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AIF : Apoptosis-inducing factor

APS : Ammonium persulfate

ATF6 : Activating transcription factor 6
Bak : Bcl-2 antagonist / Killer 1

Bax : Bcl-2 associated X protein
BAPT/AM : 2-bis(o-aminophenoxy)ethane-N,N,N’ N’-tetraacetic acid

Bcl-2 : B cell lymphoma-2

BSA : Bovine serum albumin

Caspase : Cysteine dependent aspartate specific Protease
DAPI : 4°,6’-diamidino-2-phenylindole
DMSO : Dimethyl sulfoxide

ECL : Enchanced chemiluminescence reagents
Endo G : Endonuclease G

ER : Endoplasmic reticulum

FACS : Flow cytometry

FBS : Fetal bovin serum

GRP 78 : Glucose-regulated protein 78

GRP 94 : Glucose-regulated protein 94

MMP : Mitochondria membrane potential

MAPKKK : Mitogen-activated protein kinases kinases kinases
PBS : Phosphate buffer saline

PARP : Poly ADT-ribose polymerase

PAGE : Polyacrylamide gel electrophoresis

PCD : Programmed cell death

Vi



PCR : Polymerase chain reaction

PI : Propidium iodide

PVDF : Polyvinylidene difluoride

RT : Reverse transcription

SDS : Sodium dodecyl sulfate

SCID : Severe Combined Immune Deficiency
siRNA : Small interfering RNA

shRNA : Small hairpin RNA

SRB : Sulforhodamine B

TEMED : N,N,N’,N -Tetramethyl-ethylenediamine
TUNEL : Terminal deoxyribonucleotidyl transferase-mediated dUTP nick end
labeling

Vil
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ABRFNBAE—RERMARYFTAERE LR AR SRS
HERREAR  MBEZHBEFA—MH2REEZIAF - ZATHAR KT
Rt sk ek AT A& M 7T 06 B R JE A0 B SA 7 | &9 % JE 0 XA & metabotropic
glutamate receptor type 1 (mGlul) 48 B &9 & % (do: Hph| A& mp e ~ M
SHRKE - RER - KERE HREEE ) ARRXERZREIXRE
koo BT A M 5-methyl-2(pyridine-3-yl)-1-(3,4,5-trimethoxybenzyl)
benzimidazole; MPTB # A8 %k F A /8 e i 649 % & » &4 3 MPTB # %
MRAFRSF A B fm itk JJ012 Fu SWI353 s34 mbe A > {2 78
T ia LR A B E 0 4T s MPTB #E 35 484 47 58 7 fiE #7 & F» Bak #v Bax
B AYE » B sh— T MPTB #EAR4E M 8 @B ) BB % tm i G 458k T 4
47 4u 3% Ju glucose-regulated protein 78 #Fv glucose-regulated protein 94 &
3, > MPTB 4.3% /i calpain & L& &M » #% glucose-regulated protein 78 Fu
calpain sSiRNA #% A %a g sE4p %) MPTB % 1012 R i ehtmf B~ » &
ZREMABBERL T MPTB 6 21 REMQrFIEBa LR £

RBH R FEE MPTB fe i A 76 ASASH REJE 4o B AT 09 HLIR B ) -

Vil
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Chondrosarcoma is a malignant primary bone tumor that responds poorly
to both chemotherapy and radiation therapy. Therefore, it is important to
explore novel and adequate remedies. The benzimidazole derivatives are used
for treatment of cancer and bone diseases and treatment of metabotropic
glutamate receptor type 1 (mGlul)-related diseases (epilepsy, inhibition of
nerve cell death, Parkinson's disease, migraine headache, cerebral infarction,
neurogenic pain, and anxiety disorder). This is the first study of investigate
the anticancer effects of  the benzimidazole derivative
(5-methyl-2(pyridine-3-yl)-1-(3,4,5-trimethoxybenzyl)benzimidazole; MPTB)
in human chondrosarcoma cells. Here we found that MPTB induced cell
apoptosis in two human chondrosarcoma cell lines, JJO12 and SW1353 but
not in primary chondrocytes. Treatment of cells with MPTB induced
mitochondrial dysfunction and Bax and Bak up-regulation. On the other hand,
MPTB triggered endoplasmic reticulum (ER) stress, as indicated by changes
in cytosol calcium levels, and increased glucose-regulated protein 78 (GRP78)
and GRP 94 expression. MPTB also increased calpain expression and activity.
Transfection of cells with GRP78 or calpain siRNA reduced MPTB-mediated
cell apoptosis in JJO12 cells. Importantly, animal studies have revealed a
dramatic 44% reduction in tumor volume after 21 days of treatment. This
study demonstrates that MPTB may be a novel anticancer agent for the

treatment chondrosarcoma cells.
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RRSEEG WwRERLEFE - BREMREREEF - £ LI F4H
REERSHBE  BREBRTARKRYE  RFARTFENF G
g~ MBRE -~ AT AR EEEFR -

RET By =4E

(1) i% #A & F ( hyaline cartilage )

ZRARF L —HABRE FEANYE S A KREFH=A collagen
Fu proteoglycan » 5 s B B 0 G R M B F B KM - LT 5 0 BR
A2 W B X R AR R -

(2) A ¥ 84y % F (elastic cartilage )

ABMEORE L8 KEH R E 4(elastin) - 2 58 E 42 (matrix) #
o MmARM QRAFMDROTARN - TEFRRINGFRE
BERGRAZER -

(3) 44 # 7 (fibrocartilage)

BT X2 d % —Acollagent gk 5 WARBEHEH AR o R4
SIRABRXIEN  BR-HEGE TR ME - BEARFTAALE
V845 % % tcollagen Foik b 8y proteoglycan » B gk > oy 45 ML A8
HRBENIME - FoMAETZRTEIRDRGAMEE  BFTRE

BAvEPRE I ) AR R o
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BRENBRARRTELENENEE - TH AT =MRTHBEALY
#7) # B P9 5 (classic chondrosarcoma) @ 8k KB ME BT
G o
+ m At #& 7 A 75 (dedifferentiated chondrosarcoma) : & B 24 E ©
Rl ¥ A #% B P9 78 (mesenchymal chondrosarcoma) : %k dg » & B A4
SRR W48
1. A #k 5 ;i & (classic chondrosarcoma)

BEE RS RETE
(1) R B BRE I - AEPTA R B EJE &) 20% » f£ BB g
MBEAERERNFTAE - FXBEEREE S BFRNA0 R g EAE

THE FRAFTEFRE BLEAAFLBRERAMOAZEHENE

(2) mEEZ:
DARASPERE R A A 0 R A — 18 BB 2B 8 (osteochondroma) sk, — 1
N & #k 7 73 (enchondroma) 2§ 4 2 14 iR fb(malignant degeneration)#y =R 251

() 8T K



(a) &5 vk o4 B RS BT & SAswh IR o
(b) IS ERGET G HErR AT R4S -
(c) BRITH: R CmEYFTEL -
2. £ 4eR & B A 75 (dedifferentiated chondrosarcoma)
(1) FRGZBEERE

PR B M &) R F A 4818 B M iR fb(degeneration) £ 4 A& &AM
By sk R 5 sbik4a gk BB ¥ malignant fibrosarcoma or MFH 2 24 &
e BB ARME FRANFLBAREECOR) A% B
Mg A R T A o K& 10%89 T ABTRER"E 5L "4 R A
fibrosarcoma =k, osteosarcoma °
Q) sk mpES:

BT — AR R e ER YT » ¥ MFH or fibrosarcoma 48
Bl o ey FREM RF SR EB T LR B M RT ESK -
3. R #E A # F N /B (mesenchymal chondrosarcoma)
() FR&BWF RS

T —ARABRFEEE LR - & — 824N Ry s ka1t
fm i, 3,2~ e B0 BKH o B B 04 BRI AR T 48 AR (B P 84 R B B Y 4 B AR
o, FRUABESERMN) - thm 3 BERAERME > HERRERLT > B A

R A € &) B 4a e (round cell) i 4 #64% &2 49 round cell sarcoma — 4k » ¥4



SR B A S AU o B A RARE N FEREE > RD I 20 R,
AN A0 R REAPKRE > ERZBFH(FZ -MF ~BET - 2i#) -
7T 45 4 42 B B2 5 & (parameningeal area) - 1816y 15 B 2 3 49 & 3K (3B SE 3T,
) ©
(2) sk mITLE

B —Kh Roibed B0 E e AT 4 R (R B1% o 47 30K R B 48 F 4R
) o 47T AE @28 B AL S ol 6 45 SE T fm L (LB P B AT RLERAR) o

e % BEME X VT AR K & A R B M BB (Adgner et al., 2006)

F=8 AT

1. A8

%n ey JB 1= (apoptosis) & — F fm ity B 35 M6 L = 7 K 0 X 7T 48 A 4 i 3t 2
M 78 v (programmed cell death » PCD) » "z 4m ja 7 4 32 3 0% 3215 0L 5k 2 B 4h
ROGE  BENDEUNGE - AF  @ERTAHTHF @B IE
& 0 M iAT % B )8 v (Lam et al., 2001) ° 421964 5 &Y TERAF %o 4 B, @ 25 4
T H IR TS - MAEME— 7T RPIF 5 BRARIL IR &9 AT R 3 E
M & B & %ok(Lockshin and Williams, 1965) » 1972 & > Kerr #2464 [ F
18 R £ T Apoptosis T8 43 » REBmE A EFTHHELTEER
2 AT R R84 BB & (Kerr et al, 1972) « fhob » Lo fi -

B GEE— A P63 812 3% P B (signal transduction cascade ) %% &



Be)#AT BERRAERFER TR -

%m R, )8 < v 4a B 3R FE (necrosis) ;R K89 R Rl sk & AT R g5 R EF X R
Jeo mATEYERABEEARER
() WA EEs RFEREETARSET > Flhod it 54 B2
RIS ME Ly Atk A A R —Hbemltyie

TR ACTHBRTAZE  BEEETROY LR

RN

S
(Zuzarte-Luis and Hurle, 2002) » FAIA R BRI AE B9 A& mAvim i B A M o
(2) #:eFF M3R35E4E E (homeostasis): E 5 & IR 4a ey 28 78 91 )5 < BB 47 - 19
oo R ABKEARE E OB Tabt » M %k ba i R T80 & A
BAaX At E@ie g8 d e AT eiR& Mt (Rathmell and
Thompson, 2002) o
(3) A% AR 0 dm o R TR ML 0 dm B BEFR B TR T A A By AR o E
P& A e HRAE R e AT > B m R ARA
e E L 0 LAEIRIE ~ B RS %R R ~ AIDS ~ A% &2 R 1L gk % 5 (Mignotte
and Vayssiere, 1998)
2. Wmfn A titaiaIg e &

Wi ATERMPBURATELE R R @B EEL > a(D@iRik
4z (cell shrinkage) ~ (2)% & % ;2 4 (chromatin condensation) ~ (3)4m L B 2

Bs @ %9 (phosphotidylserine externalization) -~ (4)DNA K # 1t (DNA



fragmentation)fu(5)8 /| 4% (apoptotic body) # s (Fig. 1)’ sx & & 5% 4a
fo s BT AR 0 @R IR g5 A4 X R JE(Robertson and Orrenius,
2000) -

ta J 3R SR L X Bl R E ISP R R T S Abis LA R EARG AT A
RIBERIE > mingRRRMEMiLER R > i A% R > Bit
TREME XM EMIIRATERXRE  GEERH LN @B R A
B G- R R RRE - RRESA (DIRE NRLAF N E 48k 4 e
i I DNAZE A& B R RIR4E » (2) 4o JR BEAR AR IR » BRI M 754 T 5] AL g KR
J& > (3) R AEE A% B M 47 B8 (Formigli et al., 2000; Majno and Joris,

1995)(Fig. 2) °
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Mecrosis Apoptosis

Fig 1. Structural changes of cells undergoing necrosis or apoptosis.

