
Significance of Talin in Cancer Progression and Metastasis

Andreas Desiniotis* and Natasha Kyprianou*,†

*Department of Surgery/Urology, and Department of Molecular and Cellular Biochemistry, 
University of Kentucky College of Medicine, Lexington, Kentucky, USA

†Markey Cancer Center, University of Kentucky College of Medicine, Lexington, Kentucky, USA

Abstract

Upon detachment from the extracellular matrix, tumor epithelial cells and tumor-associated 

endothelial cells are capable of overcoming anoikis, gain survival benefits, and hence contribute to 

the process of metastasis. The focal-adhesion complex formation recruits the association of key 

adaptor proteins such as FAK (focal-adhesion kinase). Vimentin, paxillin, and talin are responsible 

for mediating the interaction between the actin cytoskeleton and integrins. Talin is an early-

recruited focal-adhesion player that is of structural and functional significance in mediating 

interactions with integrin cytoplasmic tails leading to destabilization of the transmembrane 

complex and resulting in rearrangements in the extracellular integrin compartments that mediate 

integrin activation. Talin-mediated integrin activation plays a definitive role in integrin-mediated 

signaling and induction of downstream survival pathways leading to protection from anoikis and 

consequently resulting in cancer progression to metastasis. We recently reported that talin 

expression is significantly increased in prostate cancer compared with benign and normal prostate 

tissue and that this overexpression correlates with progression to metastatic disease implicating a 

prognostic value for talin during tumor progression. At the molecular level, talin is functionally 

associated with enhanced survival and proliferation pathways and confers anoikis resistance and 

metastatic spread of primary tumor cells via activation of the Akt survival pathway. In this review, 

we discuss the growing evidence surrounding the value of talin as a prognostic marker of cancer 

progression to metastasis and as therapeutic target in advanced prostate cancer, as well as the 

current understanding of mechanisms regulating its signaling activity in cancer.
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1. Introduction

Cancer metastasis is a multistep and complex process involving the spread of malignant cells 

from a primary tumor to distant sites. It specifically includes epithelial to mesenchymal 

transition (EMT) and penetration of the basement membrane, degradation of the 

extracellular matrix (ECM) and invasion of surrounding tissues, cell migration, anchorage-

independent growth, apoptosis evasion, intravasation into existing and newly formed blood 

and lymph vessels, transportation through the vessels and extravasation, establishment of 

surviving cancer cells at distant sites, and outgrowth of secondary tumors (Chambers et al., 

2002; Gupta and Massague, 2006; Sakamoto and Kyprianou, 2010). Cancer metastasis 

HHS Public Access
Author manuscript
Int Rev Cell Mol Biol. Author manuscript; available in PMC 2017 June 05.

Published in final edited form as:
Int Rev Cell Mol Biol. 2011 ; 289: 117–147. doi:10.1016/B978-0-12-386039-2.00004-3.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



imposes the biggest problem to treatment and prognosis of the disease and is the main cause 

of death of cancer patients. Approximately 90% of all cancer deaths arise from the 

metastatic spread of tumors (Christofori, 2006). The tumor microenvironment has been 

addressed as a critical regulator of cancer progression and metastasis (Aguirre-Ghiso, 2007; 

Barkan et al., 2010; Chambers et al., 2002). It consists of the tumor stroma and surrounding 

tissue, composed of endothelial cells, pericytes adjacent to the endothelial cells, invading 

inflammatory cells and leucocytes, fibroblasts, and extensive ECM structures (Hanna et al., 

2009). ECM represents a major component of the microenvironment as it is in immediate 

contact with the tumor cells and functions as a source of growth factors and cytokines which 

are critical for different aspects of tumor biology and progression. In this review, we aim to 

summarize the most recent evidence on the functional contribution of the ECM to cancer 

metastasis with particular focusing on talin, a key player in focal-adhesion activity 

regulating cancer cell survival throughout migration.

2. ECM in Control of Microenvironment

Alterations in the expression of ECM-related genes have been highlighted in gene 

expression profiling of cancers that are related to poor prognosis and metastasis (Barkan et 

al., 2010). Further, alterations in the gene expression signature of tumors can result in 

extensive remodeling of the ECM, an occurrence associated with poor outcomes (Chang et 

al., 2005a,b). Changes in the ECM components such as increased production and 

organization of fibronectin have been implicated in inducing metastatic growth. Except 

remodeling, the ECM can undergo degradation by matrix metalloproteinases (MMP) that are 

prominently secreted by stroma or tumor cells (Jodele et al., 2006; Vlodavsky et al., 2002). 

MMPs, by degrading the ECM, may contribute to the establishment of a microenvironment 

that supports tumor dormancy or its switch to metastatic ability (Barkan et al., 2010). Many 

growth factors like fibroblast growth factors (FGFs) and vascular endothelial growth factors 

(VEGFs) bind to heparin and to heparan sulfate, a component of many ECM proteoglycans 

(Hynes, 2009). Heparanase, an important protein ubiquitously expressed in human tumors, is 

an endoglycosidase that cleaves heparan sulfate chains of proteoglycans and is associated 

with the cell surface and the ECM in different tissues (Vlodavsky et al., 2002). Degradation 

and remodeling of the ECM by heparanase releases angiogenic factors and stimulates the 

angiogenic switch required in cancer metastasis (Roy and Marchetti, 2009; Vlodavsky et al., 

2002).

Tumor-associated MMPs can also stimulate processes associated with EMT, thus 

contributing in a further way to metastasis progression (Orlichenko and Radisky, 2008; 

Przybylo and Radisky, 2007; Radisky and Radisky, 2010). During EMT, cells progressively 

downregulate their apical and basolateral epithelial-specific tight and adherens junction 

proteins, and reexpress mesenchymal molecules (Christofori, 2006; Huber et al., 2005; 

Thiery, 2002). Nonmotile, polarized epithelial cells, by dissolving their cell–cell junctions, 

convert into individual nonpolarized, motile, and invasive mesenchymal cells. Functional 

expression of the epithelial cell–cell adhesion molecule E-cadherin is lost, whereas the 

expression of the mesenchymal cell–cell adhesion molecule N-cadherin is induced, a process 

also known as the cadherin switch (Yilmaz and Christofori, 2009). Loss of E-cadherin gene 

expression is frequently found during tumor progression in most epithelial cancers; thus, this 
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protein has been established as a clinical indicator for poor prognosis and metastasis (Bissell 

and Radisky, 2001; Cavallaro and Christofori, 2004). Forced downregulation of E-cadherin 

activity promotes tumor invasion and metastasis in vivo (Perl et al., 1998). As E-cadherin 

plays a key role in epithelial structural integration and homeostasis, its expression is under 

strict control. In the tumor microenvironment, a number of growth factors can induce EMT 

including, transforming growth factor β (TGF-β), epidermal growth factor (EGF), insulin-

like growth factor (IGF), and FGF. E-cadherin is selectively downregulated by EGF receptor 

(EGFR), c-Met, insulin-like growth factor receptor I (IGF-RI), FGF receptors (FGFRs), 

while the non-RTK c-Src induces phosphorylation of E-cadherin and catenins, resulting in 

their ubiquitylation by the E3 ligase Hakai, and subsequent endocytosis and degradation 

(Fujita et al., 2002).

