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1.  

 

 (Ewing’s sarcoma family tumor; ESFT) 

 (Ewing’s sarcoma; ES)  (primitive neuroectodermal tumor; 

PNET) Askin  (  PNET) ESFT 

1) 10 ~ 20 

 15 1)

1)   ( )  

41%  (25%)  (12%) 2)

15 2  100 mL 
3)  ESFT 

ESFT 
3) ESFT 

 (VCR)  (DXR)

 (CPA)  (ACD)  (IFM)

 (VP-16)  ESFT  4 ~ 6 
3)  (NCI  

INT 0091 ) 4) VCR +DXR + CPA  (VDC ) IFM + VP-16 

 (IE) VDC  5  (DFS) 69% 

 DFS  22% 

VDC + IE  VDC 

(CBDCA) 

3  4% 
1) ESFT 

 

ESFT  22  q12  

EWS ESFT 

1 5) EWS 

ESFT  90% 
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ETS  11

 q24  FLI1 

EWS ETS  21 

 ERG  7  ETV1 

ESFT ESFT 

 

 

1 ESFT  

   (%) 

t (11;22)(q24;q12) EWS-FLI 90 

t (21;22)(q22;q12) EWS-ERG 5 

t (7;22)(p22;q12) EWS-ETV1  <1 

 

 (Hh) 

 3 Hh  (Desert hedgehog; Dhh Indian 

hedgehog; Ihh Sonic hedgehog; Shh) Hh 

2  Hh 6)  

 

2 Hh  

Hh   

Dhh  

Ihh  

Shh 
 

 

Hh 7)

 Hh  (auto-processing) N  C 

Hh 

 12  patched (PTCH) 

7  smoothend (SMO) SMO 
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SMO 

 1  Hh  PTCH 

SMO  PTCH  SMO 

 kinesin-like protein costal-2 (COS-2)

serine/threonine kinase fused (Fu) suppressor of fused (SuFu) glioma-associated 

oncogene (GLI)  GLI GLI  zinc 

finger  GLI1 GLI2 GLI3 3

GLI1  GLI2  GLI  GLI1 MYCN cyclin D 

GLI3  repressor GLI1 GLI2 

 

 

1 Hh On-state  
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 Hh 
8,9) PTCH  SMO 

 40  60%  ( ) 

 PTCH  SuFu  20%  ( ) 

 

GLI1  EWS-FLI1 
10-12) GLI  GANT58 ESFT 

12) GLI ESFT 

ESFT 

 GLI ESFT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

2.  

 

2.1.  

2  Hh  cyclopamine (Wako) GANT61 (Wako) 

2  DMSO 50 mM 

 

 

 

 

 

 

 

 

Cyclopamine GANT61 

2  Hh  

 

2.2.  

 

  ESFT  

SCMC-ES1  ( ) 

SK-N-LO  ( ) 

SK-N-MC  ( ) 

SK-ES-1  ( ) 

NCR-EW2  ( ) 

  (NB)  

 IMR-32  (RIKEN cell bank ) 

LA-N-1  (RIKEN cell bank )  

 SK-N-SH  (RIKEN cell bank ) 

NB39  ( ) 

 



7 
 

 (SK-ES-1 ) RPMI 1640  (Invitrogen) 10% fetal 

bovine serum (FBS HyClone)  penicillin (100 U/mL) / streptomycin (0.1 mg/mL) 

SK-ES-1  McCoy's 5a  (Invitrogen)  

15% FBS  penicillin (100 U/mL) / streptomycin (0.1 mg/mL) 

FBS  56°C 30 min 

 CO2  (MCO-34AI

SANYO) 37°C 5% CO2  

 (Bio Clean Bench MCV-B91F SANYO)   

 

2.3. Hh  

ESFT  (SCMC-ES1 NCR-EW2 SK-N-LO SK-N-MC SK-ES-1) 

NB  (IMR-32 LA-N-1 SK-N-SH NB39) 1×104 cells /well 

 96 well plate 37°C 5% CO2  24 h 

cyclopamine  GANT61 ( 1 3 10 30 100 µM) vehicle DMSO 

 0.2 µL/well 48 h  0.5% 3-[4, 

5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT)  10 µL/well 

 3 h  (0.04 N HCl/isopropanol )

 100 µL/well 

microplatereader (Model 3550 BIO RAD) 570 nm 

(peak) 655 nm (trough) 

vehicle  control control  (%)  

 

2.4. Hoechst 33342  

SK-N-LO  2×105 cells/well  6 well plate 37°C

5% CO2  24 h GANT61 (  10 30 100 µM)  

vehicle DMSO positive control  cis-diamminedichloro-platinum 

(cisplatin; CDDP  30 µM)  4 µL/well 48 

h  0.001%  Hoechst 33342 

37°C 5% CO2  15 min 

 (IX71 Olympus)  
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2.5. GANT61  

Alexia Flour ® 488 Annexin V/Dead Cell apoptosis kit (Invitrogen) 

SK-N-LO 1×106 cells/well  6 well plate 37°C

5% CO2  24 h GANT61 (  1 3 10 30 µM) vehicle 

 DMSO  4 µL/well  48 h 

1,500 rpm 5 min 4°C 

 PBS 1 mL  1,500 rpm

5 min 4°C  annexin-binding 

buffer 500 µL  100 µL Alexa Fluor ® 488 Annexin V 

 5 µL propidium iodide (PI) 1 µL  15 min  

annexin-binding buffer 400 µL 40 µm 

flow cytometer (FC 500 Beckman Coulter)  

 

2.6. Proteome profiler array  

Proteome profiler array 

(R&D Systems) SK-N-LO 2×106 cells/ 5 

mL/dish 1  3 dishes 60 mm cell culture dishes 

(Corning) 37°C 5% CO2  24 h GANT61 

(  30 µM)  vehicle DMSO  10 µL 

 48 h 1,500 rpm 5 min 4°C  2 

 lysis buffer 17 (# 895943 R&D) 

 500 µg/250 µL 

 array 4°C overnight Wash buffer (# 895003 

R&D)  3  array  (human apoptosis detection antibody 

cocktail 100  # 893333 R&D) 1 h  wash buffer 

 3  (Streptavidin-HRP 2000  #890803 R&D)  array 

30 min Wash buffer  3 enhanced 

chemiluminescence (ECL) system (GE Healthcare)  1 min lumino 

image analyzer (LAS-1000 Fuji Film) 

 NIH Image-J software  
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2.7. GANT61  

SK-N-LO  1×106 cells/well  6 well plate 37°C

5% CO2  24 h GANT61 ( 30 µM) vehicle 

DMSO  4 µL/well 37°C 5% CO2

48 h 1,500 rpm 5 min 4°C 

 PBS 1 mL 1,500 rpm

5 min 4°C 2  70% EtOH 

10 mL  2 h 1,500 rpm 5 min

4°C  PBS 1 mL 

1,500rpm 5 min 4°C  2 RNase 

(0.25 mg/mL)  RNA 37°C  30 min 

 50 µg/mL  PI DNA 

30 min  1 mL 40 µm 

flow cytometer PI  FL3 range (620 nm 

BP)  

 

2.8. Western blot  

1)  (Lysate)  

SK-N-LO 2×106 cells/ 5 mL/ dish 60 mm cell culture 

dish GANT61 (  30 µM) 37°C 5% CO2

 0 h 2 h 4 h 8 h 24 h 48 h 

2,000 

rpm 5 min 4°C Tris-buffered saline [TBS; 20 mM Tris-HCL (pH 

7.6) 137 mM NaCl]  5,000 rpm 5 min 4°C 

lysis buffer [20 mM Tris-HCL (pH 8.0) 137 mM NaCl 1% 

Nonidet P-40 10% glycerol 1 mM phenylmethylsulfonyl fluoride protease inhibitor 

cocktail I (1:200 Sigma-Aldrich) phosphatase inhibitor cocktail II (1:100

Sigma-Aldrich) 1 mM dithiothreitol ]  

2)  

  (30 sec × 2 ) 15,000 

rpm 0°C 10 min
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 Protein Assay Rapid Kit (Wako) 

 7.5 µg/7.5 µL  lysis buffer 

sample buffer [0.24 M Tris-HCL (pH 6.8) 312 mM SDS 30% glycerol 15% 

2-mercaptoethanol 1% bromophenol blue]  

3) Western blotting 

 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

 (E-R 12.5% e-PAGEL

ATTO) 100°C 3 min SDS  (

) 15,000 rpm 0°C 1 min 

 running buffer (24 mM Tris 190 mM glycine 3.47 mM 

SDS)  7.5 µL 150 V  1.5 h 

transfer buffer (24.1 mM Tris 191.8 mM glycine

20% MeOH) 100 V 3 h

 polyvinylidene difluoride (PVDF)  (GE Healthcare) 

 TBS 

blocking solution [0.5% skim milk in TTBS (TBS 0.1% Tween 20)] 30 mL 

1 h  TTBS  3 

 4°C  

  

rabbit anti-p21 (1:200) goat anti-PTCH (1:200)

rabbit anti-SMO (1:200) goat anti-SHH (1:200) rabbit anti-cyclin A (1:200) (Santa 

Cruz), rabbit anti-Survivin (1:1000) rabbit anti-claspin (1:1000) mouse anti-GLI1 

(1:1000) rabbit anti-caspase 3 (1:1000) rabbit anti-cleaved caspase 3 (1:1000) mouse 

anti-caspase 7 (1:1000) rabbit anti-Bcl-2 (1:1000) (Cell Signaling Technology) rabbit 

anti-GLI2 (1:800) (abcam) mouse anti-p53 (1:200) mouse anti-poly (ADP-ribose) 

polymerase (PARP) (1:1000) mouse anti-cyclin E (1:250) (BD Biosciences) mouse 

anti-β-tubulin (1:10000) (Sigma-Aldrich) 

TTBS 4 HRP 

 (0.5% skim milk in TTBS 10,000 ) 

1 h TTBS  4 TBS  4  ECL 

 1 min lumino image analyzer (LAS-1000) 
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NIH Image-J software  

 

2.9  

MTT assay flow cytometry 3  plate

GraphPad Prism (version 5.04)  one-way ANOVA 

Bonferroni  vehicle Western 

blot 3 GraphPad 

Prism (version 5.04)  one-way ANOVA 

Bonferroni 0 h  p 

 0.05  
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3.  

 

3.1. Hh  

 3  ESFT 13-15)

SCMC-ES1 NCR-EW2 SK-ES-1 ES SK-N-LO

SK-N-MC  PENT SCMC-ES1 

EWS-FLI1 ES  3 

PNET  2  4 

 IC50 (50% )  3 ~ 6  ESFT 

 NB Hh  (cyclopamine GANT61) 

GANT61  ESFT 

 3  (SK-N-LO SK-N-MC NCR-EW2) 

IC50 14.5 µM 18.3 µM 18.1 µM  (  4  4) 

EWS-FLI 

 (  3) EWS-ERG  (SCMC-ES1) 

GANT61  (  4) cyclopamine 

ESFT  (  3  4) GANT61 

 SK-N-LO  SK-N-MC  NB 

NB 16) NB 

 Hh  (cyclopamine GANT61) 

 100 µM  

ESFT  (  5 6  4) 

GANT61  SK-N-LO 
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 3 ESFT  

 

 

 

 

 4 Hh  ESFT NB  (IC50 ) 

 
 

 

 

 

 

* PNET; primitive neuroectodermal tumor
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 3 Cyclopamine ESFT  

SK-N-LO ( ) NCR-EW2 ( ) SCMC-ES-1 ( ) SK-ES-1 ( ) SK-N-MC ( ) 

cyclopamine  MTT assay Cyclopamine  48 h 

Vehicle (DMSO)  control  control 

 cyclopamine  (1 × 10-6  ~ 10-4 M)  (mean  SEM: n = 3)  

 

 

 

 

 

 

 

 

 

 

 4 GANT61 ESFT  

SK-N-LO ( ) NCR-EW2 ( ) SCMC-ES-1 ( ) SK-ES-1 ( ) SK-N-MC ( ) 

GANT61   MTT assay GANT61 48 h 

Vehicle (DMSO)  control  control 

 GANT61  (1 × 10-6 ~ 10-4 M)  (mean ± SEM: n = 3)  

 

Cyclopamine

concentration (logM)

su
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 5 Cyclopamine NB  

LA-N-1 ( ) IMR-32 ( ) NB39 ( ) SK-N-SH ( ) cyclopamine 

  MTT assay Cyclopamine 48 h Vehicle 

(DMSO)  control  control  

cyclopamine  (1 × 10-6 ~ 10-4 M)  (mean  SEM: n = 3)  

 

 

 

 

 

 

 

 

 

 

 

 6 GANT61 NB  

LA-N-1 ( ) IMR-32 ( ) NB39 ( ) SK-N-SH ( ) GANT61 

  MTT assay GANT61 48 h Vehicle (DMSO)  

control  control  GANT61  (1 

× 10-6 ~ 10-4 M)  (mean  SEM: n = 3)  

 

Cyclopamine

concentration (logM)

su
rv

iv
al

 (%
 o

f c
on

tr
ol
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3.2  Hoechst 33342  

Hoechst 33342 GANT61 SK-N-LO 

GANT61  30 µM positive 

control  CDDP 

 (  7)  

 

 
7 Hoechst 33342  

SK-N-LO vehicle  DMSO positive control  

CDDP GANT61 (10 µM ~ 100 µM)  48 h 

 (  scale bar 20 µm )  
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3.3 GANT61  

Hoechst 33342 

flow cytometry GANT61 1 ~ 10 

µM  (  8A B4 

 8B ) 30 µM  vehicle

 (

8A B2 8B )  

 

 

 

8 Flow cytometry GANT61  

SK-N-LO GANT61  DMSO (vehicle)  48 h 

vehicle A: flow cytometry 

 (B2 B3 

B4 )  B: B2 B4 

 (%)  (**P < 0.01 versus vehicle)  
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3.4  Proteome profiler array  

Proteome profiler array  2 

 array kit 35

Array 

9  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9  Proteome profiler array  
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SK-N-LO  GANT61 (30 µM) 48 h Proteome profiler 

array 

10A array image  p21  survivin

 claspin 10B control 

(DMSO)  (%) 

survivin  claspin  ( 43.0%

61.3%)  p21  (67.8%)  ( 10)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 Proteome Profiler Array  

SK-N-LO  GANT61 (30 µM)  DMSO (control) 48 h 

 control   

A: array image (  p21  survivin  claspin 

B: control (DMSO) 

 (%)  

 

 

 

 

( ) ( ) 

B A 

( ) ( )
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3.5  GANT61  

GANT61 SK-N-LO  flow cytometry 

11 SK-N-LO GANT61 (30 µM) 

 vehicle DMSO (0 µM)  (%) 

S  ( 11C) G0/G1 

 G2/M  ( 11B 11D) 

Sub G1  ( 11A) 

GANT61  G1 S 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 GANT61  

SK-N-LO GANT61 (30 µM) DMSO (vehicle; 0 µM) 48 h 

flow cytometry  (%)  (*P < 0.05 

versus vehicle)  

 vehicle 30 µM 

subG1 (%) 3.1 0.6 14.8 13.5 

G0/G1 (%) 50.9 4.5 52.2 6.4 

S (%) 14.1 1.3   8.8 3.1 * 

G2/M (%) 24.5 1.7 18.9 3.7 
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3.6 Western blot  

SK-N-LO  GANT61  (0 ~ 

48 h) 12 A ~ C  13 

~ 17 Hh  GLI2 48 h 

GLI1 

 Hh  (SMO PTCH Shh) 

 ( 12A 13A ~ E) 

p21 8 ~ 48 h  (  12B 16C) 

survivin  48 h  ( 12B 16A) claspin 

 24 ~ 48 h  ( 12B 16D) poly 

(ADP-ribose) polymerase (PARP)  pro-PARP 

 PARP (cleaved-PARP 24 kDa)  24 ~ 48 h 

 ( 12B 15D) caspase 3 cleaved-caspase 3 caspase 

7 cleaved-caspase 7 Bcl-2 p53 

 ( 12B 14A-D 15A 16B) 

cyclin A 24 ~ 48 h 

cyclin E  ( 12C 17A B)  
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 12  GNAT61  

SK-N-LO GANT61 30 µM  0 ~ 48 h Western blot 

A: Hh 

B: C:  
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13 GANT61  SK-N-LO  Hh

 

GANT61 (30 µM)  SMO (A) Shh (B) GLI1 (C) GLI2 (D) PTCH (E)  

 (0 ~ 48h) 0h 

 (n = 3 *p< 0.05)  

time

de
ns

ity
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0

50

100

150

200

A        SMO 

time
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ns

ity
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0
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B        Shh 

time
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ity

0h 2h 4h 8h 24h 48h
0

50

100

150

*

D     GLI 2 

time
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0h 2h 4h 8h 24h 48h
0

50

100

150

200

E     PTCH 
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14 GANT61  SK-N-LO  

 (1) 

GANT61 (30 µM)  caspase 3 (A) cleaved-caspase 3 (B) caspase 7 (C)

cleaved-caspase 7 (D)  (0 ~ 48 h) 

 0 h  (n = 3)  

  
 

time

de
ns

ity

0h 2h 4h 8h 24h 48h
0
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10

15
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C       caspase 7 
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15 GANT61  SK-N-LO 

 (2) 

GANT61 (30 µM)  Bcl-2 (A) PARP (B) cleaved-PARP [89 kD (C) 24 

kDa (D)]  (0 ~ 48 h) 0 

h  (n = 3 **p< 0.01)  

 

 

time
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D   cleaved-PARP (24kDa) 



26 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 GANT61  SK-N-LO  

 (3) 

GANT61 (30 µM) survivin (A) p53 (B) p21 (C) claspin (D) 

 (0 ~ 48h) 0 h 

 (n = 3 *p< 0.05 **p<0.01)  
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17 GANT61  SK-N-LO     

 (4) 

GANT61 (30 µM)  cyclin A (A) cyclin E (B)   

(0 ~ 48 h) 0 h 

 (n = 3 **p< 0.01)  
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4.  

 

GLI GANT61 ESFT 

GANT61  GLI1  

GLI reporter gene assay GLI 

GLI  DNA 17)

GANT61  GANT58 ESFT  (A673) 

 (5 µM) 12)

 ESFT  SK-N-LO IC50  14.5 µM  

( 4) SMO  cyclopamine ESFT 

ESFT  Hh GLI 

EWS-FLI1  NB 

GANT61  ( 4) ESFT 

EWS-ERG SCMC-ES1  GANT61 

EWS-FLI ESFT

SK-ES-1 GANT61 

 (  3) SK-N-LO SK-N-MC GANT61 

 SCMC-ES1 SK-ES-1 

GLI1  EWS-FLI1 
10-12)  GANT61 SK-N-LO GLI1

GLI2 

 ( 12 13) NB  GLI2 
18)

Hoechst 33342  flow cytometry 

GANT61 SK-N-LO  

( 7 8) survivin PARP  (cleaved-PARP) 

 ( 12 15 16) Survivin 

Survivin  Second 

mitochondria-derived activator of caspases/direct IAP binding protein with low PI 

(Smac/DIABLO)  X-linked inhibitor of 
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apoptosis protein (XIAP)  caspase 19)

PARP DNA 

 caspase PARP 20)

 Proteome profiler array GANT61 Smac/DIABLO  

XIAP  ( 10) p53 Bcl-2 

 ( 12 15 16) Western blot 

GANT61  caspase 3 7  cleaved-caspase 3 7 

 ( 12 14) GANT 

61  SK-N-LO caspase 

GANT61 Burkitt 
21) NB 22)  caspase  

GANT61  GLI2 p21 

 ( 12 13 16) p21 cyclin-dependent kinase (CDK) 

G1/S
23) 24) 25) GLI2  p21 

GANT61 GLI2 

flow cytometry S 

Sub G1 G1

 ( 11) cyclin A 

 ( 12 17) cyclin A  G1 S  S 

DNA 26) p21  cyclin A 

S 

claspin  ( 12 16) claspin DNA 

ataxia-telangiectasia mutated related (ATR) 

checkpoint kinase 1 (Chk1) S 
27,28)  claspin 

29)

Claspin caspase 7 
30,31)  caspase 7 

cyclin A  claspin
32,33) cyclin A  claspin 
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DNA PARP

N  (24kDa) S DNA 

GANT61  survivin  PARP 

 

 24 GANT61  GLI2  p21 

cyclin A  claspin caspase  PARP 

DNA  G1/S 

survivin 

 

GANT61  ESFT 

 ESFT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24 GANT61 SK-N-LO  
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5  

 

 

 

1 GANT61  EWS-FLI NB 

ESFT 

 NB  SK-N-LO 

 

 

2 GANT61 SK-N-LO 

 survivin 

caspase 3 7 Bcl-2 caspase 

 

 

3 GANT61 GLI2 p21  

 

4 GANT61 p21 cyclin A claspin 

 PARP (cleaved-PARP) G1  

S DNA

 

 

GANT61 GLI ESFT 
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