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Abstract: Globally Prostate Cancer is the second most commonly diagnosed and sixth leading cause of Cancer 
mortalities in men worldwide but currently there is no cure for metastatic castration-resistant prostate cancer (CRPC). 

Chemoresistance and metastasis are the main causes of treatment resistance and mortality in Prostate Cancer patients. 
Although several advances have been made to control yet there is an urgent need to investigate the mechanisms and 
pathways for chemoresistance and prostate cancer (PCa) metastasis. Cancer stem cells (CSCs), a sub-population of 

cancer cells characterised by self-renewal and tumor initiation, have gained intense attention as they not only play a 
crucial role in cancer relapse but also contribute substantially to chemoresistance. Contributing to the role of CSCs are 
the miRNAs which are known key regulators of the posttranscriptional regulation of genes involved in a wide array of 

biological processes including tumorigenesis. The altered expressions of miRNAs have been associated with not only 
with tumor development but also with invasion, angiogenesis, drug resistance, and metastasis. Thus identification of 
signature miRNA associated with EMT and CSCs would provide a novel therapeutic strategy for the improvement of 

current treatment thus leading to increase in patient’s survival. 
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INTRODUCTION 

Prostate Cancer has become a major health burden 

in the industrialized world accounting for three fourths 

of the registered cancer cases during the last decades 

of the twentieth century [1]. According to the WHO 

Globocan 2012 report, Prostate Cancer is expected to 

grow to approximately 2 million new cases and 50000 

mortalities by 2030 with a five year prevalence of 

approximately 25.2% [2]. Disease mortality is primarily 

due to metastatic spread from the organ confined stage 

highlighting the urgent need to identify factors involved 

in this progression. Epithelial to mesenchymal 

transition (EMT) is an intrinsic event during progression 

of metastatic cancer. Researchers have showed Wnt, 

Notch and Hedgehog signaling pathways to be the 

most common pathways involved in EMT in Cancers by 

regulating expression of cancer stem cell related 

miRNAs. MicroRNAs are small non-coding 

endogenously expressed RNA molecules that are 

known to regulate of biological processes by altering 

gene expression at the post transcriptional level. The 

role of miRNAs in control of tumor growth and 

progression has been shown by a growing number of 

evidences. MicroRNAs have also been seen to play 

crucial roles in maintaining dynamic balance between 

EMT and MET respectively, collectively termed as 

“metastamirs” [3]. These pathways are known to be  
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primarily involved in embryonic development, 

organogenesis, stem cell proliferation and 

angiogenesis [4-5]. Thus it is imperative to identify 

regulatory pathways as well as cancer stem cell related 

miRNAs which would eventually lead to identification of 

sensitive and specific biomarkers that could facilitate 

early detection as well as metastatic stages of Prostate 

Cancer. 

EPITHELIAL TO MESENCHYMAL TRANSITION IN 
CANCER 

Epithelial to mesenchymal transition (EMT) is a 

trans-differentiation process which is crucial during 

embryogenesis, wound repair, organ remodelling and 

also tumor progression [6]. EMT is associated with 

various cellular properties such as altered morphology, 

migration, invasion and stemness [7]. In cancer, EMT is 

integral in uncontrolled tissue repair, organ fibrosis, 

induction of tumor growth, angiogenesis and especially 

metastasis [8]. 

Kalluri and Weinberg described EMT as epithelial 

cells being connected to each other and linked to the 

extracellular matrix by intracellular junctions (adherens 

and tight junctions, desmosomes) which eventually 

acquire mesenchymal characteristics and can invade 

and metastasize among other biological processes [9]. 

These circadian phenotype changes should be 

reversible in nature so that mesenchymal cells can 

revert back to epithelial phenotype and hence 

eventually form macroscopic tumors in different areas 

[10]. EMT is hence marked by downregulation of 
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epithelial markers (E-cadherin) and upregulation of 

mesenchymal markers (N-cadherin and Vimentin) 

thereby leading to increased migratory capacity and 

invasiveness. During EMT, E-cadherin gets replaced 

by N-cadherin in a process known as ‘Cadherin 

switching’ [11-12]. Reported markers include 

extracellular markers (Fibronectin, Vitronectin), cellular 

localization (Vimentin, E-cadherin), Cellular matrix 

proteins (E-Cadherin, Claudin, Occludins) and 

cytoplasmic proteins (Cytokeratins, Vimentins) [13-16].  

CANCER STEM CELLS 

Majority of cells in solid tumors have limited self-

renewal ability and are non-tumorigenic. Only a small 

subpopulation of cancer cells exhibit ability of extensive 

self-renewal and tumor formation. This small sub-

population is called cancer stem cells (CSCs), or 

cancer initiating cells (CICs), or tumor stem cells 

(TSCs) [17-18]. 

The concept that cancer might evolve from a small 

sub population of cells with stem cells like properties 

was proposed about 150 years ago [19-20]. The 

leukemic stem cells (LSCs) were the first CSCs 

described as in human Acute Myeloid Leukemia (AML) 

[21-22]. It was demonstrated by Bonnet and Dick that a 

subpopulation of CD34+/CD38-AML cells displayed 

differentiation potential as well as underwent 

proliferation and self renewal. These LSCs were able to 

give rise to heterogeneous population in NOD/SCID 

(non-obese diabetic/severe combined 

immunodeficiency) mice [23]. Since then various 

researchers have validated the presence of CSCs 

which is further strengthened by the recent 

developments in detecting technologies. 

Two models have been proposed to explain tumor 

heterogeneity: the stochastic and hierarchical models 

(Figure 2). The stochastic model proposed that all cells 

within a tumor are biologically homogenous and exhibit 

equal capacity to regenerate the tumor however the 

hierarchical model (also known as the CSC model) 

suggested that only a small subpopulation of tumor 

cells possesses the capacity to regenerate the tumor 

[24-25] and the tumor cells can be separated into tumor 

initiating and non tumor initiating cells. CSCs (tumor-

initiating cells) are defined by their capacity for self-

renewal, potential to differentiate into any cells in a 

tumor, and exhibit proliferative capacity [26].  

Thus common characteristics exhibited by Cancer 

Stem Cells are: 

(1) Self-renewal ability (Asymmetric divisions): This 

leads to generation of quiescent cancer stem 

cells and committed progenitors [27]. This self 

renewal ability of CSCs is regulated by signaling 

pathways such as, Wnt, Sonic Hedgehog, Notch, 

and Polycomb genes (BMI-1 and EZH2); 

(3) Extended telomeres and telomerase activity: 

CSCs exhibit extended telomeres and 

telomerase activity due to which they have 

increased life span; 

(4) ATP-binding cassette (ABC) transporters: CSCs 

express the ABC transporters thus providing 

cellular resistance against specific growth-

inhibitory drugs; 

(5) Surface receptor expression: They express 

surface receptors such as, c-kit, c-met, LIF-R, 

 

Figure 1: Epithelial to Mesenchymal Transition. 
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CD133, and CXCR4 which are known stem cell 

markers and have been associated with 

metastasis; 

(6) Tumor suppressors: Tumor suppressors, such 

as p53, p16INK4a, and p19ARF inhibit cancer 

cell proliferation as well as promote their self-

renewal [28-29]. 

