Androgen Receptor Inhibits Epithelial-Mesenchymal Transition, Migration, and Invasion of PC-3 Prostate Cancer Cells
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Abstract

Bone metastasis is very common in prostate cancer (PCa) and causes severe pain. PC-3 is an androgen receptor (AR)-negative high metastatic potential PCa cell line established from PCa bone metastasis. We observed that re-expression of AR, which locates in cytoplasmic in the absence of androgen, suppressed cell motility, migration, and invasion of PC-3 cells as determined by wound healing assay and transwell assay. Micro-Western Array and Western blotting analysis indicated that re-expression of AR increased APC, Akt2, Akt3, PI3K p85, phospho-PI3K p85 Tyr458, PI3K p85, and E-cadherin but decreased GSK-3(, phospho-GSK-3( Ser9, phospho-mTOR Ser2448, Skp2, NF-(B p50, Slug, N-cadherin, (-catenin, vimentin, MMP-9, and Snail. Migration and invasion of PC-3 and PC-3AR cells was promoted by EGF or IGF-1 but was suppressed by Casodex. Re-expression of AR reduced activity of MMP-2 and MMP-9 in PC-3 cells. Our observations suggested that re-expressing AR suppresses migration and invasion of PC-3 cells via regulation of EMT marker proteins and MMP activity.

Introduction

Prostate cancer (PCa) is the 5th most common cancer overall in the world. Surgeries are effective for treating organ-confined PCa. However, more than 80% of patients died from PCa developed bone metastases. 
 ADDIN EN.CITE 
[1, 2]
. In 1941, Charles Huggins discovered that deprivation of androgen caused regression of hormone-responsive metastatic PCa. Since then, androgen ablation therapy has become the primary treatment for metastatic PCa. However, most PCa patients receiving the androgen ablation therapy will ultimately develop recurrent, castration-resistant prostate cancer (CRPC) within 1-3 years with a median overall survival time of 1-2 years after relapse 
 ADDIN EN.CITE 
[3, 4]
. There is no effective standard therapy for CRPC. 
PC-3 cell line is an androgen receptor (AR)-negative PCa cell line with high metastatic potential established from the bone metastasis of a 62-year-old Caucasian male with grade IV PCa in 1979 
 ADDIN EN.CITE 
[5]
. The proliferation of PC-3 cells is androgen-insensitive. AR, an androgen-activated transcription factor, belongs to the nuclear receptor super family 
 ADDIN EN.CITE 
[6]
. AR plays essential roles in the development of male sex organs and prostate tissues, as well as the development, progression, and metastasis of PCa 
 ADDIN EN.CITE 
[7, 8]
. In prostate cancer cells, AR modulates the expression of proteins regulating cell cycle, survival and growth 
 ADDIN EN.CITE 
[9-11]
. Previously, we reported that proliferation of PC-3 cells re-expressing AR is suppressed by physiological concentrations of androgen 
 ADDIN EN.CITE 
[12, 13]
. However, the majority of patients with metastatic PCa are under androgen ablation therapy and the serum testosterone level is controlled to very low or almost undetectable. We are therefore interested in investigating the effects of AR on metastatic potential of PC-3 cells in the absence of androgen. 

Micro-Western Array (MWA), a recently developed high-throughput antibody-based proteomics system, is a modified reverse phase array composes of a GeSim Nanoplotter arrayer, a GE multiphor, and a Licor Odyssey infra-red scanner 14[]
. MWA allows detecting protein expression level or phosphorylation status change of 96-384 different antibodies in 6-15 samples simultaneously. MWA is very powerful for signaling transduction network or protein profile study. We therefore used MWA to assay the signaling proteins being affected by the re-expression of AR to unravel the molecular mechanisms how AR may regulate the migration and invasion of PC-3 cells. MWA assay indicated that re-expression of AR affects proteins involved in epithelial-mesenchymal transition (EMT). EMT plays important role in cancer invasion and metastases 
 ADDIN EN.CITE 
[15, 16]
. Our observations suggested that re-expressing AR suppresses migration and invasion of PC-3 cells via regulation of EMT marker proteins and MMP proteins activity.
Materials and Methods

