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Abstract

Acute lymphoblastic leukemia (ALL), the most common cancer in childhood, is a
neoplasm with uncontrolled proliferation of immature B- or T-lymphoid cells in
hematopoietic system. Aberrant expression of proto-oncogene, chromosome
translocation or hyperdiploidy make hematopoietic stem cell (HSC) or progenitor cells
obtain ability of uncontrolled proliferation, anti-apoptosis and self-renewal and result
in ALL development. High risk (HR) precursor B-ALL with t(9;22) BCR-ABL
composed of 3% of childhood ALL and more than 25% of the adult ALL. It’s
characterized by dismal clinical outcome, even treated with the highest dose
chemotherapy combined with tyrosine kinase inhibitors (e.g. Imatinib, IM). Resistant
to first-line drugs (e.g. glucocorticoid, Dexamethasone) is a common problem
encountered in T-ALL treatment. Developing new therapeutic strategies for high risk
ALL is necessary. The small natural molecule 10°(Z),13’(E),15°(E)- heptadecatrienyl
hydroquinone (HQ17(3)) is extracted from the sap of the lacquer tree Rhus succedanea.
HQ17(3) exerted selective cytotoxicity in various types of cancer cells, but did not
reduce the viability of normal peripheral blood leukocytes. Introduction of HQ17(3)
resulted in DNA topoisomerase Il inhibition and oxidative stress production in Huh7
cell lines.

We found HQ17(3) had significant cytotoxic effect within 24 hours at micromolar
concentration on HR SUP-B15 (IM-refractory BCR-ABL™ B-ALL) and Jurkat
(Dexamethasone-resistant T-ALL) cell lines. HQ17(3) lead to loss of mitochondria
membrane potential and caspase-dependent cell death in Jurkat cells. HQ17(3) induced
caspase-independent cell death in SUP-B15 cells. Combination of sub-1Cso
concentration of HQ17(3) sensitize SUP-B15 cells to Imatinib, and enhance the
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inhibitory effect of Dexamethasone on Jurkat cells.

In SUP-B15 cells, HQ17(3) induced formation of acidic vesicles prior to cell
death. The cause of HQ17(3)-induced cell death could not be attributed to cathepsins
from lysosomal membrane permeabilization (LMP) because cathepsin inhibitors did
not attenuate the cell death. HQ17(3) induced autophagy characterized by aggregation
of ectopically expressed EGFP-LC3. Inhibition of autophagy by Bafilomycin Al or
knockdown the essential autophagy-related protein Beclinl by shRNA could partially
attenuate HQ17(3)-induced cell death. Autophagy induced by rapamycin also reduced
the cytotoxic effect of HQ17(3). HQ17(3)-induced autophagy may be implicated cell
death. Further, HQ17(3) treatment gave rise to early mTOR and NF-«xB activation,
indicating induction of cell stress. HQ17(3) also induce ER stress as revealed by
enhancement of elF2a phosphorylation and up-regulation of ER chaperone Grp78. We
speculate HQ17(3) may lead to ER stress and then result in autophagy and cell death.

In summary, HQ17(3) is highly cytotoxic to high risk ALL cell lines (SUP-B15
and Jurkat), and combination of HQ17(3) with the first-line anti-leukemia drugs
enhance the inhibitory effect on ALL cells. HQ17(3) also induced ER stress and
autophagy in SUP-B15. Whether ER stress is essential for HQ17(3)-induced autophagy

and cell death in BCR-ABL™ B-ALL cells await further investigation.

Keywords : ALL, autophagy, HQ17(3), ER stress
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4E-BP1 Eukaryotic translation initiation factor 4E-binding protein 1
ACP Acid phosphatase

AEBSF 4-(2-Aminoethyl) benzenesulfonyl fluoride hydrochloride
AlF Apoptosis-inducing factor

ALL Acute lymphoblastic leukemia

Allo-HSCT Allogeneic hematopoietic stem cell transplantation
APAF-1 Apoptotic protease-activating factor-1

AO Acridine orange

APS Ammonium persulfate

ASK1 Apoptotic-Signaling Kinase-1

ATCC American Type Culture Collection

ATF6 Activating transcription factor 6

Atgl3 Autophagy protein 13

Bip Binding immunoglobulin protein

BQ 1,4-Benzoquinone

BSA Bovine serum albumin

CAD Caspase-activated DNase

CaMKK-p Calcium/calmodulin-dependent protein kinase kinase 3
CB Cathepsin B

CD Cathepsin D

CHOP C/EBP homologous protein

CL Cathepsin L
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FLIP
Grp78
GSH
H202
HQ
HQ17(3)
HSPAS5
HtrA2
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IKK

IM

Cytotoxic T lymphocytes
4'6-diamidino-2-phenylindole

Death associated protein kinase

Death effector domain

Dexamethasone
3,3’-dihexyloxacarbocyanine iodide
Death-inducing signaling complex
Dithiothreitol

Eukaryotic translation initiation factor 2
Endoplasmic reticulum

ER-associated degradation

Endoplasmic reticulum oxidoreductase-1
Fas-associated death domain protein
FLICE-like inhibitory protein

78 kDa glucose-regulated protein
Glutathione

Hydrogen peroxide

Hydroquinone
10°(Z),13°(E),15°(E)-heptadecatrienylhydroquinone
Heat shock protein family A (Hsp70) member 5
High-temperature-requirement protein A2
Inhibitors of caspase-activated DNase
IxB kinase

Imatinib mesylate
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mTOR
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PARP
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Mitochondrial inner membrane
Mitochondrial inter-membrane space
Inositol triphosphate receptor
Inositol-requiring enzyme 1

Lysosomal membrane permeabilization
Mitochondrial localization signal
Matrix metalloproteinases
Mitochondrial outer membrane permeabilization
Myeloperoxidase

Mammalian target of rapamycin
Mitochondrial permeability transition
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Nuclear factor-kappa B
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Poly (ADP-ribose) polymerase
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Peripheral blood mononuclear cell
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Protein kinase RNA -like ER kinase
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TNF-related apoptosis inducing ligand
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Unfolded protein response
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X box-binding protein 1
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fiz Dexamethasonef-Vincristine o

dRB /AL LR EL AR A Y IR D S R
o B R FEA O TRAE D § AL RE T IR Ao ﬂi@'];‘i,&:i e
(SR PR SRS SR el SN

AR SR ALR ris B 10 0k BV A g e R g L iR w e i e
(allogeneic hematopoietic stem cell transplantation, allo-HSCT)fr3c & 475K 5 B B
/& & ¥ (very high risk) s 4 (BCR-ABLY ALL 4~ 8 i B F s 7 i) & i 7| 3% f2 %

FPOEBFURARE PR S Ak > BTN B L SR e B MRS o

4~ EH %= e Ji;f[lia_'rﬁﬂ 2 5p 15 7+ L0
(1) #opEde =+ 4~ Ba(<LE) [ #2(210 &)
(2) # paPFo o ke p =50 x 10%/L
(3) % (F 507 FARA): bldo e d 317 F4 F @ d AH T o & ot RF
% 7. somatic CRLF2 rearrangement?!!
() 4250 ¢ 7 1
(5) T-ALL
(6) Cytogenetic % i* : # 7 MLL gene rearrangement = % + 4 ¢ §8(BCR-ABL)
4
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BEAR2F ALLfe= A ALL Y A FIR ¥ enfdsf s 2 57 = - fooiwd < ALL
e F]+ 3k 5 proto-oncogene =# & ¥ & I~ 4 ¢ %8 i = (chromosomal
translocation) ~ % 2 %8 (hyperdiploidy)!? » izu L F1 8 ¥ H 33 v i5 fm e
(hematopoietic stem cell) & = 5§ %m *z (progenitors) /= (4 ¢ % » & 3£ p 2 L 7
(self-renewal) ~ & ok & i ~ 3 4 50 4 2~ anti-apoptotic it 4 > A H R ek
it o H ¥ 4 J 8 i~ (chromosomal translocation) e + fih«f?\ MLL gene
rearrangement & ¥ 35 % ¢ #8(1(9;22), BCR-ABL) - £ MLL gene rearrangement 4p i
ik & kY R 5o@m t2i HALL ¥ % 55 % 4 48(1(9;22), BCR-ABL)
FAE 3% de fd 4 g Fhrg 25% 0 50 kot ka4 chil 4 F U 3 AZiE

50% > ® i f& cytogenetic % -2 % 2 IF{SApREIEE o !

= HY RIS HQLIQM A
1~ %% = B34 % caspase-dependent 2 caspase-independent ‘w2 7 = #5¢

¥ ¥ = p~(hydroquinone, HQ) E_% (benzene) stk it » % F i3] A M1 € B 3F
R enimie & % pd50 2E1(cytochrome p450 2E1) i 3= benzene oxide » & ¥ i% i§
nonenzymatic rearrangementi# % = fi= (phenol) > f= & ¥ 4z cytochrome p450 2E1 * 3%+
FHQI g F w ji i 3| F B ¥ 5L ¢ Hmyeloperoxidase (MPO) ¢ #-HQi& % = 1,4-
benzoquinone (BQ)  #lm®z F 2 ® > ] * BQaJIZrf 5L 4 mre € i& & lwie = -
DNA%TZ] ~ 4 ¢ #828 % - ¥ ¢t » BQ» ¥ 2 i% i NAD(P)H:quinone oxidoreductase 1
(NQOL):E & = HQ » @ fiz:k i «iE42 7 ¢ & = reactive oxygen species (ROS): 2
4 o 13-15(“9[5(__ )

F1* HQ&JZ % 7 myeloperoxidase (MPO)HL-60 . #2 {44 -> MPO siJukat fm
7 ¢ i¢ = phosphatidyl serine (PS) *} %» ~ }= 448 £ 2 %% i~ (mitochondrial
transmembrane potential, MTP, loss) ~ cytochrome c=## *c - caspases-3/8/9«i& i+ »
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{8 B3k fmPe 7+ = 3F 4L &J2 pan-caspase inhibitor (z-VAD) it #r 4 fis B fRim e ¢
caspase-3/8/9:5 it 5 @ fmPe = ~ PSehEm ok AEE 4 2 T - Aurkatie e ¥ AR
Frdl o e 2HL-60R] % » B mHQ ¢ ¥ 33 f87 b fm®e 5 = = ;% : caspase-dependent
frcaspase-independent ; ¥ — = & - 4oif L A2 FLF 1 # N-acetylcysteine (NAC) R
¥ RS MTP lossegd 4 » B FIHQ ™ #fm A& # ¢hROS¥tim*e § — Tenif 2100 ¥
o fiEE M PR HIHQE Fr4ITopo lleEf2 - 1 A DNARTA 5 % HQAE
A # CEM Leukemia Cellsi¢ = Topo 1122 DNA & & 3 4 > 5P HQi2 = DNA%T
AAF S FrdTopo I (29 5% o 5 gh 2 b > HQw 2 5 fosi ik & (sulfhydryl) & & <0
v 4 o 4o %k B 7 pips AL oE R (DTT ~glutathione) % & &> £ 22 Topo IIfvDNA®*

#RHQ§ & % 4r§|Topo 11 fhehit 4 = 13

2~ HF - pimA t HQLY(3) Ar b % frdF %
10°(2),13°(E),15’(E)-heptadecatrienylhydroquinone » #§ # 5 HQ17(3) > .4 4
i# #H(Rhus succedanea) s i ¥ B0 kv A3 it A f 0 HEHLHF S b
FoBAR G - B L7 BRI e fopd 480 2% 10013215 Bt 5 Far o
AR LA N ¥ AR ARG A F A ok s o AL B ¥ R e
(HeLa) ~ * #53%% ‘m ¢ (Huh7, Hep3B, HepG2) ~ % %8 ~ % s ‘m* (HCT116, LoVo)
~ R4 G % fo e (rat C6 glioma cells)fr & #f o % #i%; fw#e (HL-60) % » H 72 -]
P e ICso 4 Y 0.9~60 uM » @ & Jk & e HQL7(3) (50uM) ¥t % 18 i B % |+ fm¥e
(PBMCs) R & 4 %4t 4 > 2 4% 5o b= N5 Img/kg 5 HQL7(3)% F334
SRR FME 2 }F*Je:}% 41> HL-60 4= HL-60/MX2(#+ £ Topo Il =7 HL-60
w092 )4 HQL7(3)eg % 43 i+ £ B8 ECso 4 B % 0.9 - 9.6uM> B8 7 HQL7(3)
g EB/MAMET Topo Il ehimee B hzxg =% > HQL7(3) ¢ £ recombinant
Topo o2 #iiep (Cys-427, Cys-733, Cys-977)7) = £ i > ¥ & Huh7 wfe § ¢
# R HQL7(3) ¢ £ Topo lowei # viefik -427 (Cys-427)75 = + % 4& > Cys-427 % Topo
6
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llos? ATPase domain » ¥2 HQL7(3)7) = % 4 ¢ B H px % #1 » & @ 3R Topo
[lo-DNA 47 & 8834 4 fo DNA %74 & 5142 fmPe 7= o % Huh7 §= HL-60 fwm*s ¢
# IR HQL7(3) ¢ i& & DNA X 3 dp thy-H2AX Bipk it e b = & s DNA X 45 4p
B 4 F]eh4 T (4- DDIT3, GADD45A, GADD45G) - ¥ #F » HQ17(3)+ #: # 3k reactive
oxygen species (ROS)3 +x i@ & w5 = » L3 ¢ 4y 4 & HL-60, RS4;11,
SUP-B15 ‘% a2 HQL17(3)ts ¥ i3 & fmPe thi7e = 5 4% 7 L AJT & o PR AT $1§
iv (4= NAC, GSH, Vitamin C) it 2% 4 j > HQL7(3) ¥ 5k ta7v = ~ DNA %74 ~ ‘m
e RLAE 2 R BT ende &2 o & Huh7 e ¢ s do% Tp R a2 ig (4 A NAC
B g 384 0 HQL7(3) 3 5k e DNA e ) ~ hm 7o Bophdf 2 R AT mende 4

e R E R U e ey = o Bgor Topo H akdrd] 2 HQL7(3):¢ = Huh7 w5 =

I

v 3§ M 5 = (Programmed cell death)