Necrosis occurs when neurons are damaged by a trauma or metabolic injury
and typically involves the concurrent death of groups of adjacent cells. Cells
undergoing necrosis initially swell and their internal components, or
organelles, break down. The cells eventually rupture and spill debris that leads
to local inflammation. This inflammation can then result in the death of
adjacent cells. (Goodlett and Horn, 2001)



7 S
Apoptosis

Affects single cells Affects groups of neighboring cells
Mo inflammatory response Significant inflammatory response
Cell shrinkage Cell swelling

Membrane blebbing but Loss of membrane integrity
integrity maintained

Increased mitochondria membrane Organelle swelling and
permeability, release of proapoptotic | lysosomal leakage

proteins and formation of

apoptotic bodies

Chromatin condensation and Random degradation of DNA
non-random DNA fragmentation

Apoptotic bodies ingested by Lysed cells ingested by macrophages

neighboring cells

Fig 2. Apoptosis #v necrosis & B 1% & # X tb# &

(a) SEM of an apoptotic cell, 5000 x magnification; (b) SEM of a necrotic
cell, 5000 x magnification

Reprinted from the Purdue CDROM Vol 4, Purdue University with
permission. Publisher: J. Paul Robinson



3. fmfe AT e A

% ey R = B4 3B A2 o R B R B
(1) % —M&: min BT AERP S5 R RFEMAE MR (extrinsic
pathway) : .#% (ligand) $1%%% (receptor) Z &4 LA AL THZ BT
#5864 3% 1% (the death receptor-initiated pathway) o P 4 % 24 4& (intrinsic
pathway) @ #2457 Bax 4 EH 42 5% F FuBcl-2 3% F > =& cytochrome ¢
& AL B I E AL F #scaspaseEE & 0 &L F% A ki 47 B2 #5 48 (the mitochondrial
pathway) °
(2) % =P & caspase BE A ERE1Fain W& G d fotn %] DNA > 5]
A2 %8 fe B T o

%8 tm i ey K R & G @35 Bel-3 families ~ caspase families ~ p53 ~
Apaf-1.... %5 % -
4. H—F&
(1) P 4 M 3% 42 (intrinsic pathway) — i B% 52 # 4@ ( mitochondrial
pathway )

3| %% 4m B, JE = B BLAK R M 84k 47 B2 32 48 (Parone et al., 2002) ° 4= L% )
% B, P9 2K, 4 i S ) BAL R 71 (stress ) 4ok &~ 4115 £ R DNAE 45 85 >
Ko B T T B ~ L8 & 47 B 4£ cytochrome ¢ & K 4% 52 49

intermembrane space FER 2| 4m jg ' o B ¥ Apaf-1 ( apoptoic protease

10



activating factor 1) - pro-caspase-9 & & sk #24-#2apoptosome > ATP
dATP 174 T it & {bcacsapse-9 » & 2k T ¥ 2 caspase-3-6~7 HxF4b >

1% 3% 5 4w B 8 < %5 4 (Hengartner, 2000) ©
(a) Bcel-2 £3¥%%& a4 (Bcl-2 family proteins):

1988 F#F %% A B 2537, Bcl-2 FL F A A $8 2% 2 H (oncogene) » %5 37,Bcl-2
R T LAAE K fm i 64 1775 0 Bel-2 & G Bk sh 45 7T 5 A W Bf > anti-apoptotic:
Bcl-2~ Bel-xL % ; pro-apoptotic: Bax »Bak ~Bad~Bid % (Alnemri et al., 1996;
Thornberry and Lazebnik, 1998) - Bak/Bax & ARG P H 49 5 % SNE Rk
B a kg k@ o #EBak/Bax A RBE RGN ATEHFT
#EpbdEE Y o [Tk A 4T (Breckenridge et al., 2003) - Bel-2 8] L4
#p | Bak/Bax &91FH » 45K AR IR BB > Byabcyt e B KL &R A AR Rl A
#2 4 (Marsden and Strasser, 2003) - Bad ] 2A3E#Bcl-2 8945 H » AT
VEA AT o $b5h > Bel-2 R A HLEFAIENE @58 TIRE G /A
¥ 458 T 455K 4G (Demaurex and Distelhorst, 2003) < Bel-2 #7487
BAEINE o — I HI AT T (Bel-2) ‘FRFARFANRGEREE L - WE
W L SRR ATt iR T (Bax) PRAGF AN @EE E P o
B A T LR &AL (translocation ) Z sk 4% #8 b Fo 7 3 B < 4
TEESEMPEB TG P4 &M R RILR > MR @E N

& 2L 4 M 2k 4# cytocrome ¢ 2K AIF (apoptoiis incduced factors ) #) i £ 4m ity

11



" (Kroemer et al., 1995) - pbol > MR A EAL T F - R RAILRITH &
M A Z # ROS (reactive oxygen species) R #& » & M & mx 8 g 15 £
(Kowaltowski et al., 1996) » 7 #} » cytochrome ¢ FEK 3| 4m i '8 BF & ¥ 4m iRy

H #dATP ~ Apaf-14 444 & 1bcaspase-9 » M 3| B mbn B -
(b) Cytochrome c:
Cytochrome ¢ frfeRi4RBEREFIpE > TR F R4 Leh— 8 4 7%

#E-F (Mayeretal., 1995)c R 7T 20T TR BELAoaf B CHM - a8
T INME R H4% 0 cytochrome ¢ G4 KRR RE L ey LB R E s N da i H Ao
Apaf 1 ~ caspase-9 % 471 sapoptosome IA7&E{bcaspas 3 #AT a8
(Cai et al., 1998) -

(c) At ¥R T (apoptosis inducing factor, AIF):

AlF 5+ 867 kDa > & & 4 & £1999 454 - AIF% 5L & dk
AR R (intermembrane space)f 2 - 8w e 'd & 14 P E a0 A% 0 Mk
3B @, % B 4 (chromatin condensation) ° # 14 & 4 # %] ¥ caspase sy 50
Kb DNA K £ (Susin et al., 1999) -

(2) shAME3%42 (extrinsic pathway)

7t % #% (death receptor ) » #,4TNFR1 ( tumor necrosis factor receptor-1
K A% p55) ~CDY95 (Fas ) & TRAIL ( TNF-related apoptosis inducing ligand )
%) By — 45z k B3P ligand 48 (4o CD 95~ TNF ~FasL %) -

e R3] 4a i FADD (fas-associated death domain protein) 3% > B %

12



% 5| kiE&EIbEy caspase . DISC (death-inducing signaling complex) (%o
caspase-8 ) > i #b procaspase it M EAL T #5 #Ycaspase » 1 4 e & & AT o
FEMEMRE  SNAEBL AP ATHERTHEREELZNAL
#% & 4bcaspase cascade M 3| AC4a e H T 0 F] AR H T EY R B Bk o
(a) CD95 #H4#% Fas

Atumor necrosis factor receptor superfamily % % nx, B ° Fas receptor #Fu
Fas ligand & 4-1% # 4 & 43 % adapter molecules - Fas ligand ( FasL )& = &
#% (trimer) & 4% > #vFas receptor % 4-1% & Fas receptor 5 s, = 4 %% 1t

(trimerisation ) - 33 4= JL B P9 18] 89 receptor #%death domains (DD )

Bl 45 R A £ — A& > death domains & 4 1% ¢ 15 &% 4 & & 49 FADD
(fas-associated death domain ) #v death domains #| A H F &) F)JR& 449
WoriEdE b oo 3T RFADD 38 % —{Bdomain #4335k # 1% 44 DED ( death
effector domain ) - B 7 caspase-8 zymogen - FADD-DD-DED-pro-caspase-8
complex & 4#pro-caspase-8 Vit B &AL 5 K iE L egcaspase-8 H:FF 1L
caspases-3 and -7 o & d bR & £ & AT @1 A # A death Inducing
Signaling Complex (DISC) - DISC A M mAThEEZ LA &
(Barnhart et al., 2003; Bedi, 2002)

—# 4% AFLIP 8% @ % T AH#p4|CD95 A7i% & ghapoptosis » F AFLIP

& Fupro-caspase-8 4 4 R~ & 17 £|pro-caspase-8 - iR mIEFILET
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R i& 4 eYcasepase > FBREERK #F Rnormal lefa B REREGE 0 &
Fo# R BFLIP % 8 CHA L@l R ¢ LA REREES AL o
RRAEF @ L BOREW Lia o R H R (Bl flo 4
32 I % 4% A (Bedi, 2002) -

(b) TNFRI1 (tumor necrosis factor receptor-1)

TNF—o % 4% & £ % 2] B % 0 8542 T-cellfn 75 1Ly B "% tm o P & 4 ° TNFo
Fofi e B B &k @ 9 TNFR1 & 474 > 3% TNFR1 # 4 trimerisation 3t B
L M Al ey death domains &K —A > SEHESRBENR S BEY T
adapter molecule #% TRADD(TNFR-associated death domain) & & -

( TNFR-associated factor 2 ) fvdeath domains # A 8 Z4E A - TRADD =]
1 % B R E) &) % G k42 & &1t B receptor » 7] 4o =T & RIP ( receptor
interacting protein ) & TRAF 2 ( TNF-associated factor 2) k42 7& M » H 3
NF-xB pathway /&4t > 3% E4afaf7/E ; i HTRADD #FADD 48R > =T
42 B pro-caspase 8 vyr4iEfbcaspase-84L 7] LATEAL caspase-2 0 35 4m i )
- (Chou et al., 1998) -

(c) TRAIL ( TNF-related apoptosis inducing ligand )

TRAIL 1% & #3842 40CD95 L& R [ 49 £ CD95 # 42 % 49 DD &g DR4

HDRS ArEA > KRB TRAIL 8848 ¥ &8 FFADDF £ - Fisc A& 4

DR4 #DRS5 i kAt *DR4 KDRS & &7 4 i B2 P9 2] 3 4 B A death

14



domains » /2DR4 -~ DRS5 #&# 3% & » K EDR4 ~ DR5 receptors H 3 EX
#yapoptosis ° B #DR4 ~ DR5 #ymRNA R IH A % a8k Pk 214 - #8
FTRAIL A fR#tmfe ot BT o5 S > T ae gk A —
% decoy receptors ° decoy receptors #% #% & DcR1 & DcR2 > DcR1 A&
DcR2 +T4#[EEDR4 ~ DR5 #vTRAIL %4 > it B 748 Z 3% $TRAIL > {2 %
DcR1 ~ DcR2 #«TRAIL & 43t R & B4sapoptosis(Medema et al., 1997) o
5. HRoME&
(1) Caspase families (% #%) (Fig. 3)