Material
EGF and IGF-1 was purchased from Invitrogen/Gibco (Carlsbad, CA, U.S.A.). AG1024 was purchased from Millipore (Billerica, MA, U.S.A.). Gefitinib/Irressa was purchased from Sellek (Houston, TX, U.S.A.), while Casodex/bicalutimide was purchased from AstraZeneca (London, United Kingdom).
Cell Culture
PC-3 cells were purchased from Bioresource Collection and Research Center (Hsinchu city, Taiwan). For re-expression of AR in AR-negative PC-3 cells, PC-3 cells were transfected with LNCX-2 plasmid containing wild-type human AR and selected with neomycin G418 as previously described 
 ADDIN EN.CITE 
[12]
. Antibiotic-resistant colonies were expanded and screened for AR expression by Western blot analysis. PC-3 cells overexpressing AR were denoted as PC-3AR. PC-3 and PC-3AR cells were maintained in DMEM (Gibco/Invitrogen) supplemented with 10% charcoal-stripped fetal bovine serum (CS-FBS) (FBS was purchased from Atlas Biologicals, Fort Collins, CO, U.S.A.), penicillin (100 U/ml), and streptomycin (100 (g/ml).
Transwell Migration Assay
Migration assay of PC-3 cells was performed with transwell kit from BD Bioscience (Franklin Lakes, NJ, U.S.A.) as previously described 
 ADDIN EN.CITE 
[17]
. PC-3 cells were trypsinized and then wash twice with PBS. Cells were seeded in 0.5 ml of FBS free medium at density of 104 per well at the top well of insert. 0.5ml of medium containing 10% FBS was added to the lower chamber. Cell migration filter was inserted into the lower chamber and then incubated for 6 h at 37 (C. After 6 hr, cells on the topside of the filter and medium of the lower chamber were removed. 0.5ml methanol was added to the lower chamber for 10 minute for cell fixation. After removal of methanol, Giemsa Stain was added for cell staining for 1 hour. Pictures were taken for cell number counting after staining solution was removed and then washed with ddH2O.

Transwell Invasion Assay
Invasion assay of PC-3 cells was performed with Growth Factor Reduced BD BioCoat Matrigel invasion chambers (BD Biosciences, San Jose, CA, U.S.A.) as previously described 
 ADDIN EN.CITE 
[17]
. 1 x 104 cells were seeded in serum-free medium in the upper compartment, and DMEM plus 20% fetal bovine serum was placed in the lower compartment of the chamber as a chemo-attractant. After 24 h of incubation, the non-invading cells on the upper side of the chamber were removed, and the membranes were fixed with methanol and stained with Giemsa’s solution. Evaluation of invasive capacity was performed by counting the invading cells under a light microscope. All experiments were conducted in triplicate.