“Programmed cell death”— @ endI L& 3 = 7] 1960 & ¢ # > § PF 2 § w2
v b LA oy it 0 E 3 1973 & - Schweichel f= Merker #-‘m 2 5+ = 37 5\
fas g o & 35 Type | ~ 11~ 1 cell death » 4 %] % % apoptosis, autophagic cell death
frnecrosis® o 11T g AE L & Simte 2 S SR
1~ w2 %= (Apoptosis, type | cell death)

i = AP e A s PV MBI e TR S A R Tk
%7 (condensation of chromatin) ~ m ¥ 4% #-% (karyorrhexis) ~ fm# 5ge k3% 1 (plasma
membrane blebbing) i 2} = % = |- #2 (apoptotic bodies) ; @ j& 24 i 3 & ¥ 1L g FlEx
Bk ¥ Bk d-v f=(caspase)xd 71 proteases 7% it ~DNA %74 = %) 200bp & #ic~ /] e ?
B~ fmre s b oenphosphatidylserine (PS) s ek 83 ¢F 3 E S e o
w?e k= & 5 caspase-dependent 4 caspase-independent cell death - caspase &_
- #& cysteine aspartate-specific protease » — & {5/ 14 7 iE itk fk (zymogens) &

7
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233N e ¥ caspase Vo4 i F dmre k= 4z & 4 epinitiators caspase
(caspase-2/8/9/10)fr B i #4 {7 tm ¥z /¥ = 1 effectors caspase (caspase-3/6/7) - caspase
¥ %ﬁf d p & &1 (autoactivate) s §_i% i 2 s caspase ©r & @ 5 i o ,%g d caspase
& 1v H 5 caspase e N kA k fwre k- g ELiE S E R we = o effectors
caspase ¢ *~ | inhibitors of caspase-activated DNase (ICAD) % 3k caspase-activated
DNase (CAD)j¢_ICAD # 1 » CAD £ 3 endonuclease /& 1% » &3] bz % {5 ¢ #-
nucleosomes ¥ 11 DNA *7 %72 = &) 200bp i #)c~ -] 75 B> f3f 75 (agarose) & i~
¢ % ladder” sndd e o 2

Effectors caspase~ ¢ i& » ‘w#z %7 2] Poly (ADP-ribose) polymerase (PARP) -
¢ TDNA®E # 34h 13 = % 7# = o PARPE¥ - B+ %v - ADNAdamagepF iz it »
;‘ﬁ d ADNA% 3 e poly (ADP-ribose) polymers (PAR) % 2. DNA 2 44 4p i 5
Fv PIR A e B ARE ) 42 5 EATPNAD" > ]t FDNAX 4F = B » PARP
H#-iproteases (& & caspases ~ calpains ~ cathepsins ~ granzymes! % matrix
metalloproteinases (MMPS))*» ] » ¥ f. B R I 4= £ > FRwPe > > 3 b
proteases ¢ *» 1 % e 3| fi (HPARP & in?e &= PFPARPA & %g d caspase-3/7+7 =89 ~

24kDen7] A 0 ¥ 1% % a2 &= comarker o 2

Caspase-dependent cell death ¥ £ 4 = ¢} Ja {4 (extrinsic pathway){ep i 2 (intrinsic
pathway) @ £ i, = 1 22232528 (rpas- - )
(1) cHiRpERIE

i% i w2 s+ endeath receptors (¢ 35 Fas/CD95, Tumor necrosis factor-ou
receptor (TNFR), TNF-related apoptosis inducing ligand receptor (TRAILR1-2))¢2 #
ligands% & (¢ 3&Fas/CD95 ligand (FasL/CD95L), TNFa, TRAIL){é #c 2. adapter
protein-Fas- associated death domain protein (FADD) > * pFFADD-rprocaspase-8i%
i @t erdeath effector domain (DED).% & 3 = death-inducing signaling complex

8
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(DISC)i& m 7% it caspase-8 2+ -10 » 7+ it ericaspase-8:\ -104 /& it effectors caspase » #-
s Wik mPe &= o caspase-8+ ¥ i i~ 1|BH3-interacting domain death agonist (Bid)
51Bid > E R MM 1% T > & @mitochondrial outer membrane

permeabilization (MOMP) 3% 3 N R ML S endm e k= o

(2) MRERIL

¥ dmre i X AR 4 T (5]4-DNA damage, radiation, toxins, hypoxia, viral
infections, oxidative stress, cytosolic Ca?* overload, endoplasmic reticulum (ER) stress)
¢ i& A8 4 mitochondrial outer membrane permiabilization (MOMP) » # 3% 4>
AR A intermembrane space® - F R 4 I m e B - H ¢ cytochrome c ¢ i2apoptotic
protease-activating factor-1 (APAF-1)f-procaspase-9.5% & 2} = apoptosome:& @ 7 it

caspase-9 - ;& it scaspase-9f & i effectors caspase » & s 5k fmPe = o

¥ ¢h 3 @ 4R fe v (4ecytotoxic T lymphocytes (CTL)) 7 z chdF 7R fi% % granzyme B
J ¥ 023k dcaspases-3/10E 1 0 B T i i BIBIdS P R MBS dhim e

23

% % 2 MOMP{s » jiintermembrane space® # ! <11/ ¢ ¥ 3% caspase-independent

cell death : 22232526

(1) Smac/DIABLOrhigh-temperature-requirement protein A2 (HtrAZ)/Omi%g d + g
X-linked inhibitors of apoptosis proteins (XIAPs- km#z p 4 |4 cracaspase-3/7/94r 4]
&+ )¥2 caspase-3/7/9rinteraction » iE @ 5 it caspase-3/7 i€ wmfe k= A @
HtrA2/Omi » -Z_serine protease » ¥ 2 & #i% i H protease /5 4 # %
caspase-independent cell death?’ -

(2) Endonuclease G&_— 1 1% 2L F] %5 ik 4 48 3-v (Nuclear-encoded

9
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mitochondrial protein) » %22} 5 48 DNA %5 f & i3 44 - ¢ % 2 MOMPR& »
endonuclease G ¢ p 4448 §# 1138 5wz 1% ¢ *% f2DNA » i = oligonucleosomal
DNA fragments?®2° -
(3) ¢ apoptosis-inducing factor (AIF) 3! 4= sicaspase-independent cell death : 222330
AlIF & - % C-terminal 5 = mitochondrial intermembrane space (IMS)_*®
N-terminal &;{fq; : mitochondrial inner membrane (IMM)_* - flavoprotein » & 3
NADH oxidase activity » # & 548 7 + @548 complex | e, % Hfo 7 it (oxidative
phosphorylation) - § 4% % 4 =_{|j#c{s 3% MOMP % 2 > AIF ¢ 4% proteases *» & =
57 kDa AIF fragment I j£_IMS 5 3] % & » F] AIF + £ 5 nuclear localization
signals (NLS) » #114 ¢ £ j€ sn¥e H§a I|m¥e 1% » i&m ¢ = large-scale DNA
fragmentation (~50-300 kb){r ¢ ki » & a R imie 7= o
Calpains{rcathepsins § # #-##IMS# AlF:*» 2](>> i+ £.Gly102/Leu103)* -
calpains£_calcium-dependent ~ non-lysosomal cysteine proteases » ‘m* p 3 = f&
isoforms - calpain-1 (u-calpain){-calpain-11 (m-calpain) - @ calpain-1£ 3
mitochondrial localization signal (MLS) » &2 AIF f 33 &30 A IMSY S § F
AIF processing i % 32 - Ca?* §_wm®e p 34 & 4 10 54 57 chmessenger » ] 4oAd & il %
o iR ool dicds o g dnre p Ca Ik R R A 4 Y 6 B dme ind T
AL > B4eié * staurosporine & PKC412/£32 NSCLC cell lines » # 3 ¥ p Ca?* ik &
B ea s calpain > AR ts ERAIFKFAMB B, aCal? bR 2 2 i n &
& ftcalpain » » ¢ T2 SAEROSHA 4 ¥ % 3k AlF4£oxidative modification » ¥
7 4% 4p &1 > ©¥non-modified AlF4p - - calpain-lic { 7 »ze*7 L]oxidative
modification=PAIF*(*i4= ) - ¥ ¢k » cathepsins#_lysosomal peptidases
cathepsin-mediated AIF release & & 1% & lysosomal membrane permeabilization
(LMP)(& & & £ %)% 3k cathepsinsjiélysosomeri 1) ¥ & 3|4 A 887 ZJAIF » Ad g
# 5 ¢ » cathepsin B, L, St *» 2]AIFY » p % & w7 4§ 2 ¢ %+t cathepsin-mediated

10
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AIF release s 45 B (%> o

2 ~ m¥z ¥ 7 (Necroptosis, type 111 cell death)?%?5

apoptosisfrnecrosis . im? ek Bt § 1% 7% o > apoptosis B i & kn vz ﬁ‘ﬂ’ﬁ
¥ 41 siLapoptotic body b necrosisp| g = fm¥e ik < g4 @ 7o 2 ,,%#% 41 U937 ‘w5 e B
2 TNFo22z-VAD ¢ 314=necrosis > @ Necrostatin 1 (Nec-1)# & — & cafr ]
receptor- interacting proteinl (RIP1) /% 1% » i& @ Fr|necroptotic death=3 # - i&

787 BRIPLE M ehimre 7= 2 54k & ¢ % necroptosis® o

p v e frd RIPLA #conecroptosiss 14 & =& 875 5¢

(1) ;‘g d death ligand£s H death receptor.ss & {5 (4rFas, TNFo, TRAILR1) » ¢ &
TNF-related apoptosis inducing ligand receptor (TRADD), FADD, RIP1, RIP3 4~
caspase-877 = complex » 3 caspase-8/** i it ;¢ fk » caspase-8 ¢ 4 fZRIP1{-RIP3
# % 'z 4_w caspase-dependent cell death » 3 caspase-87& {£.55 d % 4= fr ] & §_
FiE A TR 5 e o RIPlerIPB)T%? F H JE MR e 4% necrosis®®
4rTNFo et §_$r 4] caspase 12 3= (4-z-VAD) ¥ 3 5 L929 mouse fibrosarcoma
cells# # necrosis®’ -

(2) 2% B death receptor » @ §_i% 1 & L 1 i < genotoxic stress(4r it B # 4+ -
etoposide) » 7 ¥ 11 sm¥e A = g7 v b i dhcomplex(# 7 death receptor) - Lz
% ripoptosome > &2 Fé“,f 7 caspase-82 ¢t 5 i# 3 IAP& E FLICE-like inhibitory
protein (FLIP) %2 » ' *s 4_» apoptosis sv F'q-\necrosisﬁfwﬁ F e BT 2 YT

B e im0 i 1A K 48R RIPLEE L o (e )

3~ Lysosomal membrane permeabilization (LMP)

Lysosome#£_- i ¢ cytoplasmic membrane-encloseds%¢ % » 2 7 3% % K f#f% %

G
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)

(hydrolytic enzymes) i § § sm¥e R4 % 4 3 cturnover ; lysosomep ek %%
7 F-9 B -k f2p% % (proteases ¢ 4-cathepsin proteases) ~ *5 %% % (lipases) ~ +% ik fis
(nucleases) ~ % 4 -k f# % % (glycosidases) ~ #% %5 -k f#fif % (phospholipases) ~ #fi% %
(phosphatases) 1 % #rfis fin fiF (sulfatases) % ¥ % » @ ¥ iz fE2 7 & A apHER
BT (PH=5)1 it F LB A el o %

LMP4p s lysosome it 5 i 3 ¢ & ek A 0 i@ 3klysosomep st
Findienm g o 15 Qe FRLMP > 27 € &2 27 7 55 iweh{ ROS » ~
F]lysosome &_iw?&  rZautophagy:& = 7 4% v (& F=mitochondrial cytochromes
Z ferritin)w iz 2 fa 3k chfe B 9111 7 3 < £ 35 0 @ hydrogen peroxide (H202)
¥ A od 2 7 dElysosome s o de % g B lysosome P Pra cn Ty 43+ (Fe?") 1T ¢ %16
Fenton reaction féL it 3 % 5 { £ &% cnhydroxyl radicals (OHe) » i ¥ lysosome -4
PR EARF A A AR TERLMPE 4 5 & ik lysosomep higdt d L g n A
FERAEmE N Fa Bk ime = o Lysosomep erfitE ¢ 22 mie v = EoAp i e
4_cathepsin B (CB)+rcathepsin D (CD) » > 3% 4 4% # ¢z cathepsin L (CL) 3 B - iz
ﬁ%’# A v M pHIE P i 2R B «}; S HY CBY 2 &1 wm pgffa%ffmg_ﬂ ‘m P
7= > @ CB{-CD¥ i£ i+ 2|Bid5! % MOMP¥] %k 'm#z 5+ = » 3 >+ §_Z 4 apoptosis
£ NecrosisRIAR it 2 dmie fEE M oL w0 F7 § 4 Mg 1 A(NAC-Vitamin C
Vitamin E) 2¢ 4 =1 & | (desferrioxamine mesylate, DFO) % ¥ F#r#4|LMP I ¥ $r41 {&

AL A 0 B g dmre v = o 3940

4 ~ m*z p v(Autophagy, Type Il cell death)

Autophagy * #- macroautophagy > & - fa§ e i X IR 4 PF(de @ Ak
(starvation) ~ i< ¥ (hypoxia) ~ DNA damage ~ p B /& 4 )pF cniff 48 4] > FT et lm b
BB ELRE % o tmre p IR A E’/%ﬁaﬁ — i+ basal level ¢ autophagy > i i % lysosome
Bt PR e B R hed RS e I et T

