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par!le!récepteur! Fas/CD95!

This!motif!is!involved!in!reverse!signaling!by!FasL!(see!below) [58,!59].!Moreover,!FasL! comprises!an!extended!proline)rich!domain!(PRD)!(45-65!amino!acids),!Contrary!to!all! other!members!of!the!protein!family.!It!acts!as!a!docking!site!for!proteins!containing! proline)interacting!Src)homology!3!(SH3)!or!WW!domains!(module!of!around! 40!aa! defined! by! the! presence! of! two! conserved! tryptophan! residues).! This! domain! is! responsible!for!FasL!distribution!to!lipid!rafts! [60]!that!is!essential!for!a!maximum!Fas! receptor)Fas!ligand!contact!and!an!optimal!cell!death!signaling! [START_REF] Cahuzac | !Fas!ligand!is!localized!to!membrane!rafts,!where!it!displays! increased!cell!deathCinducing!activity.!Blood[END_REF].!! ! ! In!contrast!to!Fas,!FasL!expression!is!limited!and!highly!regulated.!It!is!expressed!by!cytotoxic! T!lymphocytes!(CTLs)!and!natural!killer!(NK)!cells!to!selectively!kill!virus!infected!or!tumorigenic! cells! [62].!FasL!is!also!found!expressed!on!the!immune!privileged!sites,!where!development!of! an!inflammatory!response!has!to!been!limited!to!avoid!inflammation)related!destruction!of! the! integrity! and! function! of! the! tissues.! Such! privileged! sites! are! found! in! the! eye,! testis,! placenta!or!pregnant!uterus!as!well!as!in!neurons!and!astrocytes!of!the!central!nervous!system! [63].!Other!organs!express!FasL!only!during!periods!of!extreme!inflammatory!responses!and! during!cancer!development,!such!as!the!liver!and!small!intestine! [64,!65].!

I.B.a.3! Proteolytic&processing&of&FasL&generates&different&forms&with&different&functions&&

Proteolytic!processing!by!ectodomain!shedding!is!a!common!feature!of!various!membrane! proteins.!This!is!the!case!for!FasL,!therefore!it!can!be!found!as!soluble!forms.!Indeed!different! matrix!metalloproteinases!(MMPs)!have!been!involved!in!FasL!shedding,!such!as!MMP3! [66],! MMP7! [67],!MMP9! [68].!However,!the!soluble!FasL!(sFasL)!generated!by!MMP7!and!MMP9! had!a!pro)apoptotic!activity!in!contrast!to!previous!described!sFasL!fragments.!This!suggest! that!the!pro)!or!anti)apoptotic!function!and!the!exact!nature!of!sFasL!produced!by!ectodomain! shedding!seems!to!depend!both!on!the!cellular!microenvironment!and!on!its!interactions!with! specific!components!of!the!extracellular!matrix.!Furthermore,!our!lab!in!collaboration!with! the! team! of! Dr.! Zoernig! identified! a! disintegrin! and! metalloproteinase! domain)containing! protein!10!(ADAM10)!as!a!major!FasL!sheddase!in!T)cells! [START_REF] Kirkin | !The!Fas!ligand!intracellular!domain!is!released!by!ADAM10!and! SPPL2a!cleavage!in!TCcells.!Cell!Death!Differ[END_REF].!! Only!the!membrane!FasL!(mFasL)!leads!to!strong!activation!of!apoptosis!upon!Fas!engagement! [70,!71].!As!for!sFasL,!it!inhibit!the!apoptotic!signal!triggered!by!the!membrane!ligand! [START_REF] Suda | !Membrane!Fas!ligand!kills!human!peripheral!blood!T!lymphocytes,!and! soluble!Fas!ligand!blocks!the!killing[END_REF].! Biochemical!studies!led!to!propose!that!aggregation!of!multiple!pre)assembled!Fas!trimers!on! the!surface!of!responding!cells!is!needed!to!induce!an!optimal!cell!death!signaling! [73].!Indeed,! sFasL!is!not!able!to!efficiently!induce!Fas!death!signaling,!while!in!the!presence!of!a!cross" linking! antibody,! the! efficiency! of! apoptosis"induction! by! sFasL! was! greatly! increased,! suggesting! that! the! lesser! pro"apoptotic! potency! of! sFasL! reflects! an! inability! to! induce! trimerization! of! the! Fas! receptor! [START_REF] Dupont | !Fas!ligand!exerts!its!proCinflammatory!effects!via! neutrophil!recruitment!but!not!activation[END_REF].! These! results! are! coherent! with! the! results! by! P.! Legembre's!group!illustrating!that!only!the!naturally!cleaved!trimeric!FasL,!in!contrast!to!the! oligomerized! forms! of! FasL,! induces! cell! migration! signaling! upon! Fas! binding! (see! Fas! ! 24! signaling! section) [START_REF] Tauzin | !The!naturally!processed!CD95L!elicits!a!cCyes/calcium/PI3KCdriven! cell!migration!pathway[END_REF].! Suggesting! that! the! mFasL! triggers! a! better! Fas! aggregation! than! soluble!FasL!trimers.!! In!addition!to!these!membrane!and!soluble!forms,!FasL!can!also!exist!in!a!membrane!form! with! cytotoxic! activity,! on! the! surface! of! small! vesicles! called! exosomes.! Indeed,! several! studies!have!demonstrated!that!FasL!containing!exosomes!are!released!by!many!types!of!FasL) producing! cells,! including! NK! cells,! cytotoxic! T! cells,! retinal! pigment! epithelial! cells,! and! placental!trophoblasts! [START_REF] Lundy | !Killer!B!lymphocytes!and!their!fas!ligand! positive!exosomes!as!inducers!of!immune!tolerance.!Front!Immunol[END_REF].!Moreover,!a!study!by!Abusamra!et!al.!revealed!that!tumor!cells! expressing!FasL,!can!also!produce!FasL!positive!exosomes!that!target!tumor)specific!CD8 + !T! cells!and!promote!tumor!immune!escape! [77].! !

I.B.a.4! FasL&function:&

The!membrane!bound!FasL!has!double!roles,!it!can!diffuse!signals!both!as!a!ligand!and!as!a! receptor!in!a!cell)to)cell!contact)mediated!manner.!This!means!that!mFasL!not!only!mediates! the!forward!signals!to!Fas!in!the!target!cells!through!cell)to)cell!contact!(described!in!section! below)!but!also!transmits!reverse!signals!back!into!the!mFasL)bearing!cells!in!a!process!called! reverse!signaling! [START_REF] Lee | !Reverse!Signaling!of!Tumor!Necrosis!Factor!Superfamily!Proteins!in! Macrophages!and!Microglia:!Superfamily!Portrait!in!the!Neuroimmune!Interface[END_REF].! Our!lab!reported!that!upon!FasL!shedding!by!ADAM10,!the!remaining!membrane!anchored! 17)kDa!N)terminal!fragment,!is!further!cleaved!by!a!member!of!the!signal!peptide!peptidase) like!2a!family!of!intramembrane)cleaving!proteases!(SPPL2a).!This!cleavage!liberates!a!smaller! and!highly!unstable!fragment!that!has!been!shown!to!be!able!to!translocate!to!the!nucleus! and!capable!of!inhibiting!gene!transcription!in!T!cells! [START_REF] Kirkin | !The!Fas!ligand!intracellular!domain!is!released!by!ADAM10!and! SPPL2a!cleavage!in!TCcells.!Cell!Death!Differ[END_REF].!This!FasL!reverse!signaling!has!been!

found!important!in!negative!fine)tuning!of!certain!immune!responses! [78].!! Others!molecular!explanations!for!the!FasL!reverse!signaling!have!been!reported.!It!has!been!

shown! that! FasL! proline)rich! sequence! initiates! reverse! signaling! which! is! involved! in! co) stimulation!of!CD8 + !T!cells,!optimal!thymocyte!maturation,!and!antigen)driven!proliferation!of! mature! T! cells! [START_REF] Lee | !Reverse!Signaling!of!Tumor!Necrosis!Factor!Superfamily!Proteins!in! Macrophages!and!Microglia:!Superfamily!Portrait!in!the!Neuroimmune!Interface[END_REF].! Upon! Fas! activation,! FasL! is!phosphorylated! as! well! as! other! signaling! molecules!such!as!AKT,!ERK,!and!c)Jun!N)terminal!kinase!(JNK)!that!will!activate!transcription! factors!and!enhance!IFN)"!production! [79].!Another!study!showed!that!the!serine/threonine! residues!in!CKI!binding!motif!is!needed!for!the!FasL)mediated!activation!of!nuclear!factor!of! activated! T! cells! (NFAT)! and! co)stimulation! of! T! cells! [START_REF] Sun | !Cutting!edge:!two!distinct!motifs!within!the!Fas!ligand!tail!regulate!Fas! ligandCmediated!costimulation[END_REF].! These! results! suggest! that! FasL! 85].!Fas!pre)exists!at!the!plasma!surface!as!a!homotrimer,!in!the!absence!of!ligand! [START_REF] Chan | !A!domain!in!TNF!receptors!that!mediates!ligandCindependent! receptor!assembly!and!signaling[END_REF].!