Western Blotting Analysis
Protein extracts were lysed in mammalian cell lysis buffer as previously described 
 ADDIN EN.CITE 
[18]
. Protein concentration was determined with the Bradford reagent (Bio-Rad Laboratories, Hercules, CA, U.S.A.) using a bovine serum albumin standard. Proteins were separated on 8-10% SDS-PAGE gels. Protein expression was determined by western blotting using following antibodies: phospho-Akt Thr308, phospho-Akt Ser473, GSK-3(, GSK-3(, phospho-GSK-3( Ser21, phospho-GSK-3( Ser9, Snail, phospho-RSK1 Thr359/Ser363, and (-catenin antibodies were purchased from Cell Signaling Technology (Danvers, MA, U.S.A.); AR and MMP-9 antibody was purchased from Epitomics (Burlingame, CA, U.S.A.); Akt3, PI3K p85, phospho-PI3K p85 Tyr458, PI3K p110(, PI3K p110(, and phospho-mTOR Ser2448 antibody was purchased from Millipore; E-cadherin and N-cadherin antibodies were purchased from BD Biosciences (Franklin Lakes, NJ, U.S.A.); Slug antibody was purchased from Abgent (San Diego, California, U.S.A.); APC and vimentin antibody were purchased from Abcam (Cambridge, MA, U.S.A.); Akt1, Akt2, GAPDH, and (-actin antibodies were purchased from Novus Biologicals (Littleton, CO, U.S.A.). Goat anti-rabbit and anti-mouse IgG conjugated with horseradish peroxidase were purchased from Santa Cruz (Santa Cruz, CA, U.S.A.). GAPDH and (-actin were used as the loading control.
Confocal Microscopy. PC-3 cells were culture to 50-70% confluence. Medium was removed and cells were washed 3 times with PBS buffer for 5 min each at room temperature. Cells were then fixed with 4% paraformaldehyde solution for 15 minutes at room temperature. Cells were rinsed with PBS 3 times for 5 min each and permeabilized for 10 minutes at room temperature with 0.1 % Triton in PBS. Cells were blocked for non-specific protein binding with 2 % BSA in PBS for 30 minutes, rinsed with PBS 3 times for 5 min each. Cells were incubated with AR antibody for 1 h and stained with DAPI (5 mg/mL) for 15 min. After washing, cells were incubated with 2nd antibody (FITC) for 1hr. After washing, Cells were mounted and sealed. Image of cells were captured at magnification of 300X Olympus confocal microscope (FV300, Olympus, Tokyo, Japan).
Wound Healing Assay
Wound healing assay was performed using ibidi culture insert (catalog number 80209) according to the manufacturer’s instructions. PC-3 and PC-3AR cells were seeded at a concentration of 4×104cells/100 μl into ibidi culture inserts in 24-well plate. After cells were appropriately attached, the ibidi culture inserts were removed. Cells were monitored and photographed at 0, 2, 4, 6, 8, 10, and 12 hours after the removal of inserts with a live imaging microscope (Leica AF 6000 LX, Leica, Wetzlar, Germany). The magnification of the microscope is 100X.
Gelatin Zymography assay

Gelatin coated poly-acrylamide gel electrophoresis for MMP2 and MMP9 activity assay was performed as described in previous publication 
 ADDIN EN.CITE 
[19, 20]
. Briefly, 24 hours of conditioned media derived from PC-3 or PC-3AR cells were concentrated by vivaspin 500 concentrators (GE Healthcare Life Sciences). Each equal amount of concentrated conditioned medium mixed with sample buffer (not contain reducing agent) was loaded into vertical gelatin coated 7.5% poly-acrylamide gel, after electrophoresis ending, stripping SDS with 2.5% (w/v) triton X100, then soak gel into development buffer (50 mM Tris-HCl pH7.5, 150 mM NaCl and 5 mM CaCl2) with appropriated timing. The intensity of MMPs activity appears after completing 0.5% Coomassie Brilliant Blue staining procedure.

Results

Re-expression of AR protein suppressed migration and invasion of PC-3 cells. 
Wild type PC-3 cells do not express androgen receptor (AR) (Fig. 1). We stably re-expressed AR protein in PC-3 cells which we denoted as PC-3AR cells (Fig. 1). In the absence of androgen, AR in PC-3AR cells located in cytoplasm (Fig. 1). Western blotting assay confirmed the re-expression of AR in PC-3 cells (Fig. 2A). Re-expression of AR significantly suppressed 30-40% of migration (Fig. 3B) and invasion (Fig. 2C) in PC-3 cells. Wound healing assay also demonstrated that PC-3AR cells moved approximately 2.5 fold slower than wild type PC-3 cells (Fig. 3).
Re-expression of AR affected signaling and EMT marker proteins. 
To understand how re-expression of AR may suppress the migration and invasion of PC-3 cells, we used Micro-Western Arrays (MWA) (Fig. 4A) to determine if signaling proteins regulating epithelial-mesenchymal transition (EMT) and cell motility were affected by AR re-expression. More than 200 different proteins were assayed by MWA screening. We discovered that re-expression of AR increased adenomatous polyposis coli (APC) and E-Cadherin proteins but decreased phospho-p90 ribosomal s6 kinase-1 (RSK1) Thr359/Ser363, phospho-Akt Thr308, phospho-Akt Ser473, phospho-mammalian target of rapamycin (mTOR) Thr2448, Slug, Snail, NF-(B p50, N-Cadherin, and S-phase kinase-associated protein 2 (Skp2) proteins (Fig. 4B, 4C). 

