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Figure 7: Clinical significance of genes affected by CAPE treatment in GEO Profile GDS2545 dataset. The mRNA level 
of (A) FZD5, (B) ROR2, (C) SMAD4 in primary vs. metastatic prostate tumors was analyzed from online gene array data PubMed GEO 
Profile GDS2545 dataset.

Figure 8: Clinical significance of genes affected by CAPE treatment in Oncomine dataset. The mRNA level of (A) NKKBIA, 
(B) DUSP6, (C) PLCB3, (D) SMAD4, (E) RELA, and (F) SNAI1 in primary vs. metastatic prostate tumors was analyzed from online gene 
array data extracted from both Oncomine and PubMed GEO Profile.
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[23]. During EMT, expression of several proteins change, 
including the 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, 
and occluding proteins. In addition, the activity of ILK, 
GSK-3b, and Rho as well as nuclear b-catenin, Smad-
2/3, NF-kB, Snail, Slug, and Twist proteins also increased 
during EMT [24]. 

EMT regulatory proteins play essential roles 
in regulation of PCa metastasis. Expression of the 
E-Cadherin is reduced or absent in high-grade PCa [25] 
while reduced E-Cadherin level correlates to metastasis 
and lower survival in PCa patients [26, 27]. N-Cadherin 
elevates after hormone ablation therapy and is associated 
with metastasis and aggressiveness of PCa [28, 29]. 
MMP- 9, usually up-regulated during EMT in cancer cells, 
is a matrixin belongs to the zinc-metalloproteinases family 
degrading the extracellular matrix, which is important 
for angiogenesis, wound healing, cell migration, and 
angiogenesis [30]. Elevated of MMP-9 correlates to the 
invasive capability of PCa cells [31, 32]. Slug is a zinc-
finger transcription factor of the Snail/Slug zinc-finger 
family regulating cancer metastasis [33]. Slug has been 
reported to promote migration and invasion of PCa cells 
via CXCR4/CXCL12 axis [33]. Snail locates proximal 
to the transcriptional start site of the E-cadherin gene 
and it belongs to a family of ZINC-FINGER-containing 
transcriptional repressors [34–36]. Snail is a repressor 
of RKIP transcription and expression of Snail and 
Slug suppress the expression of E-Cadherin [33–36]. 
Elevation of vimentin protein, a type III intermediate 
filament protein, positively correlates with the invasion 
and metastasis potential of androgen-independent PCa 
cells [37]. Down-regulation of b-catenin abundance and 
GSK-3b phosphorylation correlates to reduced cellular 
migration and invasion in PCa cells [38]. GSK-3b 
inhibition depletes the population of PCa stem cells and 
attenuates the growth of metastatic prostate tumors [39]. 
Our observed that CAPE treatment reduced activity of 
MMP-9 as well as abundance of MMP-9, vimentin, Snail, 
and phosphorylation of GSK-3b but elevated epithelial 
marker of E-Cadherin and GSK-3b, suggesting that CAPE 
treatment suppressed PCa metastasis via inhibition of Wnt 
signaling and EMT (Figures 2–5).

Protein levels of b-catenin is higher in human 
PCa cell line as compared to normal prostate cells [40]. 
Cytoplasmic and nuclear b-catenin expression was 
detected by IHC staining in 34% of primary prostate 
carcinoma specimens, whereas normal prostatic tissue 
failed to exhibit any detectable nuclear staining for 
b-catenin [40]. Elevation of b-catenin protein expression 
was observed in 77% of lymph node metastases and in 
85% of bone metastases, and high expression level of 
b-catenin was related directly to the Gleason score and 
to serum PSA levels in PCa patients [40]. Elevation of 
β-catenin and androgen receptor (AR) protein expression 

correlated with high Gleason grade, disease progression, 
and increasing serum prostate-specific antigen (PSA) 
levels in PCa patients [41]. The intensity of membrane 
associated β-catenin switched to cytoplasm was used 
to predict the higher risk of death in prostate cancer 
patients [42]. Our results revealed that CAPE treatment 
can significantly suppressed total and nuclear abundance 
of b-catenin (Figures 2, 3, 5), which may contribute 
to the inhibition of PCa metastasis caused by CAPE 
treatment.

