
Supplementary Methods 

Cells and Reagents 

C2C12 myoblasts were obtained from ATCC and maintained in DMEM supplemented 

with 10% FBS. Murine multipotent bone marrow-derived mesenchymal stem cells 

(mMSCs) were isolated, characterized with surface markers and maintained in culture 

as previously described (6). The human synovial sarcoma SYO-1 and HS-SYII cells 

were provided by M Ladanyi. Rabbit polyclonal anti-HA (Sigma, St. Louis, MO), mouse 

monoclonal anti-FLAG (Sigma), mouse monoclonal anti-β-catenin (610154; BD 

Biosciences, San Diego, CA), mouse monoclonal anti-dephosphorylated β-catenin 

(8E4; A.G.Scientific), rabbit polyclonal anti-Pan-cadherin (sc-584; Santa Cruz 

Biotechnology, Santa Cruz, CA), rabbit polyclonal anti-DKK1 (H-120; Santa Cruz, Santa 

Cruz, CA), mouse monoclonal anti-alpha tubulin (T5168; Sigma, St Louis, MO), rabbit 

monoclonal anti-LRP6 (C5C7; Cell Signaling), and mouse IgG (Jackson 

ImmunoResearch Laboratories, West Grove, PA), were antibodies used in 

immunofluorescent staining, IHC tissue staining, and western blots. Alexa Fluor 594 

Phalloidin was obtained from Invitrogen (Grand Island, NY). Rabbit polyclonal anti-APC 

(H-290; Santa Cruz, Santa Cruz, CA) and rabbit polyclonal anti-β-catenin, anti- 

Ser33/37/Thr41phospho-β-catenin and anti-Thr41/Ser45 phospho-β-catenin (Sampler 

Kit # 2951; Cell Signaling; Danvers, MA) were used for immunoblotting.   

 

Vector construction 

The N-terminal deletion mutants were generated by site directed mutagenesis with 

POZ-SYT-SSX2 as template. For SXdlSNH, residues 15-44 of SYT were deleted with 



the following primers: SYTSSXDelSNH F-5’- CAGCGAGGCAAGGGGGAGGAGT 

GTTCTCAGTATAATC-3’; SYTSSXDelSNH R-5’- GATTATACTGAGAACACTCCT 

CCCCCTTGCCTCGCTG-3’, for SXdl20 residues 1-20 of SYT were deleted with primers 

SYTSSXDel20 F-5’- CGCTCGAGTAGACCACC ATGCAGAAGATGTTGGATGAC 

AATAAC-3’; SYT-SSX Del20 R-5’- GTTATTGTCATCCAACATCTTCTGCATGGT 

GGTCTACTCGAGCG-3’, and for SXdl40 residues 1-40 of SYT were deleted with 

primers SYTSSXDel40 F-5’- CGCTCGAGTAGACCACCATGGGAAAGACCTCAGAG 

TGTTCT C-3’; SYTSSXDel40R-5’- GAGAACACTCTGAGGTCTTTCCCATGGTG 

GTCTACTCGAGCG-3’. The DKK1 retroviral expression vector was created with 

insertion of human DKK1 cDNA between a blunted EcoR1 and the BamH1 sites of 

LZRS/neo. 

 

Immunofluorescent staining of cultured cells 

Immunofluorescent staining of C2C12, SYO-1, HS-SY-II cells, and mMSCs was 

generally performed two days after infection following standard protocols. The cells 

were plated on gelatin-coated cover slips, fixed with 3% paraformaldehyde, blocked with 

3% goat serum, incubated with the designated primary antibodies for 2 hours at room 

temperature, then for 30 minutes with the appropriate secondary antibodies (Alexa-

Fluor, Invitrogen, Grand Island, NY). 1x PBS buffer was used for all washes. 

Vectashield/DAPI (Vector Laboratories Burlingame, CA) was the mounting medium. 

Imaging was performed with Zeiss Axioplan2 fluorescent microscope. Images within 

each experiment were taken with equal exposure times. 

 



Immunohistochemical staining of synovial sarcoma tumors 

Paraffin embedded tissues and tumors were sectioned at 8µM thickness. Hematoxylin 

and eosin staining was performed following standard protocols (Sigma-Aldrich, St Louis, 

MO). The Vectastain Universal ABC kit and the peroxidase DAB substrate kit (VECTOR 

LABORATORIES, Burlingame, CA) were used for immunohistochemical (IHC) staining.  

