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Although cancer stem cells (CSCs) play a crucial role in 
seeding the initiation of tumor progression, they do not 
always possess the same potent ability as tumor metasta-
sis. Thus, precisely how migrating CSCs occur, still re-
mains unclear. In the present study, we first comparatively 
analyzed a series of prostate CSCs, which exhibited a dy-
namically increasing and disseminating ability in nude 
mice. We observed that the transcriptional activity of HIF-
1α and β-catenin became gradually elevated in these stem 
cells and their epithelial-mesenchymal transition (EMT) 
characteristic altered from an epithelial type to a mesen-
chymal type. Next, we further used cancer-associated fi-
broblasts (CAFs), which were cultured from surgically re-
sected tissues of prostate cancer (PCa) to stimulate pros-
tate CSCs. Similar results were reconfirmed and showed 
that the protein levels of both HIF-1α and β-catenin were 
markedly improved. In addition, the EMT phenotype dis-
played a homogenous mesenchymal type, accompanied 
with increased aggressive potency in vitro. Most impor-
tantly, the aforementioned promoting effect of CAFs on 
prostate CSCs was completely repressed after “silencing” 
the activity of β-catenin by transfection of stem cells with 
ShRNA. Taken together, our observations suggest that 
prostate migrating CSCs, with a mesenchymal phenotype, 
could be triggered by CAFs in a HIF-1α/β-catenin-depen-
dent signaling pathway. 
 
 
INTRODUCTION 
 
Several lines of evidence support the notion that the host reac-
tive stroma could effectively improve the growth, and invasive 
potential of carcinoma cells (Joyce et al., 2009; Kalluri et al., 
2006; Liotta et al., 2001). Among stromal host cells, activated 
fibroblasts are demonstrated to be involved in the growth and 

dissemination of several tumor cells through secretion of so-
luble growth factors or inflammatory cytokines, and following 
production of extracellular matrix proteins and their proteases 
(Chung et al., 2005; Kaminski et al., 2006; Silzle et al., 2004; 
Studebaker et al., 2008). Moreover, CAFs have been reported 
to stimulate cancer cells escaping from local growth control 
mechanisms, distant dissemination and angiogenesis (De 
Wever et al., 2003; Hwang et al., 2008). Nevertheless, whether 
CAFs propel CSCs to an aggressive state by modes of action 
that rely on altering their genotype and phenotype remains 
unclear. Particular attention should be devoted to the role of 
CAFs in the acquisition of migration by CSCs. 

In previous studies, we have isolated three types of cell popu-
lation with stem cell-like associated markers, self-renewal ability 
and typical holoclonal growth patterns based on a FACS analy-
sis approach (Luo et al., 2012; 2013) (Fig. 1). The first was named 
LNCaP/SP1, which was derived from the LNCaP cell-line, the 
second was designated as LNCaP/SP2, and was sorted from 
subcutaneous tumor tissues produced by LNCaP/SP1 in nude 
mice, and the third was named LNCaP/SP3, which was sepa-
rated from subcutaneous tumor tissues produced by LNCaP/ 
SP2. It is worth noting that the increasing capability of tumori-
genesis and metastasis was exhibited in these three types of 
prostate CSCs. To our knowledge, precisely how CSCs acquire 
migrating potency has not been previously elucidated. Our 
attention was therefore focused on CAFs, which have been 
identified to affect invasiveness and EMT characteristics in 
several cancer models. Additional studies are needed to de-
termine whether CAFs could promote the migrating potency of 
CSCs and to investigate the underlying mechanisms. In this 
context, we have evaluated the proactive influence of CAFs on 
their prostate CSCs counterparts and further identified the role 
of the HIF-1α/β-catenin signaling pathway in this pathological 
process. 
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MATERIALS AND METHODS   