The!extracellular!region! of!pre)ligand!assembly!domain!(PLAD)!makes!it!possible!to! homotrimerize,!by!homophilic!bonds.!This!PLAD!domain!is!localized!at!CRD1! [73]!and! is!essential!for!FasL!binding!as!well!as!for!apoptotic!signal!transduction!(Figure !3).!The! extracellular!domain!harbor!also!a!conserved!extracellular!glycosphingolipid)binding! motif!(GBM)!identified!as!one!of!the!regulatory!elements!in!the!decision!of!the!nature! of!the!receptor!internalization!route!used! [86].! •! The!transmembrane!region!(TM)!has!19!amino!acids!that!forms!a!stable!homo)trimer! of! Fas! in! the! lipid! bilayer.! The! intramembrane! trimerization! of! Fas! is! necessary! for! efficient! activity! of! the! receptor! [START_REF] Fu | !Structural!Basis!and!Functional!Role!of!Intramembrane!Trimerization!of! the!Fas/CD95!Death!Receptor[END_REF].! Moreover,! the! absence! of! TM! by! alternative! signaling!of!Fas!mRNA,!produce!a!soluble!form!of!Fas!that!act!as!decoy!and!prevent! cell!death! [START_REF] Tejedor | !GenomeCwide!identification!of!Fas/CD95! alternative!splicing!regulators!reveals!links!with!iron!homeostasis[END_REF].!! !

•! The! cytoplasmic! domain! is! constituted! of! 145! amino! acids,! containing! the! death! domain!(DD)!and!a!lysin)rich!region!(LRR)!at!the!proximal)membrane!region!of!Fas.!The! DD!is!a!region!of!approximately!80!amino)acid!residues!containing!a!series!of!six!α) helices.!Fas!induces!cell!death!signaling!through!its!DD,!that!is!capable!of!establishing! homotypic! interactions! with! a! DD)containing! molecules! such! as! Fas)associated! DD! (FADD)! [START_REF]1.1! Role!of!AJ!in!"transcriptional!regulation[END_REF].! Mutations! in! the! DD! halts! ligand)induced! apoptosis! and! causes! autoimmune!lymphoproliferative!syndrome!(ALPS).! [START_REF] Wang | !The!FasCFADD!death!domain!complex!structure!reveals!the!basis!of! DISC!assembly!and!disease!mutations.![END_REF].!There!are!two!models!of!Fas! DD!/FADD!recruitment.!Scott!and!co)workers!describe!that!the!Fas)FADD!complex!is! formed! by! dimer! units! (where! two! Fas)DD! binds! to! two! FADD)DD),! that! can! additionally! dimer! into! a! tetramer! structure! (4! Fas! plus! 4! FADD)! [START_REF] Scott | !The!FasCFADD!death!domain!complex!structure!unravels!signalling! by!receptor!clustering.!Nature[END_REF].! Meanwhile,!

Wang's!team!reported!that!the!Fas!DD/FADD!complex!is!rather!composed!of!5!FADD! units!layered!on!a!5)member!Fas!DD! The!finding!of!the!interaction!of!Fas!with!the!Fas)associated!phosphatase)1!(FAP1),!a!protein! containing! a! PSD)95/Dlg)A/ZO)1! (PDZ))domain,! lead! to! the! identification! of! a! PDZ)binding! domain!at!the!C)terminal!part!of!Fas!(three!amino!acids!332)335!SLV!(serine)leucine)valine! amino! acids))! [90].! The! PDZ)binding! domain! allow! the! interaction! with! a! PDZ! domain! containing! proteins! known! to! play! a! key! role! in! the! formation! and! function! of! signal! transduction!complexes.!Interestingly,!the!murine!Fas!lacks!the!three!amino!acids!SLV!at!its!C) terminal!part.!This!suggests!that!the!PDZ)binding!domain!of!Fas!emerged!in!humans!and!is!not! conserved!through!species! [START_REF] Cuppen | !No!evidence!for!involvement!of!mouse!proteinCtyrosine! phosphataseCBASClike!FasCassociated!phosphataseC1!in!FasCmediated!apoptosis[END_REF].!In!my!thesis,!we!used!the!PDZ)binding!domain!of!human!Fas! as!a!bait!in!a!proteomic!screen!in!order!to!identify!molecular!partners!of!Fas.!This!led!us!to!the! discovery!of!19!new!interactants!of!Fas!including!FAP)1!(see!Results!section).! !

I.B.b.2! Expression&of&Fas&

In! contrast! to! FasL,! the! expression! of! Fas! is! ubiquitous.! For! example,! Fas! expression! is! constitutively! expressed! in! several! epithelial! tissues! including! the! biliary! tract,! the! reproductive!system!of!both!genders!and!the!intestine! [START_REF] Leithäuser | !Constitutive!and!induced!expression!of!APOC1,!a!new!member!of! the!nerve!growth!factor/tumor!necrosis!factor!receptor!superfamily,!in!normal!and! neoplastic!cells[END_REF].!Fas!is!also!abundant!in!thymus,! liver,!kidney!and!heart! [93].!This!expression!can!be!nevertheless!modulated.!!

The! increase! of! Fas! expression! is! observed! in! several! situations! including:! (i)! during! the! T! lymphocytes!activation!or!infection!by!viruses,!such!as!human!leukemia!virus!T!(HTLV)1),!the! virus!human!immunodeficiency!(HIV)1)!or! Epstein)Barr!virus!(EBV)! [94)96];!(ii)!through!the! action!of!Interferon)γ!or!cytokines!involved!in!inflammation! [92,!97].!(iii)!during!hematopoietic! cell! differentiation,! immature! CD34+! hematopoietic! progenitors! gradually! increase! Fas! expression!at!their!surface!during!their!differentiation! [98].! On!the!other!hand,!a!downregulation!or!a!loss!of!Fas!expression!is!frequently!found!in!the! progression! of! a! number! of! human! malignancies,! including! colon,! breast,! lung,! and! liver! carcinoma! [START_REF] Abrams | ,!Death!receptor!recruitment!of!endogenous!caspaseC10!and! apoptosis!initiation!in!the!absence!of!caspaseC8[END_REF].! that!Fas!stimulation!upon!FasL!binding!leads!to!conformational!changes!in!Fas's!intracellular! DD,!promoting!the!aggregation!of!additional!Fas!molecules!into!large!clusters.!This!expanded! complex!is!then!capable!of! recruiting!FADD!through!homotypic!ligation!and!initiating!DISC! formation! [START_REF] Scott | !The!FasCFADD!death!domain!complex!structure!unravels!signalling! by!receptor!clustering.!Nature[END_REF].!FADD!also!carries!a!N)terminal!protein-protein!interaction!domain,!the!death! effector! domain! (DED),! and! by! homologous! interaction! recruits! the! DED)containing! procaspase)8! (FLICE)! and! form! the! DISC! [104].! Through! close! proximity,! DISC)bound! procaspase)8!dimers!undergo!autocatalytic!cleavage!to!stabilize!caspase)8!in!its!catalytically! active!conformation! [105].!Active!and!mature!caspase)8!is!then!released!from!the!DISC!into! the!cytosol!in!a!hetero)tetrameric!form,!consisting!of!two!p10!and!two!p18,!where!it!activates! downstream!effector!caspases,!including!caspase)3!and!caspase)7,!to!drive!apoptosis![100].! In!human,!another!initiator!caspase!known!to!be!recruited!to!the!Fas!DISC!is!the!caspase)10,! which!is!highly!homologous!to!caspase)8![106].!However,!they!exhibit!a!selective!substrates! cleavage,!which!may!suggest!that!their!biological!function!may!differ! [107].!! Two!different!Fas)induced!apoptosis!pathways!were!described!depending!on!the!cell!type,! type!I!and!type!II,!presents!in!(Figure !7).!In!contrast!to!type!I!cells,!the!DISC!formation!and!the! activated!caspase)8!is!not!sufficient!to!induce!FasL)mediated!apoptosis!in!the!type!II!cells,!and! therefore!the!mitochondrial!pathway!is!required.!Caspase)8!cleaves!the!pro)apoptotic!BH3! domain! only! containing! Bcl)2! family! member,! Bid,! that! is! responsible! for! the! activation! of! mitochondrial! pathway.! Truncated)Bid! (t)bid)! translocate! to! the! mitochondria! where! it! induces! the! activation! of! Bax! and! Bak.! Active! Bax! and! Bak! cause! mitochondrial! outer! membrane! permeabilisation! (MOMP),! enabling! the! release! of! apoptotic! factors! including! cytochrome!c!and!Smac/Diablo!into!the!cytoplasm.!Cytochrome!c!forms!a!complex!with!dATP,! apoptotic! protease! activating! factor! 1! (Apaf)1)! and! the! initiator! procaspase! 9! forming! a! multimeric!complex!known!as!the!'apoptosome'.!The!apoptosome!activates!caspase!9,!that! can!then!cooperate!with!caspase)8!to!cleave!and!activates!effector!caspases!in!the!cytosol.! Meanwhile,! Smac/Diablo! promote! caspase! activation! through! neutralizing! the! inhibitory! effects!to!inhibitor!of!apoptosis!proteins!(IAPs)!,!which!finally!enhance!the!apoptotic!signal! Classic cadherins are single-pass transmembrane proteins that interact with a number of different cytoplasmic proteins to carry out their functions, which include cell-cell adhesion, cytoskeletal anchoring and signalling 2,30,34 . Classic cadherins form a core protein complex that consists of a parallel (cis) cadherin dimer and the catenin polypeptides (FIG. 2b). α-Catenin interacts, through β-catenin, with the distal part of the cadherin cytoplasmic domain, and p120 catenin interacts with a more proximal region of the cytoplasmic domain 40-42 . These cadherin proteins are universally present in all cadherin complexes BOX 1. α-Catenin can mediate physical links to the actin cytoskeleton, either by directly binding actin filaments 43 or indirectly through other actin-binding proteins such as vinculin, α-actinin, and ZO1 REFS 14,4446. p120 catenin seems to influence cadherin function in several ways (see below).

