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Epithelial–mesenchymal transition (EMT) is a dynamic, reversible cellular process which is essential in normal

embryonic morphogenesis and wound healing. However this multifaceted process is also implicated in cancer

progression and metastasis in many tumors, including prostate cancer. Moreover, recent evidence suggests that

EMT-induced cell plasticity is involved in the development of therapy resistance in prostate cancer cells.
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1. Introduction

Prostate cancer (PCa) is the second most frequently diagnosed male malignancy and the second leading cause of

cancer mortality in men . As a general rule, both incidence and mortality of PCa correlate with advancing age,

with the average age at the time of diagnosis being 66 years . For African American men, the incidence rates are

higher when compared to White men; alarmingly, they also have the highest chance of being diagnosed at a

younger age (<40 years) . However, this is also true for men generally; the incidence of PCa in young men is

rising, and their younger age poses a higher risk for metastatic disease and eventually a higher mortality . It is

estimated that mortality will double from 2018 to 2040, reaching 379,005 deaths worldwide. The highest mortality

rates are expected in Africa (+124.4%) and Asia (116.7%), while the lowest incidence is expected to be registered

in Europe (+58.3%) . It is well known that PCa is a multifocal disease with a heterogeneous cell population. This

excessive heterogeneity and plasticity which characterize prostate tumors underline the regulatory phenotypic

changes in individual cells that contribute to metastasis and therapeutic resistance . The critical problem in the

available pharmaceutical therapeutic approach of PCa is that PCa unavoidably develops resistance to androgen

deprivation therapy (ADT) at some stage and progresses to castration-resistant PCa (CRPC), which is

characterized by invasiveness and metastatic spread of CRPC cells; this phenomenon still represents the major

cause of PCa-related death. Thus, understanding the cellular and molecular mechanisms underlying the process of

metastatic dissemination of PCa remains a challenge for better management of PCa.

Recently, ample evidence of epithelial–mesenchymal plasticity playing a role in both PCa metastatic progression

and treatment resistance has been provided in several reports. Epithelial–mesenchymal transition (EMT) is a

molecular cellular program essential for development, and the relevant processes are reactivated during wound

healing, fibrosis, and cancer progression . During EMT, epithelial cells lose their junctions and apical–basal

polarity, restructure their cytoskeleton, undergo changes in the signaling programs that specify cell shape, and

reprogram gene expression; this enhances the motility of individual cells and empowers the progression of a more
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invasive phenotype . EMT is identified by a loss of epithelial markers such as cytokeratins and E-cadherin,

followed by a concurrent increase in mesenchymal markers such as N-cadherin and vimentin . In cancer

progression, this is connected with poor clinical outcome and therapy resistance in several cancer types . In

PCa, for instance, loss of E-cadherin expression and overexpression of N-cadherin correlate with tumor grade and

recurrence after surgery, providing a clinically significant link of EMT to aggressive clinical behavior in advanced

disease . The cellular processes of EMT are coordinated by several key transcription factors (e.g., TWIST,

SNAI1, SNAI2, ZEB 1/2) that act in unison with several epigenetic mechanisms and post-translational protein

modifications to arrange the cellular alterations . The main molecular events are depicted in Figure 1.

Figure 1. Schematic representation of cellular changes and main molecular events during epithelial–mesenchymal

transition (EMT) and the reverse MET.

Different critical signaling pathways including TGF-β, WNT, NOTCH, and growth factors are involved in inducing

EMT under specific physiological conditions. Extensive research and available data are suggesting that EMT

facilitates tumor progression and metastasis in several cancer types. In this review, we summarize and refer to the

main molecular events that control the EMT phenomenon in PCa, in order to better describe its role and

mechanisms in PCa progression and therapeutic resistance.

2. EMT and Therapy Resistance in Prostate Cancer

[8][9]

[10]

[11]

[12]

[13]



Epithelial–Mesenchymal Transition & prostate cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/11580 3/10

EMT is evidently correlated not only with tumor metastasis but, most importantly, also with therapy resistance. The

role of EMT is distinct in several tumors, including solid tumors and endocrine-related tumors such as breast and

prostate carcinoma . The stem-cell features acquired during the EMT process have revealed that the

EMT program is a critical regulator of the cancer stem cell (CSC) phenotype, mainly through epigenetic changes

(Figure 2). CSCs are more resistant than non-CSCs to various types of conventional therapies and this may

account for treatment failure and CSC-mediated clinical relapse . In preclinical and clinical models,

chemotherapy and/or radiotherapy have been shown to eliminate the bulk population of mainly non-CSCs, while

leaving behind considerable numbers of CSCs in multiple cancer types .