R INAT B 58 7T ¥ caspase %A =#A(Thornberry and Lazebnik, 1998) :
(a) Inflammatory caspases: caspase-1 ~4~5~11~13~ 14> ZFe3RBFE X R
JER BR A BB
(b) Effector caspases: caspase-3 ~6~7 > & BE#HAT@M AT > £ FHEKE
Rz AMER -
(c) Initiator caspases: caspase-2 ~ 8 ~9 ~ 10~ 12 & & &1t apoptoic
executioners £ #h fTapoptosis °

Apoptosisi@#2 ¥ > @ 7EI/b— B & G/K#EER (protease) RIAT AT

#)1F - Bpcaspase >t BA & — M #ycysteine protease » & P47 E]aspartic acid
residues(Alnemri et al., 1996) - Caspase & & % 7|34 B A a4 84 2 5L 8

7~ EHEF R — M FRLIEFILREY pro-caspase (#30-50kDa) = 3

15



fi Pl Bk © 35 4& pro-caspase @4 =B £ & 49 ¥Ff (domain ) : NH2 terminal ~
large subunit~small subunite Pro-caspasei& b BF 54 48 & 48 by H fbcaspases i#
TR EEEa Ny # ## 3% tkdomain > £ Fpro-domain Fwlinker region °

1845 K ~ /[\subunit & &7 s A8 A58 0 Ak & &1L R& 89 caspase (Nicholson and
Thornberry, 1997) - Caspase X 7 4 &initiator caspasefuveffector caspase °

initiator caspase’ 3| /PR K fm o g AT EAREFILE 0 A —FFAL
effector caspase ° Initiator caspase 4 7 caspase-2 ~ 8 ~ 9 ~ 10 ; meffector
casapse ¢4~ A caspase-3~67 o F ke 4L 8% #4548 > cytochrome c#£ 4 ¥2 Apaf-1
44 > Ebcaspase-9 » i M E bcaspase-3 -6~ 7 - &£ R L RW@OZE K G
&) A2 ~ PARP ##2 » PARPE A 1548 248 DNAG1E A » % caspase-37E1kb
a H#PARP > Bl e d 116 kDa# ## &85 kDa > fn kK F 1548 hAe - AR EAL
&4 casapse-3 € 44 ICAD (inhibitor of CAD ) t71Fa 7% iy CAD ( caspase-activated
dnase ) > ™% R DNA fragmentation > i f & 2k 4m i B © ° 7 R B B89 DNA
Ak pS3EM Mk te B R 0 & BEDNARATEE TR » EDNAK
Btk b R AR > el AT 0 pS3AEF SR G 0 FpS3EM
3 Jo 0% 44 5] B 3 popro-apoptotic protein #24EVE R » ARA R iaiBE T o

(Chipuk et al., 2004) -
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A Group |
— CARD COOH  Caspase-1 (ICE)
= DED
B Large catalytic subunit
I Small catalytic subunit COOH  Caspase-5 (ICE,_-lll. TY)

COOH  Caspase-4 (ICE_-II, ICH-2, TX)

COOH  Caspase-11 (muring)
COOH  Caspase-12

COOH  Caspase-13

COOH  Caspase-14 {MICE)

Group Il
COOH  Caspase-2 (ICH-1)

MH, - COOH  Caspase-8 (FLICE, MAGH, Mehs)

COOH  Caspase-9 (ICE-LAPS, Mché)

NH,— COOH  Caspase-10 {Mchd)

Group Il
COOH  Caspase-3 (Yama, CPP32, apopain)

v, — I [ co0v  Cspa e

COOH  Caspase-7 (ICE-LAP3, Mch3, CMH-1)

COOH
SHG QACKG

Procaspase
Processing
SHG QACKG
Mature
caspase

GXCAQ GHE

Fig 3. Caspase structure.
(A) The caspase family (B) Scheme of procaspase activation. (C) The 3D
structure of caspase-3 heterotetramer(Lavrik et al., 2005)
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(2) Caspase 1&k171 48 A (caspase-dependent apoptosis):

Caspase i@ % AR EALATEEY (zymogen) A 4afey » — B mi ik @
B BBWBATHE (WwTNF-a) % SN R B0 k42 34 42 4 cytochrome
c 14 4% & /51t initiator caspase > #: ¥ /&1t effector caspase BL®y A %
#)] - Caspase-3 steffector caspase — B » 2 E/LA G HE TG E 5
&M > WwPARP #kcaspase-3 7 %1% BP & kDNA 15485548 (Tewari et al.,
1995) - Lamin A A ¥ & & » — Bifcaspase-3 4 A2RIDNA 5 4B E >
B AT EAT o WIS B e g gorganellesB 7 5] 5% 6L3E ¢ K 4p e
FoH 4 AARE > Rtmia ¥ A Bel-2 ! Badk B T AR R B ta Bt
ERBANGNE  wREGEPAES FEER BB R AT AR
Kég g &k @myu A& G | Bel-2 » B Apro- and anti-apoptotic protein X fi
& X EAE A T8 T i % 89Bcl-2 proteingg4/E Al > E 2k 42 4 42 B2 5 s FLIA 5
PRI% Gk 42 88 space FEIX M cytocrome CHo H b &4 B = & & K 2| 4a i

»FutmpnE P — & G G Apaf- 144 0 RS Apaf-1eh &4 S R FiE
RO EERE » R FATPE S @S e &HEE T A S Z AT/
B > ShUk 6y B /N BE @ E 4L procaspase-9 4 gk caspase-9 i AT 4m LA
<+ (Sato et al., 1995; Ueda et al., 1998) -

(3) Caspase JEAR A7 1% a B 8 = (caspase-independent apoptosis) :

1 g 32 2 30 2L 37 A caspase-independent apoptosis #2241t & JE & &Y
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4 A % Z M > 4o: Huntington’s disease % (Borner and Monney,
1999; Jackson et al., 1998) - B A 4 A HMBEMA - RH F & & # 4T
caspase-independent apoptosis * #,3& AIF (apoptosis-inducing factor) ~ Endo G
(endonuclease G) ~ calpain FoOmi/HtrA2 % - g AIF F£f 34T 89apoptosis &
Z%A50Kb #9DNA K £ ° 5| ¥ caspase °
6. $58F Ca™ it A+

458k 7 9] # JEsecond messenger 2 $1 3f T BLAE I B ARUE 0 sLS 0 La i
W %5 (contraction) ~ fiL P9 4 B FF # (secretion) ~ 4 7 4@ B X AF
(fertilization) > 4w f@ 3% & (proliferation) & 4= i ik % X34 (metabolism) %
a2k TR M b, E B ATk T 4 1 (Pozzan et al., 1994) c — Az 458k FCa™ &
5N Y 4 (endoplasmic reticulum ; ER) ¥ - E 7B B & &4 0%
T RESSETFC KN E @B R TR mie N5 TFCa BT
(intracellular calcium homeostasis) 2 % (Beyersmann and Hechtenberg, 1997;
Shen et al., 2001) » L RAFIE L @ 58 F @B ER BB Ty H K
2 4# cytochrome ¢ FEH LA KR K EROSE 4 » M & 2 4= i B < (Bae et al.,
2003; Lemarie et al., 2004) o
7. 4mpeiBER

%m B B 5 1B 4T %a B 4 L (cell division) %] &3 & 2 &4 34X, 4= B (mother cell)

o R At AR F X 4 B (daughter cel)BF A » #5224 T i B A 5 4% Tt i
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SRBEH g @R EAT RS R e i85 R Ak R B SR 3L F e B0 B
A 4% & fm I8 % BAmitosis (M) phase > W18 4m i5 - & 29 = R 4% A P4 27
(interphase) » P #8 X ¥] % % Gap 0, Gap 1, S, G 2 phase - @ B £Gl #1 % &
B RN E Bty ASH R AL EEME S ERDNAEE £
G2 BABATL B BERGAUREDNA H R RHEME > REAMB R
RAEAE Y E B T la s P 693 K B 0 B 4E bm B — 5 B —(Fig. 4) o

(1) GO phase -

M RN ILE o e el Lmia s ReyEiTmEIAT A
W ohhe > 35 uk b A% 2 A #% E 2 4o B (quiescent cells) > 1R % A m e A 4
& JF 3% 78 4a B — AX € G132 NGO phase T At 4 454K L #7 B 1R &k — & BF
il > TREA&RBAFTEL@BRREE T — /) @R 2B UELEL
DNA# G 21t » R —fBémfis BIxF7% > g A maia BT 8 RBA&
by AR T A -

(2) Gl phase -

bRt s A K B EARNA REREEGE BAEME > il
Ao B # % ADNA AR R B4 sLr i &8 8 8 A2N-Glphase
# N\ S phase A —1BElcheckpoint > iZ1E checkpoiny &2 %] #% %] & R #EIR —
ke 4T DNA 456 » Htmfex@a R » Al L&A S phase #A4T

DNA synthesis ©



(3) S phase:

JL A 4m i 1 TDNA 4 A (DNA synthesis) & 4 8 T4F » & 8280 8 /7
IN~ANZ [H] o £ iz — MR a7 69DNAS E 3w T —4% > {2 ploidy & —
Fe by o
(4) G2 phase -

DNA#M H 2| A 4o H ey BRI 2 R > Sbed /e 4a fu s M 69 89DNA S & Gl
phase &) 2N 4¢ % 4N - M &5 G2 phase # AM phase B # % — 18 check
point> B EDNA RERBRAK  aB R P AFTEKRESHEAR - £iE—
ERABYEGEGRELE  TEFTRBENER ERAGTRER
Wy o G2 BAHHE @ K O A T A TRLET fn Rk A S B -

(5) M phase :

% B AT A % 0 3 (mitosis) » & e A HA 48 69 — 87 0 B R 8 e iRl b
EEREGE AR £M phase T 4B A E B 0 HEA B A
(prophase) ~ AT ¥ #A(prometaphase) ~ ¥ #f(metaphase) ~ 4% #f (anaphase) ~ K
#A (telophase) - M H ¥ metaphase % 3 & HEFIH FEAR L > BHEITH
% sk oF A %a BB 38 B 89 % = {8 checkpoint (Cameron and Greulich, 1963;

Nelson et al., 2002; Wu and Bonner, 1981) o
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\U.& __?ula;_
LI

G, checkpoint

G, checkpoint

Copyright @ 2008 Pearson Education, Inc., publishing as Benjamin Cummings.

