
Supplementary Information 
 
 
Supplementary Figure Legends 
 
 
Sup. Figure 1.  Transfection of NT siGLO or ERG siGLO in VCaP cells. VCaP cells 

were transfected with 50 nM of ERG siGLO or NT siGLO (both from Dharmacon 

Research, Lafayette, CO) and were incubated for two days. Fluorescent signal indicates 

nearly 100% transfection efficiency. 

 

Sup. Figure 2. ERG knockdown inhibits VCaP cell growth in complete medium. VCaP 

cells were seeded into 10 cm tissue culture dishes in the appropriate medium with 10% 

cFBS  for three days. Cells were transfected with siRNAs. Twelve hours after 

transfection with siRNAs, VCaP cells were cultured in the appropriate medium with 10% 

FBS. Cells from triplicate experiments were monitored on day 1, 4, 6 and 8 by 

microscopy. 

 

Sup.  Figure 3. Gene network in ERG expressing human prostate tumors. Normalized 

(tumor/normal) gene expression data (Shaheduzzaman et al., 2007) of seven well-

differentiated prostate tumors with 19-38 folds of ERG overexpression were analyzed by 

the Bibliosphere software. Red and yellow colors mark upregulation, shades of blue 

indicate downregulation. Explanation of functional connections is shown on the insert. 

 
Sup. Figure 4. Network of affected genes in response to ERG knockdown in VCaP cells. 

Cells were transfected with either 50 nM of ERG si or with 50 nM of NT and were 

incubated for 24h (left side color codes) or 48h (right side color codes). For probe 



labeling total RNA was isolated from the cells and was labeled for hybridization. 

GeneChip® HG U133 Plus 2.0 chips were hybridized with the labeled probes. ERG 

si/NT expression ratios were calculated and two-fold cut-off was applied towards the 

subsequent pathway analysis by Bibliosphere Software. Gene symbols in colored boxes 

indicate gene expression changes. 

 

Sup. Figure 5.  Diminishing PSA protein levels and decreased recruitment of AR to the 

PSA AREIII enhancer in response to transient ERG expression. a-b, VCaP and LNCaP 

cells were infected with adenoviral ERG (Ad-ERG) or Ad-Control (Control) vectors. 

Cells lysates were prepared at 24, 48, and 72 h post-infection and were analyzed in 

immunoblot assays by using anti-ERG, anti-PSA and anti-tubulin antibodies. c-d, ChIP 

assessment of AR recruitment to the KLK3/PSA gene AREIII enhancer in VCaP and 

LNCaP cells in response to the transient expression of ERG by adenoviral Ad-ERG or 

Control vectors. Input indicates control genomic DNA amplicons. 
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Supplementary Methods 

 

Cell lines, cell culture and reagents. Human prostate tumor cell line, VCaP,  LNCaP 

cells and human embryonic kidney HEK 293 cells were obtained from the American 

Type Culture Collection (ATCC, Rockville, MD) and were maintained in growth 

medium and under conditions recommended by the supplier. For hormone treatment the 

R1881 synthetic androgen analogue, was used (New England Nuclear, Boston, MA). 

 



Inhibition of ERG and C-MYC with small inter ference RNA.  Small interference 

RNA (siRNA) oligo duplex against human ERG (Locus ID: GXL_163565, Accession: 

NM_004440) was designed as follows: ERG siRNA, 5’ -CGACATCCTTCTCTCACAT-

3’  (Dharmacon, Lafayette, CO). The siRNA pool against human C-MYC (L-003282-00), 

(Locus ID: GXL_67312, Accession: NM_002467) and Non-target (NT) siRNA duplexes 

(D-001206-13-20) were both from Dharmacon (Lafayette, CO). VCaP cells were seeded 

into 10 cm tissue culture dishes in the appropriate medium with 10% cFBS   for three 

days. Transfection of siRNA was carried out with Lipofectamine 2000 (Invitrogen, 

Carlsbad, CA). Twelve hours after transfection of si RNAs, VCaP cells were treated with 

100pM R1881 and processed for the subsequent analyses. To knockdown ectopic ERG 

protein, TMPRSS2-ERG2 and TMPRSS2-ERG3 plasmids (pIRES-EGFP, Clontech, Palo 

Alto, CA) were generated through PCR amplification of human TMPRESS2 and ERG 

cDNA with the following primers (5’ -TAGGCGCGAGCTAAGCAGGAG-3’   and 5’ -

CCCTCCCAAGAGTCTTTGGATCTC-3’ ) and the sequences were verified by DNA 

sequencing. Cotransfection of siRNAs and plasmids was carried out with Lipofectamine 

2000 (Invitrogen, Carlsbad, CA) as described by the manufacturer for HEK 293 cells. 