12
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(survival) ~ 4 i (differentiation) ~ % 7 (development) 2 2 |z % (homeostasis) # B
B At & A R B T (40 1 F3F 5 & 4 2 £ growth factor)
mammalian target of rapamycin (MTOR)#& /% it ¥ g f& i* autophagy protein 13
(Atgl3) - i¢ FAtgl3& ;2 - 7 7 Atglit 2 Atgl7:complexis & - @ 33 Atglps %
Rl g e bk LA TR B4 T mTORFE L4 4] Atgl35e® 1 s
Atglit & # Atgl 4 5 4 3 5% F 2 % 1 (vesicle nucleation) » vesicle nucleationi® Z
% sgclass 11 PI3K (Vps34) i it feBeclinl ~ UV irradiation resistance-associated
tumour suppressor gene (UVRAG) ~ myristylated kinase (Vpsl5) % 3-v e4g2 i3 25 =
isolation membrane (* # % phagophore) » 4% % % & = & ubiquitin-like conjugation
systems & §T e+ % ;2 £ £ (vesicle elongation) : (1)i% :EE1-like enzyme Atg712 %
E2-like enzyme Atg10%] &% Atg5f-Atgl2i: & ; (2) protease Atg4:#-LC3-I (soluble
form LC3)*r &2 = LC3-11 (autophagic vesicle-associated form LC3) » X s i i Atg7
1 % E2-like enzyme Atg3:§] 4 2 phosphatidylethanolamine (PE)&2 LC3-114 & - 2.
f Atg5/Atg12 complexz LC3-11/PE complex £ s & #-& & jZihie B 4o B e A=k
A5 = autophagosome (LC3-11 gﬁ; g% fautophagosome’=t ) » & {s autophagosome
lysosomefs & ) = p #7% fis 48 (autolysosome) » #& ¥ lysosome ph ek 14 fif % #-
autolysosome ® ¢4~ & {einner membrane®s f# - i& @ % < autophagy*™*? - (*f451 )
#§ B sautophagy » @ ¢ H 3k 'w¥ v = > if¥ autophagy v ,7.?-“& X 3p Ay
%i@}iijﬂﬁfﬁ"iﬁ‘ﬂﬁﬁ Mg o hF S M Y IR R i
autophagy - 4% #r+]autophagy - i% Fetissue type ~ tumor gradefr =745 e i€ * 9755
3k VR EERBwE AF A BRpwe 3E0 8w SRS B
autophagy % &g m¥e 5+ = % 4 > frautophagy e 2 # & iF RaE = REF L - ik
E A RAL A B o & PR2012-% Nomenclature Committee on Cell Death (NCCD)
¥tautophagic cell deaths_s& 4™ @ mre g7+ = i hautophagydr 4] & (4 :
3-Methyladenine ~ Chloroquine) = Zk %1% % = ;% (gene knockout/mutation & RNAi >

13
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7 #4134 frautophagy 28 Fleh4 I 0 Bl4eAtgS ~ Beclinl)frd] » &7 = a5 3N
= autophagic cell death ; 4 ** 35 & Atgd-¢ £ 5 autophagy- independentir* s (4= :
Atg5 ~ Atg6 ~ Beclinl) » # %ﬁ d proteases (caspase =t calpain)si+» &) i@ H @ i 5 =
fn?z 5+ = g-v (pro-death protein) - #7122 3 H_knockdown I > % &3 ¥rautophagy
- RFER AT >rautophagic cell death® < #7 3 45 dtautophagic cell death § 5
WS fE S SV E R w7~ (1) 2 4% %] & autophagy @ 7 @i & autophagyif- fame )i
S BA G B ARz gizaFr yHan - ¥V el g5
Fhptautophagy 2 4 sfwvesicles(4 : autophagosome) ik i » X 47~ = 5 (28 2
autophagyté - #X #5 31 A=apoptosis ' necrosism 7 = » ‘w2 ¢ FHFVE- A 47 &

ER T

= ~ Nuclear factor-kappa B (NF- £ B) signaling pathway*3#

NF-kB % m®s p — ¥ crtranscription factors » §34 L &2 L& & & ~ iz 3 4
w it feiz g Moo~ & 5 A iFsubfamilies (“NF-kB” proteins{=”Rel” proteins) » 4% %
3 B A& %= 9DNA-binding/dimerization domain - Rel homology domain (RHD) > #
® ”NF-xB” proteins (& 4#5NF-xB1 (p105)f-NF-xB2 (p100)) & 3 #& C-terminal
domains > # 7z multiple copies of ankyrin repeats » ”NF-xB” proteins & /& {* Z i% i $#
1S 13 A7 i) shd-v (p105>p50 5 pl00—>p52) » F ZF ¥2 Rel subfumaily (c-Rel,
RelB, RelA (p65))=; = = £ f#(dimers) » ¥ Rel subfumaily £ % C-terminal
transactivation domains (TAD)i& @ & i T %5 28 Flendi 4k o

% L eNF-xBeE it & 5 3 & iE /2 > canonicalfrnon-canonical pathway ; +
et 254 3+ 5 kB kinase (IKK) complex » ¢ IKKa, IKKBF-NEMO (IKKy) fe = »
#canonical pathway ® - § #4c 3|7 1 U ELPFIKKP § AR pipic 1 0 2R 1 IKKBE ik
it NF-xB=ninhibitor-1kB» # 5142 lkB4# polyubiquitination4i ¥ 4# proteasome 4 f# >
T PFP65/P50 ¢ 4 45 Tl imre 47 > i@ 10 T 5 Flend 4 @ Anon-canonical
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pathway® - 3z 3|7E it 2 5L pFNF-kB inducing kinase (NIK) ¢ 2 #ifs iV IKKa 0 24
18 IKKoZ B pe 1 pl00 » i 2 pl00ik*» & p52: ¥7 RelBA; & = £ B (dimer)— 4= #& #
Plimee o & d 1T PR Fl e Be(Mi ) o 3 7 3R Bdp IINFkBes i 24
PRl R B ip P4 CE_ A mouse fibroblasts#F 4 4 tumor necrosis factor (TNF) » 4%
M NF-kBEZDNAS & eiE it 7 ¢ - 5 75 Y= 30-604 455 - - 4 3IkB

s fRA L & A a BENF-kBaE it B 72 E i o 45

I ~ Unfolded protein response (UPR)-p 7 4 /& 4 (ER stress)

fo e TS WE Y G R FEenA & s Fd) ~ 84 > & ) F % (endoplasmic
reticulum, ER) 3 fm®e } fE i Fov F I FEend S {oiBdp e B L1 B we po g
6 OF hfE R et f ) B R A R 4 (ER stress)s dmie 1 — F p AR s ] &
Pegp OB e en ¥ #0284 5 unfolded protein response (UPR) -

PR - B AE & S i*q\rli}n Frrad & §ER R0 Fi
AAAE S AT R ) RN ERYP) TR (ER stess)”

¥ b O g Ca?'ern 1 s glucose starvation (> 3-v ¢hfE AL i+ )2 hypoxia (& B

FrgEendi ))& RPN FRBRA 5 L €356 UPR w40 )ik ahin 2
(homeostasis) » 4% h Fae/R 4 - B 3FH 0 &2 Mr‘ B ¢ e 4w v 2 047
UPR T3 53 2 ik AL BJL » £ = 879 " d-v (UPR sensor) #73% #5-
inositol-requiring enzyme 1 (IRE1) ~ protein kinase RNA (PKR)-like ER kinase (PERK)
Fr activating transcription factor 6 (ATF6) » - ST » o= fAFv ¢ &2 ER p
er1chaperone - Heat shock 70 kDa protein 5/78 kDa glucose-regulated protein/ Binding
immunoglobulin protein (HSPA5/Grp78/Bip)& & » i# H ‘adF 472 F ik ie 5 5 % 4
PR R4 pE o Grp78 ¢ &2 UPR sensor A B 82 A7y v & 453537 chied B
& > ie@ % UPR sensor & it o 12T £44f = % UPR pathway #a /i & 404849 ¢ (vg
&)
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¥4 ) R4 pFPERK ¢ oligomerization i auto-transphosphorylation >
i@ gEEL 1 o subunit of eukaryotic translation initiation factor 2 (elF2a) » *# i< %m %2 A
E 4 mRNA s 2318 % (translation) » & > B p 30 B = B 7 g
# 3. activating transcription factor 4 (ATF4)> ATF4 ¢ & 3| kw2 1% 7% i 30 T84
i I F & Pz p ei(autophagy) ~ P52k s 1 B fmPe 5+ = (4o @ C/EBP homologous
protein (CHOP))4p B 2 7] 5 ATF4 = ¥ 1234538 7% i 34 ¥ growth arrest o34 3 DNA
damage 3-v -GADD34 14 3k 34 ¥ PERK - GADD34 %ﬁ“ d 4] phosphatase 1
(PP1)z& PP1 j ;% % p-elF2a2 FAfs 1 > & @ ' K in% N AR 39 2 & o PERK ~
¢ Brf& it nuclear factor (erythroid- derived 2)-like 2 (NRF2) % 3 4% * & J& o

IRE-1a.£ 7 endoribonuclease (RNase){r kinase domain » 4 # ER stress p¥ »
IRE-1a ¢ oligomerization i autophosphorylation - i% i # RNase /% (% X
box-binding protein 1 (XBP1) mRNA :& {= unconventional splicing » # % intron 1 =
26 1 nucleotide> ¥ 3% frameshift & 2 »:& & #F41 L § #4505 1 it ¢ XBP1s™
XBP1s ¥ /% it ER chaperones, ER-associated degradation (ERAD)4= phospholipid

=~ |IRE-lo» ¥ #% i H kinase domain 7% i* apoptotic-signaling kinase-1 (ASK1) »

i@ E 1Y T P c-jun N-terminal kinase (INK){e p38 3 ‘Pz 4_ oz % =
(apoptosis) °

BAAPNFTRERA P ATFG ¢ 0 B4 1 8 A < 48 (Golgi apparatus)
s 344 site 1 (membrane-bound transcription factor peptidase site 1, MBTPS1)fr
site 2 (MBTPS2) i proteases :d intramembrane proteolysis *» 2] = & 5 /& {4 i
& ¥]+ (transcription factor) - i&® /& i* ER chaperones (4= : Grp78){f- ERAD

components =4 I o

d W Ao UPR R T W fdig BT RS SR Re i oS TR g R R e
7= Blde(l) IRE-1as i ASK1/INK ; (2) PERK/elF2a.i% i+ pro-apoptotic
16
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transcriptional factor CHOP; ¥ k. 5 #7 3 45 i CHOP it 7% i endoplasmic reticulum
oxidoreductase-1 (Erolo)sr# 3R > Erolosc ¥ & ¥ i p B 3 = P2 5¥ = > Erolo
< AR AL S I FT e b endl 3T 3 s inositol triphosphate receptor (IP3R) » i =
i £ Ca® s e B e ok B8 > ¥ i3 2 mitochondrial permeability
transition (MPT) # 15 # 3% fm¥e 5+ = 51525

ORI R4 GRS R0 B E f2enik 2 i(1) 1538 ER-associated degradation
(ERAD)#-p B 4 p A B8 Jov % 3 e o 3 -H Foo ubiquitinate 5 3% 3
proteasom ¥ {2 ; (2) i% & autophagy i ﬁz X IB A A B Ay e dee 2o P oA g
o5 ) R 4R 4 3142 autophagy P14k 4R # 40 4o ¢ (1) Ca®* mobilizing agents
(4t ionomycin, ATP, thapsigargin) it #r#] mTOR & 3% # ~ ¥ autophagosomes *
## (Beclinl-{= Atg7-dependent)*’; (2) j&h B 4 1 e Ca”* 7% 1 calcium/calmodulin-
dependent protein kinase kinase p (CaMKK-B)'CaMKK-B& # i* AMPK # 3% mTOR
#ird] > i@ % 2 autophagy % 4 %5 (3) IRE-I/TRAF2 i& it INK i@ i &
autophagy™ > + F # 7 45 & INK it gifik i* Bel-2 i¢ # 22 Beclinl 4 43 Beclinl 7=
it autophagy®® ; (4) &N 8 & 5 Ca?*iE i+ protein kinase C (PKC)ig m i =
mTOR-independent autophagy®’ ; (5) PERK/elF2a.i: 3% # Atgl2 4 1 %8 ; (6) XBP1

i 75 1v Beclinl «n4 3L @ i4¢ autophagy™ -

+ ~ Preliminary data?%

A% T LHE Y ¢ 4R HQL7(3) A2 SUP-B15 (BCR-ABL*) 4+ RS4;11
(MLL gene rearrangement) & $& & 144k = {29 o Jf w7 $R 5 i =
caspase-independent cell death » ® ¢ %3 ROS ¢4 # > 4o % I * i i #|(GSH &
Vitamin C)¥ 1438 4 *% i< ROS & 4v ~ R AT =& 4 T fcmre v = > 7 7

t SUP-B15 tm*s # 4 R HQL7(3)ig = e ftre Fehvif £ ¥ it 2wz = 5 M -

17

doi:10.6342/NTU201602460



N AT
173 &

¥ AT cn& AT B B D L B % B2 R A i 51 00%:nT &
& T 5% ¥ (five-year event-free survival rate)®%> ;= BCR-ABL* ALL # 37 5 # £ >
i BB A E iR fe £ ABL e o (imatinib) s B hE #9035 v £ T-ALL
{7 % blg % - & Z glucocorticoid £ 7 #ufd o & & B4 ek ALL 5 % 5l
% BCR-ABL"ALL > 0B AR R S R Y o LHRE B T
e BEAR M BT R FI R BFE N AR NN ER o &
WA dp D HQLY Q) >l im e § B 144 11 2 B3 MRk Ayt o
HOL7(3)%f ALL k] 5% ik 25 7 #F 4 PBMCs B £ 4 12 18 p % © 5 HQ17(3)
i f8 4 B4 E e DNATopo Il shiE 2 ig & ROS 2 4 > 8/ ik mbe 7
o 1719

hAR % AT R HQL7(3) &2 SUP-B15 (BCR-ABL")4r RS4;11 (MLL
gene rearrangement) i *z 5% £_i¢ & caspase-independent cell death?®* » % 7 g 2
HQL7(3) L7 & ALL 47 £ & ip ks = & 1%+ ki~ #4834 HQLI(H ¥ -
227 IR (s 4p B 2 T-ALL ‘w%e (Jurkat) snd Bdrd|scdk for = 3 50 o

d 3t -t ALL H g {5 &£ (54 ¢ BCR-ABL &% T-ALL) > iz ALL % - &
AT B R RS  RA ME - I  e F SE R HQLT(3)ALE
OB TR A L B - ST LY g R R e AR E]
JFerc ke > M IEF BB FEF o

AF %R A0 T F R HQL7(3) /a2 SUP-B15 . m”é’fﬁf ¢ i = e 5~

ot gl BN 5 0 R ks B e fEPEI AR 0 i R

Brimie g 4 BEE Y PR RT > fapipi e B R e = B0 T
18
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2 it 424 HQL7(3) t SUP-B15 ‘m¥s ¢ 314z cie {4 56 B chgh 14 ~ 25 4 i 7]

2 Bmie = 2 [P enfd oo

2~ 7 P

(1) 12 Jurkat fmz 15 5 A M T e o 2 A7 3 31  te iRl HQL7(3) %+ Jurkat m#e
g & Bk for = 2 5