Fig 4. Conducted cell cycle
The fundamental cell cycle events of DNA replication and cell division occur

during interphase and mitosis, respectively. Interphase is the longer phase and
includes the sub-phases G1, S and G2.
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Fhmin B R @A FE L BR 0 G KARIBGORAR TG
¥ LR ERZIER G @mIEn 3 0 DNA damage BF 0 cell cycle &7k
1§ 1% check point M 1% # (arrest) » b BF 4m B € i 4T DNA 15 45 (DNA

repaired) © — 12544 AR EF A EANT — % AL R AR 0 84 3R 0

-

ta BBk € IR IE R ) e B T IRAR > M B e Be B BR 64 ST B IR A
M) ERRNAAE—EBEN I ARLRENEE &k E R

#A(Smith and Fornace, 1996) -

v BB

A F B P o o A & % 4 MPITB - H & # X
5-methyl-2( pyridine-3-yl )-1-( 3,4,5-trimethoxybenzyl ) benzimidazole
© & @ benzimidazole A & 4% » MHE LA LR RS RAIFTEY >

b

benzimidazole &)% -+ =118.14 > benzimidazole B & — % AN HEET &

4% 4 o 454, > benzimidazole H zhAE A RS Bk 5 S R B SR T
EEWRER  FABRBRZHER  BRAEELIERETARE AL
benzimidazole A H A A % ey BT > WwHBAF X - LEH - i

CPUR R PSR~ HUES K HUR B SLIBE U AT % F (Abdel-Aziz
etal., 2009) > A B XELFPLAFIRE > g B EEEE compounds I LA
b & % JE v B 38 JE &  metabotropic glutamate receptor type

1(mGlul)-related diseases (koBaJR ~ #pH|4¥ & fm J BT ~ M4 A& KOE
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S -~ £ J5)(Abdel-Aziz et al., 2009) -
Benzimidazole &94F A # %] 4& A S UL P 238,97 MLk free tubulin &
4 KB Z B-tubulin 49 FksKALdk(colchicine) % A4 4# #% % (microtubule)

MR R H B sy R BAANGHERDE
microtubule-dependent glucose uptake (Hess and Nakai, 2000; Hollomon et

al., 1998; Lacey, 1990) -
BT LK By PR A8 A &4 %4 MPTB » B % & benzimidazole &9474 4 > J&
Ao Eapa sk I EEEQGATHES £ TIHEEALE

K
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A 4 7 ob 2 Wi iz & i
Omeprazole Losec Astra | BE | N O
P Y5  N=
N
N \ /) —CHs
H,C  O-CHs
Thiabendazole |Mintezol [Merck. MSD |#5 8 &&
N N
S ]
B @NWS
Clemizole Allercur  [Schering AR (j
N N
B @ —
N
Cl
Pimozide Orap Janssen A A H

(CH2)3CH(p-F-Ph) »

Table 1.7 @ Bk & & Benzimidazole [ &4 %4
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L

H

Fig 5. Benzimidazole structure

H3C N =N
@N N

H,CO

HiCO™  Yen,

5-methyl-2-(pyridin-3-yl)-1-(3,4,5-
trimethoxybenzyl)benzoimidazole

Fig 6. MPTB structure
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=% HHATE

F— & TaMk
1. @Wmp3sk B RR

RENBO itk 0 RERATIER 69 AFERE R e & 1012 0 ARk
Mt sm e 0 B £ B T % K2 B 2z ag Dr. Sean P Scully #24% ; SW1353
#% £ American Type Culture Collection > % BEft £ 4mf - Chondrocyte
# primary cell °

JJ012 %= fimiE A 4 10% fetal bovine serum(FBS)Z DMEM/a-MEM > #
37°C ~ 5% CO2 32448 Findk o

SWI353 priE Rey3s ki A LI5S 28k » 284 7 /m FBS R4t &
(penicillin-streptomycin, PS) ° Za g3 £ 5% CO, & 37 CRBET Y & At
figkimT 0 B2 23 REMB—RBEAL > Tk EANSBFEST
BRBEITBRETHRA -

A$A ¥ 4 B (chondrocyte) & & 2 7% B 8 K % A4 B 4% sk A T B £ B
FTECH » ABB G R FTmien it s RFadRsh > wAS
# collagenase 11 0.2%¢&) DMEM 32 &% > & J& 1 /65> &4 A 70uM nylon
WBIE B B E AT @i 0 maig R 5% CO2 B 37TCRZET 0 &
W hkAY BH3 24 REHBR—RBEE > TR RENDHIFE
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TR R K B E 5 A (Chiu et al., 2007) -
(1) fmBest$

HEAR SRR BE o LAES B 42 18775 0%  (phosphate buffer saline, PBS)i# ik 4=
B 0 B 24 0.05 mg/ml Trypsin-EDTA B 32 3 £ 5 4548 > 32wz & AR

4% Trypsin-EDTA #9145 A > £ 3% % 3.0 4 P 8.0 1500 rpm > 4% o 8

)

% mARAEKBEBELIDEN T A m P RATENR  SBI ) T
BEMBE > AR BT EAR L Trypan blue 3+ H 4a fo 8 - BUD 2R AR
(% 10 W g szt HBEEF UM > E LB R - WMESLEMSE TR
% ttafg g4k Trypan blue £ b > £ HARELZRES ~ Tl E -
B ERF AL AR AR 0 RAMHEEEE  RA R 10
BrABEf PeioRiFalod - LB BRE o E 38 4 b RIT
ABRUHEETRA -
(2)  AFEHE K ba Bk A RAR T BLIE(L

MG REREBELTIRG  UGEHEEROKRE  RibapE
RURIZ 0 L Trypsin F » @R BRI Hapo > Fwlh A s
2-5x10° cel/mL » H A4 # 10% DMSO (fe b & Hu k) 10% FBS
medium J&4 > En B BARNETF o 5B 4CHK 30 548> -20CH
# 60 548 0 FIEM-80CHFMIBR > BHEBRE R T BT o M5 bia

B Bs 0 AR ARRARME > wTHEKSERBE@BGFET - HAK
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E R E B ig 0 LA 37 C 188 7K ISR iR 58 4#E,9%{§L,{iﬁf*§ﬁ:

o
G cr§

FAER R T DMSO R » L 8ECFRXIURE] - 5 LFRBEWAFE 6y

AL BBANIEHR P EITE -

2. ARB WA I
(1) 35 Bttt

#& B 4F 4 (Nature Class- I type A/B3 » USA) ~ tafizdm ~ A R%E
tafR 3t & fe ~ R EECH - 03Kt Bk (haemocytometer) ~ 48] 32 X 48 4 £
BAf% 4% ~ Dispenser ~ 1.5/15/50 ml #.5 %> ~ Pipetment ~ % 8 T /K & 1% 4% -

~SDS-PAGE E ki E 4

>¥n

TIRELIE % - BRak A2 3t PVDF Bt~ BB 5

q

Auhag ~ i 4a B4R (FACS Calibur™ system > BD » USA) ~ % ik # o 4%
B R R MR e

(2) A&

(a) A AR A

Annexin V kit : B4 8 BD, USA -

Fluo-3/AM : 8% B Molecular probe Invitrogen. USA -

TUNEL kit : 3 & Millpore, USA -

JC-1: g% g Sigma-aldrich. USA -

PI: B B Sigma-aldrich. USA -

(b) —A&AE
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Sulforhodamine B colorimetric (SRB) : B g Sigma-aldrich. USA -

Acrylamide/bis 40% (Acryl/Bis 29 : 1) : B8 8 Amresco, USA -

Agarose : B8 MD A AF R3] o

Ammonium persulfate (APS) : 3% B Amresco, USA -

BioMax Flim : B B Kodak, USA -

BXE ~ ERAE - ¥ 8 Kodak, USA -

Bovine serum albumin (BSA) : 4 & Thermo. USA -

Dimethyl sulfoxide (DMSO) : 8 B Sigma-aldrich. USA -

ECL kit (Enhanced chemiluminescent kit) : 8 B Amresco °

Fetal bovine serum (FBS) : B4 A Gibco °

Disodium hydrogen phosphate (Na2HPO4) : g% & Sigma-aldrich. USA -
Ethanol : 3 B TEDIA, USA o -

Formaldehyle : 8% & Sigma-aldrich. USA -

JC-1: g% g Sigma-aldrich. USA -

Methanol : 3 B TEDIA, USA - -
N,N,N’,N’-Tetramethyl-cthylenediamine (TEMED) : & & Amresco, USA- »
Penicillin-Streptomycin (PS) : 8 & Gibco, USA > -

Potassium chloride (KC1) : 8 A Merck, USA -

Potassium dihydrogen phosphate (KH2PO4) : 8% B Merck, USA -
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Protein assay-Dye regent concentrate : 84 & Bio-Rad, USA -
Protein marker : #% B Fermentas, USA -

Sodium chloride (NaCl) : # & Sigma-aldrich. USA -
Sodium dodecyl sulfate (SDS) : B84 B Amresco, USA -

Tris (Tris(hydroxymethyl)-aminomethane) : B B Amresco, USA -
Trition X-100 : #& B Sigma-aldrich. USA -

Trypsin-EDTA : 8% & Sigma-aldrich. USA -

Tween-20 : & B Amresco, USA o

Fixer, developmenter : #% 8 Kodak, USA o

— $u(Primary antibody)

Anti-Bactin : 88 B Santa cruz, USA -

Anti-PARP : B g Santa cruz, USA -

Anti-Caspase 3 : 8% 8 Santa cruz, USA -

Anti-Caspase 12 : 88 B Santa cruz, USA -

Anti-Caspase 9 : B B Santa cruz, USA -

Anti-GRP 78 : 8 B BD biosciences Pharmingenc, USA -
Anti-GRP 94 : B B Santa cruz, USA -

Anti-calpain I : # B Santa cruz, USA -

Anti-calpain II : 8% & Santa cruz, USA -
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Anti-Bax: 8 & Santa cruz, USA -

Anti-Bak: B g Santa cruz, USA -

Anti-Bel-xL: # B Santa cruz, USA -

Anti-Bcl-2 : B& B Santa cruz, USA -

Anti-cytochrome c: #% A Santa cruz, USA -

—#t(Secondary antibody)

Goat anti-mouse IgG (HRP) horserasish peroxidase conjugated antibody : #%
g Santa cruz, USA -

Goat anti-rabbit [gG (HRP) horserasish peroxidase conjugated antibody : 84 &

Santa cruz, USA -

ot Kwmhk

1. B FiRae

(1) #mpe 4 KB ¥ % (sulforhodamine B assay, SRB assay)
HwmppnBE 96 FLE T - B IR B4 A 5000 58 0 4Fba f AL

Wik 0 RILR A GIIERIR > AT AR F ZIERR > 5 F AR

BB FE i R 32 > pbiF oA 10% trichloroacetic acid (TCA) » Bl & — 41

KR Zmin - & 48 N > B pE e BEERT 15

548 0 FIA PBS Fik > R acsLAEE - 2L 0.4% (W/V)SRB % 10 548 » &

## SRB & A 1% acetic acid 7 72 2R fF 3% 1% 24 10 mM Tris-Base % #%
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—FLR Am A 100ul » % 4% & 4T ELISA reader > & 5644 & 515 nm > Bp 5] LA

HromB N EaeE  BRAEBXIEFTXAREULIFELRRRA
Z EpIpHl £ RIFW -

Ciimitsm CzEoisesr CHRa

& E4pHI e £ (%) [ (Ci-C2)/(C-CZ) ) x100%

ta g #M (%) . ((Cz-Ci)/ Cz ) x100%

IC50 : [ (Ci-CZ)/(C-Cz) ) x100%=50

B Rt i 5B X IF AT et B G E 3] 50%8 ) 4 iR
(2) ‘tmpa#E% X% (colony formation assay)

() ERRHE:

e J, BE % A7 B A AR 3t B 4w B 47 7E % (cell survival fraction)#y — &
ko AR ek & A %k £ 37 48 /) (reproductive death) & 4m B, o
UM AR ETULZRE G TUS R DNA~ HEZ G > TH
TR R—BRR - 2REEEREN TR BHibaB2E%k ot 2
b BaA A A A RM L 0 88 T-14 ReBE - BETUHRE LN
g A — BB EEEA SOFAU L AT UKR T mie LA HE
AETT o
b) ERHH

