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ABSTRACT
In an adenoviral RNAi screen using a zebrafish xenograft automated bioimaging platform (1), we identify 

SYK as a kinase supporting human prostate cancer dissemination. SYK has not been previously implicated 

in prostate cancer and we confirm SYK mRNA and protein expression in human prostate cancer specimens. 

Stable lentiviral silencing confirms a role for SYK in zebrafish xenografts and demonstrates that SYK sup-

ports in vitro invasive outgrowth of prostate cancer spheroids. In a mouse experimental prostate cancer me-

tastasis model, SYK RNAi prevents bone colonization and this effect is reversed by wild type but not kinase 

dead SYK expression. In absence of SYK, cell surface expression of the progression-associated adhesion 

receptors, integrin alpha-2 and CD44 is diminished and silencing alpha-2 phenocopies SYK depletion in vitro 

and in vivo. Finally, pharmacological inactivation of SYK similarly interferes with invasive growth and dissemi-

nation. As SYK inhibitors are already in Phase I-II clinical trials for rheumatoid arthritis and lymphoid malig-

nancies (2, 3), these preclinical findings can be immediately translated to the clinic to assess efficacy in the 

treatment of prostate cancer.

INTRODUCTION
Prostate cancer is the most common cancer in males and the second leading cause of cancer deaths 

among men in the Western world (4). Non-detectable micro-metastatic disease may be present in up to 40% 

of patients (5) while 8–14% may have visible or symptomatic bone metastases at diagnosis (6). Although the 

majority of prostate cancers are diagnosed as organ-confined disease, which is curable by prostatectomy or 

radiation therapy, 20-25% of patients will experience relapse within 5 years of treatment (7). Once the dis-

ease has spread beyond the prostate, no curative treatments are currently available (8). In addition to 

screening programs for early diagnosis and treatment of localized disease, there is an urgent need for novel 

targeted therapies to improve treatment of metastatic prostate cancer.

RESULTS AND DISCUSSION
A panel of prostate cancer cell lines was xenografted in the yolk of zebrafish and dissemination was ana-

lyzed using a whole animal automated bioimaging platform as described (1). Prostate cancer cell lines re-

ported to be androgen-independent and/or metastatic in mice (LNCaP-derived C4-2 and C4-2B; DU145 and 

PC3) showed enhanced dissemination in comparison with androgen-dependent non-metastatic cells 

(LNCaP) (9-12) (Fig S1). We therefore devised an adenovirus-based RNAi screen for mediators of prostate 

cancer dissemination using this platform (Fig 1a). Two independent shRNAs targeting the protein tyrosine 

kinase, SYK were identified that significantly inhibited PC3 spreading in two independent experiments using 

~25 embryos per condition (Fig 1b,c; Fig S2). Additional genes fulfilling these criteria included the cell sur-

face hyaluronan receptor, CD44 and the tyrosine kinase, Src (Fig 1b) that have already been linked to 

growth and progression of prostate cancer (13-16).

SYK has been extensively implicated in lymphoid malignancies (3) and appears to play opposing roles in 

different solid tumors (17, 18) but has not been previously associated with prostate cancer. Two independent 

lentiviral SYK shRNAs confirmed the role of SYK in dissemination in the zebrafish xenograft model (Fig 1d; 

Fig S3). SYK RNAi also appeared to reduce outgrowth of cells at the primary injection site (Fig S2) and 

SYK-depleted PC3 cells showed impaired colony formation capacity in vitro (Fig 1e). Moreover, in a model 
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where cell spheroids are embedded in three dimensional (3D) extracellular matrix (ECM) scaffolds (19), si-

lencing SYK attenuated spheroid expansion and effectively blocked ECM invasion (Fig 1f; Fig S4; Video S1). 

No signs of increased nuclear fragmentation in SYK-depleted spheroids were observed, pointing to de-

creased proliferation rather than cell death as the underlying mechanism (Fig S4).