All these characteristics are similar to the stem cell 

characteristics thus indicating common molecular 

mechanisms for example, molecular pathways, which 

play a critical role in controlling stem cell self-renewal 

such as Wnt, Notch and Hedgehog pathways are often 

dysregulated in a number of tumors [30] and eventually 

contribute to chemoresistance and radio resistance 

during tumor therapy [31-33]. 

CANCER STEM CELLS IN CaP/PCa 
CHEMORESISTANCE 

The cellular origins of CaP have been attributed to 

terminally differentiated luminal cells by various 

researchers, [34] however there are increasing 

evidences which supports the existence of CSCs in 

CaP [35-39]. 

During androgen deprivation therapy, the androgen 

levels are depleted and some epithelial cells die. 

However, consequently during PCa progression i.e. 

 

Figure 2: Tumor Heterogeneity Model. 

 

Figure 3: Properties of Cancer Stem Cells. 
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during metastasis some epithelial cells get renewed 

which exhibit stem cell like properties in PCa tissue 

[40]. These CSCs being self renewable potentially lead 

to tumor development and metastasis of Prostate 

cancer tissues [41]. These cancer stem cells have 

been seen to repopulate in tumor cells to distant sites 

thus further supporting their potential role in metastasis 

[42]. 

CSCs and EMT 

Various researchers have reported that EMT and 

CSCs are primary reasons for drug resistance in 

cancer including Castration Resistant Prostate Cancer 

(CRPC) which is being supported by studies reporting 

closely associated signatures of both EMT as well as 

CSCs  

In a research carried out by Mani et al., in 2008 it 

has been shown that Human Mammary Epithelial cells 

(HMLEs) undergoing EMT had CD44 
high

 / CD 42 
low

 

phenotype. Also Twist or Snail induced EMT in HMLEs 

led to a mesenchymal fibroblastic appearance, along 

with upregulation of mesenchymal markers (N-

cadherin, Vimentin and Fibronectin) and downregu-

lation of epithelial markers (E-cadherin etc.) [43]. 

In another study by Kong et al. [44] it was reported 

that PC3 prostate cancer cells which are forced to 

express PDGF-D display EMT characteristics. These 

cells not only showed cancer stem-like cell 

characteristics after over-expression of pluripotency 

genes, such as the Nanog, Oct4, Sox2, Lin28 but also 

showed activation of polycomb repressor complex, 

which is associated with increased clonogenic and 

prostasphere forming capacity both in vitro and 

tumorigenicity in vivo. 

Besides this several researchers have reported that 

both EMTs and CSCs self renewal potentials are driven 

by same regulatory pathways such as Wnt, Notch and 

Hedgehog [45-48]. 

MicroRNAs, Cancer Stem Cells and Cancer 

MicroRNAs (miRNAs) are small non-coding 

regulatory RNAs of approximately 18-20 nucleotides in 

length which bind to the 3’ untranslated region of their 

mRNA targets resulting in their degradation or 

translation repression thus regulate self renewal, 

differentiation, and differentiation of cells [49]. 

Recent researches have concluded presence of 

distinct subpopulation of cancer cells with properties of 

self renewal and tumor initiation / maintenance thereby 

acting as Cancer Stem Cells (CSCs). These acquired 

abnormalities allow them to escape the stem cell niche 

and reach stage of unlimited self renewal. This may 

lead to silencing of some crucial regulatory genes. 

Studies suggest that miRNAs being implicated in RNAi 

pathway negatively regulate the gene and protein 

expression level at the post transcriptional level [50]. 

This certain abnormal miRNA expression level affects 

cancer stem cells dysregulation, and thus their 

unlimited self renewal and cancer progression. 

Therefore, miRNA expression is very vital for cancer 

stem cell dysregulation [51]. Emerging evidences show 

miRNAs functioning as oncogenes or tumor 

suppressors, being involved in cancer proliferation, 

differentiation, apoptosis and metastasis. Therefore, 

microRNA-based therapeutics which can rectify the 

aberrant transcription of genes in cancer and which can 

especially target CSCs hold a great potential in cancer 

therapy [52]. 

Evidences of miRNAs in EMT during Progression 
of PCa 

Current evidences have shown microRNAs to play a 

crucial role during metastasis in cancer primarily 

through regulating Epithelial to Mesenchymal 

Transition in various cancers. As discussed above 

changes in expressions of Snail, Slug, Twist, Zeb1, 

Zeb2, E-cadherin and Vimentin are considered as 

hallmarks of EMT phenotype. More recently, miRNAs 

have evolved as potential biomarkers for EMT during 

metastasis in cancer. 

miR-200 family (miR-200a, 200b, 200c, 141 and 

429) and also miR-205 are being considered as new 

EMT markers considering their significant role during 

metastasis in almost all cancers by directly targeting 

expressions of Zeb1 and Zeb2 gene. The expression of 

CDH1 gene which transcribes E-cadherin, a key player 

in cell motility and cell invasiveness can be controlled 

by regulating expression of miR-9. In Glioblastoma 

cells, miR-10b regulates expression of HOXD10, 

RHOC, uPAR and MMP-14 genes hence regulating 

their role in invasiveness of tumor cells. Studies have 

shown that overexpression of miR-29b can cause 

reversal in EMT by inhibiting the invasive phenotype of 

tumor cells. A number of studies have shown that the 

downregulation of miR-138 can be linked with 

mesenchymal cell properties which lead to cell 

invasiveness during EMT. Liu et al., demonstrated that 

the downregulation of miR-138 also leads to reduced 

expression in E- cadherin and increased expressions of 

Vimentin as well [53]. 
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miR-200 

The miR-200 family (miR-200a, miR-200b, miR-429, 

miR-200c, miR-141) potent inducer of epithelial 

differentiation and are generated from two transcripts, 

deriving from Chromosome 1 and 12 [54]. These tend 

to inhibit expression of ZEB 1 and ZEB 2 at post 

transcriptional level by binding to the target sites in 

their UTRs. Also, miR-200 family are transcriptional 

targets of ZEB1 and ZEB2. This leads to a double 

negative feedback loop known as ZEB/miR-200 

feedback loop where activation of one group negatively 

affects the expression of other [55]. And thus, 

depending on extracellular signaling this loop switches 

and stabilizes epithelial or mesenchymal phenotype in 

Prostate cancer. Wang et al., reported that miR-200 

 

Figure 4: Biogenesis of miRNA: miRNA gene undergoes transcription to form Primary microRNA (pre-miRNA). This further 
undergoes nuclear cleavage processing to form Precursor microRNA (pre-miRNA). The pre-miRNA is cleaved in the cytoplasm 
to create microRNA duplex. This microRNA duplex unwinds and assembles into RISC (RNA Induced Silencing Complex) as 
mature miRNA. The mature miRNA then base pairs with mRNA and directs gene silencing). 