NF-kB/relA transcription factor is constitutively 
activated in human PCa cells and inhibition of NF-
kB activity in PCa cells associates with suppression 
of angiogenesis, invasion, and metastasis. The IκBα 
(inhibitor of kappa B) inactivates the transcription of NF-
κB by masking the nuclear localization signals of NF-κB 
proteins and thus keeps them inactive in the cytoplasm. 
IKK phosphorylates the inhibitory IκBα protein [43]. 
This phosphorylation results in the dissociation of IκBα 
from NF-κB, and NF-κB is therefore able to move into 
the nucleus and initiates gene transcription. Consistent 
with the well known fact that CAPE is a NF-κB specific 
inhibitor, our study inducated that CAPE reduces 
expression of NF-κB p65 and RelB in PC-3. Our animal 
study also revealed that CAPE treatment reduced protein 
abundance of NF-κB p65 in PC-3 tumors. 

Our nude mice study indicated that i.p. injection 
of CAPE (15 mg/kg, twice a week for one month) 
significantly decreased the metastasis of PC-3 tumors 
(Figure 5). CAPE treatment reduced the abundance of 
Ki67, MMP-9, Snail, Frizzled4, β-catenin, and ROR2 in 
PC-3 tumors (Figure 5). These results indicated that CAPE 
may have therapeutic effects for patients with advanced 
PCa. As mice were treated with 15mg/kg CAPE via i.p. 
injection twice a week for one month. This meant that 
each mouse received 15 (mg/kg) × 0.025 (kg/mice) × 2 
(times/week) = 0.75 mg/ week. Although the dose effective 
for human being requires clinical trial, we try to estimate 
the approximate amount of CAPE required to exhibit 
anticancer effects. For a patient of 70 kg, the patient may 
require 15 (mg/kg) × 70 (kg) × 2 (times/week) = 2100 mg 
of CAPE per week.

Genes affected by CAPE treatment obviously 
correlate to PCa metastasis.  Gene expression of FZD5, 
DVL3, RELA, MAPK9, CTNNB1, and SNAI1 is higher in 
metastatic prostate tumors as compared to primary prostate 
tumors (Figure 6). On the other hand, mRNA levels of 
ROR2, NFKBIA, DUSP6, PLCB3, and SMAD4 are lower in 
metastatic prostate tumors as compared to primary prostate 
tumors (Figures 6–8). As CAPE treatment suppressed 
protein expression of Frizzled 5, Dvl-3, NF- κB, JNK2, 
b-catennin, and Snail but augmented protein abundance of 
ROR2, IκBα, MKP-3, PLCb III, and Smad4 (Figures 2, 3), 
CAPE treatment may benefit patient with metastatic PCa.

We have generated a summary of signaling 
pathways affected by CAPE treatment (Figure 9). CAPE 
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treatment reduces abundance and activity of NF-kB 
while elevates abundance of ROR2 ad Wnt5a. This 
in turn increased phosphorylation of JNK1/2, which 
decreased the phosphorylation of GSK-3b. CAPE 
also suppressed the protein level of Wnt3a, Frizzled 
proteins, and Dvl-3, resulting in the reduction of nuclear 
b-catenin. CAPE lessens the phosphorylation of Akt, 
thus reduces the stability of Snail. CAPE also increases 
E-Cadherin and decreases vimentin, nanog, MMP-9, 
cyclin D1, c-Myc, and COX-2. These changes therefore 

suppress the cell proliferation, migration, and invasion 
of PCa cells. 

In conclusion, CAPE treatment suppresses PCa 
metastasis via activation of non-canonical Wnt signaling 
as well as inhibition of canonical Wnt signaling, EMT, and 
NF-kB signaling pathway. This is the first report revealing 
that CAPE treatment can stimulate non-canonical Wnt 
signaling but suppress canonical Wnt signaling pathways. 
We believe that CAPE may be a potential therapeutic 
agent for advanced PCa. 

Figure 9: A summary of signaling pathways affected by CAPE treatment in PC-3 and DU-145 cells. Red arrows indicate 
signaling proteins being elevated by CAPE treatment, while blue arrows indicate signaling being suppressed by CAPE treatment.
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Materials and Methods

Chemicals

All chemicals used in this research were purchased 
from Sigma-Aldrich (St. Louis, MO, U.S.A.).

Cell Culture

PC-3 and DU-145 cells were purchased from 
Bioresource Collection and Research Center (Hsinchu 
city, Taiwan). DU-145 and PC-3 cells were maintained 
in Dulbecco’s Modified Eagle’s Media (DMEM) contain 
10% FBS, penicillin (100 U/ml), and streptomycin 
(100  mg/ml) at 37°C with 5% CO2 and replace fresh 
medium once every two days. 

Plasmids

Expression of hairpin shROR2 plasmid 
(pGPU6-RFP-shROR, target sequence: CCAGCCAA 
GACATGGAAAT) and its control vector (pGPU6-RFP-
shNC, target sequence: TTCTCCGAACGTGTCACGT) 
were purchased from GeneDireX (Hsinchu City, Taiwan).