 
Cell culture 
Following approval by the Committee on the Ethics of Clinical 
Experiments of the Capital Medical University, we obtained 
fibroblasts from surgically resected regions of PCa and benign 
prostatic hyperplasia (BPH) bearing patients in accordance with 
the following procedures. These isolated fibroblasts were re-
ferred to as CAFs and BPFs respectively. Tissues were se-
quentially cut with a scalpel into pieces 1-2 mm3, placed on 
plastic dishes and cultured with DMEM media, supplemented 
with 10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin. 
Fresh media were added daily until tissue fragments were at-
tached to the plastic. After tissue attachment, the culture media 
were changed twice a week, and fibroblasts were explanted 
from tissue fragments while other cells were mostly retained 
within the tissue. When fibroblasts spread out on the culture 
dish with multiple dense colonies, they were briefly trypsinized 
and replated into new culture dishes. Additionally, the active 
fibroblasts, which we referred to as MFs, were produced by 
BPFs following stimulation with 10 ng/ml of TGF-β1 for 24 h 
(Kalluri et al., 2006). In the present study, MFs were used as 
functional control cells, and BPFs were used as dysfunctional 
control cells. All fibroblasts used in experiments were between 
passage 5 and 7. Conditioned media (CM) was obtained from 
48 h serum-starved fibroblasts, which was clarified by centrifu-
gation, and used freshly. 

LNCaP cells were isolated from lymph node metastases of 
human PCa cells, and maintained in DMEM media supple-
mented with 1 mM sodium pyruvate, 2.5 mM L-glutamine, 10% 
FBS, 100 U/ml penicillin and 100 μg/ml streptomycin. Addition-
ally, prostate CSCs were cultured in keratinocyte medium (Scien- 
Cell, USA) supplemented with 20 ng/ml epidermal growth factor 
(Sigma, USA), 50 μg/ml bovine pituitary extract (Sigma, USA), 
2 ng/ml leukemia inhibitory factor (Sigma, USA), 2 ng/ml stem 
cell factor (Sigma, USA), and 100 ng/ml cholera toxin (Sigma, 
USA). Each of these cells were aseptically manipulated and 
propagated at 37°C in a humidified incubator containing 5% 
CO2.  
 
Western immunoblot analysis 
Twenty to eighty μg of clarified protein lysate were electropho-
retically resolved on denaturing SDS-PAGE (8-12%) gels, and 
electro-transferred onto nitrocellulose membranes. The immu-
noblots were incubated in 3% bovine serum albumin, 10 
mmol/L Tris-HCl (pH 7.5), 1 mmol/L EDTA, and 0.1% Tween-
20 at room temperature for 2 h, and then probed with primary 
antibodies (Santa Cruz, USA) at 4°C overnight. Next, the mem-
branes were hybridized with an appropriate horseradish perox-
idase (HRP)-conjugated secondary antibody (Boshide, China) 
for 2 h at room temperature. Finally, an enhanced chemilumi-
nescence system (Amresco, USA) was used to detect the im-
munopositive protein bands.  
 
Transfection of cells with ShRNA specific for β-catenin and  
HIF-1α 
The recombinant plasmid pSUPER/β-catenin, which was con-
structed as described in our previous study (Zhao et al., 2011), 
and pSUPER/HIF-1α (Boshide, China) were first transfected 
into prostate CSCs using the Lipofectamine 2000 system (Life 
Technologies, USA) following the manufacturer’s instructions. 
Next, the transfected cells were cultured in medium containing 
400 μg/ml puromycin until all non-transfected cells had died. 
Subsequently, we selected the silenced stem cells by treatment 

with 200 μg/ml puromycin. 
 
Luciferase reporter assay 
Cells were plated into 96-well plates. After overnight culture, the 
cells were transiently transfected with the TOPFlash and Renil-
la luciferase construct (Thermo Fisher Scientific, USA). And 
then cells were lysed after 24 h incubation and the activity of 
firefly luciferase and renilla luciferase were both determined by 
Dual-Lucy Assay Kit. The luciferase activity was normalized to 
the renilla luciferase activity.  
 
Immunofluorescent staining 
Cells were fixed in 10% paraformaldehyde for 30 min and 
blocked with goat serum for 30 min. Next, cells were incubated 
at 37°C for 1 h in mouse anti-human β-catenin monoclonal 
antibody (Santa Cruz, USA) at a dilution of 1:200. After wash-
ing three times in PBS, cells were co-incubated with fluorescein 
isothiocyanate (FITC)-conjugated goat anti-mouse antibody 
(Boshide, China) at 37°C for 1 h. The fluorescence staining 
intensity and intracellular localization were determined by fluo-
rescence microscopy (Olympus, Japan). 
  