The extracellular domain of the classic cadherin molecule consists of five cadherin-type repeats, called EC (extracellular cadherin) domains that are bound together by Ca 2+ in a rod-like structure 47,48 . The extracellular-domain dimer mediates the adhesive binding function that is regulated by catenins and the cytoplasmic domain.

The cadherins and tissue morphogenesis

The cadherins and cell sorting. The expression of different types of cadherins mediates selective cell recognition events that are responsible for the sorting of different groups of cells in developing tissues, and the formation of selective connections between neurons in the developing nervous system 2,11,36 . The phenomenon of selective cell recognition and cell sorting is controlled by several different parameters. Cell sorting seems to be due in part to the HOMOPHILIC BINDING specificity of the extracellular domain, as the identity of the EC1 domain determines cell-sorting specificity when experimentally transferred from one cadherin to another 49 . However, different cadherins can be promiscuous with regards to their adhesive binding properties, with evidence for heterophilic adhesion between different classic cadherins 50,51 . The level of cadherin expression, and presumably therefore the overall strength of adhesion, has also been found to strongly influence cell-sorting behaviour, independently of the type of cadherin expressed 51,52 . Furthermore, it is important to realize that many cell types express several different cadherins, but the combinatorial property of cadherin expression that controls cell-sorting behaviour has not yet been identified. For example, during the development of the spinal cord, spinal motor-neuron cell bodies express several classic cadherins and sort into different functional groups. Each group of neuronal cell bodies expresses a different set of four cadherins, but the expression of one particular cadherin was found to dominate sorting behaviour for each group 53 . These findings indicate that homophilic binding specificity can contribute to cell-sorting behaviour. However, other factors, such as cadherin-mediated signalling events, quantitative differences in adhesion, or other cellular consequences of adhesion that are mediated by different cadherins (for example, cytoskeletal organization), can determine overall cell-sorting behaviour. 

RE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 6 | AUGUST 2005 | 625 R E V I E W S Table!5:!Members!of!

Superfamily

The cadherins were first identified by the labs of Takeichi, Kemler, and Jacob as membrane proteins that supported calcium-dependent cell-cell adhesion (147,363,385). Molecular cloning allowed the identification of a large superfamily of cell surface glycoproteins, based on sequence homology with a unique domain first found in the extracellular regions of E-and N-cadherin (reviewed in Refs. 264, 368, 411) (Fig. 1). These cadherin repeats (also called cadherin domains or cadherin motifs) bear negatively charged DXD, DRE, and DXND-NAPXF sequence motifs thought to be involved in Ca 2ϩ binding (411). Sequence homology combined with Schneider cells, mouse fibroblastic L ster ovary cells) (14,225,231,248,[START_REF] Sessler | !Structural!determinants!of!DISC!function:!new!insights!into!death! receptorCmediated!apoptosis!signalling[END_REF] increase in cell-cell adhesion has be number of means, but the most intuitiv test the ability of freshly isolated ce agitated suspensions (77,248,249). Th advantage of examining the ability of one another independent of cell-matri tions. Furthermore, aggregation under ing or stirring further tests the abilit detachment forces imposed by fluid s ing an additional measure of relative capacity of cadherins to resist disrupt demonstrated for E-cadherin and N-c and has since been confirmed for m cadherins.

Although the cadherin domain wa proteins that are established adhesion ence does not necessarily predict an for all members of this superfamily. F nopus embryos, paraxial protocadher utes to patterning the gastrulating m not appear to support homophilic cel stead, PAPC influences morphogene downregulating the adhesive activity o herin, C-cadherin, through an as-ye nism. Similarly, the flamingo cadherins tine (7 transmembrane spanning) mo cally implicated in planar cell polarity, 1 It is worth noting here that the term adhes of different ways throughout the cadherin lite how cadherin function has been assayed. Ho operational definitions may not reflect the sam The well-established physical definition of adh of bonds to detachment by force. This can scopic behavior of individual bonds as we behavior of multiple bonds distributed over t contacts. In biological systems, adhesion is of morphological characteristics of cell-cell cont that make extensive contacts with one anothe as engaging in strong adhesive interactions ( doubt that cell adhesion is necessary for con phology of interactions can be perturbed changes in cell resistance to detachment forc logical changes may not always reflect chan surface adhesion. 

LIM domain

A repeat of about 60 amino acids, including Cys and His residues, that is thought to be involved in protein-protein p120 catenin. p120 catenin is a positive regulator of cadherin function. As discussed below, the cadherin-p120 catenin interaction counteracts cadherin endocytosis and degradation, and thus enhances the surface abundance of cadherin 52-55 . p120 catenin also links cadherin to microtubules through either a kinesin (a class of motor proteins), an interaction that could promote the surface transport of cadherin 56 , or the adaptor protein PH domain-containing family A member 7 (PLEKHA7), which links p120 catenin to the microtubule minus end-binding protein NEZHA (also known as KIAA1543) 57 .

The degree to which p120 catenin supports cadherin activity shows tissue-specific differences 39 . Moreover, in contrast to other components of the cadherin-catenin complex, p120 catenin is not essential for D. melanogaster or C. elegans development and its support of cadherin function is revealed only in genetic interactions 58,59 . In D. melanogaster oogenesis, a DE-cadherin mutant that does not bind p120 catenin can fully replace endogenous DE-cadherin 60 . This, together with the ability of the cadherin-α-catenin fusion protein to compensate for the loss of β-catenin 48 , suggests that complex cadherinbased morphogenesis can be achieved without regulatory input by the two catenins that bind to the cadherin cytoplasmic tail, as long as α-catenin is linked to cadherin. These findings focus attention on α-catenin as a key mediator and regulator of cadherin function.