We next analyzed SYK expression in human prostate cancer. Compared to LNCaP, mRNA expression was 

increased in the androgen-independent LNCaP-derived C4-2 and C4-2B sublines and in DU145 and PC3 

androgen-independent, metastatic prostate cancer cell lines (Fig 1g). Likewise, in a series of human pros-

tate cancer xenografts (20), SYK mRNA expression was higher in androgen-independent tumors (Fig 1h) 

and SYK expression in prostate cancer metastasis resection specimens was significantly increased com-

pared to primary prostate cancer in two datasets (Fig 1i). Since the stromal compartment may affect mRNA 

analysis in clinical samples, SYK protein expression was analyzed in a set of primary prostate cancer speci-

mens. Immunohistochemistry validated SYK expression in prostate cancer cells and expression was in-

creased in prostate cancer versus normal prostate epithelium (Fig 1j).

In acute lymphoid leukemia (AML), inhibition of SYK promotes differentiation (21). We analyzed a set of tran-

scripts previously associated with undifferentiated characteristics of prostate cancer cells (22) but observed 

no gross changes in the expression of these genes upon depletion of SYK. However, while mRNA levels of 

the prostate cancer progression-associated markers CD44 and integrin α2β1 (13, 14, 23-25) were unaf-

fected (Fig S5); their cell surface expression was lost following SYK depletion (Fig 2a). SYK has been previ-

ously reported to regulate surface expression of transmembrane receptors (26, 27) and two adenoviral 

CD44 shRNAs were identified as hits in our primary screen (Fig 1b). Moreover, lentiviral silencing of α2 or  

β1 integrin subunits, each by two independent shRNAs, suppressed 3D ECM invasion as well as dissemina-

tion in the zebrafish model (Fig 2b,c; Fig S6). A role for  β1 integrins in intravascular locomotion of tumor 

cells in zebrafish has been previously reported (28). Together, these results identify regulation of surface ex-

pression of adhesion receptors as a potential underlying mechanism for the support of prostate cancer dis-

semination by SYK.
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FIGURE 1. SYK is expressed in human prostate cancer and supports growth, invasion, and dissemination of prostate cancer cells. (a) 
Schematic overview of the in-vivo screening procedure. (b) Mean cumulative distance (MCD) of tumor foci relative to site of injection for PC3 
cells transiently transduced with indicated adenoviral shRNAs calculated from >40 xenografts obtained from two independent experiments. (c) 
Representative scatter plots showing tumor foci detected by automated confocal imaging and automated image analysis as described (1) in 
zebrafish injected with PC3 cells expressing indicated adenoviral shRNAs. Each color shows foci detected in one embryo. Arrows indicate foci 
in tail region. (d) MCD and representative images for dissemination in zebrafish of PC3 cells stably expressing indicated lentiviral SYK shRNAs 
(combined data from 2 independent experiments using >32 embryos per condition are shown). (e) Quantification of colony formation assay for 
PC3 cells expressing indicated lentiviral SYK shRNAs. Grey, small; white, medium; black, large colonies. (f) Representative images and 
quantification of expansion (mean spheroid area) and ECM invasion (MCD) for control and shSYK PC3 cell spheroids 6 days post-injection in 
collagen gels (blue, Hoechst; red, Phalloidin). Scale bars, 100 µm. (g) SYK RNA expression determined by qPCR in indicated cell lines. MDA-
MB-435S (hypermethylated SYK gene promoter (35, 36)) and HCC-1954 breast cancer cells (high SYK expression (36)) were used as negative 
and positive controls, respectively. (h) SYK RNA expression in human prostate cancer resection specimens xenografted in mice. (i) Ratio 
between SYK RNA expression in prostate cancer metastases (MetPCa) and primary prostate cancers (PCa) and significance (TTEST) in two 
different datasets. (j) Immunohistochemical staining of SYK protein in three different prostate cancer specimens (1-3). Arrows point to 
cytoplasmic staining in cancer cells. Arrowheads in enlargement 3’ point to infrequently observed nuclear staining. ns, not significant; *p<0.05; 
** p<0.01; ***p<0.005.
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We next addressed the role of SYK in a preclinical mouse xenograft model for prostate cancer bone metasta-