(2) #F73 HQLI7T(R) A 7 #+ 1T 5 iny ALL # #f IR 7 % — Sk = 2o & %P
3 AT

(3) # 34 HQL7(3) t SUP-B15 m % ¢ 314z cipie 47 B engd s ~ 4% o 512 22 fmoe

< 2 [

=~ RERRR

1~ 12 mve 75 43R5 (ACP assay) #_11 HQ17(3)%t Jurkat im®e % 24 /| pF e ICso 0 45
% £ 12 Annexin V/PI 4= DIOCe(3) % ¢ B % HQL7(3) /i 24 - PFif (& fm ¥ chi7v
= fok R T % (Y 12 pan-caspase inhibitor (z-VAD)EJZ 18 > 41
Annexin V/IPl % ¢ frd = & Bhi# LI fw¥e 7 = fr caspase /& f* thiffa; » i 4
HQ17(3) 7 Jurkat ‘w1 = g7 = #;% §_J >t caspase-dependent ¢
caspase-independent -

2~ A AR S AR BB 03 $k ALL sw %2 $k SUP-B15 (BCR-ABL™, IM")4r Jurkat
(T-ALL, Dex") % fic2] » 14 ACP assay Z_) HQ17(3)%t:ie 5 thim®e & 72 /| pFin
ICs0° 4% % #-7 Ik B 5 Imatinib (IM) 2 Dexamethasone (Dex)£? I1Cso + © % ¢
k& e HQL7(3)#E fie 4~ % g2 SUP-B15 ¢ Jurkat 'wm®s > # 4| * ACP assay
W iplimre Bt chg it e s HQL7TQ)ALE F /B4 T4 % — Sk ™ 2o & %
P ] ATH| o

3~ Rgp A w7 7 padire B o) 37 & 12 lysosomal membrane permeabilization

19
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(LMP) 3 B igm H 3 m¥e 5~ = o 11 lysosome ® % [r 4847 < proteases e |4
EJE fmPe 1% ACP assay % HQL7(3) %t SUP-B15 im# chd # v % £ 7 4
% B 5 o Lysosome b proteases siur ] 4o

Pepstatin A : cathepsin D (Asp protease) inhibitor

CA-074-Me : cathepsin B/L (Cys protease) inhibitor

AEBSF : Ser protease inhibitor
HQL7(3)#rig = ek |tz B~ 3 ¥ i £ ¢ autophagy #7 4 2 ¢autolysosome >
% %1% PEGFP-LC3 Ja# im% £ 2L § & %k EGFP-LC3 @ £ 3v » L%
HQ17(3)&_% ¢ #+ SUP-B15 ‘m*# i¢ = autophagy » 4= % ¢ i = autophagy ~ %
PP B Ay & autolysosome o ¥ 4| * autophagy % %7#|-Rapamycin
(RAPA)Fr autophagy =+ #|-Bafilomycin Al (Baf Al) % 4% 3+ autophagy %
HQL17(3)ig 2 ehsv = ¥ dif A& & > pb 2 % bk &7 7 22 HQL7(3)is & e =
£ autophagy 3 B Al € :&- % 1 * shRNA = ;¢ #ri] Beclinl e sk i2 - ¥

rege S S N
ﬁ’ @1,\%‘3‘ ‘ET o

20
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- R R
1 ~ fmPe k

F2R MEES R

AEF R ELMT LY A I Jm ¥ & SUP-B15 4 Jurkat P& % B American

Type Culture Collection (ATCC)

ATCC % : CRL-1929™ (SUP-B15) ~ TIB-152™ (Jurkat)

2 GREIH M RE CAHGHE

HES L

B (Catalog Number)

1-Butanol

3,3’-Dihexyloxacarbocyanine iodide (DiOCg(3))

40% Acrylamide/bis-acrylamide (29:1)
4-(2-Aminoethyl) benzenesulfonyl fluoride
(AEBSF)

B-Mercaptoehanol

Agarose | ™

Ammonium persulfate (APS)

Annexin V-FITC

Albumin

Bafilomycin Al

HyClone™ Bovine serum albumin (BSA)
CA-074Me

CaClz « 2H0
4',6-Diamidino-2-phenylindole (DAPI)

21

Merck (1.01990.1000)
Molecular probe (D273)
AMRESCO (0311)

Sigma (A8456)

Sigma (M6250)

AMRESCO (0710)
AMRESCO (0486)
BioVision (1001-200)

Sigma (A-4503)

Sigma (B-1793)

GE Healthcare (SH30574.02)
Enzo (BML-P1126-0001)
Wako (031-00435)

ImmunoChemistry
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HELL R (Catalog Number)

Technologies, LLC (6244)

Ethanol Merck (1.00983.2500)

Fetal bovine serum Biological Industries
(04-001-1A)

FLUORO-GEL Electron Microscopy

Sciences/17985-10

Glucose (Dextrose) Wako (041-00595)

L-glutamine solution Biological Industries
(03-020-1B)

Glycine Sigma (G-8898)

HCI Wako

HEPES Sigma (H-0891)

Iscove’s Modified Dulbecco’s Medium (IMDM)  Biological Industries

(11-058-1G)
Imatinib mesylate Enzo (ALX-270-492-M025)
Isoton Beckman Coulter (8546719)
Methanol Merck (1.06009.2500)
NaCl Sigma (S-7653)
Non-fat milk powder (% iF 5 7 4 3f5) e
OPTI-MEM Gibco (31985)
Pepstatin A Enzo (ALX-260-MO005)
PBS (10X ready pack) Gibco (70011-044)
Phosphatase Inhibitor cocktail (10X) NovelGene Biotech
p-nitrophenyl phosphate (PNPP) Sigma (S-0942)

22
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HEREL

B i% (Catalog Number)

Protease Inhibitor cocktail (10X)
Propidium iodide (PI)
Rapamycin

RPMI 1640

Sodium dodecyl sulfate (SDS)
Sodium acetate trinydrate
Sodium bicarbonate

Sodium pyruvate

TEMED
Tris-base
Triton-X100
Tunicamycin
Tween-20

2-VAD(OMe)-FMK

s

Roche (04 693 159 001)
BioVision (1056-1)

LC Laboratories (R-5000)
Biological Industries
(11-100-1K)
AMRESCO (0227)
Wako (198-01055)
Sigma (S-4019)
Biological Industries
(03-042-1B)

Sigma (T-9281)
AMRESCO (0827)
Sigma (T-9284)

Sigma (T7765)

Sigma (P-1379)

Abcam (ab120487)

BRI P s

Mouse anti-human lkBao

Rabbit anti-human phospho-4E-BP1 (Thr37/46)

Rabbit anti-human AIF antibody
Rabbit anti-human o-tubulin antibody

Rabbit anti-human Beclinl antibody

Rabbit anti-human EIF2 alpha (phospho Ser52)

23

Cell signaling/4814
Cell signaling/2855
GeneTex/GTX102399
Cell signaling/10376
GeneTex/ GTX113039

GeneTex/ GTX130006
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s

RSP s

antibody

Rabbit anti-human GAPDH antibody

Rabbit anti-human cleaved caspase-3 (Aspl175)
Rabbit anti-human Grp78 antibody

Rabbit anti-human Histone H3 antibody
Rabbit anti-human mTOR

Rabbit anti-human phospho-mTOR (Ser2448)
Rabbit anti-human NF-xB p65

Rabbit anti-human phospho-p70 S6 Kinase
(Thr389)

Rabbit anti-human PARP antibody

Rabbit anti-human XBP1 antibody

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

Goat anti-rabbit 1gG, HRP-linked antibody

Horse anti-mouse 1gG, HRP-linked antibody

R e

GeneTex/ GTX100118
Cell signaling/9664
GeneTex/ GTX113340
GeneTex/ GTX122148
Cell signaling/2983
Cell signaling/5536
Cell signaling/8242

Cell signaling/9234

Cell signaling/9542

Abcam/ ab198999

Invitrogen/A-11008

Cell signaling/7074

Cell signaling/ 7076

BRI P s

Bio-Rad Protein Assay Dye reagent concentrate
Dream Taq™ DNA Polymerase

Ingenio® Electroporation Solution

Maxima SYBR green/ROX gPCR Master Mix
(2X)

NE-PER® Nuclear and Cytoplasmic Extraction

24

Bio-Rad/500-0006

Thermo/EPQ0702

Mirus/ MIR 50116

Thermo/K0222

Thermo/78833
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Whles -

RSP s

Reagents
Trizol® LS reagent

PEG-it™ Virus Precipitation Solution (5X)

Prestained Protein ladder

SuperScript™ 111 First Strand Synthesis System
for RT-PCR

SuperSignal West Dura Extended Duration
Substrate

TransIT®-LT1 Transfection Reagent

Western Lighting Plus-ECL Enhanced

Chemiluminescence

shRNA lentivirus %l &%

Ambion/10296010

System Biosciences (SBI1)/
LV810A-1

ARROWTEC

Invitrogen/1808-051

Thermo/34075

Mirus

PerkinEImer/NEL105001EA

pLKO.1-emptyT (TRCN0000208001) 2 pLKO.1-shBECN1 (TRCN0000033550)

PER P e RNAI 1% 2% %5 (RNAI core) - lentivirus % & % 35 RNAI core 3% &2

FiELp g o

®E LA

) Bl

Bio-Rad Gene Pulser XCell™
Shandon Cytospin 111 cytocentrifuge
TEFETEREFEG S BE
LR Y Y

[ R Y

25

Bio-Rad/165-2661
GMI

ABI7500 Fast
Olympus 1X83

Olympus IX71
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RE LH

R A5

LAS-4000 P64 &

(VERSAMax microplate reader)
4 &k B 3+ Nanodrop

I LA

S F CRE A

@ ki

Foo R ER

@i d 3 ST,

(Mini-PROTEAN Tetra Cell)

FUJIFILM life science

LAS-4000

KUBOTA 8800

KUBOTA 2100

HERMLE Z233MK-2

VERSAMax

Thermo

BD FACSCalibur

ESCO CO2 incubator

STOVALL life science

Amersham Biosciences

Hoefer Dual Gel Caster

Bio-Rad/ 165-8001

Mupid-21 Mini Gel Electrophoretic Unit TSC Biosciences

LTD/Mupid-21

RS R (R4 R
Microsoft Office Excel (2007) Microsoft

Image J (1.84V)
Prism4

CompuSyn (1.0)

National Institutes of Health, USA
GraphPad Software, Inc

ComboSyn, Inc.

26

doi:10.6342/NTU201602460



It A
(1) wmre 3z % ~

fmre 1 % 3 1 IMDM/20%FBS

ik * 2 kR
IMDM 400ml
FBS 100ml 20%
100mM Sodium pyruvate 5ml 1mM
200mM L-glutamine solution 5ml 2mM
i 48 0.22um filter » 4°C %%
iz 3 % 2 ¢ RPMI/10%FBS
i Eis * 2 kR
RPMI-1640 450ml
HEPES 1.192¢g 10mM
FBS 50ml 10%
Glucose 2.25¢ 25mM
100mM Sodium pyruvate 5ml imM
200mM L-glutamine solution 5ml 2mM

¢ 6 0.22um filter » 4°C %75

27
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(2) mNmre RAPRE P R

5X Annexin V-binding buffer, pH7.4 (100ml)

R *E kR
HEPES 1.192¢g 50mM
NaCl 4.09¢ 700mM
CaCl;  2H20 3.675¢ 25mM

¥ %R %3 0 1 ddH0 = IX @ * > 138 4§ 0.22pm filter

(3) FBimm Fov

sm¥z 7% f2i%  (cell lysis buffer)

R kR
Tris-HCI (pH8.0) 50mM
NaCl 150mM
Triton X-100 1%
10X protease inhibitor cocktail 1X
10X phosphatase inhibitor cocktail 1X

AT =

i * @v A 4c ~ 1/10 %8 4% 10X protease inhibitor cocktail ~ 10X phosphatase

inhibitor cocktail 4= 1/100 %8 4% Triton X-100

28
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(4) &+ =ARERRA PIRRB T AL BHER

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

Gel conc. (%)
K
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) 121 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 20 20 20 20

% A A3s ~ | (kDa) ZR Gk R (%)
~80-350 5
~40-250 8
~30-200 10
~20-150 12

~5-70 15

29
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5X Tris-glycine electrophoresis buffer, pH8.3

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

R BT 0 1 ddHO R 1K i ¥

6X SDS loading dye

R *E kR
1M Tris-HCI,pH6.8 3ml 300 mM
SDS 1.2g 12%
Bromophenol blue 1.5mg 0.015%
Glycerol 5ml 50 %
-Mercaptoehanol 2ml 20%
Total | 10ml
¥-20C %%
(5) > a2
1X Transfer buffer (pH8.5)
KK kR
Tris-base 48mM
Glycine 39mM
10% SDS 0.04%
Methanol 20%(v/v)
WATC Fr
30
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10X TBS (pH7.6)

R k& & (10X)
Tris 200mM
NaCl 1.36M

P e aES

1X TBS/T (washing buffer)

R BER
10X TBS 1X
Tween20 0.1%

X E R

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

i %
1IX TBS/T 1X
non-fat milk 5%

AT

31
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(6) ‘mPz 3% /% M4 ¥7-Acid phosphatase assay (ACP assay)

ACP substrate buffer (pH5.5)

i E R
Sodium acetate 0.1M
Triton X-100 0.1%
KEER
1IN NaOH

B~ 49 7 NaOH ;3 *+ 100ml 7ddH20 > ¥+ % 1IN =7 NaOH

(7) AR L%

Blocking buffer

i 3
BSA 1%
Triton X-100 0.3%

¢ & PBS ¥ » 4C x5

- - R e
1~ jRifmie ~ mie s & & fmie 3tk

F B TR T chg Bl T e L et th(SUP-BL5  Jurkat) 5 B i e
& w11 7 20% FBS 7 IMDM (SUP-B15)4r z 10% FBS <7 RPMI1640 (Jurkat):s %
3 37C ~5%CO a1 & 405 & o Rk mre PF > Bl 6§ % 5 imie 37C
i O F N = RN 0 T2 TR A D) 15ml s g 0 EF 4~ 6ml °
wED ITCoR AR HFLER 2353 2 E A dmlr x> 1~70xg
(800rpm/KUBOTA2100) » % F ™ &t 3 2450 RS " Fie o wimve £ ATRE