4% 100 $asm i #E 7 6 cm dish + > 3% 24 NoF > fa faZR AL A1 R
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o NTRRREZ BNER 24 /1N B M Q32 R0 £KE 5% CO,
BITCHEBETHRA@BIBEAT  BELR REUPBS Fik» B
3.7% @ BIREE 10-15 545 BUREE KL E 15 24> iFh > B
BRI A P ayBEA B 0 hu 33% Acetic acid JE ¥ 0 AR KA
550 nm A€ =% -

2. BB REIREWBEAT
(1) Annexin V assay
(a) FRRIME !

mp AT IR AAE R L A B AG B Aa Lo iR
phosphotidyl serine  (PS) #h#5/¢ 4m BB 79 & 42 8 R 2| tm BB BE 4 > 18 & PS
EFEAA 0 PS A —1E% A B ey BhEs o M annexin V & — 48 Ca” R &Y
iR 4 A& G o annexin V 7 AT B B A BES &S - Rk EZ e T 5
R SIS R R e tm B R & d 4 PS> Rl dE st 0y 05 4% PS bk &
ShENEY o HE AL 84 ba iR SR R T fm B 0 £ ) R R AE 4 B B T oY T B e R BE
TGy o T AE FE 64 e B T BA 4e B BE R R R AR e 0 R Sbid R AR R IR PT 4
H—RRE FTRE Pt AT REER -
(b) TRy A LE:

4 11012 sm B A 7 6-well plate ¥ > 4a fn 204y 2x10° cell/ml/well > F &
@24 N FF EIE A Ko B % 0 WARBIREM EY (0.1-03 -
13 & 10puM) > 54532 % 48 NBF - B fFis A m P oy L FRBRERE Iml
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BoE P o 2 PBS HikBAm ¥ ahtalt 0 HRGAREEKERBECE
F o e 0.1% Trypsin 32 kmy » HER L8 H5m ik @mBrY > % 7%
ZosEth it pmiE HAE e e e ¥ > AR el B IFRAER E AT
FERBE-CE 0 21500 rpm B B 4548 0 BREMR LFR 0 £B AR
B F e 2.5 Wl PI & 2.5ul annexin V {& 4m B =] LA £ %% 0 2 30 54% »
BRUMX @ RRA T @B H— B URA T @B/ ATRE
W E -

(2) a e B HR 5 #7 (cell cycle assay)

() HHRRE:

& %0 i dm L B A% 48 0 propidium iodide (PI) & 2R DNA 4 pk 325 44 &,
ELS BReRHBLRAET R galBERLTENEH ]
propidium iodide B|#®EAMZH DNA &4 sbFh kA A A T propidium
iodide (PT) & 2 ] » & —FEAZBR 4 B > @ 3k DNA 4 R iZ e b oy s 4245 -
AP R tm R 6 FE TR DL ©
(b) FEx Ay kdp R

# 11012 tm B s 4 7 6-well plate ¥ > 4afs#1 4y 2x10° cell/ml/well > H &
W24 N ERE S8 WATRRRESEY (0.1-03 -
1~3uM) > FEBAHAS N o B B Am b oy EFRRRE 1 ml 8

SH P U PBS kA P o e B E bk 0 R BB b o
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oA 0.1% Trypsin 32 4(my » A E R Z0IHZm Lk AP > HE =,
gk it A m il LB e e o R F 0 B R e B B IF R E AT BR
BB & 0 BX 1500 rpm B B4 0 BREBR EFER > oA T5% B
B & W NBF o BA 1500 rpm B B 44E 0 AR AR 0 AL PBS FHik o
LA 1500 rpm &0 B 548 0 £ PR LR 0 LB IRILT A\ PLAE tm e o]
D A RF 4 30 g R UUR A e LR R T o o B B A — Bt i -
LAR) € 4a e i B 2 GO/G1 ~ S ~ G2/M & sub G1 &8 5-1% ©

(3) ‘mApPI45aE T (Ca™ )RR 2 g

() TWRE:

MM SEETRET M AR ATHKHE  ReRATCERTERY
DR T > i NESBET R A KA 1000M £ 4 » REH ks B 5 &
NUE 4R R R AR L 458 T 45 0 458 TR B R LluM A T g
4o fEL E e fm R O iR A o AR A A 89 2 B & Fluo-3/acetomethoxyester
(Fluo-3/AM) » B — R AL EE > HREANEIEN > —BEANEIELN
MEEEAE g IF EMEMBE > MAH KR @IENEE - MEANEE
BefmpNGETESBRBRE R BARARLNBEFILRAE

M PESEEF A E o AR @IBARTT & 488 nm ATAUE 0 T 525 nm
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B e R RA IR B BECE P IRRE YRR A B wi&
+ - 4EuE e A OB 458 F £ %) Fluo-3/AM (1 ul Fluo-3 /AM working
sol’n 500 pl PBS) » 4% sample Ao A 500 pl & Fluo-3/AM % | ; 4 > 48
A —% blank R hoE b R po e H > 2 ha A 500 pl PBS ¢ 2 4% 4% sample &
7 3TCABEARKE » AR X ba R EATH S 24 0 BE sample K
10000 a4 i, - #7858 FREHAZAE

Se st AT A 45 B 7 S B (BAPTA) #9458 0 & 6 =T A7 1 4m il £ 1)
A © > BAPTA [ 1,2-bis(o-aminophenoxy)ethane-N,N,N’,N’-tetraacetic
acid ) » & —FE458E T B A H] > LAFAM EDTA 8986 7 XX 42 8 79 45 8k
F o RERTERIE BAPTA ¥/ o524 F B RIZEY > B RIFTE
T 45 i 458k T 48 B 3842 35 1 11012 cells £ @y ém s ) o
(4) %= e Pk 43 B B2 & 4 (mitochondrial membrane potential )& %% 1t
() FTHWRE:

Mg AT T TUBRE | el MR REE Ty ® > TR AW
JRRATH IR Rl ATBRTERR T R @R AREREEML
BB AR EER JIC-1 > TR EMGER EENZHK - IC-1 A
EARHGEELR 25 HERRS R EEFORALT > gie
AERSCRLICI RZRBOUXSG > BT Hae ok R

T AT MEMEBRLEL > BEHBEK AINERE T

37



U E&EEL -
(b) FEIEH

# 11012 ta B A& A 7> 6-well plate ¥ > 4= fi # %) 2x10° cell/ml/well » F4&
B 24 NEFFF R A el B%  WARBRENENRE > HEE
Bk 48 NBF o B Am P ey EERRRE Iml #.0% P 0 L PBS
FhBAEM P FABOBRBEXENESEF o oA 0.1%
Trypsin # 3% Fkm e » A ZF 5B A A @B > B = 54814483038
HmiE e e iiiE > BFLemEERARREN S HRGESE
LA 1500 rpm B8 B 548 0 BREBR EFR  ABAEGITIRT wAJC-1 1&
mfa T A G RF 0 B30 54 BRUM A eRB @B B A —F
Fata By > LA E ta B R SR RE L B AL By B o
3. ZAEREATN 28 (western blot)
(1) #wmpeka 3|

# 11012 ta B A& A 7 6-well plate ¥ > 4= fi # 4 2x10° cell/ml/well » F4&
i 24 NEFRYFFEIT R > Klafa B BE 0 WAKREIRR B A % 0~ 8 -
16 ~ 24 NBF o B > 3R m b oy LFRBAE > A PBS FikszAm P ay
ta e, » B —FLR Au A 150 uL lysis buffer » 7k B & + 4% » 1§ 4= i 3] 5%
% BREBREE 15ml #oE T 0 EFKE 30 548 0 24 13200 rpm A

s 15 pdg 0 REEFR > B Atk ak -
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2) mpEax=E

1% A Thermo /3] &) BCA Protein Assay Reagent> #| A 7 s 4 i &%
& (bovine serum albumin; BSA) > $/FE G 2 E R BRUREEEZ
EaEAZE L% » B sample protein 10 uL $2 200 uLL BCA Protein Assay
Reagent » RJE 30 448 > A ABEE Sl b REMBGEFRAL R

& > Bl sample 89& G H 5B -
(3) SDS-PAGE

FEASLFHOTABRE BRI >ARE  LEBEXZEMAKE
HeF > TREBBHABRARAB R DNMNEEGE o > FABEST >

&4 15 4% 5x sample dye &) sample FuAZ 2 & G lw AN T KB F & well + B
RERN0V FEGERETHE  TUMKERZE 120V 2Rk EG
TEE > BPT e

(4) #FRE (transfer)

# PVDF @7 - FIA FEZAMEERE > BOAWRILR  THEEY
FAEBE > A SMEp K& 0 e h ¥ PVDF 8 8 & 2 3M JE KR EAR F
Bl BhE#Hass BEeEE REZFR  ToABRR BXER
400 mV > #EPFy N 0F > B 3R Ep 4T ey PVDF & 55 B ) A FELET #] > DA FE BT
BERAEROGECHIT IR ELES > £FRTH#H | 8F > 0 TBST
FRZR O BRISpE -BABEHBFZ BB £ERTHE 1
MU TBST F =k > BR 15 548 > o BABERBEZ —RKILH
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AERTH 1N U TBST Fk =R HR 15 54F - 2855w\ ECL
7a &, B sy X-film -
4. AtEEWEFEMHRARE
(1) Caspase-3/7, 8,9 7&PE 5547
(a) HHRRHE:
NE B B 7 promega B A 2 & 4 § &) caspase-3/7 substrate

bis-(N-CBZL-aspartyl-L-glutamyl-L-valyl-L-aspartic acid amide;

Z-DEVD-R110) & caspase-8 substrate ~ caspase-9 substrate 2R Bz 8] Bt 4a fig
#8 ) & & caspase-3/7 B caspase-8 ~ caspase-9Z & 4 -+ ¥ caspase substratei®
3] T caspase #t &7 mk &k & &9 p-nitroaniline # 4% > ] LAF| A 2 K188
Bp =] LA 4038 caspaseB¥ & 64 & M 51K o

(b) B A ik -

Mtappn Bz 96 LB Y 0 B — LR min R4 A 5000 F8 0 £F4a i Bb
Wik 0 RILR A GIITRIR > AT AR mF ZIERR > 5 F AT
FlEE &R 3L » 45 48 /\iF » B Au A caspase substrate 50ul > £ 37°C
T RIEF/NEF > Bp o] LA A & B R ek -

(2) GRP78 ~ calpain I ~ calpain II siRNA F 3% 5 7| (siRNA-small interfering
RNA)
#& 11012 tmpafE A7 6-well plate F » 4m i $L 4 2x10° cell/ml/well » &

@24 NEERB BRI A K ibBiE 0 mARA RFXIRR > AKE
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5% CO, B 3TCHRR T B R @B RE T BREMHE S0 24y
Lipofectamine 2000 » /a9 A » FRm T M E 5 4-481E liposome .
Hhe A GRP78 ~ calpain I~ calpain II siRNA 344284 » K E 20 54&
RNA/Lipofectamine #8 A B2 BP 7 g, > BR 32 B mw lu A A8 A58 » 4% 16 /)N85 >
The L BRI > REITRBETHER  KBEAFHCERABY 25
TRRE R LTE R

(3) % % ¥ 5 & A& B 4R ¥ Bx(transfection and reporter gene assay)