Conventional Western blotting assay was then used to confirm the changes of protein expression (Fig. 5). Consistent with MWA observations, we observed that re-expression of AR elevated the expression levels of APC and E-Cadherin but reduced abundance of phospho-mTOR Thr2448, Slug, Snail, NF-(B p50, N-Cadherin, and Skp2 proteins. Additionally, re-expression of AR increased expression levels of Akt2, Akt3, PI3K p85, and phospho-PI3K p85 Tyr458 but decreased abundance of GSK-3(, phospho-GSK-3( Ser9, matrix metalloproteinases-9 (MMP-9), vimentin, and (-catenin proteins. Re-expression of AR caused less than 15% changes in the protein expression level of GSK-3(, phospho-GSK-3( Ser21, phospho-RSK1 Thr359/Ser363, PI3K p110(, PI3K p110(, phospho-Akt Thr308, and phospho-Akt Ser473. 
EGF, IGF-1, and anti-androgen affect migration and invasion of PC-3 and PC-3AR cells 

Activation of epidermal growth factor receptor (EGFR) promotes the proliferation and invasion in prostate cancer cells while suppression of EGFR signaling reduces the incidence of prostate cancer metastasis in nude mice 
 ADDIN EN.CITE 
[21]
. Plasma levels of insulin-like growth factor I (IGF-1) and IGF binding proteins-2 and -3 are associated with prostate cancer invasion, progression, and metastasis 22[]
. EGF and IGF-1 have also been reported to activate AR 
 ADDIN EN.CITE 
[23]
. We therefore determine if treatment with EGF, IGF-1, EGFR inhibitor Gefitinib (Iressa), IGF-1 receptor inhibitor, or anti-androgen Casodex (Bicalutamide) may affect migration and invasion of PC-3 or PC-3AR cells or not. Treatment with EGF (100 ng/ml) or IGF-1 (100 ng/ml) significantly increased the migration (Fig. 6A) and invasion (Fig. 6B) of PC-3 cells. On the other hand, treatment with EGF receptor (EGFR) inhibitor Gefitinib (10 (M), IGF-1 receptor (IGF-1R) inhibitor AG1024 (10 (M), or anti-androgen Casodex (100 (M) suppressed the migration (Fig. 6A) and invasion (Fig. 6B) of PC-3 cells. These growth factors, inhibitors, or anti-androgen showed similar trend of effects on PC-3AR cells, although some of the difference did not research statistically significance T test (p value < 0.05). Wound healing assay demonstrated similar results (Fig. 7) as compared to transwell migration assay.
Activity of MMP-2 and MMP-9 is lower in PC-3AR cells as compared to PC-3 cells
Matrix metalloproteinase (MMP) family proteins are involved in breaking down the extracellular matrix (ECM) during cancer metastasis. The serum level of MMP-2 in prostate cancer patients was significantly higher than in the control and BPH groups, while the serum MMP-2 levels in prostate cancer patients with metastasis were even higher elevated as compared to those without metastases 24[]
. Elevated of MMP-9 correlated to the invasive capability of PCa cells 
 ADDIN EN.CITE 
[25]
. We therefore examined if activity of MMP-2 and MMP-9 is different in PC-3AR cells as compared to PC-3 cells. We observed that activity of both MMP-2 and MMP-9 is lower in PC-3AR cells as compared to PC-3 cells (Fig. 8), which may partially explain the worse migratory and invasive ability of PC-3AR cells as compared to PC-3 cells.
Discussion