Transwell migration assay

Migration assays for PC-3 and DU-145 cells 
were performed following the instructions of the 
transwell kit purchased from BD Bioscience (Franklin 
Lakes, NJ, U.S.A.) and as previously described [44]. 
PC-3 and DU- 145 cells seeded at a concentration of 
2 × 104/250 μl into upper compartment of transwell. The 
lower compartment of transwell was filled with 800 μl 
complete medium. PC-3 and DU-145 PCa cells were pre-
treated with 0, 20, 40 and 80 µM CAPE for 24 h. After 
appropriate incubation time, total number of migrated 
cells was counted following standard procedures. Cells 
were then removed from tissue culture plates with 
trypsin, and washed once with DMEM serum free 
medium. 

Transwell invasion assay

An invasion assay with PC-3 and DU-145 PCa 
cells was performed with Growth Factor Reduced BD 
BioCoat Matrigel invasion chambers according to the 
manufacturer’s instructions and as previously described 
[44]. PC-3 and DU-145 cells seeded at a concentration of 
2 × 104/500 μl into into upper compartment of transwell. 
The lower compartment of transwell was filled with 800 μl 
complete medium. PC-3 and DU-145 PCa cells were 
pre-treated with 0, 20, 40 and 80 µM concentrations of 
CAPE for 24 h. After appropriate incubation time, total 
number of migrated cells was counted following standard 
procedures.

Wound healing assay

Wound healing assay with PC-3 and DU-145 
PCa cells was performed with ibidi culture insert 
(Applied Biophysics, Troy, NY, U.S.A.) according to the 
manufacturer’s instructions and as previously described 
[44]. Briefly, PC-3 or DU-145 cells that pre-treated 
with different concentration of CAPE for 24 h seeded 
at a concentration of 3.5 × 104/100 μl into individual 
compartment of ibidi culture insert overnight. We filled 
the culture plate with DMEM complete medium and then 
removed the ibidi culture inserts. Cell migration was 
monitored once per two hours by photographing with 
a live imaging microscope (Leica AF 6000 LX, Leica, 
Wetzlar, Germany). The results of wound closure was 
captured and displayed as photographs. 

Gelatin zymography assay

Gelatin coated poly-acrylamide gel electrophoresis 
for MMP-2 and MMP-9 activity assay was performed as 
previously described [45). DU-145 and PC-3 cells were 
pre-treated with different concentration of CAPE (0, 20, 
40 and 80 μM) for 24 h. Briefly, one million of DU-145 
or PC-3 cells seeded onto 10 cm dish overnight, and then 
treated cells with different concentration of CAPE (0, 20, 
40 and 80 μM) for 24 h. Culture medium contained CAPE 
was exchanged with fresh 5 ml serum-free DMEM and 
incubated with additional 18 h for MMPs secretion. Each 
conditional medium was collected and concentrated by 
Vivaspin concentrator (GE Healthcare). The activity of 
MMP-2 and MMP-9 were determined through (1 mg/ml) 
gelatin coated PAGE, refolding with 2.5% triton X-100 
and incubated in development buffer (25 mM Tris-HCl 
pH7.5, 150 mM NaCl and 5 mM CaCl2) at 37°C for 
48 h. Image of each signal intensity after stained gel by 
Commassie Brilliant Blue R-250 procedures.

Micro-Western Arrays (MWA)

PC-3 and DU-145 PCa cells were treated with 
vehicle (ethanol) or different concentration of CAPE 
(20, 40 and 80 μM) in DMEM with contain 10% FBS 
for 24 h. The MWA were conducted to measure protein 
expression and modification as previously described [9]. 
Detection of α-tubulin and β-actin were used as loading 
control. Scanned images were obtained by using Odyssey 
Infrared Imaging System. Intensity of bands for different 
proteins was quantified with Odyssey 3.0 software. 
All the antibodies used in present study were listed in 
Supplementary Material file.

Western blotting analysis

All the antibodies used in present study were listed in 
Supplementary Material file. Anti-rabbit and anti-mouse IgG 
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secondary antibodies purchased from Santa Cruz (Santa Cruz, 
CA, U.S.A.). Expression of α-tubulin and β-actin were used as 
loading control. Intensity of bands for different proteins was 
quantified with Image J 1.48 software after EPSON stylus 
TX130 scanning.