Figure 2. The development of therapy resistance: the complex interlinks among therapeutic manipulations, EMT,

and cancer stem cell (CSC) development. NELC: neuro-endocrine-like cell; ADT: androgen deprivation therapy;

RadioTx: radiotherapy; ChemoTx: chemotherapy.

2.1. Androgen Deprivation Therapy

The mainstay of advanced or metastatic PCa therapy remains androgen blockade, i.e., ADT. As discussed earlier,

the androgen receptor plays a disputable role in the course of the disease, eventually acting as an undesired

promoter of EMT, leading to CRPC status. Although solid evidence is still missing, the rationale of combination

therapies that aim at both androgen and EMT pathways is intriguing. Hence, dual approaches include the use of

TGF-β inhibitors that may suppress both TWIST1 and AR expression or TGF-β receptor inhibitors that exert

FOXA1-like suppressor effects on TGF-β (galunisertib), the latter being currently used in a clinical trial in

combination with the antiandrogen enzalutamide . Another approach is focusing on the presence of
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androgen receptor splice variants or truncated receptors that are often present in CPRC. These aberrant receptors

may be inhibited by novel retinamides . In addition to retinoids, the use of novel AR antagonists that target

both wild-type and mutated ligand-binding domain variants to inhibit AR nuclear translocation has led to favorable

results both in vitro and in vivo . Last but not least, the neuroendocrine differentiation (NED) eventually induced

by androgen ablation is an important factor for treatment failure, with the EMT process again playing a central role.

MicroRNAs, such as miR-652, are implicated in this process . Lately, small-molecule drugs and miRNA mimics

have emerged as practical tool in the regulation of miRNAs and in potentially suppressing drug resistance in PCa

. An alternative approach would be to target the Wnt/β-catenin signaling pathway associated with NE

differentiation .

The EMT process in PCa has also been associated with immune evasion due to upregulation of indoleamine 2,3-

expression (IDO1) accompanied by an increased number of immunosuppressive regulatory T cells . Similar

findings in bladder cancer, where IDO1 expression can upregulate ZEB2 expression probably through miR-200c

signaling, provide a promising novel target against immunosuppression in PCa and other tumor types .

2.2. Chemotherapy

EMT in PCa is associated with resistance to chemotherapy, orchestrated mainly by the action of transcription

factors such as ZEB1 and ZEB2, as well as by downregulation of “pro-epithelial” miRNAs, such as miR-143, miR-

145, miR-29b, miR-34b, and the miR-200 family . Loss of expression of miR-200 and miR-205c occurs during

prolonged treatment with docetaxel, suggesting that their restoration may reinstate chemosensitivity by inhibiting

EMT . A different approach has been very recently supported by in vitro results using alternative compounds,

such as green tea, flavonoids, and minerals (zinc). Green tea (GT) and quercetin (Q), a flavonoid from apples and

onions, enhances the efficacy of docetaxel in androgen-independent PCa cells through multiple mechanisms,

including the downregulation of chemoresistance-related proteins . Quercetin was also found to overcome

docetaxel resistance in PCa cells via androgen receptor and PI3K/Akt signaling pathways, reversing mesenchymal

and stem-like cell changes in phenotype and reducing multidrug resistance (MDR) transporters, such as P-

glycoprotein (Pgp) expression . Moreover, quercetin was shown to suppress the EMT process, deactivating the

PI3K/Akt signaling pathway and downregulating MALAT1, a long noncoding RNA . Similarly, zinc’s synergistic

effect to paclitaxel was demonstrated in PCa cell lines via EMT inhibition by downregulating the expression of

TWIST1 .

2.3. Radiation Therapy

Radiotherapy is an effective treatment option for localized PCa, with favorable response rates; however, cancer

cells eventually acquire radioresistance (RR) during fractionated irradiation (IR) . Beyond its established role in

tumor invasion, metastasis, and recurrence, EMT is also linked to radioresistance. EMT is closely associated with

CRPC, and PCa cells with more mesenchymal markers such as Snail, Vimentin, SOX2, and N-cadherin exhibit

radioresistance . The common alterations in PCa cells comprise an increased number of cancer stem cells

(CSCs), neuroendocrine differentiation (NED), and epithelial–mesenchymal transition, all of which are interlinked,
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as discussed earlier. Earlier studies have shown that IR itself may induce EMT in prostate tumors via activation of

the cAMP response element-binding protein and cytoplasmic sequestration of the activating transcription factor 2

. Recently, it has be suggested that fractionated irradiation causes an increased expression of pluripotency-

associated genes, further inducing CSCs and driving progression of NED, which triggers RR acquisition in PCa .