Bright field images were captured by a Zeiss Axioplan 2 microscope.  

 

Immunofluorescent staining of synovial sarcoma tumors  

Paraffin embedded tissue sections were deparaffinized in xylenes, rehydrated in ethanol 

and permeabilized with TBST following standard immunohistochemistry (IHC) protocols. 

Antigen retrieval was performed in 0.1M sodium citrate pH 6.0. After a 1 hr blocking in a 

Tris-buffered solution (10mM Tris-HCl pH 7.4, 0.1M MgCl2, 0.5% Tween 20, 1% BSA) 

containing 5% normal serum, sections were incubated with primary antibodies diluted in 

blocking buffer, overnight, at 40C, and with Alexa-Fluor conjugated secondary 

antibodies, for 2 hrs. Nuclei were stained with DAPI diluted at 0.1µg/ml in PBS for 20 

minutes, and the sections were subsequently sealed with Prolong Antifade mounting 

media. Two modifications were incorporated in this standard protocol: 1) a Sudan Black 

staining step (0.1% SB in 70% ethanol for 20 minutes) before permeabilization was 

added for optimal visualization of Myf5 and Ki-67; and 2) for β-catenin detection, PBS 

was substituted for TBS, and Auto Buffer (10mM Tris pH 7.4, 1mM CaCl2, 1mM MgCl2, 

0.1% Triton X-100) containing 1% BSA and 10% normal serum was used for blocking 

and antibody incubations, according to EMD Millipore instructions. The β-catenin 

(610154, BD Biosciences), KI-67 (15580, Abcam), Myf5 (sc-302, Santa Cruz), and 



rabbit IgG (Jackson ImmunoResearch Laboratories, West Grove, PA) antibodies were 

used for immunofluorescent staining. Imaging was performed with Zeiss Axioplan2 

fluorescent microscope. Images within each experiment were taken with equal exposure 

times. 

 

Microarray data mining 

The four microarrays (SYT-SSX2-C2C12, SYT-SSX2-BMMSCs, synovial sarcoma 

tumors) and their links were reported in Garcia et al., 2012a (6), Nielsen et al., 2002 

(34), and Francis et al., 2007 (35). Building of the Wnt regulated embryonic network was 

achieved by PubMed literature and Genecards search for each differentially regulated 

target in the C2C12- and BMMSCs- SYT-SSX2 arrays, intersected with an extensive 

literature search pertaining to the Wnt/β-catenin pathway dating back to 1995. The 

findings were used to identify overlaps with the synovial sarcoma tumors microarray. 

 

Mutational analysis of APC and CTNNB1 in SYO-1 and HS-SY-II cells 

CTNNB1 exon 3 and the mutation cluster region (MCR) of APC were examined for Wnt-

activating genetic mutations in SYO-1 and HS-SY-II SS cells by direct sequencing. 

Exon 3 of the β-catenin gene was amplified from genomic DNA as previously described 

(49) with the forward primer BCATF: 5’- ATTTGATGGAGTTGGACATGGC-3′ and the 

reverse primer BCATR: 5′-CCAGCTACTTGTTCTTGAGTGAAGG-3′. Eleven 

overlapping segments spanning the region of APC exon 15 (amino acids 740-1603) that 

contains the MCR (amino acids 1286-1513) were amplified as previously described 

(50). Fragments 1 to 11 coding for amino acids 740-880, 862-1002, 976-1146, 1126-



1292, 1260-1358, 1279-1403, 1366-1535, 1321-1403, 1366-1455, 1437-1535, and 

1460-1603 of APC, respectively, were amplified using the following primer pairs: 

