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Abstract 

BCAR1 (also known as p130Cas/BCAR1) is an adaptor protein that belongs to the CAS family 

of scaffold proteins. In the last years, increasing evidence has demonstrated the ability of 

p130Cas/BCAR1 to activate signaling originating from mechanical stimuli, cell-extracellular 

matrix (ECM) adhesion and growth factor stimulation cascades during normal development and 

disease in various biological models. In this review we will specifically discuss the more recent 

data on the contribution of p130Cas/BCAR1 in the regulation of tissue homeostasis and its 

potential implications in pathological conditions.  
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Introduction  

p130Cas/BCAR1 (p130 Crk-associated substrate; also known as Breast Cancer Anti-Estrogen 

Resistance 1 (BCAR1), is part of the Cas (Crk-associated substrate) family of adaptor proteins.  

The family members are Nedd9 (Neural precursor cell expressed, developmentally 

downregulated 9); Human enhancer of filamentation-1 (HEF-1 or CAs-L), EFS (Embryonal Fyn-

associated substrate) and CASS4 (Cas scaffolding protein family member 4). These proteins 

share structure similarity characterized by the presence of multiple protein interaction domains 

and several tyrosine and serine phosphorylation motifs (Cabodi et al., 2010a; Barrett et al., 2013; 

Nikonova et al., 2014) (Figure 1). p130Cas/BCAR1 protein is characterized by an amino (N)-

terminal Src-homology 3 (SH3) domain, an adjacent large substrate-binding domain containing 

15 repetitions of the YxxP motif, a main site of tyrosine phosphorylation on the 

p130Cas/BCAR1 molecule that generates SH2-binding sites, a proline and serine rich region, 

and a highly conserved four-helix bundle (focal adhesion targeting [FAT] domain) (Bouton et 

al., 2001; Defilippi et al., 2006; Tikhmyanova et al., 2010a; Barrett et al., 2013). 

 

p130Cas/BCAR1 phosphorylation and mechano-transducer properties  

Although p130Cas/BCAR1 is devoid of any enzymatic or transcriptional activity, the presence of 

multiple tyrosine residues in the substrate domain allows extensive changes in phosphorylation 

that drive the formation of multi-protein signaling complexes. This results in the induction and/or 

maintenance of signaling pathways with pleiotropic effects on cell motility, cell adhesion, 

cytoskeleton remodeling, invasion, survival and proliferation (Defilippi et al., 2006). Tyrosine 

phosphorylation occurs upon integrin-mediated adhesion, receptor tyrosine kinase (RTK), 

chemokine receptor activation or other upstream signals such as hypoxia. Phosphorylated 

p130Cas/BCAR1 tyrosines can associate with signaling effectors such as the non-receptor focal 

adhesion kinases (FAK), SRC family kinases (SFKs), ABL, as well as with phosphatases, 

assembling a variety of signaling molecules in a membrane proximal molecular hub capable of 

tuning specific cell functions in several physiological and pathological contexts (Cabodi et al., 

2010a).  

More recently, mechanical stretch, which enables cells to sense and respond to mechanical 

forces, has been shown to increase tyrosine phosphorylation of p130Cas/BCAR1 and its 

association with signaling molecules such as the Crk/C3G complex that leads to the activation of 



Rap1 GTPase, ERK and other signaling pathways (Tamada et al., 2004; Sawada et al., 2006). 

These observations demonstrate that mechanical stress by unfolding and extending 

p130Cas/BCAR1 substrate domain, unmasks effector binding sites and phosphorylation motifs, 

enabling the conversion of external force into intracellular biochemical signals (Sawada et al., 

2006). Besides the mechanical stress-mediated consequences on p130Cas/BCAR1 substrate 

domain phosphorylation, it has been recently proposed that the direct binding of the SH3 domain 

of p130Cas/BCAR1 with FAK or vinculin is required for placing p130Cas/BCAR1 in the correct 

positions into focal adhesion in order to function as a proper mechanosensor. Thus, the capability 

of p130Cas/BCAR1 to act as a mechanosensor is not only due to the phosphorylation status of its 

substrate domain but also to the association of its SH3 domain to focal adhesion proteins 

