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Supplemental Materials and Methods 

Antibodies and RNA Interference 

Polyclonal antibody against Vav3 has been described (3). Antibodies against EphA2, 

Rac1, EGFR, and phosphor-Tyrosine (4G10) were purchased from Millipore. 

Antibodies against phosphor-EGFR (Tyr 1068), insulin receptor� (IR�), and Met, 

were purchased from Cell Signaling. Anti-actin antibody was purchased from Santa 

Cruz Biotechnology. Anti-GAPDH antibody was purchased from AbFrontier (Korea). 

The siRNA specific targeting Rac1, Cdc42, and RhoA were custom made (MDBio, 

Inc., NJ) and those siRNA sequences are provided in Table S2. 

Immunoprecipitation and Western blot analysis 

To activate RTKs, cells were starved overnight and then stimulated with 2�g ml-1

pre-clustered ephrin-A1-Fc (R&D Systems), 100ng ml-1 EGF (R&D Systems), 10 ng 

ml-1 HGF (R&D Systems), or 0.3 �g ml-1insulin (Sigma-Aldrich) for 10 min. Cells 

were lysed in 10 mM Tris buffer, pH 7.4, containing 0.15 M NaCl, 1% Triton X-100, 

1 mM EDTA, 0.5 mM pervanadate, and protease inhibitor mixture (Roche). The cell 

lysates were incubated with antibody against Vav3, IR, or Met, together with protein 

G-sepharose beads for 2 h at 4 °C. After 3 washes, the bound proteins were eluted 

from the beads with Laemmli buffer, analyzed by Western blotting. The blots were 

probed with anti-phosphor-tyrosine (0.1 �g ml-1), anti-Vav3 (0.2 �g ml-1), anti-insulin 



��
�

receptor (1:1000 dilution), anti-Met (1:1000 dilution), anti-EGFR (0.1�g ml-1), 

anti-phosphor-EGFR (1:1000 dilution), or anti-EphA2 (0.1 �g ml-1). 

Rac1 Activation Assay 

The glutathione-Sepharose beads conjugated with GST-PAK CRIB was purified and 

used as described (3). Cell lysates were prepared in RIPA buffer, containing 10mM 

Tris buffer, pH 7.4, 0.15 M NaCl, 1% Triton X-100, 1mM EDTA, 20mM MgCl2, 

0.5mM pervanadate, and protease inhibitor mixture (Roche). GTP-Rac1 was pulled 

down from the cell lysates by GST-PAK CRIB conjugated beads for 45m at 4°C. The 

beads were washed three times. Bound proteins were eluted with Laemmli buffer and 

analyzed by Western blotting with anti-Rac1 antibody (Millipore; 0.1�g ml-1). 

Cell Proliferation Assay 

Cell proliferation assay was measured with the CellTiter 96 Aqueous One Solution 

cell proliferation assay (Promega). Assay was performed according to the methods 

described in the manufacturer’s manual. Briefly, cells (1x103 cells) were seeded in 

96-well plates and incubated for various times, at defined time points, 20 �L of the 

CellTiter 96 AQueous One Solution Reagent were added and incubated for 2 hr at 

37�C. The quantity of formazan product, which is directly proportional to the number 

of living cells in the culture, was measured by absorbance at 490 nm with 96-well 

plate reader. Data are the means ± SD (n=3). 
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Animals and Tumor Cell Injection 

Male athymic BALB/c nude mice were purchased from NLAC, Taiwan, and Bio 

LASCO Taiwan Co. Eight-week-old male mice were anesthetized with isoflurane and 

placed in supine position. 1x106 PC3 cells stably expressing Vav3 or control shRNA 

in 15ul were mixed with matrigel in 1 to 1 ratio and then injected into the prostate as 

described (26). To confirm injection site, some mice were examined two days after 

surgery, which revealed cells were injected inside the prostate with many surrounded 

glands (Figure S5A). 

DNA fingerprinting analysis 

Genomic DNA was isolated from cell lines using proteinase K digestion and organic 

extractions according to standard procedures. A single round of PCR amplified 8 short 

tandem repeat (STR) markers (D5S818, D7S820, D13S317, D16S539, vWA, TH01, 

TPOX and CSF1PO) and an Amelogenin gender-determining marker at loci 

containing highly polymorphic microsatellite markers. Primers used for STR were 

designated according to the sequences provided from Powerplex 1 (Promega). 

Amplified products were analyzed using an ABI 3730 Genetic analyzer (Applied 

Biosystems).  