32
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whml g AP > 2ar 25Tflask ¥ B & > E3)F et 3% B 1 90% 0 £ #32 &
AT A BRI TETflask ¥ o 218> FES X EFHAR £ o & 878N
¥ & P B0 15ul dem v i 22 X 88 4% 0 0.4% trypan blue (in 1X PBS):® £ > & B~ 15pl
RERA e R P licwie e MR BT R enwiedie Tl B A
m¥e % B 3 i & ehi A (SUP-B15 : 5x10°/ml 5 Jurkat : 3x10%/ml) » |4 im #e
TR ER RN T R o (Bl & e B A §° ) SUP-B15 : 5~20 x10°/ml ; Jurkat :

1~10 x10°/ml)

2~ W GRS AT
(1) Acid phosphatase (ACP) assay®®

ACP /&R £ 53t mre @ » ACPassay R 32 5 B Tt e N fs {25 s (ACP) %
Mo HE M e e p o b ’;ﬁd %4 ACP < 7 (p-nitrophenyl phosphate, PNPP):
ACP #-H & % = p-nitrophenol> # fdg M H BT T 5 ¢ - ¥ 54050 F & < &%k o
M- e gt 96 3¢ 45 ¢ (SUP-B15 : 5x10%well ; Jurkat : 1x10%well) » 32 % £ ¢
v 2 7 Rk R G % % F HQL7(3) ~ Imatinib (IM) ~ Dexamethasone (Dex) » < ¥ »t
37°C ~5% COz ez 8 35 & 235 & » fodp LF R JePrimiz 2 {7 ACPassay » 14 400 X
g (1500 rpm/ KUBOTAB8800)> % i§ ™ d&ft.w 5 4 45 4 p& 4] * ACP buffer fie & 1mg/ml
PNPP » .« {5 éh b - 12 suction 73 54 2 'R s s B well @ 4c »~ 100l =1
PNPP > c¥ 37°C T i¥* 15 ] pF > 2 {4 » 10ul 59 INNaOH # 1+ F & » B {8 12

p#EEE L& A 17 R(VERSAMax)ip| € O.Duaos > i&m & J w2 cfp ¥ 5 5 | A

Lo

(2) Pz ¥gieg B phosphatidylserine (PS) #F fs2 fm e 5o % £ 14 4 47 (Annexin V/PI)
324 345 P g e (2x10°/ml o £ Iml) 0 £ 4 B HQ17(3) ~ z-VAD -~
Bafilomycin A1 -~ Rapamycin % &4 > 3¢ ¥ 3t 37°C 5% COx e £ 5 % -

33
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Edn APF 16 #tm e BRI B L F ¢ 002 400 X g (1500 rppm/KUBOTAS800) »
TR A5 A4 2 iR i dcio s BH 0 £ 4~ 1ml IX PBS ik
fwre o twre & ATREFT 500ul 1X Annexin V-binding buffer & > 4c »~ 1ul 150pug/ml
Annexin V-FITC 4v 1ul 250ug/mI Pl > @ % » 238 7 55 A 4 > £ 4+ 500ul 1X

Annexin V-binding buffer » 7 # jk 3% e R 7 4 47 o

(3) mPz kMR HT = ip] T(DIOCe(3)% 4 )

224344 ¢ 348 e (2x109ml 5 £ 1ml) > £ 2 HQL7(3)AJE » e 2} *
37°C ~S% CO ePfzif 45 % i35 & = dp TP 1S » Ml RUSIRA T B X 0 > 1
400 x g (1500 rpm/ KUBOTAB800) » 3 i ™ 4t 5 4 48> 4 %% 1 jfip > dzd4p i
e M 0 £ 4o ImlIX PBS ik fm®e o #-inre € 478 5> 1ml PBS/100nM

DiOCs(3) » *+ 37 Cw kL ¢ L | g 7 # i\ e RiE(TA T o

3~ Autophagy i jp]

fmrz ¢ 4 autophagy B > fmfz b LC3 ¢ j¢_type | (cytosolic)# % = type I
(membrane bound) > i 4 4% % autophagosome "t - 4] * LC3-1 = LC3-1l & lm®s
poeni g A e o AR * T F 32 U pEGFP-LC3 F AR iE 3 mre oo
EGFP-LC3 i & 39 # F S & » ffdd B £ LT o 40 B fove c07) 30
(cytosolic)## % = F & = 2L}k &~ # (puncta, membrane-bound) 727 3% % Ja | b 7e 5
& 7 4 autophagy -

#-2.5x10° B SUP-B15 ‘m s * PBS i i i {4 - il Jm#s & 5> 0.25ml 7 Ingenio®
Electroporation Solution (10x10° cells/ml) » # 22 5ug 1 pEGFP-LC3 (20ug/ml) 5 44
DNA 2 & {s# 45 3 cuvette » - 12 Bio-Rad Gene Pulser XCell™ :i& {7 § 7 3t
(Square-wave form : 300V, 950mF, 15ms) » 2 & #-‘w?z & i 4% 1 %57 IMDM/20%
FBS crsz £ 4% » 2% - Bot t {8 { 4% IMDM/20% FBS & &~ =/ & » H ¢ - fo 1y
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2uM 5 HQ17(3) %32 6 -] P& » — .12 DMSO (Veh) &2 - #-im#e 14 cytospin e
;% (3x10° cells /200pl, 450rpm, 5mins)4+ it # oo 2 methanol B TS A 4TS
#F ¥ lpg/ml 7 DAPL 4 4 15 4 48 > 2 f5 12 PBS jj-i% 5 =t (+ = 3ml) » B i jf &

¥ 15pl e PBS time b > F

11-'
g
~E
d
P
P
A
-

p oo e F e koo g T

I
fa
i

§o s fr%? YRR ER - F 2P %I "4p 5 BALT(10x100 ) o i aEpE L
3B ke f TAR o B Y kimiz ) Yk puncta AgiE 15 B F T R

autophagy shm¥z o

4 ~ Knockdown of Beclinl

7 M ShRNA 7 2 #ri¢ * cgddl > v d P FERRNAI e @ s 3450 A
* shBECN1 (TRCNO000033550)4r ] + #gp £ {0 Beclinl - ShBECN1 2 ¢
PLKO.1-puro 88 (*t4 ~) = pLKO.L1-emptyT $* 88 ("84 )@ + § - KAEH A 71
Mhrdleir o LAWY B EF % enlenivirus, A pER-Z BT AL i
r2 TransIT-LT1 Transfection Reagent #& % © 293FT ‘w® » & 4| i @ % 3L ShRNA e
pLKO.1 3448 ~ ¢ % lentivirus 3 %2 pCMVARS.91 (gag, pol, rev gene) 2 pMD.G
(envelope)(¥it4x+ ~ -+ - ) o B~ 2.25ug e pCMVARS8.91 ~ 0.25ug 5 pMD.G ~ 2.5ug
#1pLKO.1 §4 42 > 4c » OPTI-MEM i S48 f# i 250pl > ¥ ¢ B~ 15pl < TransIT-LT1
2 OPTI-MEM #-18 ¢ S48 4 i 250l » 2 153+ DNA R & iR 38 jf 4o~ fFff4e o
TransIT-LT1 ¥ > 2B 7% 30 & 458 » B0 &R F 4o » AR 18 | BN
203FT mme 2 % A% ¢ > 12 % 18/ Pl sz % A4k 7 1% BSA 57 DMEM £ %
Ao R AL 24048 T TR 7§ lentivirus ihdmte b o 3o g S 5
A AT BRFEFRSF RS o~ VA B RS R WA PEG-it™ Virus
Precipitation Solution (5X) » /& 3 {8 5> 4°C2 > 12 -] pF » 2_ {512 10000 x g » 4°C
THs L) PR F L0k i de r 110§ R iR A vk e DMEM 35 £ A (3
1% BSA)w i3 5 % i > A %15 520-80C -
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%9 & 4] Beclinl £ 44| :1 SUP-B15 ‘% » 32 % »t 24 3 32 % % :H SUP-B15
fm ¥z (%) 2x10° cells) £ 7 % polybrene (8 pg/ml) s A R £ 18 (=3 m.o..) - 4 1100
X g (2400 rpm/ KUBOTA8800) » 37°C T #t-w 30 4 4 » 2 {42 % 37°C ~ 5% CO;
FEERENEE OBR 22U PFE{EHERBREALZ 24 EF 1T 2ugml
puromycin s & k& iE 48 /| pF > 113 G A e > T ERIEES § T

¥ F @4-R L[4 F B(QRT-PCR)fra =+ % Bhi2 7o Beclinl ch 22 = % -

5 LR FERZRLS

¥ 24 3445 ¢ 4248 SUP-BI5 ¥ (5x10%ml > £ 2ml) » 41 # HQ17(3)AJE »
B0 37C ~5% COp sz i 5 % fa 5 % o 4 LPFF {2 > 1% cytospin ¢ 5 (3x10°
cells/200pul, 450rpm, 5mins)#-‘m*z 4= . gL & + - 1% 4% paraformaldehyde 7 z_

15 » 48 » # % * blocking buffer (1% BSA, 0.3% Triton X-100 /PBS) % ¥ & i # gt

B RR T ER - ] % sl blocking buffer - i & ek 15 X R
FREBERS ACT 7% - Bt (inwet chamber) » 2_ {8 #-gt 5 %> 2ml 7 PBS

Frik 30 #5448 5 #-o Rl blocking buffer 448 500 & 15 R E A B ¥
BB FET I - [P 2 (541% PBSF% 3 0 55448 % ddH0 ¥
DAPI 8 & 05pg/ml £ 4 5 E gL v 1 > 3T iv% 504> 2 (54]* PBS if%
3= K 544 Bis st} if - jf FLUORO-GEL #f ¥ i ¥ #- X5t % &
ERIAEREE S LTSN CE AR A E U Y

of i€
Mesi s & e @ %3 0 dp 5 B4R (10x100 ) o

6 RNA 5527 3 # 5 4% & 58 4 5 s(QRT-PCR)
(1) RNA %5~

B~ 5x108 i3 SUP-B15 fm## ¥ #32 % A 3 % 0 4 1ml 1 Trizol® LS reagent 4+
$oamre > k3-80CE - BoLt s X BEE AR R T 2R > 4o r 0.2ml i
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i# (chloroform) » } THsdkR £353 » 3T REEF R 2348 HF LA4CP 1
12000 x g & 15 & 48 o = 267 5 LA & - 4 1 3T 4 5] 5 agueous

phase (& ¢ )-~interphase - phenol-chloroform phase (= ¢ )># ¥ RNA i=** aqueous

phase - #-aqueous phase & 1} ¥ # 1 ¥ - BATAE e F o £ 4o > 0.5ml R
fis(isopropanol);2 £353 > 3BT F B 10 4480 2 {6 2 4°C ¥ 2 12000 x g &
]Dﬁﬁ’ﬁu%&@’+uﬁi%J%h’&ilﬁﬁﬂ%%ﬁéﬁmﬁ%’ﬂ
deon Aml i0 75% FpE -k 0 218 2 4°C ¢ 1 7500 X g e 5 A 4 o -2 % EPE
oo g PR W FE TR 25 10 A 480 2 {84 » 20ul A DEPC -k w3 RNA - v

B S RNA MR RET A4 & > oA kR R TR o

(2) Quantitative reverse transcription polymerase chain reaction (QRT-PCR)

41 * SuperScript™ 111 First Strand Synthesis System #- RNA & & 4= cDNA >
z_t$* SYBR green/ROX gPCR Master Mix (2X) 4+ %+ Beclinl & {7 qPCR » # 12 p
4 1+ GAPDH # 3§ % 5 4% % * (normalization)shiz J5 » r2 220C £ 7 A Fl4p 4+ 4
mE -

A #g Beclinl primer sequence 4c ™ :

Forward : 5-CACATCTGGCACAGTGGACAG-3’
Reverse : 5'-CTCCTTAGATTTGTCTGTCAGAG-3’

A g GAPDH primer sequence 4- 7 :

Forward : 5-GCCAAAAGGGTCATCATCTC-3’

Reverse : 5'-GGCCATCCACAGTCTTCT-3

7 55 LEki
(1) 35 Fegm
3t 6om e & x4 3x10° B SUP-B15 sz (5x10° cells/ml, 6ml) st 1.5x10°
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& Jurkat sm # (3x10° cells/ml, 5ml) » 41 % HQL7(3)AJIL » * % *+ 37°C + 5% COz ¢h
ERstfand o lddy A Bodiimre > DUF M iR e F] 15ml

Hrwd @ o 12 400 x g (1500 rppm/KUBOTABB00) » 4°C ™ g 5 4 i o #- b iFi 2
T I T B o 4o~ PBS (4C) ik mre & =t o 12 80ul s ve 3 2% (cell lysis
buffer)+=zk i ## (cell lysis buffer & #% ¥ 4% pellet € 23 £) & # 45 1) 1.5ml #c & oo
B BTk 15 44 0 2 (e #-dmre A kis P iR (7 3 =0 sonication s - =& 10 5 0 #
SRR E % 1045 > 2 15 12 22000 x g (15000 rppm/ HERMLE Z233MK-2) » 4°C T #t

B A4 Meb A D AT LEmI AR A F 0 BEFR A 0 TR

(2) ¢ FrRE‘ETAHRSEHR

1 Bio-Rad Protein Assay i* & #-v B 2 &% > I * albumin % iT4L % & &R ; -
stock (Lug/pl) A 71 48 & = ik & (0, 1/2X, 1/3X, 1/4X, 1/8X, 1/16X) » i 4% ip]
& FPRAFR 10 B 24 20 % 0 & B~ 10ul 4e » 96 34 4 ¢ (= £ 4F) - # Bio-Rad
Protein Assay reagent ;= -k i A - b4 r 200ulc FETIER 306
A gB(H AL [ EE) s L p B A A 7 R (VERSAMax) 18 Rk £ 595nm rx
k@ o kP albumin Jk R E ek B IFIAREY A R EREY A D EFR G0
R o TR MFd &R FPRAFE S 15ul p 7 3 30ug 2 40pg
(phosphorylated protein)erd-v » & 4c ~ 3ul 6X SDS loading dye » 98°C 4c 44 10 &

o TRE TR LR

(3) 4+ = AP BRP G T AL RHEF

FIpEE S Yande 3 4 ) fe@iE § k& o0 separating gel - stacking gel
B 5% M- b it N AR 2 Fee T HRse (marker) (Spl/well) iz ~ % 3t (well) -
ACTEFR AL T0 REF(V)T R 7 B K (stacking) # i B4 | (tracking dye)
FE T A6 p o f 2130 RAF(V) R R R (7 4 dr(separating) 3¢ > FFd Fd
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e F A iRk PR 214 38 (7 B8 8 (transfer) - & 7 ¥R k8 3 BF > L - PVDF
- (poly-vinylidene fluoride membrane) 2 ® fig(methanol)i= it » £ & B e i F K 8
(4 f 13 T 4R): A% ~ RS = 3 « A - PVDF %~ JR U2 38 ~ /4 47 o silid &