Epithelial-mesenchymal transition (EMT) is a process that a polarized epithelial cell loses its cell polarity and cell-cell adhesion and transits to a mesenchymal cell phenotype. EMT includes enhanced migratory capacity, elevated invasive ability, increased resistance to apoptosis, and augmented production of ECM components 
 ADDIN EN.CITE 
[15, 16]
. EMT is an important procedure for cancer cells to acquire metastatic potential 
 ADDIN EN.CITE 
[15, 16]
. There is a series alteration of protein expression during EMT, including up-regulation of N-cadherin, vimentin, Snail, Slug, Twist, MMP-2, MMP-3, and MMP-9 proteins as well as down-regulation of E-cadherin, cytokeratin, occluding proteins. Additionally, the activity of ILK, GSK-3(, and Rho as well as nuclear accumulation of (-catenin, Smad-2/3, NF-(B, Snail, Slug, and Twist proteins also increased 
 ADDIN EN.CITE 
[26]
. EMT plays essential role in regulation of metastasis and diseases progression of prostate cancer 
 ADDIN EN.CITE 
[27]
. Cadherins are a family of cell adhesion receptors and morphogenetic regulator. E-cadherin and N-cadherin are essential in regulating the invasiveness of cancer cells 
 ADDIN EN.CITE 
[15, 16]
. Expression of the E-cadherin is reduced or absent in high-grade PCa 28[]
 and lower E-cadherin level correlated to metastasis and lower survival in PCa patients 
 ADDIN EN.CITE 
[29, 30]
. On the other hand, N-cadherin expression is increased in advanced PCa 31[]
. N-cadherin elevates after hormone ablation therapy and is associated with metastasis in PCa 
 ADDIN EN.CITE 
[32]
. Treatment using monoclonal antibody targeting N-cadherin inhibits tumor growth, cancer metastasis, and development of castration resistance phenotype after androgen ablation therapy in mice xenograft models 
 ADDIN EN.CITE 
[33]
. MMP-9 is a matrixin belongs to the zinc-metalloproteinases family degrading the extracellular matrix, which is an important step for angiogenesis, wound healing, cell migration, and angiogenesis. MMP proteins are up-regulated in cancer cells undergoing EMT 
 ADDIN EN.CITE 
[34]
. Elevated of MMP-9 correlated to the invasive capability of PCa cells 
 ADDIN EN.CITE 
[25]
. TMPRSS2:ERG enhances migration and invasion of PCa cells via up-regulating MMP-9 
 ADDIN EN.CITE 
[35]
. Slug is a zinc-finger transcription factor of the Snail/Slug zinc-finger family that plays a role in metastasis of cancer cells 36[]
. Snail protein is located proximal to the transcriptional start site of the E-cadherin gene and it belongs to a family of ZINC-FINGER-containing transcriptional repressors 
 ADDIN EN.CITE 
[37-39]
. Slug has been reported to promote migration and invasion of PCa cells via CXCR4/CXCL12 axis 36[]
. Snail is a repressor of RKIP transcription in metastatic PCa cells while expression of Snail and Slug suppress the expression of E-cadherin 
 ADDIN EN.CITE 
[36-39]

. Snail suppresses the transcription of metastasis suppressor protein RKIP in metastatic PCa cells 
[38]
. Stabilization of Snail via Akt activation and inhibition of GSK-3( activity was reported to be necessary for TNF(-induced EMT in PC-3 prostate cancer cells 40