(Janostiak et al., 2011; Janostiak et al., 2014). Moreover, phosphorylation of tyrosine 12 is 

capable of antagonizing the mechanical activation of CAS by disrupting its SH3 domain binding 

capacity (Janostiak et al., 2011). These data demonstrate that the phosphorylation status of 

distinct tyrosines can control the p130Cas/BCAR1 ability to act as a proper mechanosensor into 

adherent cells. Altogether these findings emphasize the crucial role of p130Cas/BCAR1 in the 

control of mechanosensing in cell physiology and possibly during disease. One tissue that is 

strongly exposed to mechanical stress is the skeletal muscle. Indeed in muscles exposures to 

mechanical stresses induced p130Ca/BCAR1 tyrosine phosphorylation (Akimoto et al., 2013). 

However, the muscle specific deletion of p130Cas/BCAR1 did not alter the skeletal muscle 

adaptation induced by stretching or running, suggesting that in vivo, the absence of 

p130Cas/BCAR1 can be compensated by other mechanical stress-induced pathways or by the 

involvement of other p130Cas/BCAR1 family members (Akimoto et al., 2013). 

p130Cas/BCAR1 in early embryonic development in mice and flies 

Although studies of the p130Cas/BCAR1 protein highlight its important roles in cancer and other 

pathogenic conditions, defining its precise function in early and late tissue and organ 

development still requires additional investigations. Indeed, p130Cas/BCAR1 is a ubiquitous 

protein expressed at early stages during development. The germ-line knockout (KO) 

p130Cas/BCAR1 mouse model previously generated by and Honda and co-workers (Honda et 

al., 1998), showed that early p130Cas/BCAR1 deficiency is embryonic lethal, with 

p130Cas/BCAR1-null embryos dying in utero at 12.5 dpc. Death results from systemic 

congestion and growth retardation, due in particular to massive heart and blood vessels defects. 



These results underline the unique role of p130Cas/BCAR1 in early mouse development, 

implying that at these stages, the four paralogous in the Cas family, although with overlapping 

expression profiles cannot compensate for p130Cas depletion. Thus, early lethal defects in 

p130Cas/BCAR1 knock-out mice have prevented to establish further specific functions for 

p130Cas/BCAR1 in late or adult tissue development till the generation of tissue-specific 

deletions (see below).  

The role of p130Cas/BCAR1 has been recently studied in a Drosophila genetic mutant. The 

Drosophila Cas gene is highly expressed in the embryonic nervous system as well as in the 

ventral ectoderm at earlier developmental stages (Huang et al., 2007; Tomancak et al., 2007). A 

partial deletion of the single Cas gene caused lethality only in 10% of embryos (Tikhmyanova et 

al., 2010b). In spite of this technical issue, it was revealed that Dcas is an important regulator of 

integrin pathway genes, including integrins and their effector kinases Fak56D and Src42A. 

Indeed a synthetic lethal phenotype was observed in double mutants of Dcas and Src or 

FAK56D. Moreover, these mutants showed defective expression and localization of shg/E-

cadherin to cell junctions, resulting in alterations of cell polarity, thus indicating the requirement 

of concomitant expression of Dcas and FAK56D genes for the accurate E-cadherin localization. 

These data suggest the existence of a dynamic equilibrium among DCas, Fak56D, and Shg/E-

cadherin proteins, regulating the Dcas-dependent Shg/E-cadherin turn-over. These data raise the 

possibility that p130Cas/BCAR1 levels by affecting cell junction stability may control cell 

polarity, both in physiological and pathological conditions.  

 

p130Cas/BCAR1 and tissue homeostasis  

Several evidence highlighting the role for p130Cas/BCAR1 in regulating various mechanisms 

implicated during development have been recently reviewed (Barrett et al., 2013; Nikonova et 

al., 2014). To date, only few mouse models with tissue specific deletion of p130Cas/BCAR1 

have been generated (Akimoto et al., 2013; Nagai et al., 2013; Riccomagno et al., 2014), thus 

limiting further conclusions regarding its precise in vivo function. 

In the current review we will discuss the most recent findings regarding the role of 

p130Cas/BCAR1 in tissue homeostasis (Figure 2). 