Patients and follow-up 

50 radical prostatectomy specimens of no more than stage IIB were retrospectively 
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identified from Chi-Mei Medical Center between 1998 and 2005. These patients were 

aged from 53 to 76 years (median 66; mean 64.7). 29 (58%) and 21 (42%) had PSA 

level �10 (ng mL-1) and >10 at initial presentation, respectively. Three (6%), 11 

(22%), and 36 (72%) of these patients were classified to have stage I, IIA and IIB 

disease, respectively, and 27 (54%) and 23 (46%) of them were diagnosed to have 

Gleason score �7 and >7, respectively. Follow-up information was available in all 

cases with a median period of 30 months (ranged 4 to 134, mean: 41.8). Survival 

analyses for biochemical failure-free survival were performed using Kaplan-Meier 

plots and compared by the log-rank test. 
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Figure S1 Vav3-mediated enhancement of NIH3T3 cell migration and invasion correlates 

with activation of Rac1. (A) Top: Western blot showed the expression of Vav3 or Vav3 6-10 

in NIH3T3 cells by antibodies against Vav3. Bottom: NIH3T3 cells expressing Vav3 or Vav3 

6-10 were applied for migration and invasion Boyden chamber assay. 5x104 or 105 cells in 

serum-free medium were added to the upper chamber and were incubated for 6-8 or 18-24 hrs 

for migration and invasion assay, respectively, with 500 �l DMEM contain 5% calf serum in 

the lower chamber. Photomicrographs of three representative regions were taken, and the 

numbers of cells on the low chamber were quantified. The histogram represents mean � SD 

(n = 3). (B) Western blot analysis of GST-PAK immunoprecipitates (active GTP-Rac1, upper 

panel) or total lysates (Rac1 level, bottom panel) in 293T cells over-expressing Rac1 and 

Vav3 or Vav3 6-10. The histograms represent mean � SD (n = 5).
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Figure S2 Reduction of Rac1 decreases Vav3 enhanced LNCaP cell migration and 

invasion. (A) Western blot analysis shows that Rac1, RhoA, and Cdc42 expression level in 

LNCaP cells with control siRNA or Rac1, RhoA, and Cdc42 siRNA transfection. Reduced 

protein expression was observed in specific siRNA transfected cells. (B, C) LNCaP cells 

co-transfected with Vav3 6-10 plus siRNA of individual small GTPase, Rac1, RhoA, or 

Cdc42 were incubated for 24h or 48h followed by migration (B) and invasion (C) assay. The 

migrated cell numbers from six random fields were counted. Numbers represent means ± SD. 

The experiments were repeated three times. ***p < 0.001. 
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Figure S3 Vav3 phosphorylation in the presence of various growth factors in LNCaP and 

PC3 cells. (A) Tyrosine phosphorylation of Vav3 following activation by ephrinA1-Fc in 

LNCaP cells transfected with EphA2 and Vav3 or PC3 cells transfected with Vav3. Vav3 

phosphorylation was examined by immunoprecipitation with anti-Vav3 antibody and 

immunoblotting with anti-pTyr and anti-Vav3. (B-D) Tyrosine phosphorylation of 

overexpressed Vav3 in both LNCaP and PC3 cells by the stimulation of 100ng ml-1 EGF (B), 

0.3 �g ml-1 insulin (C), or 10ng ml-1 HGF (D) for 10 min. Vav3 phosphorylation was 

examined by immunoprecipitation with anti-Vav3 antibody and immunoblotting with 

anti-pTyr (4G10) and anti-Vav3. EGF stimulated EGF receptor (EGFR) phosphorylation was 

examined by phosphor-EGFR antibody. Insulin receptor (IR) or HGF receptor (Met) 




�
�

phosphorylation was examined by immunoprecipitationwith anti-IR or anti-Met antibody and 

immunoblotting with anti-pTyr (4G10), anti-Met, and anti-IR. Histograms represent 

normalized means�±�SE (n�=�3).
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Figure S4 Reduced Vav3 expressions decrease level of several MMPs expression, and 

inhibit ephrinA1-induced migration, invasion, and Rac1 activation. (A) Real-time 

RT-PCR analysis of the mRNA expression comparisons of several MMPs. The Y-axis 

presents the ratio of MMP mRNA level in siVav3 transfected PC3 cells versus the control 

cells. The error bars indicate ±SD. *p < 0.05; **p < 0.01. (B, F) Western blot analysis of 

GST-PAK immunoprecipitates (active GTP-Rac1) or lysates (total Rac1) shows ephrinA1 

stimulation induced Rac1-GTP level is decreased in PC3 cells (B) or LNCaP C4-2 cells (F) 

with reduced Vav3 expression. Histograms represent normalized means�±�SE (n�=�3).�(C-D, 

G-H) Cell migration (C, G) and invasion (D, H) assay were performed. PC3 cells (C-D) or 