¥ # 3 %7 transfer buffer e 7F 4 15 » & 4Crkfa @ 12 400 % 32 (MA) & (7 873

o

- /J\ o
(4) regrt F AP L e g p g s
Bz A F HPFDF Wik Z BB F 7 0 padFsi o S AP 5 b x

washing buffer (1X TBS/T)i# % 3 = »# =t 5 4~ & (F E -7 )> 4 F v » 5% non-fat
milk (blocking buffer, in TBS/T) &% £ ¥ J& 1 -] F¥(blocking) » £ ™ TBS/T i#i% 3
=t o 4v » 12 blocking buffer ##§ ch— st >t 4Cokfa 7 BB R (S 2R - ] )
£ v TBSIT i 3 =t » 4 » 14 blocking buffer ##1§ ch= sfadd> $ 8 5 K- | B* >
£ TBSITF#3=x kisWECLEd 2ok d » @ * {2 LAS-4000 #2 i i o

ip P& e

8~ P A

3+ 10 em sy & m ¥ 34 6x10° B SUP-B15 ‘m## (5x10° cells/ml, 12ml) » £ 1
* 2uM HQL7(3)EJL » 4%t 37°C ~ 5% COz2 iz 33 % a3 % © Fliddy w pb ¥
fo o Bedanre > GE F Rlede ROFR 3] 15ml g g ¢ > 400 x g (1500
rpm/KUBOTAB8800) » 4°C ™ &t.s 5 A 4d > -+ i 2 % P A ATE B 0 4o~ PBS
(4°C)iiksmre 2 = > 2 15 4 » 300pl CERI (7 1X protease inhibitor) £ # # | 1.5ml
HB A d o RF 154tk 104480 £ 4~ 165l CERIN B 54514
Boavskr 14 £ RF 5451 22000 x g (15000 rpm/ HERMLE Z233MK-2)
ACT s b ki b F iR 2 Aran 1.6ml fe g 3w § > 0 5 love FIvs ajk-
0o #flep BB PBS ik = is 0 4o » 80ul NER (7 1X protease inhibitor) » &
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F A5 Fys B30k 15 4480 2 18 #-dmre 3Y ki ¢ i 17 3 = sonication £ 10s > &
fe B WA T ATEOLOMI MR B o M G e Rt hked o B F R F R

R -

9 + X-box binding protein 1 (XBP1) mRNA splicing 1 ip]

i & IRE-la. § # "t XBP1 mRNA intron 1 126 B nucleotide 2. 32 %0 » s\ i
#-SUP-B15 fm % 11 2uM 7 HQ17(3) A5 -] F¥ 14 » 12 Trizol® LS reagent 4 B~ RNA
& 12 SuperScript™ 111 First Strand Synthesis System # RNA & #4532 cDNA » 2_ {4
* PCR 4 ip] XBP1 €_F } 4% splicing » % %5 XBP1 primer sequence® 4=+ :

Forward : 5-CCTGGTTGCTGAAGAGGAGG-3

Reverse : 5-CCATGGGGAGATG TTCTGGAG-3'

PCR Z 4= 12 3% agarose gel :& 7"} f8 3 A & 47 > PCR A 4~ Fp B = /| 40T @

XBP1-unspliced : 145 bp ; XBP1-spliced : 119 bp -
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yri %%

- ~ HQ17(3)¥ ALL w7 ki ¥it 4
1~ HQL7(3)¥ ALL lme k&3 & &

APy AR AT MOER HQL7()H ALL fme thE & 4220, Ayt > 2
i iE * SUP-B15 4r Jurkat % ¥k ALL w*2 kx> & ¢ * Acid phosphatase (ACP) assay
FETL B % 0 dm e H g2 96 3¢ 45 ¢ (SUP-B15 : 5x10%well 5 Jurkat : 1x10%well) -
EOTH EER(0~05-1~15+2+3+5uM)HQL7(3) » 4 %[>t 24 ~ 48 ~ 72 ];
P i i€ 7 ACP assay 4 17 fm P2 544 > 12 & pF F ghen Vehicle (Veh) ‘e %) 4 17 100%:7%
Mot B L RERZ PR LT e B R B % 4Bl > 2 Compusyn #it48
¥ = % gz drd] 50% ik & (50% inhibitory concentration, 1Cso) » % SUP-B15
e P 5 = X 1 Cso & %] 5 24h @ 3.83£0.44uM ~ 48h : 2.26£0.20uM ~ 72h :
1.83£0.13uM ; % Jurkat fm®z ® > = X% 1 1Cs0 4 W] 5 24h 1 0.95+0.39uM -~ 48h :
0.31£0.02uM ~ 72h : 0.19+0.01uM - 2 % B A ™Mk B HQL7(3)rdZ - % 37 14 'Fj

UIEGLER: B O UE=ali sl

2~ HQ17(3)# T-ALL im¥% $k Jurkat 3% 41 3B 5m% &= ik

* %3 LT 7 BT HQL7(3) € i RS4;11 2 SUP-B15 fm % 15 = #kc »
& 3% phosphatidylserine (PS) “ #5% # R AW T =erde 4 2021, v HQ17(3) i Jurkat
wre ? B E 51 e 2 R A
(1) HQ17(3) fa_i¢ Jurkat ‘m*e 5= PS *t fu ~ fm% WX 45

At 24 5V 45 ¢ F s 2x10° 1B Jurkat ne 0 EJZ A ek B (0~0.2540.5-0.7 ~
1~2uM)saHQL7(3) > *+ 24 ] pris 27 Annexin VIPI 4 ¢ ~ 47 » % % 4Bl > &
Jk & 3 4e Annexin VP ik g b i) B F H 4e > & IR dose-dependent shIR % 0 7 e
JE B HQL17(3) %32 is apoptotic cells (Annexin V¥)t &]4-™ : Veh (6.46+1.13%) ~
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0.25uM (7.21+0.75%) ~ 0.5uM (13.07+0.97%) ~ 0.7uM (24.37+2.59%) ~ 1uM
(48.97+5.14%) ~ 2uM (76.04+0.94%) o 2_ 15 3% 35 %_1uM HQL7(3) A= 24 /| p& i&
AT I

Z B %K 1M S HQL7(B) e 8 /| PFi v e = B4 B F LR
RERERTH 40 7 o L Annexin VPP shim Fe vt G L3 e 0 2 12 Annexin VTP ehim e
Vb A K 4 o iz 82 A apoptosis IR % 0 & BF R 2L apoptotic cells b i]4eT 1 Oh
(5.09+1.58%) ~ 8h (14.51+4.90%) ~ 16h (37.05+10.02%) ~ 24h (49.35+5.73%) o it t
F B3 AW AT B HQL7(3)AJL SUP-B15 m% (5 » % & vl el » % 4
Annexin V*PI*ehim»e » 2 > £ 4 apoptosis c3R % 0o 55 & 12 F 2 % & HQL7(3)
i ALL fm®s $henime SEPS “hm s i R R A e = > P A% b ik

S - R AR

(2) HQ17(3) ¢ Jurkat fwm#e i AR AE -7 -8 &

d it Annexin V/PI 2 23] HQL7(3)3 1% apoptosis > m apoptosis = 4 ¥
R LA MR A A LR 0 ek dik ARl Y aocytochromec ¥4 52 A R
HiRmre = > Fpt AP R &k QR E 3 Mot ch4 A DIOCe(3) 1z ks il
R I o 2 1luM e HQL7(3) AR 16 | PF {8 R AR R e & cndm e vt B
hed ML R T PEREFH A AT IR AT d L e e T
Oh (5.2+2.45%) ~ 8h (10.5+5.66%) ~ 16h (31.1+9.15%) ~ 24h (49.6+8.23%) (Bl = ) -

H 2 5% & Annexin VIPI %4 ¢ & % «npF i 22 apoptotic cells - &) 4p =2 i o

(3) HQ17(3) %+ Jurkat sn#z 51 4= caspase-dependent cell death
AF %AW T A HQL7(3)ed® SUP-B15 fm¥z 16 » % F Avhip pr il gL »
w5 Annexin V'PI"enim®e » 22 & 4] apoptosis #7553 2 F » ® Western blot & % &

caspase-3 ¥ F M A & > ¥ ¢k s 1% pan-caspase inhibitor (z-VAD)EJZ {8 - 2
p F

Sl
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PR g 5 1 b caspase-3 e 0 fe fr 2 Fde HQL7(B) M sk e = 00 gt ¥ 5
HQ17(3)%t SUP-B15 m ¥ 31 4= 7 = §_ % caspase-independent @ HQ17(3) # 1<
g = iz d H 6 effector k4 (7 o
d + it Annexin V/PI 5 5% ¥ 4+ HQL17(3) A2 Jurkat ‘w2 (& - SEPF Y 3 4c >

Annexin VPl eim fz vb ] L3 4e > 2 12 Annexin VPITeim#e vt ) o 3 4c > 3t 2
7] apoptosis 77 5% o F i g * HQL7(3)¥ z-VAD % F a2 té > F1* Annexin V/PI
Ad 47 5% BT H HAag? HQL7(3)4r#r z-VAD % = A2 {4 apoptotic cells v+ ]
1%€_48.05£4.57% *% 3| 17.60£3.74% (B ) ¥ *t > * Western blot 4 47 caspase-3
g5 1 A5 0 B4 kg or HQL7(3)4r z-VAD % Fe a2 18 it 34 caspase-3 =17 it (1

caspase-dependent cell death -

=4
Ay

N

£ 14 ¢ 5% 7 4o HQL7(3) 4 Jurkat sm e 314z ch5v = < 300> g3t

S~ HQIIR)#E 5 — Sl ™ v & P & W @R 7 7 H 4t ALL tm7% chfri o
%
1+ ALL io% k¥t % 84 3 Fult
(1) SUP-B15 ‘m*z 4F Imatinib 5 #uit
Imatinib mesylate (IM)&_% - # ABL tyrosine kinase inhibitor (TKI) » >+ type
Il kinase inhibitor » s % 77 3 ¢ 5 4iE SUP-B15 ‘m¥e 44 IM £ § $uft 205 4 jp i »
ACP assay /gt %% > % % B+ SUP-B15 'm®e & 24 /| pr{c 48 /] pF e ICso &
32 10uM » 5] 72 /] ¥ ICs0 3 0.1uM » [z & B ¥ ¥ 14 5 TI5E IM Jk & 3 4e fm %% 7308
7 £ BP(H=) > 2 1% Trypanblue % ¢ 4 % 7 & IM 3 ¢ #5* SUP-B15 ‘m#e

FarglE A4 & o P SUP-B15 e £ Imatinib & 3 i e

(2) Jurkat = *z ¥+ Dexamethasone 3 $uft
Dexamethasone (Dex) &5 % ALL ¥ L% - RELH > Rfp L w7 7 © Giavig
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Jurkat sm¥e % Dex & $ $uft » A ]+ ACPassay FEidst %% » 2% x4 *
300uM ¢ Dex /&2 72 /| ]:—E:*’F'zsfﬁ % ] 50%him e (B ) 0 3P Jurkat fme %t

Dex 3 4t o

2~ F- MHT MG £ HEFEHQLIB)E # i ® ¥ H 4 H ALL % ehr il oe %
L7 FEER HQLT(3)ALE 7 14 1% 4 3 acHI 3 4 $ R k B Fpb B r - A @
AR ERE - AHT M L },%ml;%‘*é*«’fﬂ(lM Dex)£ HQ17(3)4p 7 ¥ »
72 ] FEts o 1 ACPassay A 45 fme g 4 o
(1) IM 2 HQL7(3) & # AR i # 55 % SUP-B15 'm#e efafer ] > %
A ek R IM 2 HQL7(3)+ fe AJ® 72 0 pEis » 4% ACP assay A 17 fm ¥
B RE%ET IM 2 HQL7(3) & & i * 14 B pagg adrdlsck { H(R- ) &
B T LR & B T 13T ICs0 22 IM &2 HQ17(3);‘].+m i AL S Ecme S ih

& » HQ17(3){ ¥ tx4k SUP-B15 4w % TKI-Imatinib 2 g 5 4+ o

(2) Dex £2 HQ17(3) & & jed¥ it 3§ % ¥ Jurkat ‘m e chpr2c %
A ek & e Dex ¥ HQL7(3)+ Fe Ad® 72 ¢ P {4 > 41 * ACP assay 4 47w #e

’

£

i

._E
r’

% %57 Dex 2 HQL7(3) & # & * 14t ¥ JpAJw chdrd]»c % { 4+ (B =) >

TP A AEEL LB R Y 1S @® % g R 90 Dex Fe¥ rLE B 4 ek

1 e R B 0 IM 2 Dex 2 HQL7(3) & & & * 13 it 3 5 % ALL im %
thinfr sk > wmm HQLT()A k7 i F /4 it 3 in ALL s e » ' i IM

fr Dex i * ek B o

= ~ HQ17(3)3# & SUP-15 ¥ 5* = e effector
Acridine orange (AO) 5 — f8 2 fmre il F 47 4 4 S dkHenL A > i 22 DNA
44
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-
R
™
@
wWiE

Sk s 4 T LR~ e N PR e B > Bl4e lysosome 2 autolysosome
A BN AT AO S A ko @ AT { 4y 01 SUP-BLE e+
HQL7(3) AL 4-6 /| P& 13 el B4 M BEH 4c > 2 (SR F P B 4e i T % o $HR
AnnexinV/Pl 3 B8 77 ‘m¥e 8 /| FFR 4o NILEE F o= > P R B 193
= v h MR Rz W T g iz A lysosome B B o k)T Fpt o
HQ17(3)s¢ = erphdre B & 4~ 137 it A% 5 #* & F]-lysosomal membrane
permeabilization (LMP) ; ¥ #F » izd- i B 5 ¥ i %] 5 autophagy & 4 1
autolysosome » @ fm®% et = 4 ¥ F % ¥ autophagy e 4 o BT kA kgt