 

p130Cas/BCAR1 in the mammary gland 



In normal human breast tissue the expression of p130Cas/BCAR1 is mainly detected in the 

epithelial compartment (Tornillo et al., 2013). In mouse mammary gland epithelium, 

p130Cas/BCAR1 expression is regulated during mammary gland development is highly enriched 

in the basal cell population (Tornillo et al., 2013). It was recently reported that alteration of 

p130Cas/BCAR1 expression level can affect morphogenesis and homeostasis of the mammary 

gland. Indeed, it was shown that over-expression of p130Cas/BCAR1 promotes mammary 

branching morphogenesis in vivo during puberty as well as in mammary organoids cultivated ex 

vivo upon EGF or FGF stimulation (Cabodi et al., 2006; Camacho Leal Mdel et al., 2012). 

Consistent with p130Cas/BCAR1 ability to exert a positive effect in mammary cell growth, its 

overexpression in vivo leads to mammary hyperplasia and delayed involution by increasing the 

proliferation and survival signaling in mouse mammary cells (Cabodi et al., 2006). The 

hyperproliferation observed can be explained by the fact that p130Cas/BCAR1 overexpression 

leads to the expansion of luminal progenitors cells, altering their differentiation potential and 

changing their commitment to basal cell fate (Tornillo et al., 2013). These functional alterations 

result from p130Cas/BCAR1-dependent aberrant activation of the tyrosine kinase c-Kit. These 

findings suggest that p130Cas/BCAR1 expression levels must be finely tuned in the mammary 

gland in order to prevent alteration in proliferation, survival and cell fate commitment.   

p130Cas/BCAR1 in muscle development  

The link between modulation of p130Cas/BCAR1 expression and myogenic differentiation was 

initially demonstrates in C2C12 myoblasts. In this cell model, the adhesion-dependent 

p130Cas/BCAR1 phosphorylation, by inducing actin remodeling and favoring nuclear 

localization of the MAL/SRF transcription factor, promotes myogenic differentiation (Kawauchi 

et al., 2012). In line with these findings, the Lmo7 transcription factor that has been implicated in 

the expression of muscle relevant genes, co-localizes in focal adhesion with p130Cas/BCAR1 

(Wozniak et al., 2013). This interaction negatively regulates Lmo7 transcription activity, thus 

suggesting that p130Cas/BCAR1-dependent recruitment of this transcription factor might be a 

mechanism through which myoblasts regulate their differentiation (Wozniak et al., 2013). 

Recently, Jeong et al. reported that the caspase-dependent cleavage of p130Cas/BCAR1 

antagonizes myogenic differentiation. Indeed, it was demonstrated that the overexpression of the 

p130Cas/BCAR1 cleavage product leads to alteration of muscle specific gene transcription such 

as MyoD thus impairing the muscle differentiation program (Jeong da et al., 2014). 



These data indicate that during myogenic differentiation, a stable and phosphorylable 

p130Cas/BCAR1 protein may finely tune myoblast differentiation. However, as mentioned 

above, the muscle specific deletion of p130Cas/BCAR1 protein does not produce significantly 

functional alteration in skeletal muscles (Akimoto et al., 2013), indicating that further 

investigation is required in order to better understand the role of p130Cas/BCAR1 in muscle 

development and differentiation in vivo and in pathological conditions.  

. 
 

 p130Cas/BCAR1 in the nervous system 

To date, the function of p130Cas/BCAR1 in the nervous system is still largely unclear, but very 

recently, the analysis of the transcriptome of developing cerebellar granule cells have identified 

p130Cas/BCAR1 as one of the genes involved in cellular mechanisms regulating different stages 

of cerebellar development (Furuichi et al., 2011). 

Several pieces of evidence have suggested that phosphorylation of p130Cas/BCAR1 may 

mediate integrin signaling during neural development. In particular, Drosophila Dcas was shown 

to be essential for integrin-mediated motor axon guidance and fasciculation (Huang et al., 2007). 

Additional reports supporting a role for p130Cas/BCAR1 protein downstream of integrins during 

vertebrate neural development were generated by in vitro studies (Bargon et al., 2005; Bourgin et 

al., 2007). 