LNCaP C4-2 cells (G-H) were starved overnight and incubated for 16hrs or 24hrs for 

migration and invasion assay. 500ul serum-free DMEM containing pre-clustered ephrinA1-Fc 

was served as chemoattractant in the lower chamber. The migrated cells from six random 
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fields were counted. Numbers represent means ± SD. The experiments were repeated three 

times. **p < 0.01; ***p < 0.001. (E) Western blot analysis shows that Vav3 expression level 

in LNCaP C4-2 cells with control siRNA or Vav3 siRNA transfection. Reduced Vav3 

expression was observed in Vav3 siRNA transfected cells.  
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Figure S5 Orthotopic transplantation of PC3 cells into nude mice. (A) Histology of mouse 

normal prostate and PC3 tumors growing in the prostate. PC3 cells (1 x 106) were 

orthotropically injected into the prostate of nude mice. Mice were sacrificed at 2 days post 

injection. Prostate were removed and prepared for sectioning. H&E section of orthotropic 

tumor mass [200x] was showed. (B) Photos of paraaortic lymph node of nude mice implanted 

with PC3-shControl (left panel) or PC3-shVav3 (right panel) cells 28 days after implantation. 

(C) Cell proliferation assay were performed in PC3 cells stably expressed control shRNA and 

Vav3 shRNA by MTS reagent. 1x103 cells were cultured in 96 wells from 0 to 4 days. Then, 

Solution One Reagent was added and incubated for 2hr. The absorbance at 490 nm was 
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measured. Data are the means ± SD of three independent experiments. (D-F) Metastasis of 

PC3 cells in the mesentery (D), spleen (E), and liver (F) of nude mice implanted with 

PC3-shControl cells into prostate 28-35 days earlier. H&E stained histological sections of 

these metastatic organs (100x) are showed.  
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Figure S6 Model of receptor tyrosine kinases mediated Vav3-Rac1 signaling in prostate 

cancer progression and metastasis. Activation of EphA2 receptors by ephrinA1 or 

activation of other RTKs results in the phosphorylation of Vav3. Activated Vav3 then 

promotes Rac1 activation, resulting in the up-regulation of matrix metalloproteinases (MMPs) 

and activation of other factors, to enhance migration and invasion abilities of prostate cancer 

cells. 
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Table S1 STR profiles of PC3 parental cell lines and their microscopic bone metastatic 

lines, PC3-Bone-1 to 3. DNA fingerprinting analysis of PC3 parental cells and bone 

metastatic lines using 9 different STR markers. The results confirmed the linage of these bone 

metastatic cells to be derived from PC3 parental cells. The asterisk shows loss of an allele in 

TH01 marker in the PC3-Bone-2 and 3 cells. 



���
�

Table S2 

siRNA sequence � Note 

Vav3 

�

�

5’-GAGACCGAACTTATTAATAGGGTAA-3’
Three siRNA were combined together for 

transfection 
5’-GGTGGGCTGGTTTCCATCCACATAT-3’ 

5’CAGGACCAAAGAGTCAGGAGAATAT-3’

Rac1 5'-GAGUCCUGCAUCAUUUGAATT-3' �

RhoA 5'-GAAGGAUCUUCGGAAUGAUTT-3' �

Cdc42 5'-CCUCUACUAUUGAGAAACUTT-3' �

qRT-PCR primer 

sequence 
Forward Reverse 

Vav3 5'-ACCAATGGACTGCGAAGAAC-3' 5'-GCTTGACTGCATCACTTGGA-3' 

Androgen Receptor 

(AR) 
5'-AGCACCACCAGCCCCACTGA-3' 5'-CCGGGACTTGTGCATGCGGT-3' 

ephrinA1 
5'-CGGAATGAGGACTACACCATACATGTG

CAGC-3' 

5'-AAGCAGCGGTCTTCATGCTGGTGGATG

GGTT-3' 

EphA2 5'-CAGCAGCGACTTCGAGGCA-3' 5'-CAGTGGCCAGGGAAGGTGCA-3' 

MMP1 5'-GGTCTCTGAGGGTCAAGCAG-3' 5'-AGTTCATGAGCTGCAACACG-3' 

MMP2 5'-ACTGTGACGCCACGTGACAA-3' 5'-GTGCTGGCTGAGTAGATCCA-3' 

MMP7 5'-CAGATGTGGAGTGCCAGATG-3' 5'-GCCAATCATGATGTCAGCAG-3' 

MMP11 5'-GACGGACCTCACCTACAGGA-3' 5'-CAGTACCTGGCGAAGTCGAT-3' 

MMP13 5'-AAGGAGCATGGCGACTTCTA-3' 5'-GGTCCTTGGAGTGGTCAAGA-3' 

MMP14 5'-TGATAAACCCAAAAACCCA-3' 5'-CCTTCCTCTCGTAGGCAGTG-3' 

Table S2 Primers and siRNAs used in this study.