α-catenin. α-catenin is essential for AJ formation and function and operates at the interface of the cadherincatenin complex and the actin cytoskeleton 41,42,61 . How α-catenin acts at AJs is currently not well understood to β-catenin and can, at least in vitro, directly filaments 62 . These binary interactions support model that α-catenin physically links the catenin complex to actin, explaining the close of cadherin and actin. However, αE-catenin malian α-catenin isoform with which these ex were carried out) binds to actin preferentially and the dimerization domain in αE-catenin ov its β-catenin-binding site 63 . Thus, αE-caten be able to bind β-catenin and actin at the sa conclusion supported by the failure to show a complex between cadherin, β-catenin, α-c actin using several approaches 64 . These and ings precipitated a model postulating that the of α-catenin with β-catenin enriches α-cate As α-catenin detaches from β-catenin, it wou owing to its high local concentration an with actin. α-catenin dimers would then com the actin-related protein 2/3 (ARP2/3) complex, of branched actin, for actin interaction, whi convert actin networks found in lamellipodia bundles associated with AJs 64,65 .

One issue with this model is that it fails how AJs are coupled to actin and withstand s ing forces. For example, loss of AJ proteins in leads to a detachment of contractile actin c cell-cell contacts 66 . Two recent studies provide evidence that α-catenin couples the cadher complex to actin. The cadherin-catenin comp goes a basal to apical flow in the lateral me epithelial cell types with dynamic cell-cell co high intercellular motility, leading to the acc of cadherin at the apical zonula adherens. Th clusters move with actin bundles, and this is disrupted by actin depolymerization or removal 67 . A second example of α-catenintethering of cadherin to actin was described fo derm of D. melanogaster embryos. Here, smal actin clusters are embedded in the zonula Depletion of α-catenin causes these cadh clusters to dislodge from the cortical actin be away from their apicolateral position 36 .

The interactions between α-catenin and a also be mediated by other actin-binding and, indeed, α-catenin is a known binding an increasing number of actin-associated including vinculin, α-actinin, formin, zonula protein 1 (ZO1) and afadin (also known A recent example is epithelial protein lost in (EPLIN; also known as LIMA1) 68 . EPLIN is co a LIM domain and two actin-binding regions, a actin depolymerization and promotes actin b EPLIN is recruited to AJs by directly binding and depletion of EPLIN causes disassembly o belt that normally associates with the zonula However, loss of EPLIN does not disrupt all actin interactions -the connections with a that enter the junction perpendicularly are Linkage of perpendicular actin bundles to th be facilitated by the α-catenin-binding partne The relationship of these proteins to the cytoskeleton is shown. The cadherins are indirectly linked to microtubules and/or filamentous actin (F-actin) by the catenins. α-catenin has also been shown to bind several actin-associated proteins (including formin, afadin, epithelial protein lost in neoplasm (EPLIN; also known as LIMA1), zonula occludens protein 1 (ZO1), vinculin and α-actinin), which might mediate interactions between α-catenin and F-actin. These cytoskeletal interactions have important roles in adherens junction assembly and activity. Note also that p120 catenin has an important role in preventing cadherin endocytosis and degradation, and β-catenin is required for cadherin exocytosis. 

R E V I E W S

I.D.a.3! Mechanisms&of&AJ&assembly&and&disassembly&&

The!lifecycle!of!a!cadherin)mediated!adhesion!can!be!separated!into!three!stages:!formation,! maintenance,!and!disassembly.!The!formation!of!cadherin!contacts!starts!with!an!initial!step! involving! the! establishment! of! primordial! contacts! (puncta! formation).! Followed! by! fast!

Tight junction

The most apical intercellular junction, which functions as a selective (semi-permeable) diffusion barrier between individual cells and as a fence to prevent the intermingling of basolateral cell-surface molecules with apical molecules. Tight junctions are identified as a belt-like region in which two lipid-apposing membranes lie close together.

Focal complex

A small (<0.5 m diameter) immature cell-extracellular matrix junction that is observed at the peripheral region of the leading edge of moving cells.

Focal adhesion

A mature cell-extracellular matrix junction that associates with integrin signalling factors, filamentous-actin-binding proteins and actin stress fibres.

factor receptors. Cadherins are single-membranespanning CAMs that constitute a family with over 100 members 21,22 . Homophilic engagements of the classical cadherins, such as E-cadherin (epithelial), N-cadherin (neuronal) and VE-cadherin (vascular endothelial), can stabilize nectin-based cell-cell contacts to form AJs in epithelial cells, fibroblasts and endothelial cells, respectively. Integrins are the CAMs that are involved in cell-extracellular matrix (ECM) junctions, and are composed of heterodimers of and subunits 23 . To date, 18 -subunits and 8 -subunits have been identified, and 24 different combinations have been reported. Integrins have important roles in the formation of focal complexes and focal adhesions -essential structures for cell movement and proliferation. Many reports have demonstrated physical and functional associations between CAMs and growth factor receptors 24-26 . Here, we describe how nectins and NECL-5 regulate cell-cell adhesions in cooperation with cadherins, integrins and platelet-derived growth factor (PDGF) receptor, and how they are involved in contact inhibition of cell movement and proliferation.

Adhesion properties of nectins and Necls

The nectin and Necl molecules share common domains, including an extracellular region with three Ig-like loops, a transmembrane segment and a cytoplasmic tail 1 (FIG. 1a). Many proteins that directly interact with nectins and Necls at their cytoplasmic region have been identified: nectins interact with the filamentous (F)-actin-binding protein afadin and the cell polarity protein partitioning defective-3 (PAR3), whereas Necls interact with scaffolding proteins, such as membraneassociated guanylate kinase (MAGUK) and Band4.1 family members, or with the motor-related protein TCTEX1 (REFS 6,27-30) (FIG. 1a).

Nectins and Necls are classified by whether they can bind afadin; nectins bind afadin, whereas Necls do not. The direct binding between nectin and afadin is mediated by the conserved C-terminal motif of nectins and the PDZ domain of afadin 1 . Afadin was originally identified as an F-actin-binding protein that localized at AJs and had a structure that is similar to the AF-6 gene product 31 -an ALL1 fusion partner that is involved in acute myeloid leukaemias 32 . Afadin has multiple domains and several alternative splicing sites in the C-terminal region. Four splicing variants have been identified 31,33 ; hereafter, afadin refers to the longest variant.

Two nectin or Necl molecules on the surface of the same cell first form cis-dimers, and then this is followed by trans-dimerization of the cis-dimers on apposing cells. This results in the formation of cell-cell adhesions (FIG. 1b). Nectins and cadherins cooperatively function to establish AJs. In contrast to cadherins, nectins promote cell-cell contacts by forming homophilic or heterophilic trans-dimers. Heterophilic interactions have been detected between nectin-1 and nectin-3, between nectin-2 and nectin-3, dimers.! Thus,! productive! adhesion! is! generated! by! both! trans)interactions! and! cis) During the initial stages of intercellular adhesion, cells extend filopodial/lamellipodial extensions that enhance cell-cell contacts. Such dynamic membrane protrusive activity involves the actin cytoskeleton and Rho GTPases. Cadherin-catenin complexes are recruited to these nascent contacts, referred to as puncta, in a way dependent on Nectin/Afadin-based cell adhesions. cis-dimers of cadherin-catenin complexes engage in highly dynamic productive homophilic contacts, together with rearrangements of the actin cytoskeleton. These events are orchestrated by both α-catenin and p120-catenin. When more nascent contacts begin to form, the densities of AJ-associated proteins, including α-catenin, rise and promote the formation of α-catenin homodimers that may then serve as a feedback mechanism to dampen lamellipodial movements and promote the formation of radial actin cables as cell-cell junction formation progresses. At intermediate stages of intercellular adhesion, the lateral clustering of cadherins promotes the association of actin-binding and actin-polymerizing proteins. Under these conditions, membrane sealing is enhanced, and eventually radial actin cables also rearrange and get stabilized and bundled by myosin II, α-actinin, and possibly α-catenin homodimers.

Establishment of mature cell contacts reorganizes the actin cytoskeleton to this more static state. 