 

 

Figure 5: Relationship between miRNA and Cancer Stem Cells. 
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can directly regulate EMT and facilitate pluripotent 

stem cells by activating Oct4 and SOX2 [56]. 

miR-29b 

miR-29b affects multiple steps during metastasis 

including invasion, motility, cellular survival and 

proliferation. Researchers have shown miR-29b in 

Prostate cancer cells inhibiting Mcl-1 and MMP2 

protein expression [57]. Over expression of miR-29b 

induced reduced expressions of E-Cadherin and also 

reversal of EMT by expression of mesenchymal 

markers N-Cadherin, Twist and Snail and also the 

acquisition of a less invasive phenotype [58]. Thus, 

miR-29b plays a tumor suppressor role in Prostate 

cancer by inhibiting EMT and loss of miR-29b increases 

CD44+ stem cells levels during metastasis [59]. 

miR-34a 

According to various studies sphere formation and 

tumor progression in Prostate cancer cells and in 

CD44+ cells can be inhibited by upregulation of miR-34 

[60]. Hence, miR-34a can act as a therapeutic option 

for Prostate cancer with cancer origin of stem cells, 

being a critical negative regulator of Cancer Stem 

Cells. 

miR-182 and miR-203 

Overexpression of miR-182 and miR-203 have been 

shown to increase levels of E-cadherin/P-Cadherin and 

decrease SNAI2 expression therefore inducing 

significant mesenchymal to epithelial transition (MET) 

morphological characteristics. Thus MET can be 

induced in PC3 cells by re-expression of miR-182 and 

miR-203 [61]. Liu reported proliferation and invasion in 

PC3 cells by overexpression of miR-182 and 

downregulation of NDRG2 [62]. CD44 has been 

reported to maintain the stemness of CSCs by 

triggering SNAIL-mediated miR-203 suppression [63].  

miR-320  

miR-320 and -Catenin expression is inversely 

correlated in CD44+ PCa cells. Furthermore, gene 

expression profiling of miR-320-overexpressing PCa 

cells showed a significant decrease in downstream 

target genes of the Wnt/ -Catenin pathway and CSC 

markers [64]. 

Let-7 family 

The Let-7 family of miRNAs was first discovered in 

Caenorhabditis elegans and is seen to be functionally 

conserved in humans as well. In humans, 13-Let 7 

family precursor miRNAs located on different nine 

chromosomes (Let-7a-1, Let-7a-, Let-7a-3, Let-7b, Let-

7c, Let-7d, Let-7e, Let-7e, Let-7f, Let-7g, Let-7i, Let-98, 

Let-202) which are known to code for ten mature Let-7 

miRNA isoforms [64]. The Let-7 family plays crucial 

role in controlling stem cell differentiation and its 

dysregulation results in a lesser differentiated cellular 

state leading to cancer [65].  

Prostate CSCs were seen to have downregulated 

Let-7 expressions and with reconstitution of Let-7, 

growth of PC cells could be repressed [66]. The 

connection between EMT and let-7 is represented by 

the HMGA1 and HMGA2 genes, which are directly 

regulated by let-7 and were found to be implicated in 

EMT [67]. Further, miRNAs of the let-7 family were 

reported to directly, negatively regulate IL6, NRAS, c-

Myc, HMGA1, HMGA2, and CCND2. The c-Myc protein 

regulates the biogenesis of let-7 by stimulating Lin28 

which in turn blocks the maturation of let-7 [68]. 

Additionally, c-Myc stimulates the expression of 

HMGA1, AR, and IL6. HMGA2 on the influences 

HMGA1, its gene product in turn regulates the 

expression of c-Myc and HMGB1. HMGB1 was found 

to bind the AR promoter, AR protein was described 

itself to stimulate let-7 expression. 

miR-30a 

Downregulation of miR-30a-5p and 30c are seen to 

be a common scenario in variety of CD44+ cancer 

stem cell lines [69-71]. Integrin 3, the target gene of 

miR-30 is upregulated in various cancers [72]. ETS-

related genes are the most frequently overexpressed 

oncogene in Prostate Cancer and a direct target of 

miR-30a. In his research Kao et al., showed that 

overexpression of miR-30a in PCa can inhibit cell 

migration and invasion hence suppressing EMT 

phenotype [73] thereby proving the role of miR-30a as 

a potential tumor suppressor in PCa. Similar results 

have been seen in other cancers as well, by targeting 

SNAIL and Vimentin. Overexpression of E-cadherin 

was observed in virtually all cases, and the majority of 

the mesenchymal markers, including N-cadherin, 

TGFB1, ZEB1, Vimentin, and SNAI2, were downregu-

lated [74]. Also TWIST1 was overexpressed in majority 

of cases. This gene expression profile strongly sug-

gests that localized PCa maintains the epithelial pheno-

type despite tumor differentiation and increasing stage. 

miR-143 and miR-145 

miR-143 and miR-145 have been seen to be crucial 

regulators during bone metastasis in Prostate cancer 
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[75]. In a recently published report overexpression of 

both these miRNAs led to inhibition of cell viability and 

colony formation in Prostate cancer cells. Besides, 

decreasing tumor sphere formation, miR-143 and miR-

145 suppress CSCs markers including CD133, c-Myc, 

Oct4, CD44 and Klf-4 in PC-3 cells [76]. 

miR-708 

CD44 and CD133 expressing tumor initiating cells 

are known to be crucial contributors in tumor 

recurrence in Prostate cancer. Saini et al., reported that 

reduced miR-708 expression directly lead to repression 

of tumor initiation and progression by regulating CD44 

and AKT2 [77]. 

miR-373 and miR-520c 

These miRNAs are known to stimulate migration 

and invasion of cancer cells. Researchers report 

suppression of CD44 can explain the migration 

characteristics of miR-373 and miR-520c [78]. Both of 

these miRNAs exhibit dual action as oncogenes or 

tumor suppressor genes in different human cancers 

[79]. miR-373 and miR-520c contribute in metastasis 

by upregulating expressions of MMP-9 expressions by 

activating the Ras/Raf/Mek/Erk signaling pathways and 

directly targeting mTOR and SIRT1 [80-81]. 

CURRENT RESEARCH IN CANCER STEM CELLS 
REGULATING PATHWAYS  

There is growing evidence that illustrates that many 

pathways classically connected with cancer may also 

be regulators of normal stem cell development. The 

pivotal signaling pathways of the “stem cell genes” viz. 

