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The novel benzimidazole derivative, MPTB, induced cell apoptosis in human 
chondrosarcoma cells 
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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 : itochondria 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 
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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



VIII

metabotropic 

glutamate receptor type 1 (mGlu1) ( :

)

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

benzimidazole; MPTB MPTB

JJ012  SW1353

 MPTB Bak Bax

MPTB

glucose-regulated protein 78 glucose-regulated protein 94

MPTB calpain glucose-regulated protein 78

calpain siRNA MPTB JJ012

MPTB  21

MPTB



IX

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 (mGlu1)-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, JJ012 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 JJ012 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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(classic chondrosarcoma)

(dedifferentiated chondrosarcoma)

(mesenchymal chondrosarcoma)

(classic chondrosarcoma)  

(1) 20%

40

(2)

(osteochondroma)

(enchondroma) (malignant degeneration)

(3)
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(a)

(b) :

(c) :

(dedifferentiated chondrosarcoma)   

(1)

(degeneration)

 malignant fibrosarcoma or MFH

(>60 )

10% " "

fibrosarcoma osteosarcoma

(2)

MFH or fibrosarcoma

(mesenchymal chondrosarcoma)   

(1)

(

, )

(round cell) round cell sarcoma
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20

40 ( )

(parameningeal area) ( ,

)

(2)

(

) ( )

(Aigner et al., 2006)

:

(apoptosis)

(programmed cell death PCD)

(Lam et al., 2001) 1964

(Lockshin and Williams, 1965) 1972 Kerr 

Apoptosis

(Kerr et al., 1972)

signal transduction cascade
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(necrosis)

:

(1) : :

(Zuzarte-Luis and Hurle, 2002)

(2) (homeostasis):

B T

(Rathmell and 

Thompson, 2002)

(3) :

AIDS (Mignotte

and Vayssiere, 1998)

:(1)

 (cell shrinkage) (2)  (chromatin condensation) (3)

 (phosphotidylserine externalization) (4)DNA  (DNA 
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fragmentation) (5)  (apoptotic body) (Fig. 1)

(Robertson and Orrenius, 

2000)

: (1)

DNA (2)

(3) (Formigli et al., 2000; Majno and Joris, 

1995)(Fig. 2)
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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) 
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Fig 2. Apoptosis necrosis

(a) SEM of an apoptotic cell, 5000 × magnification; (b) SEM of a necrotic 
cell, 5000 × magnification 
Reprinted from the Purdue CDROM Vol 4, Purdue University with 
permission. Publisher: J. Paul Robinson 
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:

(1) :  (extrinsic 

pathway)  (ligand)  (receptor) 

(the death receptor-initiated pathway) (intrinsic

pathway) Bax Bcl-2  cytochrome c

caspase (the mitochondrial 

pathway)

(2) : caspase DNA

: Bcl-3 families caspase families p53

Apaf-1.....

(1) (intrinsic pathway) mitochondrial 

pathway

(Parone et al., 2002)

stress DNA

cytochrome c 

intermembrane space Apaf-1 apoptoic protease 
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activating factor 1 pro-caspase-9 apoptosome ATP

dATP cacsapse-9 caspase-3 6 7

(Hengartner, 2000)

(a)  Bcl-2  (Bcl-2 family proteins): 

1988 Bcl-2 (oncogene) Bcl-2 

Bcl-2 anti-apoptotic: 

Bcl-2 Bcl-xL pro-apoptotic: Bax Bak Bad Bid (Alnemri et al., 1996; 

Thornberry and Lazebnik, 1998) Bak/Bax 

Bak/Bax

 (Breckenridge et al., 2003) Bcl-2

Bak/Bax cyt c

 (Marsden and Strasser, 2003) Bad Bcl-2

Bcl-2

 (Demaurex and Distelhorst, 2003) Bcl-2

Bcl-2

Bax

translocation

cytocrome c AIF apoptoiis incduced factors
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(Kroemer et al., 1995)

 ROS (reactive oxygen species)

(Kowaltowski et al., 1996) cytochrome c 

dATP Apaf-1 caspase-9

(b)  Cytochrome c : 

Cytochrome c

 (Mayer et al., 1995)

cytochrome c

Apaf 1 caspase-9 apoptosome caspas 3 

(Cai et al., 1998)

(c)  (apoptosis inducing factor, AIF): 

AIF 67 kDa 1999 AIF

 (intermembrane space)

 (chromatin condensation) caspase 50

Kb DNA  (Susin et al., 1999)