sis (29). Depletion of SYK led to a strong reduction in metastatic tumor burden following intracardiac inocula-

tion of PC3M-Pro4luc cells (Fig 2d,e). Similar to its effect in vitro and in zebrafish xenografts; shRNA target-

ing integrin 2-subunit mRNA, phenocopied shSYK in this model (Fig 2d). To further interrogate the specific 

role for SYK kinase activity in prostate cancer bone colonization, wild type or kinase dead SYK was ex-

pressed in PC3M-Pro4luc cells expressing an shRNA targeting the SYK 3’UTR. Wild type but not kinase 

dead SYK rescued the in vitro colony forming ability of these cells (Fig 2f). Moreover, effective bone coloniza-

tion of shSYK cells was restored by wild type SYK while expression of kinase dead SYK even further sup-

pressed the process with very few detectable metastases (Fig 2g-i).

Based on these findings, we performed initial experiments to evaluate whether pharmacological inhibition of 

SYK could interfere with in vitro invasive outgrowth and in vivo dissemination using zebrafish xenografts. 

Small molecule inhibitors of SYK are in clinical development for autoimmune diseases and lymphoid malig-

nancies (2, 3). Two of these compounds, R-406 and BAY-61-3606 show efficacy in preclinical leukemia and 

retinoblastoma studies (21, 30-33). When used at 1-10µM, the concentration widely used in vitro (21, 30-33) 

these compounds reduced spheroid outgrowth and ECM invasion of PC3 as well as C4-2B cells (Fig 3a-c). 

Moreover, R-406 significantly inhibited dissemination of PC3 cells (Fig 3d) without significant signs of toxicity 

at 10µM (e.g. yolk sac edema, cardiac edema, bending of the tail, hepatic necrosis, and impaired cardiovas-

cular function were compared for R-406 and vehicle control treated animals). Thus, pharmacological inactiva-

tion of SYK using R-406 and BAY-61-3606 recapitulated the effect of silencing the SYK gene in vitro and in 

zebrafish xenografts.

In summary, we demonstrate that a semi-automated whole animal bioimaging assay based on zebrafish xe-

notransplantation (1) can be productive in RNAi-based preclinical target discovery and lead compound identi-

fication. We show that genetic and pharmacological inactivation points to a role for SYK in invasive growth 

and dissemination of prostate cancer. SYK mRNA and protein is detected in human prostate cancer tissues 

and SYK inhibitors have already been tested in phase I-II clinical trials for other diseases. Altogether, this 

establishes SYK as a potential new drug target in prostate cancer for which existing pharmacological inhibi-