MCR1F: 5’-CCAATATTATGTCTCCTGGC-3’ and MCR1R: 5’-GATCTGCAAACCTCGC 

TTTG-3’, MCR2F: 5’-CAACTACCATCCAGCAACAG-3’ and MCR2R: 5’-CTGGGTATT 

GACCATAACTG-3’, MCR3F: 5’-GAGGTCAAATGAAACCCTCG-3’ and MCR3R: 5’-

CGTTCACTATAATTGGTAGGC-3’, MCR4F: 5’-GCCAGTCTTTGTGTCAAGAAG-3’ and 

MCR4R: 5’-CATCTTCAGCTGATGACAAAG-3’,  MCR5F: 5’- CAGACTTATTGTGTAGA 

AGA-3’ and MCR5R: 5’- CGCTCCTGAAGAAAATTCAAC-3’, MCR6F: 5’- GAAATAG 

GATGTAATCAGACG-3’ and MCR6R: 5’-GAGCTGGCAATCGAACGACT-3’, MCR7F: 

5’- GCTCAGACACCCAAAAGTCC-3’ and MCR7R: 5’- CATTCCCATTGTCATTTTCC-3’, 

MCR8F: 5’- GAAGTTCCAGCAGTGTCACAGC-3’ and MCR6R, MCR7F and MCR9R: 

5’- ATTTTTAGGTACTTCTCGCTTG-3’, MCR10F: 5’- AAACACCTCCACCACCTCC-3’ 

and MCR7R, MCR11F: 5’- GCTGAAAAGAGAGAGAGTGG-3’ and MCR11R: 5’-

GGTAATTTTGAAGCAGTCTGG-3’. The PCR reactions were performed with the 

Promega Master Mix 2x kit, following the manufacturer’s instructions. Sequencing was 

performed at the Vanderbilt Technologies for Advanced Genomics (VANTAGE) core 

facility at Vanderbilt University. The APC and CBNNT1 sequence data derived from 

SYO-1 and HS-SY-II cells were compared to the cDNA sequence of human wild-type 

APC (Accession number: M74088.1) and human wild-type β-catenin (Accession 

number: AB451264.1) included in the NCBI database. 

 

   

 
 



Supplementary Figure Legends 
 
 

Supplementary Figure S1. Breeding strategy to generate SYT-SSX2 transgenic 

mice with a β-catenin deficient Myf5-lineage. (A) SSM2+ mice carry the SYT-SSX2 

transgene. B-CATfl+/- and B-CATfl+/+ are β-catenin knockout (KO) mice with one or two 

mutated alleles. SG2 is SYT-SSX2 and MYf5-Cre double transgenic heterozygous for β-

catenin KO. SG3 is SYT-SSX2 and MYf5-Cre double transgenic homozygous for β-

catenin KO. (B) Image of a typical intercostal SS tumor (arrow) that developed in the 

Myf5-positive muscle lineage in the rib cage of a SYT-SSX2 transgenic mouse. 

 

Supplementary Figure S2. β-catenin expressing SG3 tumors arise in Myf5 

myoblasts. Immunofluorescent Myf5 staining in serial sections of the SSM2+/Myf5-Cre+ 

(SG1) and SSM2+/B-CATfl+/+/Myf5-Cre+ (SG3) tumors shown in Figure 1C and 1D. DAPI 

is nuclear stain. The blue and red channels were merged to show nuclear expression of 

Myf5. Rabbit IgG served as negative control.      

 

Supplementary Figure S3. Normal development of Myf5 Myoblasts in β-catenin 

knockout mice. Histogram shows average numbers of Myf5-positive nuclei 

surrounding the muscle fibers in control mice with intact β-catenin (Non-Targeted), β-

catenin double KO mice (B-CATfl+/+/Myf5-Cre+), and the tumor-free SG3 (SSM2+/B-

CATfl+/+/Myf5-Cre+) mice. Myf5-nuclei counting was performed on transverse sections of 

muscle fibers. A total of 350 fibers were included in each group. P values show 

insignificant differences in the frequency of My5-positive cells, between experimental 



and control groups. Image panel: Myf5 immunofluorescent staining shows Myf5-

positive nuclei (Red, white arrows) at the periphery of muscle fibers in Non-Targeted 

and B-CATfl+/+/Myf5-Cre+ mice. DAPI is nuclear stain. The Red and DAPI channels are 

merged to locate Myf5-expressing nuclei (white arrows). The right images are a bright 

field exposure of the DAPI stained (black arrows) nuclei. They reveal the peripheral 

location of Myf5-expressing cells. The white arrows (Myf5-positive nuclei) or 

arrowheads (Myf5-negative nuclei) in the immunofluorescent images designate the 

same nuclei as the black arrows or arrowheads in the bright field images, respectively. 