!effect!is!demonstrated!in!an!in!vitro!study.!Reduction!of!E)cadherin!levels!in!confluent! MDCK!cell!monolayers!had!little!effect!on!the!localization!or!function!of!AJs!or!tight!junctions,! in!contrast!to!#)E)catenin!silencing![292]!since!E)cadherin!is!compensated!by!other!cadherins.! However,! the! effects! of! E)cadherin! silencing! on! establishment! of! cell! adhesion! became! evident!during!reassembly!of!junctions!in!a!calcium!switch!experiment,!which!suggest!the!E) cadherin!mainly!play!a!role!in!the!establishment!but!not!in!the!maintenance!of!AJ!in!epithelial! cell!lines![292].!! Beside! E)cadherin,! other! classical! cadherin! has! been! shown! to! be! essential! for! tissue! structuration!such!as!N)cadherin,!which!is!needed!for!structural!integrity!of!the!neural!tube! and!in!cortical!structures!in!mice![293].!Knockout!N)cadherin!in!mice!embryos!exhibit!
!not!induced![302].!Huelsken!et!al!shows!that!β)catenin!deletion!did!not! disrupt!AJ!in!vivo,!since!plakoglobin!was!able!to!substitute!β)catenin![302].!Which!reflects!β) catenin! involvement! in! mediating! signaling,! since! β)catenin! has! a! central! role! in! the! WNT! pathway.!! The! mutation! of! Ctnna1,! encoding! for! #)E)catenin,! at! the! actin)binding! domain! in! mice! disturbs! development! of! the! trophoblastic! epithelium! resulting! in! mutant! blastocysts! incapable!of!hatching!from!the!zona!pellucida!and!implanting!in!the!uterus![303].!Regardless! of! the! presence! of! E)cadherin/α)E)catenin! complex! at! the! plasma! membrane,! the! mutant! embryos! are! not! able! to! generate! a! blastocoelic! cavity,! which! confirms! the! importance! of! ! 76! regulation! of! actin! cytoskeleton! by! α)E)catenin! in! AJ.! E)cadherin)null! embryos! present! the! same! trophectoderm! defect! [285].! These! data! establish! that! α)E)catenin! is! essential! for! E) cadherin)mediated!adhesion!in!the!early!pre)implantation!embryo.!Moreover,!tissue)specific! deletion! of! α)catenin! in! mouse! epidermis! leads! to! dramatic! alteration! of! this! epithelium! associated!with!loss!of!intercellular!adhesion![304,!305].!! Conditional!knockout!studies!have!been!used!to!study!the!impact!of!p120!deletion!in!specific! mouse!epithelial!tissues.!The!severity!of!p120!KO!with!respect!to!cell!adhesion!and!alteration! of!epithelial!morphology!differs!markedly!from!one!tissue!to!another![306].!! ! The! function! of! each! member! of! the! nectin! family! in! cell)cell! adhesion! is! redundant! or! compensated!by!other!cell!adhesion!proteins,!and!consequently,!mice!knockout!lacking!only! one! member! of! family! are! viable.! However,! phenotypes! are! observed! in! specific! tissue,! revealing!their!importance!in!cell)cell!adhesion.!For!instance,!knockout!studies!of!nectin)1!and! nectin)! 3! revealed! an! heterophilic! trans)interactions! between! nectin! isoforms,! which! plays! significant! role! in! morphogenesis! [307].! Both! nectin)1! and! nectin)3)deficient! mice! show! several!developmental!eye!abnormalities!which!include!the!malfunction!of!
! A!classic!example!is!exhibited!by!neural!crest!cells!that!undergo!a!series!of!cadherin!switches! during!neurulation.!E)cadherin!is!downregulated!by!neural!crest!precursors!during!their!initial! induction,! N)cadherin! and! cadherin)6b! are! expressed! when! they! reside! in! the! neuroepithelium! and! then! downregulate! the! latter! when! they! delaminate.! E)cadherin! downregulation! by! transcriptional! repression! appears! to! be! a! critical! early! stage! in! the! epithelial)mesenchymal! transition! (EMT)! that! this! cell! population! undergoes,! while! N) cadherin! and! cadherin)6b! are! necessary! at! later! stages! [311].! It! is! also! worth! mentioning,! reciprocally,! E)cadherin! transcription! is! re)initiated! in! cells! undergoing! mesenchymal) epithelial! transitions! (MET)! during! kidney! organogenesis! [312].! Such! cadherin! switching! is! commonly!seen!in!many!other!forms!of!EMT![279].!!
ability of these distinct cell populations to remain associated in a single aggregate. In principle, these phenomena could be accounted for in terms of relative surface adhesive energies between the surfaces of similar cells versus dissimilar cells. In the absence of factors that alter intrinsic properties of protein bonds, surface adhesion energies are determined by the identities of the adhesion proteins, i.e., their bond energies, and the number of such bonds formed between two cells. As discussed below, cells alter these parameters to regulate intercellular adhesion in the context of cadherin biology.

A causal role for cadherins in cell recognition and sorting was first suggested by key experiments that the Takeichi and Edelman labs performed using cell culture systems [START_REF]1.1! Role!of!AJ!in!"transcriptional!regulation[END_REF]248). Building on the demonstration that expression of E-cadherin in cadherin-null L-cells allowed cells to aggregate with one another in stirred suspensions (248), Nose et al. (1988) found that mixed suspensions of cells expressing either E-cadherin or N-cadherin would form discrete aggregates of cells that expressed only one cadherin but not cells that expressed the other cadherin (268) (Fig. 7). Similarly, cadherin-null murine S180 sarcoma cells engineered to express either L-CAM (the chick homolog of E-cadherin) or chick N-cadherin segregated away from one another [START_REF]1.1! Role!of!AJ!in!"transcriptional!regulation[END_REF]. This indicated that the differential expression of classical cadherins, which would typically determine surface adhesive energies, was sufficient to recapitulate key elements of the cell sorting phenomenon observed in dissociated embryos (350, 373).

But does sorting occur in the intact organism? Indeed, changes in cadherin expression are commonly seen during developmental segregation events. A classic example is displayed by neural crest cells, which form over a long developmental time period from gastrulation through early organogenesis (319). The presumptive neural crest population is first induced at what becomes the border between the neural and nonneural ectoderm. During neurulation, these precursors become incorporated into the neural folds and the neural tube itself before eventually delaminating from the neuroepithelium and becoming migratory. A series of cadherin switches occur during this process (125): neural crest precursors downregulate Ecadherin during their initial induction, express N-cadherin and cadherin-6b when they reside in the neuroepithelium, and then downregulate the latter when they delaminate. The downregulation of E-cadherin by transcriptional repression appears to be an essential early stage in the epithelial-mesenchymal transition (EMT) that this cell population undergoes, while N-cadherin and cadherin-6b are necessary at later stages (319). Such cadherin switching (typically from E-cadherin to N-cadherin) is commonly seen in many other forms of EMT (369).

As well as qualitative differences in cadherin expression, quantitative differences in the level of protein expressed on cells can also induce segregation behavior. This was demonstrated in cultured L-cells transfected to express P-cadherin at different levels (76, 351) (Fig. 4A) and strikingly confirmed by analysis of Drosophila oogenesis, in which a key step involves the oocyte coming into contact with somatic (follicle) cells at the posterior of the egg chamber (Fig. 4C). DE-cadherin is found at all the cell-cell contacts in the egg chamber (103), and when either DE-cadherin (103) or armadillo (Drosophila ␤-catenin) (289) is disrupted, oocytes become mispositioned in the egg chamber and lose polarity. Importantly, correct positioning of the oocyte required DE-cadherin to be expressed both in the germline cells as well as in the follicle cells (103, 105), implicating adhesive interactions between these two cell types in controlling oocyte patterning. But if cadherin adhesion is determinative, how does the oocyte consistently localize to the posterior of the egg chamber when DE-cadherin is expressed by all the germ est morphogenetic movements (e.g., neuroectoderm) and can be reduced by genetic maneuvers that decrease morphogenetic movements (367). Thus the demonstrable contribution of classical cadherins to tissue integrity also reflects the magnitude of disruptive forces that those tissues experience.

Here it should be noted that changes in cell-cell integrity or more subtle alterations in the morphology of contacts can occur without changes in cell surface adhesion (384). For example, hepatocyte growth factor (HGF, also known as scatter factor) induces colonies of MDCK cells to separate from one another (352). Despite the attractive inference that such scattering is due to loss of cell-cell adhesion, E-cadherin adhesiveness was not reduced [START_REF] Reilly | !MembraneCbound!Fas!ligand!only!is!essential!for!FasCinduced! apoptosis[END_REF]. This disruption of epithelial integrity instead appears to reflect increased integrinbased contractility, which appears to mechanically pull the cells apart.