In vitro transwell invasion assay 
Eight-micrometer polycarbonate filters (Millipore, USA) were 
coated with 50 μg/cm2 of reconstituted Matrigel (Sigma, USA). 
Fifty thousand cells in 300 μl of serum-free growth medium 
were seeded into the upper chamber. Cells were incubated in 
normoxic conditions and allowed to migrate toward complete 
the growth medium for 24 h. Non-invading cells were removed 
mechanically using cotton swabs and the migrated cells, which 
were located on the lower surface, were fixed with methanol. 
The number of migrating cells was determined by counting 10 
high-power fields of view on each membrane, and calculated 
as the mean number of cells per field. Each experiment was 
repeated three times for each cell-line.  
 
Statistics 
All data were presented as mean ± standard deviation (SD). 
The data were analyzed using the Statistical Package for Social 
Sciences (SPSS), version 13.0, for Windows. Statistical analy-
sis was performed by Student’s t-test. P-values with an alpha-
value of less than 0.05 were considered to be statistically signif-
icant.  
 
RESULTS 

 
Identification of the molecular and functional features of  
CAFs 
All three types of fibroblasts appeared as spindle shaped cells 
with loose intercellular connections (Fig. 2A). However, each 
type of cell showed different molecular and functional traits. To 
confirm the mesenchymal characteristics of the fibroblasts, we 
first detected the protein expression of epithelial markers so 
that we could exclude epithelial contamination. We observed 
that the three types of prostate fibroblasts all failed to express 
the epithelial proteins E-cadherin and CK18 (data not shown). 
Moreover, Western immunoblot analysis (Fig. 2B) verified that 
the prostate fibroblasts expressed the mesenchymal marker 
Vimentin. More importantly, the markers of active fibroblasts, α-
smooth muscle actin (α-SMA) and fibroblast activation protein 
(FAP), were positively expressed in both CAFs, and MFs but 
were absent in BPFs.  

To determine the functional features of fibroblasts, we eva-
luated the invasiveness of LNCaP cells through three-dimen-
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tion of the stimulatory effect of different fibroblasts on the invasive capability of human prostate cancer cells (LNCaP cells) in a three-

dimensional transwell system. CAFs and MFs showed notably enhanced abilities to promote progression of prostate cancer as compared 

BPFs. (•) indicates P > 0.05 and (▲) indicates P < 0.05. 
 
 
 
sional matrigels following incubation of those cells with CM from 
BPFs, MFs and CAFs, respectively. The observations revealed 
that CAFs, and MFs, could dramatically increase the invasive 
ability of LNCaP cells (Fig. 2C). By contrast, BPFs did not as-
sist in augmented the invasive capability of LNCaP cells. These 
observations suggest that CAFs, and MFs, could be active 
stromal components in the progression of PCa. In the following 
experiment, we attempted to further demonstrate the ability of 

CAFs to promote the migrating potency of prostate CSCs, and 
determine the possible molecular mechanism of this meaning-
ful pathological process.  
 
Regulation of HIF-1α/β-catenin pathway by CAFs in  
prostate CSCs 
Our previous studies (Jiang et al., 2007; Luo et al., 2006; Zhao 
et al., 2011) verified that LNCaP cells underwent the EMT  

Fig. 1. Schematic depiction showing the 

approach used to establish a series of 

prostate CSC models with different EMT 

phenotypes as determined by FACS 

analysis based on SP sorting. 