 

Supplementary Figure S4. Effects of the Wnt antagonist Pyrvinium. (A) 

Immunofluorescent staining shows the gradual exit of β-catenin (red) from the nucleus 

(arrows) to the cell surface and junctions (wide arrows) with increasing concentrations 

of pyrvinium in SYT-SSX2 (HA)-expressing C2C12 cells. DMSO is control vehicle. (B) 

Attenuation of TOPFLASH activity by pyrvinium in C2C12 cells transduced with SYT-

SSX2 (X). Histogram represents fold activation by (X) over control vector (V). DMSO is 

control vehicle. Error bars are standard deviations (n=2). P value was calculated relative 

to DMSO. (C) Inhibition of mSS cell growth by increasing amounts of pyrvinium. Error 

bars are standard deviations (n=3). DMSO is control vehicle. (D) Inhibition of β-catenin 

TOP-FLASH (T) activity in mSS cells by increasing amounts of pyrvinium. FOP-FLASH 

(F) is background control. D is DMSO vehicle. Error bars are standard deviations (n=3). 

P values were calculated relative to DMSO (D). 

 



Supplementary Figure S5. APC and β-catenin in SYO-1 and HS-SY-II cells. (A) 

Immunoblot of β-catenin, phosphorylated β-catenin on Ser33/37/Thr41, and 

phosphorylated β-catenin on Thr41/Ser45 in SYO-1 and HS-SY-II cellular lysates, 

demonstrates β-catenin normal regulation by GSK3β kinase. (B) APC immunoblot 

shows presence of the full-length protein in SYO-1 and HS-SY-II lysates. HEK293 cells 

served as positive control. Colorectal cancer SW480 cells served as negative control.      

 

Supplementary Figure S6. SSTC-104 effects on HS-SY-II synovial sarcoma cells. 

(A) Left histogram shows growth inhibition of HS-SY-II treated with SSTC-104 for 2 days 

at the designated concentrations. DMSO is Vehicle control. Right histogram shows a 

decrease in the percent of SSTC-104-treated cells containing nuclear β-catenin. A total 

of 700 nuclei were counted in each group. Error bars represent standard deviations 

(n=2). P values are calculated relative to control Vehicle. (B) Imunofluorescent staining 

shows decrease in  β-catenin (green) nuclear accumulation in SSTC-104 treated cells 

and a concomitant increase in cell spread and the formation of multiple intercellular 

adhesion junctions (white arrows). DAPI is nuclear stain. Merged (merge) β-catenin and 

DAPI images show β-catenin nuclear localization. Phalloidin stain of F-actin (red) 

illustrates the increase in cell spread and stress fiber formation in SSTC-104 treated 

cells. The lower row demonstrates the formation of striking, far-reaching cytoplasmic 

extensions connecting neighboring cells (white arrows), at higher resolution. 

 

Supplementary Figure S7. LRP6 depletion in HS-SY-II synovial sarcoma cells 

induces β-catenin nuclear exit. (A) Immunoblot showing LRP6 levels in HS-SY-II cells 



transfected with LRP6 non-targeting (NT) and targeting (Si-LRP6-1 and SI-LRP6-2) 

siRNA oligomers. Numbers show relative intensities (NT is 1). Tubulin served as loading 

control. (B) Histogram shows the fractions of HS-SY-II cells transfected with the 

designated siRNA oligomers that display nuclear β-catenin. A total of 500 nuclei were 

counted in each group. Error bars represent standard deviations (n=2). P values were 

calculated relative to control NT. (C) β-catenin (green) Fluorescent staining in HS-SY-II 

cells transfected with Si-LRP6-1 and Si-LRP6-2 oligomers. DAPI is nuclear stain. 

Merged (merge) β-catenin and DAPI images show β-catenin nuclear localization in NT.  

White arrowheads in images of Si-LRP6-1 and Si-LRP6-2 treated cells show increase in 

areas of β-catenin-enriched intercellular junctions. Magnified images of sparse cells on 

the right (Upper and lower) show the formation of numerous long and short cytoplasmic 

processes in Si-LRP6-1 transfected HS-SY-II cells. The Lower image (red) represents 

Phalloidin staining of F-actin (stress fibers). 