Notch, Hedgehog, Wnt/ -Catenin, etc are involved in 

the regulation of self-renewal, differentiation, and 

survival of cancer stem cells. These key signaling 

pathways, which may be deregulated in cancer stem 

cells, offer great promise for future cancer therapies 

and treatments. 

The significant role of Wnt / -Catenin pathway in 

promoting drug resistant properties in mixed lineage 

leukaemia (MLL) leukemic stem cells (LSCs) was first 

demonstrated by Yeung et al. Their work showed that 

by suppressing Wnt signaling in MLL, the leukemic 

stem cells could be brought back to the pre-MLL like 

stage which eventually would reduce growth of MLL 

Leukemic cells [82]. 

Similar results on Cancer stem cells were seen by 

regulating Hedgehog [83], Wnt [84] and Notch signaling 

[85-87] pathways in T-Cell Acute Lymphoblastic 

Leukemia (ALL), Chronic Myeloid Leukemia (CML), 

Medulloblastoma, Pancreatic Cancer [88] and Lung 

Adenocarcinoma [89]. Also, inhibition of Hedgehog 

signaling pathways may lead to reduction in clonogenic 

growth of CSCs in Multiple Myeloma, Colon Cancer 

[90], Myeloid Leukemia [91], Breast Cancer [92-93] and 

Multiple Myeloma [94]. 

FUTURE PERSPECTIVES 

EMT has a crucial role in cancer radiation 

resistance and various studies have indicated that 

Table 1: List of miRNAs and their Targets Implicated during Metastasis in Prostate Cancer 

miRNAs CSC markers EMT markers 

miR-143 CD133, CD44, Oct4, c-Myc, Klf-4, Sox2 [65] Vimentin, Fibronectin, E-cadherin [66] 

miR-34a CD44+ [51] Cyclin D1, CDK4, N-Myc, Snail [51] 

miR-145 CD133, CD44, Oct4, c-Myc, Klf-4, Sox2 [65] Vimentin, Fibronectin, E-cadherin [66] 

miR-182 N-Myc, Nanog [52] NDRG1 [53] 

miR-203 CD44+ [52] Snail [54] 

miR-320 CD44+ [55] Wnt/ -Catenin [55] 

miR-708 CD44+ [67] Akt-2 [67] 

Let-7 CD44+, CD133+, c-Myc [56] Ras, HMG, Bcl-2 [57-58] 

miR-200b Oct4, Nanog, Sox2 [47] Zeb1, Zeb2, E-cadherin, Snail, Slug [45-46] 

miR-373 CD44+ [68] SIRT1, MMP9 [69-70] 

miR-520c CD44+ [68] SIRT1, MMP9 [69-70] 

miR-29b CD44+ [50] E-cadherin, N-cadherin, Twist, Snail [48-49] 

miR-30a Oct3, Integrin 1 [59-61] Twist, Vimentin [63-64] 



Cancer Stem-Cell Related miRNAs Journal of Analytical Oncology, 2015, Vol. 4, No. 4     153 

induction of EMT enhances self-renewal and promotes 

acquisition of stem cell like characteristics which is 

further strengthened by expression of common markers 

such as Snail, Twist 1 and CD44 [95]. Karhadkar et al., 

indicated that Hedgehog signaling pathway [96], Wnt 

signaling pathway [97], Notch signaling pathway [98], 

EGF receptor pathway [99] and p53 pathway [100] are 

among the main pathways targeting EMT and CSC 

maintenance in Prostate cancer [101]. Thus, any of the 

above pathways can be studied as indicators for 

carcinogenesis, and to facilitate pre-diagnosis of PCa 

which still remains a challenge.  

Molecular miRNA therapy is very crucial for 

addressing oncogenesis linked with cancer stem cell 

dysregulation during EMT in castration resistant 

Prostate Cancer [102-103]. Hence, future researchers 

should focus on investigating miRNAs role in cancer 

stem cells self renewal pathways and also its potential 

role in early diagnosis and cancer progression, 

resistance and relapse.  

REFERENCES 

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet‐Tieulent J, 

Jemal, A. Global Cancer statistics, 2012. CA: a Cancer 
Journal for Clinicians 2015; 65(2): 87-108. 
http://dx.doi.org/10.3322/caac.21262 

[2] Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, et al. 

Cancer incidence and mortality patterns in Europe: estimates 
for 40 countries in 2012. European Journal of Cancer 2013; 
49(6): 1374-1403. 
http://dx.doi.org/10.1016/j.ejca.2012.12.027 

[3] Lopez-Camarillo C, Marchat LA, Arechaga-Ocampo E, et al. 
MetastamiRs: non-coding microRNAs driving cancer invasion 
and metastasis. International Journal of Molecular Sciences 

2012; 13(2): 1347-1379. 
http://dx.doi.org/10.3390/ijms13021347 

[4] Bailey JM, Singh PK, Hollingsworth MA. Cancer metastasis 
facilitated by developmental pathways: Sonic hedgehog, 
Notch, and bone morphogenic proteins. Journal of Cellular 

Biochemistry 2007; 102(4): 829-839. 
http://dx.doi.org/10.1002/jcb.21509 

[5] Heuberger J, Birchmeier W. Interplay of cadherin-mediated 
cell adhesion and canonical Wnt signaling. Cold Spring 

Harbor Perspectives in Biology 2010; 2(2): a002915. 
http://dx.doi.org/10.1101/cshperspect.a002915 

[6] Lamouille S, Xu J, Derynck R. Molecular mechanisms of 
epithelial-mesenchymal transition. Nature Reviews Molecular 
Cell Biology 2014; 15(3): 178-196. 
http://dx.doi.org/10.1038/nrm3758 

[7] Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-

mesenchymal transitions in development and disease. Cell 
2009; 139(5): 871-890. 
http://dx.doi.org/10.1016/j.cell.2009.11.007 

[8] Kiesslich T, Pichler M, Neureiter D. Epigenetic control of 

epithelial-mesenchymal-transition in human Cancer 
(Review). Molecular and Clinical Oncology 2013; 1(1): 3-11. 

