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Laminin 332 is crucial in the biology of epithelia. This large extracellular matrix protein consists of the heterotrimeric assembly of three subunits -α3, β3, and γ2and its multifunctionality relies on a number of extracellular proteolytic processing events.

Laminin 332 is central to normal epithelium homeostasis by sustaining cell adhesion, polarity, proliferation, and differentiation. It also supports a major function in epithelial tissue formation, repair, and regeneration by buttressing cell migration and survival and basement membrane assembly. Interest in this protein increased after the discovery that its expression is perturbed in tumor cells, cancer-associated fibroblasts, and the tumor microenvironment. This review summarizes current knowledge regarding the established involvement of the laminin 332 γ2 chain in tumor invasiveness and discusses the role of its α3 and β3 subunits.

Introduction

Laminins (LMs) are large extracellular glycoproteins that are important components of all basement membranes. They are involved in several biological processes including cellular interactions, self-polymerization and binding with other extracellular matrix (ECM) proteins [START_REF] Domogatskaya | Functional diversity of laminins[END_REF][START_REF] Miner | Laminin functions in tissue morphogenesis[END_REF][START_REF] Theocharis | Extracellular matrix structure[END_REF]. All LMs consist of three gene products, the α, β, and γ chains, assembled into the cross-shaped heterotrimer αβγ. The three chains assemble within the endoplasmic reticulum through their C-terminal domains to form a triple stranded α-helical coiled-coil rod [START_REF] Beck | Ionic interactions in the coiled-coil domain of laminin determine the specificity of chain assembly[END_REF][START_REF] Matsui | The assembly of laminin-5 subunits[END_REF]. Sixteen LM isoforms of different subunit composition selected from five individual α chains (α1 to α5), three β chains (β1 to β3), and three γ chains (γ1 to γ3) have been identified, with variable celland tissue-specific expression. They are differentially recognized by cellular receptors [START_REF] Pozzi | The nature and biology of basement membranes[END_REF]. All LM α chains possess a large globule at the C-terminal end, consisting of five similar domains, LG1 to

LG5, each containing about 200 residues (Figure 1).

Anchorage of epithelial cells: involvement of laminin 332

LM 332 (formerly called LM 5) is an epithelial-basement membrane-specific variant. This heterotrimer is composed of the α3, β3, and γ2 chains, encoded by the LAMA3 [START_REF] Ryan | Cloning of the LamA3 gene encoding the α 3 chain of the adhesive ligand epiligrin. Expression in wound repair[END_REF], LAMB3 [START_REF] Gerecke | The complete primary structure for a novel laminin chain, the laminin B1k chain[END_REF], and LAMC2 genes [START_REF] Vailly | The 100-kDa chain of nicein/kalinin is a laminin B2 chain variant[END_REF] respectively. Alternative splicing of LAMA3 results in two transcript variants differing in the length of their N-terminal extremity, a short α3A and a long α3B. Because the short LAMA3A variant is primarily expressed and incorporated into LM 332 heterotrimers [START_REF] Ryan | Cloning of the LamA3 gene encoding the α 3 chain of the adhesive ligand epiligrin. Expression in wound repair[END_REF], we refer to the α3Aβ3γ2 trimer as representing LM 332 in this review. Furthermore, however the α3B transcript was found in a number of cancer cell lines [START_REF] Mizushima | Differential expression of laminin-5/ladsin subunits in human tissues and cancer cell lines and their induction by tumor promoter and growth factors[END_REF], the α3Bβ3γ2 trimer has not yet been associated with any cancer event [START_REF] Qin | Laminins and cancer stem cells: Partners in crime?[END_REF]. The α3 chain also assembles with the β1, and γ1 chains, leading to the α3Aβ1γ1 heterotrimer LM 311.

The main role of LM 332 in normal tissues is the maintenance of epithelialmesenchymal cohesion in tissues exposed to external forces including skin and stratified squamous mucosa [START_REF] Rousselle | Kalinin: an epitheliumspecific basement membrane adhesion molecule that is a component of anchoring filaments[END_REF][START_REF] Rousselle | Laminin 5 binds the NC-1 domain of type VII collagen[END_REF]. To fulfill this function, LM 332 undergoes several physiological post-translational processing events, allowing its supramolecular integration into the basement membrane. As we discuss later, in other situations such as carcinoma, additional cleavages take place, delivering pro-migratory signals to cells and compromising the adhesive function of the protein.

LM 332 processing and integration into the skin basement membrane

In skin, LM 332 is synthesized by keratinocytes as a high-molecular-weight precursor protein of 460 kDa. Assembly of the trimer occurs in the endoplasmic reticulum, where a disulfide-linked β3-γ2 dimer first forms, to which the α3 chain aligns via the coiled coil (Figure 1). Trimer formation is a prerequisite for transport to the Golgi complex and secretion but does not require N-linked glycosylation [START_REF] Matsui | The assembly of laminin-5 subunits[END_REF]. After secretion and deposition into the ECM, the α3 and γ2 chains undergo maturation events consisting of specific processing into smaller forms [START_REF] Matsui | The assembly of laminin-5 subunits[END_REF][START_REF] Marinkovich | The anchoring filament protein kalinin is synthesized and secreted as a high molecular weight precursor[END_REF]. [START_REF] Govaere | Laminin-332 sustains chemoresistance and quiescence as part of the human hepatic cancer stem cell niche[END_REF][START_REF] Kiyokawa | Serum monomeric laminin-γ2 as a novel biomarker for hepatocellular carcinoma[END_REF][START_REF] Koshikawa | Development of a new tracking tool for the human monomeric laminin-c2 chain in vitro and in vivo[END_REF][START_REF] Määttä | Expression of the laminin gamma2 chain in different histological types of lung carcinoma. A study by immunohisto-chemistry and in situ hybridization[END_REF][START_REF] Kagesato | Sole expression of laminin gamma 2 chain in invading tumor cells and its association with stromal fibrosis in lung adenocarcinomas[END_REF][START_REF] Moriya | Increased expression of laminin 5 and its prognostic significance in lung adenocarcinomas of small size[END_REF][START_REF] Yamaguchi | Histopathologic features of the tumor budding in adenocarcinoma of the lung: tumor budding as an index to predict the potential aggressiveness[END_REF][START_REF] Akashi | Reduced expression of laminin alpha 3 and alpha 5 chains in non-small cell lung cancers[END_REF][START_REF] Manda | Differential expression of the LAMB3 and LAMC2 genes between small cell and non-small cell lung carcinomas[END_REF][START_REF] Moon | LAMC2 enhances the metastatic potential of lung adenocarcinoma[END_REF][START_REF] Zhou | miR-1298 inhibits mutant KRAS-driven tumor growth by repressing FAK and LAMB3[END_REF]-kDa α3 chain (α3200) can be successively processed at both C-and N-terminal extremities, producing 165-(α3165) and [START_REF] Gao | Advances in sarcoma gene mutations and therapeutic targets[END_REF]-kDa (α3145) maturation products. The 155-kDa γ2 chain (γ2155) is processed in the N-terminal region, leading to a 105-kDa product (γ2105) [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF] (Figure 1).

Processing of the α3 chain consists of cleavage of the C-terminal globular domains 4 and 5 (LG45) within the spacer between LG3 and LG4 [START_REF] Goldfinger | Processing of laminin-5 and its functional consequences: role of plasmin and tissue-type plasminogen activator[END_REF][START_REF] Tsubota | Regulation of biological activity and matrix assembly of laminin-5 by COOHterminal, LG4-5 domain of α3 chain[END_REF]. In vitro studies using human LM 332 have revealed that enzymes involved in the processing include plasmin [START_REF] Goldfinger | Processing of laminin-5 and its functional consequences: role of plasmin and tissue-type plasminogen activator[END_REF], matrix metalloproteinase (MMP)-2, membrane-type 1-MMP (MT1-MMP), and the Cproteinase family of enzymes, especially mammalian tolloid (mTLD) and bone morphogenetic protein 1 (BMP-1) [START_REF] Amano | Bone morphogenetic protein 1 is an extracellular processing enzyme of the laminin 5 γ2 chain[END_REF][START_REF] Veitch | Mammalian tolloid metalloproteinase, and not matrix metalloprotease 2 or membrane type 1 metalloprotease, processes laminin-5 in keratinocytes and skin[END_REF]. In addition, thrombin can cleave LG45 specifically [START_REF] Sigle | Globular domains 4/5 of the laminin α3 chain mediate deposition of precursor laminin 5[END_REF]. Alternatively, the tissue plasminogen proteolytic cascade may also control the rate of LM α3 LG45 processing [START_REF] Goldfinger | Processing of laminin-5 and its functional consequences: role of plasmin and tissue-type plasminogen activator[END_REF]. The α3 chain is cleaved between Q1337 and D1338 within the hinge region between LG3 and LG4, according to N-terminal amino acid sequencing of human LG45 purified from the conditioned medium of either primary or immortalized human keratinocytes and human gastric adenocarcinoma cells (STKM-1). This action suggests that a proteolytic cleavage site of the LG45 domain matches the minimal consensus sequence LLQD (Figure 1) [START_REF] Tsubota | Isolation and activity of proteolytic fragment of laminin-5 α3 chain[END_REF][START_REF] Décline | Keratinocyte motility induced by TGF-beta1 is accompanied by dramatic changes in cellular interactions with laminin 5[END_REF]. The endopeptidase that catalyzes hydrolysis of this cleavage sequence has not been identified, and the existence of additional proteolytic cleavage sites is suspected in the hinge and adjacent regions of the LG3 and LG4 domains [START_REF] Tsubota | Regulation of biological activity and matrix assembly of laminin-5 by COOHterminal, LG4-5 domain of α3 chain[END_REF][START_REF] Amano | Bone morphogenetic protein 1 is an extracellular processing enzyme of the laminin 5 γ2 chain[END_REF][START_REF] Sigle | Globular domains 4/5 of the laminin α3 chain mediate deposition of precursor laminin 5[END_REF][START_REF] Timpl | Structure and function of laminin LG modules[END_REF][START_REF] Baudoin | Proteolytic processing of the laminin α3 G domain mediates assembly of hemidesmosomes but has no role on keratinocyte migration[END_REF]. LG45-uncleavable α3 chain constructs have been produced and expressed in human [START_REF] Baudoin | Proteolytic processing of the laminin α3 G domain mediates assembly of hemidesmosomes but has no role on keratinocyte migration[END_REF] and mouse [START_REF] Sigle | Globular domains 4/5 of the laminin α3 chain mediate deposition of precursor laminin 5[END_REF] skin keratinocytes deficient in expression of the α3 chain. In both cases, the resulting LG45-uncleavable heterotrimeric LM 332 was deposited in the ECM. Information gained from the structure of the mouse α2 chain LG45 domain pair has revealed that proteinases should have easy access to the LG3-LG4 cleavage sites, located within a well-exposed linker [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF][START_REF] Timpl | Structure and function of laminin LG modules[END_REF][START_REF] Tisi | Structure of the C-terminal laminin G-like domain pair of the laminin α2 chain harbouring binding sites for αdystroglycan and heparin[END_REF].

Further cleavage occurs in the N-terminal LE region of the α3 chain, releasing the full short arm, which might be important for LM 332 function (Figure 1) [START_REF] Amano | Bone morphogenetic protein 1 is an extracellular processing enzyme of the laminin 5 γ2 chain[END_REF][START_REF] Champliaud | Human amnion contains a novel laminin variant, laminin 7, which like laminin 6, covalently associates with laminin 5 to promote stable epithelialstromal attachment[END_REF]. A mutation causing an N-terminal deletion of 226 amino acids in the human α3A isoform has been identified in laryngo-oncho-cutaneous syndrome, a rare autosomal recessive disorder characterized by chronic production of vascularized granulation tissue [START_REF] Mclean | An unusual N-terminal deletion of the laminin α3a isoform leads to the chronic granulation tissue disorder laryngo-onycho-cutaneous syndrome[END_REF]. Cultured keratinocytes obtained from patients revealed that heterotrimeric LM 332 carrying the mutant α3 chain is assembled and secreted. Only very subtle ultrastructural changes have been observed in vivo, such as focal widening of the lamina lucida in places where hemidesmosome plaques are smaller.

In human skin, the processing of the γ2155 chain by BMP-1 and mTLD metalloproteinases yields the γ2105 subunit [START_REF] Vailly | The 100-kDa chain of nicein/kalinin is a laminin B2 chain variant[END_REF][START_REF] Marinkovich | The anchoring filament protein kalinin is synthesized and secreted as a high molecular weight precursor[END_REF][START_REF] Amano | Bone morphogenetic protein 1 is an extracellular processing enzyme of the laminin 5 γ2 chain[END_REF][START_REF] Veitch | Mammalian tolloid metalloproteinase, and not matrix metalloprotease 2 or membrane type 1 metalloprotease, processes laminin-5 in keratinocytes and skin[END_REF][START_REF] Sasaki | Short arm region of laminin-5 γ2 chain: structure, mechanism of processing and binding to heparin and proteins[END_REF]. The N-terminal processing is complex because it occurs within a disulfide-linked loop of the L4 motif, followed by reshuffling of disulfide bonds for release of the cleaved fragments [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF][START_REF] Sasaki | Short arm region of laminin-5 γ2 chain: structure, mechanism of processing and binding to heparin and proteins[END_REF].

Immunohistochemical analysis of LM 332 in mTLD/BMP-1-deficient mouse skin has revealed strong expression of the precursor γ2 chain, confirming that these enzymes are involved in γ2 chain maturation in vivo [START_REF] Suzuki | Failure of ventral body wall closure in mouse embryos lacking a procollagen Cproteinase encoded by Bmp1, a mammalian gene related to Drosophila tolloid[END_REF]. In contrast, processing of the LG45 domain in the α3 chain appears at least in part to be unaffected, supporting the hypothesis that several enzymes are involved in this maturation process. LM 332 is the major component of anchoring filaments in skin [START_REF] Rousselle | Kalinin: an epitheliumspecific basement membrane adhesion molecule that is a component of anchoring filaments[END_REF]. It mediates cell adhesion via interaction of the α3 C-terminal LG1-3 triplet domain with both α3β1 and α6β4 integrins [START_REF] Carter | Epiligrin, a new cell adhesion ligand for integrin α1β1 in epithelial basement membranes[END_REF][START_REF] Sonnenberg | Formation of hemidesmosomes in cells of a transformed murine mammary tumor cell line and mechanisms involved in adherence of these cells to laminin and kalinin[END_REF][START_REF] Rousselle | Kalinin is more efficient than laminin in promoting adhesion of primary keratinocytes and some other epithelial cells and has a different requirement for integrin receptors[END_REF][START_REF] Mizushima | Identification of integrin-dependent and -independent cell adhesion domains in COOH-terminal globular region of laminin-5 α3 chain[END_REF], while the N-terminal short arms connect to basement membrane components (Figure 1). LM 332 seems to be incorporated into the skin basement membrane by cross-linking with LM 311 (α3β1γ1) [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF][START_REF] Champliaud | Human amnion contains a novel laminin variant, laminin 7, which like laminin 6, covalently associates with laminin 5 to promote stable epithelialstromal attachment[END_REF]. According to the three-arm interaction hypothesis of LM polymerization [START_REF] Cheng | Selfassembly of laminin isoforms[END_REF], the dimers could then self-associate.