Expression of cell adhesion molecules on cancer epithelial and endothelial cells is a dynamic 

and highly regulated process under the presence of growth factors, cytokines, and 

chemokines, and highly dependent on the composition of the ECM (Cooper et al., 2002; 

Khatib et al., 1999; Stewart et al., 2004). The extracellular binding activity of integrins is 

regulated from the inside of the cell (inside-out signaling), while the binding of the ECM 

elicits signals that are transmitted into the cell (outside-in signaling) (Clark and Brugge, 

1995; Shattil et al., 2010). Integrins can shift between high- and low-affinity conformations 

for ligand binding, and this shift from low- to high-affinity state results in integrin activation 

(Legate et al., 2009). Failure to activate integrin results in aberrant development and 

pathological conditions such as bleeding disorders, skin blistering, and leukocyte-adhesion 

deficiencies (Giancotti and Ruoslahti, 1999).

Cell responses to extracellular stimuli, such as regulating cell–cell and cell–substrate 

attachment, and increasing cell motility are accompanied by changes in the expression and 

function of adhesion receptors including the integrin family (Albelda, 1993; Stewart et al., 

2004). Integrins are composed of two subunits α and β, and each α–β combination has its 

own binding specificity and signaling properties, while most integrins recognize several 

ECM proteins (Hynes, 1987; Shattil et al., 2010). In mammals, 18 α and 8 β subunits 

combine to form 24 specific dimmers in a noncovalent bound manner, which exhibit 

different ligand-binding properties (Moser et al., 2009). Integrin subunits have large 

extracellular domains (~800 amino acids) that are responsible for ligand binding, small 

single transmembrane domains of 20 amino acids, and short cytoplasmic tails ranging from 

13 to 70 amino acids, except that of β4 (Moser et al., 2009). Integrin clustering occurs by 

inside-out signals resulting in formation of hetero-oligomers that stimulate the recruitment 

of protein complexes to integrin cytoplasmic domains (Critchley and Gingras, 2008). 

Clustering is important for inducing integrin recycling, outside-in signaling, and 

transduction by adhesion-based intracellular structures (Puklin-Faucher and Sheetz, 2009). 

Binding of ligands to integrin extracellular domains by the homodimerization of integrin 

transmembrane domains (α-to-α or β-to-β) (Li et al., 2003a,b), or by the release of integrins 

from cytoskeletal complexes, leads to the free diffusion of integrins in the plane of the 

membrane resulting in integrin clustering (Kucik, 2002). Interactions of integrin cytoplasmic 

domains with each other or cytoplasmic proteins lead to rearrangements of the integrins that 

induce its activation (O’Toole et al., 1991, 1994). Integrin β chains interact with actin-

binding proteins (e.g., talin and filamin), which form mechanical links to the cytoskeleton, 
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and other proteins like focal-adhesion kinase (FAK), integrin-linked kinase (ILK), and novel 

proteins that link integrins to signaling mechanisms and, in some cases, mediate integrin-

dependent gene regulation (e.g., JAB1; Liu et al., 2000). Conformational changes induced by 

external ligands can be propagated across the plasma membrane, leading to alteration of the 

α- and β-integrin tails (Kim et al., 2003). As integrins bind to ECM, they associate with the 

cytoskeleton and promote the assembly of actin filaments (the α6β4 integrin associates with 

keratin filaments through the uniquely large β4 cytoplasmic domain; Giancotti and 

Ruoslahti, 1999). Further, organization of actin filaments into larger fibers supported by 

integrin clustering in turn promotes more integrin clustering, thus enhancing the matrix 

binding and organization by integrins in a positive feedback system (Giancotti and 

Ruoslahti, 1999). Consequently, ECM proteins, integrins, and cytoskeletal proteins assemble 

into aggregates forming focal adhesions (Burridge and Chrzanowska-Wodnicka, 1996). The 

cell type and composition of the surrounding matrix, along with tissue origin, determine 

which set of integrins are critical in transducing downstream survival signals (Chiarugi and 

Giannoni, 2008; Giancotti, 2000). Integrins play a pivotal role in normal homeostasis as well 

as oncogenic transformation (Chiarugi and Giannoni, 2008; Giancotti, 2000; Guo and 

Giancotti, 2004; Ramsay et al., 2007).

Ample evidence indicates abnormal integrin expression as prostate cancer progresses to an 

advanced stage with most α and β subunits shown to be downregulated (Fornaro et al., 2001; 

Goel et al., 2008; Knudsen and Miranti, 2006). Integrins directly interfere with the ECM and 

are connected to the actin cytoskeleton through focal adhesions thus regulating structural 

rearrangements and signaling pathways essential in cell movement (Juliano et al., 2004; 

Webb et al., 2002). Members of the Rho family of GTPases contribute in the regulation of 

the actin cytoskeleton, with RhoA, Rac, and CDC42 influencing stress fibers, lamellipodia, 

and filopodia (Juliano et al., 2004). Other signaling components of the focal-adhesion 

complex also influence the actin–myosin machinery, and integrins can closely modulate the 

functional interaction and signaling potential of those focal-adhesion proteins (Juliano et al., 

2004). Moreover, MAP kinases as the principal downstream effectors of Ras signaling are 

regulated by integrins; thus, integrins partially take part in the regulation of cell proliferation 

and differentiation (Pearson et al., 2001). In breast, prostate, melanoma, and fibrosarcoma 

cell lines, a high ERK/p38 activity ratio favors tumor growth and activation of α5β1 integrin 

is proposed as a determinant for the in vivo ERK/p38 mediated growth promoting activity 

(Aguirre-Ghiso et al., 2003). Integrins may also promote cancer progression by regulating 

survival, invasion, and angiogenesis, leading to metastasis (Avraamides et al., 2008; Finger 

and Giaccia, 2010; Jin and Varner, 2004; Moschos et al., 2007; Tantivejkul et al., 2004).

Integrin antagonists, including function-blocking antibodies and peptide molecules with 

high affinity and specificity, are currently under investigation (Avraamides et al., 2008; Fig. 

4.1). MEDI-522, a humanized ανβ3 antibody, was the first anti-integrin agent to be tested in 

clinical trials for advanced malignancies showing promising results in tumor perfusion and 

inhibition of angiogenesis (McNeel et al., 2005; Zhang et al., 2007). CNTO 95, a human 

αvβ3/αvβ5 antibody, reduced angiogenesis and tumor growth in human melanoma 

xenografts in nude mice and rats and was further tested in Phase I/II clinical trials for 

advanced solid tumors (Mullamitha et al., 2007; Trikha et al., 2004). Further, cilengitide, a 

cyclic peptide antagonist of integrins αvβ3/αvβ5, was developed and evaluated in Phase I/II 
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clinical trials for recurrent malignant glioma, where significantly enhanced progression-free 

survival was observed (Nabors et al., 2007). In addition, cilengitide was further applied in 

Phase II trials for non-small-cell lung cancer, melanoma, and pancreatic cancer in 

combination with other chemotherapeutic agents (Beekman et al., 2006; Friess et al., 2006). 