(a) BE/R T -

HRERmEaE —REAEAILER A& EaE ETHEA —3
mEAMRERZIHE S AR LMy 8 FITHMENAE - R R
BRBOR T HATEA AR o AP RBIRE REROER > AlE@R
BOHEOEBARCAT ARG RAEMRER - iFE —ERASA 4
# 32 (heterodimer) » A TAER AV T —F e mRkETRAND
e o b —fBtafe PRI AR AA ARG EEER  RESNK
BE el e e mERBAEIPFORXK -

(b) Bk

Afaey R e fe 0.8 ug GRP78-luciferase plasmid s, GRP94-luciferase

plasmid Fv 0.4 pg P-galactosidase &9 & 3R, 3% # (expression vector)f4 co

-transfection E 2| me N - T HREB@mEE 12 JLE RO\ HEF > # A
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Lipofectamine 2000(LF2000; Invitrogen) 2% transfection - & JtiF DNA
Fo LF2000 24 > v ANta g RJE 24 NB54% 0w\ MPTB A &8 24 /)
B 5 4# A 100uL reporter lysis buffer (Promega, Madison, WI) 4= 2|18 well
oo BRKE 1S 548 e e BB R 5 A 2L 13,000rpm s 15 548
BBREREFR  B20ul thmpe LA R Y SHF F 22030 uL)yeh & G 0 #%
HENRE K 96 FLAE T 0 suA S0uL &4 % 5 ¢ '8 (luciferase substrate) fu
AT A Ytk S 0 Bk d lumnometer 18 78] ©
5. TERGEZHRE (q-PCR)
(1) #4 RNA

4 JJ012 4o po A ML 6-well plate W > %a B B 2 2x10° cell/ml/well » 488
24 R R A FlRMBR 0 WMANRA BFZIBRRRRRIRE
BYR¥E REB2 I EBNHERE B KIS Rm P e EFRRE
L PBS FkisHhm b &) o 8 —FLR Av A 100 uL TRI reagent » 74 & +
4% 0 i RNA Lo s fttg > RERE 1.5ml 8 ® 7 BNy 500
uLo B2 R 1 o #5283 548> £ 4°C F > 13200 rpm s 15 44% >
BORTURS mERAE TRAGERLRE AR E > M DNAfREGH
R @mfe TR segls LR BRI BECE > BAivAE RER 500 pL o
NSRS FFE 10 548 0 £ 4°C T 0 13200 rpm #0310 948 0

Bydhie EiFR o seiF T AE R RNA A E e T B 1mL75% T
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B2 A4 4£4°CF > 2L 7500rpm #5448 0 B E LFR % RNA
.7z » ju N DEPC /K75 # RNA > B RNA & > B[ o
(2) RT (Reverse Transcription )

Bfh & RNA 2 pg » A Oligo-dT & DEPC k4% » # 70°C » 4 B 10 4
4 > 248 £k EAw A T 5ul ANTP ~ 5 pl 5X reaction buffer & 1 ul RTase °

HA2°C > R 185 > 100°C > 45 5 48 > BPT LA45 %] cDNA Z 4 o
(3) gPCR
Btk ot cDNA 2 ug° seA DEPC 42 » % #MER forward & reverse primer

m b =Rk RAEIE 0 Hi4 e A Tagman Master Mix » 4¢ 238 % 20 ul »
Atk oh EARE PCR & F > %A PCR # % % > PCR #5444 :

STEP1: 95°C »2 % 30 # > 1 cycle

STEP2: 95°C:> 15 %

60°C + 60
40 cycle
FeE k> BpET A4 3] CtfE o
6. #IrE W& (In Vivo)
(DE e
HEARSMFP OB EXIRERS £JX5 £ & (severe combined
immune deficiency » SCID) CB17 » #Jwa ]l Kty /A8 > B2 £4 20g° Hh A

RE M F s & o
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(2) SCID mice B2 3% %4 K, (SCID mice xenograft model)

BRERLGRBRHBIELR  ALFR  FLOARBEREB@BIEITE
SCID /s R LA EAT R EAA R AL X > BB A A A T SCID mice 1 & #48
RIS REE A ROIRIL > A NI IT By RAEBRE R N R A
koL gmiaatem -
() BBF ik

4 1012 tmppnfEAE 7 10 cm dish F > B &8 24 NS egi B3k 0 Him
R fb AR t% o s km P Ay LAARRIRE 1 ml #.08 F 0 2L PBS Fikig A
m P egiai 0 AuA 0.1% Trypsin Wi mdmb » A 88 28318 KFm &k d@Ep
o FEpafREAnE HERO@BRTF > B LB iR
BHEREFECE > LA 1500 rpm BB B4 0 BREREFR AR A @
FHI AR O ITH 0 @R B4 1x10° cell/ul » 4% 4a B 3s &% 200 ul A A
ETEHERE—ELRAM TR FEBEZE 100 mm’ - BpELLs
DBEE-SERMEBHLE LA ERYE > BRI 21 X -
7. &3tHiE

FRE TR EIT=ZRA LI LR TEFR U Mean+S.E. &0 XA

Student’s ¢ test #AT#IE » A > p<0.05 W é4t LA THBE £ R o
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F=F &X

1. RERSTEHHABRKTABOBRZIYE

BT E —F BRI RS AT E M E ARIRE N B e f B AT b IR AT 78 &
Ay AR 0 AT R B 09 AIR E A AR E ML R R AT A R — & F R 3Bk
RETAEY o R EANFRR T NG mbe 1J012 ~ SWI1353 Ffo AFRBF 4a e
chondrocyte TR » ARKBAEREE0~3~10~30(uM) /FA » KIE 48
JNBF > A 7 SRB assay BB @Byt R BR Rk sTA Y P
MPTB (AQI136) ¥t A$a k7 M JE ta B 4 E A » R Ab ey R skek 5T & 4
HABERT AB@IAAR FZER 228 ABERFIEF @il & 5%

£ A (Fig. 7AB) = AT XA £ 38 — 2 21 4T £ % F > 3B AQI36
(5-methyl-2(pyridine-3-yl)-1-(3,4,5-trimethoxybenzyl)benzimidazole; MPTB)
HABRRETRB@A REQERER > 4£1J012 tafney ICso w91 4 7.1

UM > SW1353 ta ey ICso 2 7.5 uM > £ B HE ¥ Falm i i A s
(Fig. 7C,D)> iz 545 3, MPTB # e o ey & B4 AR A4 A 09 R EF &
¥ > P A B A e MPTB #éa it R L A R E L&IRIE > ATIAZ
% H& A MPTB fFlafaZE A ERABEL T A H Zminty £ kit
v # R B MPTB =T AR & & 2 6948 & ¥ 4 4a 0 69 BF 7% & &k (Fig.
TE) s A LA 42 i Ak 69 45 R 25 3 MPTB =] LUA 206y 30 ] A %8 3B 8 4 e 4y

£k e
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2. RsAPTAMHABRFABERRATSHFEAT
HFTRERI MPTB TG @B n At RIPHmipey £ Kk o &M
BRI &) MPTB 45 ju N dm Bty » 45 48 N4 IRIZ T R A FHEE T~
i) B S ML LS > A TR RBETHEME 22~ HdiA
Btk J1012 Btk - £ R FRE &) MPTB & 32 T $#7> a f B 2 69 15
o RBEERERERIIARRES MPTB > JI012 4= sub-G1(Ep
apoptosis)8) AR EME Z R E A S mIg i £ EZ 10 uM H sub-Gl &tk
53238 2 A+ A4 (Fig 8AB) A T4 F AL T MPTB & 2% 4 ta i
A B b AR R E R 69 MPTB 55 fu A i oF > 75 48 /N B4 -
M annexin V/PL % & > & AR R X fm AR AR % R E > B afip
HTHER - BRTTUHEARERES MPTB 1EFA 48 /| \04% - fE %
MPTB R FRE > a6 308 BOA T o &40 A 24 (Fig. 8C,D) > Af 1A
TR @R A MPTB a9/E i mA A AT > B AT ek aind
wmfoi A A B E A AT AR A RE &R E MPTB 15 A
48 /NB1% 0 4R DAPL BB R L tmfe > £ A 4T LHE S AL
BB - 3 MPTB /R 10 uM B - 4m i A A6 B8 A BA BR3Y o 8 /)
gy kMg 0 B JI012 tepp shER 2 Bk a2 ik (Fig. 8E) ©
3. RIRAITEMFIHEABRTABRATCAT GRS H

AR @me %S P AR F @R ATETREGRA N - KMOLR
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R )R L6 MPTB » 483 48 /No54% » 45T JC-1 4 ] ok 2 ) % 18 8] 4m o B
ey R sHERo ETRERF A2 EHEE MPTB
RERE @RS & A ARG Y £8P P2 FrEE e ta it A te
FeL R 47 B8 IR B AL IE 7 6y fm B 0 de BR B B A 4 59 4e RIS A P2 ey S AR
P3I s Bl 9 TR~ I0WM IRE T 4o fe P3 36 B M 69 tu ik
FBENZE AL PRI MPTB T A% % 11012 4@ i B B 43 4
28 (Fig. 9A,B)> & T 733 MPTB # A %8 % 5 A 8 4a it ¥ Hokr 4R B8 B A3
AU LA MPTB & T4 R 11012 4 » 4238 48 /)N85 > £ A
JC-1 R EmIRtafotE R - A EHFHERE ;P LAERBMSERE > £&R
P 353,48 MPTB R IE 2 1% > B8 B A A BA 48 44 2 4 0 P LA 9T LA B 2k 3% MPTB
T LB 1012 4m e B B A3 0y 2 % (Fig. 9C) > £ LBk A 12 2RB I A B M
IR R A AN L & Bel-2 347384 (Green and Kroemer,
2004)> #&A A & B Bk A LA T & G Bel-2, Bel-xl fu i % & Bak, Bax
EBRE > UARBE cytochrome ¢ L4 PORBRE > BHRER P&
3, Bak, Bax #v cytochrome ¢ H %33R & ¢k & 52 L M3 he (Fig.