B. Cell Sorting and cell-cell Recognition

A fundamental developmental process is the capacity of cells with different cell fates to physically segregate from one another (Fig. 4). This was first demonstrated by the classic experiments of Townes and Holtfreter (373) who showed that when cells from dissociated gastrula stage embryos were allowed to reaggregate, the cells would rearrange to reassociate with those from the same germ layer. In addition, the relative position of these cell populations within the reformed aggregate mirrored that found in the embryo (373). They proposed that this sorting behavior was based on differential adhesion between different cell populations.

There are three distinct components to this phenomenon of cell sorting: the ability of "like" cells to form discrete populations with one another, the ability of "unlike" cells to segregate away from one another, and the FIG. 3. Physiological role for cadherins in tissue integrity. A: cadherin function in stratifying epithelium of the skin. Loss of all classical cadherins (E-and P-cadherin) in this tissue results in loosening of the intercellular contacts associated with loss of epidermal barrier function. B: loss of cadherin expression in epithelia results in loosening of contacts and the acquisition of more migratory behavior. This is a key feature of cells that undergo epithelial/mesenchymal transition. Vice versa, E-cadherin expression is induced during mesenchymal-epithelial transition, resulting in increased cellular adhesion and an epithelial appearance. EMT and MET are important processes not only during morphogenesis, but they also contribute to carcinogenesis. C: synapse formation. Loss of cadherins affects neuronal transmission and connectivity. Cadherin adhesive interactions are crucial for proper synapse formation between neurons as well as the neuromuscular junctions. D: cadherins are required for the establishment of stable adherens junctions during morphogenetic movements. In C. elegans during ventral closure, the embryonic epidermis spreads from the dorsal side, and the leading cells of the two free edges meet at the ventral midline to enclose the embryo (left side). The leading edge cells extend filopodial protrusions that rapidly establish stable adherens junctions upon contact with an opposite filopodia, thereby rapidly increasing the contact sites between opposite cells resulting in sealing of the sheet. In the absence of the cadherin/catenin complex, embryos are unable to form adherens junctions between opposite leading cells and thus cannot enclose the embryo.
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Physiol Rev In!particular,!AJ!has!been!found!associated!with!the!members!of!the!Scrib!polarity!complex.! Comparison of cell polarity in simple epithelial and basal keratinocytes. PAR3A has been extensively studied in epithelial cells. It seems likely that the starting point required for PAR3A to target the tight junctions is its ability to form self-associations and to seems to be required for the correct association of PAR3A at the apical side of the cell-cell contact region during the process of polarization [70]. This mechanism may also be adopted by PAR3B [52]. PAR3A may then be stabilized upon binding directly to JAM via its first PDZ domain, and these two proteins been characterised in both neurons and epithelial cells likely reflect their distinct functions within different cell types [14,[START_REF] Fourie | !The!anchoring!protein!SAP97!influences!the! trafficking!and!localisation!of!multiple!membrane!channels[END_REF][START_REF] Gumbiner | !The!HippoCYAP!signaling!pathway!and!contact! inhibition!of!growth[END_REF]. For example, insertion I3 is responsible for the localisation of SAP97 to the plasma membrane to the regions of cell-cell contact [14]. The I3 insert binds the actin/spectrin-associated protein, 4.1N, and this interaction is thought to be critical for the synaptic targeting of SAP97 and AMPA receptors [START_REF] Fourie | !The!anchoring!protein!SAP97!influences!the! trafficking!and!localisation!of!multiple!membrane!channels[END_REF][START_REF] Gavard | !Endothelial!permeability!and!VECcadherin:!a!wacky!comradeship.!Cell![END_REF]. Deleting the SH3 or GUK domains does not alter SAP97 localisation in spines, whereas deleting the hook (AKAP79/150) [START_REF] Andersen | !The!Drosophila!TNF!receptor!Grindelwald!couples!loss!of!cell! polarity!and!neoplastic!growth[END_REF], a scaffold for PKA, PKC and the Ca 2+ /calmodulin dependent protein phosphatase calcineurin (also known as PP2B). This interaction is proposed to bring these kinases and phosphatases close to their specific substrates at the synapse. For example, the SAP97-AKAP complex facilitates the phosphorylation of the glutamate receptor subunit GluA1 by PKA [START_REF] Andersen | !The!Drosophila!TNF!receptor!Grindelwald!couples!loss!of!cell! polarity!and!neoplastic!growth[END_REF]. Therefore the SAP97-AKAP79 complex might be important for the recruitment of kinases and phosphatases to synaptic AMPARs. Phosphorylation of SAP97 by These two complexes act in a mutually antagonistic fashion with the third complex, the so-called Scribble complex, which also has been identified in Drosophila (Fig. 1A). The Scribble complex consists of Scribble, Discs large (Dlg) and Lethal giant larvae (Lgl). In epithelial cells this complex is located basolaterally and necessary for maintenance of the basolateral membrane and basal protein restriction (Fig. 1A).