Another drug in clinical trials, ATN-161, is a peptide inhibitor of integrin α5β1 that reduced 

metastases and improved survival when combined with chemotherapy in colon cancer 

animal studies and was further processed for Phase II clinical trials for patients with solid 

tumors resulting in prolonged stable disease (Cianfrocca et al., 2006; Stoeltzing et al., 2003).

3. Epithelial to Mesenchymal Transition

EMT is temporary and reversible phenomenon characterized by the acquisition of 

mesenchymal phenotype by cancer cells resulting in loss of cell–cell adhesion, loss of cell 

polarity, and the acquisition of migratory and invasive properties leading to cancer 

progression and metastatic spread (Thiery et al., 2009; Yilmaz and Christofori, 2009). TGF-

β is a prominent regulator of EMT. In response to TGF-β, Smad2 and 3 are activated and 

form trimers with Smad4, which upon nuclear translocation, regulate transcription of target 

genes by facilitating the interaction with other DNA binding transcription factors. EMT in 

response to TGF-β is achieved through a well-characterized transcription program that 

involves three families of transcription factors, the Snail, ZEB, and helix-loop-helix bHLH 

families (Xu et al., 2009). Their expression is induced either through a Smad-dependent 

mechanism or indirectly through activation of other transcription factors or relief of 

repression (Xu et al., 2009). Upon activation, these three families of transcription factors 

suppress expression of epithelial markers and in turn activate mesenchymal marker gene 

expression. Orchestrated signaling between TGF-β and Ras/Raf/MEK/MAPK is required for 

maintenance of EMT in various epithelial cell types (Zavadil and Bottinger, 2005). Other 

proteins which are engaged by TGF-β-induced EMT are the small GTPases RhoA and Rac1 

(Bakin et al., 2002; Bhowmick et al., 2001), phosphoinositol-3 kinase (PI3K; Bakin et al., 

2000), ILK (Lee et al., 2004), and the Jagged1/Notch signaling pathway (Zavadil et al., 

2004).

EGF increases N-cadherin expression as a consequence of increased expression of TWIST, 

SLUG, and Snail in cancer cells, while expression of E-cadherin is significantly repressed 

(Lo et al., 2007). Chromatin immunoprecipitation studies reveal that EGF induces binding of 

nuclear signal transducer and activator of transcription 3 (STAT3) to the TWIST promoter; 

moreover, immunohistochemical analysis of primary breast carcinomas indicates positive 

correlations between nonnuclear EGFR and TWIST, and between activated STAT3 and 

TWIST (Lo et al., 2007). Although induction of ZEB1 by TGF-β promotes EMT, IGF-I is 

also found to play a role in the regulation of ZEB1. IGF-I upregulates ZEB1 expression in 

epithelial prostate cancer cells toward EMT ultimately promoting prostate tumor cell 

migration in vitro (Graham et al., 2008). In prostate cancer cells displaying a mesenchymal 

phenotype, ZEB1 inhibition reverses the EMT phenotype by increased expression of E-

cadherin and downregulation of N-cadherin and fibronectin (Graham et al., 2008). FGFR1 is 

another receptor commonly overexpressed in advanced prostate cancer. In an inducible 

FGFR1 prostate mouse model, it was shown that activation of FGFR1 led stepwise 

progression to adenocarcinoma that was linked to EMT (Acevedo et al., 2007). After 
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induction with FGF, mesenchymal-like cells expressed lower and more diffuse levels of E-

cadherin, and a high percentage of these cells lost cytokeratin expression associated with 

loss of epithelial differentiation; at the same time, expression of vimentin was increased in 

those cells in comparison to adjacent glandular epithelial cells (Acevedo et al., 2007). 

Changes in the composition of the ECM are also able to induce EMT, as shown for collagen 

I that induces EMT in non-small-cell lung cancer cells (Shintani et al., 2008). Moreover, 

hyaluronan promotes anchorage-independent growth and invasiveness, induces gelatinase 

production, and stimulates PI3K/Akt pathway activity in phenotypically normal kidney and 

mammary epithelial cells (Zoltan-Jones et al., 2003).

The intermediate filament protein vimentin is mainly expressed in mesenchymal cells and 

has been annotated a marker for EMT. Correlation between vimentin and inhibition of E-

cadherin mediated cell adhesion has been shown along with increased vimentin protein 

levels and loss of E-cadherin expression in invasive breast or lung cancer cells (Polette et al., 

1998; Sommers et al., 1994). In addition, expression of vimentin in combination with 

cytokeratins has been strongly associated with highly aggressive and metastatic breast 

cancer. Estrogen receptor (ER)-negative cells exhibiting aggressive phenotypes express 

vimentin, whereas noninvasive ER-positive cells do not (Sommers et al., 1989). Vimentin 

downregulation leads to a significant decrease in tumor cell invasion or migration, evidence 

indicating a functional contribution of vimentin invasion and metastasis (Gilles et al., 1999; 

Hendrix et al., 1997). In prostate cancer, expression of vimentin is very modest, in well-

differentiated or in moderately differentiated tumors, while poorly differentiated tumors and 

bone metastases showed high vimentin expression that correlates with high invasive ability 

(Zhao et al., 2008). Moreover, silibinin, the major active constituent of silymarin isolated 

from milk thistle (Silybum marianum), not only exerts growth inhibitory effects by induction 

of apoptosis together with cell cycle arrest but also reduces the invasive and migrating 

abilities in bone metastatic prostate cancer cells by inhibiting vimentin and MMP-2 (Wu et 

al., 2009).

Paxillin is a 68-kDa focal-adhesion protein, with four tandem LIM domains at the C-

terminus, involved in growth factor receptor, integrin, and oncogenic signaling such as Src 

(Salgia et al., 1999). As part of the focal-adhesion complex, paxillin is tyrosine 

phosphorylated in response to growth factors such as PDGF and EGF, IL-3, and 

neuropeptides like bombesin (Charlesworth et al., 1996; Rankin et al., 1996; Salgia et al., 

1995). Multiple kinases, including FAK and ILK, directly interact with paxillin, while 

activated β1 and β2 integrins also lead its activation via protein phosphorylation 

(Charlesworth et al., 1996). Indeed, a mutant paxillin protein lacking both FAK-binding sites 

characteristically exhibits reduced tyrosine phosphorylation (Thomas et al., 1999). 

Activation of FAK by anchoring to the cell membrane and recruitment of paxillin 

sufficiently stimulates ERK and c-Jun NH (2)-terminal kinases (JNKs) in a PI3K/Akt-

independent manner (Igishi et al., 1999). Paxillin overexpression results in stimulation of 

squamous cell carcinoma lines to migrate on type IV collagen and through reconstituted 

basement membrane which is dependent on ERK activity (Crowe and Ohannessian, 2004).