TCF-LEF reporter assays

The TCF/LEF Reporter kit is designed to monitor 
the activity of Wnt signal transduction pathways in 
cultured cells. For measuring TCF-LEF activity, 2x105 
cells were seeded per well in 12-well plate for 24 h. PCa 
cells were then co-transfected with 1 ng of phRL-CMV-
Renilla luciferase plasmid and 1 μg of pGL4.49[luc2P/
TCF-LEF RE/Hygro] Vector using the PolyJet™ DNA 
In Vitro transfection reagent. The ratio about PolyJetTM 
and plasmid was 3μl transfection reagent to 1 μg DNA. 
Six hours after transfection, cells were treated with 0, 
20, 40 and 80 μM of CAPE for 24 h and were lysed in 
100 μl passive lysis buffer (Promega, Madison, WI, 
U.S.A.). Luciferase activity was measured using a Dual-
Luciferase kit (Promega) in a Monolight luminometer (BD 
Biosciences).

Xenografts in athymic mice

For the hind leg prostate cancer metastasis model, 
6–8 weeks old male Balb/c nu/nu mice (purchased from 
BioLASCO, Taipei, Taiwan) were injected with 2.5 × 105 
PC-3luc cells stably expressed firefly’s luciferase into right 
side hind leg muscle for cancer invasion study. For the tail 
vein injection model, 1 × 106 PC-3luc cells were injected 
into mice tail vein. CAPE (15 mg/kg in 0.1 ml 50% 
DMSO) or vehicle (0.1 ml 50% DMSO) was administered 
every three days to mice by i.p. starting one week after the 
tumor cell inoculation. Image of the xenografts in the nude 
mice was monitored weekly using in vivo bioluminescence 
IVIS imaging system Xenogen IVIS-200 (Caliper Life 
Sciences, Hopkinton, MA, U.S.A.). 

Immunohistochemistry

Paraffin embedded tissue sections derived from 
tumor bearing mice were deparaffinized with xylene, 
rehydration with graded concentrations of ethanol, and 
then practice antigen recovery with 10 mM citrate buffer 
(pH 6.0) via Heat-Induced Epitope Retrieval (HIER) 
method, following by blocking endogenous peroxidase 
with 3% H2O2 in TBS for 15 min. Samples were blocked 
with Ultra V block (Thermo Scientific, Waltham, MA, 
U.S.A.) and incubated with specific antibodies at a 1:100 
dilution for overnight at 4°C. The tissue sections were 
rinsed with TBST three times per five minutes and then 
incubated with HRP conjugated antibodies (Santa Cruz 
Biotechnology, Inc.). Excess antibodies were removed 

by rinsing with TBST three times per five minutes 
and tissue specimens were then reacted with DAB 
chromogen and substrate mixture (Thermo Scientific) for 
appropriate timing. Immunostaining was visualized after 
couterstaining with hematoxylin. All of antibodies used in 
present study were listed in Supplementary Material file.

Public domain data 

Data were downloaded from Oncomine (http://www.
oncomine.com) and PubMed GEO profile. Expression 
profiles of NFKBIA gene expression analysis was 
extracted from Holzbeierlein prostate (Affymetrix U95 
human gene) [46], which contains 40 primary prostate 
tumors and 9 metastatic prostate tumors from patients 
received radical prostatectomy. Expression profile of 
RELA gene was extracted from Grasso prostate datasets 
(Agilent Human Genome 44K) [47], which contains 
51  primary prostate tumors and 32 metastatic prostate 
tumors. Expression profiles of SNAI1 and DUSP6 genes 
expression analysis were extracted from Chandran prostate 
dataset (GSE6752) (Affymetrix GeneChip HGU95av2, 
HGU95b and HGU95c arrays) [48], which contains 
10  primary prostate tumors and 21 metastatic prostate 
tumors. Expression level of ROR2 (Reporter: GPL8300, 
212_at), FZD5 (Reporter: GPL8300, 34997_r_at) and 
SMAD4 (Reporter: GPL8300, 510_g_at) were extracted 
from GDS2545 on PubMed GEO profile which contains 
18 normal prostate epithelial tissue, 65 primary prostate 
tumors and 25 metastatic prostate tumors. Expression level 
of DVL3 was extracted from GDS1439 on PubMed GEO 
profile (reporter: GPL570, 201908_at) which contains 6 
benign prostate tissue, 7 primary prostate tumors and 6 
metastatic prostate tumors; and PLCB3 gene expression 
was extracted from GDS2547 (reporter: GPL93, 63936_
at) which contains 64 primary prostate tumors and 25 
metastatic prostate tumors.

Data analysis

Data were presented as mean ± SD of at least 
three independent experiments or are representative of 
experiments repeated more than three times. Student’s 
t  test (two-tailed, paired) was used to evaluate the 
statistical significance of results from transwell migration 
and invasion assays.
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