I.D.b.1.3! Inflammation! Components!of!the!AJ!were!found!also!involved!in!protecting!against!inflammation!in!the!skin! and!intestine.!!The!absence!of!p120!or!#)catenin!in!the!skin!of!mice!resulted!in!increase!of! NF$B!activity!and!inflammation!in!mice!epidermis![304,!313].!Additional!study!in!the!intestine! demonstrated! that! conditional! ablation! of! p120! in! the! epithelium! of! the! small! and! large! intestines!of!mice!lead!to!inflammation!
SCRIB!co)localize!with!E)cadherin!on!lateral!membranes!and!a!recent!study!has!demonstrated! the!direct!interaction!between!SCRIB!and!E)cadherin![315].!DLG1!is!also!found!to!co)localize! at!the!lateral!membrane!with!E)cadherin!and!immunoprecipitation!experiments!demonstrate! that!they!belong!to!the!same!macromolecular)complex![228,!316].!! Several!early!studies!have!demonstrated!that!AJ!formation!is!required!for!the!establishment! of!polarity!in!mammalian!epithelial!cell!lines,!and!both!mice!and!Drosophila!animal!models! [317)319].!! In!mammalian!epithelial!cells,!deletion!of!E)cadherin!resulted!in!the!mis)localization!of!SCRIB! [320].!The!re)expression!of!E)cadherin!in!cadherin)null!cells!lead!to!the!re)localization!of!SCRIB! and! DLG1! to! the! basolateral! membrane! [316,! 320].! In! mammalian! cells,! the! effects! of! E) cadherin!silencing!became!evident!on!cell!polarity!when!cell)cell!junctions!are!disrupted!by! calcium)depletion.!In!this!case!cells!fails!to!reestablished!a!normal!apico)basal!polarity![292].! Studies! in! mice! epidermis! exhibited! the! role! of! AJ! in! regulating! the! proper! localization! of! polarity!protein.!The!conditional!KO!of!αCcatenin!resulted!the!mis)localization!of!aPKC,!LGN! and!PAR3![321].!Another!study!demonstrated!that!conditional!ECcadherin!KO!in!luminal!cells! of! the! prostate! epithelium! trigger! the! mis)localization! of! both! apical! (PAR3! and! aPKC)! and! basolateral! polarity! proteins! (DLG1! and! SCRIB),! resulting! the! loss! of! polarity! of! prostate! luminal!cells!![315].! !In!Drosophila,!mutation!in!armadillo!lead!the!displacement!of!Dlg!in!the!epithelial!cells![322].!! In! general,! AJ! might! be! implicated! directly! in! to! the! polarization! of! epithelium! through! modulating!the!subcellular!localization!of!members!of!the!apico)basal!polarity!complexes.!In! addition,!several!studies!shows!that!loss!of!AJ!affect!also!TJ!formation,!which!is!involved!also! in!the!recruitment!of!!polarity!proteins!to!cell)cell!junction!in!simple!epithelia![323].!! Moreover,!another!level!of!complexity!is!added!to!the!interrelationship!function!of!AJ!and! polarity!factors!by!the!fact!that!polarity!factors!can!feedback!on!AJ!function![324](explained! in!page!125).!! ! I.D.b.1.5! Cell!migration!! Although! cadherins! are! often! thought! to! mediate! stable! cell! interactions,! they! also! have! dynamic! roles! in! mediating! cell! rearrangements! and! cell! migration.! Indeed,! association! of! cadherin! with! the! actin! cytoskeleton! allow! rearrangement! at! cell)cell! borders! and! a! ! 80! synchronized! cell! movement! within! an! epithelium.! This! process! is! called! collective! cell! migration!(CCM).!CCM!play!a!major!role!in!physiological!process!in!embryonic!development,! tissue! repair! as! well! as! in! pathological! processes! including! tumor! invasion! and! metastasis! [325].! Cadherins!were!suspected!to!play!a!role!in!CCM!by!maintaining!cell)cell!junction.!This!well) characterized! form! of! cadherin)dependent! morphogenetic! movement,! occurs! in! the! Drosophila!egg!chamber,!known!as!border!cell!migration.!In!this!process!a!small!group!of!cells! derived!from!the!follicular!epithelium!migrate!through!the!nurse!cells!within!the!egg!chamber! to!the!anterior!border!of!the!oocyte.!DE)cadherin!was!found!necessary!in!both!the!border!cells! and!in!their!neighboring!nurse!cells,!for!the!border!cell!cluster!to!migrate![326].!Moreover,!Cai! et! al.,! were! able!to! uncover! multiple! critical! functions! of! E)cadherin)mediated! adhesion! in! different!subcellular!location!within!the!border!cell!migration!system.!They!demonstrate!that! DE)cadherin!functions!in!a!feedback!loop!with!Rac!that!act!downstream!of!receptor!tyrosine! kinase! (RTK)! signaling! guideline! in! order! to! preserve! a! forward)directed! protrusion! and! develop!a!stable!front.!Also,!they!show!that!the!leading!cell!communicates!direction!to!side! and! back! cells! through! the! border! cell/border! cell! adhesion! that! transmits! directional! information!within!the!group.!The!expression!of!DE)cadherin!is!important!to!hold!the!cluster! together!guaranteeing!collective!behavior![255].!! During! tissue! turnover! in! the! adult! tissue! many! circumstances! occur! where! cell)cell! interactions! must! be! dynamically! remodeled.! This! is! observed! in! the! gut! epithelium! that! exhibits!continuous!and!rapid!turnover![327].!Throughout!the!life!cycle!of!gut!epithelial!cells,! cells!move!gradually!and!consistently!up!the!crypt)villus!axis!where!they!undergo!apoptosis! and!are!shed!at!the!tips!of!the!villi.!Cells!must!maintain!the!intestinal!epithelial!barrier!even! with!constant!rearrangement!during!this!migration.!This!indicated!that!maintenance!of!stable! AJ!is!important!for!epithelial!barrier!function!during!cell!migration!and!cell!extrusion!in!order! to!avoid!entry!points!to!pathogens!that!could!disrupt!homeostasis.!The!consistent!patterning! of!migratory!cells!was!disrupted!leading!to!disturbed!epithelial!barrier!by!the!expression!of!a! dominant)negative!cadherin![328].!Unexpectedly,!overexpression!of!E)cadherin!delayed!also! the!rate!of!epithelial!cell!migration![329].!! Plutoni!et!al!was!able!to!demonstrate!the!role!of!P)cadherin!in!mediating!CCM,![330].!The! study!used!a!2D!system!to!analyze!P)cadherin's!role!in!cell!migration!in!response!to!the!sudden! removal!of!boundaries.!This!in!vitro!system!simulates!tumor!cells!collective!cell!movement! ! 81! proceeding!as!2D!monolayers!migrating!along!tissue!clefts![331].!They!used!myoblast!cells! lines!that!are!of!mesenchymal!origin,!which!express!only!N)!and!M)cadherins,!and!form!and! maintain!cell-cell!contacts.!These!cells!in!contrast!to!other!epithelial!cells!(MCF10A!or!MDCK)! do! not! endogenously! display! collective! cell! movement.! Interestingly,! overexpression! of! P) cadherin!in!myoblast!cells,!induces!a!very!effective!collective!cell!movement!phenotype!with! typical!features!of!a!collective!migration!model.!Principally,!this!study!illustrated!that!during! collective! cell! movement,! P)cadherin! specifically! activates! Cdc42! through! the! guanine! nucleotide! exchange! factor! (GEF)! βPIX.! Moreover,! they! showed! that! the! partnership! of! P) cadherin/β)PIX/Cdc42!is!crucial!for!P)cadherin-mediated!collective!cell!movement.!Collective! cell!movement!was!not!observed!upon!E)!or!R)cadherin!expression!in!this!mesenchymal!cell! model,!suggesting!the!specificity!of!P)cadherin!to!ensure!this!function.!Accordingly,!P)cadherin! is! involved! in! collective! cell! movement! in! epithelial! cells! as! well! as! in! mesenchymal! cells.! Interestingly,! P)cadherin! expression! is! found! in! invasive! carcinoma! and! sarcoma,! plus! is! correlated!with!poor!prognosis![332],!which!can!explains!P)cadherin!role!in!invasive!cancer.!! Other!AJ!components!were!also!involved!in!cell!migration.!For!instance,!a!study!has!revealed! that!p120)catenin!plays!a!role!in!mediating!collective!invasion,!since!the!deletion!of!p120!in!! squamous!cell!carcinoma!cells!inhibited!invasion!in!collagen!gels!and!Matrigel![333].!Another! study!has!demonstrated!the!importance!of!cadherin!and!#)catenin!in!!activating!myosin)II- mediated!contractility!at!large!distances!from!the!wound!edge![334].! These!different!examples!suggest!that,!cadherins!with!the!help!of!catenins!actively!participate! in!morphogenetic!cell)upon)cell!movements!in!adult!life!and!in!the!embryo.! ! I.D.b.1.6! Cell!proliferation! E)cadherin! plays! an! vital! role! in! suppression! of! motility! and! in! contact! inhibition! of! proliferation!(CIP)!upon!establishment!of!cell)cell!contact,!through!the!regulation!of!growth! inhibitory!signaling!pathways!including!the!growth!factor!receptor!tyrosine!kinase!signaling! and!Hippo!pathway![335,!336]!(signaling!explained!further!in!page!90).! I!will!present!some!examples!exhibiting!the!involvement!of!AJ!components!in!mediating!cell! proliferation.! ! 