 

Supplementary Figure S8. Effects of SSTC-104 on Wnt-regulated tissues. (A) 

Pancadherin immunostain shows preservation of normal skin architecture in SSTC-104 

treated nude mice. Vehicle is 15% DMSO in PBS (B) β-catenin immunostain shows 

preservation of intestine crypt architecture in SSTC-104 treated Myf5-Cre+ control mice. 

Vehicle is 15% DMSO in PBS. (C) Myf5-Cre+ control mice maintain their healthy weight 

during treatment with SSTC-104. 

 

Supplementary Figure S9. The SYT-SSX2 domain SSXRD executes β-catenin 

activation and myogenic differentiation. (A) β-catenin immunostaining (red) in 



C2C12 transduced with Vector, SYT-SSX2, and SXdl9. Expressed proteins are HA -

tagged (green). The red and the green channels were merged (merge) to show co-

localization. (B) Bright field microscopy showing differentiation of C2C12 cells 

transduced with control Vector into multinucleated myotubes (left image;arrows), 

inhibition of myogenic differentiation by SYT-SSX2 (middle image), and restoration of 

myotube formation by the SSXRD deletion mutant SXdl9 (Right image; arrows). Bright-

field images were captured by a Zeiss Axiovert 200M inverted microscope. (C) 

Immunoblot showing altered levels of proliferation and myogenic differentiation markers 

with the following antibodies: anti- myosin heavy chain (MHC; Santa Cruz), cyclinD1 

(Santa Cruz), and Myc (Upstate Biotechnology) in C2C12 myoblasts transduced with 

the designated vectors, and grown under myogenic differentiation conditions. SYT-

SSX2 and SXdl9 expression levels were detected by anti-FLAG antibody. Alpha tubulin 

served as loading control. (D) Fluorescent immunostaining (red) shows β-catenin 

nuclear accumulation (white arrows) in SYT-SSX2-expressing mesenchymal stem cells. 

Expressed SYT-SSX2 is HA tagged (green) and nuclear. The empty Vector expresses 

an irrelevant small HA-tagged peptide that disappears upon insertion of SYT-SSX2 and 

other cDNAs. β-catenin is visualized with a specific monoclonal antibody (BD 

biosciences). The red and green channels were merged to show nuclear co-localization 

of SYT-SSX2 and β-catenin. Numbers represent average ratios of β-catenin-positive 

nuclei over HA-positive nuclei, n=2 (experiments were repeated twice). 

 

Supplementary Figure S10. Nuclear accumulation of β-catenin in human synovial 

sarcoma tumors. β-catenin immunofluorescent staining in 4 de-identified human SS 



tumors (TUMOR 1-4), with corresponding H&E staining for each tumor. DAPI is nuclear 

stain. Mouse IgG served as negative control. Merge: red and blue images were merged 

to show β-catenin nuclear accumulation. White arrowheads in TUMOR1 indicate the 

intersection of tumor tissue with normal tissue (corresponding location of black 

arrowheads on the H&E tumor 1 image). Notice absence of β-catenin in nuclei of normal 

tissue in TUMOR 1 (white arrows). Scale bars on all fluorescent images represent 50 

um. Scale bars on all H&E images are 275 um. β-catenin accumulation in tumor nuclei 

ranged between 50% and 90% in all 4 tumors.    

 

Supplementary Figure S11.	  Regulation of an embryonic Wnt-interactive network 

by SYT-SSX2 and in human synovial sarcomas. Genes in black letters represent 

SYT-SSX2 transcriptional targets in the C2C12 myoblasts, genes in red letters and red 

underline are the SYT-SSX2 targets in human mesenchymal stem cells, genes in green 

letters and green asterisks were identified in 2 transcriptomes of human synovial 

sarcoma tissues. Names in italics signify downregulated genes. The upper left columns 

list components of the Wnt pathway found in the four arrays. The lower left columns are 

mediators of the developmental pathways that interact with Wnt to drive embryogenesis. 

The right panel displays controllers of embryonic patterning and morphogenesis. 

 
 	  
 
                                          