Another mechanism of integration of LM 332 into the basement membrane is based on the direct interaction of anchoring filaments with anchoring fibrils. Anchoring fibrils are disulfide bond-stabilized dimers of type VII collagen [START_REF] Watanabe | Epidermal aspects of type VII collagen: Implications for dystrophic epidermolysis bullosa and epidermolysis bullosa acquisita[END_REF]. Monomeric LM 332 and the LM 332/311 dimer directly bind the N-terminal non-collagenous domain 1 (NC1) of collagen VII [START_REF] Rousselle | Laminin 5 binds the NC-1 domain of type VII collagen[END_REF][START_REF] Chen | Interactions of the amino-terminal noncollagenous (NC1) domain of type VII collagen with extracellular matrix components. A potential role in epidermal-dermal adherence in human skin[END_REF]. The interaction is likely to occur within the LN domain of the β3 chain short arm and the fibronectin-like III repeats within the NCI domain of collagen VII [START_REF] Chen | NC1 domain of type VII collagen binds to the beta3 chain of laminin 5 via a unique subdomain within the fibronectin-like repeats[END_REF][START_REF] Nakashima | Regulation of cell adhesion and type VII collagen binding by the β3 chain short arm of laminin-5: Effect of its proteolytic cleavage[END_REF].

Other processing events in LM 332

In addition to LM 332 maturation aimed at regulating skin basement membrane structural integrity, other studies have reported two specific migration-inducing MMP-2 cleavages of the LM γ2 N-termini, producing γ2 chain fragments of 100 and 80 kDa [START_REF] Giannelli | Induction of cell migration by matrix metalloproteinase-2 cleavage of laminin-5[END_REF] (Figure 2C). This γ2 processing could also be carried out by MT1-MMP in colon and breast carcinoma cells [START_REF] Koshikawa | Role of cell surface metalloprotease MT1-MMP in epithelial cell migration over laminin-5[END_REF][START_REF] Koshikawa | Proteolytic processing of laminin-5 by MT1-MMP in tissues and its effects on epithelial cell morphology[END_REF]. Both enzymes, which were first shown to cleave rat LM 332, also are proposed to truncate human LM 332 in processes such as tumorigenesis [START_REF] Gilles | Contribution of MT1-MMP and of human laminin-5 gamma2 chain degradation to mammary epithelial cell migration[END_REF][START_REF] Kiyoshima | Overexpression of laminin-5 gamma2 chain and its prognostic significance in urothelial carcinoma of urinary bladder: association with expression of cyclooxygenase 2, epidermal growth factor receptor and human epidermal growth factor receptor 2[END_REF][44][START_REF] Shen | Interaction of MT1-MMP and laminin-5gamma2 chain correlates with metastasis and invasiveness in human esophageal squamous cell carcinoma[END_REF][START_REF] Tsuruta | Laminin-332integrin interaction: a target for cancer therapy?[END_REF][START_REF] Guess | Defining the role of laminin-332 in carcinoma[END_REF]. MMP-3, -12, -13, -19, and -20 and neutrophil elastase process the γ2 chain, inducing epithelial cell migration [START_REF] Pirilä | Matrix metalloproteinases process the laminin-5 γ2-chain and regulate epithelial cell migration[END_REF][START_REF] Sadowski | Matrix metalloproteinase 19 processes the laminin 5 γ2 chain and induces epithelial cell migration[END_REF][START_REF] Mydel | Neutrophil elastase cleaves laminin-332 (laminin-5) generating peptides that are chemotactic for neutrophils[END_REF]. Migration events might therefore result from the interaction of newly exposed LM domains with cell surface signaling receptors. A rat recombinant γ2 LEb1-LEb4' fragment binds and activates the epidermal growth factor receptor (EGFR) to stimulate cell migration [START_REF] Schenk | Binding to EGF receptor of a laminin-5 EGF-like fragment liberated during MMP-dependent mammary gland involution[END_REF]. As elaborated below, studies with cancer cells have reported that MMP-7, MT1-MMP, and hepsin cleave the LM β3 chain, leading to increased migration [START_REF] Udayakumar | Membrane type-1-matrix metalloproteinase expressed by prostate carcinoma cells cleaves human laminin-5 beta3 chain and induces cell migration[END_REF][START_REF] Remy | Matrilysin 1 influences colon carcinoma cell migration by cleavage of the laminin-5 beta3 chain[END_REF][START_REF] Tripathi | Laminin-332 cleavage by matriptase alters motility parameters of prostate cancer cells[END_REF].

Keratinocytes in wound healing: dissolution of stable anchorage

Cutaneous wound healing in adult mammals is a complex multi-step process involving overlapping stages of blood clot formation, inflammation, neovascularization, granulation tissue formation, re-epithelialization and remodeling. Re-epithelialization describes the resurfacing of a wound with new epithelium [START_REF] Rousselle | Re-epithelialization of adult skin wounds: Cellular mechanisms and therapeutic strategies[END_REF]. Increased LM 332 expression is one of the earliest events in wound epithelialization in vivo, and LM 332 is expressed in epidermal keratinocytes within hours of injury, as the first basement membrane component laid down onto the wound bed [START_REF] Aragona | Defining stem cell dynamics and migration during wound healing in mouse skin epidermis[END_REF][START_REF] Rousselle | Extracellular matrix contribution to skin wound re-epithelialization[END_REF]. Of greatest interest, the precursor LM 332 is found in migrating keratinocyte matrix, suggesting that the full-length α3 and γ2 chains may be required in this process [START_REF] Rousselle | Re-epithelialization of adult skin wounds: Cellular mechanisms and therapeutic strategies[END_REF][START_REF] Ryan | Targeted disruption of the LAMA3 gene in mice reveals abnormalities in survival and late stage differentiation of epithelial cells[END_REF][START_REF] Hintermann | Epithelial cell motility on laminin-5: Regulation by matrix assembly, proteolysis, integrins and erbB receptors[END_REF][START_REF] Frank | Laminin 5 deposition regulates keratinocyte polarization and persistent migration[END_REF] (Figure 2). C-terminal LG45 has been suggested to play a role in the deposition of LM 332 in the ECM [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF][START_REF] Sigle | Globular domains 4/5 of the laminin α3 chain mediate deposition of precursor laminin 5[END_REF], as well as in keratinocyte adhesion and migration [START_REF] Tsubota | Regulation of biological activity and matrix assembly of laminin-5 by COOHterminal, LG4-5 domain of α3 chain[END_REF][START_REF] Frank | Laminin 5 deposition regulates keratinocyte polarization and persistent migration[END_REF][START_REF] Okamoto | Normal human keratinocytes bind to the alpha3LG4/5 domain of unprocessed laminin-5 through the receptor syndecan-1[END_REF]. Several peptide sequences have been identified in the C-terminus of the α3 subunit, with integrin or syndecan-mediated cell adhesion properties and promotion of wound re-epithelialization in animal models [START_REF] Kim | The PPFLMLLKGSTR motif in globular domain 3 of the human laminin-5 alpha3 chain is crucial for integrin alpha3beta1 binding and cell adhesion[END_REF][START_REF] Araki | Clustering of syndecan-4 and integrin beta1 by laminin alpha 3 chain-derived peptide promotes keratinocyte migration[END_REF][START_REF] Carulli | Cell surface proteoglycans syndecan-1 and -4 bind overlapping but distinct sites in laminin α3 LG45 protein domain[END_REF][START_REF] Rousselle | The syndecan binding sequence KKLRIKSKEK in laminin α3 LG4 domain promotes epidermal repair[END_REF][START_REF] Ishihara | Laminin heparin-binding peptides bind to several growth factors and enhance diabetic wound healing[END_REF]. Syndecan-1 and -4 are cellular receptors for the LG45 domains [START_REF] Carulli | Cell surface proteoglycans syndecan-1 and -4 bind overlapping but distinct sites in laminin α3 LG45 protein domain[END_REF][START_REF] Utani | Laminin α3 LG4 module induces matrix metalloproteinase-1 through mitogen-activated protein kinase signalling[END_REF], supporting the idea that keratinocytes migrate by forming actin-based cellular protrusions [START_REF] Sulka | Tyrosine dephosphorylation of the syndecan-1 PDZ binding domain regulates syntenin-1 recruitment[END_REF] or activating MMP-1 and -9 [START_REF] Miyazaki | Laminin-5 (laminin-332): unique biological activity and role in tumor growth and invasion[END_REF]. Furthermore, LG45-derived peptides show antimicrobial activity and chemotactic activity in mononuclear cells, suggesting that LG45 also may participate in host defense [START_REF] Senyürek | Processing of laminin α chains generates peptides involved in wound healing and host defense[END_REF].

In addition, the full-length γ2 chain is an important regulator of keratinocyte migration during wound repair [START_REF] Decline | Keratinocyte migration requires alpha2beta1 integrinmediated interaction with the laminin 5 gamma2 chain[END_REF][START_REF] Natarajan | Coexpression of p16(INK4A) and laminin 5 gamma2 by microinvasive and superficial squamous cell carcinomas in vivo and by migrating wound and senescent keratinocytes in culture[END_REF][START_REF] Natarajan | A keratinocyte hypermotility/growth-arrest response involving laminin 5 and p16INK4a activated in wound healing and senescence[END_REF] and hypothesized to be involved in LM 332 incorporation though its L4 domain during basement membrane assembly [74]. An interaction of its N-terminal portion with α2β1 integrin occurs during transforming growth factor (TGF)-ß1-induced keratinocyte migration in vitro and was proposed to take place at the wound margin of the skin healing process in vivo [START_REF] Decline | Keratinocyte migration requires alpha2beta1 integrinmediated interaction with the laminin 5 gamma2 chain[END_REF]. Keratinocytes at the edge of wounds derived in early passage cultures co-express the γ2 chain and the cell cycle inhibitor p16INK4a and display increased directional motility [START_REF] Natarajan | Coexpression of p16(INK4A) and laminin 5 gamma2 by microinvasive and superficial squamous cell carcinomas in vivo and by migrating wound and senescent keratinocytes in culture[END_REF]. Additional studies have revealed that this keratinocyte hypermotility/growth arrest response relies on both the precursor state of the γ2 chain and participation of a serum co-factor through a TGF-ß receptor I-dependent mechanism [START_REF] Natarajan | A keratinocyte hypermotility/growth-arrest response involving laminin 5 and p16INK4a activated in wound healing and senescence[END_REF]. Sequential analysis of partial-thickness wounds on the forearm skin of healthy people has revealed that migrating keratinocytes express the γ2 chain continuously during re-epithelialization [START_REF] Fisher | Restoration of the basement membrane after wounding: a hallmark of young human skin altered with aging[END_REF]. The α3β1 integrin has been identified as an important mediator of γ2 chain processing [START_REF] Longmate | Reduced fibulin-2 contributes to loss of basement membrane integrity and skin blistering in mice lacking integrin alpha3beta1 in the epidermis[END_REF], where it acts by upregulating mTLD/BMP-1 metalloproteases [START_REF] Longmate | Opposing roles of epidermal integrins α3β1 and α9β1 in regulation of mTLD/BMP-1mediated laminin-γ2 processing during wound healing[END_REF]. In contrast, the α9β1 integrin plays a role in inhibition of the γ2 chain processing during re-epithelialization [START_REF] Longmate | Opposing roles of epidermal integrins α3β1 and α9β1 in regulation of mTLD/BMP-1mediated laminin-γ2 processing during wound healing[END_REF]. Studies of wound healing after conditional knockdown of the activity of BMP-1/tolloid-like proteinases in mice have revealed delays in re-epithelialization and a dramatic reduction in ECM deposition [START_REF] Muir | BMP1-like proteinases are essential to the structure and wound healing of skin[END_REF]. The underlying mechanism most likely involves incomplete processing of precursor ECM proteins, including of the LM 332 γ2 chain [START_REF] Muir | BMP1-like proteinases are essential to the structure and wound healing of skin[END_REF]. MMP-9induced γ2 chain processing generating a 50-kDa fragment facilitates limbal outgrowth during corneal repair [START_REF] Cheng | Novel laminin 5 gamma 2-chain fragments potentiating the limbal epithelial cell outgrowth on amniotic membrane[END_REF].

LM 332 and cancer cells

A number of early observations suggested that common cellular and molecular mechanisms are active in wounds and cancer tissue [START_REF] Schäfer | Cancer as an overhealing wound: an old hypothesis revisited[END_REF]. In contrast to healing wounds, the process is not self-limiting in cancer tissue, resulting in uncontrolled cell proliferation, invasion, and metastasis. Results of experimental studies strongly support this hypothesis, and researchers assumed that findings on LM 332 behavior in epithelial cell migration could potentially be translated to cancer cells.

The ECM as a dynamic microenvironment player in cancer progression

Altering the fine balance of ECM signaling is sufficient in the long run to induce cancer development and progression [START_REF] Theocharis | The extracellular matrix as a multitasking player in disease[END_REF]. A major challenge in matrix biology is to understand its roles in a physiological condition and how disruption of ECM dynamics may contribute to cancer development and progression. An important feature of epithelial tissues is that the cells have distinct polarity and architecture that are indispensable for organ formation and function [START_REF] Ghajar | Extracellular matrix control of mammary gland morphogenesis and tumorigenesis: Insights from imaging[END_REF]. Studies have shown that ECM is essential for the establishment and maintenance of tissue polarity and architecture, features that are often lost in cancer. Abnormal ECM dynamics can compromise the basement membrane as a physical barrier and promote EMT, which can facilitate tissue invasion by cancer cells [START_REF] Walker | Role of Extracellular Matrix in Development and Cancer Progression[END_REF]. This physical barrier compromise can result from overexpression of MMPs that cleave ECM components, leading to disorganization of supramolecular networks and release of growth factor and bioactive fragments that can influence cell behavior [START_REF] Lu | The extracellular matrix: A dynamic niche in cancer progression[END_REF][START_REF] Karamanos | Matrix modeling and remodeling: A biological interplay regulating tissue homeostasis and diseases[END_REF].

Additional protease-independent basement membrane invasion may occur through the physical forces generated by the cancer cells themselves [START_REF] Chang | Beyond proteases: Basement membrane mechanics and cancer invasion[END_REF]. Changes in ECM topography may also facilitate cancer cell migration. Thickening and linearization of collagen fibers are common in cancers and often found in areas of active tissue invasion and tumor vasculature [START_REF] Condeelis | Intravital imaging of cell movement in tumours[END_REF][START_REF] Provenzano | Collagen reorganization at the tumor-stromal interface facilitates local invasion[END_REF][START_REF] Levental | Matrix crosslinking forces tumor progression by enhancing integrin signaling[END_REF], suggesting an active role in facilitating cancer cell invasion.

Apart from ECM, the cellular components of tumor stroma include fibroblasts and, endothelial and immune cells. As is well known, cancer-associated fibroblasts (CAFs) trigger and regulate ECM remodeling in cancer tissue. Characterization of the matrisome (ECM and ECM-associated proteins) in colon, lung, and breast cancer tissues has revealed that ECM components in the tumor are derived from both cancer and stromal cells, with exclusively cancer cell expression in some cases [START_REF] Naba | The matrisome: in silico definition and in vivo characterization by proteomics of normal and tumor extracellular matrices[END_REF][START_REF] Naba | Extracellular matrix signatures of human mammary carcinoma identify novel metastasis promoters[END_REF]. Increased ECM protein deposition and crosslinking provide necessary biochemical and biophysical cues to promote cancer cell proliferation, migration, and invasion [START_REF] Walker | Role of Extracellular Matrix in Development and Cancer Progression[END_REF]. As tumor cells proliferate, the surrounding ECM undergoes significant architectural changes in a dynamic interplay between the microenvironment and resident cells. These changesincluding increased secretion of LM, fibronectin, and collagens I, III, and IVillustrate that tumor progression requires continuous interaction between the ECM and tumor cells.