[ ADDIN EN.CITE ]
. Vimentin is a type III intermediate filament protein that is expressed in mesenchymal cells. Elevation of vimentin protein expression positively correlates with the invasion and metastasis potential of androgen-independent PCa cells 
 ADDIN EN.CITE 
[41]
. Down-regulation of (-catenin abundance and GSK-3( phosphorylation were correlated to reduced cellular migration and invasion in PC-3 and DU-145 prostate cancer cells 42[]
. (-catenin is an important downstream molecule mediating the EMT and cancer metastasis induced by SOX2 in prostate and breast cancer cells 
 ADDIN EN.CITE 
[43]
. Ribosomal S6 protein kinases (RSK) promotes anchorage-independent growth of PCa cells through transcriptional regulation of factors modulating cell survival in bone 
 ADDIN EN.CITE 
[44]
. Deletion of APC in the mouse prostate elevated protein level of (-catenin and promoted prostate carcinogenesis 
 ADDIN EN.CITE 
[45]
. NF-(B/relA transcription factor is constitutively activated in human PCa cells and blockade of NF-(B activity in PCa cells is associated with inhibition of angiogenesis, invasion, and metastasis 
 ADDIN EN.CITE 
[46]
. 

We observed that re-expression of AR in PC-3 cells in the absence of androgen increased APC and E-cadherin but decreased GSK-3(, phospho-GSK-3( Ser9, NF-(B p50, Slug, N-cadherin, (-catenin, vimentin, MMP-9, Snail, and phospho-RSK1 Thr359/Ser363. These changes will result in inhibition of EMT and suppress migration and invasion of prostate cancer cells. It is interesting that AR can affect the expression levels of these proteins without ligand binding. AR has been reported to directly interact with (-catenin 47


[ ADDIN EN.CITE ]
 and GSK-3( . It is not clear if the direct binding between AR and (-catenin or GSK-3( plays any role in the regulation of EMT marker proteins in PC-3 cells. 
Activation of EGFR 21


[ ADDIN EN.CITE ]
 or elevation of plasma IGF-1 22[]
 have previously reported to promote prostate cancer metastasis. In consistent to these studies, we observed that treatment with EGF or IGF-1 stimulates migration and invasion of PC-3 cells (Fig.6, Fig.7), while treatment with EGFR inhibitor or IGF-1R inhibitor suppressed migratory and invasive ability of PC-3 cells. The addition of EGF or IGF-1 did not completely rescue the suppressive effect of AR re-expression on migration and invasion of PC-3 cells (Fig.6, Fig.7). EGF and IGF-1 have been reported to activate AR 23


[ ADDIN EN.CITE ]
, however, addition of EGF or IGF-1 did not alter the abundance of AR in PC-3 or PC-3AR cells (data not shown). Treatment with anti-androgen Casodex suppressed migration and invasion of both PC-3 and PC-3AR cells. All our experiments were performed in medium with dextran-coated charcoal stripped bovine serum (CS-FBS). This procedure can remove 95% of steroids 48[]
. The addition of Casodex may block the effects of the residue steroids and thus further suppress the migration and invasion of PC-3 and PC-3AR cells. Our observations suggested that re-activation of re-expression of AR in PC-3 cells was partially through androgen- and growth factor-dependent activation.
MMP family proteins are important in breaking down the ECM during cancer metastasis. Elevation of MMP-2 24[]
 and MMP-9 
 ADDIN EN.CITE 
[25]
 correlated to the prostate cancer metastasis incidence. We observed that re-expression of AR reduced the activity of both MMP-2 and MMP-9 in PC-3AR cells as compared to PC-3 cells, which may partially explain the worse migratory and invasive ability of PC-3AR cells as compared to PC-3 cells.