Netrins are evolutionary conserved secreted proteins that control neuron axon outgrowth and 

guidance. A role for p130Cas/BCAR1 in netrin-1 dependent axon guidance was described. 

Indeed, it was reported that p130Cas/BCAR1 is expressed in axons and growth cones and co-

localize with netrin-1 receptor. Moreover, in primary cultured neurons, netrin-1 can induce the 

tyrosine phosphorylation of p130Cas/BCAR1 and the binding of p130Cas/BCAR1 with Fyn and 

FAK kinases. The netrin-1-dependent tyrosine phosphorylation of p130Cas/BCAR1 is required 

to activate Rac1 and Cdc42 that are crucial regulators of cone motility and axon guidance. In line 

with these results, the silencing of p130Cas/BCAR1 inhibits netrin-1 dependent neurite 

outgrowth and axon attraction, indicating that p130Cas/BCAR1 is required for netrin-1-

dependent signaling in commissural axon guidance (Liu et al., 2007).  

More recently, Riccomagno and co-workers showed that p130Cas/BCAR1 is highly expressed in 

the inner neuroblastic layer of the mouse retina, and together with beta1 integrin is required for 

proper ganglion cell layer (GCL) organization. Specifically, a dynamic localization of the 



phosphorylated form of p130Cas/BCAR1 during the stages of retinal development was observed. 

Whilst specific conditional deletion of p130Cas/BCAR1 in mouse retinal neurons did not show 

severe retina developmental defects, a combined triple conditional knockout of 

p130Cas/BCAR1, NEDD and SIN leads to a dramatic disruption of the GCL structure, 

phenocopying the loss of the beta1 integrin. Altogether these findings suggest that Cas family is 

essential for the beta1 integrin dependent vertebrate retina development (Riccomagno et al., 

2014). 

In an oligodendrocyte cells, p130Cas/BCAR1 has been shown to be a target of the Src family 

kinase Fyn and its long-term silencing leads to primary oligodendrocytes cell death by enhanced 

apoptosis. Moreover, p130Cas/BCAR1 is required for oligodendrocyte process outgrowth and 

cell migration, implying a potential role for p130Cas in myelination processes (Gonsior et al., 

2014). 

In summary, these findings points out p130Cas/BCAR1 as a key modulator of different aspects 

of development of the nervous system. 

 

p130Cas/BCAR1 in the bone 

The mechanosensing function of p130Cas/BCAR1 has been shown to play an important role in 

bone tissue homeostasis. Within the bone tissue pericellular space, fluid flows exert a mechanical 

stress that can be sensed by osteoblast cells. Kaneko et al. recently reported that the absence of 

alphav integrin in osteoblasts impairs Src-dependent phosphorylation of p130Cas/BCAR1 and 

JNK, as well as the inhibition of YAP/TAZ transcriptional activity. The inhibition of 

Src/p130Cas/BCAR1/Jnk/YAP/TAZ axis impairs the capacity to respond to mechanical forces, 

suggesting that active signaling downstream to alphav integrin, involving also p130Cas/BCAR1, 

is required for transducing mechanical stress by fluid shear stress in primary osteoblast cells 

(Kaneko et al., 2014). Further evidence in osteoclast cells highlights the role of p130Cas/BCAR1 

for the maintenance of a correct bone homeostasis. It was previously reported that Src-dependent 

p130Cas/BCAR1 phosphorylation is involved in the adhesion-induced actin ring formation that 

is considered a marker for osteoclast activation (Nakamura et al., 1998). Consistently, the 

conditional deletion of p130Cas/BCAR1 in osteoclasts leads to an increase in bone volume due 

to a reduction of osteoclast functionality and to inhibition of actin ring formation (Vives et al., 

2011; Nagai et al., 2013). These data strengthen the significance of p130Cas/BCAR1 adaptor in 



bone homeostasis, and suggest that the understanding of the precise molecular mechanisms that 

are regulated by p130Cas/BCAR1 can be instrumental for the development of new therapeutic 

approaches to treat bone diseases. 