[9] Kalluri R, Weinberg RA. The basics of epithelial-
mesenchymal transition. The Journal of Clinical Investigation 
2009; 119(6): 1420. 
http://dx.doi.org/10.1172/JCI39104 

[10] Choi SS, Diehl AM. Epithelial‐to‐mesenchymal transitions in 

the liver. Hepatology 2009; 50(6): 2007-2013. 
http://dx.doi.org/10.1002/hep.23196 

[11] Cavallaro U, Schaffhauser B, Christofori G. Cadherins and 

the tumour progression: is it all in a switch? Cancer Letters 
2002; 176(2): 123-128. 
http://dx.doi.org/10.1016/S0304-3835(01)00759-5 

[12] Maeda M, Johnson KR, Wheelock MJ. Cadherin switching: 

essential for behavioral but not morphological changes 
during an epithelium-to-mesenchyme transition. Journal of 
Cell Science 2005; 118(5): 873-887. 
http://dx.doi.org/10.1242/jcs.01634 

[13] Thiery JP, Sleeman JP. Complex networks orchestrate 

epithelial-mesenchymal transitions. Nature Reviews 
Molecular Cell Biology 2006; 7(2): 131-142. 
http://dx.doi.org/10.1038/nrm1835 

[14] Voulgari A, Pintzas A. Epithelial-mesenchymal transition in 

Cancer metastasis: mechanisms, markers and strategies to 
overcome drug resistance in the clinic. Biochimica et 
Biophysica Acta (BBA)-Reviews on Cancer 2009; 1796(2): 

75-90. 
http://dx.doi.org/10.1016/j.bbcan.2009.03.002 

[15] McConkey DJ, Choi W, Marquis L, Martin F, Williams MB, 
Shah J, Dinney C. Role of epithelial-to-mesenchymal 
transition (EMT) in drug sensitivity and metastasis in bladder 

Cancer. Cancer and Metastasis Reviews 2009; 28(3-4): 335-
344. 
http://dx.doi.org/10.1007/s10555-009-9194-7 

[16] Ouyang G, Wang Z, Fang X, Liu J, Yang CJ. Molecular 
signaling of the epithelial to mesenchymal transition in 

generating and maintaining Cancer stem cells. Cellular and 
Molecular Life Sciences 2010; 67(15): 2605-2618. 
http://dx.doi.org/10.1007/s00018-010-0338-2 

[17] Wu X, Chen H, Wang X. Can lung cancer stem cells be 

targeted for therapies? Cancer Treatment Reviews 2012; 
38(6): 580-588. 
http://dx.doi.org/10.1016/j.ctrv.2012.02.013 

[18] Dou J, Gu N. Emerging strategies for the identification and 
targeting of cancer stem cells. Tumor Biology 2010; 31(4): 

243-253. 
http://dx.doi.org/10.1007/s13277-010-0023-y 

[19] Sell S. Stem cell origin of cancer and differentiation therapy. 
Critical Reviews in Oncology/Hematology 2004; 51(1): 1-28. 
http://dx.doi.org/10.1016/j.critrevonc.2004.04.007 

[20] Wicha MS, Liu S, Dontu G. Cancer stem cells: an old idea—a 

paradigm shift. Cancer Research 2006; 66(4): 1883-1890. 
http://dx.doi.org/10.1158/0008-5472.CAN-05-3153 

[21] Huntly BJ, Gilliland DG. Leukaemia stem cells and the 
evolution of cancer-stem-cell research. Nature Reviews 

Cancer 2005; 5(4): 311-321. 
http://dx.doi.org/10.1038/nrc1592 

[22] Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CH, 
Jones DL, Wahl GM. Cancer stem cells—perspectives on 
current status and future directions: AACR Workshop on 

cancer stem cells. Cancer Research 2006; 66(19): 9339-
9344. 
http://dx.doi.org/10.1158/0008-5472.CAN-06-3126 

[23] Dick DBJE. Human acute myeloid leukemia is organized as a 

hierarchy that originates from a primitive hematopoietic cell. 
Nature Med 1997; 3: 730-737. 
http://dx.doi.org/10.1038/nm0797-730 

[24] O'Brien CA, Kreso A, Dick JE. Cancer stem cells in solid 
tumors: an overview. In Seminars in Radiation Oncology 

2009; 19(2): 71-77.  
http://dx.doi.org/10.1016/j.semradonc.2008.11.001 

[25] Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, 
cancer, and cancer stem cells. Nature 2001; 414(6859): 105-

111. 
http://dx.doi.org/10.1038/35102167 



154    Journal of Analytical Oncology, 2015, Vol. 4, No. 4 Singh et al. 

[26] Jordan CT, Guzman ML, Noble M. Cancer stem cells. New 

England Journal of Medicine 2006; 355(12): 1253-1261. 
http://dx.doi.org/10.1056/NEJMra061808 

[27] Moore KA, Lemischka IR. Stem cells and their niches. 
Science 2006; 311(5769): 1880-1885. 
http://dx.doi.org/10.1126/science.1110542 

[28] Dontu G, Jackson KW, McNicholas E, Kawamura MJ, 

Abdallah WM, Wicha MS. Role of Notch signaling in cell-fate 
determination of human mammary stem/progenitor cells. 
Breast Cancer Research 2004; 6(6): R605-R615. 
http://dx.doi.org/10.1186/bcr920 

[29] Lowe SW, Sherr CJ. Tumor suppression by Ink4a-Arf: 

progress and puzzles. Current Opinion in Genetics & 
Development 2003; 13(1): 77-83. 
http://dx.doi.org/10.1016/S0959-437X(02)00013-8 

[30] Lindvall C, Bu W, Williams BO, Li Y. Wnt signaling, stem 

cells, and the cellular origin of breast cancer. Stem Cell 
Reviews 2007; 3(2): 157-168. 
http://dx.doi.org/10.1007/s12015-007-0025-3 

[31] Eyler CE, Rich JN. Survival of the fittest: cancer stem cells in 
therapeutic resistance and angiogenesis. Journal of Clinical 

Oncology 2008; 26(17): 2839-2845. 
http://dx.doi.org/10.1200/JCO.2007.15.1829 

[32] Li X, Lewis MT, Huang J, et al. Intrinsic resistance of 
tumorigenic breast cancer cells to chemotherapy. Journal of 

the National Cancer Institute 2008; 100(9): 672-679. 
http://dx.doi.org/10.1093/jnci/djn123 

[33] Bao S, Wu Q, McLendon RE, et al. Glioma stem cells 
promote radioresistance by preferential activation of the DNA 
damage response. Nature 2006; 444(7120), 756-760. 
http://dx.doi.org/10.1038/nature05236 

[34] Nagle RB, Ahmann FR, McDaniel KM, Paquin ML, Clark VA, 

Celniker A. Cytokeratin characterization of human prostatic 
carcinoma and its derived cell lines. Cancer Research 1987; 
47(1): 281-286. 

[35] Gu G, Yuan J, Wills M, Kasper S. Prostate cancer cells with 

stem cell characteristics reconstitute the original human 
tumor in vivo. Cancer Research 2007; 67(10): 4807-4815. 
http://dx.doi.org/10.1158/0008-5472.CAN-06-4608 

[36] Li Y, Cozzi PJ, Russell PJ. Promising tumor‐associated 

antigens for future prostate cancer therapy. Medicinal 
Research Reviews 2010; 30(1): 67-101. 