Gene silencing of mutant paxillin led to reduction of cell viability, while A127T Paxillin 

showed an increase in tumor growth, cell proliferation, and invasion in vivo (Jagadeeswaran 
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et al., 2008). Fibronectin promotes tyrosine (Tyr118) phosphorylation of paxillin, via 

activation of the focal-adhesion complex, resulting in cell invasiveness in gastric tumor cells 

(Li et al., 2009). In bladder tumors, IGF-IR activation does not significantly affect their 

growth, but it notably promotes migration and stimulates in vitro wound healing and 

invasion (Metalli et al., 2010). These IGF-IR mediated effects are apparently dependent 

upon the activation of Akt and MAPK pathways, as well as IGF-I-induced Akt- and MAPK-

dependent phosphorylation of paxillin (Metalli et al., 2010). In prostate cancer cells, 

Paxilllin is shown to regulate Erk signaling and cell proliferation after induction of EGFR by 

dihydrotestosterone (DHT) via androgen receptor (AR) binding and MMP-mediated release 

of EGFR ligands (Sen et al., 2010).

4. Anoikis Resistance in Metastasis

Anoikis, a Greek word meaning homelessness, is a unique mode of apoptosis induced after 

loss of cell adhesion to ECM (Sakamoto and Kyprianou, 2010). The role of ECM as a 

suppressor of apoptosis has been well established, and anoikis, following loss of cell 

anchorage, is of physiological relevance for development, tissue homeostasis, and disease 

progression including cancer metastasis (Rennebeck et al., 2005). The ability of cancer cells 

to survive in the absence of adhesion to the ECM (anoikis resistance) enables them to 

develop anchorage independence, disseminate from the primary tumor, invade a distant site, 

and establish a metastatic lesion (Chiarugi and Giannoni, 2008). Cell detachment from the 

ECM induces downregulation of the antiapoptotic Bcl2 family member Bcl-xL along with 

significant increase of Fas ligand (FasL) which activates the death receptor pathway (Rosen 

et al., 2000, 2002). Alterations in cell–cell adhesion molecules, protein kinases and 

phosphatases, integrin-associated signaling molecules, or apoptosis regulators can confer 

resistance to anoikis and promote progression to metastasis (Liotta and Kohn, 2004). Focal-

adhesion complexes and downstream survival pathways play a definitive role in integrin-

mediated signal transduction leading to protection from anoikis (Chiarugi and Giannoni, 

2008; Sakamoto and Kyprianou, 2010; Sakamoto et al., 2010; Fig. 4.1).

Mechanistically, anoikis resistance is controlled by constitutive activation of FAK (Frisch et 

al., 1996), EGFR-mediated Src activation that leads to MEK/Erk and PI3-K/Akt-1 signaling 

(Demers et al., 2009), increased cytosolic c-Fas-associated death domain-like IL-1-

converting enzyme-like inhibitory protein-long (c-FLIP) that inhibits CD95-induced 

caspase-8 activation and apoptosis (Shain et al., 2002), overexpression of β-catenin that 

regulates the function of the LEF/TCF family of transcription factors, and protects cancer 

cells from suspension-induced anoikis (Orford et al., 1999). Increased Bcl-xL has been also 

implicated in resistance to anoikis during colorectal tumor progression (Coll et al., 2002). 

Talin1 enhances prostate cancer cell adhesion, migration, and invasion by activating survival 

signals in response to anoikis (Sakamoto et al., 2010). Src phosphorylation of Bif-1 

suppresses the interaction between Bif-1 and Bax, impairing Bax activation during anoikis 

(Yamaguchi et al., 2008), while p38 mitogen-activated protein kinase (p38MAPK) is 

necessary in activation of Bax after its translocation to mitochondria and induction of 

mitochondrial outer membrane permeabilization that results in cytochrome c release and 

apoptosis (Owens et al., 2009).
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Different death regulators can initially confer resistance to anoikis after detachment of tumor 

cells from the ECM by triggering survival pathways, while they subsequently serve as 

mediators of cell migration, invasion, and metastasis. For instance, galectins comprise an 

intriguing group of molecules, overexpression of which in malignant epithelial cells, as well 

as tumor-associated stroma cells, is directly correlated with acquisition of a metastatic 

phenotype (Lahm et al., 2004; Oka et al., 2004). In particular, Gal-3 translocation properties 

make this molecule taking a central role in facilitating malignant transformation and 

resistance to anoikis, depending on its subcellular localization. Cytoplasmic Gal-3 is 

antiapoptotic, whereas the nuclear presence of Gal-3 exerts proapoptotic properties 

(Rennebeck et al., 2005). Gal-3 regulates cell cycle progression by blocking cyclins A and E 

and by stimulating p27 and p21 (cell cycle-dependent kinase inhibitors), resulting in cell 

cycle arrest and inhibition of anoikis (Kim et al., 1999). In addition, this protein has in vitro 
angiogenic properties by inducing endothelial cell migration (Nangia-Makker et al., 2000). 

TrkB, a neurotrophic tyrosine kinase, upon binding to its ligand is activated and functions as 

a key suppressor of anoikis, conferring anoikis resistance and promoting metastasis (Douma 

et al., 2004). Moreover, caveolin (cav-1) is identified as a tumor promoter in bladder, 

esophageal, and prostate cancers (Fong et al., 2003; Rajjayabun et al., 2001; Satoh et al., 

2003). Cav-1 is able to suppress anoikis by both activating Akt and blocking two inhibitors 

of Akt, PP1 and PP2A (Li et al., 2003a,b). Another potential anoikis inducer is peroxisome 

proliferator receptor-gamma (PPAR-γ). Inhibition of PPAR-γ results in downregulation of 

integrin α5 expression, thus impairing FAK signaling and ultimately pronounced anoikis 

manifestation in squamous and hepatocellular carcinomas (Sakamoto and Kyprianou, 2010). 

In prostate cancer epithelial cells, IGF interacts with integrin signaling pathways toward 

anoikis resistance via enhancing tumor cell proliferation and decreasing cell adhesion (Goel 

et al., 2004). Loss FLIP induces tumor cell death upon detachment from the ECM, while it 

has no effect on adherent cancer cells (Mawji et al., 2007a,b). Overexpression of the Bcl-2 

protein itself can also confer resistance to anoikis ultimately leading to loss of therapeutic 

response to chemotherapy (Coates et al., 2010).

5. Focal-Adhesion Complex: Securing Cell–ECM Interactions

The focal-adhesion complex formation at the cytoplasmic face of the cell membrane 

includes the connection of adaptor proteins such as FAK, ILK, vimentin, talin, and paxillin 

to the cellular actin cytoskeleton as well as to integrins (Fig. 4.1). FAK is a cytoplasmic 

tyrosine kinase recognized as a key mediator of signaling by integrins in both normal and 

cancer cells. FAK is activated by integrins through disruption of an autoinhibitory 

intramolecular interaction between its kinase domain and the amino-terminal FERM domain 

(Zhao and Guan, 2009). FERM-mediated nuclear localization of FAK promotes enhanced 

cell survival through the inhibition of tumor suppressor p53 activation during development 

but also in cancer progression (Lim et al., 2008). Transient dimerization of FAK molecules 

leads to increased phosphorylation and activation of Tyr397 (Parsons, 2003). The 

phosphorylation on Tyr397 creates a high-affinity binding site for the SH2 domain of Src 

family kinases and leads to the recruitment and activation of Src through the formation of a 

kinase complex (Schaller et al., 1994). Tyr397-dependent activation of FAK and the 

recruitment of Src have been implicated in the efficient tyrosine phosphorylation of 
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additional sites on FAK as well as the FAK-binding protein paxillin (Owen et al., 1999; 

Schaller et al., 1999). In addition, binding of the adaptor protein growth factor receptor 

bound 2/homologue of Drosophila melanogaster “son of sevenless” protein (GRB2/SOS) to 

the FAK Tyr925 plays a significant role in activating the prosurvival Ras/Raf/MEK/MAPK 

pathway (Schlaepfer et al., 2004).

