HyClone™ Bovine serum albumin (BSA)

bis(2-aminophenoxy) ethane tetraacetic acid

(Bapta-AM)

CaCl2 » 2H20

AMRESCO (0311)

Gibco (21985-023)
ImmunoChemistry
Technologies, LLC (6244)
AMRESCO (0710)
AMRESCO (0486)
BioVision (1001-200)

Sigma (A4503)

GE Healthcare (SH30574.02)

Molecular probes (B1205)

Wako (031-00435)
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Chloroquine

Ethanol

Fetal bovine serum

Fluo-4, AM

FLUORO-GEL

Glucose (Dextrose)

L-Glutathione (reduced) (GSH)
L-glutamine solution

Glycine

Hanks' Balanced Salt Solution (HBSS)
(no calcium, no magnesium, no phenol red)
Hanks' Balanced Salt Solution (HBSS)
(calcium, magnesium, no phenol red)
HCI

HEPES

Iscove’s Modified Dulbecco’s Medium (IMDM)
Isoton

Methanol

MitoSOX™

MitoView green

NaCl

Non-fat milk powder

PBS (10X ready pack)

32

Sigma (C6628)

Merck (1.00983.2500)

Gibco (26140-079)

Molecular probes (F14201)
Electron Microscopy

Wako (041-00595)

Sigma (G4251)

Biological Industries (03-020-1B)
Sigma (G-8898)

Gibco (14185052)

Gibco (14025092)

Wako

Sigma (H-0891)

Biological Industries (11-058-1G)
Beckman Coulter (8546719)
Merck (1.06009.2500)

Molecular probes (M36008)
Biotium (70054-T)

Sigma (S-7653)

Nt

Gibco (70011-044)
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PD150606

Phosphatase Inhibitor cocktail (10X)
p-nitrophenyl phosphate (PNPP)
Protease Inhibitor cocktail (10X)
Propidium iodide (PI)

Rhod-2, AM

2X RIPA buffer (pH7.4)

Sodium dodecyl sulfate (SDS)
Sodium acetate trihydrate
Sodium bicarbonate

Sodium pyruvate

TEMED

Tris-base

Triton-X 100

Tween-20

s

Sigma (D5946)

Roche (04906837001)
Sigma (50942)

Roche (04 693 159 001)
BioVision (1056-1)
Molecular probes (R1244)
Bio Basic (RB4475)
AMRESCO (0227)

Wako (198-01055)

Sigma (S4019)

Biological Industries (03-042-1B)
Sigma (T9281)
AMRESCO (0827)

Sigma (T9284)

Sigma (P1379)

R/ B Eeia%e

Mouse anti-human COX IV antibody
Mouse anti-human GAPDH antibody
Mouse anti-human MFN2 antibody
Mouse anti-human OPA1 antibody
Rabbit anti-human AIF antibody

Rabbit anti-human LC3B antibody

33

Cell signaling/11967
GeneTex/GTX627408
Abcam/ab56889

BD Biosciences/612606
GeneTex/GTX102399

GeneTex/GTX127375
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Rabbit anti-human MFN1 antibody

Goat anti-rabbit IgG, HRP-linked antibody
Horse anti-mouse IgG, HRP-linked antibody
Goat anti-rabbit IgG (H+L) secondary antibody,
Alexa Fluor® 488 conjugate

Goat anti-mouse IgG secondary antibody,

Alexa Fluor® 594 conjugate

PR ESE

Proteintech/13798-1-AP
Cell signaling/7074
Cell signaling/7076

Invitrogen/A-11008

Biolegend/405326

R/ B &b

Bio-Rad Protein Assay Dye reagent concentrate
ARROW Prestained Protein ladder
SuperSignal West Dura Extended Duration
Substrate