[37] Li H, Chen X, Calhoun-Davis T, Claypool K, Tang DG. 

(2008). PC3 human prostate carcinoma cell holoclones 
contain self-renewing tumor-initiating cells. Cancer Research 

68(6): 1820-1825. 
http://dx.doi.org/10.1158/0008-5472.CAN-07-5878 

[38] Li H, Jiang M, Honorio S, Patrawala L, Jeter CR, Calhoun-

Davis T, Hayward SW, Tang DG. Methodologies in assaying 
prostate cancer stem cells. Cancer Stem Cells 2009; 568: 85-

138. 
http://dx.doi.org/10.1007/978-1-59745-280-9_7 

[39] Lang SH, Frame FM, Collins AT. Prostate cancer stem cells. 
The Journal of Pathology 2009; 217(2): 299-306. 
http://dx.doi.org/10.1002/path.2478 

[40] Lawson DA, Witte ON. Stem cells in Prostate cancer initiation 

and progression. Journal of Clinical Investigation 2007; 
117(8): 2044. 
http://dx.doi.org/10.1172/JCI32810 

[41] Maitland NJ, Collins AT. Prostate cancer stem cells: a new 
target for therapy. Journal of Clinical Oncology 2008; 26(17): 

2862-2870. 
http://dx.doi.org/10.1200/JCO.2007.15.1472 

[42] Miki J, Rhim JS. Prostate cell cultures as in vitro models for 
the study of normal stem cells and cancer stem cells. 

Prostate Cancer and Prostatic Diseases 2008; 11(1): 32-39. 
http://dx.doi.org/10.1038/sj.pcan.4501018 

[43] Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, 

Brooks M, Reinhard F, Zhang CC, Shipitsin M, Campbell LL, 
Polyak K, Brisken C, Yang J, Weinberg R A. The epithelial-
mesenchymal transition generates cells with properties of 

stem cells. Cell 2008; 133(4): 704-715. 
http://dx.doi.org/10.1016/j.cell.2008.03.027 

[44] Kong D, Banerjee S, Ahmad A, Li Y, Wang Z, Sethi S, Sarkar 
FH. Epithelial to mesenchymal transition is mechanistically 
linked with stem cell signatures in prostate cancer cells. PloS 

One 2010; 5(8): e12445. 
http://dx.doi.org/10.1371/journal.pone.0012445 

[45] Merchant AA, Matsui W. Targeting Hedgehog—a cancer 
stem cell pathway. Clinical Cancer Research 2010; 16(12): 

3130-3140. 
http://dx.doi.org/10.1158/1078-0432.CCR-09-2846 

[46] Pannuti A, Foreman K, Rizzo P, Osipo C, Golde T, Osborne 
B, Miele L. Targeting Notch to target cancer stem cells. 
Clinical Cancer Research 2010: 16(12); 3141-3152. 
http://dx.doi.org/10.1158/1078-0432.CCR-09-2823 

[47] Kondratyev M, Kreso A, Hallett RM, et al. Gamma-secretase 
inhibitors target tumor-initiating cells in a mouse model of 
ERBB2 breast cancer. Oncogene 2012; 31(1): 93-103. 
http://dx.doi.org/10.1038/onc.2011.212 

[48] Wend P, Holland JD, Ziebold U, Birchmeier W. Wnt signaling 

in stem and cancer stem cells. In Seminars in Cell & 
Developmental Biology 2010; 21 (8): 855-863. 
http://dx.doi.org/10.1016/j.semcdb.2010.09.004 

[49] Zimmerman AL, Wu S. MicroRNAs, cancer and cancer stem 

cells. Cancer Letters 2011; 300(1): 10-19. 
http://dx.doi.org/10.1016/j.canlet.2010.09.019 

[50] He L, Hannon GJ. MicroRNAs: small RNAs with a big role in 
gene regulation. Nature Reviews Genetics 2004; 5(7): 522-
531. 
http://dx.doi.org/10.1038/nrg1379 

[51] Chen X, Rycaj K, Liu X, Tang DG. New insights into Prostate 
cancer stem cells. Cell Cycle 2013; 12(4): 579-586. 
http://dx.doi.org/10.4161/cc.23721 

[52] Sharma N, Singh A, Baruah M. Targeting Cancer Stem Cell-

Related miRNAs for Prostate Cancer Therapy. ePosters.net 
[EP22793] 2015 Mar [cited 2015 Mar 10]. Available from: 
http://www.eposters.net/poster/targeting-cancer-stem-cell-
related-mirnas-for-prostate-cancer-therapy.  

[53] Liu X, Wang C, Chen Z, et al. MicroRNA-138 suppresses 

epithelial-mesenchymal transition in squamous cell 
carcinoma cell lines. Biochemical Journal 2011; 440(1): 23-
31. 
http://dx.doi.org/10.1042/BJ20111006 

[54] Korpal M, Kang Y. The emerging role of miR-200 family of 
microRNAs in epithelial-mesenchymal transition and cancer 
metastasis. RNA Biology 2008; 5(3): 115-119. 
http://dx.doi.org/10.4161/rna.5.3.6558 

[55] Brabletz S, Brabletz T. The ZEB/miR‐200 feedback loop—a 

motor of cellular plasticity in development and cancer? 

EMBO Reports 2010; 11(9): 670-677. 
http://dx.doi.org/10.1038/embor.2010.117 

[56] Wang G, Guo X, Hong W, Liu Q, Wei T, Lu C, Kang J. 
Critical regulation of miR-200/ZEB2 pathway in Oct4/Sox2-

induced mesenchymal-to-epithelial transition and induced 
pluripotent stem cell generation. Proceedings of the National 
Academy of Sciences 2013; 110(8): 2858-2863. 
http://dx.doi.org/10.1073/pnas.1212769110 

[57] Steele R, Mott JL, Ray RB. MBP-1 upregulates miR-29b, 

which represses Mcl-1, collagens, and matrix 
metalloproteinase-2 in Prostate cancer cells. Genes Cancer 
2010; 1(4): 381-387. 
http://dx.doi.org/10.1177/1947601910371978 

[58] Ru P, Steele R, Newhall P, Phillips NJ, Toth K, Ray RB. 

MiRNA-29b suppresses Prostate cancer metastasis by  



Cancer Stem-Cell Related miRNAs Journal of Analytical Oncology, 2015, Vol. 4, No. 4     155 

regulating epithelial-mesenchymal transition signaling. 

Molecular Cancer Therapeutics 2012; (5): 1166-1173. 
http://dx.doi.org/10.1158/1535-7163.MCT-12-0100 

[59] Chou J, Lin JH, Brenot A, Kim JW, Provot S, Werb Z. GATA3 
suppresses metastasis and modulates the tumour 
microenvironment by regulating microRNA-29b expression. 

