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Cell adhesion to the extracellular matrix (ECM) stimulates signal transduction cascades known to 

impinge on cell growth, differentiation, and cell death. Although integrins are the major cell surface 

receptors for the ECM, other adhesive systems, including transmembrane proteoglycans (such as 

syndecans), have recently drawn attention as an important class of adhesion receptors working in concert 

with integrins[1,2]. Like integrins, syndecans lack intrinsic enzymatic activities and thus transmit 

intracellular signals by interacting with various effector proteins, including both structural and signaling 

molecules. Following ligand binding, syndecans participate in the formation of adhesion complexes 

comprised of several actin-associated proteins that coordinate the “integration” of ECM components with 

the cellular cytoskeletal machinery. Cell-matrix adhesion receptors also activate kinases that 

phosphorylate signaling and cytoskeletal proteins, and thus regulate cell shape and motility[3].  

Syndecans consist of transmembrane core proteins that carry either heparan sulfate (HS) or HS and 

chondroitin sulfate (CS) chains, through which they interact with a wide variety of molecules, including 

growth factors, cytokines, proteinases, adhesion receptors, and ECM components. There are four 

syndecans in mammals, which are expressed in a development-, cell-type–, and tissue-specific manner, 

and function either as coreceptors that cooperate with other cell surface receptors or as cell adhesion 

receptors that independently mediate cell signaling[4,5]. Among numerous ligands within the ECM, 

basement membrane laminins interact with these adhesion receptors to fulfill important cellular events[6]. 

Hence, the interaction between syndecan-1, predominantly expressed by epithelial cells, and a specific 

region in the laminin variant 332 (laminin 5, LN332) drives keratinocyte migration[7]. Furthermore, a cell 

adhesion model, in which syndecan-1 solely interacts with this isolated domain of LN332 (LG4/5 

fragment recombinantly produced), has established that this interaction induces, in an integrin-

independent manner, the formation of protrusive adhesion structures through activation of Rac and Cdc42 

GTPases[7,8]. More recently, we reported that formation of these membrane protrusions requires 

dephosphorylation of tyrosine residues in the cytoplasmic tail of syndecan-1[9]. Indeed, cell adhesion to 

LG4/5 is remarkably associated with a rapid dephosphorylation of syndecan-1[9]. This observation was 

further supported by our results with genistein and staurosporine, two potent tyrosine kinase inhibitors 

previously shown to promote syndecan-1 down-phosphorylation[10], which significantly enhanced cell 

adhesion to LG4/5. These results unveil for the first time that one “turn on” signal for syndecan-1 upon 

LG4/5 recognition may not be phosphorylation, but tyrosine dephosphorylation, an unexpected outcome. 
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How this regulatory event takes place and which tyrosines are concerned appear now to be essential 

questions to address. 

The syndecan-1 cytoplasmic domain is divided into two conserved regions, C1 and C2, which share 

common characteristics among all syndecans, and a central variable region known to regulate cell 

spreading and actin cytoskeleton assembly[11], as well as fascin bundling[12]. The C1 domain adjacent to 

the plasma membrane is thought to participate in syndecan dimerization[13] and in binding of various 

intracellular proteins, such as ezrin[5]. The conserved C2 carboxyl-terminal tetrapeptide sequence present 

in all syndecans, EFYA, binds some PDZ (postsynaptic density-95/disc large protein/zonula occludens-1) 

domain–containing proteins, such as syntenin-1[14] and CASK[15], which may function as membrane 

scaffold proteins that recruit signaling and cytoskeletal proteins to the plasma membrane. We have 

demonstrated that the PDZ-containing protein, syntenin-1, binds syndecan-1 in cells plated on the LG4/5 

fragment and participates in the formation of membrane protrusions. Interestingly, its recruitment depends 

on the dephosphorylation of the tyrosine residue located within syndecan-1 PDZ binding domain 

EFYA[9]. Therefore, this step may be a key event in the molecular mechanism underlying tyrosine 

dephosphorylation of syndecan-1. Besides syntenin recruitment, tyrosine dephosphorylation of syndecan-

1 may promote conformational changes of its cytoplasmic domain and/or provide binding sites for other 

proteins, and regulate syndecan-1 association with other cytoskeleton components. This hypothesis opens 

up new avenues of research. 