Fig. 2. Showing the identification

of the functional characteristics of

CAFs. (A) The shape of CAFs

has no apparent difference as com-

pared with BPFs or MFs. In addi-

tion, they display a spindle-shaped

appearance. The bar indicates 50

μm. (B) Although the general me-

senchymal marker Vimentin was

positively expressed in all three

fibroblast populations, the expres-

sion of the active mesenchymal

markers α-SMA and FAP, were

both significantly heightened in

both CAFs and MFs, and not in

BPFs. (C) Comparative evalua-
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Fig. 3. Showing that CAFs affected the activity of the HIF-1α/β-catenin pathway. (A) The expression of HIF-1α and β-catenin is dynamically 

and progressively increased in the prostate CSCs model. After incubation with CM from CAFs, the lower expression level of HIF-1α and β-

catenin in both LNCaP/SP1 and LNCaP/SP2 stem cells became markedly elevated. Furthermore, the expression levels of both HIF-1α and β-

catenin in LNCaP/SP3 stem cells were enhanced. Tansfection of ShRNA interfered with the expression of β-catenin induced by CAFs in these 

different prostate CSCs. (B) Quantitative analysis accurately demonstrated that the relative protein levels of HIF-1α in prostate CSCs was 

significantly increased by CAFs. (C) Western immunoblot analysis demonstrated that β-catenin/ShRNA effectively dampened the expression 

of survivin and cyclin D1, which were two typical downstream proteins of HIF-1α/β-catenin signaling pathway, in CAFs treated prostate CSCs. 

And HIF-1α/ShRNA exhibited the same interfering effect in LNCaP/ SP2 and LNCaP/SP3 cells treated by CAFs. (D) Luciferase reporter assay 

further showed that the transcriptional activity of HIF-1α/β-catenin signaling pathway was elevated significantly by CM from CAFs. And com-

paring to HIF-1α/ShRNA, β-catenin/ShRNA could much more effectively repress luciferase activity in all three kinds of CAFs treated prostate 

CSCs. (•) indicates P > 0.05 and (▲) indicates P < 0.05.  

 
 
process following activation of the HIF-1α/β-catenin signaling 
pathway. To further identify whether CAFs could affect this 
pathway, we analyzed the corresponding CM for their activating 
effects. As shown by Western Immunoblot analysis (Fig. 3A), 

the HIF-1α/β-catenin signaling pathway displayed different 
activities in these prostate CSCs. This pathway was “closed” in 
LNCaP/SP1 cells, which failed to express either HIF-1α or β-
catenin; was “partially-opened” in LNCaP/SP2 cells, which also 
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Fig. 4. The role of the HIF-1α/β-catenin pathway in the process of CAFs activating prostate CSCs. (A) Although three sources of prostate 

CSCs possessed different EMT phenotypes, all of them displayed the mesenchymal phenotype following treatment with CAFs. Following 

blockade of the HIF-1α/β-catenin signaling pathway with by transfection with ShRNA, the CAFs-treated prostate CSCs completely reversed to 

an epithelial phenotype. (B) The three- dimensional transwell assay showed that the migrating ability of prostate CSCs was markedly en-

hanced by stimulation with CAFs. However, the promoting effect of CAFs was effectively attenuated following suppression of the HIF-1α/β-

catenin signaling pathway in prostate CSCs. (▲) indicates P < 0.05.   
 
 
 
positively expressed HIF-1α and failed to express β-catenin. By 
contrast, the HIF-1α/β-catenin signaling pathway was “opened” 
in LNCaP/SP3 cells, which were found to positively express 
both HIF-1α and β-catenin. However, the activity of the HIF-
1α/β-catenin signaling pathway was opened in all prostate 
CSCs following exposure to CM from CAFs. Further quantita-
tive analysis (Fig. 3B) also showed that the relative protein level 
of HIF-1α to GAPDH in cells treated with CAFs was significant-
ly higher as compared with the corresponding cells not ex-
posed to CM. These data preliminarily indicated that CAFs 
might activate the HIF-1α/β-catenin signaling pathway through 
regulating the expression of HIF-1α in prostate CSCs.  