Nature Cell Biology 2013; 15(2): 201-213. 
http://dx.doi.org/10.1038/ncb2672 

[60] Liu C, Kelnar K, Liu B, Chen X, et al. Identification of miR-
34a as a potent inhibitor of Prostate cancer progenitor cells 

and metastasis by directly repressing CD44. Nature Medicine 
2011; 17(2): 211. 
http://dx.doi.org/10.1038/nm.2284 

[61] Qu Y, Li WC, Hellem MR, et al. MiR‐182 and miR‐203 induce 

mesenchymal to epithelial transition and self‐sufficiency of 

growth signals via repressing SNAI2 in Prostate cells. 
International Journal of Cancer 2013; 133(3): 544-555. 
http://dx.doi.org/10.1002/ijc.28056 

[62] Liu R, Li J, Teng Z, Zhang Z, Xu Y. Overexpressed micro-
RNA-182 promotes proliferation and invasion in Prostate 
cancer PC-3 cells by down-regulating N-myc downstream 

regulated gene 1 (NDRG1). PloS One 2013; 8(7): 1-10. 
http://dx.doi.org/10.1371/journal.pone.0068982 

[63] Ju SY, Chiou SH, Su Y. Maintenance of the stemness in 
CD44+ HCT-15 and HCT-116 human colon cancer cells 
requires miR-203 suppression. Stem Cell Research 2014; 

12(1): 86-100. 
http://dx.doi.org/10.1016/j.scr.2013.09.011 

[64] Boyerinas B, Park SM, Hau A, Murmann AE, Peter ME. The 
role of let-7 in cell differentiation and cancer. Endocrine-
Related Cancer 2010; 17(1): F19-F36. 
http://dx.doi.org/10.1677/ERC-09-0184 

[65] Jérôme T, Laurie P, Louis B, Pierre C. Enjoy the silence: the 
story of let-7 microRNA and cancer. Current Genomics 2007; 
8(4): 229. 
http://dx.doi.org/10.2174/138920207781386933 

[66] Hsieh IS, Chang KC, Tsai YT, et al. MicroRNA-320 

suppresses the stem cell-like characteristics of Prostate 
cancer cells by down-regulating the Wnt/beta-catenin 
signaling pathway. Carcinogenesis 2012; bgs371. 

[67] Liu C, Kelnar K, Vlassov AV, Brown D, Wang J, Tang DG. 

Distinct microRNA expression profiles in Prostate cancer 
stem/progenitor cells and tumor-suppressive functions of let-
7. Cancer Research 2012; 72(13): 3393-3404. 
http://dx.doi.org/10.1158/0008-5472.CAN-11-3864 

[68] Mayr C, Hemann MT, Bartel DP. Disrupting the pairing 

between let-7 and Hmga2 enhances oncogenic 
transformation. Science 2007; 315(5818): 1576-1579. 
http://dx.doi.org/10.1126/science.1137999 

[69] Wagner S, Ngezahayo A, Murua Escobar H, Nolte I. Role of 

miRNA Let-7 and Its Major Targets in Prostate Cancer. 
BioMed Research International 2014; 376326. 

[70] Porkka KP, Pfeiffer MJ, Waltering KK, et al. MicroRNA 
expression profiling in Prostate cancer. Cancer Res 2007; 
67: 6130-6135. 
http://dx.doi.org/10.1158/0008-5472.CAN-07-0533 

[71] Van der Auwera I, Limame R, van Dam P, et al. Integrated 
miRNA and mRNA expression profiling of the inflammatory 
breast cancer subtype. Br J Cancer 2010; 103: 532-541. 
http://dx.doi.org/10.1038/sj.bjc.6605787 

[72] Liu C, Kelnar K, Vlassov AV, Brown D, Wang J, Tang DG. 

Distinct microRNA Expression Profiles in Prostate Cancer 
Stem/Progenitor Cells and Tumor-Suppressive Functions of 
let-7. Cancer Res 2012; 72: 3393-3404. 
http://dx.doi.org/10.1158/0008-5472.CAN-11-3864 

[73] Yu F, Deng H, Yao H, Liu Q, Su F, Song E. Mir-30 reduction 
maintains self-renewal and inhibits apoptosis in breast tumor-
initiating cells. Oncogene 2010; 29(29): 4194-4204. 
http://dx.doi.org/10.1038/onc.2010.167 

[74] Kao CJ, Martiniez A, Shi XB, Yang J, Evans CP, Dobi A, 

devVereWhite RW, Kung HJ. miR-30 as a tumor suppressor 
connects EGF/Src signal to ERG and EMT. Oncogene 2014; 
33(19): 2495-2503. 
http://dx.doi.org/10.1038/onc.2013.200 

[75] Baffa R, Fassan M, Volinia S, O'Hara B, Liu CG, Palazzo JP, 

Gardiman M, Rugge M, Gomella LG, Croce CM, Rosenberg 
A. MicroRNA expression profiling of human metastatic 
cancers identifies cancer gene targets. J Pathol 2009; 219: 

214-221. 
http://dx.doi.org/10.1002/path.2586 

[76] Peng X, Guo W, Liu T, Wang X, et al. Identification of 
miRs143 and -145 that is associated with bone metastasis of 

Prostate cancer and involved in the regulation of EMT. PLoS 
One 2011, 6: e20341. 
http://dx.doi.org/10.1371/journal.pone.0020341 

[77] Huang S, Guo W, Tang Y, Ren D, Zou X, Peng, X. miR-143 
and miR-145 inhibit stem cell characteristics of PC-3 Prostate 
cancer cells. Oncology Reports 2012; 28(5): 1831-1837. 

[78] Saini S, Majid S, Shahryari V, Arora S, Yamamura S, Chang 
I, Zaman MS, Deng G, Tanaka Y, Dahiya R. miRNA-708 
control of CD44+ Prostate cancer-initiating cells. Cancer 

Research 2012; 72(14): 3618-3630. 
http://dx.doi.org/10.1158/0008-5472.CAN-12-0540 

[79] Huang Q, Gumireddy K, Schrier M, et al. The microRNAs 
miR-373 and miR-520c promote tumour invasion and 
metastasis. Nature Cell Biology 2008; 10(2): 202-210. 
http://dx.doi.org/10.1038/ncb1681 

[80] Lu S, Zhu Q, Zhang Y, Song W, Wilson MJ, Liu, P. 