%t LMP - autophagy £ HQ17(3)i# & chim¥e 7+ = 2. [F B 14 fadf 3 o

1~ Lysosome # giproteases # €_HQL17(3) & SUP-B15 s %z ¢ 51427 = gheffector
Lysosome ® § {% % ek % > % 24 LMP priz it f¥ % ¢ j&_lysosome f# &1 ¥ ¥ 'w
e E o HY PRwmre = foj Bl cop% & & cathepsin iz #f o proteases > *%rt g
i¢ = DNA fragmentation # i$ = caspase-independent cell death *t >~ ¢ i & MOMP >
i@ & i caspase-dependent ¢ caspase-independent cell death 3° o 2\ ipe 38 2L &2 2
I 4847 < cathepsin ¢4 3 £ &2 2uM 61 HQL7(3) 42 48 | & » 2_ {541 * ACP
assay 4 17 w2 & M 0 & % &g ot 3p 2L g2 Pepstatin A (cathepsin D (aspartic protease)
Fr 41 #])4- CA-074-Me (cathepsin B/L (cysteine protease)#r+ ))& g HQ17(3) 1
F € i HQL7(3)d & thim®e 5 = > F & lnee &t B b Age HQL7(3):E i
@ 4-(2-Aminoethyl) benzenesulfonyl fluoride hydrochloride (AEBSF, serine protease
gl m) Rl & £ B (B ~) > & & EJT 0+ o proteases #r] &4 7 i i HQL7(3):
= enfm e 5t = o F] gt g %7 lysosome p i proteases & 22 HQ17(3)51 4= SUP-B15 ‘m

LR S I A

2 ~ HQ17(3)31 4= Autophagy
45
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8225 LMP 7 £ HQL7(Q) ¥ 7 = chfp 7> fe £ i & % ¢ Flenpid i B § 7 it
&_autophagy & # =autolysosome - % 7 Bz f% HQL7(3)#_% #i& autophagosome 3
o AP PG I 3 pEGFP-LC3 Frag ¥ 7 mte b s EGFP-LC3 g & v
W% F £ 0 4 autophagy # # pF LC3-I (cytosolic)#] ¢ #& % = LC3-11 (membrane
bound)# 3% 4% 4% ** autophagosome *} > %“ﬁfd BLEY R I T D ATF KR wren

j39 g % 2 BB = BEk A (puncta) i) 3¢ kA ipldmre 5 & 4 autophagy o €]
PE g Plime A FRRT ﬁ%‘wﬁ basal level 7 autophagy » m * HQ17(3)/xJ2 iE
forlmie p B R KR S KRB OBRF RS D BB 4 23 B = 1 (B
1 )@ P HQL7(3) /&2 SUP-B15 m*# # ie autophagy % # » @ autophagy % HQ17(3)

Beagr- P R E AL BRI E- HFE

3~ Autophagy %2 HQ17(3)3 4= thim o 5+ =

% 7 By f# autophagy % HQ17(3)ig e = ¥ Iyt - b & » A #
autophagy =4+ #-Bafilomycin A1l (Baf A1) %2 autophagy 3% ¥ #|-Rapamycin
(RAPA) > # # Baf Al % vacuolar H*-ATPase (V-ATPase) 44| » #r+4] lysosome
Rodpenph o0 i@ B4 autophagosome fr lysosome =g & %2> @ lysosome p %
FF S T RAPA GRS dril mTOR # L » & e autophagy®? - 3%
d ¥rd]{eiEig autophagy * 4% 3+ autophagy = HQ17(3)ig = v = ¢ g i A &
g o

B+ &% 7 0 HQL7(3)fr Baf Al £ I md® £ » 41 * propidium iodide (Pl)%
¢ A5 &% T H B AST HQL7(3) & &7 Baf Al £ e AR 14 5 fm e 1t G fii_
73.54+4.40% 7 *% 11| 44.38+8.99% - LP? Fr4| autolysosome P =k fEAR B e 30 A
FIHQL7(3) W s e = - F A i & * RAPAZ HQL7(3)% F AUZ % £ 1] * RAPA
fed® SUP-B15 fm®e 24 -] pF{s > 4] * acridine orange (AO) 4 ¢ Fridim ™z p it e
®E_F 7 A 4 (autolysosome) > 5% 5 B2 RAPA @ isme p iod ¥ X5 P AR §
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(Bl -) AP RAPA 3% # autophagy % # - ¥ 1% Pl % ¢ ~47 » Bl-
- 2% T H AL HQL7(3) & &2 RAPA £ F id2 18 7% fm¥e vt ] 8 55.81+17.57%
T % 1) 25.33+£7.10% ¢ P 3% w2 3 4 autophagy + st 2% 4 $rd] HQL7(3) 3 5% e
v o AP g * autophagy s A feid HoH| i 0 HQLI7TQR) &k eh = o
bR AR * Z 5 kdrd] autophagy 0 F g P4 autophagy it 3% 4 Frd
HQI7() e = » 5 1 i — HAEint &% » 2 P A F & & 7 £ > 4] % shRNA
e~ 3% knockdown Beclinl 7% 3R » 12 qRT-PCR £z 3% ShRECN1 #- Beclinl # &
M A ¥R e e 028 2 0 1 3 & k2 Fr il ShRECNL g s K fmPe
Beclinl «r3-% # (B -+ =) > &% * HQ17(3)AIZ SUP-B15-shBECNL ¢ %+ B8 %
SUP-B15-empty im*®2 > §]% Pl 4 ¢ & 47 » &% 7 & HQL7(3) gL & che fm¥z 1t
] . SUP-B15-shBECN1 (26.79+7.24 %)+ % SUP-B15-empty (71.18+10.47% )& 5%
s PR R AR 2) 0 56 F4 o shRNA enig & 3p HQL7(3)3 1 Az ey~

= §2 autophagy 4p i -

= ~» HQ17(3)ig = mre B 4

% 7 B f2 HQL7(3) & _4r i i = autophagy- 2\ if* 4 47 24 ¥~ autophagy = pathway
autophagy - 4 % mTOR i&i% pathway 3 #7( L *it47 ) 2 mTOR &tk dr ] 7
1>+ autophagy v 4 > A4 * & = L 8Lz 245 mTOR %2 H T % substrate /= i*
(FEpL 1 )enfEas > 2% 87 & HQL7(R) AU s 2 paftre B4 £ L @ > mTOR
e T #5 /4 4 Eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1)
Foapd (Bl 2) 0 @A PIERIGRAE > LS 2 g d g g e it R
dopk BT 0 ot 58 MTOR K& 1t — & Fev Mimse ¥ URER 4 chIki o 1
fmre ATk A o A da ) HQI7T(R) Rk fmre B 4 e m R 5= > ST
- A 7w te il R 4 chdp #R- NF-xB pathway % % &+ HQL7(3) &2 5 | Fis »
dnPg P65 A E H 4r 0 ¥ NF-xB e |4 IkBadt € ™ ' 5 3P NF-«xB # &t
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3 7& it o NF-xB pathway /& it pF > p65 ¢ &3] fm Pz %75 it T 25enfl Bl 4 R 4 F A
i e frfrin e Fingoy A X1 F S LR A5 %% AT HQLT(3) A
128 dmPe P 1 p65 £ 3 4r 0 & HQL7(3) ¥ 5z NF-kB pathway = i* (Bl + =) »

_mMTOR £ NF-xB /% it gt HQL7(3)id = fmPe B 4 o

I ~ HQ17(3)ig = p F 3B 4 (ER stess)

1 & HQL7(3)ig = = AR 4 & @ Y3k autophagy » w0 A7 F 4p d b 7 e B
4 g mre o= & autophagy?’ > APl & BERE AR TRRY 5B
10 %(Grp78, p-elF2a, XBP1) » & % &7 % HQL7(3)&i2 1 -] PFis » Grp78 {r

p-elF2ac% & + 2> e XBP1 ¥ 3 5 & mRNA A 4% splicing c73-v 2 $~ (XBP1u,

TE!\“\

29kDa) ; XBP1 & = i* # mRNA 7 # IRE-lo*” Gi intron 1 126 B nucleotide > #
3 frameshift 2 # - & & #3302 4 #4055 (% i o XBPLs (54kDa)™ » & — # 1
* RT-PCR 4 47 XBP1 mMRNA £_%  # splicing > & % & 7 ¢ % % {5 XBP1 482 §
A% splicing <R % > 3P HQL7(3)ehwg 7 ¢ H 3k XBPL ehjs i (Bl - w) - 22k e &
o HQL7(3)id = p F /B4 » e 8 F %] ER stress 4 # 3k autophagy frim»e 7 =

B F it B

+ ~ HQ17(3)x¢ = DNA %74 ¥ it ¢ Apoptosis-inducing factor (AIF)i¢ =

AP e 2 WA 4 R HQLY(3) € 5 SUP-BL5 fw¥e sUbGL ehim e 1t (|3 4
¥ i¢ = caspase-independent cell death » #.p? % §_%] caspase-activited DNase (CAD)
$ 2 DNA 4] 5 ¥ ¢ » 2 w477 § % I HQL7(3) ¢ ¥ 5 MOMP? > % 7 By jiz
DNA e%7%] £ F ¥ it %] 2 S RWE L e AIF #ri3 & > i@ 3142 caspase-
independent cell death o #% 4] % & ¥ £ % & &2 47 HQL7(3) A E & = AIF i& » 'm
%P R Y X2 gk 5 L AIFUBLECE & Veh e b % HQLY(3)
Fed® 24 0] B i 0 AIF St B 00 4 BB 03k %0 2 ] SUP-B15 ‘iz >t blast cells >
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EE R

AFF 7 B HQL7(3) 5 ik & fr@pr F p § »xA > ALL w0 %2 $2(SUP-B15
e Jurkat) » P fd pRim phArig 2 e = 3 587 e (SUP-B15
caspase-independent?®; Jurkat : caspase-dependent)(®l 7 ) ; Ak 4p 1 HQ1L7(3)
% RS4;11 (MLL gene rearrangement) i ## i = caspase-independent cell death® > &
B3, fn % th HUN7 2.i¢ = caspase-dependent cell death™; ¥ #F L% 77 5 2 § 45 1>
HQ17(3)% % i x ¥ 4242 fmoe (PBMCS) R & 4 Hit 4 » 2 % "oz b= N5
% HQL7(3)% F334 « &l» 23 Mg 7> & 8o s b &% wmp HQL7(3)w £
# P R > HQL7(3)™ it Flime A FIF B eh2 B ER 3 - fFEehr = 3

X o

&

HQ17(3)5! 4= SUP-B15 ¥z 7 = mi g I3 faldre B4 (3913 » fiibre B b
#i2¥ & &2 lysosomal membrane permeabilization (LMP)§ B - lysosome © F % %
SfgE 0 #F2 LMP izt i & € i lysosome ) F ftmrr g X 5T 0 H Y PR
g7~ B3 M hp% % A _cathepsins i #f rrproteases’ “f 7 ¢ i3 = DNA fragmentation
& 13 = caspase-independent cell death *t > » ¢ i & MOMP » & & it
caspase-dependent £ caspase-independent cell death ° o 3% {7 3 L &2 lysosome ¥
% e #8.4F = cathepsin inhibitors {4 £ 14 HQL17(3) a2 48 /| ¥ iz i {7 fm "2 /5 14 47
(ACP assay) > % % &z 77 7f L g2 Pepstatin A & CA-074-Me £ &2 HQ17(3) s » w
AR @ o H fed® HQL7(3) s w| B (B4 ) 5 § A7 % 4p ) cysteine/aspartic
cathepsins € 3% & lm?z p e L34 5 o ”f g N mre = b T OUR e
M4, e@ YR s antigen processing ~ fm e i Bl ot R L dwmre R E - BixE R
afgd o7t T F R 0 R FlHr A 4 € 5 3] HQL7(3)#4r ¢ cathepsin e A ig
F L Fenimie = od gL RS R BRSSP lysosome o= cathepsins 7 E_HQL17(3)
A= R F(R ) & LMP# 2 pFx 2 € © 5 proteases s 1) » 7 iv B 5
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ROS o H'f8 21 Bl tme 7 » 4 45 ¢ H5imee = o+ blde HB ) & i 3 % 17 it
Lo B ATRBE BB F chime 2 L 5 lysosome 1 Rl U AR R fmie BN iR

B e < B A B 8w 5% 5 @ lysosome - _tw*F 2 autophagy i
{7 7 4 3¢ (¢ 4% mitochondrial cytochromes 4 % ferritin) v Jz 2 ja 3k % F > #71U
7% % B > 4ok HoO2 7] lysosome P 5 end; a3+ (Fe?) i ¢ 1518
Fenton reaction feLit #& % % { & /F {2 70OHe > B L RELMP ok
ROS + ¢ 2 s imee p e v 4 > iem Fxcimie o2 3940,

fhaldre Bendf4vs 3 7 iy 4_autophagy A # & autolysosome » >t H_#¢ i -

PEGFP-LC3 7 4 DNA * § 5 3t = ;S8 3% » fmwe p > 45 7 HQL7(3) AU 5 ) &
s > 4 autophagy cim®e 5 P RE 4r (B4 ) > 4 F 2V 0 4 B¢ * autophagy =i
#1#]-Bafilomycin Al (Baf A1) - autophagy 3% % #|-Rapamycin (RAPA) 2 {1 #
SshRNA #r+] Beclinl #4 30 % 45 3¢ HQ17(3) 3 3% #7+ = 27 autophagy 2. & B¢ % -
i 4% Baf Al fe sShRNA #7 4] Beclinl e 3% it g i HQL7(3) ¥ 5k e =
(B~ -)> & & HQL7(3) % 3% ch5 = ¢ autophagy & %E 4 4 » fe 2% {9 58 4]
RAPA = ¢ g < HQL7(Q) ¥ sk e = (B - ) > st AR A § P genfdd > e
7 g 2 HQL7(3) 31 4= e = 22 autophagy 4p Bf - 1345 2012 & Nomenclature
Committee on Cell Death (NCCD)#t autophagic cell death s _s& 5 fmre 7 = g 4%
autophagy #r#]#| 2 % 8 RNAI * ;8 $r4] > w5 & Atg 3% £ 7 autophagy-
independent £33 & (4 : Atg5 ~ Atg6 ~ Beclinl) - ¥ £ proteases c*» | it # @ &
% =i dmPe = ihj-v (pro-death protein) > #r2E 3k #_knockdown I b & &3 47
autophagy =n3-% % fx:n¥_ 3 >t autophagic cell death??; &+ # 3 @ = knockdown
Beclinl — #33 ¥ autophagy 3-v » & %k % & £ knockdown ¥ ¢} — &34 I autophagy
F-v (4t AtgD) ki 3F 3 EF 4 L AT HQL7(Q) E  er = » i m Frzn HQL7(3) A E

i = autophagic cell death- &2 #X 4] * Baf AL~-RAPA % shBECNL1 7 it j& > HQL17(3)

im0 R AT G Epdp ) g I T autophagy £UF E 7 A
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Fral B it o & RAPA e % @ 24 * acridine orange (AO)% ¢ FF &3E P 4t 34
W autophagy # 4 » 22553 £ 8 gy AR BT HEP LE G g
T R0 & H 4e HQL7(3)3 1 42 e autophagy » & 4w41 * EGFP-LC3 % = j2 &M -
Autophagy - 4% mTOR pathway 3# 37> mTOR 4 #r#] 5 41+ autophagy % # >
v 5 #7 % 4p &) autophagy ~ ¢ < # @ F]+ 33 2(MTOR-independent autophagy) - &1
Aot (Ca%) » ¥ ey 1" B AJL R e [T en[Ca¥] o iew A
calcium/ calmodulin-dependent protein kinase kinase  (CaMKK-B) > CaMKK-B ¢ £
7% 1© AMPK & @ 33 mTOR 4] » i8¢ = autophagy % 4 > ¥ #+ 4 3 723
4p 1 calcium/ calmodulin-dependent death associated protein kinase (DAPK) ¢ i fix
it Beclinl (T119)> F14* :¢ = Beclinl £ Bel-XL 4w BCL-2 4 3> :& @ 12 :& autophagy