ILK interacts within the focal-adhesion plaques with several adaptor and signaling 

components of the formed complex resulting in its activation and localization (Persad and 

Dedhar, 2003). The amino-terminal domain of ILK contains four ankyrin repeats, which are 

essential for localization of ILK to focal adhesions. LIM domains (first described in LIN-11, 

ISL1, and MEC-3) are protein–protein interaction domains with cysteine-rich zinc-finger 

structures that usually interact with tyrosine-containing motifs. ILK mediates the 

phosphorylation of diverse intracellular substrates including protein kinase B (PKB/Akt), 

glycogen synthase kinase-3 (GSK3), and myosin light chain (Persad and Dedhar, 2003). ILK 

can phosphorylate AKT on Ser473 and GSK3β on Ser9 in a PI3K-dependent manner 

(Delcommenne et al., 1998; Olski et al., 2001), while the PI3K-regulating tumor suppressor 

phosphatase and tensin homologue deleted on the chromosome 10 (PTEN) negatively 

regulates ILK kinase activity (Persad et al., 2000).

Src is the founding member of a family of comprising nine family members: Src, Fyn, Yes, 

Lck, Hck, Blk, Fgr, Lyn, and Yrk (Thomas and Brugge, 1997). Each member consists of an 

amino-terminal domain, an SH3 and SH2 domain, a tyrosine kinase domain, and a carboxy-

terminal negative regulatory element (Thomas and Brugge, 1997). Increased Src kinase 

activity in cancer is correlated with tyrosine phosphatase-mediated dephosphorylation of the 

carboxy-terminal negative regulatory element, increased Src protein levels and/or altered 

protein stability, an increase in upstream receptor tyrosine kinase activity, or loss of key 

regulatory proteins (Playford and Schaller, 2004). Src family kinases can interact with 

tyrosine kinase receptors, such as EGFR and the VEGF receptor, affect cell proliferation via 

the Ras/ERK/MAPK pathway, and can also regulate gene expression via transcription factor 

control such as of STAT molecules (Kim et al., 2009). Src kinase activity is downregulated 

by the tyrosine carboxy-terminal Src kinase (Csk) that phosphorylates the negative tyrosine 

residue in the carboxy-terminal tail of Src, resulting in intramolecular interaction that 

induces an inactive conformation of Src (Nada et al., 1991). Tyrosine phosphorylation of 

FAK creates a high-affinity binding site for Src, thereby leading to the formation of a stable 

FAK–Src complex that promotes the phosphorylation of many FAK-associated Src 

substrates including CAS, paxillin, and p190RhoGAP which have a central role in the 

reorganization of the actin cytoskeleton and migration (Guarino, 2010; Playford and 

Schaller, 2004). Overexpression of Src in colon cancer cells enhances primary tumor growth 

without an increase in metastasis (Irby et al., 1997), while decreased Src protein suppresses 

cell proliferation in vitro and in vivo (Staley et al., 1997). The effect of elevated Src activity 

in tumor cells is certainly pleiotropic, as it significantly impacts multiple processes involved 

tumorogenesis, including cell–cell adhesion, apoptosis, angiogenesis, tumor cell growth, 

invasion, and EMT (Playford and Schaller, 2004).

Talins are about 270-kDa proteins in size consisting of an N-terminal 47-kDa head domain 

and a ~220-kDa C-terminal flexible rod domain (Moser et al., 2009). The talin head consists 
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of a FERM (4.1, ezrin, radixin, moesin) domain composed of three subdomains (F1, F2, and 

F3) and an F0 subdomain with no homology to known domains. The F3 subdomain is 

responsible for binding to the integrin cytoplasmic tales (Calderwood, 2004; Garcia-Alvarez 

et al., 2003; Moser et al., 2009; Papagrigoriou et al., 2004). The talin rod domain is 

composed of a series of helical bundles that contain multiple binding sites for the F-actin-

binding protein vinculin and a second integrin-binding site (Critchley and Gingras, 2008). 

Recent crystallography studies indicated that the structure of talin residues 1359–1659 

which contains nine α-helices that are organized into a unique fold with two distinct 

domains that interact with vinculin and F-actin (Gingras et al., 2010). The C-terminus 

contains a THATCH (talin/HIP1R/Sla2p actin tethering C-terminal homology) domain that 

mediates dimerization and provides a direct linkage between talin and F-actin (Senetar et al., 

2004; Smith and McCann, 2007).

5.1. Function of talin in integrin activation and focal adhesions

The integrin-binding site for the talin head was mapped to the membrane-proximal NPxY 

motif, a common binding motif for phosphotyrosine-binding domain-containing proteins 

(Calderwood et al., 2002; Moser et al., 2009; Uhlik et al., 2005), and it has been revealed 

that mutations within the NPxY motif of both β1 and β3 integrins, as well as mutations in 

the talin phosphotyrosine-binding domain, abolish talin binding and decrease integrin 

affinity (Bouaouina et al., 2008; Tadokoro et al., 2003; Wegener et al., 2007). Dok1, Numb, 

and tensin have not shown similar properties as talin in regulating integrin activation 

(Calderwood et al., 2002; McCleverty et al., 2007). That noticeable difference might occur 

as the talin head has an additional binding site on the β integrin tail, whereas Dok1 binds 

only to the region surrounding the NPxY motif (Oxley et al., 2008). The Talin F3 subdomain 

contains an extra loop of amino acids that binds to membrane-proximal sequences in the β3 

integrin tail; thus, it is proposed that talin first encounters the β integrin tail by binding the 

NPxY motif through its phosphotyrosine-binding domain, and the loop sequence 

subsequently interacts with membrane-proximal sequences within the β tail to displace the α 
integrin tail (Moser et al., 2009). Since talin contains two β integrin-binding sites, one within 

the FERM and the other within the rod domain, talin homodimers have up to four integrin-

binding sites, thus providing a biochemical base to talin’s ability to act as an integrin cross-

linker in order to promote clustering (Moser et al., 2009).