 

p130Cas/BCAR1 in the liver 

In the liver, p130Cas/BCAR1 is expressed in the sinusoidal endothelial cells (SECs), but not in 

the hepatocytes. Transgenic mice carrying a hypomorphic p130Cas/BCAR1 allele lacking exon 

2, that encodes for the SH3 domain, are embryonic lethal , similar to p130Cas/BCAR1 total KO 

mice, and display a progressive liver degeneration accompanied by hepatocyte apoptotic cell 

death during embryonic life (Tazaki et al., 2010). Further in vitro experiments performed over-

expressing the mutant ΔSH3 p130Cas/BCAR1 in the NP31 SEC cell line, have demonstrated a 

dominant negative function that results in reduced p130Cas/BCAR1 tyrosine phosphorylation, 

defective p130Cas/BCAR1-CrkII interaction, actin stress fiber formation, and loss of cell 

fenestration that serves for oxygen and nutrients uptake to hepatocytes. Altogether these findings 

underline an important role of p130Cas/BCAR1 protein in regulating liver endothelial cells 

(Tazaki et al., 2010). 

 

Pathophysiology of p130Cas/BCAR1 

At the molecular level, the importance of p130Cas/BCAR1 for the regulation of signaling 

pathways controlling cell proliferation, survival actin cytoskeleton organization and extracellular 

matrix degradation in many pathological conditions has been well documented. Indeed, in the 

past years, p130Cas/BCAR1 expression has been shown to be fundamental not only for cell 

transformation and cancer progression, but also in several other diseases.  

 

p130Cas/BCAR1 and Cancer 

The relevance of p130Cas/BCAR1 adaptor protein in cancer has been extensively supported by 

demonstrating the contribution of de-regulated expression levels of p130Cas/BCAR1 to cellular 

transformation and malignancy. Indeed, altered expression of p130Cas/BCAR1 has been 

identified in several human tumours. At the same time, current knowledge implicates 

p130Cas/BCAR1 in acquired resistance to cancer treatment (Tornillo et al., 2014)  



Altered levels of p130Cas/BCAR1 expression in cancers can result from gene amplification, 

transcription up regulation, or changes in protein stability, although the exact mechanisms have 

not been identified yet. Over expression of p130Cas/BCAR1 has been detected in human breast, 

prostate , ovarian, lung, colorectal, pancreatic and hepatocellular carcinoma, as well as in glioma, 

melanoma, anaplastic large cell lymphoma and chronic myelogenous leukemia (Tikhmyanova et 

al., 2010a). Conversely, lowering the amount of p130Cas/BCAR1 expression in breast, prostate 

and ovarian cancer is sufficient to block tumor growth and progression of cancer cells (Cabodi et 

al., 2010b; Dai et al., 2011; Nick et al., 2011). 

In the past years, several observations suggest that an aberrant activation of the p130Cas/BCAR1 

signaling network signature in diverse type of tumors leads to up-regulation of key regulatory 

signaling pathways promoting cell transformation.  

Specifically, in ErbB2-positive breast cancer, p130Cas/BCAR1 is necessary to induce invasion 

in three-dimensional culture cells by supporting and amplifying ErbB2 downstream signals, 

triggering MMP9 secretion and modulating several coding and non-coding genes (Cabodi et al., 

2010b; Tornillo et al., 2011; Pincini et al., 2013). Moreover, in breast and lung cancer, 

p130Cas/BCAR1 expression has been correlated to the acquirement of mesenchymal traits, thus 

supporting its role in driving malignancy and metastasis dissemination (Tikhmyanova and 

Golemis, 2011; Bisaro et al., 2012; Deng et al., 2014).  

Several reports indicate the key role of p130Cas/BCAR1 in prostate cancer. In vitro studies have 

shown that increasing p130Cas/BCAR1 protein levels is sufficient to restore cell motility in 

Du145 prostate cancer cell line expressing the metastasis suppressor KAI1/CD82 (Zhang et al., 

2003). In human prostate cancer, high levels of p130Cas/BCAR1 correlate with high EGFR and 

KAI1/CD82 expression and with disease progression in hormone refractory prostate cancers 

(Fromont et al., 2007; Celhay et al., 2010). Consistently, p130Cas/BCAR1 has been recently 

proposed as a diagnostic marker to predict recurrence in low risk patients undergoing radical 

prostatectomy (Fromont et al., 2012). Taken together these data point out the relevance of 

p130Cas/BCAR1 expression as a prognostic marker for prostate cancer progression thus 

implying that p130Cas/BCAR1 can be used potentially as a new target for therapeutic 

interventions in prostate cancer. 