82! It!was!observed,!a!long!time!ago,!that!formation!of!a!confluent!cell!monolayer!leads!to!cell! cycle! withdrawal! [337],! which! is! now! known! as! CIP.! Different! studies! have! elucidated! the! function!of!E)cadherin!in!mediating!cell!proliferation.!Overexpression!of!E)cadherin!in!cancer! epithelial! cells! lacking! E)cadherin! or! the! inhibition! of! E)cadherin! ligation! with! neutralizing! antibodies,! exhibited! that! cadherin)mediated! adhesion! plays! a! fundamental! role! in! implementing!contact!inhibition!of!cell!proliferation![338].!The!ability!of!E)cadherin!to!prevent! proliferation!includes!upregulation!of!the!cyclin)dependent!kinase!inhibitor!p27,!which!binds! to!cyclin!E-Cdk2!complex!to!reduce!its!activity![338,!339].! Since! E)cadherin! was! shown! to! also! regulate! cell! morphology! and! the! re)establishment! of! apico)basal! polarity,! it! was! not! clear! whether! E)cadherin! indirectly! or! directly! mediated! negative! regulation! of! cell! proliferation.! Therefore,! a! study! carried! out! in! Gumbiner's! lab! addressed! this! question! and! demonstrated! that! the! ligation! of! E)cadherin! by! E)cadherin) coated!beads!in!isolated!epithelial!cells!decreased!the!occurrence!of!cells!to!enter!S!phase! [340].! Inhibition! of! proliferation! mediated! by! E)cadherin! is! based! on! E)cadherin! bound! β) catenin! [340,! 341].! These! studies! demonstrated! that! E)cadherin! ligation! was! sufficient! to! induce!proliferation!inhibitory!signaling.! Conditional!Knockout!of!α)catenin!in!the!skin!induced!proliferation!and!developed!squamous! cell!carcinoma!through!mediating!Hippo!pathway![304,!305].!In!fact,!α)catenin!overexpression! restricted!cell!proliferation!in!myeloid!leukemia!cell!line!lacking!α)catenin!expression!HL)60! cells! [342]! and! in! lung! carcinoma! cells! lacking! endogenous! α)catenin! expression! [343].! Overexpression!of!!α)catenin!in!glioma!cells!via!inhibiting!β)Catenin!nuclear!translocation!and! consequently! inhibiting! the! expression! of! downstream! genes! cCMyc! and! CCND1! (Cyclin! D)! [344].! Noticeably,! loss! of! p120! in! several! epithelia! is! associated! with! cell! hyperproliferation! and! tumor! development.! Loss! of! p120! in! the! salivary! gland! induces! dysplasia! indistinguishable! from! high)grade! intraepithelial! neoplasia! whereas! p120!
!downregulate!p120)catenin!in!tumors.!! The! role! of!p120)catenin!in!cancer!progression!is!complex.!Indeed,!p120)catenin!has!been! demonstrated!to!function!as!either!a!tumor!suppressor!or!a!metastasis!promoter!depending! on!the!presence!of!E)cadherin.!E)cadherin!loss!leads!to!degradation!of!# and!!%catenins,!but! not! p120)catenin! which! remains! stranded! in! the! cytoplasm.! The! resulting! accumulation! of! p120)catenin! in! the! cytoplasm! induces! cell! migration! by! activating! Rac1! and! Cdc42! Rho! GTPases![380].!Suggesting!that!p120)catenin!may!function!as!a!metastasis!promoter.!In!other! cases,!p120)catenin!loss!may!be!the!initial!event!promoting!eventually!to!inactivation!of!the! cadherin! complex.! As! I! mentioned! above,! p120)catenin! is! required! to! stabilize! plasma! membrane! E)cadherin.! Furthermore,! p120)catenin! is! capable! of! associating! with! and! stabilizing!mesenchymal!cadherins!that!do!not!establish!stable!AJs!such!as!N)cadherin![381].! When!cancer!cells!undergo!an!EMT,!N)cadherin!is!expressed,!and!E)cadherin!is!repressed,!a! phenomenon!known!as!cadherin!switch.!It!has!been!shown!that!in!these!EMT!conditions!p120) catenin!is!required!to!stabilize!N)cadherin!
! 91! complexes![384].!A!study!by!Gottardi!et!al.,!show!that!E)cadherin!suppress!WNT/!)catenin! pathway! by! sequestrating! !)catenin! at! AJ! [385].! Indeed,! overexpression! of! cadherin! suppressed!the!cellular!transformation!independently!of!cell!adhesion,!through!sequestration! of! !)catenin! by! the! cadherin! cytoplasmic! domain.! Another! way! E)cadherin! was! found! to! suppress!WNT/!)catenin!pathway!is!by!increasing!the!interaction!of!!)catenin!with!caveolin) 1![386].!Caveolin)1!controls!cell!proliferation!and!viability!by!inhibiting!expression!of!survivin! via!a!transcriptional!mechanism!involving!the!!)catenin!)TCF/LEF!pathway!in!several!cellular! settings.!Caveolin)1!targets!!)catenin!to!a!Triton!X)100)insoluble!protein!complex!apparently! at!the!plasma!membrane,!accordingly!inhibiting!TCF/LEF)dependent!transcription.!In!fact,!E) cadherin!is!found!in!the!soluble!and!insoluble!fraction!in!complex!with!# and!!%catenins![387].! Caveolin)1/!)catenin!interaction!enhances!!)catenin!turnover!leading!to!its!reduced!nuclear! translocation!and!consequently!transcriptional!activity![386].!! In! addition,! a! study! by! Maher! et! al.,! demonstrated! that! cadherin)based! cell! adhesion! enhanced! the! phosphorylation! and! destruction! of! β)catenin! by! the! β)catenin! phospho) destruction!complex!composed!of!N)terminal!phosphorylated!β)catenin!and!Axin,!APC2,!GSK) 3β!located!in!proximity!of!AJ.!This!mechanism!increased!β)catenin!cytosolic!turn! over!in!a! density!dependent!manner![388].!However,!although!these!findings!clearly!demonstrate!that! cadherin! levels! can! affect! β)catenin! signaling,! the! notion! that! cadherin! loss! is! enough! to! promote!β)catenin!signaling!by!releasing!it!from!the!cadherin)bound!pool!is!mostly!incorrect.! Since!cancer!cell!lines!that!lack!E)cadherin!do!not!manifest!a!corresponding!up)regulation!of! β)catenin!signaling![389,!390].!Moreover,!in!a!mouse!model!for!pancreatic!cancer!depletion! of! E)cadherin! described! no! role! for! β)catenin! signaling! in! the! progression! of! these! tumors! [391].! α)catenin!directly!binds!to!β)catenin!which!makes!it!tempting!to!hypothesize!that!α)catenin! controls! β)catenin! signaling.! Several! experiments! reveal! that! α)catenin! can! suppress! WNT! signaling!by!different!molecular!processes:!1)!by!stimulating!β)catenin!degradation![392];!2)by! obstructing! nuclear! translocation! of! β)catenin! [344];! 3)! by! inhibiting! formation! of! the! β) catenin)TCF)DNA! complex! [393];! 4)by! recruiting! APC! to! the! β)catenin)TCF! complex! [392].! Further!investigation!is!needed!to!see!if!the!tumor)suppressing!effect!of!α)E)catenin!in!vivo!is! mediated!by!inhibition!of!β)catenin!signaling![376,!392,!393].!However,!KO!of!a)E)catenin!in! ! 92! the!epidermis!is!not!sufficient!to!increase!!)catenin!nuclear!signaling![377].! Similarly,!")catenin!(Plakoglobin)!can!also!interact!with!TCF!family!DNA!binding!proteins!and! impact!gene!expression,!although!")catenin!appears!to!bind!a!distinct!region!on!TCF!that!may! differentially! impact! target! gene! expression! involved! in! cell)cycle! control,! apoptosis,! cell! proliferation,!and!invasion![394].!Plakoglobin!is!a!very!weak!transactivator!when!bound!to! DNA,! which! is! probably! caused! by! the! divergence! of! their! C)terminal! sequences! [394].! Plakoglobin! can! activate! TCF)dependent! transcription! in! vitro! in! the! absence! of! β)catenin! [395].! Unlike! β)catenin! that! has! well)documented! oncogenic! potential! through! its! involvement!in!
!established!that!reciprocally!presence!of!high)quantities!of! E)cadherin!at!the!plasma!membrane!blocks!FGFR1!endocytosis!and!signaling.!Thus,!E)cadherin! is!a!negative!regulator!of!FGFR1!by!limiting!its!endocytosis!but!at!the!same!time!E)cadherin! can!be!co)!endocytose!with!activated!FGFR1,!revealing!a!complex!co)regulation!between!these! two!receptors.! It! is! worth! mentioning! that! E)cadherin! is! not! the!
! RTK! Cadherin! Cell! Cellular! response! Interrelation! References!! FGFR1! N) cadherin! ! mouse!epiblast! stem!cells! Pluripotency! maintenance! Stabilization!of!FGFR!by!N) cadherin!at!cell!membrane! [425]! FGFRs/FGFR1! mouse! cerebellar! neurons! ventral!spinal! cord! Neurite! outgrowth! co)clustering,!N)cadherin) dependent!activation!of!FGFR! [426]! [427]! FGFRs/FGFR1! zebrafish, xenopus! RGC! extension! N)cadherin)dependent! activation!of!FGFR! [428]! ! 100! RTK! Cadherin! Cell! Cellular! response! Interrelation! References!! RGC!(Retina! Ganglion!Cells)! and! guidance! FGFRs!! ! poliomavirus! middle!T) antigen! (PvVmT)) induced!mince! mammary! cancer!cells! ! Increase!in! invasion!and! pulmonary! metastasis! ! N)cadherin)dependent! activation!of!FGFR! ! [429]! FGFR1! human!breast! cancer!cells! Increased! invasion!and! metastasis! co)clustering,!N)cadherin! -dependent)increase!of!FGFR! membranous!stability! [419]! FGFR! ! mouse!breast! cancer!cells! Increase!in! tumor! invasion,! proliferation! and! metastasis! N)cadherin!-dependent! increase!of!FGFR!1)4! expression!and! phosphorylation!N)cadherin) dependent!increase!of!FGFR1! and!2!mRNA!expression! clustering!in!complex!with! NCAM! [420]! FGFR1! E) cadherin! ! Human!breast! adenocarcinoma! Blocks! mitogen) activated! protein! kinase! pathway! Overexpression!of!E)cadherin! blocks!both!the!co)endocytosis! of!E)cadherin!and!FGFR1! [418]! EGFR! Liver)derived! epithelial!cells! (LDCs)!from! mice! Inhibit! mitogenic! signaling!in! response!to! cell!contact.! Merlin!immobilizes!EGFR!
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After initial identification of the polarity proteins, numerous subsequent studies revealed diverging roles for the proteins of these complexes to polarization of several cell types, conserved in different species (reviewed in [START_REF] