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Supplementary figure legends 

Figure S1 

(A) Expression of EWS/ATF1 in adult somatic cells.  HA immunostaining was 

performed in histological sections of EWS/ATF1-inducible mice given 50 µg/ml 

doxycycline for 2 days.  HA-positive cells were observed in the intestinal epithelium 

and hepatocytes whereas no staining was detected in the lung and kidney. 

(B) Note that HA-positive cells are observed in fibrous tissue just above the skeletal 

muscles. 

 

Figure S2 
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(A) The EWS/ATF1 expression in EWS/ATF1-induced tumors.  Western blot analysis 

with anti-HA antibody and ATF1 antibody revealed the expression of EWS/ATF1 

protein in these tumors.  MP-CCS-SY, a human CCS cell lines expressing EWS/ATF1 

was used as positive and negative control for ATF1 and HA immunoblot, respectively.  

Note that HA antibody-detectable fusion protein in EWS/ATF1-induced tumors has the 

same molecular size as the products detected by ATF1 antibody in EWS/ATF1-induced 

tumors. 

 

(B) Kaplan-Meier plots showing the survival rates.  The EWS/ATF1-induced (50 µg/ml 

doxycycline treatment) group included 39 EWS/ATF1-inducible animals.  The control 

(no doxycycline treatment) group included 21 EWS/ATF1 inducible animals.  The 

statistical analysis was performed using Mantel Cox test. 

 

(C) Multiple microscopic lesions in the lung.  We performed detailed histological 

analysis of 9 mice that had been given doxycycline for more than 3 months to examine 

microscopic lesions.  In 2 out of 9 cases, we observed multiple microscopic nodules in 

the lungs and lymph nodes of EWS/ATF1-induced mice.  The microscopic nodules 
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contained neoplastic cells, which expressed EWS-ATF1fusion protein, suggesting that 

they may be metastatic lesions.  Scale bar: 200 µm. 

 

Figure S3 

(A) A semi-quantitative RT-PCR analysis for Wnt1 expression.  Note that all the three 

X-gal positive tumors do not express Wnt1.  RNAs from E10.5 mouse embryo were 

used as a positive control for Wnt1 RT-PCR, and those from NIH3T3 were used as a 

negative control.   

 (B) As a positive control for X-gal staining, Whisker follicles from transgenic mice 

containing Wnt1-Cre and Floxed-LacZ reporter alleles were incubated in the X-gal 

solution.  Neural crest-derived cells in the dermal papilla were stained by X-gal.  

Scale bars: 200 µm.   

(C) EWS/ATF1-induced tumors without Floxed-LacZ reporter alleles were not stained 

by X-gal (b).  Scale bars: 50 µm. 

(D) All of EWS/ATF1-induced tumors containing Wnt1-Cre and Floxed-LacZ reporter 

alleles were positive for X-gal staining.  (H); Head, (V); Trunk (ventral), (D); Trunk 

(dorsal), (L); Limb, (W); Whisker pad. 
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Figure S4 

(A) A semi-quantitative RT-PCR analysis for P0 (Mpz) expression.  

EWS/ATF1-induced tumors did not express P0.  RNAs from E10.5 mouse embryo 

were used as a positive control for the analysis, and those from NIH3T3 were used as a 

negative control. 

(B) EWS/ATF1-induced tumors without P0-Cre alleles were negative for the EYFP 

signal. 

(C) All EWS/ATF1-induced tumors revealed EYFP signals. 

(D) Histological sections of EYFP-positive tumors were immunostained with anti-GFP 

antibody.  Positive staining was confirmed in the tumor cells. 

 

Figure S5 

The effects of different concentrations of doxycycline (0 µg/ml, 0.05 µg/ml, 0.1 µg/ml, 

0.2 µg/ml, and 2.0 µg/ml) on the EWS/ATF1 expressions in tumor cell line (G1297).  

Both the transcript (A) and protein (B) was induced in a dose-dependent manner by 
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doxycycline treatment.  The transcript levels were normalized to the β-actin levels.  

Each bars represents the means ± SD (n=3). 

(C) The EWS/ATF-1 induced tumor cells (G1297) were cultured in the concentration of 

0, 0.05 or 0.2 µg/ml doxycycline for 72 hrs, and were stained with DAPI (blue) and 

with an anti-HA-Tag antibody (red).  Representative immunofluorescent images 

indicated that level of EWS/ATF1 in individual cell depends on different concentration 

of doxycyline.  Immunofluorescence images were taken with the same exposure times.  

Images in insets were processed identically to enhance immunofluorescent signals using 

Adobe Photoshop software.  Note that all cells show weak fluorescent signals by the 

exposure of lower concentration of doxycycline.  Scale bars: 50 µm. 

 

 Figure S6 

(A) The list represents probes with increased signals by the expression of EWS/ATF1 for 

3 hours in microarray analysis.  The probe list was generated according to the 

following criteria: probes with increased signals (i) more than 2 folds at 3 hours with 

low-Dox treatment (0.05 g/ml), (ii) more than 2.5 folds with high-Dox treatment (0.2 

g/ml) at both 3 hours and 48 hours were extracted.   
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(B) Over-represented TFBS (transcription factor-binding site) in upregulated genes by 

EWS/ATF1 was identified using CisView.  Importantly, the CREB-binding site is the 

most represented site, suggesting that the direct binding of EWS/ATF1 activates the 

target genes.  

(C) Hierarchical clustering analysis of microarray expression data for an in vivo tumor 

sample and in vitro tumor cell lines.  Two hundred seventy four genes that are 

upregulated more than two-fold in doxycycline-treated tumor cell line in comparison 

with the untreated cell line were selected, and the hierarchical clustering analysis was 

performed on log2-transformed data using Pearson correlation.  Purple, black and 

green indicate higher, identical and lower relative expression, respectively.   

   

Figure S7 

(A) Mitf-M is not detectable in tumors from the EWS/ATF1-induced mice. 

(B) Mitf-M is not detectable in the EWS/ATF1-induced tumor cell line by RT-PCR.  

RNAs from B16F1 (mouse melanoma cell line) and NIH3T3 were used as a positive 

and negative control for Mitf-M, respectively. 

(C) A real-time RT-PCR analysis of G1169 tumor cell line revealed a significant 
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upregulation of both EWS/ATF1 and Fos at 3 hours after doxycycline exposure. 

(D) A rapid and transient induction of Fos with serum stimulation in MEFs following 

phosphorylation of the ERK1/2.  The serum-starved MEFs were stimulated by 30% 

FBS for 0, 0.5, 4, 8, 12, 24, and 48 hrs.  The expression of Fos and p-ERK were 

analyzed by Western blot.  

(E) The upregulation of Fos in EWS/ATF1-induced tumor is independent of an ERK 

pathway.  The serum-starved EWS/ATF1-expressing (left) and non-expressing (right) 

tumor cells were stimulated 30% FBS for 0, 0.5, 4, 8, 12, 24, and 48 hrs 

 

Figure S8 

(A) The relative expression of FOS mRNA in CCS cell lines and WI38.  Transcript 

levels were normalized to the GAPDH levels.  Each bar represents the mean ± SD 

(n=3).  WI38: a lung fibroblast cells, MP-CCS-SY and KAS: clear cell sarcoma cell 

lines. 

(B) The relative expression of FOS mRNA in surgically-resected tumor samples 

including two samples of CCS tissues and other sarcomas.  The transcript levels were 

normalized to the GAPDH levels.  Each bar represents the mean ± SD (n=3). 
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(C) The relative expression of MITF-M mRNA in A375, CCS cell lines and WI38. 

A375: melanoma cell line.  Transcript levels were normalized to the GAPDH levels.  

Each bar represents the mean ± SD (n=3). 

 

Figure S9 

(A) The expression of EWS/ATF1 in human CCS cell lines (MP-CCS-SY and KAS) 

was detected by Western Blot with anti-ATF1 antibody.  Osteosarcoma cell lines (HOS 

and U2OS) were used as negative control cells. 

(B) The detection of EWS/ATF1 transcript in human CCS cell lines. A 246-bp product 

indicates EWS/ATF1 type1 in MP-CCS-SY, and a 186-bp product indicates EWS/ATF1 

type2 in KAS. 

(C) The transfection of a specific siRNA targeting the breakpoint of EWS/ATF1type1 

fusion gene into CCS cell lines.  The knockdown efficiency was measured 

quantitatively by real-time RT-PCR analysis.  Note that the siRNA specifically 

suppressed the expression of EWS/ATF1 type1 in MP-CCS-SY cells.  si-E/A represents 

siRNA targeting EWS/ATF1.  Numbers in parenthesis indicate the doses of siRNA 

(nM).  The transcript levels were normalized to the GAPDH levels.  Each bars 
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represents the means ± SD (N=4). 

(D) Western blot analysis of EWS/ATF-1 protein in MP-CCS-SY at 48 hrs after 

transfection with the specific siRNA targeting the breakpoint of EWS/ATF1 type1.  

β-Actin was used as a loading control.  The bands of EWS/ATF1 were quantified, and 

their ratios relative to β-Actin were calculated. 

(E) The specific siRNA targeting the breakpoint of EWS/ATF1type1 did not affect the 

expression of EWS/ATF1 type2 in KAS.  The transcript levels were normalized to the 

GAPDH levels.  Each bar represents the mean ± SD (n=4).  

(F) The specific siRNA targeting the breakpoint of EWS/ATF1type1 did not affect the 

expression of ATF1 in KAS.  The transcript levels were normalized to the GAPDH 

levels.  Each bar represents the mean ± SD (n=4). 

(G) Decreased expression of FOS mRNA is observed 48 hrs after transfection with the 

siRNA targeting the breakpoint of EWS/ATF1 type 1 in MP-CCS-SY cells.  The 

transcript levels were normalized to the GAPDH levels.  Each bar represents the mean 

± SD (n=4). 