In hepatocellular carcinoma (HCC), p130Cas/BCAR1 expression has been found to correlate 

with low E-cadherin and β-catenin expression, worse patho-histological grades and prognosis 



(Guo et al., 2008). Specifically, p130Cas/BCAR1 positive expression correlates with abnormal 

expression of beta-catenin and reduced expression of E-cadherin. HCC patients with positive 

expression of p130Cas/BCAR1 are associated with higher risk of developing lymph-node 

metastasis. On the basis of these results it is intriguing to speculate on the possibility that in HCC 

the overexpression of p130Cas/BCAR1 by altering the stability of the cadherin/catenin complex 

impairs cell-cell adhesion and promotes more efficient cell invasion.  

More recent studies have implicated p130Cas/BCAR1 in malignant brain tumors. Specifically, 

p130Cas/BCAR1 tyrosine phosphorylation induced by Platelet derived growth factor ligand 

(PDGF)-BB was a key event for the establishment of a migration phenotype in U87 glioma cells 

and in vascular smooth muscle cells (Evans et al., 2011; Pellet-Many et al., 2011). Further 

investigations have refined the molecular mechanisms involved in glioma cell migration and 

invasion. Indeed it was recently reported that PDGF-BB-dependent migration and invasion 

requires the scaffold protein Downstream Of Kinase 1 (DOK1). PDGF-BB leads to DOK1 

tyrosine phosphorylation that in turn triggers the tyrosine phosphorylation of p130Cas/BCAR1 

and Rap1 activity that are necessary for glioma cell migration and 3D invasion. Thus these 

results delineate the existence of a DOK1/p130Cas/BCAR1/Rap1 signaling pathway that is 

fundamental for glioma cell motility (Barrett et al., 2014). 

In line with these findings, in pancreatic cancer cells activation of the small GTPase Rap1 

downstream of EGFR has been reported to be strictly dependent on p130Cas/BCAR1 tyrosine 

phosphorylation and subsequent formation of p130Cas/BCAR1-Nck1 complex. Though, 

activation of the p130Cas/BCAR1/Rap1 signaling pathway seems to be determinant for EGFR-

induced metastasis rather than primary tumor growth (Huang et al., 2012). Interestingly, 

p130Cas/BCAR1 gene locus was recently identified in a genome wide screening of 7,683 

pancreatic cancer patients as a new gene for pancreatic cancer susceptibility, opening new 

perspectives for the study of p130Cas/BCAR1 in pancreatic cancer (Wolpin et al., 2014).  

It has been reported that p130Cas/BCAR1 tyrosine phosphorylation may also be regulated by 

lisophosphatidic acid (LPA) that induces migration and invasion of ovarian cancer cells by 

activating the Gαi2 G protein subunit (Ward et al., 2013). LPA-dependent activation of Gαi2 

promotes p130Cas/BCAR1 translocation into the invadopodia whereby it mediates the formation 

of a macromolecular complex together with Src, beta-Pix, Rac1. The formation of this signaling 

complex drives the p130Cas/BCAR1-mediated activation of Rac1 that in turn induces the 



invasive migration of ovarian cancer cells (Ward et al., 2015). Interestingly, the high levels of 

p130Cas/BCAR1 expression in human ovarian cancer specimens correlate with poor clinical 

outcome, further underlining the relevance of p130Cas/BCAR1 in this type of cancer. In 

addition, silencing of p130Cas/BCAR1 in tumor specimens was sufficient to inhibit tumor and 

induce cell death through apoptosis and autophagy (Nick et al., 2011).  

Overall these findings indicate that p130Cas/BCAR1 plays a key role in the growth and invasion 

of several types of cancer cells and suggest that down-regulation of p130Cas/BCAR1 might be a 

valid therapeutic strategy to cure these deadly diseases.  

 

p130Cas/BCAR1 in vascular remodeling and diseases 

It has been demonstrated that p130Cas/BCAR1 is a crucial regulator of Vasculature Smooth 

Muscle Cells (VSMC) contractility by promoting actin cytoskeleton remodeling (Tang, 2009).  

It was recently proposed that Cystein-rich Protein 2 (CRP2), previously demonstrated as a 

crucial player of VSMC migration, by sequestering p130Cas/BCAR1 at focal adhesion, alters 

lamellipodia formation and consequently reduces VSMCs motility. Lacking of CRP2 and 

p130Cas/BCAR1 phosphorylation can promote neointima formation following arterial injury, 

suggesting the intriguing possibility that the sequestration of p130Cas/BCAR1 by CRP2 can 

prevent neointima formation, and vascular remodeling that ultimately cause atherosclerosis. In 

line with these results, the BCAR1 gene was identified as one of the genes that can predispose to 

carotid intima-media thickness (cIMT) and atherosclerosis (Gertow et al., 2012). 

Pulmonary arterial hypertension (PAH) is a disease characterized by a dramatic increase in 

pulmonary artery pressure due to vasculature remodeling that ultimately causes the right 

ventricular failure and death. A role for p130Cas/BCAR1 in PAH has been recently described. 

Indeed, p130Cas/BCAR1 over expression was detected both in serum and in walls of distal 

pulmonary arteries. Modulation of p130Cas/BCAR1 expression and RTK-dependent 

phosphorylation was sufficient to alter migration and proliferation of endothelial and smooth 

muscle vascular cells derived from PAH patients. Consistently, p130Cas/BCAR1 increased 

expression and phosphorylation were observed in animal models of pulmonary hypertension 

(PH). Interestingly, the attenuation of p130Cas/BCAR1 tyrosine phosphorylation by using RTK 

inhibitors was sufficient to partially rescue PH in these animal models. These results support the 



hypothesis that high levels of p130Cas/BCAR1 and its tyrosine phosphorylation upon RTK 

activation can promote PAH by amplifying intracellular signaling (Tu et al., 2012). 

 

p130Cas/BCAR1 in microbial pathogenesis 

The importance of p130Cas/BCAR1 as a mediator of bacterial infections has been documented 

in several studies (Hamid et al., 1999; Weidow et al., 2000; Sun and Barbieri, 2003; Deng et al., 

2005) and recently reviewed (Barrett et al., 2013). 

Importantly, more recent data has identified p130Cas/BCAR1 as a platform to promote Kaposi’s 

sarcoma-associated herpesvirus (KSHV) trafficking. Specifically, in this study it was 

demonstrated that p130Cas/BCAR1 serves as a linking molecule between the KSHV-induced 

entry signal complex and the downstream trafficking signalosome in endothelial cells 

(Bandyopadhyay et al., 2014). 

Overall, these studies demonstrate that prokaryotes exploit signaling network involving 

p130Cas/BCAR1 to sustain their infection.  

 
Conclusions and perspectives 

Accumulating evidence indicates that p130Cas/BCAR1 is profoundly involved in the regulation 

of basic signaling mechanisms both in developmental/physiological processes and in diseases. 

p130Cas/BCAR1 over-expression is detrimental in several diseases. Down-regulation of 

p130Cas/BCAR1 as well as interference with p130Cas/BCAR1 association with effector 

downstream signaling molecules might be a promising therapeutic strategy in many diseases. 

Moreover, understanding the mechanisms through which p130Cas/BCAR1 expression is up-

regulated might provide new perspectives to identify pharmacological targets for the treatment of 

a wide range of pathologies. 

 

Conflict of interests 

The authors declare that they have no conflict of interests. 

 

Acknowledgements 



This work was supported by AIRC (Associazione Italiana Ricerca Cancro) to SC (IG11346) and 

PD (IG-11896); MIUR (FIRB giovani 2008 RBFR08F2FS to SC), MIUR (Ministero Università 

Ricerca, PRIN 2010/2011) to PD and Compagnia San Paolo, Torino; Progetto d’Ateneo, 

Università di Torino 2011 to PD. Giusy Tornillo is supported by Breast Cancer Campaign UK 

(2012MayPR076). 

 



Table1: p130Cas/BCAR1 genetic modified models  

 

MMTV, mouse mammary tumour virus; Dcas, Drosophila p130Cas/BCAR1 gene; Fak, Focal 
adhesion kinase.   

 

Genetic model          Phenotype       Refs 

        

MMTV-p130Cas/BCAR1 Tg 

mouse 

Mammary gland hyperplasia 
during pregnancy and delayed 
involution 

(Cabodi et al., 

2006) 

 

MMTV-p130Cas/BCAR1, NeuT 

Tg mouse 

Accelerated onset of focal 
mammary tumors, due to 
increased cell survival and 
proliferation 

(Cabodi et al., 

2006) 

 

p130Cas total KO mice Embryonic lethal (12.5 dpc) 
characterized by massive heart 
and blood vessels defects.  

(Honda et al., 

1998) 

 

DCas/Fak56D Drosophila KO Embryonic lethal, defective 
expression and localization of 
shg/E-cadherin to cell junctions 
resulting in cell polarity defects. 

(Tikhmyanova 

and Golemis, 

2011) 

 

Retina-specific triple KO 

p130Cas/BCAR1/NEDD9/Sin 

Severe disorganization of the 
ganglion cell layer 

(Riccomagno et 

al., 2014) 

 

Osteoclasts-specific  

p130Cas/BCAR1  KO mice  

Increased bone mass due to 
reduced osteoclasts functions and 
actin ring formation. 

(Nagai et al., 

2013) 

 

Muscle-specific p130Cas/BCAR1 

KO mice  

No gross defects in skeletal 
muscle  

(Akimoto et al., 

2013) 

 



Table 2: Molecular signaling associated with p130Cas/BCAR1 expression in human 

malignancies.  

ER, oestrogen receptor; EMT, epithelial mesenchymal transition; TGF-beta1, Transforming 
growth factor-beta; EGFR, Epidermal Growth Factor Receptor; RAP1, Ras-related protein 1; 
DOK1, Docking protein-1; VSMC,Vasculature Smooth Muscle Cells; KSHV, Kaposi’s sarcoma-
associated herpesvirus.  

 

Type of malignancy  Molecular signalling        Refs 

Breast  cancer Amplification of ErbB2 downstream signals, 

increased migration and invasion  

Tamoxifen resistance and poor prognosis 

p130Cas/BCAR1/Cox2 axis and EMT 

Cabodi, Tinirello, 

Pincini,  

(Dorssers et al., 2004)  

 

Lung cancer TGF-beta1/p130Cas/BCAR1 and EMT  (Deng et al., 2014)  

Prostate tumors High EGFR and KAI1/CD82 expression and 
disease progression 

(Zhang et al., 2003; 

Fromont et al., 2012) 

 

Hepatocellular 

carcinoma 

Abnormal expression of Beta-catenin, 
reduced expression of E-cadherin and  cell 
invasion.  

(Guo et al., 2008)      

Brain Tumors DOK1/p130Cas/BCAR1/Rap1axis and 
increased  cell motility 

(Barrett et al., 2014)  

Pancreatic Cancer p130Cas/BCAR1/Rap1 and metastatization (Huang et al., 2012)  

Ovarian Cancer Src/beta-Pix/p130Cas/BCAR1/Rac1complex 
and cell invasion 

(Ward et al., 2015)  

Vascular 
remodeling 

p130Cas/BCAR1mediated VSMC contractility 
and actin cytoskeleton remodeling 

(Tang, 2009; Tu et al., 

2012) 

 

Microbial 
pathogenesis 

p130Cas/BCAR1 and KSHV trafficking (Bandyopadhyay et al., 

2014) 
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Figure Legends 

Figure 1. Cartoon illustrating p130Cas/BCAR1 domains. 
The structural domains of p130Cas/BCAR1 proteins (SH3, substrate domain SD, serine rich 

region SRR and C-terminus) are shown. The binding proteins of these domains have been 

extensively described in several recent reviews (Cabodi et al., 2010a; Tikhmyanova et al., 2010a; 

Barrett et al., 2013). 

Figure 2: Functional effects of p130Cas/BCAR1 expression on organ development 

The main functional consequences of  p130Cas/BCAR1 expression in selected organs are 

highlighted.  
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