Moreover, Western immunoblot analysis (Fig. 3C) further 
displayed that the expression of β-catenin and its two typical 
downstream proteins, survivin and cyclin D1, in CAF treated 
cells could be decreased by ShRNA target β-catenin; whereas 
the interfering effect of HIF-1α/ShRNA on above three proteins 
was noticeably exhibited in LNCaP/SP2 and LNCaP/SP3 cells 
treated by CAFs, except for CAFs treated LNCaP/SP1 cells. 
Additionally, luciferase reporter assay (Fig. 3D) also verified 
that the transcriptional activity of HIF-1α/β-catenin signaling 
pathway was significantly higher in CAFs treated cells than that 
in non-treated cells; more importantly, the transcriptional activity 
of β-catenin could be apparently repressed by transfection of 
ShRNA to specifically target β-catenin. Comparing to β-catenin/ 
ShRNA, HIF-1α/ShRNA also exhibited perfect blocking effect 
on HIF-1α/β-catenin signaling pathway in LNCaP/SP2 and 
LNCaP/SP3 cells treated by CAFs, but not in CAF treated 
LNCaP/SP1 cells. These data accurately revealed that CAFs 
could control the activity of HIF-1α/β-catenin signaling pathway 
in three kinds of prostate CSCs.   

In all, we conducted such experiments in order to determine 
whether HIF-1α/β-catenin signaling pathway was involved in 
the aggressive progress of prostate CSCs triggered by CAFs. 
And the blocking effect of β-catenin/ShRNA was much better 
than that of HIF-1α/ShRNA. Therefore, we applied β-catenin/ 
ShRNA for following regulation of HIF-1α/β-catenin signaling 
pathway. 
 

CAFs promoted the migrating ability of prostate CSCs with  
mesenchymal phenotype via the HIF-1α/β-catenin pathway 
To assess the consequence of CAFs augmenting the activity of 
the HIF-1α/β-catenin signaling pathway, we determined altera-
tions in the profile of the EMT phenotype and migration ability in 
prostate CSCs. As shown by Western immunoblot analysis (Fig. 
4A), a dynamic EMT process was displayed by LNCaP/ SP1, 
LNCaP/SP2 and LNCaP/SP3, and among them, LNCaP/ SP1 
cells showed the typical epithelial phenotype with complete 
absence of the EMT phenotype. In addition, LNCaP/SP3 cells 
exhibited a representative mesenchymal phenotype (EMT posi-
tive phenotype), while LNCaP/SP2 cells gained a partial me-
senchymal phenotype with loss of CK18 and Vimentin expres-
sion. 

Although natural EMT characteristics were different, LNCaP/ 
SP1, LNCaP/SP2 and LNCaP/SP3 all expressed mesenchym-
al phenotype after incubation in CM from CAFs. This was also 
characterized by loss of epithelial markers (E-cadherin and 
CK18) and acquisition of mensenchymal markers (Vimentin, N-
cadherin and Fibronectin). Notably, LNCaP/SP1, LNCaP/SP2 
and LNCaP/SP3 all regained epithelial phenotype after knock-
down of β-catenin. Collectively, CAFs could indeed elicit EMT-
associated molecular features of prostate CSCs and did so 
predominantly through activation of the HIF-1α/β-catenin sig-
naling pathway. Moreover, blocking the HIF-1α/β-catenin sig-
naling pathway dramatically reversed this important process.  

More importantly, the results of the three-dimensional inva-
siveness assays (Fig. 4B) showed that CM from CAFs marked-
ly promoted the invasiveness of prostate CSCs. In addition, 
after reverting to an epithelial phenotype following knockdown 
of β-catenin, the invasive potency of prostate CSCs was mar-
kedly reduced. Prostate CSCs also acquired a graded and 
increasing ability to migrate in vitro. This observation was con-
cordant with their EMT characteristics, which shifted dynamical-
ly from an epithelial phenotype to a mesenchymal phenotype. 
Taken together, the above observations demonstrated that 
CAFs helped to trigger not only the EMT process but enhanced 
the aggressive potential of prostate CSCs by a mechanism that 
was dependent, at least in part, on activation of the HIF-1α/β-
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catenin signal transduction pathway.  
 
DISCUSSION  

 
Metastasis is a complicated multi-step process, which involves 
vascularization, invasion, detachment, survival in the circulation, 
extravasation, evasion of host immunity and progressive growth 
(Fidler et al., 2003). Although many hypotheses have been 
proposed to elucidate the underlying mechanisms, the process 
of metastasis remains incompletely understood.  