Contrary to our syndecan-1 dephosphorylation signaling model, the regulation of syndecan-1 function 

by tyrosine phosphorylation was previously proposed[10], but no real link to functional features was ever 

proved. The syndecan-1 cytoplasmic domain contains four tyrosine residues that are conserved among all 

syndecan family members (Y1, Y2, Y3, Y4), among which Y1 is located within the transmembrane 

domain[16]. According to predictive analysis, two of the cytoplasmic tyrosine residues are likely targets 

for phosphorylation based on their surrounding amino-acid sequences (NetPhos 2.0 Server, 

www.cbs.dtu.dk/services/NetPhos). One of them (Y2) is located within the membrane-proximal 

conserved region C1 (DEGSY), and the other (Y4) is located within a second conserved sequence 

(EFYA) at the extreme carboxyl-terminal region C2. The third cytoplasmic tyrosine (Y3) is located 

within the V region. A study in which various domains of the syndecan-3 core protein, the closest 

homologue of syndecan-1, were expressed as fusion proteins in an E. coli cell line engineered to express 

the catalytic domain of elk kinase revealed that the tyrosine residues in the cytoplasmic domain can serve 

as substrates for phosphorylation by a tyrosine kinase[17]. However, it should be stressed that in vivo 

membrane lipids could impede tyrosine phosphorylation of the membrane proximal tyrosine (Y1). 

Phosphorylation at tyrosine residues Y2 and Y3 by the EphB2 receptor-tyrosine kinase was detected in 

the syndecan-2 cytoplasmic domain and was linked to dendritic-spine formation in neurons[18]. Whether 

one or several tyrosine residues in the syndecan-1 cytoplasmic tail are targets for phosphorylation in vivo 

and which kinases are involved is still unknown. The c-Src kinase might be a good candidate, as it was 

initially shown to bind the C1 region in syndecan-3[19] and its interaction with the syndecan-1 

cytoplasmic tail was recently reported[20]. Interestingly, syndecan-1 phosphorylation appears to promote 

the cleavage of its ectodomain[10,21] and protein tyrosine kinases have been suggested to play a pivotal 

role in this shedding mechanism[22]. Conversely, a recent report challenged this hypothesis by showing 

that if tyrosines are surely involved, syndecan-1 shedding is not dependent on their phosphorylation state, 

but rather on the direct interaction with the small GTPase Rab5 and its subsequent activation through 

GDP-GTP exchange[20].  

Participation of syndecan-1 in cytoskeleton dynamics and cell movement through integrin activation 

is a subject of particular interest at the moment. A regulatory mechanism of αVβ3 and αVβ5 integrins 

was identified through lateral interaction of ectodomains[23]. More recently, the syndecan-1 cytoplasmic 

tail was shown to associate with the β1 integrin subunit[20], an association that may possibly be 

implicated in LN332-LG4/5 induced keratinocyte migration. Although integrins are not involved in the 

direct cellular interaction with the LG4/5 domain[7,8], their participation may occur via their connection 

with syndecan-1. Whether syndecan-1 tyrosines participate in these interactions or in other related 

molecular events is not yet elucidated. Such analysis would help to elucidate the dual, but probably 
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sequential, participation of the tyrosines in syndecan-1 shedding vs. cell adhesion. Finally, the 

identification of the protein tyrosine phosphatase (PTP) associated to syndecan-1 signaling might be 

determinant to better understand these processes. Whether the phosphatase involved in this process 

belongs to the receptor-like PTPs or to the nontransmembrane phosphatase subfamilies remains a 

challenging question. Although experimental evidence has not been provided so far, some PTPs hold 

biochemical characteristics that grade them as potential candidates. Hence, the involvement of a receptor-

like PTP would suggest that an interaction of its extracellular domain with a ligand may occur to form a 

complex and activate the intracellular PTP domain. An example among these is the receptor “leukocyte 

common antigen-related” protein (LAR), since syndecan-1 was recently described as being a ligand for 

LAR[24]. In addition, LAR was shown to bind LN-111 and play a role in regulating LN-111–induced 

cytoskeletal reorganization during cell spreading[25]. In conclusion, whether phosphorylation and/or 

dephosphorylation of tyrosine residues in syndecan-1 are important regulatory mechanisms of syndecan-1 

function remains a crucial question, and additional work will definitively be needed to clarify this issue. 
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