Talin is a recruited component of the focal-adhesion complex to functionally interact with 

integrin cytoplasmic tails (Horwitz et al., 1986; Lewis and Schwartz, 1995; Sakamoto and 

Kyprianou, 2010; Fig. 4.1). The binding of cytoplasmic proteins to the integrin intracellular 

domains destabilizes the transmembrane complex and results in rearrangements in the 

extracellular integrin compartments that lead to integrin activation (Shattil et al., 2010). The 

role of talin in the regulation of integrin function was originally demonstrated in Chinese 

hamster ovary cells, where it was shown that talin induces a dramatic shift in the affinity of a 

normally inactive integrin (Calderwood et al., 1999, 2002). Talin interconnects β integrin 

cytoplasmic tails and actin filaments by directly binding both, and binding of talin head 

domain to integrin β tails is selectively abrogated by a single point mutation that disrupts 

integrin localization to talin-rich focal adhesions (Calderwood et al., 1999). Further, 

overexpression of a fragment of talin containing the head domain leads to activation of 
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integrin αIIbβ3 that is dependent on the presence of both the talin head domain and the 

integrin β3 cytoplasmic tail (Calderwood et al., 1999). Knockout studies further revealed a 

role for talin as a key regulator of integrin affinity for its ligands, and diverse structural 

studies defined the mechanism via which talin accomplishes that (Moser et al., 2009). Talin 

orthologs have been identified in all multicellular eukaryotes studied; vertebrates encode two 

talin isoforms, talin1 and talin2, whereas lower eukaryotes encode only a single talin 

isoform corresponding to talin1 (Monkley et al., 2001; Senetar et al., 2007).

Structurally, the talin head can effectively compete with the αIIb tail for binding to the β3 

tail in platelets (Vinogradova et al., 2000). Similarly, fluorescence energy transfer (FRET) 

experiments showed that the talin head domain binding to integrin causes a spatial 

separation of the integrin tails, which is associated with increased basal integrin ligand 

binding (Kim et al., 2003). Further, knockdown experiments in Caenorhabditis elegans 
revealed the importance of talin in integrin activation. Integrins are essential for embryonic 

development, muscle cell adhesion and contraction, and migration of nerve cell axons and 

gonadal distal tip cells in C. elegans, and downregulation of talin showed that this protein is 

required not only for cell adhesion and cytoskeletal organization but also for the dynamic 

regulation of integrin signals during cell migration (Cram et al., 2003). Similarly, elegant 

genetic studies on D. melanogaster established that talin is essential for integrin function, 

acting to stably linking ECM associated integrin clusters to the cytoskeleton (Brown et al., 

2002). Platelets from mice lacking talin1 are unable to activate integrins in response to all 

known major platelet agonists (Petrich et al., 2007), and talin-deficient platelets display a 

severe hemostatic defect and are completely resistant to arterial thrombosis (Nieswandt et 

al., 2007). The autoinhibitory interaction between the talin C-terminus and the 

phosphotyrosine-binding domain that blocks the integrin-binding pocket implies a tight 

regulation of integrin activation by talin Goksoy et al., 2008). The large C-terminal rod 

domain of talin interacts with the talin head domain and allosterically holds back talin in a 

closed conformation, and in addition, the talin rod domain specifically masks a region of the 

phosphotyrosine-binding domain–integrin-binding site (Goksoy et al., 2008). The lipid 

second messenger phosphotidylinositol-4,5-bisphosphate [PtdIns(4,5)P2] is found to be an 

activator of talin when it binds to it, as it induces a conformational change that disrupts the 

auto-inhibitory interaction between talin domains, enhancing its binding to integrins 

(Goksoy et al., 2008; Martel et al., 2001).

The Ras GTPases is a critical group of cytoplasmic signaling proteins that mediate integrin–

talin interactions (Kinbara et al., 2003). In addition to GTPases that are encoded by the H-

ras, K-ras, and N-ras, the Ras family also includes R-ras (R-ras, R-ras2/TC21, and R-

ras3/M-ras), Ral (RalA and RalB), RAP (RAP1A, 1B, 2A, and 2B), and Rheb (Rheb1 and 2; 

Kinbara et al., 2003). RAP1 directly stimulates integrin activation (Enserink et al., 2002; 

Katagiri et al., 2000, 2002), while RAP1 GTPases interact with RAP1–GTP-interacting 

adaptor molecule (RIAM), a member of the MRL (Mig-10/RIAM/Lamellipodin) protein 

family, to promote talin-dependent integrin activation (Lee et al., 2009). The association of 

RAP1 and RIAM is sufficient to recruit talin1 to integrins, resulting in integrin activation 

(Lee et al., 2009). In lymphoid cells, overexpression of RIAM induced cell spreading, 

lamellipodia formation, and the active conformation of β1 and β2 integrins along with cell 

adhesion, while RIAM knockdown displaced RAP1–GTP from the plasma membrane and 
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abrogated RAP1-induced adhesion (Lafuente et al., 2004). In a dynamic functional 

exchange, RAP1 activation induces association of talin with RAP1 and RIAM, thus 

signaling αIIbβ3 integrin–talin1 interactions (Shattil et al., 2010). Interestingly, RIAM 

overexpression stimulates, while RIAM loss blocks talin recruitment by αIIbβ3 integrin 

(Watanabe et al., 2008). The tyrosine residues that are located within the β1 and β3 integrin 

NPxY motif can be phosphorylated by kinases of the Src family resulting in integrin-

dependent migration of v-src transformed fibroblasts, but when these tyrosine residues are 

mutated, the migration ability of the cells is reversed (Law et al., 1996; Wennerberg et al., 

2000).

Additional insights into integrin β1-dependent cell spreading revealed that this process was 

delayed in GD25 fibroblasts expressing the β1A–Y783F/Y795F double mutation compared 

to wild-type GD25-β 1A. FAK tyrosine phosphorylation and activation were severely 

blocked by β1-dependent adhesion in GD25-β1A–Y783F/Y795F mutated cells when 

compared to that in wild-type GD25-β1A or mutants in which only a single tyrosine (β1A–

Y783F or β1A–Y795F) was altered (Wennerberg et al., 2000). Since talin is also known to 

form a homodimer, the integrin-binding sites of talin could be effectively masked 

(Goldmann et al., 1994; Ratnikov et al., 2005). The talin FERM domain which interacts with 

integrins is masked in the intact molecule, and after calpain-mediated cleavage of talin, the 

generated head and rod domain fragments facilitate talin binding to the β3 cytoplasmic tail 

(Calderwood et al., 2002; Yan et al., 2001). Talin N-terminal head and isolated 

phosphotyrosine-binding domains bind to β3 cytoplasmic tail with sixfold higher affinity 

than full-length talin (Calderwood et al., 2002; Yan et al., 2001). Thus, conformational 

changes mediated by Calpain result in the exposure of the integrin-binding site.

Phosphatidylinositol-4,5-bisphosphase (PIP2) induces talin binding to integrin β1 tail by 

potentially triggering conformational changes in talin, mediating the exposure of the 

integrin-binding site (Martel et al., 2001). Further evidence established that 

phosphatidylinositol phosphate kinase type Ic-90 (PIPKIc-90) is activated after PIP2 binding 

to talin, an interaction that induces PIPKIc-90 mediated PIP2 synthesis and talin binding to 

integrin β cytoplasmic tails in a positive feedback regulation (Di Paolo et al., 2002; Ling et 

al., 2002). Recruitment of PIPKIc-90 to focal adhesions and its interaction with talin occurs 

after its phosphorylation by Src kinase, leading to a 20-fold increase in PIPKIc-90 affinity 

for talin (Ling et al., 2003). This interaction implicates a positive feedback loop; activated 

Src promotes PIP2 synthesis and talin binding to integrin, resulting in further adhesion and 

Src activation (Ratnikov et al., 2005). Talin is phosphorylated at serine and threonine 

residues (Beckerle, 1990; Turner et al., 1989), a process that regulates its uniform 

redistribution to submembranous locations (Beckerle et al., 1989).

The functional involvement of talin in regulating cell adhesion to the ECM is critical for cell 

migration (e.g., during embryonic development, immune responses, cardiovascular function, 

angiogenesis), tumor invasion, and metastasis (Frame and Norman, 2008). Significantly 

enough, talin is capable of providing the critical mechanical linkage between activated 

integrins and the actin cytoskeleton, an essential catalytic factor for focal-adhesion signaling 

pathways (Zhang et al., 2008). This concept gains support from the recent findings on the 
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activation of FAK–Src complex and AKT survival signaling in talin overexpressing prostate 

cancer cells leading to enhanced metastasis (Sakamoto et al., 2010).

Kindlins emerge as functional partners assisting talin in the activation of integrins. Kindlins 

belong to a family of evolutionarily conserved proteins that contain a FERM domain and 

they take their name after the gene mutated in Kindler syndrome. There are three kindlin 

family members in mammals: kindlin-1 (Unc-112 related protein 1, URP1), kindlin-2 

(Mig2), and kindlin-3 (URP2; Siegel et al., 2003). Kindlin-1 is mainly expressed in 

epithelial cells in skin, intestine, and kidney, kindlin-2 is expressed in most tissues with 

skeletal and smooth muscle cells, while kindlin-3 expression only occurs in hematopoietic 

cells (Siegel et al., 2003; Ussar et al., 2006). The FERM domain near the C-terminus in 

kindlins is similar with the FERM domain of talin (Moser et al., 2009), while F3 subdomain 

mediates interaction of kindlins with β-integrin cytoplasmic tails (Shattil et al., 2010). Most 

integrin β tails, except those containing the NPxY motif that is recognized by 

phosphotyrosine-binding domains, also possess a membrane distal NxxY motif that 

functions as a binding site for multiple integrin-binding proteins including kindlins (Moser 

et al., 2009).

Besides β1-integrin and β3-integrin, other proteins that bind kindlins are ILK (Mackinnon et 

al., 2002; Montanez et al., 2008) and migfilin (Wu 2005). Kindlin-2 is required for actin 

polarization, cell spreading, and ILK localization into focal adhesions and enhances talin-

mediated integrin activation (Montanez et al., 2008), while assists migfilin in linking focal 

adhesions to filamin and the actin cytoskeleton and functions in the orchestration of actin 

assembly and cell shape modulation (Tu et al., 2003). UNC-112 (the C. elegans ortholog of 

kindlin-1) colocalizes with integrins while loss of its expression results in a similar muscle 

detachment phenotype as that seen in α or β integrin mutants (Rogalski et al., 2000). 

Kindlin-1, kindlin-2, and kindlin-3 are capable of regulating the activation of specific 

integrins, but only when talin is concurrently interacting with the integrin β tails (Larjava et 

al., 2008). Ligand binding to and activation of αIIbβ3 or α5β1 integrins in CHO cells is 

enhanced by the talin head domain, and however, neither kindlin-1 nor kindlin-2 can mediate 

integrin activation in the absence of the talin head domain (Ma et al., 2008; Montanez et al., 

2008). Cotransfection of kindlin-2 and talin head domain results in a synergistic 

enhancement of integrin αIIbβ3 activation (Ma et al., 2008). A role for kindlins in cell–

ECM adhesion is further supported from studies on kindlin-2 colocalization to cell–ECM 

adhesion sites and direct interaction with the focal-adhesion proteins ILK and migfilin, 

whereas depletion of kindlin-2 impairs cell spreading (Tu et al., 2003).

5.2. Talin as a metastasis marker and therapeutic target

Upon detachment from the ECM, tumor epithelial cells and tumor-associated endothelial 

cells are capable of overcoming anoikis, gain survival benefits, and hence contribute to the 

process of metastasis. The cytoskeletal rearrangements and molecular changes that tumor 

cells experience during EMT, invasion, and metastasis, in the context of the tumor 

microenvironment, determine the plasticity of the tumor cells and their sensitivity to anoikis. 

The focal-adhesion complex formation recruits the functional integrity of talin as a key 

adaptor protein mediating the interaction between the actin cytoskeleton and integrins. 
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Integrins function to anchor epithelial as well as endothelial cells to the ECM and activate 

intracellular signaling pathways that lead to tumor growth and vascular growth, respectively. 

The concept of angiogenesis and its significance in cancer progression, pioneered by 

Folkman several decades ago (Folkman, 1990), gradually led to the therapeutic targeting of 

the signaling pathways regulating the process, such as VEGF-A and its receptor VEGFR2, 

angiopoietins and Tie2 receptor, PDGF-β and its receptor PDGFRβ, and the Dll4-Notch1 

pathway (Roodink and Leenders, 2010).

Indeed several antiangiogenic agents are approved by the Food and Drug Administration 

(FDA) for the treatment of human cancer; Bevacizumab (humanized antibody) targeting all 

isoforms of VEGF-A represents first-line treatment for patients with metastatic colorectal 

cancer, non-small-cell lung cancer, and metastatic breast cancer; Sorafenib (small compound 

multitargeted receptor tyrosine kinase inhibitor) inhibiting VEGFR2 and PDGFRβ has been 

approved for the treatment of metastatic renal cell cancer and advanced hepatocellular 

carcinoma. Sunitinib (small compound kinase inhibitor) directed like Sorafenib against 

VEGFR2 and PDGFRβ is approved for advanced renal cell cancer and gastrointestinal 

stromal tumors (in patients who failed imatinib treatment). Last, IFNα induces apoptosis in 

endothelial cells and interferes with endothelial cell adhesion by downregulating expression 

of VEGF and basic FGF (Roodink and Leenders, 2010). Specific targeting of the existing 

tumor endothelium is achieved with the L19 single chain antibody which is directed against 

the ED-B fragment of fibronectin, a splice variant serving as an angiogenesis marker and 

found only in the ECM of newly formed vessels in actively growing tumors (Santimaria et 

al., 2003). Plexin D1 has also emerged as a potential target for inhibition of established 

vasculature, as it is specifically expressed on activated tumor vasculature and tumor cells in 

solid tumors of different origin (Roodink et al., 2009). Several novel vascular disrupting 

agents (VDAs) have emerged as anticancer drugs that selectively impair tumor vasculature 

by targeting established blood vessels but not neovascularization (Kanthou and Tozer, 2009; 

Tozer et al., 2005).