tors with known toxicological profiles can be tested for clinical efficacy.
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FIGURE 2. SYK regulation of adhesion receptor surface expression in human prostate cancer cells modulates dissemination in zebrafish and 
metastatic colonization in mice. (a) FACS analysis of surface expression of CD44 and integrin subunits α2(ITGA2) and β1(ITGB1) in PC3 cells 
expressing indicated SYK shRNAs. MFI, mean fluorescence intensity. (b,c) Representative images (b) and quantified MCD (c) for dissemination 
in zebrafish of PC3 cells expressing indicated lentiviral shRNAs (combined data from 2 independent experiments using > 40 embryo’s per 
condition are shown; Scale bar is 100 µm). Arrow heads indicate tumor foci in tail region. (d) Total metastatic tumor burden determined by BLI 
monitoring at indicated time points following intra-cardiac inoculation in immune-compromised mice for PC3M-Pro4luc variants expressing 
indicated lentiviral shRNAs (data obtained from at least 9 mice per experimental group). (e) Bones of mice collected 31 days after intracardiac 
inoculation with PC3M-Pro4-luc shCTR or shSYK cells and stained with Goldner staining. *, tumor lesion. (f) Quantification of colony formation 
assay for PC3M-Pro4-luc cells expressing control or SYK shRNAs in combination with wild type (SYKwt) or kinase dead SYK (SYKkd) 
expression vectors. Grey, small; white, medium; black, large colonies. (g) BLI images of PC3M-Pro4luc variants expressing control or SYK 
shRNAs in combination with wild type (SYKwt) or kinase dead (SYKkd) expression vectors taken 31 days following intra-cardiac inoculation. 
(h,i) Quantification of the experiment shown in (g) where total metastatic tumor burden was determined by BLI monitoring at indicated time 
points (h) and the number of metastatic colonies was determined by counting of BLI foci at 31 days following intra-cardiac inoculation (data 
obtained from at least 10 mice per experimental group) (i). ns, non significant; *p<0.05; ** p<0.01; ***p<0.005 versus shCTR.
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FIGURE 3. Pharmacological inhibition of SYK prevents growth, invasion, and dissemination of prostate cancer cells. (a) 
Bright field images showing PC3 spheroids 6 days post-injection into collagen gels in the absence or presence of the 
indicated concentrations of BAY-61-360 (one of three experiments is shown). (b) Representative images and quantification 
of expansion (mean spheroid area) and ECM invasion (MCD) for PC3 cell spheroids measured at 6 days post-injection in 
collagen gels and treated with indicated concentrations of R-406 (blue, Hoechst; red, Phalloidin; scale bar is 120 µm). (c) 
Brightfield images showing C4-2B cell spheroids at 6 days post formation in the absence or presence of the indicated 
concentrations of SYK inhibitors. Arrowheads point to ECM invading strands seen under control conditions, which are not 
observed in presence of inhibitors. Scale bar is 120 µm. (d) Representative images and quantified MCD for dissemination in 
zebrafish of PC3 cells in the absence or presence of indicated concentrations of R-406. Combined data from 2 independent 
experiments using >70 embryos per condition are shown. Arrows point to cells disseminated to tail region. Scale bar is 
100µm; ns, not significant; *p<0.05; ** p<0.01; ***p<0.005.



METHODS
See supplemental information for detailed Materials and Methods.

LNCaP, PC3 and DU-145 cells were obtained from ATCC and cultured according to the provided protocol. 

PC3M-Pro4luc cells have been described previously (29). LNCaP-derived cell lines C4-2 and C4-2 B were 

grown in T-Medium. Zebrafish embryo xenografting followed by automated confocal imaging and image 

analysis algorithms were previously described (1). Dissemination is described as cumulative distance from 

injection site of tumor cells in each embryo averaged over all embryos (mean cumulative distance; MCD). 

For the shRNA screen, PC3 cells were transduced with adenoviral shRNA constructs 5 days prior to xeno-

transplantation. Stable PC3 and PC3M-Pro4-luc cell lines were generated by lentiviral shRNA (TRC; Sigma) 

transduction followed by bulk puromycin selection. Wild type or kinase dead (K402R) SYK retrovirus (34) (a 

kind gift from Drs. Wei Zou and Steven Teitelbaum, Washington University, St Louis MO) was transduced in 

PC3M-Pro4-luc cells stably expressing shRNA targeting the SYK 3’UTR, followed by bulk blasticydin selec-

tion. RNA isolation, qPCR, immunohistochemistry on paraffin-embedded tissues, and FACS were done us-

ing standard protocols. Growth and ECM invasion was studied for cell spheroids embedded in collagen gels 

as described (19) and quantified using an automated Image pro 7-based plugin to calculate surface area of 

spheroid, number of cells migrating out and cumulative distance travelled by these cells. The latter is de-

scribed as MCD. Experimental bone metastasis in mice was analyzed by weekly whole body bioluminescent 

imaging (BLI) and Goldner bone staining in nude mice following intracardiac injection with PC3M-Pro4luc 

cells as described (29). Data for all experiments are presented as mean ± SEM of at least 3 independent bio-

logical replicates unless otherwise stated. Student's t test (two-tailed) was used to compare groups.
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SUPPLEMENTARY INFORMATION : METHODS 
Cell lines and antibodies

LNCaP, PC3 and DU-145 cells were obtained from ATCC and cultured according to the provided protocol. 