ERG proteins were detected by Western blot assay. 

 

Transient expression of ERG protein. Coding region of ERG (NM_004440) was sub-

cloned into adenoviral transfer vector containing IRES-GFP. The generation of 

recombinant adenovirus plasmid and production of recombinant adenovirus were 

performed as described before (Sun et al., 2006). Adenovirus titer was determined by 

GFP assay as well as by plaque forming assays. VCaP and LNCaP cells were infected 



with the Ad-ERG or Ad-Control vectors and the proteins were detected by Western blot.  

Wild type ERG3 (NM_182918) expression vector (pIRES-EGFP-ERG3) was generated 

by amplifying the coding sequences with 5’ -GGCTTTGATGAAAGCTCTAAACAAC-

3’  and TCAAAAGTGCCTCAAGAGGA-3’  primers from a human normal prostate 

cDNA library (AM 3337, Ambion, Austin, TX) and was verified by DNA sequencing. 

HEK293 cells were transfected with wild type ERG3 or TM-ERG3 expressing vectors 

and the proteins were detected by Western blot. 

 

Detection of proteins by Western blot analysis.  Cells were lysed in M-PER 

mammalian protein extraction reagent (Pierce, Rockford, IL) supplemented with protease 

and phosphatase inhibitor cocktails (Sigma, St.Louis, MO). Immunoblot assays were 

performed as in standard procedures with two hours gel running (NuPAGE Bis-Tris gel, 

Invitrogen, Carlsbad, CA) by using immunoaffinity purified anti-ERG peptide polyclonal 

antibody prepared in our laboratory 

(DFHGIAQALQPHPPESSLYKYPSDLPYMGSYHAHPQKMNFVAPHPPAL), anti-

PSA (DAKO, Carpinteria, CA), anti-MYC (Upstate Biotechnology, Lake Placid, NY),   

anti-SLC45A3 (DAKO, Carpinteria, CA) or anti-GAPDH antibodies (SantaCruz, Santa 

Cruz, CA). To detect the endogenous ERG protein in VCaP cells, 80µg cell lysates were 

loaded each lane.  

 

Reverse transcr iption polymerase chain reaction (RT-PCR).  VCaP cells were 

transfected with siRNAs and harvested two or four days after transfection. Total RNA 

preparation and RT-PCR were performed as previously described (Gao et al., 2003). To 



evaluate ERG knock down by ERG siRNA, three identical RT-PCR reactions and one 

control reaction without RT were performed for each RNA sample. PCR primers for ERG 

were as followed: forward, 5’ -ACCGTTGGGATGAACTACGGCA -3’ ; reverse, 5’ - 

TGGAGATGTGAGAGAAGGATGTCG -3’ . GAPDH gene expression was detected 

using forward, 5’ - GAGCCACATCGCCTCAGACACC -3’ ; reverse, 5’ - 

GTTCTCAGCTTGACGGTGCC-3’  primers. RT-PCR derived ERG or GAPDH 

fragments were separated by electrophoresis on Tris-borate EDTA-1% agarose gel and 

visualized by ethidium bromide staining. Band densities were quantified with Quantity 

One (Bio-Rad Laboratories, Hercules, CA) and ERG expression was normalized to 

GAPDH. 

 

Cell proliferation and cell cycle analysis.  Transfection of siRNAs and treatment of 

R1881 were performed as described in the “ Inhibition of ERG with small interference 

RNA” section. VCaP cells were trypsinized and counted with 2% trypan blue at day1, 

day2, day4, day6, day8 and day10 after addition of R1881. For cell cycle analysis cells 

were stained with Propidium Iodide at day1, day2 and day4, and then analyzed by Flow 

Cytometer using Modified LT Software (Verity Software House Inc. Topsham, ME). 

These experiments were performed in triplicate and repeated three times.  

Chromatin Immunoprecipitation Assay (ChIP). VCaP cells were seeded in the 

appropriate medium containing 10% cFBS for three days. Cells were transfected with 50 

nM of ERG si or with 50 nM of control NT and were grown in FBS containing media for 

2 days and the cells were processed for ChIP assay (Masuda et al., 2005). For detecting 

specific ChIP products 38 amplification cycles was used.  ETS binding sites within the 



target regions were identified by matrix match analysis using the GEMS Launcher 

software (Genomatix GmbH, Munich, Germany). ERG protein was detected by a 

polyclonal anti-ERG antibody (sc-0353, SantaCruz, Santa Cruz, CA). For amplifying the 

human C-MYC gene (GLX_67312/NM_002467) P2 promoter (Meulia et al., 1992) 

downstream 5’ -GCCCCTTGCATCCTGAGCTCC-3’  ETS binding site 

(V$ETSF/PDEF0.1) the 5’ -GGTCGGACATTCCTGCTTTA-3’  and 5’ - 

ACCCAACACCACGTCCTAAC-3’  primer pair was used. The androgen receptor was 

immunoprecipitated by anti-AR antibodies and the PSA(KLK3) AREIII enhancer target 

region was amplified as described (Masuda et al., 2005). The SLC45A3 gene 

(GXL_151340/XM_001490454) promoter upstream ARE (V$GREF_ARE0.2) and ETS 

(V$ETSF_PDEF0.1) binding site containing region (5’ -

AGAGCACAGAAAGGCTGCCCTGGAAGTGGCTGGGCATCCTGTCAGCT-3’ ) was 

amplified by the 5’ -TGTGGGACTTCTCTGCTGAA-3’  and 5’ -

CAACGTTCAAGGGGAAGAAA-3’  primers. 

 

Tumor igenicity assay in SCID mice.  All animal studies were carried out according to 

NIH-approved protocols, in compliance with the Guide for the Care and Use of 

Laboratory Animals. male SCID mice (Harlan Sprague-Dawley, National Cancer 

Institute at Frederick, MD, USA) 4-6 weeks old and weighing 18 to 20g, housed in 

appropriate sterile filter-capped cages, and fed and given water ad libitum were used for 

the planed studied. Animals were injected subcutaneously with VCaP cells. NT and 

ERG si treated cells were trypsinized, washed twice in serum free DMEM, counted in a 



hemocytometer, and resuspended in DMEM. Three million cells in a volume of 0.2 ml 

were injected in the flanks. Tumor formation was assessed bi-weekly for up to 7 weeks. 

For tumor growth analysis, tumor volume was determined as described previously 

(Polverino et al., 2006), whereby tumor volume [(LW2/2); where L and W represent the 

length and the width of the tumor. Animals were monitored weekly for tumor 

development. Results of animal experiments were expressed as mean ± SD, and median 

test was used to determine the difference between NT and ERG si groups. P < 0.05 was 

considered to be statistically significant. 

 

GeneChip data analyses. VCaP cells were plated in the appropriate medium containing 

10% cFBS (Gemini Bio-Products, Calabasas, CA) for three days. Cells were transfected 

with 50 nM of ERG si or with 50 nM of control NT and were grown in FBS containing 

media for 24h or 48h. Total RNA was isolated and five micrograms of RNA from each of 

the VCaP transfectants were biotin labeled and GeneChip® HG U133 Plus 2.0 chips 

were hybridized with the labeled probes. Expression data were normalized by Robust 

Multi-array Averages (RMA) and fold changes in ERGsi/NT (24h) and ERGsi/NT (48h) 

treatment groups were calculated. A two folds cut-off criterion was applied for 

subsequent pathway analysis by the Bibliosphere Software using the functional co-

citation-based analysis function (Genomatix GmbH, Munich, Germany) (Scherf et al., 

2005). From human prostate specimens total RNA was isolated from laser capture 

microdissected tumor and benign epithelial cells as previously described 

(Shaheduzzaman et al., 2007). The RNA was quantitated, amplified, biotinylated, and 

hybridized to high-density oligonucleotide human genome array HG U133A (Affymetrix, 

Santa Clara, CA) and was normalized (Petrovics et al., 2005). Tumor/normal ERG 



expression ratios were evaluated in the data set from well-differentiated prostate tumors. 

In seven data sets where ERG expression was elevated 19-38 folds the gene expression 

fold changes were averaged. Two folds cut-off criterion was applied for further pathway 

analysis using the Bibliosphere Software (Genomatix GmbH, Munich, Germany). 

Normalized human ERG overexpressing tumor data was compared to the 48h ERG 

siRNA treatment gene expression data. Common genes were selected for the subsequent 

network analysis by the Bibliosphere Software.   

 

Prostate tumor specimens and immunohistochemistry (IHC). Radical prostatectomy 

specimens from 26 patients were immediately fixed in 10% buffered formalin and 

embedded as whole mounts in paraffin. Each prostate was sectioned at 0.22 cm intervals 

in a transverse plane perpendicular to the long axis of the posterior surface of the prostate 

and completely embedded as whole mounts. The volume of each tumor was calculated in 

3 dimension (apex to base, right to left and anterior to posterior) using the largest 

dimension in each direction to determine the index tumor. Index tumor was analyzed for 

the presence or absence of TMPRSS2-ERG fusion transcripts as described (Furusato et 

al., 2008) and for Prostein IHC staining on adjacent four-micron sections of the whole-

mounted blocks. The tissue sections for IHC were prepared as described previously 

(Furusato et al., 2007). Slides were incubated with anti-SLC45A3 antibody (Dako North 

America, Carpinteria, CA) in 1:160 dilution. Vector VIP (purple) was used as chromogen 

substrate (Vector Laboratories, Burlingame, CA) and the slides were counterstained with 

hematoxylin. The SLC45A3 expression was assessed based on both the amount and 

intensity of immunopositive cells. Intensities were scored from 0 to 2 as follows: 0 as 



non-stained, 1 as weak, and 2 as strong. The percentage of positively stained area was 

estimated and scored from 1 to 4 as follows: less than 25% positive area as score 1, 25-

50% score 2, 51-75% score 3, and more than 75% positive area score 4. The final score 

was determined after multiplying the intensity score and percentage of positively stained 

area in the respective lesions.  

 

Immunofluorescence of siRNA treated VCaP cells. 

VCaP cells were fixed with 4% paraformaldehyde and centrifuged onto silanized slides 

(Sigma, St.Louis, MO) with a cytospin centrifuge. Cells were immunostained with anti-

cytokeratin 8/18 and anti-PSA (both from DAKO, Carpinteria, CA) followed by goat 

anti-mouse Alexa-488 and goat anti-rabbit Alexa-594 secondary antibodies (Invitrogen, 

Carlsbad, CA). Images were captured using a 40X/0.65 N-Plan objective on a Leica 

DMLB upright microscope with a QImaging Retiga-EX CCD camera (Burnaby, BC, 

Canada) controlled by OpenLab software (Improvision, Lexington, MA). Images were 

converted into color and merged by using Adobe Photoshop. 

 

   

Supplementary References 
 
Furusato B, Gao CL, Ravindranath L, Chen Y, Cullen J, McLeod DG, et al. (2008). 

Mapping of TMPRSS2-ERG fusions in the context of multi-focal prostate cancer. 
Mod Pathol 21: 67-75. 

Furusato B, Shaheduzzaman S, Petrovics G, Dobi A, Seifert M, Ravindranath L, et al. 
(2007). Transcriptome analyses of benign and malignant prostate epithelial cells 
in formalin-fixed paraffin-embedded whole-mounted radical prostatectomy 
specimens. Prostate Cancer Prostatic Dis. 

Gao CL, Rawal SK, Sun L, Ali A, Connelly RR, Banez LL, et al. (2003). Diagnostic 
potential of prostate-specific antigen expressing epithelial cells in blood of 
prostate cancer patients. Clin Cancer Res 9: 2545-50. 



Masuda K, Werner T, Maheshwari S, Frisch M, Oh S, Petrovics G, et al. (2005). 
Androgen receptor binding sites identified by a GREF_GATA model. J Mol Biol 
353: 763-71. 

Meulia T, Krumm A, Spencer C and Groudine M. (1992). Sequences in the human c-myc 
P2 promoter affect the elongation and premature termination of transcripts 
initiated from the upstream P1 promoter. Mol Cell Biol 12: 4590-600. 

Petrovics G, Liu A, Shaheduzzaman S, Furasato B, Sun C, Chen Y, et al. (2005). 
Frequent overexpression of ETS-related gene-1 (ERG1) in prostate cancer 
transcriptome. Oncogene 24: 3847-3852. 

Polverino A, Coxon A, Starnes C, Diaz Z, DeMelfi T, Wang L, et al. (2006). AMG 706, 
an oral, multikinase inhibitor that selectively targets vascular endothelial growth 
factor, platelet-derived growth factor, and kit receptors, potently inhibits 
angiogenesis and induces regression in tumor xenografts. Cancer Res 66: 8715-
21. 

Scherf M, Epple A and Werner T. (2005). The next generation of literature analysis: 
integration of genomic analysis into text mining. Brief Bioinform 6: 287-97. 

Shaheduzzaman S, Vishwanath A, Furusato B, Cullen J, Chen Y, Banez L, et al. (2007). 
Silencing of Lactotransferrin Expression by Methylation in Prostate Cancer 
Progression. Cancer Biol Ther 6. 

Sun C, Shi Y, Xu LL, Nageswararao C, Davis LD, Segawa T, et al. (2006). Androgen 
receptor mutation (T877A) promotes prostate cancer cell growth and cell survival. 
Oncogene 25: 3905-13. 

 
 
 