(2)  (extrinsic pathway) 

death receptor TNFR1 tumor necrosis factor receptor-1

 p55 CD95 Fas TRAIL TNF-related apoptosis inducing ligand

ligand  CD 95 TNF FasL

 FADD (fas-associated death domain protein) 
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 caspase  DISC (death-inducing signaling complex) (

caspase-8 )  procaspase caspase

caspase cascade 

(a) CD95  Fas 

tumor necrosis factor receptor superfamily Fas receptor 

Fas ligand adapter molecules Fas ligand ( FasL )

(trimer) Fas receptor Fas receptor 

trimerisation  receptor death domains DD

death domains FADD

(fas-associated death domain )  death domains 

FADD domain DED death 

effector domain caspase-8 zymogen FADD-DD-DED-pro-caspase-8 

complex pro-caspase-8 caspase-8

caspases-3 and -7 death Inducing 

Signaling Complex (DISC) DISC

(Barnhart et al., 2003; Bedi, 2002)

FLIP CD95 apoptosis FLIP

pro-caspase-8 pro-caspase-8



14

casepase normal

FLIP

(Bedi, 2002)

(b) TNFR1 tumor necrosis factor receptor-1

TNF– T-cell TNF

TNFR1 TNFR1 trimerisation

death domains 

adapter molecule TRADD(TNFR-associated death domain)

TNFR-associated factor 2 death domains TRADD

receptor RIP receptor 

interacting protein TRAF 2 TNF-associated factor 2

NF- B pathway TRADD FADD

pro-caspase 8 caspase-8  caspase-2

(Chou et al., 1998)

(c) TRAIL TNF-related apoptosis inducing ligand

TRAIL CD95 CD95 DD DR4 

DR5 TRAIL FADD

DR4 DR5 DR4 DR5 death 
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domains DR4 DR5 DR4 DR5 receptors 

apoptosis DR4 DR5 mRNA

TRAIL

decoy receptors decoy receptors DcR1  DcR2 DcR1

DcR2 DR4 DR5 TRAIL TRAIL

DcR1 DcR2 TRAIL apoptosis(Medema et al., 1997)

(1) Caspase families ( ) (Fig. 3) 

caspase (Thornberry and Lazebnik, 1998) : 

(a) Inflammatory caspases: caspase-1 4 5 11 13 14

(b) Effector caspases: caspase-3 6 7

(c) Initiator caspases: caspase-2 8 9 10 12  apoptoic 

executioners apoptosis

   Apoptosis protease

caspase cysteine protease aspartic acid 

residues(Alnemri et al., 1996) Caspase

 pro-caspase 30-50 kDa
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 pro-caspase domain NH2 terminal

large subunit small subunit Pro-caspase caspases

domain pro-domain linker region

subunit caspase (Nicholson and 

Thornberry, 1997) Caspase initiator caspase effector caspase

initiator caspase

effector caspase Initiator caspase caspase-2 8 9 10 effector 

casapse caspase-3 6 7 cytochrome c Apaf-1

caspase-9 caspase-3 6 7

PARP PARP DNA caspase-3

PARP 116 kDa 85 kDa

casapse-3 ICAD inhibitor of CAD CAD caspase-activated 

dnase DNA fragmentation DNA

 p53 DNA DNA

p53 p53

pro-apoptotic protein 

(Chipuk et al., 2004)
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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  (caspase-dependent apoptosis): 

Caspase  (zymogen) 

 ( TNF- ) cytochrome 

c  initiator caspase  effector caspase 

Caspase-3 effector caspase 

PARP caspase-3 DNA  (Tewari et al., 

1995) Lamin A caspase-3 DNA

organelles

Bcl-2 Bad

Bcl-2 pro- and anti-apoptotic protein 

Bcl-2 protein

 space cytocrome C

Apaf-1 Apaf-1

ATP

 procaspase-9  caspase-9 

(Sato et al., 1995; Ueda et al., 1998)

(3) Caspase (caspase-independent apoptosis) : 

caspase-independent apoptosis 
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: Huntington’s disease  (Borner and Monney, 

1999; Jackson et al., 1998)

caspase-independent apoptosis AIF (apoptosis-inducing factor) Endo G 

(endonuclease G) calpain Omi/HtrA2 AIF apoptosis

50 Kb DNA caspase

Ca2+

second messenger 

 (contraction)  (secretion)

(fertilization)  (proliferation)  (metabolism) 

 (Pozzan et al., 1994) Ca2+

 (endoplasmic reticulum ER)

Ca2+ Ca2+

(intracellular calcium homeostasis) (Beyersmann and Hechtenberg, 1997; 

Shen et al., 2001)

cytochrome c ROS (Bae et al., 

2003; Lemarie et al., 2004)

(cell division) (mother cell)

(daughter cell)
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mitosis (M) phase

(interphase) Gap 0, Gap 1, S , G 2 phase G1

S — DNA

G2 DNA M

(Fig. 4)

(1) G0 phase

(quiescent cells)

G1 G0 phase 

( )

DNA

(2) G1 phase

RNA

DNA 2N G1phase

 S phase checkpoint  checkpoiny

 DNA  S phase 

DNA synthesis
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(3) S phase

DNA (DNA synthesis)

2N~4N DNA  ploidy 

(4) G2 phase

DNA DNA G1

phase 2N 4N G2 phase M phase check 

point DNA

G2

(5) M phase

(mitosis)

M phase 

(prophase) (prometaphase) (metaphase) (anaphase)

(telophase) metaphase

checkpoint (Cameron and Greulich, 1963; 

Nelson et al., 2002; Wu and Bonner, 1981)



22

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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DNA damage cell cycle 

check point (arrest) DNA (DNA

repaired)

(Smith and Fornace, 1996)

MPTB

5-methyl-2( pyridine-3-yl )-1-( 3,4,5-trimethoxybenzyl ) benzimidazole  ; 

benzimidazole

benzimidazole 118.14 benzimidazole 

benzimidazole 

benzimidazole B

(Abdel-Aziz 

et al., 2009)  compounds 

 metabotropic glutamate receptor type 

1(mGlu1)-related diseases (
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)(Abdel-Aziz et al., 2009)

Benzimidazole  free tubulin 

-tubulin (colchicine) (microtubule)

microtubule-dependent glucose uptake (Hess and Nakai, 2000; Hollomon et 

al., 1998; Lacey, 1990)

MPTB benzimidazole 
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Table 1. Benzimidazole 
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Fig 5. Benzimidazole structure 

Fig 6. MPTB structure 

H3C

N

N

H3CO

H3CO OCH3

N

5-methyl-2-(pyridin-3-yl)-1-(3,4,5-
trimethoxybenzyl)benzoimidazole
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JJ012

Dr. Sean P Scully SW1353

American Type Culture Collection  Chondrocyte

primary cell

JJ012 10  fetal bovine serum(FBS) DMEM/ -MEM

37 5% CO2 

SW1353 L15 FBS

(penicillin-streptomycin, PS) 5% CO2 37

2 3

(chondrocyte)

collagenase II 0.2% DMEM 1 70 M nylon 

5% CO2 37

3 4



28

(Chiu et al., 2007)

(1)

 (phosphate buffer saline, PBS)

0.05 mg/ml Trypsin-EDTA 3 5

Trypsin-EDTA 1500 rpm

Trypan blue

( 10 l)

Trypan blue

104

(2)

Trypsin

2-5×105 cell/mL 10% DMSO ( ) 10% FBS 

medium 4 30 -20

60 -80
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37

DMSO

(1)

(Nature Class- II type A/B3 USA)

(haemocytometer)

Dispenser 1.5/15/50 ml Pipetment

PVDF SDS-PAGE

(FACS CaliburTM system BD USA)

(2)

(a)

Annexin V kit BD, USA

Fluo-3/AM Molecular probe Invitrogen. USA

TUNEL kit : Millpore, USA

JC-1 : Sigma-aldrich. USA

PI : Sigma-aldrich. USA

(b)



30

Sulforhodamine B colorimetric (SRB)  : Sigma-aldrich. USA

Acrylamide/bis 40% (Acryl/Bis 29 1) Amresco, USA

Agarose MD

Ammonium persulfate (APS) Amresco, USA

BioMax Flim Kodak, USA

Kodak, USA

Bovine serum albumin (BSA) Thermo. USA

Dimethyl sulfoxide (DMSO) : Sigma-aldrich. USA

ECL kit (Enhanced chemiluminescent kit) Amresco

Fetal bovine serum (FBS) Gibco

Disodium hydrogen phosphate (Na2HPO4) Sigma-aldrich. USA

Ethanol TEDIA, USA

Formaldehyle : Sigma-aldrich. USA

JC-1 : Sigma-aldrich. USA

Methanol TEDIA, USA

N,N,N’,N’-Tetramethyl-ethylenediamine (TEMED) Amresco, USA

Penicillin-Streptomycin (PS) Gibco, USA

Potassium chloride (KCl) Merck, USA

Potassium dihydrogen phosphate (KH2PO4) Merck, USA
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Protein assay-Dye regent concentrate Bio-Rad, USA

Protein marker Fermentas, USA

Sodium chloride (NaCl) Sigma-aldrich. USA

Sodium dodecyl sulfate (SDS) Amresco, USA

Tris (Tris(hydroxymethyl)-aminomethane) Amresco, USA

Trition X-100 Sigma-aldrich. USA

Trypsin-EDTA Sigma-aldrich. USA

Tween-20 Amresco, USA

Fixer, developmenter Kodak, USA

(Primary antibody) 

Anti- actin Santa cruz, USA

Anti-PARP Santa cruz, USA

Anti-Caspase 3 Santa cruz, USA

Anti-Caspase 12 Santa cruz, USA

Anti-Caspase 9 Santa cruz, USA

Anti-GRP 78 BD biosciences Pharmingenc, USA

Anti-GRP 94 Santa cruz, USA

Anti-calpain I : Santa cruz, USA

Anti-calpain II : Santa cruz, USA
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Anti-Bax: Santa cruz, USA

Anti-Bak: Santa cruz, USA

Anti-Bcl-xL: Santa cruz, USA

Anti-Bcl-2 : Santa cruz, USA

Anti-cytochrome c: Santa cruz, USA

(Secondary antibody) 

Goat anti-mouse IgG (HRP) horserasish peroxidase conjugated antibody

Santa cruz, USA

Goat anti-rabbit IgG (HRP) horserasish peroxidase conjugated antibody

Santa cruz, USA

(1)  (sulforhodamine B assay, SRB assay) 

96 5000

10% trichloroacetic acid (TCA)

48 15

PBS 0.4% (W/V) SRB 10

SRB 1% acetic acid 10 mM Tris-Base 
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100 l ELISA reader 515 nm

:

Ci:   Cz:   C:

(%): (Ci-Cz)/(C-Cz) x100%

(%) : (Cz-Ci)/ Cz x100% 

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

50%

(2)  (colony formation assay) 

(a)

(cell survival fraction)

(reproductive death)

DNA

7-14

50

(b)

100 6 cm dish 24
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24 5% CO2

37 PBS

3.7% 10-15 15

33% Acetic acid

550 nm

(1) Annexin V assay 

(a)

phosphotidyl serine (PS) PS

PS annexin V Ca2+

annexin V

PS PS

PI

(b)

JJ012 6-well plate 2×105 cell/ml/well

24  (0.1 0.3

1 3 10 M) 48 1ml
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 PBS

0.1% Trypsin

1500 rpm

2.5 l PI 2.5 l annexin V 30

(2) (cell cycle assay) 

(a)

propidium iodide (PI) DNA

propidium iodide DNA propidium

iodide (PI) DNA

(b)

JJ012 6-well plate 2×105 cell/ml/well

24  (0.1 0.3

1 3 M) 48 1 ml

PBS
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0.1% Trypsin

1500 rpm 75%

1500 rpm PBS

1500 rpm PI

30

G0/G1 S G2/M sub G1

(3) (Ca2+)

(a)

100 nM

1µM

Fluo-3/acetomethoxyester

(Fluo-3/AM)

488 nm 525 nm

(b)
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Fluo-3/AM (1 l Fluo-3 /AM working 

sol’n 500 l PBS) sample 500 l Fluo-3/AM

blank 500 l PBS sample

37 sample

10000

(BAPTA)

BAPTA 1,2-bis(o-aminophenoxy)ethane-N,N,N’,N’-tetraacetic 

acid EDTA

BAPTA

JJ012 cells

(4) (mitochondrial membrane potential )

(a)

JC-1 JC-1

JC-1
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(b)

JJ012 6-well plate 2×105 cell/ml/well

24

48 1ml PBS

0.1%

Trypsin

1500 rpm JC-1

30

 (western blot) 

(1)

JJ012 6-well plate 2×105 cell/ml/well

24  0 8

16 24 PBS

150 L lysis buffer

1.5 ml 30 13200 rpm

15
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(2)

Thermo BCA Protein Assay Reagent

bovine serum albumin; BSA

sample protein 10 L 200 L BCA Protein Assay 

Reagent 30 R2

sample 

(3) SDS-PAGE 

5x sample dye sample well

100v 120V

(4) transfer

PVDF

PVDF 3M

400 mV PVDF

1 TBST

15 1

TBST 15
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1 TBST 15 ECL

X-film

(1)  Caspase-3/7, 8,9

(a)

promega 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

caspase-3/7 caspase-8 caspase-9 caspase substrate

caspase p-nitroaniline

caspase

(b)