9D) -

4. MPTB 3| AT ABEENGSETHERESE
TN EEERAEBE RN EGE AARNEHERY 8
MASEETRE RS BEBBEANE @ T SETERER > FHiE
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fe 6 (Bernales et al., 2006) o #11i& — 3 18 7 #2458 F & MPTB ff & 1%
PRAFRRR T R e o B CBAR T AT RO A & 0 BN e g Fo da il 19 45
BT 45 509 % 408 Fluo 3/AM» #3.  hu A MPTB 44 11012 %a i, 9 45 8 7
GRS o o m A A Fluo 3/AM 2 30 4% AR AR EIL % > &
BARAR A @B ERBRZALARE - BHERTFLo o BETFR > 3
B3] 4 i, Q458 T g ARG o B & R B > MPTB g i sk, 1J012 %
BEL P9 4% B 7 2 4 > 3BT 5 05 R 64 3% o M 3 Au(Fig. 10A) » & Ei & % >
AL MPTBER T » @ bl 458138 > AT RE—FHEE
£ MPTB BRI T @ & mbalamsSik T RELAGRR  TrA bWl
B B AR M AR > Mk R BE AT 0 F e N 8945 T 8 38 Ao % B dp
B > 5T AR s ahdpH MPTB AR s m i A o &AIFMER T ta e N &Y
58T % 5% (BAPTA-AM) > suiktm i 458k T % & B P 1F A F /1 8% >
2t BN MPTB > 4/E A 48 /o » £ PI Bl 324% » R AI A R X tm
ol BBl R BE c BERT 4 el ey 458 7 3 4 8 7T LA A 2 8Y
MPTB Ffi% ik 4a B 8 > B A 4E 4 RAEHE 458 T % 4 B(BAPTA-AM)
7T AHpH] JJ012 4m i Sub-Gl 89 & 4 > B b4 T AsER 4 MPTB *T A4 %
NE @SR Y > emiRiEmis A& A (Fig 10B) -
5. MPTB 3juv GRP78,GRP94 & calpain &%

RATHERGECHEET L MPTB €348k FEE LH > 22 2 ditm
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e E @R R R N EANE@R S > Rt G A
T g E A NE @R 0 @iy GRP 78 fo GRP 94 A& R 3k
CHRFEMAREN R L - RATA A B B EL R BE GRP 78 v GRP 94
E MmN E H R 0y 354% o BRI GRP 78 v GRP 94 ey k24 A
B34 hu(Fig. 11A) - 74 > RAIIMER R ERE MPTB & Fafa# & 24 /)
Brf% > Méa s RNA > B A A 2 PCR R4 - &R T 400 F @i
72 MPTB % > .85 € & PCR &4 4 £ 9743 404> MPTB # BA £8 &4 3% /v GRP 78
#o GRP 94 2 mRNA #% #,(Fig. 11B)’ % T B #£ 3% GRP 78 v GRP 94 & 14 -
¥ GRP 78 #v GRP 94 H a2 JJ012 tafln % & 24 /[ o544 - B AR EE
& MPTB 24 /]85 44 M % 4o i 25 AR RI 3R 2L 7 1 » 830 GRP 78 Fv GRP 94
H promoter activity [ % MPTB g & 3% /v 3% fu(Fig. 11C) > & & Lilisd
R €% 8 MPTB ¢ mémfiey GRP78 FBAREM S m> A T £ iE—F 8
%E MPTB/EH €4 Ry GRP 78 Lo M s A< > BitE e
He P9 B9 GRP 78 &3 jo % B 40 %] 85> & 5 =T LAR 28930 6] MPTB Frr i g 4m
B B o Bidr] it Bk i A GRP 78 siRNA » #| A 7 B BEEHT H
GRP 78 siRNA £ A #&# sk 3h (Fig. 11D) - 2 % B v MPTB /£ B 48 /s
B 0 AR P R AR A 4a i B A Sub-Gl sy %R E - BEERT 40>
E B LA GRP 78 siRNA 3587 GRP 78 3k MPTB Ff 3% st %= Bt B < 2 A 48

B> 8N GRP 78 siRNA R4 843 > 7T LAK 2L 694 ] 4o i
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0 AR MPTB T A tmpe ™M & & T M E 498 /1 (ER Stress) » 1% 4 i 79
8 GRP 78 X Rt %4 > &Mt F it ® A (Fig. 11D) -
NERT@BNEFSETRRANOBE > BRGSETRERAEZRE
0 ENEEELEB R BRGE TR NGSRETRERA  S8T &
W T B L5 T R R N e85 8ETRE LI S alom a1
BE BTt &4£ calpain /&AL > 4& 5] 55T #54Y caspase-12 7EAL o HATAE
3 calpain & F A /" MPTB 5 2k 8 ta i 8 o B b KRAIA A B F &
2Lk R ¥R 5% calpain I #o calpain II 69 % 3R, & & 3 7] 40 & 4a i i 32 MPTB
1% > 4 B BA &Y 3% hu calpain [ Fv calpain I1 2 & &G % 3, (Fig. 11A) » & & L
MR AL MPTBAER T 0 & @b calpain I o calpain I A BA
FAW o BT RE— S E £ MPTBAERA T > @i MR calpain
L MR AT 0 F e ia N calpain 8938 n 2 B AP R 0 R EF AT
LA 2k @y dp ) MPTB A7 ak 4a B Bt o AP Josif 4m B 82 ¢ A calpain I Ffo
calpain II siRNA » #| A 7 & & 22753 F H calpain [ Fv calpain II siRNA
= Az (Fig. 11E) o 2 4% B o A MPTB 45 B 48 /N85 » 4& &g PI 4 7|
Lo REARAAXN@BRBRARLEE - B&R T4 > #IA calpain I
#v calpain Il siRNA 2587 % calpain 32 MPTB £ i% sk 4m i 8 < & FH 4B B
% 2 e A\ calpain I #o calpain II siRNA 44 4% MPTB & 32 » 7 DA A 24 &Y

Hpdltm B (Fig. 11E) > 453 MPTB Tt iy & £ 7 7 8 W
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A1 AEF mpa P &Y calpain SLEARF R > EmiEFmin G AT o
6. MPTB 3| &4 fa B3 K 7 caspases AFTiy R A &

4m B EAT B TR G 1R EE # caspases F % & & K 69 4 #1> B caspases

>41‘

AbompETCP—EBELZYAE  MBEYIXFRELAR D ENEHER

7]

QT&
ol

% e ENEEYESEETERI mie ¥ > Mg calpain F1k >
WM 3] A2 T 58y caspase-12 ~ caspase-9 B caspase-3 &) 7E4L 0 A B
& 48 i 6 /B = (Kass and Orrenius, 1999) - ™ £ 3T 5 A 4% %] initiator
caspases .35 caspase-8, caspases-9, executioner caspases &) caspase-3,
caspase-7 > #& B W B M FILR & AT A 0 ™ caspases 8975 1biE
AR ARG £ 3E PARP (poly ADP-ribose polymerases) 2 - & T 53¢
MPTB £ % &% & N § 497] #& caspase-12, caspase-9, caspase-7, caspase-8,
caspase-3 A& PARP m1&1f % mfn A< > A L& AIFI A B F 2 2% RIKE
3 KA 0816 & 24 /N8 35 vy B B ) BE4E 3 MPTB ¥ 7% caspase-12,
caspase-9, caspase-7, caspase-8, caspase-3 & PARP R\ L E - & REA
Sk A2 24 NBEFR YT LAE B caspase-12, caspase-9, caspase-7, caspase-8,
caspase-3 & PARP # ##(Fig. 12A)° 7 h A48 1 — 5 #£ 3% MPTB 7 14
751t caspase » [ L& FIFI A T caspase activity RFEL » & ta L s F A
&g Z o) MPTB > 4F 24 /[\B54% > I3 caspase-8, caspase-9 & caspase-3

G5 o S IR R FE 64h3Y v 0 caspas8, caspase-9 R caspase-3 &9 7E M
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&, & kg % L (Fig. 12B,C,D) > &y Ll &R > FAL MPTB4EA T » &
1% sz, caspas-12, caspase-9, caspase-7, caspase-8 & caspase-3 iFib> A T &
— ey E £ MPTB 4EA T » & i sk caspase-12, caspase-9, caspase-7,
caspase-8 & caspase-3 7EIL R (g F m g A 0 ATLLE caspase-8, caspase-9
A caspase-3 &9 7E AL Bl HI B 0 £ B 7 LAF K @9 ¥ 4] MPTB Ff 3% a4 B
AT o $%Ar{E A T caspase-8, caspase-9 & caspase -3 #p 4| E| 0 ik tm B AL
caspase-8, caspase-9 & caspase-3 dp | & ¥ 45 A F/N6F 2 1% B v A MPTB
£ 48 e £ PL 28 > A AR X e BIRARELEE - BE
R 9] %0 > caspase-8, caspase-9 A caspase-3 3| | 7T LA A 24 693 %] MPTB
P 3% px, 4m B, A = (Fig. 12E) o & £ 3] 4 R i sn £ MPTB R 3214 A7 3% AR, 89 4
B R A 4 i 1845 8E T 64975 /b calpain’ 5 44 7E1E T caspase-12, caspase-9,
caspase-7 & caspase-3 > R AFBIF H B A A B E T o

7. # A 8RR R MPTB ¥ 418 & i 5E /)

BT > B3R T MPTB 7 LA A 2691248 ASB 3B R JE 4a R 34T
BT NRE-FHAEGH TR T > 3+ MPTB 5L EH# F &7 24y
HEB A K 0 HAMER SCID CB17 /& A A » Ais 1012 i g Tix
4 2] SCID N R ¥ &l 2R (KX )2 B A @A A ik E 100
mm’ % 0 B URES X F XA T RRRENEY  —R—R > SR
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BSE o Tdphl R AN ReARE BB E LR RA KK g1t (Fig
13A,B,C) o HA5 N R P e REIGEE - B T B0 B4 HRE B B uy 1F
R bl BE g Ay B AR IR R AFIPT IR T R A E — 2 > ATUAER B2 - 4
REBEA®ZTEE AR EYRBERES  SREEDEHHE R
mppE LR TARHFE (Fig. 13D) B Amia A~ afae g £ DNA
R Bt > #4948 2483t MPTB {& BFHpHl e a8 & &k > €14f ks DNA
kR A4t > {# A TUNEL assay kit - {efEE @8 R M e BmZ T e 0 B
#F MPTB &9 )s B hE/E a4k - A4 TUNEL labeling(Fig. 13E) » #47fw X £

EFRAEEGMEX N TR TR R ot o TS
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R

fe] 3 M4 B2 5 4o osteosarcoma & Ewing’s sarcom - J& & 48 &y 1625 %
% > AU BAY I w177 & > chondrosarcoma 4P 4E F #7442 5 A 29 4T
1% M #7467 (Fong et al., 2007) » B st A48 B4 2 5 A #709 24 =T 2L 4 81
ERABRET NG > B3t — A7 RIEktTEY L EHFSNAE
My 7E M R ILI% 75 P (Beaulieu et al., 2004; Zschiesche et al., 1970) » — B 45 56
¥ JJ012 ~ SW1353 #v chondrocytes H ¥ 4 fo 4 7 FA4F 03 > BHBRATAEY
AQ136 (MPTB) ¥ J1J012 Fu SWI353 FipHhl H A FuFzER > oy
chondrocytes %772 A BAZA G932 R > PRUARLEE 3 MPTB H B #E M ¢
chondrosarcoma %m {8 % ¥} i % &9 chondrocytes = R & F % > H LK
9B 45 A AQ136 (MPTB) 3t H AR F WBIE A o9 3% -

) 4a B, A 69 T F A BURLAR AR 69 Th R KA A T B 60 BA SR AR BT R
EREBAT  FTREBAERALR@RATCETERARFEZNF
o R —FR I a i ery  MAS —HFRThe
PEEMEHE > 2B ATEAORGHBERL T4 83 cytochrome ¢ 4%
KL 4R BE N B A% FE A ) 4m B 8 (Liu et al., 1996; Susin et al., 1997; Zamzami et
al., 1998)» L& R P LB EE A MPTB 4 F JI012 afp » i 4 &

Ff&Fu cytochrome ¢ FEXK 2| E ey 235w > IRXRRATIRE] B Ak &2 44
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NEERFFFH @B AT E R Bel-2 RhEEOFAILTRGEHET Ay
At AT S FRoaT AT T £ K ke 4 9158 (Adams and Cory,
2001) BER&E R P2 3,4 T MPTB 4 F JJ012 4a 8 » Bak Fv Bax 5 PR EA
8938 ho o T LABER(E fm iR A A BT 0 FTARIEE B4 R MPTB s e A
KA E P B e B B A4S B SR RE T A KA