The IR-induced EMT process is mediated by several transcription factors (Snail/Slug, STAT3, Twist, ZEB1, and

ZEB2) that are activated by a variety of signaling pathways (i.e., Hedgehog, Notch, TGF-β, Wnt, and others) .

Recently, increased EZH2 expression in PCa was associated with metastatic recurrence following external beam

radiotherapy . The final mechanisms or radioresistance include prolongation of the production of mitochondrial

ROS, which delay cell growth as a mechanism for cell death resistance, modulation of the rate of H O  production

and the balance between O  and H O , and activation of Homeobox B9 for enhancement of DNA damage and

repair responses. It has been proposed that radioresistant PCa cells adapt to higher oxidative stress via

upregulation of endogenous ROS-generating enzymes and antioxidant proteins . Recently, structural

maintenance of chromosome-1 (SMC1A), a subunit of the cohesin complex involved in chromosome cohesion

during cell-cycle and DNA repair, was identified as a key factor in acquired radioresistance of metastatic PCa cells.

Interestingly, inhibition of SMC1A in a model of DU145 and PC3 cells limited the clonogenic, EMT, and cancer

stem-like cell (CSC) properties of cancer cells and rendered them more susceptible to RT . In a similar manner,

knockdown of LOXL2, a member of the lysyl oxidase gene family, enhanced radiosensitivity of CRPC cells both in

vitro and in vivo, through EMT reversal .

2.4. The Role of Tumor Microenviroment (TME)

In addition to the PCa cell itself, several signals arising from the microenvironment can play a key role in governing

EMT and highly influence cancer progression or clinical outcomes in PCa patients. A great variety of regulators and

inducers, through a complex network of intermingled pathways, facilitate the transition to a less differentiated,

aggressive phenotype . The key players in the surrounding stroma include vascular and neural networks,

fibroblasts (particularly cancer-associated fibroblasts (CAFs)), tumor-associated endothelial cells (TECs), innate

and adaptive immune cells, and the altered extracellular matrix . EMT changes are not only guided by the tumor

cells; they may be induced by stromal cells, which play a leading role not only in tumorigenesis but also in cancer

progression and metastasis. Stromal-induced downregulation of miR-1247 by cancer-associated fibroblasts was

shown to promote EMT and increased cell invasion, as well as stemness traits in PCa cells . In a similar manner,

adipose stromal cells (ASC) induce epithelial–mesenchymal transition (EMT) in PCa cells, providing a link between

obesity-associated EMT and cancer progression. Interestingly, using a hunter-killer peptide D-CAN, previously

developed for targeted ASC, a combination therapy with cisplatin was more effective in suppressing growth of

mouse PCa allografts and xenografts, even in nonobese mice . Further studies in a genetic model of PCa

identified adipose stromal cell-secreted chemocine CXCL12 signaling in prostate epithelium as the main EMT

driver and link between obesity and cancer progression .

Another paradigm of TME-mediated EMT is the Akt/mTOR pathway. In an EMT mouse model, AP1 was found to

mediate EMT and the appearance of disseminated tumor cells via the Akt/mTOR pathway . Although the exact
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role of the mTOR pathway in PCa remains unclear, previous studies have underlined p-mTOR expression as a

factor influencing lymphangiogenesis and lymph node metastasis in PCa patients . A possible link between EMT

and the mTOR pathway has been proposed through downregulation of RhoA and Rac1 signaling pathways .

Interestingly, the use of novel inhibitors, such as the novel dual mTORC1/C2 inhibitor AZD2014, is able to inhibit

migration, invasion, and, more importantly, EMT progression in castration-resistant PCa cell lines, suggesting

multiple therapeutic benefits from future mTOR inhibitors . However, the extremely complex and still

undeciphered crosstalk of PCa cells with the ever-adapting microenvironment still poses a challenge in

understanding and overcoming TME-induced therapy resistance .
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