Dual‐Functions of miR‐373 and miR‐520c by Differently 

Regulating the Activities of MMP2 and MMP9. Journal of 
Cellular Physiology 2015; 230(8): 1862-1870. 
http://dx.doi.org/10.1002/jcp.24914 

[81] Liu P, Wilson MJ. miR‐520c and miR‐373 upregulate MMP9 

expression by targeting mTOR and SIRT1, and activate the 

Ras/Raf/MEK/Erk signaling pathway and NF‐ B factor in 

human fibrosarcoma cells. Journal of Cellular Physiology 
2012; 227(2): 867-876. 
http://dx.doi.org/10.1002/jcp.22993 

[82] Yeung J, Esposito MT, Gandillet A, et al. Beta-Catenin 
mediates the establishment and drug resistance of MLL 

leukemic stem cells. Cancer Cell 2010; 18: 606-18. 
http://dx.doi.org/10.1016/j.ccr.2010.10.032 

[83] Dierks C, Beigi R, Guo GR, et al. Expansion of Bcr-Abl-
positive leukemic stem cells is dependent on Hedgehog 

pathway activation. Cancer Cell 2008; 14:238-49. 
http://dx.doi.org/10.1016/j.ccr.2008.08.003 

[84] Zhao C, Blum J, Chen A, et al. Loss of beta-catenin impairs 
the renewal of normal and CML stem cells in vivo. Cancer 
Cell 2007; 12:528-41. 
http://dx.doi.org/10.1016/j.ccr.2007.11.003 

[85] Armstrong F, Brunet de la Grange P, Gerby B, et al. NOTCH 
is a key regulator of human T-cell acute leukemia initiating 
cell activity. Blood 2009; 113:1730-40. 
http://dx.doi.org/10.1182/blood-2008-02-138172 

[86] Fan X, Matsui W, Khaki L, Stearns D, Chun J, Li YM, 

Ebenhart CG. Notch pathway inhibition depletes stem-like 
cells and blocks engraftment in embryonal brain tumors. 
Cancer Res 2006; 66: 7445-52. 
http://dx.doi.org/10.1158/0008-5472.CAN-06-0858 

[87] Farnie G, Clarke RB, Spence K, et al. Novel cell culture 
technique for primary ductal carcinoma in situ: role of Notch 
and epidermal growth factor receptor signaling pathways. J 

Natl Cancer Inst 2007; 99: 616-27. 
http://dx.doi.org/10.1093/jnci/djk133 

[88] Wang Z, Ahmad A, Li Y, Azmi AS, Miele L, Sarkar FH. 
Targeting notch to eradicate pancreatic cancer stem cells for 
cancer therapy. Anticancer Res 2011; 31: 1105-13. 

 



156    Journal of Analytical Oncology, 2015, Vol. 4, No. 4 Singh et al. 

[89] Sullivan JP, Spinola M, Dodge M, Raso MG, et al. Aldehyde 

dehydrogenase activity selects for lung adenocarcinoma 
stem cells dependent on notch signaling. Cancer Res 2010; 
70: 9937-48. 
http://dx.doi.org/10.1158/0008-5472.CAN-10-0881 

[90] Gulino A, Ferretti E, De Smaele E. Hedgehog signaling in 

colon cancer and stem cells. EMBO Mol Med 2009; 1: 300-2. 
http://dx.doi.org/10.1002/emmm.200900042 

[91] Zhao C, Chen A, Jamieson CH, et al. Hedgehog signaling is 
essential for maintenance of cancer stem cells in myeloid 

leukaemia. Nature 2009; 458: 776-9. 
http://dx.doi.org/10.1038/nature07737 

[92] O’Toole SA, Swarbrick A, Sutherland RL. The Hedgehog 
signaling pathway as a therapeutic target in early breast 
cancer development. Expert Opin Ther Targets 2009; 13: 

1095-103. 
http://dx.doi.org/10.1517/14728220903130612 

[93] Liu S, Dontu G, Mantle ID, Patel S, et al. Hedgehog signaling 
and Bmi-1 regulate self-renewal of normal and malignant 

human mammary stem cells. Cancer Res 2006; 66: 6063-71. 
http://dx.doi.org/10.1158/0008-5472.CAN-06-0054 

[94] Peacock CD, Wang Q, Gesell GS, et al. Hedgehog signaling 
maintains a tumor stem cell compartment in multiple 
myeloma. Proc Natl Acad Sci USA 2007; 104: 4048-53. 
http://dx.doi.org/10.1073/pnas.0611682104 

[95] Li P, Yang R, Gao WQ. Contributions of epithelial-
mesenchymal transition and cancer stem cells to the 
development of castration resistance of prostate cancer. 
Molecular Cancer 2014; 13: 55. 
http://dx.doi.org/10.1186/1476-4598-13-55 

[96] Karhadkar SS, Bova GS, Abdallah N, et al. (Hedgehog 
signalling in prostate regeneration, neoplasia and metastasis. 
Nature 2004; 431(7009): 707-712. 
http://dx.doi.org/10.1038/nature02962 

[97] Bisson I, Prowse DM. WNT signaling regulates self-renewal 

and differentiation of prostate cancer cells with stem cell 
characteristics. Cell Research 2009; 19(6): 683-697. 
http://dx.doi.org/10.1038/cr.2009.43 

[98] Wang Z, Li Y, Kong D, Sarkar FH. The role of Notch 
signaling pathway in epithelial-mesenchymal transition (EMT) 

during development and tumor aggressiveness. Current Drug 
Targets 2010; 11(6): 745. 
http://dx.doi.org/10.2174/138945010791170860 

[99] Zhu ML, Kyprianou N. Role of androgens and the androgen 

receptor in epithelial-mesenchymal transition and invasion of 
prostate cancer cells. The FASEB Journal 2010; 24(3): 769-
777. 
http://dx.doi.org/10.1096/fj.09-136994 

[100] Chang CJ, Chao CH, Xia W, et al. p53 regulates epithelial-

mesenchymal transition and stem cell properties through 
modulating miRNAs. Nature Cell Biology 2011; 13(3): 317-
323. 
http://dx.doi.org/10.1038/ncb2173 

[101] Takebe N, Harris PJ, Warren RQ, Ivy SP. Targeting cancer 
stem cells by inhibiting Wnt, Notch, and Hedgehog pathways. 
Nature Reviews Clinical Oncology 2001; 8(2): 97-106. 
http://dx.doi.org/10.1038/nrclinonc.2010.196 

[102] Jackson BL, Grabowska A, Ratan HL. MicroRNA in prostate 

cancer: functional importance and potential as circulating 
biomarkers. BMC Cancer 2014; 14(1): 930. 
http://dx.doi.org/10.1186/1471-2407-14-930 

[103] Hao J, Zhang Y, Deng M, et al. MicroRNA control of 

epithelial‐mesenchymal transition in cancer stem cells. 

International Journal of Cancer 2014; 135(5): 1019-1027. 
http://dx.doi.org/10.1002/ijc.28761 

 

 

 
Received on 10-08-2015 Accepted on 23-09-2015 Published on 11-12-2015 

 
http://dx.doi.org/10.6000/1927-7229.2015.04.04.4 

 