E A 2o T - 3G o4 < ey J e [Ca®]= % ¢ @ 'w®¢ P MTORCL 3

L

=g

» g« § 3% = calcium/calmodulin £ Vps34 (PI3K class IIl) & & % =

NS
=

F_‘-

Vps34 = iv > & @ % 3% phosphatidylinositol 3-phosphate (PI(3)P) 4 = » & &5 i
MTORCL1 & @ Fr4] autophagy™ ™ o 3% 7 & 47 HQ17(3)EJZ 5 mTOR 2 H T 54 3
=R L £l e P %;F‘I&%‘i‘}i.—i]ﬁ”ﬁ MTOR &3 ™ #4E-BP1 AL (Bl =) P
HQ17(3) 35! 4= & autophagy ®_4& >t mTOR-independent » 4¢ + HQ17(3)# iz mTOR
S F R e R G OR OO A R4 kiR 0 % IR Grp78
fop-elF2oina BB F 2 o 5 & HQLI@B)u S p /B4 (BLw) AiHIp§
ERAF BN TR HCEE D o i a ¥k autophagy?”™ > $1ip)
HQ17(3) 51 4= hautophagy # it % p B /R 4 11 hCa% & £ wmie vh i 5 im¥e
FrenCa™#rildz o § A7 3 4 1.5 d PERK/elF2a% i 47 CHOP it 7% i+ endoplasmic
reticulum oxidoreductase-1 (Erolo) =4 3 » Erolouie i i p B4+ cP4f 5 il i
inositol triphosphate receptor (IP3R) » i = i € &1 Ca?* & 418 1| Jm e H o st
% > ¥ i & mitochondrial permeability transition (MPT) % 145 5 fmPe 5+ = 2o L %
¥ 12t % Fluo-4 AM 1§ | sm 2z p [Ca®*] e iv > & & i jp] CHOP & i fr Erolashi
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BAFEFR HQL7(3)id & cip /B 4 & T i 18 CHOP/Erolok = 5k Ca™*ff 1
#% 4 @ * unfolded protein response (UPR) inhibitor & #r+4] fm®e p [Ca?"] t = chi
# (4 : IP3R inhibitor (xestospongin C) ~ Ca?" chelator (BABTA)) % i&— # #£ <
Ca?*-ER stress-autophagy £ fm#e 5 = 2_ ¥ crhf B o

Ca?* i fmwe f eh— fEa & BiEA 5 o #r il imre T I dE 0L R BT e e
[Ca*] > — Hk ji ™ ‘moe F en[Ca®*]ia4% £~100nM > i % e Ca?* € 35 i i #e W b e
pumps fc exchangers #- Ca?*i# 3 fwe * » & 7 1135 i % Ca? i % 30 P 4 & o4
2 e 1R 4 ([Ca®*]er © 100-800uM ; [Ca?*Imito : ~100nM) > [CaTmito + = 7
it Krebs cycle ¢ calcium-sensitive dehydrogenases f= pyruvate dehydrogenase » 3 4«
oxidative phosphorylation s * (ATP 2 &)/, — x4 1@ 4w 5 [Ca®Imiw 15 1B
uniporter f= Na*/Ca®* exchanger % 4 4 Ca*" fi 448 3 &2 fwve 2. B enifi ko e
F[Ca®* ]k Az M s § dmeant PAph > ¢ kM4 4 # i 2 #x ROS 4
4 » i = mitochondrial permeability transition (MPT) » ## ! cytochrome c & @ % it
fn¥e k= R e d koehcytochromec v g &2 B F e IP3R % £ 0 4] IP3R
pOAFHI(M B )i 4 0 WK Ca¥ A TN R s a S R E e
= Tt =) o A58 1 B m HQL7(3) &2 SUP-B15 ‘e § i % MOMP > 7 i#
* ROS scavengers & it 28 (i 0 R ST e % I % D05 J1ipldw e p [Ca?']
R HQL7(3)id F MM WD e 2 IR he2 ¥ 4 B F- Thdd o ia S
KORESAE

pre-B cells # Ig heavy chain % £ % A F]<h& ¥ v Ig heavy chain % % £ 7
Grp78 =¥l g4 thp o> #7102 Grp78 ~ 4 5 ”lg heavy chain-binding protein” (BiP) "® -
% BCR-ABL" ¢ & 5 km "2 th ¥ L3 3G F & e XBP1{-Grp78- @ & high-risk Ph*
F=MLL rearranged B-ALL subsets * ~ 3 % 3 XBP1-Grp78-~IRE-1la4 upregulation:
4% #- BCR-ABL i# » 32Dcl3 mouse myeloid cells # # 23 3. m% b XBP1 fr
Grp78 2 & F 2 » drdk £ B P2 £ iE dominant-negative mutant ATF6 ¢ IRE1
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Al ¢ 3B P 2 2 ¥ etoposide - Imatinib sfaft @ i = 7= > F & primary
BCR-ABL"¥ = I fnrz @ UPR 4p M e 713 #B 04 3> P UPR 5 BCR-ABL
47T Mefken® @ BCR-ABL'W i s m¥e £ anti-poptosis sic 4 #8790 & 2 v sopm
§ O34 - 4T SUP-B15 (BCR-ABLY) Mm% f 1 Grp78 4 T8 B IR % 27 &
FEEL (B ) Bt SUP-BLS imte § i ep TR o Aqpq)n
HQ17(3) A2 SUP-B15 m# 4c 5 p 4 & 4 (Grp78 4 p-elF2a % BB + 2)r ¢ &
im0 0 T SUP-BLS fmie 3k i s RS 0 A HQLI(®)™ i
> LR ) B4 Fptid 2 e 4 autophagy v = 5 3% HQL7(3)
i e B R 4 2 HQL7(3):d = chautophagy 2 7= EF F MR L A KA e
- HEF S e o

Wl ED ken AIF G 67kDa shid-v o 4 F gt ss Bl % 62kDa i 4F 4t
mitochondrial inner membrane (IMM) * > # 4% 3 = 1]k (s 3k MOMP # 2 > AlF
¢ # proteases *» & == 57 kDa AIF fragment ¥ j&_IMS i& 3| sm¥e % » i&m iF =
large-scale DNA fragmentation (~50-300 kb) e & § ik 5 > i& @ H 3% bw oo 5 = 30,
7 % 4p 1 calpains § § AIF %> £](Gly102/Leul03)* - # calpains £_calcium-

dependent ~ non-lysosomal cysteine proteases » 4v + 2% i diip] HQ17(3) ¢ #* &3¢ = ‘w

i

e [Ca?T]F 2 5 ¥ oap FIptiE it calpain i3 & AIF SRR T e b 0 2 m i
DNA %1 3 fc 4 ¢ ?‘rm,}gﬁﬁ’ﬁmé Hikmrz = o §F b FAIF ¢ $ 3% % 50-300 kb
(I DNA 5B o #7 - 4 imve A= i3 £~200bp R #c+ -] (ADNA B &2 F > A kT
"4 %ﬁd %47 DNA B Boen* o k2% HQL7(3):2 = enDNA # B &_F £ _F1AIF g = >
iB- #HHEF AIF 3 {7 ¥z caspase-independent cell death ik o

¥ A RE hE T 9 L m B o e 2 B AR E T ) 90%<hT &

& % i 35 7% & (five-year event-free survival rate)®?» = BCR-ABL* ALL §- T-ALL #

“y
T
0)‘

GHRE B R TS FER A o B S RFE I L st A
B Apawy @ x/%’; ® —é <k B HQL17(3)H b/ @_#4}3 % gk ¢k (Bl-)
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4 T F A HQITE) & iR A Idk ™ v w h % - ME LB R % A HALL mie
trendr gl ek (- ) BE R L DA 1% Pzt o= 35§65 F344 < & Imglkg
HQL7(3)™ » fe x j& Wiplsk ¥ HQL7@) ik & 5 i » 2 B %+ 25 HQLY(3)
¥ primary ALL ‘m#s o ALL fm% fods 3 3] @ cnfrdsa s ardp AT 3 0 A K7 12
P e FE i HQL7(Q) 2 & & — B frfieeh A R B M -

3] P A T 38 IR HQL7(3)i& 3] ALL w2 15 ¥ 3% mitochondrial
transmembrane potential (MTP) loss » ¥ # Jurkat f= SUP-B15 m*s 4 %] ¥ 3k
caspase-dependent = caspase-independent cell death ; HQ17(3) %+ SUP-B15 m#z i =
mTOR-independent autophagy - 41 * autophagy #+#!#f-* shRNA knockdown
Beclinl % ¢ #t4c HQL7(3)i¢ = ehim®z 7= » ¥ ¢} & SUP-B15 'w®e ? € ¥R p T
B4 R4 T L w2 A 4 autophagy fot = R Fl 0 B P W 538 Catt s

WAiea ¥k w4 autophagy ~ MTP loss & fm?e 7+ = o (Bl-+ =)
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“t4&= : The intrinsic and extrinsic apoptotic pathways
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Description:

pLKO.1-Puro is a cloning vector of ShRNA, originally derived from HIV-1. It contains

all the necessary cis-elements for packaging, reverse transcription, and integration for

subsequent production of the lentiviral particles.

Cloning site:

Agel and EcoRlI (only these two sites available)
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1 @ pLKO.1-emptyT 54 § 4

EcoRI (6839)

Transcription Start Site cPPT

ué promote\ hPGK

RRE \ XPuromycin
x? partial U3
Psi sequence &
pLKO.1-emptyT Oy VLR
HIV 5'-LTR 7048 bp S$V40 PolyA

RSV Promoter

o S </\b.a promoter
-_'_'_'-—-

Ori Amp

Description:

pLKO.1-emptyT was derived from pLKO_TRCO001 by inserting with the following
sequences: acactcgagcacttttt into Agel and EcoRlI sites.

Location of Features (for other features, please refer to pLKO.1-puro):
» Human U6 promoter (U6p) : nt6571-6818; Transcription start site:nt6819
* empty-T sequence : nt6821-6837

* cPPT(central polypurinetract) : 6879-6996

* Human PGK promoter : nt1-507

* Puromycin : nt529-1128

Note: DNA sequences within lentiviralgenome including both 5’LTR and 3’LTR was
confirmed by sequencing.
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Wit o pCMVARS8.91 ‘&)ﬁi ?‘"ﬁ

/CMV promoter
//
Gag
pUC ori
pCMVdeltaR8.91
12047 bp
AmpR “Pol
Bla promoter
/ | Rev Re’\} E"‘-‘. \ECORI(SZ(]z)

PolyA Tat Tat

Description:

Lentiviruses such as the human immunodeficiency virus type 1 (HIV-1) can infect both
dividing cells and non-proliferating cells. pPCMVAR8.91 was derived from
pCMVARS.9 by further deletion of nef gene resulting in 4 accessory proteins of HIV-1
been deleted on this plasmid, i.e. Vif, Vpr, Vpu, and Nef. Multiply attenuated lentiviral
vector keeps the ability to transduce growth-arrested cells and monocyte-derived
macrophages in culture, and could also deliver genes into adult neurons in vivo
efficiently. In short, pPCMVARS8.91 is a HIV-1 Gag and Polymerase (RT) expression
plasmid. In addition, two of HIV-1 accessory proteins, Tat and Rev, can also be
expressed on this plasmid. Importantly, no any ciselements for viral replication of
HIBV-1 can be found on this plasmid.

Location of features:

* CMV promoter: 27-614

» Gag : 888-2387

* Pol : 2184-5194

* Ta t: 5288-5502,6378-6468

* Rev : 5427-5502,6378-6652

* Ploy A : 6795-7157

* Bla promoter (Bla p) : 7985-8083

» Ampicillin resistance gene (AmpR) : 8083-8940
 pUC origin of replication (pUC ori) : 9144-9684
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ek - © pMD.G 4 0

hCMVp

_beta-globin intron

AmpR EcoRI (1400)

BamHI (1412)
EcoRI (1424)

VSV-G
beta-globin polyA

EcoRI (3116) EcoRI (3092)
Bam HI (3104)

Description:
pMD.G is a VSV-G envelope glycoprotein expression plasmid. It can be used for
production of VSV-G-pseudotyped lenviral particles.

Location of features:

* hCMV promoter : 1-750

* beta-globin intron : 801-1348

* VSV-G : 1436-2971

* beta-globin polyA : 3115-3895

« Ampicillin resistance gene (AmpR) : 4576-5436
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c.ﬂ-
Ca™ ATP Glu Ca™

Ca*channels

’ Na~ Ca*

54T KR
Kawamata H, Manfredi G. Mitochondrial dysfunction and intracellular calcium

dysregulation in ALS. Mech Ageing Dev. 2010;131(7-8):517-26
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