The recent identification of talin1 as a significant promoter of invasion and anoikis 

resistance of human prostate cancer cells, and its loss leading to a diminished in vivo 
metastatic ability (Sakamoto et al., 2010), implicated an appealing therapeutic targeting 

value for this anoikis player in the context of the microenvironment and specifically the 

tumor vascularity. Mechanistically, talin1 upregulation leads to activation of FAK/AKT 

signaling and anoikis resistance, in accordance with independent reports linking the AKT 

survival signaling to anoikis resistance (Chang et al., 2005a,b; Fig. 4.1). The clinical 

significance of talin’s contribution to the metastatic cascade comes from recent findings 

showing significant talin1 upregulation in primary tumors and metastatic prostate cancer 

compared to the normal prostate gland (Sakamoto et al., 2010). Talin1 expression was 

significantly higher in poorly differentiated prostate tumors (Gleason >8) compared to 

moderately differentiated (tumors Gleason 6 and 7). In the same study, Sakamoto and 

colleagues also documented a striking inverse correlation between talin1 and E-cadherin in 

human prostate tumors and metastatic lesions. An earlier proteomics-based analysis reported 

that highly metastatic cells expressed significantly high levels of talin1 (>16-fold, out of 440 

proteins screened) compared to cells with low metastatic potential (Everley et al., 2004). 

Further analysis of talin1 protein expression in the transgenic mouse model of prostate 
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cancer (TRAMP) revealed a greater than twofold increase in talin1 expression in advanced 

disease compared to early stage tumors (Sakamoto et al., 2010).

Doxazosin and related quinazoline-based α1-adrenoceptor antagonists trigger apoptosis in 

benign epithelial, smooth muscle, and endothelial cells, in addition to malignant epithelial 

cells (Arencibia et al., 2005; Kyprianou et al., 2009), through an α1-adrenoreceptor-

independent mechanism (Kyprianou, 2003; Shaw et al., 2004). This apoptotic action 

proceeds via the death receptor pathway, engaging caspase-8 and FADD mechanism, 

activation of TGF-β1 signaling, and targeting the AKT survival pathway (Benning and 

Kyprianou, 2002; Garrison and Kyprianou, 2006; Partin et al., 2003). The quinazolines can 

also synergize with ionizing radiation to exert a potent antitumor effect against castration 

resistant prostate cancer (CRPC; Cuellar et al., 2002). Moreover, epidemiological studies 

documented a significantly decreased risk ratio for prostate cancer in patients treated with 

quinazoline-based adrenoceptor antagonists, indicating that the apoptotic and antiangiogenic 

effects of these drugs, at the cellular level, translate into a chemoprevention action for 

prostate cancer initiation (Harris et al., 2007). Finally, our drug optimization efforts led to 

the generation of novel quinazoline-based compounds with more potent antiangiogenic 

effects against CRPC. DZ-50, the lead derivative, impairs prostate tumor vascularity by 

inducing anoikis of endothelial and tumor epithelial cells (Garrison et al., 2007). Current 

efforts focus on interrogation of the molecular mechanisms driving the apoptotic and 

antiangiogenic effects exerted by quinazolines with talin being the prime candidate as a 

molecular therapeutic target toward increased efficacy and limited toxicity.

6. Concluding Remarks and Future Directions

We have reviewed the evidence and current understanding of the role of talin as a prognostic 

marker of cancer progression and as therapeutic target in advanced metastatic disease, as 

well as the molecular mechanisms regulating its signaling activity in the context of the 

tumor microenvironment. Talin is an early-recruited focal-adhesion protein that binds to 

critical adhesion molecules, including the integrins, FAK, and ILK, resulting in integrin 

activation and signaling (Fig. 4.1). Upon activation, integrins increase the functional 

communication between cells and the ECM, serving as unique bidirectional transducers of 

both extracellular and intracellular signals. Since in talin-deficient mice, integrins fail to 

aggregate into clusters and connect to the cytoskeleton (similar to integrin-deficient 

phenotype), integrin function is clearly considered as talin dependent. Integrin activation and 

signaling via the focal-adhesion complex is associated with downregulation of E-cadherin 

and EMT induction via activation of transcriptional repressors (Snail, Slug, Twist, or 

ZEB1/2; Bolos et al., 2010). Cell adhesion molecules participate in the inflammatory 

response following radiotherapy and integrin-mediated adhesion to ECM induces survival 

and antiapoptotic signals that confer resistance to radiation therapy (Cordes, 2006; Cordes et 

al., 2006; Hallahan et al., 1996). Reversing anoikis resistance or facilitating anoikis and 

inhibiting angiogenesis are recognized as attractive avenues to be exploited therapeutically 

(Kyprianou et al., 2009).
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Abbreviations

AR androgen receptor

BPH benign prostate hyperplasia

cav-1 caveolin

c-FLIP c-Fas-associated death domain-like IL-1-converting 

enzyme-like inhibitory protein-long

CRPC castration resistant prostate cancer

Csk carboxy-terminal Src kinase

DHT dihydrotestosterone

ECM extracellular matrix

EGF epidermal growth factor

EGFR EGF receptor

EMT epithelial to mesenchymal transition

ER estrogen receptor

FAK focal-adhesion kinase

FasL Fas ligand

FDA Food and Drug Administration

FGF fibroblast growth factor

FGFR1 FGF receptor-1

FRET fluorescence energy transfer

GRB2/SOS growth factor receptor bound 2/homologue of Drosophila 
melanogaster “son of sevenless” protein

GSK3 glycogen synthase kinase-3

IGF insulin-like growth factor

IGF-RI insulin-like growth factor receptor I

ILK integrin-linked kinase

JNK c-Jun NH (2)-terminal kinases
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MMP matrix metalloproteinases

p38MAPK p38 mitogen-activated protein kinase

PDGF platelet derived growth factor

PDGFRβ platelet derived growth factor receptor β

PI3K phosphoinositol-3 kinase

PIP2 phosphatidylinositol-4,5-bisphosphase

PIPKIc-90 phosphatidylinositol phosphate kinase type Ic-90

PKB/Akt protein kinase B

PPAR-γ peroxisome proliferator receptor-gamma

PtdIns(4,5)P2 phosphotidylinositol-4,5-bisphosphate

PTEN phosphatase and tensin homologue deleted on the 

chromosome 10

RIAM RAP1–GTP-interacting adaptor molecule

RTK receptor tyrosine kinase

STAT3 signal transducer and activator of transcription 3

TGF-β transforming growth factor β

TRAMP transgenic mouse model of prostate cancer

URP1 Unc-112 related protein 1

VDA vascular disrupting agent

VEGF vascular endothelial growth factor

VEGFR2 VEGF receptor 2
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Figure 4.1. 
ECM–cell communication is dictated by focal-adhesion players. Activation of integrins by 

talin induces multiple downstream signaling cascades via formation and functional 

activation of the focal-adhesion complex. The integrity of focal adhesions is constitutively 

maintained by active interaction between the focal-adhesion complex players (such as FAK, 

paxilin, and Src) downstream that regulate phosphorylation and activation of the PI3K/AKT 

survival pathway resulting in anoikis resistance, increased angiogenesis, and survival after 

cell detachment from the ECM. ERK1/2 and GSK-3β are concurrently activated conferring 

not only a survival advantage for the tumor cells but also promoting the migratory and 

invasive properties via induction of EMT.
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