PC3-M-Pro4luc cells have been described previously (1). LNCaP-derived cell lines C4-2 and C4-2B were 

grown in T-Medium. For FACS, primary antibodies included AIIB2 anti-human integrin β1, 4A10 anti human 

integrin α2, and sc-18849 anti-human CD44 (Santa-Cruz). Goat-anti-mouse APC and donkey-anti-rat PE 

(Jackson laboratories) were used as secondary antibodies. For immunohistochemistry in patient tumor sam-

ples Syk N-19 Ab (sc-1077; Santa Cruz) was used. 

Zebrafish xenotransplantation experiments

For quantification of tumor cell spreading, tumor cells were labeled with CM--DiI (Invitrogen), mixed with 2% 

PVP, and injected into the yolk sac of enzymatically dechorionated, two-day old Casper fli-EGFP transgenic 

zebrafish embryos using an air driven microinjector (20 psi, PV820 Pneumatic PicoPump; World precision 

Inc). Embryos were maintained in egg water at 34°C for 6 days and subsequently fixed with 4% paraformal-

dehyde. Imaging was done in 96 well plates containing a single embryo per well using a Nikon Eclipse Ti 

confocal laser-scanning microscope. Z stacks (12 x 30 µm) were obtained using a Plan Apo 4X Nikon dry 

objective with 0.2 NA and 20 WD. Images were converted into a single Z projection in Image-Pro Plus (Ver-

sion 6.2; Media Cybernetics). Automated quantification of cumulative tumor cell spreading per embryo was 

carried out using an in-house built Image-Pro Plus plugin as previously described (2). 

Transient adenoviral shRNA transduction

PC3 cells were transduced one day after seeding with adenoviral shRNA constructs from Galapagos BV (Lei-

den, the Netherlands) using an MOI of 15 for 24 h. After 3 days, medium was replaced and after an addi-

tional two days, the transduced PC3 cells were detached with trypsin and single cell suspensions were used 

for zebrafish xenotransplantation. 

Stable shRNA and cDNA expression

PC3 or PC3-M-Pro4luc cells were transduced using Sigma’s MISSION library lentiviral shRNAs (shSYK#1: 

T R C N 0 0 0 0 0 0 3 1 6 7 , s h S Y K # 2 : T R C N 0 0 0 0 1 9 9 5 6 6 ; s h I T G B 1 # 1 : T R C N 0 0 0 0 0 2 9 6 4 5 , 

shITGB1#2:TRCN0000029646; shITGA2#1: TRCN0000057730, shITGA2#2: TRCN00000057731).  For len-

tivirus production, HEK293T cells were transfected with the short hairpin constructs together with the packag-

ing plasmids REV, GAG and VSV in a 1:1:1:1 ratio using PE (Sigma) as transfection reagent. Lentiviral su-

pernatant was collected 48 h after transfection and used for transduction or target cells in the presence of 8 

µg Polybrene (Sigma). Transduced cells were bulk selected in medium containing 2 µg/ml puromycin.  Len-

tiviral shRNA vector targeting TurboGFP was used as a negative control. Retroviral cDNAs for wild type and 

kinase dead SYK were a gift from Drs. Wei Zou and Steven Teitelbaum, Washington University, St Louis MO 

(3). Retrovirus was produced in Plat-E packaging cells and used for transduction of PC3-M-Pro4-luc cells 

stably expressing shRNA targeting SYK 3’UTR, followed by bulk blasticidin selection. 
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mRNA expression analysis

For qPCR, total RNA was extracted using RNA easy Plus Mini Kit (Qiagen). cDNA was randomly primed 

from 50 ng total RNA using iScript cDNA synthesis kit (BioRad) and real-time qPCR was subsequently per-

formed in triplicate using SYBR green PCR (Applied Biosystems) on a 7900HT fast real-time PCR system 

(Applied Biosystems). 