It is now increasingly apparent that neoplasia is driven toward 
metastasis by CSCs. However, accumulating evidence has 
shown that not all CSCs exhibit the characteristic of migration. 
Hermann et al. (2007) reported that the CD133+ CXCR4+ sub-
set determined the migrating phenotype of pancreatic cancer 
cells, although both CD133+CXCR4+ and CD133+ CXCR4- sub-
sets possessed stem cell-like features associated with typical 
molecular and functional properties. An inhibitor of CXCR4 was 
found to significantly reduce metastasis in CD133+CXCR4+ 
subsets in a mouse model. Furthermore, removal of the CD133+ 

CXCR4+ subset from CD133+ CSCs inhibited the metastasis of 
pancreatic cancer, but did not affect tumorigenesis in the prima-
ry organ. Collectively, these data suggest that CD133+CXCR4+ 
CSCs determine the metastasis and identify the migrating 
CSCs of pancreatic cancer. Furthermore, Yang et al. (2008) also 
demonstrated that the CD90+CD44+ subpopulation displayed 
much greater capacity to metastasize than their CD90+CD44- 
counterparts in liver cancer. However, both subsets could form 
tumors effectively. In addition, the proportion of CD90+CD44+ 
subpopulations in the metastasis increased as compared with 
the primary cancer. Therefore, Yang considered that CD90+ 

CD44+ subpopulations may represent migrating CSCs. In 2005 
(Brabletz et al., 2005), Kirchner first proposed the concept of 
migrating CSCs, which described a population of stem cells 
that were located predominantly at the tumor-host interface, 
and which were derived from stationary CSCs through the ac-
quisition of a transient EMT in addition to stem cell-like features 
or “stemness”.  

Regretfully, current studies assessing the behavior and me-
chanisms of migrating CSCs are very limited. This is mainly 
due to a lack of specific markers currently available to permit 
isolation of migrating CSCs. Interest in this study is three-fold. 
Firstly, we described a series of prostate CSC models with 
different EMT phenotypes, and EMT-positive CSCs showed a 
much greater aggressive potential as compared with EMT-
negative CSCs. After EMT-negative CSCs underwent the EMT 
process, those new CSCs, which expressed the mesenchymal 
phenotype exhibited significantly increased abilities to migrate. 
Consistently, Mani et al. (2008) also isolated two stem-like sub-
populations, namely CD44lowCD24high cells and CD44highCD24low 
cells. These cells were isolated from breast cancer tissues and 
revealed that the CD44highCD24low cell population expressed 
high levels of mesenchymal markers and low levels of E-
cadherin by serial analysis of gene expression. On transplant-
ing human mammary epithelial cells, which constitutively ex-
pressed EMT- inducible factor, either Snail or Twist, into im-
mune-deficient mice, it was found that both had a higher tumo-
rigenic capability, and that the number of CD44highCD24low sub-
populations was elevated. The above studies indicated that 
EMT could be responsible for the generation of migrating CSCs, 
and thus the mesenchymal phenotype may represent a valid 
marker of migrating CSCs.   

Secondly, we observed that CAFs could indeed promote the 
migrating ability of prostate CSCs by provoking the EMT 