Visualization of surrounding epithelial tissue during tumor metastasis has revealed localized matrix organization and alignment along the leading edge of invasive tumors [START_REF] Provenzano | Collagen reorganization at the tumor-stromal interface facilitates local invasion[END_REF][START_REF] Han | Oriented collagen fibers direct tumor cell intravasation[END_REF]. Local cell invasion of these tumors orients along aligned collagen fibers, suggesting that the linearization of collagen fibers facilitates tumor invasion [START_REF] Conklin | Aligned collagen is a prognostic signature for survival in human breast carcinoma[END_REF]. These densely aligned collagen fibers may act as tracks for proliferating neoplastic cells to migrate out of the tumor.

LM 332 perfectly features all of these characteristics because its dysregulated expression in cancer switches it from an anchor protein promoting epithelial cell polarity to a protein favoring migration and tumorigenesis. Namely, LM 322 is specifically localized in the dense fibrotic zone around breast invasive ductal carcinoma, providing a specialized microenvironment for guiding tumor invasion. It plays a role in establishing focal adhesions of cancer cells and contributes to cancer dissemination. Also, the LM γ2 chain is highly expressed in invasive mammary, colon, melanoma, and sarcoma cancer cells.

General observations about LM 332

LM 332 has been described as a basement membrane component that is far more efficient at stimulating cell adhesion, migration, and invasion than any other component of the ECM [START_REF] Miyazaki | Laminin-5 (laminin-332): unique biological activity and role in tumor growth and invasion[END_REF]. In that regard, a number of experiments have revealed the impact of LM 332 expression in cancer progression. For example, induced LM 332 expression in HT1080 human fibrosarcoma cells transfected with cDNA of the LM α3 chain increases tumor growth in nude mice [START_REF] Mizushima | Expression of laminin-5 enhances tumorigenicity of human fibrosarcoma cells in nude mice[END_REF]. Furthermore, LM 332 is required for tumorigenesis in a well-characterized in vivo model of human squamous cell carcinoma (SCC) [START_REF] Dajee | NF-nB blockade and oncogenic Ras trigger invasive human epidermal neoplasia[END_REF][START_REF] Marinkovich | Tumour microenvironment: laminin 332 in squamous-cell carcinoma[END_REF]. An interaction between the LM β3 chain and collagen VII promotes tumorigenesis in SCC via activation of phosphotidylinositol 3-kinase (PI3K) signaling, which leads to apoptosis protection, cell proliferation, and increased tumor invasion [START_REF] Waterman | A laminin-collagen complex drives human epidermal carcinogenesis through phosphoinositol-3-kinase activation[END_REF][START_REF] Yasuda | Stem cell factor/c-kit receptor signaling enhances the proliferation and invasion of colorectal cancer cells through the PI3K/Akt pathway[END_REF]. Similarly, a study demonstrated that addition of purified LM 332 to esophageal SCC activates the PI3K pathway, resulting in increased invasion. LM 322-blocking antibodies inhibited this process [START_REF] Baba | Laminin-332 promotes the invasion of oesophageal squamous cell carcinoma via PI3K activation[END_REF]. These findings have highlighted the possible role of LM 332 as a signaling molecule.

Although some data have revealed LM 332-dependent survival of keratinocytes during wound healing, the involvement of LM 332 in cell survival or anoikis resistance has been studied mostly in epithelial tumor cells [START_REF] Nguyen | Deposition of laminin 5 in epidermal wounds regulates integrin signaling and adhesion[END_REF][START_REF] Fujisaki | Keratinocyte apoptosis on type I collagen gel caused by lack of laminin 5/10/11 deposition and Akt signaling[END_REF]. The proposed functions of LM 332 in tumor progression are to lead tumor migration and to maintain tumor survival by binding to integrins α6β4 or α3β1 [START_REF] Miyazaki | Laminin-5 (laminin-332): unique biological activity and role in tumor growth and invasion[END_REF][START_REF] Marinkovich | Tumour microenvironment: laminin 332 in squamous-cell carcinoma[END_REF][START_REF] Zahir | Autocrine laminin-5 ligates alpha6beta4 integrin and activates RAC and NFkappaB to mediate anchorage independent survival of mammary tumors[END_REF][START_REF] Manohar | Alpha 3 beta 1 integrin promotes keratinocyte cell survival through activation of a MEK/ERK signaling pathway[END_REF][START_REF] Sehgal | Integrin beta4 regulates migratory behavior of keratinocytes by determining laminin-332 organization[END_REF][START_REF] Choma | Integrin alpha3beta1dependent activation of FAK/Src regulates Rac1-mediated keratinocyte polarization on laminin-5[END_REF][START_REF] Carpenter | Motility induction in breast carcinoma by mammary epithelial laminin 332 (laminin 5)[END_REF]. In vitro experiments have shown that LM 332, either soluble or immobilized, can induce the PI3K and mitogen-activated protein kinase (MAPK) pathways, both of which mediate carcinogenesis [START_REF] Kariya | The basement membrane protein laminin-5 acts as a soluble cell motility factor[END_REF]. Involvement of LM 332 in colon carcinoma cell proliferation occurs through phosphorylation of the β4 integrin subunit and subsequent activation of extracellular signal-regulated kinase (ERK) [START_REF] Kato | Plasmamembrane-associated sialidase (NEU3) differentially regulates integrinmediated cell proliferation through laminin-and fibronectin-derived signalling[END_REF]. Endogenous LM 332 produced in human breast cancer cells stimulates their migration by binding to integrin α6β4 and activating the GTPase Rac1 [START_REF] Marinkovich | Tumour microenvironment: laminin 332 in squamous-cell carcinoma[END_REF][START_REF] Guo | Integrin signalling during tumour progression[END_REF][START_REF] Pullar | beta4 Integrin and epidermal growth factor coordinately regulate electric fieldmediated directional migration via Rac1[END_REF].

LM-binding β1 integrins are also involved in tumor progression by activating the GTPases Rac1 and Cdc42 [START_REF] Ramovs | The opposing roles of laminin-binding integrins in cancer[END_REF]. The signals in the cells induce formation of small focal contacts with the LM matrix and promote a dynamic rearrangement of the cytoskeleton, leading to cell migration [START_REF] Stipp | Laminin-binding integrins and their tetraspanin partners as potential antimetastatic targets[END_REF]. Stimulation of cell migration via this mechanism occurs through interactions of integrin α3β1 with LM 332 in the HSC-3 lung and UMSCC-10 larynx SCC cell lines [START_REF] Zhou | Integrin engagement differentially modulates epithelial cell motility by RhoA/ROCK and PAK1[END_REF]. Furthermore, adhesion of colon carcinoma cells to LM 322 induces redistribution or upregulation of E-cadherin [START_REF] Schreider | Integrinmediated functional polarization of Caco-2 cells through E-cadherin-actin complexes[END_REF][START_REF] Chartier | Laminin-5-integrin interaction signals through PI3-kinase and Rac1b to promote assembly of adherens junctions in HT-29 cells[END_REF].

In addition, LM 332 overexpression has been reported as a marker of the epithelial-mesenchymal transition (EMT) [START_REF] Zeisberg | Biomarkers for epithelial-mesenchymal transitions[END_REF]. Both the PI3K and Wnt signaling pathways are important in EMT and in cancer cell stemness [START_REF] Larue | Epithelial-mesenchymal transition in development and cancer: role of phosphatidylinositol 3' kinase/AKT pathways[END_REF][START_REF] Lee | The epithelial-mesenchymal transition: new insights in signaling, development, and disease[END_REF]. During the EMT process, epithelial cells actively downregulate cell-cell adhesion systems, lose polarity, and acquire a mesenchymal phenotype. This phenotype enables tumor cells to infiltrate surrounding tissues, allowing their metastasis to distant sites [START_REF] He | Downregulated E-cadherin expression indicates worse prognosis in Asian patients with colorectal cancer: evidence from meta-analysis[END_REF]. Accordingly, EMT upregulation is regarded as a crucial factor in a poor prognosis.

LM 332 was also shown to play a role in collective invasion, an event associated with cancer metastasis in which cancer cells invade as a cell population maintaining the epithelial morphology [START_REF] Gaggioli | Fibroblast-led collective invasion of carcinoma cells with differing roles for RhoGTPases in leading and following cells[END_REF][START_REF] Khalil | Collective invasion in ductal and lobular breast cancer associates with distant metastasis[END_REF]. Most interestingly, in a skin epidermoid carcinoma cell line A431 two-dimensional collective migration model, LM 332 was found at intercellular sites where it was required for the ß1-integrin dependent cell/cell contact. This suggested that expression of LM 332 is a prerequisite for cell collectiveness [START_REF] Kumagai | The intercellular expression of type-XVII collagen, laminin-332, and integrin-β1 promote contact following during the collective invasion of a cancer cell population[END_REF]. The other LM 332 receptor integrin α6β4 seems also to be involved in this process. A study reported that its sole expression by the leader cells of a migrating tumorigenic lung carcinoma A549 cell sheet seemed to be sufficient to induce migration of the entire cell sheet [START_REF] Colburn | α6β4 Integrin Regulates the Collective Migration of Epithelial Cells[END_REF].

A special focus on the γ2 chain of LM 332

Although each of the LM 332 subunits has been proposed to have a distinct role in cancer progression, the γ2 chain probably has attracted the most interest [START_REF] Guess | Defining the role of laminin-332 in carcinoma[END_REF]. The emphasis on detecting the γ2 chain in tumor tissues and cells traces to the fact that this chain is unique to LM 332, therefore ensuring that this specific isoform is targeted. In addition, studies reporting tumorigenic-induced properties of MMP-2 or MT1-MMP cleavage of the LM 332 γ2 chain have increased interest in this LM subunit [START_REF] Giannelli | Induction of cell migration by matrix metalloproteinase-2 cleavage of laminin-5[END_REF][START_REF] Koshikawa | Role of cell surface metalloprotease MT1-MMP in epithelial cell migration over laminin-5[END_REF]. The γ2 chain-dependent tumorigenic signaling event results from the chain cleavage within domain LEb3 and release of its N-terminal EGF-like repeats (Figure 1). The latter binds to and activates EGFR and downstream MAPK activity in cancer cells. This γ2 chaininduced EGF signaling can be initiated by products of both MT1-MMP [START_REF] Koshikawa | Proteolytic processing of laminin-5 by MT1-MMP in tissues and its effects on epithelial cell morphology[END_REF] and MMP-2 cleavage [START_REF] Schenk | Binding to EGF receptor of a laminin-5 EGF-like fragment liberated during MMP-dependent mammary gland involution[END_REF], whether the γ2 chain is monomeric or involved in the LM 332 trimer. In the case of MMP-2, both migration and survival events are initiated from divergent EGFR signaling pathways [START_REF] Schenk | Binding to EGF receptor of a laminin-5 EGF-like fragment liberated during MMP-dependent mammary gland involution[END_REF]. As noted, additional proteases can cleave the γ2 chain, leading to epithelial cell migration. In addition, the γ2 chain is an important target gene of the Wnt/β-catenin signaling pathway through T-cell factor-binding elements during tumor progression in colon carcinoma [START_REF] Hlubek | Expression of the invasion factor laminin gamma2 in colorectal carcinomas is regulated by beta-catenin[END_REF][START_REF] Hlubek | Beta-catenin activates a coordinated expression of the proinvasive factors laminin-5 gamma2 chain and MT1-MMP in colorectal carcinomas[END_REF]. The Wnt/β-catenin signaling pathway induces coordinated expression of the LM γ2 chain, CD44, and MT1-MMP in colorectal carcinomas [START_REF] Murai | Expression and localization of membrane-type-1 matrix metalloproteinase, CD 44, and laminin-5gamma2 chain during colorectal carcinoma tumor progression[END_REF].

A clear correlation between γ2 immunodetection and tumor aggressiveness has now been established in a number of tumors (Table 1). Moreover, co-expression of the γ2 chain and EGFR is also often reported in cancer [START_REF] Kiyoshima | Overexpression of laminin-5 gamma2 chain and its prognostic significance in urothelial carcinoma of urinary bladder: association with expression of cyclooxygenase 2, epidermal growth factor receptor and human epidermal growth factor receptor 2[END_REF]44,[START_REF] Ono | Clinicopathologic significance of laminin-5 gamma2 chain expression in squamous cell carcinoma of the tongue: immunohistochemical analysis of 67 lesions[END_REF][START_REF] Ono | Epidermal growth factor receptor gene amplification is correlated with laminin-5 gamma2 chain expression in oral squamous cell carcinoma cell lines[END_REF][START_REF] Katoh | Correlation between laminin-5 g2 chain expression and epidermal growth factor receptor expression and its clinicopathological significance in squamous cell carcinoma of the tongue[END_REF][START_REF] Richter | Analysis of activated EGFR signalling pathways and their relation to laminin-5 gamma2 chain expression in oral squamous cell carcinoma (OSCC)[END_REF][START_REF] Fukai | Correlation between laminin-5 g2 chain and epidermal growth factor receptor expression in esophageal squamous cell carcinomas[END_REF]. The binding of EGF to EGFR enhances expression of LAMC2 in several human cancer cell lines [START_REF] Schenk | Binding to EGF receptor of a laminin-5 EGF-like fragment liberated during MMP-dependent mammary gland involution[END_REF][START_REF] Garg | LAMC2 as a therapeutic target for cancers[END_REF].

Short-hairpin RNA-mediated stable knockdown of LAMC2 expression in thyroid carcinoma cells decreased their migration and invasion properties and their growth in a human xenograft murine model [START_REF] Garg | Laminin-5γ-2 (LAMC2) is highly expressed in anaplastic thyroid carcinoma and is associated with tumor progression, migration, and invasion by modulating signaling of EGFR[END_REF]. In the same vein, LAMC2 knockdown significantly suppressed the EGF-induced invasion of epidermoid carcinoma cells (A431 cells) [START_REF] Hamasaki | Expression of laminin 5-gamma2 chain in cutaneous squamous cell carcinoma and its role in tumour invasion[END_REF].

Of the LM 332 subunits, γ2 thus appears to play an important role in tumor motility and invasion [START_REF] Tsubota | Expression of laminin gamma2 chain monomer enhances invasive growth of human carcinoma cells in vivo[END_REF]. Immunohistochemical, PCR, and western blot analyses have shown that the LAMC2 protein is highly expressed in carcinomas of the pancreas, stomach, tongue, bladder, colorectal, lung, vulva, cervix, and esophagus, as well as in melanoma and anaplastic thyroid carcinoma [START_REF] Garg | LAMC2 as a therapeutic target for cancers[END_REF][START_REF] Garg | Laminin-5γ-2 (LAMC2) is highly expressed in anaplastic thyroid carcinoma and is associated with tumor progression, migration, and invasion by modulating signaling of EGFR[END_REF]. The elevated levels of LAMC2 are often correlated with metastasis, early recurrence, and poor overall survival [START_REF] Yamamoto | Expression of the gamma(2) chain of laminin-5 at the invasive front is associated with recurrence and poor prognosis in human esophageal squamous cell carcinoma[END_REF]. The cytoplasmic accumulation of the γ2 chain has typically been observed in invading or budding tumor cells, which has been considered a specific marker for invasive tumors [START_REF] Miyazaki | Laminin-5 (laminin-332): unique biological activity and role in tumor growth and invasion[END_REF][START_REF] Koshikawa | Overexpression of laminin gamma2 chain monomer in invading gastric carcinoma cells[END_REF] (Table1). LM 332 formation first requires assembly of β3/γ2 dimers, followed by association of the α3 chain to form complete heterotrimers [START_REF] Matsui | The assembly of laminin-5 subunits[END_REF]. In the absence of the α3 chain, the β3 and γ2 chains are secreted as monomers or as a heterodimer [START_REF] Mizushima | Expression of laminin-5 enhances tumorigenicity of human fibrosarcoma cells in nude mice[END_REF] (Figure 2). The LM γ2 chain is robustly secreted by high expressing cancers as either a monomer or a heterodimer with β3, resulting in its high serum levels in pancreatic and liver cancer patients [START_REF] Kosanam | Laminin, gamma 2 (LAMC2): a promising new putative pancreatic cancer biomarker identified by proteomic analysis of pancreatic adenomacarcinoma tissues[END_REF][START_REF] Yasuda | Unique Biological Activity and Potential Role of Monomeric Laminin-γ2 as a Novel Biomarker for Hepatocellular Carcinoma: A Review[END_REF] (Table 1, Figure 2).

LM 332 expression in human tumors

LM 332 is highly expressed in several types of epithelial tumors where it accumulates at the interface of the tumor with the surrounding stroma (Table 1). Its expression correlates well with tumor invasiveness and poor patient prognosis in various carcinoma subtypes [START_REF] Ono | Epidermal growth factor receptor gene amplification is correlated with laminin-5 gamma2 chain expression in oral squamous cell carcinoma cell lines[END_REF][START_REF] Yamamoto | Expression of the gamma(2) chain of laminin-5 at the invasive front is associated with recurrence and poor prognosis in human esophageal squamous cell carcinoma[END_REF][START_REF] Pyke | The gamma 2 chain of kalinin/laminin 5 is preferentially expressed in invading malignant cells in human cancers[END_REF][START_REF] Pyke | Laminin-5 is a marker of invading cancer cells in some human carcinomas and is coexpressed with the receptor for urokinase plasminogen activator in budding cancer cells in colon adenocarcinomas[END_REF][START_REF] Skyldberg | Laminin-5 as a marker of invasiveness in cervical lesions[END_REF][START_REF] Tani | Pancreatic carcinomas deposit laminin-5, preferably adhere to laminin-5, and migrate on the newly deposited basement membrane[END_REF] (Table 1). As already noted, because γ2 is specific to LM 332, it is frequently used as a surrogate marker for the presence of the heterotrimer. For this reason, expression of the other two chains is often neglected. The expression pattern of each individual LM 332 subunit in various cancers recently has been documented [START_REF] Qin | Laminins and cancer stem cells: Partners in crime?[END_REF].

Carcinoma is a malignant tumor, which classically arises in epithelial cells.

Adenocarcinoma is an uncontrolled abnormal proliferation of exocrine glandular tissue.

The spread of adenocarcinoma is primarily lymphogenous, then hematogenous. Liver, bones, lung and peritoneum are known sites of metastatic deposits. The main sites of adenocarcinoma are breast, digestive tract (stomach, colorectum), liver, pancreas, prostate and lung. Basal cell carcinomas are slow growing tumors that develop in the basal cells of the epidermis and almost never spread at distance. Squamous cell carcinoma develops from squamous epithelia, either normal (skin, head and neck, esophagus, anal canal, uterine cervix) or metaplastic (lung). They are highly invasive malignant neoplasm associated with a high risk of metastasis and morbidity.

"Sarcoma" is a broad term for mesenchymal malignancies arising from soft tissue such as adipose, muscle, fibrous, cartilage, nervous, and vascular tissues, or bone and includes more than 70 histologic subtypes [START_REF] Fletcher | WHO Classification of Tumours of Soft Tissue and Bone[END_REF]. Despite their diversity, heterogeneity, and complexity, sarcomas are rare, collectively accounting for less than 1% of all malignancies. Sarcomas have a poor prognosis. Their dissemination is mainly hematogenous. Metastasis is frequent at diagnosis; 5-year survival rates are as low as 15% once metastasized [START_REF] Gao | Advances in sarcoma gene mutations and therapeutic targets[END_REF][START_REF] Hall | Future directions in soft tissue sarcoma treatment[END_REF].

Adenocarcinoma

Breast cancer

A number of studies have examined LM 332 in breast cancer [START_REF] Henning | Loss of laminin-5 in the epithelium-stroma interface: an immunohistochemical marker of malignancy in epithelial lesions of the breast[END_REF][START_REF] Diaz | β4 integrin subunit gene expression correlates with tumor size and nuclear grade in early breast cancer[END_REF][START_REF] Kim | Laminin-332-rich tumor microenvironment for tumor invasion in the interface zone of breast cancer[END_REF][START_REF] Alfonso | Expression of p40 and laminin 332 in metaplastic spindle cell carcinoma of the breast compared with other malignant spindle cell tumours[END_REF], and it appears that LM 332 stimulates the migration of breast carcinoma cells [START_REF] Carpenter | Motility induction in breast carcinoma by mammary epithelial laminin 332 (laminin 5)[END_REF] and correlates with tumor invasiveness. In particular, the γ2 chain has been detected early at the leading edge of invasive breast cancer tissues [START_REF] Pyke | Laminin-5 is a marker of invading cancer cells in some human carcinomas and is coexpressed with the receptor for urokinase plasminogen activator in budding cancer cells in colon adenocarcinomas[END_REF]. Although some authors have described loss of LM 332 expression during progression and in advanced breast carcinoma [START_REF] Henning | Loss of laminin-5 in the epithelium-stroma interface: an immunohistochemical marker of malignancy in epithelial lesions of the breast[END_REF][START_REF] Martin | Downregulation of laminin-5 in breast carcinoma cells[END_REF][START_REF] Holler | Laminin isoform expression in breast tumors[END_REF], others have detected LM 332 in breast stroma and suggested that this location may exert a microenvironmental signal that induces carcinoma invasion in vivo [START_REF] Carpenter | Motility induction in breast carcinoma by mammary epithelial laminin 332 (laminin 5)[END_REF][START_REF] Kim | Laminin-332-rich tumor microenvironment for tumor invasion in the interface zone of breast cancer[END_REF]. A trend toward a worse prognosis when tumors co-expressed peritumoral LM332 γ2 chain and β4 integrin has been reported in a small series of 10 patients [START_REF] Diaz | β4 integrin subunit gene expression correlates with tumor size and nuclear grade in early breast cancer[END_REF], but no significant difference in prognosis between cancers with and without LM 332 was established.

LM 332 is now widely recognized to induce motility of breast cancer cells with integrins [START_REF] Carpenter | Motility induction in breast carcinoma by mammary epithelial laminin 332 (laminin 5)[END_REF] and is associated with breast cancer metastasis [START_REF] Carpenter | Laminin 5 expression in metaplastic breast carcinomas[END_REF]. Knockdown of LM 332-specific β3 and γ2 chains using small-interfering RNA can reduce motility of MDA-MB-231 breast carcinoma cells without affecting their viability [START_REF] Martin | Downregulation of laminin-5 in breast carcinoma cells[END_REF]. In vitro studies addressing breast cancer cell metastasis to the lung revealed that LM 332 produced by pulmonary small airway epithelial cells influences MCF7 breast carcinoma cell migration [START_REF] Carpenter | Migration of breast cancer cell lines in response to pulmonary laminin 332[END_REF]. Since MCF7 cells do not express LM 332, these data reinforced the statement that LM 332 plays a role as a microenvironmental inducer of migration of tumor cells.

LM 332 overexpression has been described in 70% of triple-negative breast carcinomas, which do not express estrogen receptor, progesterone receptor, or human epidermal growth factor receptor 2 [START_REF] Kwon | Laminin 332 expression in breast carcinoma[END_REF]. A recent analysis of the β3 chain by western blot and immunohistochemistry in a large patient cohort with a long-term follow-up revealed that LM 332 expression in breast tumor cells is associated with decreased survival [START_REF] Carpenter | Laminin 332 expression and prognosis in breast cancer[END_REF]. Thus, LM 332 has a role in the aggressive phenotype of some breast cancers and may provide a prognostic marker for triple-negative breast carcinoma.

Malignant transformation of breast epithelial cells is associated with autocrine LM 332, which supports cell survival by inducing α6β4 integrin-RAC-NFkB signaling [START_REF] Zahir | Autocrine laminin-5 ligates alpha6beta4 integrin and activates RAC and NFkappaB to mediate anchorage independent survival of mammary tumors[END_REF]. Of great interest, a treatment combining caloric restriction and ionizing radiation causes tumor regression in models of triple-negative breast cancer by a mechanism involving downregulation of the microRNA miR-17/20a, which targets the LM α3 chain [START_REF] Jin | The metastatic potential of triple-negative breast cancer is decreased via caloric restrictionmediated reduction of the miR-17~92 cluster[END_REF]. These results suggest that LM α3 chain expression in tumor cells decreases their metastatic potential. miR-17/20a had been previously described as a prognostic predictor in oral SCC because of its tumor migration-suppressing function [START_REF] Chang | MicroRNA-17/20a functions to inhibit cell migration and can be used a prognostic marker in oral squamous cell carcinoma[END_REF]. The EGF-like repeats in the LM γ2 N-terminus interact with CD44 on the metastatic breast cancer cell line MDA-MB-231, inducing CD44-and TGF-β receptor I-dependent cell migration [START_REF] Sato | Amino-terminal fragments of laminin gamma2 chain stimulate migration of metastatic breast cancer cells by interacting with CD44[END_REF].

Cancers of the digestive system

As noted, the tumor-derived LM γ2 chain contributes to invasion of tumor cells, and its expression has been immunohistochemically detected in various types of invading carcinomas of the digestive system, such as hepatocellular carcinoma, cholangiocarcinoma, and carcinomas of colorectum, pancreas, stomach, and esophagus [START_REF] Yamamoto | Expression of the gamma(2) chain of laminin-5 at the invasive front is associated with recurrence and poor prognosis in human esophageal squamous cell carcinoma[END_REF][START_REF] Koshikawa | Overexpression of laminin gamma2 chain monomer in invading gastric carcinoma cells[END_REF][START_REF] Pyke | The gamma 2 chain of kalinin/laminin 5 is preferentially expressed in invading malignant cells in human cancers[END_REF][START_REF] Pyke | Laminin-5 is a marker of invading cancer cells in some human carcinomas and is coexpressed with the receptor for urokinase plasminogen activator in budding cancer cells in colon adenocarcinomas[END_REF][START_REF] Soini | Expression of the laminin gamma 2 chain in pancreatic adeno-carcinomas[END_REF][START_REF] Sordat | Differential expression of laminin-5 subunits and integrin receptors in human colorectal neoplasia[END_REF][START_REF] Lohi | Basement membrane laminin-5 is deposited in colorectal adenomas and carcinomas and serves as a ligand for alpha3beta1 integrin[END_REF][START_REF] Lenander | Laminin-5 gamma 2 chain expression correlates with unfavorable prognosis in colon carcinomas[END_REF][START_REF] Giannelli | Laminin-5 chains are expressed differentially in metastatic and nonmetastatic hepatocellular carcinoma[END_REF][START_REF] Liu | Aberrant expression of laminin gamma2 correlates with poor prognosis and promotes invasion in extrahepatic cholangiocarcinoma[END_REF].

It is notable that the γ2 chain has been predominantly detected at the invasive front of colorectal cancers, where tumor cells with the most aggressive phenotype are localized [START_REF] Hase | Prognostic value of tumor "budding" in patients with colorectal cancer[END_REF]. Increased γ2 chain immunoreactivity has been proposed as a factor of poor prognosis for patients with colorectal and anal cancers [START_REF] Aoki | Prognostic significance of laminin-5 g2 chain expression in colorectal carcinoma : immunohistochemical analysis of 103 cases[END_REF][START_REF] Nilsson | Tumour budding detected by laminin-5 g2-chain immunohistochemistry is of prognostic value in epidermoid anal cancer[END_REF]. Most of these studies did not determine whether the α3 and β3 chains are co-expressed in tumor cells.

However, some have firmly shown in stomach, esophageal, colon, liver, biliary, and pancreatic tumors that γ2 chain expression is immunohistochemically detectable in areas where the α3 and β3 chains are not expressed, suggesting that the monomeric γ2 chain might be a specific marker of invasion [START_REF] Hlubek | Expression of the invasion factor laminin gamma2 in colorectal carcinomas is regulated by beta-catenin[END_REF][START_REF] Garg | Laminin-5γ-2 (LAMC2) is highly expressed in anaplastic thyroid carcinoma and is associated with tumor progression, migration, and invasion by modulating signaling of EGFR[END_REF][START_REF] Yamamoto | Expression of the gamma(2) chain of laminin-5 at the invasive front is associated with recurrence and poor prognosis in human esophageal squamous cell carcinoma[END_REF][START_REF] Koshikawa | Overexpression of laminin gamma2 chain monomer in invading gastric carcinoma cells[END_REF][START_REF] Soini | Expression of the laminin gamma 2 chain in pancreatic adeno-carcinomas[END_REF][START_REF] Giannelli | Laminin-5 chains are expressed differentially in metastatic and nonmetastatic hepatocellular carcinoma[END_REF][START_REF] Mizushima | Wide distribution of laminin-5 g2 chain in basement membranes of various human tissues[END_REF][START_REF] Fukushima | Expression of laminin-5-γ-2 chain in intraductal papillary-mucinous and invasive ductal tumors of the pancreas[END_REF][START_REF] Takahashi | Cytoplasmic expression of laminin γ2 chain correlates with postoperative hepatic metastasis and poor prognosis in patients with pancreatic ductal adenocarcinoma[END_REF]. The γ2 chain is secreted as a single subunit in gastric carcinoma cells, where its expression has been detected by immunohistochemistry in budding or disseminating tumor cells [START_REF] Koshikawa | Overexpression of laminin gamma2 chain monomer in invading gastric carcinoma cells[END_REF].

Colorectal cancers have been the subject of intense studies. In the normal colon mucosa, LM 332 expression is more prominent in the basement membrane of the surface epithelium than in the deeper parts of the colonic crypts. A deep immunohistochemical analysis of patient biopsies revealed enhancement of LM 332 at the periphery of colon adenomas (non invasive epithelial neoplasias with potential to malignant and invasive transformation) and its discontinuous expression in carcinomas and metastases.

Decreased levels of the α3 integrin subunit has been found in adenomas, along with decreased α6 and  subunits in carcinomas. A subpopulation of colon carcinoma cells dissociating from neoplastic tubules accumulates LM 332 β3/γ2 heterodimers in the cytoplasm, with progressive loss of surface integrin expression and of the E-cadherin-ßcatenin complex [START_REF] Sordat | Differential expression of laminin-5 subunits and integrin receptors in human colorectal neoplasia[END_REF][START_REF] Sordat | Tumor cell budding and laminin-5 expression in colorectal carcinoma can be modulated by the tissue micro-environment[END_REF]. These findings suggest a loss of heterotrimeric LM 332 expression in a subset of carcinoma cells prone to invading focally and to contributing to disease aggressiveness.

Tumor budding foci, defined as isolated single cells or a cluster of up to four cancer cells, are thought to arise through the processes of cellular discohesion and/or active invasion into the surrounding stroma [START_REF] Shinto | A novel classification of tumour budding in colorectal cancer based on the presence of cytoplasmic pseudo-fragments around budding foci[END_REF]. Overexpression of the LN β3 chain, as well as γ2, shows considerable correlation with high-grade tumor budding, which is a morphological index of tumor dedifferentiation at the invasive front and a powerful prognostic factor in primary colorectal carcinoma [START_REF] Hase | Prognostic value of tumor "budding" in patients with colorectal cancer[END_REF]. Later, the analysis of a cohort of colorectal cancers showed that tumor cells at the cancer-stromal interface and at the invasive front frequently were co-immunopositive for the β3 and γ2 chains in their cytoplasm [START_REF] Akimoto | Laminin 5 beta3 and gamma2 chains are frequently co-expressed in cancer cells[END_REF]. This finding was also the case in biliary tract cancer progression where γ2 and β3 chain expression in carcinoma cells at the invasive front contributed to the more aggressive phenotype [START_REF] Oka | Overexpression of beta3/gamma2 chains of laminin-5 and MMP7 in biliary cancer[END_REF].