(H) The data represents MITF-M mRNA at 48 hr after transfection with the siRNA 

targeting the breakpoint of EWS/ATF1 type 1 in MP-CCS-SY.  The transcript levels 
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were normalized to the GAPDH levels.  Each bars represents the means ± SD (N=4). 

 

Figure S10 

(A) G1297 cells were treated with siRNA targeting Fos.  The expression of Fos and 

EWS/ATF1 mRNA at 24 hr after transfection was measured by real-time RT-PCR 

analysis.  The transcript levels were normalized to the β-actin levels.  Each bars 

represents the means ± SD (N=4).   

(B) siRNA targeting Fos efficiently reduced the expression of Fos protein.  G1297 

cells were harvested at 48 hr after transfection with siRNA and were analyzed by a 

Western blot.  β-Actin was used as a loading control.  

 

Figure S11 

(A)(B)(C)(D) The treatment of CCS cell lines with two different siRNAs targeting FOS 

(si-FOS#1 for A and B, si-FOS#2 for C and D).  MP-CCS-SY and KAS cells were 

transfected with the siRNA targeting FOS (10 nM and 20 nM), the control siRNA 

(20nM), or the mock, and harvested at 48 hr after transfection.  The knockdown 

efficiency of FOS was measured quantitatively by real-time RT-PCR analysis.  The 
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transcript levels were normalized to the GAPDH levels.  Each bar represents the means 

± SD (n=4). 

(E)(F) The effects of FOS knockdown on the growth of human CCS cell lines.  Both 

MP-CCS-SY and KAS cells were treated with the siRNA#2 targeting FOS (10 nM and 

20 nM), the control siRNA (20 nM), or lipofectamine alone (mock).  Forty-eight and 

96 hr later, the cell viability was determined by the WST-8 assay.  The results represent 

the means ± SD (n=4).  ***P < 0.001 vs. control siRNA and mock-treated cells. 

 

Figure S12 

(A) (B) (C) The effects of a c-FOS/AP-1 inhibitor on the growth of human CCS lines.  

3-{5-[4-(Cyclopentyloxy)-2-hydroxybenzoyl] -2-[(3-hydroxy - 1,2-benzisoxazol -6-yl) 

methoxy] phenyl} propionic acid (T-5224) has been developed as a novel c-FOS/AP-1 

inhibitor (Nat Biotechnol 26:817–823, 2008).  We treated human CCS cell lines, 

MP-CCS-SY and KAS, and the control WI38 with T-5224 to examine the therapeutic 

effect of blocking the FOS pathway on growth of human CCS.  T-5224 inhibited the 

cell growth of both CCS cell lines more efficiently than those of WI38.  T-5224 was 

synthesized by Toyama Chemical and dissolved in DMSO for the in vitro study.  
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MP-CCS-SY, KAS and WI38 cells were treated with T-5224 (50, 60, 70, or 80 µM) or 

DMSO.  Twenty-four and 48 hrs later, the cell viability was determined by the WST-8 

assay.  The results represent the means ± SD (n=8).  *P <0.05 and ***P < 0.001 vs. 

DMSO-treated cells. 

(D) In vivo effect of T-5224 administration on tumor cell growth using xenograft 

model transplanted with EWS/ATF1-induced tumor cell line.  The tumor cell growth 

tended to be suppressed by the oral administration of T-5224 in vivo, although it did 

not reach statistical difference.  A total of 5.0 × 10
6
 MP-CCS-SY cells in 0.1 mL of 

serum-free RPMI1640 were inoculated subcuaneously through a 26-gauge needle into 

the posterior flank of male 8-week-old BALB/c athymic (nu/nu) nude mice.  Once 

tumors had reached a volume of 100 mm
3
 (Day 0), the tumor-bearing nude mice 

were treated with T-5224 (3 mg/kg or 30 mg/kg) or polyvinylpyrrolidone (vehicle) 

orally once per day.  Tumor growth was measured every 7 days for a period of up to 6 

weeks.  The results represent the mean tumor volume ± SE (n = 6).   
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Supplementary Table S1.  

Primer pairs used for semi-quantitative RT-PCR and Quantitative real-time PCR  
  forward reverse 
EWS/ATF1 GAGGCATGAGCAGAGGTGG GAAGTCCCTGTACTCCATCTGTG 

MITF-M GGAATTATAGAAAGTAGAGGGA ACATGGCAAGCTCAGGAC 

FOS GGGGCAAGGTGGAACAGTTAT CCGCTTGGAGTGTATCAGTCA 

GAPDH ATGGGGAAGGTGAAGGTCG GGGGTCATTGATGGCAACAATA 

Wnt1 GGTTTCTACTACGTTGCTACTGG GGAATCCGTCAACAGGTTCGT 

P0 (Mpz) TACAGTGACAACGGCACTTTC GCAGTACCGAATCAGGTAGAAGA 

Mitf-M GCTGGAAATGCTAGAATACAG TTCCAGGCTGATGATGTCATC  

Fos CGGGTTTCAACGCCGACT TTGGCACTAGAGACGGACAGA 

β-Actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT 

 