process. Cancer cells and stromal cells interact through physi-
cal contact, soluble factors or insoluble extracellular matrix 
factors. Sung et al. (2008) verified that stromal fibroblasts from 
prostate and bone tissue expressed increased protein levels of 
several EMT-inducible factors, including brain-derived neuro-
tropic factor, chemokines, stromal cell-derived factor-1, and 
HIF-1α. Lebret et al. (2007) also found that such factors known 
to induce the EMT process, are present at significantly higher 
levels in CAFs-CM as compared with normal mammary fibrob-
lasts-CM in breast cancer. Additionally, following alterations in 
CM, the phenotype and behaviour of breast cancer cells also 
showed a corresponding change. Thus, Lebret provided impor-
tant evidence suggesting a role for CAFs in increasing the mi-
grating ability of breast cancer via an EMT process. Moreover, 
many studies have shown that CAFs contributed to enhanced 
cancer cell proliferation, survival, and invasive properties, and 
did so via secretion of inflammatory cytokines, chemokines, 
and growth factors, and thereby accelerated the invasive and 
metastatic process (Cat et al., 2006; Kalluri et al., 2009; Thiery 
et al., 2009). It transpires that CAFs are closely associated with 
not only bulk carcinoma cells but CSCs too. Recent work 
showed that CAFs enhanced the expression of stem cell-like 
markers by PCa cells and the formation of non-adherent pros-
taspheres; a property associated with prostate stem cells 
(Giannoni et al., 2010; Klarmann et al., 2009; Mani et al., 2008; 
Visvader et al., 2008). Giannoni confirmed that CAFs obtained 
from prostate carcinoma specimens, contributed to generating 
a population of prostate CSCs with a defined ability to form 
primary tumors and distant metastases (Giannoni et al., 2010). 
Graft experiments further showed that CSCs admixed with 
CAFs produced prostatic glandular structures, which were cha-
racterized by exhibiting more numerous lesions, a higher proli-
ferative index, and tumor-like histopathology, as compared with 
those formed in the presence of normal prostate fibroblasts (Liao 
et al., 2010). Notably, we showed that prostate CSCs dynami-
cally gained increased migrating potency accompanied with the 
acquisition of the EMT trait in the CAF co-culture system. Take 
together we believe that these findings have fundamental impli-
cations for our understanding of the role played by EMT be-
tween epithelial and stromal cells in the development and pro-
gression of malignant carcinoma.  

Thirdly, we demonstrated for the first time, that the HIF-1α/β-
catenin signaling pathway played a critical role during the EMT 
pathological process triggered by CAFs in prostate CSCs. Our 
previous work (Jiang et al., 2007; Luo et al., 2006; Zhao et al., 
2011) showed that HIF-1α interfered with the protein expres-
sion of E-cadherin, which further caused depolymerization of 
the E-cadherin/β-catenin complex. Moreover, numerous down-
stream target genes were activated due to the translocation of 
free β-catenin from the cytoplasm to the nucleus. Consequently, 
PCa underwent the EMT process and made further significant 
progress through activation of the HIF-1α/β-catenin signaling 
pathway. Recently, Giannoni et al. (2011) demonstrated that 
CAFs exerted the propelling role for EMT with strict depen-
dence on HIF-1α, and further directed a migratory and aggres-
sive phenotype of PCa cells. Tumor growth was abolished and 
metastasis formation was severely impaired by RNA interfering-
mediated targeting of HIF-1α. Lebret et al. (2007) also reported 
that CM from CAF caused the depolymerization of the E-
cadherin/β-catenin complex in human breast cancer cells. In 
addition, β-catenin exhibited a predominantly cytoplasmic ex-
pression profile, with E-cadherin localised predominantly to the 
cytoplasm. Although the activation of the HIF-1α/β-catenin sig-
naling pathway could be involved in several tumor EMT pro-
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cess, rare data has discovered the biological link between this 
signaling pathway and CSCs. Recently, Conley et al. (2012) 
described the frequency of CSCs that could be increased by 
anti-angiogenic agents in a process that required generation of 
intratumoral hypoxia in a human breast cancer xenograft. Their 
in vitro xenograft models of treatment with the anti-angiogenic 
agents revealed that the occurrence of breast CSCs is primarily 
mediated by HIF-1α following activation of the Akt/β-catenin 
regulatory pathway. Our study further displayed that CAFs 
prompted CSCs to undergo the EMT process, which was strict-
ly dependent on the activation of the HIF-1α/β-catenin signaling 
pathway in PCa.  

In summary, the present study depicts a distinct process in-
forming that CAFs drive prostate CSCs to undergo an EMT 
program of development and do so via activation of the HIF-
1α/β-catenin signaling pathway, which ultimately promotes their 
motility. Therefore, a therapeutic strategy aimed at targeting the 
circuitry of HIF-1α/β-catenin might represent a valuable anti-
metastatic tool affecting cancer cell malignancy.  
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