The following qPCR primer sets were used: 

GAPDH: forward AGCCACATCGCTCAGACACC,       reverse ACCCGTTGACTCCGACCTT;  

SYK forward GATGCTGGTTATGGAGATG,                 reverse TCTATGATGTTCTTATCCTTGAC; 

CD44 forward TGGCACCCGCTATGTCCAG,              reverse GTAGCAGGGATTCTGTCTG; 

ITGB1 forward ATTGACCTCTACTACCTT,                  reverse GTGTTGTGCTAATGTAAG;  

ITGA2 forward AACTCTTTGGATTTGCGTGTG,         reverse TGGCAGTCTCAGAATAGGCTTC.  

Data were collected and analyzed using SDS2.3 software (Applied Biosystems). Relative mRNA levels after 

correction for GAPDH control mRNA, were expressed using 2^(-∆∆Ct) method. For mRNA expression analy-

sis of human prostate cancer patient material either directly or following xenografting in mice, existing data-

sets were queried as described (4). 

Colony-Forming Assay

Cells were seeded into a 96-well plate containing ~1 cell per well. After 1 to 3 weeks, percentage of wells 

showing colonies and colony size was determined by microscopy (Zeiss Axiovert 200M). 

3D invasion assays

Cell suspensions in PBS containing 2% polyvinylpyrrolidone (PVP; Sigma-Aldrich) were microinjected 

(~1x104 cells/droplet) using an air driven microinjector (20 psi, PV820 Pneumatic PicoPump; World preci-

sion Inc) into solidified 3D collagen gels in 8 well µslides (IBIDI) as previously described (5). Collagen gels 

were prepared from 2.5 mg/ml acid-extracted rat tail collagen type 1. Collagen was diluted to working con-

centration of 1 mg/ml in complete medium containing 44 mM NaHCO3 (stock 440 mM, Merck) and 0.1 M 

Hepes (stock 1M, BioSolve).  Tumor cell spheroids were monitored for ~1 week using Nikon eclipse TS100. 

For immunostaining, gels were incubated for 1 hour with 5 µg/ml collagenase (Clostridium histolyticum, Boe-

hringer Mannheim) at room temperature, fixed with 4% paraformaldehyde, and permeabilized in 0.2% Triton 

X-100. After fixation, collagen gels were stained using a cocktail containing 4 % paraformaldehyde, 0.2% Tri-

ton X-100 (Sigma) and 0.1 µM rhodamine Phalloidin (Sigma) for 3 hrs. Thereafter, wells were washed with 

PBS. Preparations were then mounted in Aqua-Poly/Mount solution (Polysciences, Inc) and imaged using a 

Plan Apo 4X Nikon dry objective with 0.2 NA and 20 WD. A total of 15 Z planes at an interval of 30 µm were 

captured. Image stacks were converted into two dimensional maximum intensity projections using Image 

Pro 7.0. Cell spheroids were analyzed using an automated Image pro 7-based plugin to calculate surface 

area of spheroid, number of cells migrating out of the cell spheroid and cumulative distance travelled by 

these cells. 