We discovered that re-expressing AR suppresses migration and invasion of PC-3 cells via regulation of EMT marker proteins and activity of MMP-2 and MMP-9. Our study provides useful information for understanding how AR may regulate EMT in prostate cancer. According to these observations, locally re-expression of AR may be a potential treatment for AR-negative bone metastatic PCa.
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Figure Legends

Figure 1. Re-expression of androgen receptor (AR) in PC-3 cells. AR and nucleus was detected by green and red fluorescence, respectively, using confocal microscopy. The magnification is 100X.
Figure 2. Re-expression of AR suppressed migration and invasion of PC-3 cells. PC-3 cells were counted and seeded at identical number. (A) Protein expression of Akt3 and (-actin was assayed by Western blotting to confirm the re-expression of AR in PC-3 cells. Cancer cell migration ability (B) and invasion ability (C) was determined by transwell migration assay and transwell invasion assay 6 h and 24 h, respectively, after cell seeding. Asterisk *** represents statistically significant difference (p < 0.001) between PC-3 and PC-3AR cells. 
Figure 3. Wound healing assay was performed to determine the effect of AR re-expression on migration ability of PC-3 cells 0-12 h after cell seeding. The magnification of the microscope is 100X.
Figure 4. Micro-Western Array analysis of difference in protein expression between PC-3 and PC-3AR cells. Cell lysates were collected according to Micro-Western Array (MWA) protocol and MWAs were performed to measure the changes in abundance and modification of indicated proteins. (A) A representative figure of MWA comparing protein expression profile between PC-3 and PC-3AR cells was shown. Red and green were artificial color for anti-rabbit and anti-mouse 2nd antibody, respectively. The blot is the same size as a standard 96-well microtiter plate. (B) The six samples printed in each well from left to right were triplicates of PC-3 cells and triplicates of PC-3AR cells. Proteins of which the expression level was significantly changed after re-expression of AR was shown, including AR, phospho-RSK1 Thr359/Ser363, Skp2, NF-(B p50, phospho-Akt Thr308, phospho-Akt Ser473, phospho-mTOR Thr2446, E-cadherin, N-cadherin, Snail, Slug, (-catenin, and APC. GAPDH was used as loading control. (C) Protein expression fold changes was converted to log2 value and was shown using heatmap. Red color and green color represented increase and decrease of protein level, respectively.
Figure 5. Re-expression of AR in PC-3 cells altered expression level of EMT marker proteins. (A) Protein expression of AR, Akt, Akt1, Akt2, PI3K p85, phospho-PI3K p85 Tyr458, GSK-3α, GSK-3β, phospho-GSK-3α Ser21, phospho-GSK-3β Ser9, Skp2, phospho-mTOR Ser2448, phospho-RSK1 Thr359/Ser363, PI3K p110α, PI3K p110β, phospho-Akt Thr308, phospho-Akt Ser473, E-cadherin, N-cadherin, MMP-9, Snail, Slug, vimentin, β-catenin, APC, NF-(B p50 in PC-3 and PC-3AR cells were assayed by Western blotting. Protein abundance of β-actin was used as loading control. (B) Proteins expression level was converted to log2 value and was organized in the y-axis of the heatmap based on fold change amplitude. Green color indicated decrease of protein expression while red color indicated increase of protein expression under treatment of CAPE.
Figure 6. Migration and invasion assay determining the effects of treatment with EGF (100 ng/ml), EGFR inhibitor Gefitinib (10 (M), IGF-1 (100 ng/ml), IGF-1R inhibitor AG1024 (10 (M), and anti-androgen Casodex (100 (M) on migration and invasion ability of PC-3 cells. PC-3 cancer cell migration ability (A) and invasion ability (B) was determined by transwell migration assay and transwell invasion assay 6 h and 24 h, respectively, after cell seeding. Asterisk *, **, *** represents statistically significant difference p < 0.05, p < 0.01, p < 0.001, respectively, between the indicated groups.
Figure 7. Wound healing assay determining the effects of treatment with EGF (100 ng/ml), EGFR inhibitor Gefitinib (10 (M), IGF-1 (100 ng/ml), IGF-1R inhibitor AG1024 (10 (M), and anti-androgen Casodex (100 (M) on migration ability of PC-3 cells 0-22 h after cell seeding. The magnification of the microscope is 100X.

Figure 8. Zymography assays determining MMP activity in PC-3 and PC-3AR cells. MMP-2 and MMP-9 activity in PC-3 and PC-3AR cells was determined by zymography assay.
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