NE S BT R RS - NEETER S hrEd e
ROTURAEFSERNRA T GAOSETHIFHE - TaHENER &
BEHBEER@BPAT  EXBFEARBRAGMHET @ AAEEBRIE B4R
HEGTHEANTELERERNE @R I A £ (Kaufman, 1999) > 1 4=
Mo E P45 FEEHREE > REZ@BIBI ARG K LEERNE

ENNEATERAELTHR BERTABERIRBEH#RNEZFAH @

e

BBRANEEY  MERNE@EGRS > MBEEIL—AFIGMEEE
B4 o M AR AR X EMPTBS 4 ta i B B & dm i N B9 45 8 T A4 #%
B R £ FRER FHERMPTB L35 5 ) ta i 719 69458 T4 % 0 B
st & AIF A T 458k F 04 % & BIBAPTA-AMT LA 2 49 FREBTMPTB Ay 3% 5
H Y 4 B 08 0 B b # AP AR 38 MPTBAR 3% 5k, 89 A S8 805 P9 78 4a B B
TAE BN T RS E A MR -

XERFPRE > NEESERTECRREELARY > SEAFBERAHE

BEAUMNEOETFARNEEN > ZANEER N > TG RIESHMEKIE
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2% G % & JE(unfolded protein response) * mE T £ H 3| 5 HEHEG X G
(glucose-regulated protein)&y % 35, » GRP78/BiP ~ GRP94 3¥ hu bt 35 % & 4 &
MILNNSE UM EEEIE > EMFENTE@RN  RRMAAR
R P43 MPTB =T L2 {42 B 7 2 257% 7 GRP78 fv GRPY4 & & % 3,
3o > GRP 78 #v GRP 94 &£ 3 2 A A 5 #r GRP78 #v GRPY4 ¢4 % 3. &
% 9 B8 4438 Av » GRPT8 #o GRP94 mRNA 89 4 30,8 45 4 8 B8 69 36 o » 5 47]
#—FF A T GRP 78 siRNA R4 MPTB A § 26 ta B B > AP
3, MPTB 3% 45 A8 8k F 11 8 4a B )8 < €42 i GRP 78 Fo GRP 94 &1t 42
EHT -

TNEEEZBN R EAIIGEE R NESETRERE AT > NE®@EK
H 4581 > sLg1E F 4% calpaini& At » 4¢ % sy caspase 7E4L > calpains &
caspases & B 7 cysteine proteases &) RAE R CMI AL EHIEL Hia
B2, 28 (Tan et al., 2006) » caspase cytoskeletal proteins, Bax, fl Bidk & i&
& B &g (proteases)iE4E/R % & 48 B 69 % 8 (Fettucciari et al., 2006) » R
calpains and caspases ¥ FIERIEFELZL L e THhEERNHE » BH
18 F 7% 6 % G B (proteases) 8B ZERA B ARBRFHE > mA B AT
¥ iR E AR T8 A& m-calpain (calpain IT)#v p-calpain (calapin I) » f& #%
Bt % P 4 F JI012 4afs MPTB- #F & 7&4t calapinl #v calpain II #9%&

e A A calapin I F= calpain II 44 siRNA Rk 2% F fEdp 4]
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MPTB #3545 &) 4a i 8 = > & B B 70 Ak R 45 Blcalapin siRNA =] LA 4]
MPTB Fr3%55 64 calapin &4t > WpHlfe B > HbHM4R % MPTB
] LA7E4L calapin > {2 & 4a i )8 o W calapin ¥ /&1L F #% 44 caspase-12 »
#9438 4 MPTB v 24 4 & calapin ¥] /& 4L F ¥4 B9 caspase-12 » M i%
o) Y el

M7 Ll ey caspase-12 7T At 5 1 3R 4E 4m i B < > caspase FE 4m iR A F
LA IEE LY A G > caspase X T 4 & initiator caspase #Fv effector
caspase ° initiator caspase % 2| #p R R e g B B 1Rk FILig o A —
3 &1t effector caspase ° Initiator caspase €,4-A caspase-2 ~8~9~10; M
effector casapse €4 7% caspase-3 ~ 6 ~ 7 o #oRi4p 28548 + > cytochrome ¢
FE 81 Apaf-1 &4 > /&1t caspase-9 » # M &1k caspase-3 ~6~7 o &Ri&
REBEGIEE G a A - PARP R# > &miiitamig At  ARMAAR
¥ 2538, MPTB 4 7 JJ012 caspase-3,8,9 #fv 7T E G KRR LB H R P
A BABA3E o > 42 7B)3X caspase-3, 8, & 9 #97EPEER A BA AR A3 He M E A
caspase-3, 8 & 9 ah¥ph & > #F T sAHpH] MPTB £ 45 JJ012 mpp A« -
B AAE SR AFIFF . 7 283, MPTB 7] s 3% caspase &bk M % & ta i A

)
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FRF LR

&

BE U ERPIPTA R > T AT 2 R sk 47 £ 4 MPTB =T LA 3 4]
ABRFTABE@EREFELEGAT  £HMWE RARKLEFE FH&
wpss R > MPTB T A+ sA & 751k Bak, Bax > 2L R AL S 1 o Bk
SAEFEHM E cytochrome ¢ /&1L H T #% caspase-9 & caspase-3 %% & > PARP
KM RABSTABeREmATHdl LA &k > £THAL ER stress -
7E4T GRP 78 v GRP 94 &.3%/w T 458 FRE > #MEIL T calpain

caspase-12-~caspase-9 & caspase-3' & RERABRFT A BB AR AT -
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Fig 7. The effects of MPTB on cell viability and colony formation in human
chondrosarcoma cells.

(A) Chemical structure of MPTB. (B) Benzimidazole derivatives induced
apoptosis of human chondrosarcoma cells, JJ012, SW1353 and primary
chondrocytes were incubated with various concentrations of benzimidazole
derivatives for 48 h, the cell viability was examined by SRB assay. The IC50
values of different cell lines were examined.(C) JJ012 cells were incubated
with various concentrations of MPTB for 48 h, and the cell viability was
examined by SRB assay (n = 5).(D) SW1353 cells were incubated with
various concentrations of MPTB for 48 h, and the cell viability was examined
by SRB assay (n =5). (E) For the colony-forming assay, the clonogenic assay
was performed as described under Section 2. The quantitative data are shown
in the lower panel. Results are expressed as the mean +S.E. p < 0.05
compared with controls.
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Fig 8. MPTB induced apoptosis of human chondrosarcoma cells.

(A,B,C and D) JJ012 cells were treated with vehicle or MPTB for 48 h. The
percentage of apoptotic cells was analyzed by flow cytometry of cell cycle
assay and Annexin V/PI double staining (n = 4).(E) Apoptotic effect of
MPTB in JJ012 cells was assessed by DAPI stain.Results are expressed as the
mean +S.E. "p < 0.05 compared with controls.
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Fig 9. Assay mitochondrial membrane potential and mitochondrial membrane
potential stain. Detection of Bax, Bak, Bcl-2, Bcl-x1 and cytochrome c release
after MPTB treating.

(A and B) JJ012 cells were treated with vehicle or MPTB for 48 h. The
mitochondrial membrane potential of apoptotic cells was analyzed by
flowcytometry of JC-1 staining. (C) JJ012 cells treated with MPTB for 48 h
and JC-1 immunofluorescence was examined by confocal microscopy. (D)
The levels of Bax, Bak, Bcl-2, Bel-xl and cytochrome ¢ were determined by
western blot. Results are expressed as the Mean +S.E. p < 0.05 compared
with controls.
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Fig 10. MPTB induced Ca®’ release in chondrosarcoma cells.

(A) JJ012 cells were incubated with MPTB (10 uM) for different time
intervals. The Ca®’ flux was examined by flow cytometry (n = 4)(B) JJO12
cells were pretreated for 30 min with BATA-AM (10 uM) followed by
stimulation with MPTB (10 uM) for 24 h.The percentage of apoptotic cells
was the analyzed by flow cytometry of Pl-stained cells. Results are expressed
as the Mean=S.E. 'p < 0.05 compared with controls; *p < 0.05 compared with
the MPTB-treated group.
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Fig 11. GRP78, GRP94, calpain I and calpain II activation are involved in

MPTB-mediated cell apoptosis in human chondrosarcoma cells.

(A) JJO12 cells were incubated with MPTB (10 uM) for different time

intervals. GRP78, GRP94, calpain I and calpain Il expression was examined

by western blot analysis.(B) JJ012 cells were incubated with MPTB for 24 h.

mRNA expression of GRP78 and GRP94 was examined by qPCR analysis.(C)
Cells were transfected with- GRP78 or GRP94 plasmid for 24 h, before

incubation with different concentration MPTB for 24 h. Luciferase activity of
GRP78 and GRP94 were examined (D) Cells were transfected with GRP78 or

control siRNA for 24 h. GRP78 expression was examined by western blot

analysis. Cells were transfected with GRP78 and control siRNA for 24 h,

before incubation with or without MPTB for 24 h. (E) Cells were transfected

with calpain I, calpain II or control siRNA for 24 h, before incubation with or
without MPTB for 24 h. Calpain I and calpain II expression was examined by

Western blot analysis. Cells were transfected with GRP78, calpain I, calpain
IT or control siRNA for 24 h, before incubation with or without MPTB for 24

h. The percentage of apoptotic cells was also analyzed by flow cytometry of
PI staining. (D,E; lower panel). Results are expressed as the Mean _S.E. p <

0.05 compared with controls; “p < 0.05 compared with the MPTB-treated

group.
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Fig 12. MPTB induces the activation of caspases in human chondrosarcoma
cells.

(A) JJ012 cells were incubated with MPTB (10 uM) for different time
intervals. Levels of PARP, caspase-3, caspase-7, caspase-8, caspase-9 and
caspase-12 expressions were examined by Western blot analysis. JJO12 cells
were incubated with MPTB for 24 h. Caspase-3/7 (B), caspase-8 (C), and
caspase-9(D) activities were examined by caspase ELISA kit.(E) Cells were
pretreated for 30 min with z-DEVD-FMK (caspase-3 inhibitor),
z-LEHD-FMK  (caspase-9 inhibitor) and z-IETD-FMK (caspase-8
inhibitor)followed by stimulation with MPTB for 24 h. The percentage of
apoptotic cells was the analyzed by flow cytometry of Pl-stained cells.
Results are expressed as the Mean + S.E. p < 0.05 compared with controls; “p
< 0.05 compared with the MPTB-treated group.
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Fig 13. MPTB reduces tumor growth in SCID mice.

(A and B) MPTB inhibits tumor growth in SCID mice. Mice were injected s.c.
with JJO12 tumor cells. After the tumors reached 100 mm® in size, MPTB (0.5
or 1.5 mg/kg) or vehicle was administered daily for 3 weeks. Mean tumor
volume was measured at the indicated number of days after implantation (n =
8-10). (C) Mean body weight was measured at the indicated number of days
after implantation. (D) Western blot analysis determined levels of Bax, Bak,
GRP78, GRP94, calpain I and calpain II expression in tumors with and
without MPTB treatment. (E) TUNEL immunofluorescence determined
TUNEL expression in tumors with and without MPTB treatment. Results are
expressed as the Mean + S.E. p < 0.05 compared with controls.
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