Immunohistochemistry
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Normal prostate (n=3) and primary prostate cancer specimens (n=21) were mounted on aminoacetylsilane-

coated glass slides (Starfrost, Berlin, Germany), deparaffinized in xylene and dehydrated in ethanol. Endoge-

nous peroxidase activity was blocked by 1% hydrogen peroxide in methanol for 20  min. Incubation with cit-

rate buffer was used for antigen retrieval. Slides were incubated with 1:500 dilution of Syk antibody (sc-

1077; Santa Cruz) overnight at 4°C, followed by chromogenic visualization using the EnVision DAKO kit 

(Dako, Glostrup, Denmark). After counterstaining with hematoxylin, slides were thoroughly washed, dehy-

drated, cleared in xylene and mounted in malinol (Chroma-Geselschaft, Körgen, Germany). 

Experimental bone metastasis assay

Male nude (BALB/c nu/nu) mice were anesthetized and injected with a single-cell suspension of 105 cells/

100  µl in PBS into the left cardiac ventricle. Outgrowth of spread PC3-M-Pro4luc cells was monitored weekly 

by whole body bioluminescent imaging (BLI) using an intensified charge-coupled device (I-CCD) video cam-

era of the in vivo Imaging System (IVIS100; Xenogen, Alameda, CA, USA) as described previously (1). Val-

ues are expressed as RLUs in photons/s. Bone metastases were also examined by Goldner staining after 

mice were sacrificed using decalcified bone. 

Flow cytometry

For flowcytometry, surface expression levels were determined using primary antibodies, followed by fluores-

cence-conjugated secondary antibodies, and analysis on a FACSCanto or sorting on a FACS Calibur (Bec-

ton Dickinson). 

Statistical analysis

Data are presented as mean ± SEM of at least 3 independent biological replicates unless otherwise stated. 

Student's t test (two-tailed) was used to compare groups. 
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FIGURE S1. Whole organism automated bioimaging assay differentiates between androgen independent / metastatic and androgen-
dependent / non-metastatic  prostate cancer cells. (a) Representative  image of Casper fli- EGFP embryo 6 days following yolk sac 
implantation of 10µm fluorescent beads. Scale bar is 100µm for upper image, and 50µm for lower enlargement of area in inset. 
Passive spreading of beads was virtually undetectable and used as threshold for cancer cell dissemination. (b) Representative  image 
of C4-2B implanted embryos 6 days following xenotransplantation. Top, scale bar is 100 µm; middle, enlargement of inset, 
arrowheads point to disseminated tumor cells, scale bar is 50 µm; bottom, automated imaging and image analysis derived tumor foci 
– scale bar is 100 µm). (c) Scatter plots derived from automated imaging and image analysis of zebrafish xenografts with indicated 
cell lines 6 days following xenotransplantation in the yolk of Casper fli-EGFP embryos. Colors represent tumor cell foci detected in 
individual embryos. (d) Mean cumulative distance (MCD) determined from scatter plots represented in c for indicated cell lines using 
10µm fluorescent beads as negative control. Data from 2 independent experiments are combined. In total 5 embryos were 
transplanted with beads, 128 with LNCaP, 147 with C4-2B, 147 with DU145, and 147 with PC3. ns, not significant; *p<0.05; ** p<0.01; 
***p<0.005.
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FIGURE S5. SYK depletion does not 
downregulate integrin expression at 
mRNA level. qPCR analysis of integrin α2 
and β1 subunits in two independent 
lentiviral shSYK expressing PC3 lines

FIGURE S6. Silencing integrin α2β1 inhibits 3D ECM invasion and outgrowth of 
PC3 spheroids. (a) FACS analysis of surface expression of integrin subunits α2 
and β1 in PC3 cells expressing lentiviral shRNAs targeting indicated integrin 
subunits. (b) Quantification of expansion (mean spheroid area) and ECM invasion 
(MCD) for cell spheroids derived from control PC3 or PC3 expressing lentiviral 
shRNAs targeting integrin subunits measured at 6 days post-injection in collagen 
gels. (c) Representative images of cell spheroids analyzed for b (blue, Hoechst; 
red,Phalloidin). Scale bar is 120 µm.
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