Western Lighting Plus-ECL Enhanced

Bio-Rad/500-0006

ARROWTEC/APMO0671.250

Thermo/34075

PerkinElmer/NEL105001EA

Chemiluminescence
RE LA R 25
LAS-4000 # e 4p & st FUJIFILM life science LAS-4000

Shandon Cytospin III cytocentrifuge GMI 8358-30-0001

F] = ¥ Sk B st Olympus IX83
F] = ¥ Sk B st Olympus IX71
Do E R R Y kR A ZEISS, LSM 510

(¢ *FRFFFLNF - LEFFLE)

34

d0i:10.6342/NTU201802853



(VERSAMax microplate reader)

I R
IR LA
- 5 iLEuiﬁ X %%
- 3 KFe & T

i ek 5 H,

KUBOTA 8800
KUBOTA 2100
HERMLE Z333MK-2

VERSAMax

BD FACSCalibur

Beckman Coulter CytoFLEX™
ESCO COz incubator
STOVALL life science
Amersham Biosciences

Bio-Rad 165-8001
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3. EpRE Ap-

(1) sm#e £ % % : IMDM contain 20% FBS  (4°Ci% %)

7 * g R
IMDM 400ml
FBS 100ml 20%
100mM Sodium pyruvate Sml ImM
2-Mercaptoethanol 0.5ml 0.1%
(2) i e AR B R S
5X Annexin V-binding buffer, pH7.4 (100ml)  (4°Ci%7%)
p & kR
HEPES 1.192¢g 50mM
NaCl 4.09¢ 700mM
CaClz « 2H20 3.675¢g 25mM

ki€ % A 02 ddH20 A = 1X 0 238 i 0.22pm filter 8 @ * o

(3) FPim® Fov

imre R (4°CiF-73)

P kB
RIPA buffer 1X
Triton X-100 1%
10X protease inhibitor cocktail 1X
10X phosphatase inhibitor cocktail | 1X

* Protease inhibitor ~ phosphatase inhibitor 2 Triton X-100 & * = ’T e
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(4) 4 = A RRPL BB YRS T A B A

Separating gel for Tris-glycine SDS-PAGE (2 % #} » 8cm x 10cm x 1.5mm/ %)

Gel conc. (%)

b
5% 8% 10% 12% 15%
40% Acrylamide (29:1) (ml) 2.5 4 5 6 7.5
1.5M Tris-Cl, pH8.8 (ml) 5 5 5 5 5
H20 (ml) 12.1 10.6 9.6 8.6 7.1
10% SDS (ul) 200 200 200 200 200
10% APS (ul) 200 200 200 200 200
TEMED (ul) 16 12 8 8 8
Total (ml) 20
W A E-Y < o) (KDa) = F Rk R (%)
~80-350 5
~40-250 8
~30-200 10
~20-150 12
~5-70 15
37
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5% Stacking gel for Tris-glycine SDS-PAGE (3ml/- & *%})

Stacking gel volume
b
3ml 4ml S5ml 8ml 10ml

40% Acryamide (29:1) (ml) 0.38 0.5 0.63 1 1.26
1.0M Tris-Cl, pH6.8 (ml) 0.38 0.5 0.63 1 1.26
H20 (ml) 2.18 2.92 3.64 5.84 7.28
10% SDS (ul) 30 40 50 80 100
10% APS (ul) 30 40 50 80 100
TEMED (ul) 3 4 5 8 10
6X SDS gel-loading buffer (-20°C i% %)

7 * g kR
IM Tris-HCL,pH6.8 3ml 300 mM
SDS 1.2g 12%
Bromophenol blue 1.5mg | 0.015%
Glycerol Sml 50 %
-Mercaptoehanol 2ml 20%
Total 10ml
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5X Tris-glycine electrophoresis buffer, pH8.3 (% /1§ % %)

R )k B (5X)
Tris-base 125 mM
Glycine 1.25M
10% SDS 0.5 %

* 14 ddHoO 8 & 1X 15 ¥

() & = Z Bk

1X Transfer buffer (pH8.5) (4°Ci% %)

ph kA
Tris-base 48mM
Glycine 39mM

10% SDS 0.04%

Methanol 20%(v/v)

10X TBS (pH7.6) (% iF %7%)

it kB (10X)
Tris 200mM
NaCl 1.36M

39
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1X TBS/T (washing buffer) (% g %)

it HER
10X TBS 1X
Tween20 0.1%

Blocking buffer (5% non-fat milk in TBS/T)  (4°Ci% %)

L HER
1X TBS/T 1X
Non-fat milk 5%

(6) ht ¥ £ s

4% paraformaldehyde (-20°C i% %)

P " g
paraformaldehyde 4g
PBS 100ml

Blocking buffer  (4°Ci% %)

b kR
BSA 1%
Triton X-100 0.3%

BSA: Bovine serum albumin

x 12 PBS % #
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> Bk

)y

1. wmfefif ~ B 48k

*EF AT * chBCR-ABL" ALL fm?2 SUP-B15 & R i mre > 7 11 7 20% FBS
1 IMDM £ % % 32 % 3t 37°C~ 5%CO2 128 8 & o fwie f2 L P > A B2 B F 4 5
inee i 3TCKIE R 00 Ay R 2k % 2 o Mim A T 15ml AR 0 i e
>~ oml @ wRFBARIRES] L T %% 3% 10ml> 12~70x g (800rpm/
KUBOTA2100) % &t< 3 248> 3 ",4rf 7 Tk Kwmrr EATRET Sml B R R
25T flask 78 % » FLwe 325 E 0% PV ETHHR > T HED X F
BTN R o NS & P - 15p] e R 27 % M F 90 0.4% trypan blue (in 1xPBS)

L B ISR &R~ fm e BB P R Tl e i i o BoAr R ndm e i I 82

-~

i #mre AT S5x105ml > fFlépme TT 2T %S T B o (SUP-BIS i § 8

% %A ¢ 5~20x10°/ml)

2. P g B phosphatidylserine (PS) “F f8£7 fm i W B A 45

5 24 3445 48~ f07% (2x105ml > ¥ 1ml) > A 6] AJZ DMSO ~ HQ17(3) ~ 47|
FEPRENITC-SNCO2ERB AR - ST THFE » Bwie P2 1.5ml
Breg e o 21,000 x g ZEYS S A& g R piTee BE S 4o Tml
IXPBS g jritimie o 2 “/T‘_F ok o Klwfe FE 500ul 1X Annexin V-binding
buffer ¥ > 4r » 1pl 150pg/ml Annexin V-FITC fv 1ul 250pg/ml PT > 3t 3 R #F £ &~ &
S5ke4 /,"]‘ 4v 500u] 1X Annexin V-binding buffer i 6 & & 5 4 45 > 125k o2 1R

(Beckman, CytoFLEX) } # » % % 12 CytoExpert #t 48 :& {7 4 7 o
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3. %4 ROS i p

#in e 4850 24 34 N (5x10¥ml o £ Iml) > A B[ AJZ DMSO ~ HQI7(3)#
Bapta-AM » %% 37°C~ 5%CO B 55 % fiss % 4 1 8 /[ B o by LW 5 »
B~ T 1.5ml #es ? »1,000x g F RS S5 2402 “f,f ‘)’?a"??i » 4 » Iml 1X PBS
oo ‘}%‘i;”o,ﬁm’?é’ » 4v ~ 0.5ml 7 5uM MitoSOX (in 1XHBSS) » *t 37°Ci#F & * & 20 »
& 0 twfe dc iR ts £ AT 0.5ml IXPBS ¢ 0 B~ 100ul 12 cytospin 3¢ 373 E

g7 b /% e gk 7 (1x10° cells/100ul, 450rpm, Smin) » ] * 4% paraformaldehyde

-

a

FEFER N0 A4 Hgk ¥ SokERBFE > DAPL S Zok R 0.5ug/ml -

RE>mre b > FIRTER SIS > - SkiEEFE > B4 41* FLUORO-GEL
HYREFHPIFLF AL R NEP T MR FHE o FE IR G

* (5= & % BT cAE(Olympus IX83)iE (TR & 47 B & 21 544 5 B ARTF (10x40) -
& BALTY S5 :E P~ 10 3F w2 12 Image] #0848 & 17 H 3 fm%e eny Sk 5g B R B

ST S RS RENLE T T

4. wmvr AT HES )

H-tm e F53T 243442 ) (5x10%/mls £ 1ml)> 4 %] AZ2 DMSO~HQ17(3)~Bapta-AM

&

A

o

o 3B 37°C SUCO2 B R a3 & S PF o iy TR (S > Bz B
NI LSmldgges § 0 2 1,000 x g FE g S A4 4k e o 1 PBS g ik
fw¥ o 4vx Iml 3 2uM Fluo 4-AM ¥ 1uM Rhod 2-AM 7 1X HBSS (no Ca*', no
Mg™) o3 37°C % F s 30 A 4815 o de 4k b o £ATR T 35ul 75 10%
FBS i HBSS ¢ » B 17ul w2 jp st # b » B FR P B@ifiea o {l

® ip] = % % B s (Olympus IX83)BL% » # 23 % 47 5 BARIF(10x100)iE {7 A 47 -

v km¥e ) AZ 4 3 3F Rhod-2 = 4 € puncta & % [Ca’'m] overload ‘m?% -
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5 kAT R
(1) ¥ kB pckms

¥-lmFe FE3 24 345 N (5x10%/mls 2 Iml) > 4 &) &2 DMSO~HQ17(3) 8 -] p#
R 37°C~5%CO R 3 & fa3 & ddg TR A 40 & 48> 4o » ¥ER 2.5ng/ml
IC-1A# LI AR? SR L IHTFEF > 1 1,000xg Figdpe 544> 35
Fik o #dwre £ ATRIET 36ul S PBS ¢ oo 0 17ul jpeip Y o R Fal 8 x

Fof v A4 o i 2§k R s (Olympus [X83)4p B & LR i % & £ LA »

(2) rain s e R A AT
St re 80 24 3445 1 (2x10%ml > £ 1ml) » 4 ] A2 DMSO ~ HQ17(3) 8 /|
Wl 37°C~ S%CO 1R 2 4% firs % o ddy RA T 40 A48 4 » 2.5ug/ml JC-1
AHD A AR DA PR 1,000 X g 3R S A4 4% 1 i
#-tnre v Iml PBS £ AT F & g ¢ 0 i3t fn g R (Beckman, CytoFLEX) 4" 47
w?e ‘= ¥ £ (PE channel)¥? % ¥ & (FITC channel) &4 3435 » 12 CytExpert #i %8 4
177 B % % 0 B~ {F J-aggregate (= ¥ kT i5F ki F;.(MFI)“% 2 monomer % % % MFI

b E 0 VR T R R e AR R o

6. FRMWAELRE AT
(1) & kB pedr i

H-fm e fE7 24 344 ) (5x10%ml > £ 1ml) > A %] A2 DMSO ~ HQ17(3) » ¢ &
37°C ~ 5%CO2 B 3 & fasp & > Ed LPFH S 2L pFo e B IEAR 100uM
MitoView A #1353 & i @ M3 % 1 4p TFE > 11 1,000x g Fig s 5 #2480 4

% iR o Heiete e i s £ ATRIE 0.5ml IXPBS ¢ B~ 100pl 14 cytospin
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SNt ER R T e 4k 8 (1x10° cells/100ul, 450rpm, Smin) > F1 * 4%
paraformaldehyde % i Bl 210 & & > #3t 5 11 = =0-KiRE % DAPL M = =t kff
B3 05ug/ml> fE>miet » FRITH S5 SIS > Mo SURRER R R
FLUORO-GEL #f % i€ {74+ % » Mg P 4 @ b ow F30 > fI% 3 2 X ¥ &

k7 ikt (ZEISS, LSM 510)* 10x100 & T & 2.5 548 5 BARIF & 7 4 47 o

(2) ™o fmre R A AT

Sk ie f63 24 348 R (2x109ml > £ 1ml) > 4 %] AJ2 DMSO ~ HQ17(3) » % %
37°C~5%COx B 2 % fas & > iE 1 TER Lo ’77]‘ 4 100uM MitoView % |
IHRBRY EEBAIHIEE 2 1,000x g IR S S8 2 f ikt R
fmi 2 1ml 1XPBS £ #7850 B <4 ¢ 5 12558 lmee ik (Beckman, CytoFLEX)h

FITC channel 4 47 fm%e & & £33 & » 4] * CytExpert #t #8:& (7 & 47 ©

7. LB FRLI
H#-lmre 53T 24 34 4% (5x10%/ml > = 1ml) > A %) EIZ DMSO ~ HQ17(3) 2% #r 4

W £ EIT 15 5 2 3 37°C ~ 5%CO02 1R &

<5

%24 o Eip PR

#-tmre 12 cytospin > VTt Fgh # ] 1F e 3 5 (1.5x10° cells/100ul, 450rpm,
5min) > §1* 4% paraformaldehyde % /§ F %_15 » 48 > #& ¥ 2 blocking buffer (PBS
contain 1% BSA, 0.3% Triton X-100) % /8 T % — -] pF o #— 3kl 12 blocking buffer
1:200 4% » B> F B EH P+ > 4°CIT* overnight (in wet chamber) » 2 5 #-F
* &% PBS 'J)ai HeZ Ko E X5 A48 - 4R P R 02 blocking buffer 1:200 (Alexa 594)
2 1:500 (Alexa 488)f 13 B> B FL 5 1> F R T — ] p&> 02 PBS jie= =

DAPI 12 ddH20 ## % 0.5ug/ml> Bt F ¥+ » 3R E% 544 11 PBS ik
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=% > 4| FLUORO-GEL # ¥ R #-F st ¥ T {pL ¥ ) » @ a fHaAd » £ 1155
g s A F TR ¥ REABRE S D B LY R

Hede(ZEISS, LSM 510)* 10x100 & F & 2.3 >34 5 BARIFE 7o 47 o

8 & Lomk
(1) 36 s
Fefdme 2 6om 22 % w (5x105ml 0 £ 6ml) > 2 HQI7(3) AL 14 % & *+ 37°C »

5%CO2 BB %% o Edy TFF L > BT ISmlgpe g > 1 400x g
(1,500 rpm/KUBOTAS8800) » 4°Céft-s 5 4 4> ¥t it % o4 5 4p 4w % BB 12 3ml
PBS (4°C)if-ikfm?e i = o % 2 2 “ﬁ% Fii o 14 80ul dm e A iRk M-dm i B3 1.5ml
s g o Bk E 15 A48 0 B R-dwre 2t kip P i (7 3 =t sonication > — =t 10 §) >

FXFHREZHFE 104 > 2151222000 x g (15,000 rpm/HERMLE Z233MK-2) » 4°C

B 15 A4 1 R ER T

‘-\«1-

THe d 0 e R TR

2 o FREETAKRSER
1 Bio-Rad Protein Assay ¥ 2 3¢ & € & /% o L1 albumin f (¥4R 8 & 5 > #-
stock (1pg/ul) & 5 1 = = Bk & (0, 172X, 1/3X, 1/4X, 1/8X, 1/16X)» #-{F il # & 14
= FKAFE 20 B > & P~ 10pl 43t 96 34 (= £ 4F) © Bio-Rad protein assay reagent
"R ?‘]‘J\ﬁ?ﬁ B & - 3l x 200ul > WRITH S04 A BEELE A ITIR
(VERSAMax) i il £ 595nm #% 3% {@ o % 35 albumin Jk B # B &2 ez 5k (8 ] (745 8 o
Mo RS R FRRSRR c LR RFE O B RS ERFRL

30ug/15ul> 7 4e » 3ul 6X SDS loading dye>98°C4r 4% 10 4 48> = = T At % 4 o
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(3) = S AER BRA R T

gk B Een chs F 8 <) e B i k& ¢ separating gel - stacking gel F1#
5% o #-T A& E Foo B Ris(marker)id » # 34 ¢ (well) 0 3T 4CT TR A o A
70 REF(V)R R &7 R L (stacking) » # iE B4 Al (tracking dye) B & 3t T e
Bro g0 130 RE(V)TRAH 30 0 F5d marker = AR R A B PR B
e TR o 37 o L - PVDF % (polyvinylidene difluoride membrane) -
PEEE O LA RAIRER EEEFAE AR g = 5% - B4 - PVDF -
A B R A Y A D EE W T ®) ~ transfer buffer » *t 4°Cik §8 12 400 E % 3% (mA)

S BN

(4) et R e g R g

#-% = g F e PVDF o (748 2 3 e 2~ ¥ % £ ¢ 12 washing buffer(1X
TBS/T)jr#*%= =& » # & 5 & 4 » % washing buffer 2 “ﬁ% » 4 » blocking buffer % i
F J&— -] 5> g 12 washing buffer 7% = & < - 4748 12 blocking buffer & 7 ﬁh‘?
¥+ 4°C™ 1% overnight » £ 14 washing buffer 7% = =t » = &4 IF $% ™2 blocking
buffer #### » £ ® i¥* 1 pF > 12 washing buffer 2= = - &6 W ECLE ¢ £ &

#FES F B LAS-4000 B2 1§ PR 4p & SL(FUJIFILM)iE {7 4p P& -
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yr® 2%
-~ HQ17(3):# 44 t8 Ca’ 3 4 &2 AIF translocation & % = 5 M

Aipigd 77 e 2 € HQL7(3)% SUP-BIS £ 5 ‘wfe & |27 ¢ ¥ 3 ER stress

@
i
=
™
‘:_"J\H

-

3] AIF 4 = i& » 3| ' % % (025 (nuclear translocation) 3° - AIF 3 4%
g o S e S d-u > § Ca’’-dependent protease calpain-1 22 Ca’* % & @ /&1 §
#OAIF 7> 3 254 AIF ¢ H# 2w o+ DNA ki 2 F %
endonuclease 775 f* 13 & DNA %74 2 . % » #3305 ¥_3% & caspase-independent cell
death ¢« & ¥]F 2 - Slo

A7 3K 0 % ER stress 3 4 pr ¢ R p e p chCa? B £ /0 3 A smy > &

calpain I *i’%@qﬁ*“n‘* AP e AIF i 3] > Hik AIF 33 wme g =

caspase-independent cell death =7 4

1. HQ17(3)i¢ & mitochondrial Ca“iﬁ 4e

12 Fluo-4 % Rhod-2 & f&4F 45 45 57 | i jp] o ¥ Ca* %~ # {25 > Fluo-4 ¢ &
cytosolic Ca** ¢ & 2 4 % ¢ § % > Rhod-2 RIEF 7 Bap+ &4 g0 r 3 §
TR AL 2 Cal B g A2 L d ¥k o A Mo AU 3.5 M HQI7(3) (ICs
JER)T P AR g 3L F IR ERstress 3 2 R 0 B RS w2 S ¥
kB ACBBE - R AcBl- 9T 0 ARl LRG0 $HR & vehicle ¥ 5 T
£ Rhod-2 ‘= ¥ £ & f 53 SUP-BIS fwme e S & £ rd 5 > £ Ca’'ri
FEFIEY >