Conversely, other studies have reported that gastric carcinoma cells at the invading front show either strong cytoplasmic staining for both β3 and γ2 chains [START_REF] Ii | Coexpression of laminin beta3 and gamma2 chains and epigenetic inactivation of laminin alpha3 chain in gastric cancer[END_REF] or for the γ2 chain without any detectable signal for the α3 or β3 chains [START_REF] Koshikawa | Overexpression of laminin gamma2 chain monomer in invading gastric carcinoma cells[END_REF]. Transcriptional analysis of LM 332 subunits encoding genes in early and advanced-stage colon cancer specimens has identified a significant decrease in the LM 332 β3/γ2 mRNA ratio between normal and early stage colon cancer specimens. The β3/γ2 ratio was further decreased in metastatic colon cancer compared with early stage samples [START_REF] Guess | A Decreased Ratio of Laminin-332 B3 to G2 Subunit mRNA is Associated with Poor Prognosis in Colon Cancer[END_REF]. A shift to a lower β3/γ2 ratio may potentially lead to a decrease in heterotrimer formation and a potential increase in γ2 monomer secretion, intensifying the tumorigenic process. In line with these findings are results in human colon and pancreatic tumor cells that the tumor suppressor Smad4 functions as a positive transcriptional regulator of all three genes encoding LM 332 [START_REF] Zapatka | Basement membrane component laminin-5 is a target of the tumor suppressor Smad4[END_REF]. Functional inactivation of Smad4 is a genetically late event that occurs upon transition from premalignant stages to invasive and metastatic growth. Exposing cultured Smad4-deficient cells to the prominent inflammatory cytokine tumor necrosis factor-α (TNFα) induces expression of the sole γ2 and β3 chain and causes release of a monomeric γ2 chain into the medium, enhancing cell migration [START_REF] Zboralski | responses of Smad4-deficient cancer cells to TNFalpha result in secretion of monomeric laminin-gamma2[END_REF]. The expression of the LM γ2 chain is characteristically detected in tumor cells at the invasion front or in budding cells in many human cancers and is a poor prognostic factor for colorectal cancer [START_REF] Garg | LAMC2 as a therapeutic target for cancers[END_REF][START_REF] Masaki | Laminin-5 gamma 2 chain and matrix metalloproteinase-2 may trigger colorectal carcinoma invasiveness through formation of budding tumor cells[END_REF][START_REF] Shinto | Prognostic implication of laminin-5 gamma 2 chain expression in the invasive front of colorectal cancers, disclosed by area-specific four-point tissue microarrays[END_REF].

Recently, tissue specimens from patients with stage II (n=323) and stage III (n=232) colorectal cancer who underwent curative resection were assessed using LM β3 and γ2 immunostaining [START_REF] Fukazawa | Laminin β3 expression as a prognostic factor and a predictive marker of chemoresistance in colorectal cancer[END_REF]. β3 and γ2 chains were expressed in the cytoplasm of tumor cells at the invasive front, and overexpression of the LM β3 chain, as well as γ2, showed considerable correlation with high-grade tumor budding [START_REF] Fukazawa | Laminin β3 expression as a prognostic factor and a predictive marker of chemoresistance in colorectal cancer[END_REF]. This study revealed that β3 chain immunoreactivity is a poor prognostic factor in stage III colorectal cancer and that high γ2-high β3 in stage III colorectal cancer offers no survival benefit from adjuvant chemotherapy. These findings suggest that the β3 chain may have a specific function related to tumor aggressiveness and chemoresistance [START_REF] Fukazawa | Laminin β3 expression as a prognostic factor and a predictive marker of chemoresistance in colorectal cancer[END_REF].

A cleavage in the β3 chain by MMP-7 has been reported to enhance colon carcinoma cell migration and invasion [START_REF] Remy | Matrilysin 1 influences colon carcinoma cell migration by cleavage of the laminin-5 beta3 chain[END_REF]. These results are interesting because MMP-7 is overexpressed in hepatocellular and colorectal carcinoma [START_REF] Yamamoto | Relation of enhanced secretion of active matrix metalloproteinases with tumor spread in human hepatocellular carcinoma[END_REF][START_REF] Ii | Role of matrix metalloproteinase-7 (matrilysin) in human cancer invasion, apoptosis, growth, and angiogenesis[END_REF], suggesting that both γ2 and β3 chains, in conjunction with MMP-7, may play a role in the progression of cancer cells. Further supporting this hypothesis are findings in gastric carcinoma that the combined expression of MMP-7, LM 332, and EGFR is associated with tumor aggressiveness [START_REF] Sentani | Clinicopathological significance of MMP-7, laminin gamma2 and EGFR expression at the invasive front of gastric carcinoma[END_REF].

Adenocarcinoma of the pancreas

Ductal adenocarcinoma of the pancreas is the most common type of malignant pancreatic cancer as it accounts for about 85% of all tumors of the exocrine pancreas. It arises from the exocrine portion of the pancreas and develops from cells lining from the pancreatic ducts. Invasion mediated via newly deposited LM 332 has early been suggested in pancreatic adenocarcinoma [START_REF] Soini | Expression of the laminin gamma 2 chain in pancreatic adeno-carcinomas[END_REF]. Immunodetection of the LM β3 chain also has been correlated with differentiation, advanced stage, and survival time in a cohort of biopsies from patients with pancreatic ductal adenocarcinoma [START_REF] Chen | Overexpression of β3 chains of laminin-332 is associated with clinicopathologic features and decreased survival in patients with pancreatic adenocarcinoma[END_REF]. A deep analysis of these pancreatic tumors revealed that the cytoplasmic immunohistochemical expression of the three LM 332 subunits was elevated in all 96 adenocarcinoma tissues tested, with increased intensity in areas of the invasive front, cancer cell budding, or poor differentiation, suggesting that accumulation of the three subunits may contribute to a more aggressive cell phenotype [START_REF] Chen | Overexpression of α3, β3 and γ2 chains of laminin-332 is associated with poor prognosis in pancreatic ductal adenocarcinoma[END_REF]. In addition, the overall relative values of α3 and γ2 mRNAs were increased in pancreatic carcinoma compared with controls. Of greatest interest, the cytoplasmic vs ECM localization of the γ2 chain was associated with hepatic metastasis and worse prognosis.

Studies using an anti-γ2 chain N-terminal domain antibody, not distinguishing the monomeric γ2 chain from the other forms, revealed that circulating γ2 fragments were found in the serum of pancreatic ductal adenocarcinoma patients having liver metastases, suggesting that circulating γ2 fragments may be useful as a prognostic indicator [START_REF] Katayama | Laminin γ2-chain fragment circulating level increases in patients with metastatic pancreatic ductal cell adenocarcinomas[END_REF].

Similar results were found in hepatocellular carcinoma, bile duct carcinoma and bladder carcinoma.

Hepatocellular carcinoma

Hepatocellular carcinoma accounts for approximately 90% of primary liver cancers and generally develops in patients with underlying chronic liver disease. LM 332 is not detected in the normal liver [START_REF] Takahashi | Cytoplasmic expression of laminin γ2 chain correlates with postoperative hepatic metastasis and poor prognosis in patients with pancreatic ductal adenocarcinoma[END_REF], but several reports indicate that the γ2 chain is expressed in hepatocellular carcinoma tissues involved in EMT [START_REF] Giannelli | Laminin-5 with transforming growth factor-B1 induces epithelial to mesenchymal transition in hepatocellular carcinoma[END_REF] and is strongly associated with metastasis [START_REF] Giannelli | Laminin-5 chains are expressed differentially in metastatic and nonmetastatic hepatocellular carcinoma[END_REF]. Hepatocellular carcinoma stem cells isolated from hepatic carcinomas show elevated mRNA expression of the LAMC2 gene, and expression of the γ2 chain is found in the ECM surrounding small hepatic progenitor celllike tumor cells with a low proliferation rate [START_REF] Govaere | Laminin-332 sustains chemoresistance and quiescence as part of the human hepatic cancer stem cell niche[END_REF]. Exogenous coating with LM 332 induces a stem-like phenotype and enhanced resistance to traditional chemotherapy, possibly acting as part of the cancer stem niche [START_REF] Govaere | Laminin-332 sustains chemoresistance and quiescence as part of the human hepatic cancer stem cell niche[END_REF]. Results from a western blot analysis of surgically removed hepatocellular carcinoma nodules confirmed these findings and revealed strong expression of the monomeric γ2 chain [START_REF] Kiyokawa | Serum monomeric laminin-γ2 as a novel biomarker for hepatocellular carcinoma[END_REF]. Using a specific antimonomeric γ2 chain antibody in a chemiluminescent immunoassay, the authors further revealed a significant increase in serum monomeric γ2 chain levels in patients with hepatocellular carcinoma when compared with patients with chronic liver disease and healthy volunteers. The γ2 chain levels increased according to the stepwise progression of liver disease and according to tumor stage [START_REF] Kiyokawa | Serum monomeric laminin-γ2 as a novel biomarker for hepatocellular carcinoma[END_REF][START_REF] Koshikawa | Development of a new tracking tool for the human monomeric laminin-c2 chain in vitro and in vivo[END_REF].

Lung adenocarcinoma

Lung cancer is the leading cause of cancer-related deaths in the world. Non-small cell lung cancer, accounting for almost 84% of lung cancer, includes two histological subtypes adenocarcinoma and squamous cell carcinoma, which stem from epithelial cells that line the larger airways and the peripheral small airways.

Lung cancer is rarely surgically resectable at diagnosis because of local invasion and early regional dissemination. The overall poor prognosis is associated with early relapse and metastasis following chemotherapy and radiotherapy. LM 332 is a major component of the bronchioloalveolar basement membrane [START_REF] Mizushima | Wide distribution of laminin-5 g2 chain in basement membranes of various human tissues[END_REF], and the γ2 chain is often overexpressed in invasive lung cancer tissues [START_REF] Määttä | Expression of the laminin gamma2 chain in different histological types of lung carcinoma. A study by immunohisto-chemistry and in situ hybridization[END_REF][START_REF] Kagesato | Sole expression of laminin gamma 2 chain in invading tumor cells and its association with stromal fibrosis in lung adenocarcinomas[END_REF][START_REF] Moriya | Increased expression of laminin 5 and its prognostic significance in lung adenocarcinomas of small size[END_REF][START_REF] Yamaguchi | Histopathologic features of the tumor budding in adenocarcinoma of the lung: tumor budding as an index to predict the potential aggressiveness[END_REF]. These studies reported cytoplasmic staining specific for the γ2 chain without detectable signals of the β3 chain in lung adenocarcinoma cells [START_REF] Kagesato | Sole expression of laminin gamma 2 chain in invading tumor cells and its association with stromal fibrosis in lung adenocarcinomas[END_REF]. A reduction in LM α3 chain expression in lung cancer has been proposed as contributing to basement membrane fragmentation as well as playing some role in the process of cancer cell invasion [START_REF] Akashi | Reduced expression of laminin alpha 3 and alpha 5 chains in non-small cell lung cancers[END_REF]. In vitro, both LAMB3 and LAMC2 genes are expressed preferentially in non-small cell lung carcinoma cells in comparison to small cell lung carcinoma cells [START_REF] Manda | Differential expression of the LAMB3 and LAMC2 genes between small cell and non-small cell lung carcinomas[END_REF]. In a genome-wide transcriptional analysis in an experimental metastasis model, the γ2 chain appeared to be significantly upregulated in lung adenocarcinoma metastatic cells [START_REF] Moon | LAMC2 enhances the metastatic potential of lung adenocarcinoma[END_REF]. High LAMC2 expression was correlated with higher risk of recurrence, metastasis via EMT, or death in patients with lung adenocarcinoma [START_REF] Moon | LAMC2 enhances the metastatic potential of lung adenocarcinoma[END_REF]. In addtition, an association between mutations in the oncogene KRAS and LAMB3 expression was found, raising the possibility of LAMB3 as a prognostic biomarker in KRAS-mutated non-small cell lung cancer [START_REF] Zhou | miR-1298 inhibits mutant KRAS-driven tumor growth by repressing FAK and LAMB3[END_REF].

Although most studies describing γ2 chain expression in cancer result from experiments using antibodies against domain LEb, a recent analysis relied on an antibody against domain LEa [START_REF] Miyazaki | Highly sensitive detection of invasive lung cancer cells by novel antibody against amino-terminal domain of laminin γ2 chain[END_REF] (see Figure 1A). The epitope was detected as being highly accumulated in tumor cells, more particularly in tumor cells infiltrating stroma, correlating with tumor malignancy grade. The LM β3 and α3 chains were frequently overexpressed in tumor cells and tumor stroma, respectively. These results open new perspectives into the molecular forms of LM chains and their fragments expressed in tumor cells. More recently, a study revealed that lung cancer patients exhibiting overexpression of LM 332 together with collagen XVII had a significantly worse prognosis compared to patients overexpressing only one of these proteins and patients negative for these proteins [START_REF] Liu | Collagen XVII/laminin-5 activates epithelial-to-mesenchymal transition and is associated with poor prognosis in lung cancer[END_REF].

Further analysis showed that collagen XVII stabilized LM 332 to activate the FAK/Akt/GSK3β pathway in lung cancer stem cells, thereby suppressing Snail ubiquitination-degradation and maintaining their EMT phenotypes and metastatic ability [START_REF] Liu | Collagen XVII/laminin-5 activates epithelial-to-mesenchymal transition and is associated with poor prognosis in lung cancer[END_REF].

A retrospective study of serum samples from all-stage patients with non-small-cell lung cancer and age-matched healthy volunteers using an enzyme-linked immunosorbent assay revealed that an elevation of circulating γ2 chain was an early emerging event in these cancers. This elevation also was significantly associated with poor prognosis, especially for early stage cases [START_REF] Teng | Prognostic significance of circulating laminin gamma2 for early-stage non-small-cell lung cancer[END_REF].

The lung is also a frequent site for metastasis of many different tumor types. An observation revealed that LM 332 is available for metastatic tumor cells in preexisting patches of exposed basement membrane in the pulmonary vasculature [START_REF] Wang | Tumor cell α3β1 integrin and vascular laminin-5 mediate pulmonary arrest and metastasis[END_REF]. That anti-LM α3 chain antibodies blocked pulmonary arrest provided evidence for LM 332 as a vascular ligand for the tumor cell though an α3β1 integrin dependent mechanism. A role for the α3β1 integrin in lung metastasis was reinforced in breast cancer metastasisassociated cell behavior [START_REF] Zhou | Integrin α3β1 can function to promote spontaneous metastasis and lung colonization of invasive breast carcinoma[END_REF].

Prostate cancer

During prostate tumor progression, the LM composition changes in the basal lamina surrounding the transformed prostatic gland [START_REF] Knox | Differential expression of extracellular matrix molecules and the alpha 6-integrins in the normal and neoplastic prostate[END_REF]. The basal expression of the α6β4 integrin and hemidesmosomes is lost in prostate carcinoma [START_REF] Nagle | Expression of hemidesmosomal and extracellular matrix proteins by normal and malignant human prostate tissue[END_REF][START_REF] Hao | Differential expression of laminin 5 (alpha 3-beta 3-gamma 2) by human malignant and normal prostate[END_REF], and LM 332 β3 and γ2 chain expression is decreased in advanced prostate carcinoma [START_REF] Hao | Investigation into the mechanism of the loss of laminin 5 (alpha3beta3gamma2) expression in prostate cancer[END_REF]. A possible explanation for this reduced expression could be the pathological loss of miR-205 in basal cells of advanced prostatic intraepithelial neoplasia and invasive cancer, which results in reduced expression of all LM 332 subunits and integrin β4 [210]. In addition, both α3 and γ2 LM subunits as well as integrin β4 are repressed by the EMT regulatory transcription factor ZEB1 through direct association with the LAMC2 and ITGB4 promoter regions [START_REF] Drake | ZEB1 coordinately regulates laminin-332 and {beta}4 integrin expression altering the invasive phenotype of prostate cancer cells[END_REF]. Knockdown of the β4 integrin subunit in an in vitro threedimensional model of normal basal prostate cells induced an invasive prostatic phenotype with areas of LM 332 discontinuity through which basal cells exited the spheroid [START_REF] Wang | A basal cell defect promotes budding of prostatic intraepithelial neoplasia[END_REF].

Although loss of LM 332 expression and integrin β4 in prostate cancer is a longstanding observation, other studies have suggested that the β3 chain may play an important role in cancer cell signal transduction. LAMB3 encodes two transcript variants (LAMB3A and LAMB3B) [START_REF] Pulkkinen | Detection of sequence variants in the gene encoding the beta 3 chain of laminin 5 (LAMB3)[END_REF], but only the truncated LAMB3A form appears to be translated into protein [START_REF] Hao | Cell-line specific translation of two laminin 5 b3 chain isoforms[END_REF]. The prostate carcinoma cell line LNCaP, which expresses only the LAMB3B form, neither translates the β3 protein nor assembles a LM 332 trimer.

When the LAMB3A variant is expressed in these cells, the β3 chain is restored, but a LM 332 trimer is not secreted. However, increased cell migration is seen and tumorigenicity is increased in mouse models [START_REF] Calaluce | Laminin-5 beta3A expression in LNCaP human prostate carcinoma cells increases cell migration and tumorigenicity[END_REF]. The β3 chain may thus play a role in enhancing cell motility and tumorigenesis. Early studies have revealed that the MT1-MMP cleavage of the β3 subunit induces cell migration of DU-145 prostate carcinoma cells in vitro [START_REF] Udayakumar | Membrane type-1-matrix metalloproteinase expressed by prostate carcinoma cells cleaves human laminin-5 beta3 chain and induces cell migration[END_REF].

Other findings have also highlighted the importance of β3 in prostate cancer by showing that hepsin, a protease overexpressed in 90% of human prostate tumors, induces cleavage of β3 chain in prostate cancer cells, leading to increased migration [START_REF] Tripathi | Laminin-332 is a substrate for hepsin, a protease associated with prostate cancer progression[END_REF]. Similar results have revealed that matriptase, a type II transmembrane serine protease with expression that correlates with human prostate cancer progression, proteolytically cleaves the β3 chain [START_REF] Tripathi | Laminin-332 cleavage by matriptase alters motility parameters of prostate cancer cells[END_REF]. This event is associated with enhanced speed and directional persistence of prostate cancer cells. Taken together, these findings indicate that not only the LM γ2 chain but also the β3 chain are important in the invasiveness of prostate cancer cells.

Squamous Cell Carcinoma

SCC is a major cancer that arises from stratified epithelia, including the oral epithelium, epidermis, and the epithelia covering the oropharynx, esophagus, vulva, and cervix. Among attributes shared by the normal basal cells of these epithelia are synthesis of LM 332 and control of their cell division by EGF [START_REF] Marinkovich | Tumour microenvironment: laminin 332 in squamous-cell carcinoma[END_REF][START_REF] Dabelsteen | Epithelial cells derived from human embryonic stem cells display p16INK4A senescence, hypermotility, and differentiation properties shared by many p63+ somatic cell types[END_REF]. Abnormal hyperactivity of the EGFR/ERK and the PI3K/Akt/mTOR signaling pathways is typical of advanced SCC. SCCs of all tissue origins have proven refractory to nonsurgical treatment regimens, including small-molecule kinase inhibitors.

Cutaneous carcinoma

Cutaneous SCC (cSCC) is among the most common carcinomas, and its incidence has been rising rapidly over the past two decades. In the process of progression to invasive tumor, cSCC cells invade the dermo-epidermal junction, and the loss of attachment via disassembly of hemidesmosomes is crucial for cSCC cells to migrate and invade [START_REF] Margadant | Regulation of hemidesmosome disassembly by growth factor receptors[END_REF]. Previous studies have reported that LM 332, integrin α6β4, and collagen XVII are overexpressed in cSCC [START_REF] Guess | Defining the role of laminin-332 in carcinoma[END_REF][START_REF] Stewart | Clinical significance of the integrin alpha6beta4 in human malignancies[END_REF][START_REF] Galiger | Targeting of Cell Surface Proteolysis of Collagen XVII Impedes Squamous Cell Carcinoma Progression[END_REF]. Furthermore, both LM 332 and α6β4 integrin are required for tumorigenesis, based on results in a murine xenograft model of human cSCC [START_REF] Dajee | NF-nB blockade and oncogenic Ras trigger invasive human epidermal neoplasia[END_REF]. A frequent and high expression of the γ2 chain has been found in skin basal cell carcinoma, more specifically in those of the aggressive subtypes [START_REF] Hamasaki | Immunohistochemical analysis of laminin 5-g2 chain expression for differentiation of basal cell carcinoma from trichoblastoma[END_REF]. Further analysis has revealed that the γ2 chain expression levels are higher in cSCC than in preinvasive Bowen's disease, a form of in situ preinvasive SCC [START_REF] Hamasaki | Expression of laminin 5-gamma2 chain in cutaneous squamous cell carcinoma and its role in tumour invasion[END_REF][START_REF] Moilanen | Significant Role of Collagen XVII and Integrin β4 in Migration and Invasion of The Less Aggressive Squamous Cell Carcinoma Cells[END_REF]. These results confirm the previously reported pattern of γ2 chain expression at the invasive edges or at the interface of the tumor with the surrounding stroma [START_REF] Natarajan | Coexpression of p16(INK4A) and laminin 5 gamma2 by microinvasive and superficial squamous cell carcinomas in vivo and by migrating wound and senescent keratinocytes in culture[END_REF][START_REF] Pyke | The gamma 2 chain of kalinin/laminin 5 is preferentially expressed in invading malignant cells in human cancers[END_REF][START_REF] Kerkela | Differential patterns of stromelysin-2 (MMP-10) and MT1-MMP (MMP-14) expression in epithelial skin cancers[END_REF]. Along the same lines, LM 322 staining is strongly positive in areas of SCC in keratoacanthomas with malignant transformation and in invasive SCCs but is weak or confined to isolated cells in benign keratoacanthomas [START_REF] Corbalán-Vélez | The value of laminin-322 staining in distinguishing between keratoacanthoma, keratoacanthoma with areas of squamous cell carcinoma, and crateriform squamous cell carcinoma[END_REF]. Of interest, in addition to the regular three LM 332 subunits, a 30-kDa protein corresponding to the cleaved γ2 chain domain LEb fragment has been identified in tumor extracts, suggesting that the γ2 chain cleavage may sustain carcinoma invasiveness [START_REF] Hamasaki | Expression of laminin 5-gamma2 chain in cutaneous squamous cell carcinoma and its role in tumour invasion[END_REF]. Expression analysis of other components of the anchoring complex has demonstrated that the γ2 subunit together with collagen XVII participates in the pathogenesis of ultraviolet light-and chemically induced skin carcinogenesis [START_REF] Moilanen | Significant Role of Collagen XVII and Integrin β4 in Migration and Invasion of The Less Aggressive Squamous Cell Carcinoma Cells[END_REF].

Mutations in collagen VII cause recessive dystrophic epidermolysis bullosa (RDEB), a blistering skin disorder. Even mild trauma splits off the epidermis from the underlying dermis, resulting in severe scarring, deformities of the extremities, and chronic nonhealing wounds [START_REF] Nyström | Injury-and inflammation-driven skin fibrosis: The paradigm of epidermolysis bullosa[END_REF]. A unique feature of this disease is the development of highly aggressive metastatic cSCC, which is fatal in about half of these patients. A striking study revealed that patients are predisposed to developing invasive skin cancers only if they express a crucial part of the collagen VII molecule [START_REF] Ortiz-Urda | Type VII collagen is required for Ras-driven human epidermal tumorigenesis[END_REF]. The study showed that susceptibility to developing invasive SCC, both clinically and experimentally, depends strictly on the retention and deposition of the NCI domain of collagen VII, and more specifically the fibronectin III-like repeats that bind to LM 332. Further analysis showed that the β3 chain domain LE (see Figure 1A), but not domain LN known to be involved in the assembly of stable complexes [START_REF] Rousselle | Laminin 5 binds the NC-1 domain of type VII collagen[END_REF][START_REF] Chen | NC1 domain of type VII collagen binds to the beta3 chain of laminin 5 via a unique subdomain within the fibronectin-like repeats[END_REF][START_REF] Nakashima | Regulation of cell adhesion and type VII collagen binding by the β3 chain short arm of laminin-5: Effect of its proteolytic cleavage[END_REF], plays an essential role in SCC carcinogenesis/invasion through binding to collagen VII, leading to PI3K activation and protection from apoptosis [START_REF] Waterman | A laminin-collagen complex drives human epidermal carcinogenesis through phosphoinositol-3-kinase activation[END_REF]. These studies suggested that LM 332-collagen VII interaction could favor SCC carcinogenesis primarily through signaling events that lead to activation of the PI3K/Akt pathway. Later, this hypothesis was supported by a report showing that antibodies against the short arms of LM 332 β3 and γ2 chains did not affect keratinocyte binding or migration on LM 332 coated plastic, but blocked their migration on a fibroblast derived matrix by inhibiting lamellipodia formation [START_REF] Salo | Antibodies blocking adhesion and matrix binding domains of laminin-332 inhibit tumor growth and metastasis in vivo[END_REF]. These antibodies were able to disturb tumor growth in the murine KLN-205 tumor model. Whether collagen VII was involved is not known, however the short arms of the β3 and γ2 chains may bind to stromal proteins, cooperating with the integrin mediated migration process.

The non-healing wounds seen in RDEB are characterized by increased inflammation and high TGF-β1 levels and activity and are heavily populated by myofibroblasts responsible for enhanced fibrogenesis and matrix stiffness. These changes make the RDEB stroma a microenvironment prone to cancer initiation, where cells with features of CAFs are found [START_REF] Ng | Fibroblast-derived dermal matrix drives development of aggressive cutaneous squamous cell carcinoma in patients with recessive dystrophic epidermolysis bullosa[END_REF]. Collagen VII loss results in impaired keratinocyte migration from perturbed distribution of LM 332 at the basement membrane and of its receptor integrin α6β4, associated with increased activation of LM 332 signaling.

Of note, disorganized expression of LM 332 and integrin α6 is also found in wound biopsies from RDEB patients [START_REF] Nyström | Collagen VII plays a dual role in wound healing[END_REF]. Developing SCCs can heavily modify the tumor stroma, and dermal fibroblasts may convert into CAFs that contribute to cancer invasion and progression [START_REF] Gascard | Carcinoma-associated fibroblasts: orchestrating the composition of malignancy[END_REF]. Recent studies showed that the expression and production of MMP-7 is specifically elevated in cSCCs [START_REF] Kivisaari | Transformation-specific matrix metalloproteinases (MMP)-7 and MMP-13 are expressed by tumour cells in epidermolysis bullosa-associated squamous cell carcinomas[END_REF][START_REF] Kivisaari | Matrix metalloproteinase-7 activates heparin-binding epidermal growth factor-like growth factor in cutaneous squamous cell carcinoma[END_REF]. MMP-7 expression is even more abundant in severe generalized RDEB-associated cSCCs, which are an aggressive subtype of SCC of the skin [START_REF] Kivisaari | Transformation-specific matrix metalloproteinases (MMP)-7 and MMP-13 are expressed by tumour cells in epidermolysis bullosa-associated squamous cell carcinomas[END_REF]. Immunohistochemical studies have revealed elevated MMP-7 expression especially in the invasive edge of the cSCC tumors [START_REF] Kivisaari | Transformation-specific matrix metalloproteinases (MMP)-7 and MMP-13 are expressed by tumour cells in epidermolysis bullosa-associated squamous cell carcinomas[END_REF]. Whether MMP-7 affects LM 332 in these tumors is an important question that remains to be answered.

Head and neck tumors

In head and neck cancers, the γ2 chain is correlated with patient prognosis [START_REF] Ono | Clinicopathologic significance of laminin-5 gamma2 chain expression in squamous cell carcinoma of the tongue: immunohistochemical analysis of 67 lesions[END_REF][START_REF] Katoh | Correlation between laminin-5 g2 chain expression and epidermal growth factor receptor expression and its clinicopathological significance in squamous cell carcinoma of the tongue[END_REF][START_REF] Ziober | The extracellular matrix in oral squamous cell carcinoma: friend or foe?[END_REF], as shown by transcriptome analysis, which has identified LAMC2 among a panel of upregulated genes in oral tongue SCC samples [START_REF] Ye | Transcriptomic dissection of tongue squamous cell carcinoma[END_REF]. The γ2 chain overexpression has been found in many advanced SCCs, such as SCC of the tongue and in premalignant oral and epidermal dysplasias [START_REF] Natarajan | Coexpression of p16(INK4A) and laminin 5 gamma2 by microinvasive and superficial squamous cell carcinomas in vivo and by migrating wound and senescent keratinocytes in culture[END_REF][START_REF] Ono | Clinicopathologic significance of laminin-5 gamma2 chain expression in squamous cell carcinoma of the tongue: immunohistochemical analysis of 67 lesions[END_REF][START_REF] Akimoto | Laminin 5 beta3 and gamma2 chains are frequently co-expressed in cancer cells[END_REF]. In oral SCC, the α3 and γ2 chain were found within the cytoplasm of budding cells in the invasion front and in the adjacent stroma [START_REF] Kosmehl | Distribution of laminin and fibronectin isforms in oral mucosa and oral squamous cell carcinoma[END_REF]. This suggested that oral SCC invasion may be guided by the LM 332 matrix. Strand-like depositions of LM 332, as visualized with an anti-γ2 antibody, co-localize to and orient on fibrillar structures of tenascin-C in the tumor stroma at the invasive front of oral SCC [START_REF] Berndt | Fibrillary co-deposition of laminin-5 and large unspliced tenascin-C in the invasive front of oral squamous cell carcinoma in vivo and in vitro[END_REF]. Most fascinatingly, when oral SCC cells expressing and depositing all three LM 332 subunits are cultured in the presence of tumor stroma fibroblasts, a fibrillary LM 332/tenascin C matrix organization develops [START_REF] Berndt | Fibrillary co-deposition of laminin-5 and large unspliced tenascin-C in the invasive front of oral squamous cell carcinoma in vivo and in vitro[END_REF]. These fibrillar LM 332-containing multiprotein complexes point to a possible invasion-promoting role of the coordinated activity of both carcinoma cells and stroma fibroblasts.

Examination of a cohort of 57 patients with oral SCCs showed that higher γ2 expression is associated with tumor budding and a higher density of neighboring stromal myofibroblasts, suggesting that the establishment of an invasive phenotype may rely on a permissive microenvironment [START_REF] Marangon | Laminin-5 gamma 2 chain expression is associated with intensity of tumor budding and density of stromal myofibroblasts in oral squamous cell carcinoma[END_REF]. The mechanism underlying the neoplastic γ2 chain overexpression was linked to an EGFR/ERK hyperactivity identified as a rather early step during progression to SCC, occurring in some regions of preinvasive dysplasias [START_REF] Degen | MAPK/ERKdependent translation factor hyperactivation and dysregulated laminin gamma2 expression in oral dysplasia and squamous cell carcinoma[END_REF].

EMT mediated by multiple growth factors in oral SCC is accompanied by γ2 chain upregulation [START_REF] Richter | EGF/TGFbeta1 co-stimulation of oral squamous cell carcinoma cells causes an epithelial-mesenchymal transition cell phenotype expressing laminin 332[END_REF], and circulating γ2 fragments have been found in the serum of patients with head and neck SCC [START_REF] Kuratomi | Serum concentrations of laminin γ2 fragments in patients with head and neck squamous cell carcinoma[END_REF].

A comparative genome-wide analysis of head and neck tissue samples revealed alternative splicing events of both the LAMA3 and DST genes, leading to overexpression of the LM α3 chain and the cytoskeletal bullous pemphigoid antigen 1 protein [START_REF] Li | Expression Microarray Analysis Reveals Alternative Splicing of LAMA3 and DST Genes in Head and Neck Squamous Cell Carcinoma[END_REF]. Other studies using head and neck squamous carcinoma cells revealed that the tumorsuppressive miR-218 inhibits cancer cell migration and invasion through regulating LM 332 expression, particularly LAMB3, which encompasses a miR-218 target site [START_REF] Kinoshita | Tumor suppressive microRNA-218 inhibits cancer cell migration and invasion through targeting laminin-332 in head and neck squamous cell carcinoma[END_REF].

These outcomes reinforced earlier results from cervical carcinoma cells [START_REF] Martinez | Human papillomavirus type 16 reduces the expression of microRNA-218 in cervical carcinoma cells[END_REF].

Urinary bladder cancer

The urinary tract is the site of urothelial carcinomas, which derive from urothelial cells and share some features with typical squamous cell carcinomas. An increased risk of death from urinary bladder urothelial carcinoma has been associated with increased LM 332 loss from the basement membrane and increased carcinoma cell retention of LM 332, as visualized by staining of the γ2 chain [START_REF] Hindermann | Immunohistochemical demon-stration of the gamma2 chain of laminin-5 in urinary bladder urothelial carcinoma. Impact for diagnosis and prognosis[END_REF]. A subsequent study showed that expression of γ2 monomers in cancer cells was induced by inflammatory and stromal cytokines, such as TNF-α and TGF-β, and that the sole expression of the LM γ2 chain in urinary bladder carcinoma cells promotes their invasive growth in vivo [START_REF] Tsubota | Expression of laminin gamma2 chain monomer enhances invasive growth of human carcinoma cells in vivo[END_REF]. More recently, immunohistochemical analysis of 35 paraffin-embedded bladder cancer samples revealed that cytoplasmic retention of the γ2 chain is related to tumor invasiveness and increased progression risk [START_REF] Kang | Effect of laminin 332 on motility and invasion in bladder cancer[END_REF]. Of great interest are recent findings showing increased detection of the monomeric γ2 chain in urine of patients with invasive bladder cancer [START_REF] Kamada | Urinary laminin-g2 is a novel biomarker of non-muscle invasive urothelial carcinoma[END_REF][START_REF] Nakagawa | Development of a fully automated chemiluminescence immunoassay for urine monomeric laminin-γ2 as a promising diagnostic tool of non-muscle invasive bladder cancer[END_REF].

Sarcoma

Because LM 332 is a variant expressed in epithelial cells, few studies have examined its expression in cancer of mesenchymal origin. A potential role for LM 332 in sarcoma tumorigenesis has been suggested, however. When LM α3 chain cDNA is transfected into HT1080 human fibrosarcoma cells constitutively expressing the LM β3 and γ2 chains, the LM 332 heterotrimer is assembled and deposited within the ECM, promoting stronger cell adhesion [START_REF] Mizushima | Expression of laminin-5 enhances tumorigenicity of human fibrosarcoma cells in nude mice[END_REF]. Although these authors observed no difference in cell proliferation in the transfectants expressing LM 332 in vitro, those cells grew faster and formed much larger tumors than did control cells when injected subcutaneously into nude mice [START_REF] Mizushima | Expression of laminin-5 enhances tumorigenicity of human fibrosarcoma cells in nude mice[END_REF]. These results were the first hints that the heterotrimeric LM 332 promotes the growth of tumors of mesenchymal origin. They also stressed that the LM 332 heterotrimer is a stronger inducer of fibrosarcoma tumor development than monomers or heterodimers of the β3 and γ2 chains.

Cell lines derived from Ewing's sarcoma, a malignant tumor primarily arising in bone, produce a large and complex pattern of ECM proteins including collagens, fibronectin, and LMs [START_REF] Scarpa | Ewing's sarcoma lines synthesize laminin and fibronectin[END_REF], but the LM isoforms involved in this process were not identified in initial studies. Ewing family tumors (EFTs), including Ewing's sarcoma and peripheral primitive neuroectodermal tumors, are highly malignant tumors arising in adolescents and young adults. EFTs are associated with a chromosomal translocation resulting in a fusion of the amino-terminus of the oncogenic Ewing sarcoma protein (EWS) with the DNAbinding domain of an erythroblast transformation-specific (ETS) transcription factor. By introducing EWS-ETS fusion constructs into the human fibrosarcoma cell line HT 1080 using retroviral transduction, Irifune and colleagues identified the LAMB3 gene as a downstream target of EWS-ETS fusion proteins [START_REF] Irifune | Aberrant laminin beta-3 isoforms downstream of EWS-ETS fusion genes in ewing family tumors[END_REF]. Furthermore, the LM β3 protein was expressed in EFT cell lines and tissues in a variety of isoforms, conferring high proliferation potential on the cells. These data suggest that the oncogenic effect of EWS-ETS may be mediated in part by upregulation of LAMB3 expression. Whether other LM 332 subunits are expressed in EFT cell lines is not known and deserves attention.

In keeping with these findings, immunohistochemical analysis of the LM β3 and γ2 chains in 23 spindle cell sarcomas from various sites revealed positive LM β3 staining in 17 cases. No sarcoma showed staining for the γ2 chain [START_REF] Alfonso | Expression of p40 and laminin 332 in metaplastic spindle cell carcinoma of the breast compared with other malignant spindle cell tumours[END_REF]. Additional work is crucial to ensure an understanding of the role of LM β3 in sarcoma tumorigenesis.

Experiments conducted with osteogenic sarcoma Saos-2 cells have shown that human recombinant BMP-2 decreases Saos-2 cell adhesion to LM 332 by downregulating expression of α3β1 integrin, suggesting that BMP-2 regulates the migration and invasion of malignant sarcoma cells [START_REF] Nissinen | Bone Morphogenetic Protein-2 Is a Regulator of Cell Adhesion[END_REF]. Although these data do not prove that LM 332 is involved in the development of these tumors in vivo, it would be worth examining expression of its subunits in the corresponding human tumors. Very few data are available for blastematous tumors, a heterogeneous group of pediatric tumors of usually poor prognosis including, among others, nephroblastoma, neuroblastoma and retinoblastoma [START_REF] Campbell | Effects of laminin on attachment, growth and differentiation of cultured Y-79 retinoblastoma cells[END_REF][START_REF] Albini | Laminin-induced retinoblastoma cell differentiation: possible involvement of a 100-kDa cell-surface laminin-binding protein[END_REF][START_REF] Peringa | Integrins and extracellular matrix-proteins in the different components of the Wilms' tumour[END_REF]. In vitro studies have revealed the capacity of human SY5Y neuroblastoma cells to adhere to LM 332 and develop neurite outgrowth in an α3β1 integrin-dependent manner [START_REF] Smith | Human SY5 neuroblastoma cell interactions with laminin isoforms: neurite outgrowth on laminin-5 is mediated by integrin alpha 3 beta 1[END_REF].

Full-length LM 332 subunits as potential targets in carcinoma 6.1 Full-length α3 chain

Defects in proteolytic maturation of LM 332 are believed to prevent basement membrane assembly and hemidesmosome formation [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF]. Defective α3 and γ2 processing has been seen in cylindromatosis, a rare genetic disorder characterized by the occurrence of multiple irregular benign epithelial tumors in the upper dermis [START_REF] Tunggal | Defective laminin 5 processing in cylindroma cells[END_REF].

These nodules display a dramatically enlarged basement membrane as well as ultrastructural abnormalities, with no clear lamina densa detected. The different integrin receptors are found in improper ratios, with upregulated β1 integrins and decreased α6β4 integrin expression and hemidesmosome numbers. Despite a massive accumulation of LM 332 throughout the entire basal lamina, a thin labeling of the α3 C-terminal LG45 domain detected at the interface between cylindroma cells and the basal lamina suggests that the LG45 processing may have been delayed. It is not clear whether LM 332 accumulation in the basement membrane is related to this processing defect.

Only one study has reported a missense mutation in the LAMA3 gene affecting

LG4, in this case involving a patient with a mild non-Herlitz junctional epidermolysis bullosa phenotype [START_REF] Scaturro | A missense mutation (G1506E) in the adhesion G domain of laminin-5 causes mild junctional epidermolysis bullosa[END_REF]. This mutation triggers an imperfect local protein folding which, without impairing trimerization, causes LM 332 intracellular accumulation within the endoplasmic reticulum. Only a small amount of the LM 332 harboring the mutated α3 chain is secreted and physiologically processed, thus providing partial adhesion function and explaining the mild phenotype. Therefore, structural changes caused by mutations in this highly conserved residue throughout LM LG4 domains highlight potentially important functions of LG45 in LM secretion.

Recently, LM 332 comprising a full-length α3 chain was proposed to be involved in the invasion of SCC in vivo [START_REF] Tran | Targeting a tumor-specific laminin domain critical for human carcinogenesis[END_REF]. An immunohistochemical analysis with anti-α3-LG45 antibodies of 131 paraffin-embedded SCC tumors, including 75 cSCCs, showed that 75% of the tumors had moderate to strong LG45 expression. The results further indicated that cSCC tumorigenesis was impaired in immunodeficient mice expressing an LG45deprived LM 332 as compared to the wild-type animals expressing full-length LM 332.

LG45-deprived LM 332 tumors showed no LM 332 deposition and exhibited widespread apoptosis, deficient proliferation, and a noticeable invasive defect because of their deficiency in MMP-9 and MMP-1 expression [START_REF] Tran | Targeting a tumor-specific laminin domain critical for human carcinogenesis[END_REF]. These defects were partially restored through overexpression of LG45 and fully restored through overexpression of activated PI3K. Antibodies targeting the LG45 domains induced SCC apoptosis in vivo and thus inhibited tumor proliferation [START_REF] Tran | Targeting a tumor-specific laminin domain critical for human carcinogenesis[END_REF]. Such antibodies are promising because they are as efficient as antibodies targeting the LM 332 integrin binding sites [START_REF] Salo | Antibodies blocking adhesion and matrix binding domains of laminin-332 inhibit tumor growth and metastasis in vivo[END_REF] but they target a LM 332 domain that is not expressed in normal tissues, therefore not prone to generate side effects.

Of particular interest in this context are other findings showing that the transmembrane proteoglycan syndecan-1 is a receptor for the LG45 domain during cell migration, inducing protrusive adhesion structures and activation of the GTPases Rac and Cdc 42 [START_REF] Sulka | Tyrosine dephosphorylation of the syndecan-1 PDZ binding domain regulates syntenin-1 recruitment[END_REF][START_REF] Bachy | Syndecan-1 interaction with the LG4/5 domain in laminin-332 is essential for keratinocyte migration[END_REF]. A study using A431 epidermoid carcinoma cells revealed the ability of syndecan-1 to interact with the α6β4 integrin through its cytoplasmic tail and form a tripartite complex with ErbB2 [START_REF] Wang | Interaction of syndecan and alpha6beta4 integrin cytoplasmic domains: regulation of ErbB2-mediated integrin activation[END_REF][START_REF] Wang | Cytoplasmic domain interactions of syndecan-1 and syndecan-4 with α6β4 integrin mediate human epidermal growth factor receptor (HER1 and HER2)-dependent motility and survival[END_REF]. This syndecan-1 engagement permits α6β4 to be phosphorylated after its clustering, leading to PI3K-dependent cell spreading and Aktdependent protection from apoptosis. Numerous studies have shown that signaling by the α6β4 integrin in migrating keratinocytes and tumor cells is largely driven in response to phosphorylation of its cytoplasmic domain, which promotes hemidesmosome destabilization and cell migration [START_REF] Germain | Phosphorylation of a novel site on the b4 integrin at the trailing edge of migrating cells promotes hemidesmosome disassembly[END_REF][START_REF] Frijns | EGF-induced MAPK signaling inhibits hemidesmosome formation through phosphorylation of the integrin b4[END_REF]. Because syndecan-1 expression regulates tumor cell proliferation, adhesion, and motility [START_REF] Cheng | Syndecans as Cell Surface Receptors in Cancer Biology. A Focus on their Interaction with PDZ Domain Proteins[END_REF], it is conceivable that the LG45 domain in precursor LM 332 may serve to recruit syndecan-1 and allow its interaction with the α6β4 integrin.

Full-length γ2 chain

Numerous studies conducted with breast normal epithelial and carcinoma cells have shown that cell migration-inducing functions of the γ2 chain rely on its proteolysis.

It has been reported that a syndecan-1 interaction with the N-terminal domain in the precursor γ2 chain could negatively regulate β4 integrin phosphorylation, leading to enhanced carcinoma cell adhesion and decreased motility [START_REF] Ogawa | The short arm of laminin γ2 chain of laminin-5 (laminin-332) binds syndecan-1 and regulates cellular adhesion and migration by suppressing phosphorylation of integrin β4 chain[END_REF] and reinforcing the idea that the precursor γ2 chain does not support cell migration. Further work is definitely needed to elucidate the role of syndecan-1 in α6β4 integrin function and reveal whether the full-length α3 and γ2 LM 332 subunits may contribute to its recruitment and possibly differentially regulate its activity.

LM 332 in cancer-associated fibroblasts

Cross talk between tumor cells and the microenvironment is now recognized as crucial for tumor progression, which is closely associated with the malignancy of cancer [START_REF] Bissell | Putting tumours in context[END_REF]. Just as important as the cancer cells in solid tumors are the cells of the microenvironment, consisting of fibroblastic stromal cells, endothelial cells from tumorinduced angiogenesis, and immune cells. Such stromal fibroblasts can differentiate into CAFs under the influence of neighboring tumor cells [START_REF] Alkasalias | Fibroblasts in the Tumor Microenvironment: Shield or Spear?[END_REF] and then support tumor cell progression and invasion. In fact, different cell types can transdifferentiate and represent the source of CAFs, including tissue-resident fibroblasts, fibrocytes, epithelial cells through EMT, adipocytes, mesenchymal stem cells, pericytes, and endothelial progenitor cells [START_REF] Shiga | Cancer-Associated Fibroblasts: Their Characteristics and Their Roles in Tumor Growth[END_REF]. CAFs near tumors feed cancer cells through nutrient-rich exosomes [START_REF] Zhao | Tumor microenvironment derived exosomes pleiotropically modulate cancer cell metabolism[END_REF],

and reciprocal signaling of CAFs with cancer cells promotes cancer cell survival and proliferation [START_REF] Alexander | Stromal dynamic reciprocity in cancer: intrincacies of fibroblastic-ECM interactions[END_REF]. Fibrosis is one of the common features of tumor progression and contributes to tumor microenvironment alterations, including stroma and basement membrane stiffening [START_REF] Hinz | Tissue stiffness, latent TGF-beta1 activation, and mechanical signal transduction: implications for the pathogenesis and treatment of fibrosis[END_REF]. Matrix stiffness together with paracrine and autocrine growth factors may trigger differentiation of cells into CAFs [START_REF] Yeung | Effects of substrate stiffness on cell morphology, cytoskeletal structure, and adhesion[END_REF]. Among the growth factors, TGF is a major inducer of CAF differentiation and can be released from its storage sites within ECM proteins in a tension-dependent manner [START_REF] Alkasalias | Fibroblasts in the Tumor Microenvironment: Shield or Spear?[END_REF]. The induction of immunomodulatory CAF functions leads to the massive production of cytokines and chemokines that modulate tumor growth and invasion and influence tumor angiogenesis and immune infiltration. CAFs can synthesize and secrete abundant soluble molecules, whose major functions in tumors are to break the balance of the microenvironment and induce a stromal reaction, stimulate angiogenesis via a paracrine-mediated inflammatory reaction, and trigger surrounding stromal cells to secrete cytokines or proteinases [START_REF] Bergers | Tumorigenesis and the angiogenic switch[END_REF]. Their influence in cancer cell invasion and metastasis can also be mediated through the production of MMPs that promote ECM degradation [START_REF] Gaggioli | Collective invasion of carcinoma cells. When the fibroblasts take the lead[END_REF].

CAFs are a group of cells that exhibit mesenchymal-like features. They are found in the vicinity or in direct contact with neoplastic cells [START_REF] Kalluri | The biology and function of fibroblasts in cancer[END_REF] and are often the dominant cell type within a solid tumor mass [START_REF] Kalluri | The biology and function of fibroblasts in cancer[END_REF][START_REF] Augsten | Cancer-associated fibroblasts as another polarized cell type of the tumor microenvironment[END_REF]. However, a definite set of markers to identify CAFs has not been entirely established, although a list of candidate markers has been defined, noting that their relative expression and abundance differs in different tissue types [START_REF] Lebleu | A peek into cancer-associated fibroblasts: origins, functions and translational impact[END_REF]. General markers for CAFs are the intracellular smooth muscle actin, as well as the membrane-anchored platelet-derived growth factor receptor and neural/glial antigen 2 proteoglycan (also known as chondroitin-4-sulfate proteoglycan-4) [START_REF] Alkasalias | Fibroblasts in the Tumor Microenvironment: Shield or Spear?[END_REF]. CAFs are involved in production of ECM proteins, such as collagen I, collagen III, fibronectin and its oncofetal variants (EDA), tenascin C, tenascin W, and periostin, and in remodeling enzymes, such as lysyl oxidase (LOX), LOX-like 1, MMPs, and tissue inhibitors of metalloproteinases (TIMPs) [START_REF] Lebleu | A peek into cancer-associated fibroblasts: origins, functions and translational impact[END_REF][START_REF] Degen | Tenascin-W is a novel marker for activated tumor stroma in low-grade human breast cancer and influences cell behavior[END_REF]. Recent data have suggested that at the initial stages of tumor progression, mechanical forces exerted by CAFs represent an alternative mechanism of basement membrane compromise. In the presence of CAFs, cancer cells indeed can invade the basement membrane in a MMP-independent manner by pulling, stretching, and softening it [START_REF] Glentis | Cancerassociated fibroblasts induce metalloprotease-independent cancer cell invasion of the basement membrane[END_REF].

Of greatest interest, LM 332 was recently identified as a component of the tumor stroma produced by CAFs in breast and pancreatic carcinomas.

Aberrant LM 332 upregulation has been found in the fibrotic zone of invasive ductal carcinoma, the most common type of invasive breast cancer [START_REF] Kim | Laminin-332-rich tumor microenvironment for tumor invasion in the interface zone of breast cancer[END_REF]. This zone of particularly dense fibrosis, also called the interface zone, is a 5-mm-wide belt that circles the tumor margin and overlaps with normal tissue. This fibrotic zone in invasive ductal carcinoma could be formed by myofibroblasts that are transdifferentiated from nontumoral epithelial cells around the tumor burden via EMT, which can be induced by MMP-3 or MT1-MMP during tumor invasion [START_REF] Kim | Laminin-332-rich tumor microenvironment for tumor invasion in the interface zone of breast cancer[END_REF][START_REF] Xouri | Origin and function of tumor stroma fibroblasts[END_REF]. A transcriptional analysis of the interface zone revealed ECM gene expression patterns that were distinct from those of the tumor and normal tissue zones. A specific upregulation of LAMA3, LAMC2, ITGA6, and ITGB4 was found as well as an overexpression of the corresponding proteins LM 332 and integrin α6β4. An intensive expression of the LM γ2 chain in the ECM around lobules and a strong membranous pattern of integrin β4 around vessels were detected. LM γ2 chain immunoreactivity was seen in the interface zone, suggesting that at least the LM332 γ2 chain was being produced. Such a result was rather surprising because LM 332 expression decreases in carcinoma cells as breast cancer progresses (see section 3.1).

To understand how the invasiveness of tumor cells affects the behavior of fibroblasts, the authors co-cultured CAFs of the three zones (tumor, fibrotic, and normal breast tissue zones), with less-invasive MCF7 or high-invasive MDA-MB-231 breast cancer cell lines.

They found through PCR analysis that MDA-MB-231, but not MCF7, induced LAMC2 and ITGB4 expression in all fibroblasts tested [START_REF] Kim | Laminin-332-rich tumor microenvironment for tumor invasion in the interface zone of breast cancer[END_REF]. Whether a heterotrimeric LM 332 isoform is produced and deposited by these CAFs remains to be shown. If these cells do assemble and deposit LM 332, then the LM 332-rich tumor interface zone could provide a microenvironment that stimulates integrin-related signaling pathways for migration and survival of invading tumor cells. Indeed, CAFs promote tumor invasion by creating pathways that cancer cells use to escape the tumor mass.

Further results from the same co-culture model confirmed these data and revealed that the MDA-MB-231-conditioned medium strongly induced LAMC2 in the CAFs isolated from the fibrotic zone, an effect that could be inhibited by a TGF-β inhibitor [START_REF] Kim | Invasive breast cancer induces laminin-332 upregulation and integrin b4 neoexpression in myofibroblasts to confer an anoikis-resistant phenotype during tissue remodeling[END_REF].

Conversely, a cell-to-cell contact with MDA-MB-231 cells induced integrin β4 neoexpression in CAFs while sustaining their integrin β1 expression. The authors showed that an increased anoikis resistance of the myofibroblasts was conferred by β4 integrin upregulation, an event that seemed to be amplified by the putative neosynthesized heterotrimeric LM 332 [START_REF] Kim | Invasive breast cancer induces laminin-332 upregulation and integrin b4 neoexpression in myofibroblasts to confer an anoikis-resistant phenotype during tissue remodeling[END_REF]. These results suggest that the LM 332, or its γ2 chain, produced by CAFs may have a role to play in the maintenance of their own survival.

Similar observations were made in CAFs present in the tumor stroma surrounding highly invasive pancreatic duct adenocarcinoma cells [START_REF] Cavaco | The Interaction between Laminin-332 and α3β1 Integrin Determines Differentiation and Maintenance of CAFs, and Supports Invasion of Pancreatic Duct Adenocarcinoma Cells[END_REF]. These CAFs are supported by tumor stroma fibroblasts that have undergone differentiation. In histological sections of grade III human pancreatic adenocarcinoma, a LM α3 chain staining was seen in the tumor stroma. A spheroid culture model of immortalized normal fibroblasts and immortalized CAFs that had been isolated from human pancreatic healthy or adenocarcinoma biopsies revealed that CAFs express all three LM 332 subunits at the transcriptional and protein levels, together with the α3β1 integrin. That study further revealed that normal resident pancreatic fibroblasts differentiate into CAFs upon treatment with TGF-β1, an event that relied on the expression of the α3b1 integrin and its interaction with endogenous LM 332 [START_REF] Cavaco | The Interaction between Laminin-332 and α3β1 Integrin Determines Differentiation and Maintenance of CAFs, and Supports Invasion of Pancreatic Duct Adenocarcinoma Cells[END_REF]. This interaction seems to regulate the actomyosin machinery and cell contractility. In this case, the heterotrimeric LM 332 seems to be involved in CAF differentiation and functionality. CAFs use force to remodel the stromal ECM, straightening collagen fibers and aligning them parallel to their long axis through actomyosin contractility [START_REF] Malik | Biomechanical and biochemical remodeling of stromal extracellular matrix in cancer[END_REF][START_REF] Gopal | Fibronectinguided migration of carcinoma collectives[END_REF][START_REF] Barbazan | Cancer associated fibroblasts: is the force the path to the dark side? Current Opinion in[END_REF]. Tumor-associated collagen signatures have been identified using second-harmonic generation microscopy and correlate with prognosis [START_REF] Provenzano | Collagen reorganization at the tumor-stromal interface facilitates local invasion[END_REF][START_REF] Conklin | Aligned collagen is a prognostic signature for survival in human breast carcinoma[END_REF]. Whether LM 332 is involved in this process is crucial to resolve. These convincing preliminary data showing that LM 332 is upregulated in CAFs are surprising and intriguing. They warrant additional attention, having already opened new perspectives on the impact of LM 332 in cancer biology and reinforcing its potential as a powerful biomarker. Also, this discovery gives scientists new insight on potential treatments for breast and pancreatic cancer that would target LM 332 in CAFs. Studies deciphering its role and potential impact on CAFs mechanical properties will be essential.

Conclusion and perspectives

There is no doubt that LM 332 is involved in cancer development. The tremendous amount of data on cancer cells and tissues has led to the conclusion that the expression of the LM γ2 chain is characteristically detected in tumor cells at the invasion front or in budding cells in many human cancers and correlates well with tumor invasiveness and poor patient prognosis. High LAMC2 expression is correlated with a higher recurrence risk, metastasis via EMT, or death in patients. In addition, cleavage of the γ2 chain in its LEb domain produces fragments that bind and activate EGFR to stimulate cell migration and survival and could definitely be involved in the tumor process initiation or maintenance. Some results suggest that the heterotrimeric LM 332 is lost in the basement membrane of developing carcinoma, compromising LM 332's structural and adhesion properties and opening the door to modified signaling events. Either proteolytic degradation of LM subunits or modified transcriptional regulation may be the cause. For instance, expression loss of the LM 332-encoding genes reported in lung, breast, and bladder cancers is associated with gene methylation [START_REF] Sathyanarayana | Epigenetic inactivation of laminin-5-encoding genes in lung cancers[END_REF][START_REF] Sathyanarayana | Aberrant promoter methylation and silencing of laminin-5-encoding genes in breast carcinoma[END_REF][START_REF] Sathyanarayana | Molecular detection of noninvasive and invasive bladder tumor tissues and exfoliated cells by aberrant promoter methylation of laminin-5 encoding genes[END_REF]. In addition, LAMA3 promoter methylation frequency in breast tumors is associated with higher tumor stage and larger tumor size. The loss of expression of the α3 chain seems to favor the expression and possibly deposition of a β3/γ2 dimer and γ2 chain monomers, leading to potential additional tumor supporting cleavages on these two subunits. Nevertheless, a number of studies have found that heterotrimeric LM 332 is responsible for tumor progression and that this LM 332, produced either by the cancer cells themselves or by CAFs, may have a function in promoting cancer cell survival and invasion. Regardless of this possibility, the need now is to clarify whether expression is found in cells, ECM, or both. For example, limited reports have described the precise expression pattern of the LN γ2 chain in cancer and its relation to prognosis. A study of esophageal cancer reported the distinct expression of the LM γ2 chain in cells or in the ECM [START_REF] Ito | Clinicopathological significance of laminin-5γ2 chain expression in superficial esophageal cancer[END_REF], showing that a cell expression pattern was associated with unfavorable outcomes. A similar γ2 chain patterning approach in lung SCC revealed that γ2 chain expression in carcinoma cell cytoplasm and in part of the peripheral nest was associated with poor prognosis [START_REF] Masuda | Laminin-5γ2 chain expression is associated with tumor cell invasiveness and prognosis of lung squamous cell carcinoma[END_REF]. A recent study investigated the potential correlations between the protein expression of the three LM 332 subunits and clinicopathological factors in 96 pancreatic ductal adenocarcinomas [START_REF] Chen | Overexpression of α3, β3 and γ2 chains of laminin-332 is associated with poor prognosis in pancreatic ductal adenocarcinoma[END_REF]. The carcinoma cell cytoplasmic expression of the three subunits was elevated in all 96 samples and often was more intense in areas of the invasive front, cancer cell budding, or poor differentiation. These findings suggest that accumulation of the three subunits may contribute to a more aggressive phenotype of carcinoma cells.

The γ2 chain patterning approach indicated that when a biopsy revealed a γ2 staining pattern in the basement membrane, patient outcome was significantly better than with cellular staining [START_REF] Chen | Overexpression of α3, β3 and γ2 chains of laminin-332 is associated with poor prognosis in pancreatic ductal adenocarcinoma[END_REF]. The results indicate that in cases with a good outcome, the basement membrane structure in well-differentiated adenocarcinoma was maintained and that the continuous structures prohibited the invasion and metastasis of tumor cells.

In contrast, the basement membrane structure in poorly differentiated adenocarcinoma was disrupted and associated with poor prognosis in patients with pancreatic cancer.

The development of cancer takes place in a multi-step process that may occur over a long period of time [START_REF] Farber | The Multistep Nature of Cancer Development[END_REF]. As the cells become more abnormal, they gain new capabilities, such as the ability to release growth factors and proteolytic enzymes.

Whether LM 332 expression modifications are accompanying these successive steps is not known and would deserve attention. The refined characterization of the molecular form and size of each LM 332 subunit expressed in tumoral tissue as well as their potential assembly will help with understanding of whether LM 332, or one of its subunit or fragments can be considered as biomarkers of carcinogenesis initiation and/or of further developmental stages including metastasis. For instance, an in vitro study revealed that less differentiated human colonic cancer HT29 cell lines produce and deposit a LM 332 that predominantly comprises the precursor 155 kDa γ2 chain [START_REF] Orian-Rousseau | Human colonic cancer cells synthesize and adhere to laminin-5. Their adhesion to laminin-5 involves multiple receptors among which is integrin alpha2beta1[END_REF]. In contrast, the highly enterocyte-like differentiated colon carcinoma Caco-2 cells produce almost no LM 332. In these cells, the major chain synthesized is the γ2 chain, while α3 and β3 chains are barely detectable; leading to an intracellular accumulation of the 155 γ2 chain. This study highlights that depending on their differentiation features, cell display distinctive LM 332 expression patterns during their malignant transformation.

The biochemical analysis of the three chains and their molecular forms expressed in the basement membrane or in the tumor stroma will offer insight into the mechanisms underlying effect of LM 332 on tumor development and maintenance. 
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 1 Expression of LM 332 and its constitutive subunits in cancer

			Tumor type	Intracellular chain	Loss of LM 332	LM 332 expression	Prone to	Serum
				retention at	in the basement	in stroma during	metastasis	detection
				invasive front	membrane	progression	
			Breast cancer	γ2 chain	yes	LM 332 produced	High LM 332 in
	ADENOCARCINOMA	Colorectal cancer Pancreas ductal adenocarcinoma Hepatocellular carcinoma	β3/γ2 dimers α3, β3, γ2 chains γ2 chain	yes yes No LM 332 in the liver	β3/γ2 dimers γ2 monomer Clivage in β3 LM 332 produced by CAFs by CAFs γ2 in the ECM	stroma Decreased β3/ γ2 ratio γ2 monomer: bad prognosis γ2 chain	γ2 fragments γ2 fragments
			Lung adenocarcinoma γ2 chain (β3 ?)	yes		γ2 chain (α3 ?)	γ2 chain
			Prostate cancer	β3, γ2 chains	yes	β3 chain variants	Clivage in β3
	SQUAMOUS CELL	CARCINOMA	Cutaneous carcinoma γ2 chain Precursor α3 chain Head and neck tumors α3, γ2 chains Urinary bladder cancer γ2 chain	yes yes	High LM 332 Precursor α3 chain High LM 332	High LM 332 (β3 ?) High γ2 chain Clivage in γ2 High LM 332 High γ2 chain High γ2 chain	γ2 fragments γ2 chain and fragments
	SARCOMA	Ewing family tumors Spindle cell sarcoma	β3 chain β3 chain			
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