96 5000

48 caspase substrate 50µl 37

(2) GRP78 calpain I calpain II siRNA (siRNA-small interfering 

RNA)

JJ012 6-well plate 2×105 cell/ml/well

24
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5% CO2 37 50

Lipofectamine 2000 5 liposome

GRP78 calpain I calpain II siRNA 20

RNA/Lipofectamine 16

(3) (transfection and reporter gene assay)

(a)

 (heterodimer)

(b)

0.8 g GRP78-luciferase plasmid GRP94-luciferase

plasmid 0.4 g -galactosidase (expression vector) co

-transfection 12
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Lipofectamine 2000(LF2000; Invitrogen) transfection DNA

LF2000 24 MPTB 24

100 L reporter lysis buffer (Promega, Madison, WI) well

15 13,000rpm 15

20 L (20-30 L)

96 80 L (luciferase substrate)

lumnometer

 (q-PCR) 

(1) RNA

JJ012 6-well plate 2×105 cell/ml/well

24

24

 PBS 100 L TRI reagent

RNA 1.5 ml 500

L 1 3 4 oC 13200 rpm 15

DNA

500 L

10 4 oC 13200 rpm 10

RNA 1 mL 75% 
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4 oC 7500rpm 5 RNA

DEPC RNA NA

(2)  RT Reverse Transcription

RNA 2 g Oligo-dT DEPC 70 oC 10

5 l dNTP 5 l 5X reaction buffer 1 l RTase

42 oC 1 100 oC 5 cDNA

(3)  qPCR 

cDNA 2 g DEPC forward reverse primer

Taqman Master Mix 20 l

PCR PCR PCR

STEP 1:  95 oC 2 30 1 cycle 

STEP 2:  95 oC  15

        60 oC  60

    40 cycle 

Ct

 (In Vivo) 

(1)

(severe combined 

immune deficiency SCID) CB17 20g
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(2) SCID mice  (SCID mice xenograft model) 

SCID SCID mice

(a)

JJ012 10 cm dish 24

1 ml PBS

0.1% Trypsin

1500 rpm

1×106 cell/ l 200 l

100 mm3

21

Mean ± S.E. 

Student’s t test p 0.05
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JJ012 SW1353

chondrocyte 0 3 10 30 ( M) 48

SRB assay 

MPTB (AQ136)

(Fig. 7A,B) AQ136

(5-methyl-2(pyridine-3-yl)-1-(3,4,5-trimethoxybenzyl)benzimidazole; MPTB) 

JJ012 IC50 7.1

M SW1353 IC50 7.5 M

(Fig. 7C,D) MPTB

MPTB

MPTB

MPTB (Fig.  

7E) MPTB
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MPTB

MPTB 48

JJ012 MPTB

MPTB JJ012 sub-G1(

apoptosis) 10 M sub-G1

(Fig. 8A,B) MPTB

MPTB 48

annexin / PI 

MPTB 48

MPTB (Fig. 8C,D)

MPTB

MPTB

48 DAPI

MPTB 10 M

JJ012 (Fig. 8E)
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MPTB 48 JC-1

MPTB

P2

P2

P3 10 M P3

MPTB JJ012

(Fig. 9A,B) MPTB

MPTB JJ012 48

JC-1

MPTB MPTB

JJ012 (Fig. 9C)

Bcl-2 (Green and Kroemer, 

2004) Bcl-2, Bcl-xl Bak, Bax

cytochrome c

Bak, Bax cytochrome c  (Fig. 

9D)

MPTB
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(Bernales et al., 2006) MPTB

Fluo 3/AM MPTB JJ012

Fluo 3/AM 30

MPTB JJ012
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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-xl 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, Bcl-xl and cytochrome c 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 Ca2+ release in chondrosarcoma cells. 
(A) JJ012 cells were incubated with MPTB (10 M) for different time 
intervals. The Ca2+ flux was examined by flow cytometry (n = 4)(B) JJ012 
cells were pretreated for 30 min with BATA-AM (10 M) followed by 
stimulation with MPTB (10 M) for 24 h.The percentage of apoptotic cells 
was the analyzed by flow cytometry of PI-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) JJ012 cells were incubated with MPTB (10 M) for different time 
intervals. GRP78, GRP94, calpain I and calpain II 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 
II 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 M) 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. JJ012 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 PI-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. 



78



79

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 JJ012 tumor cells. After the tumors reached 100 mm3 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. 


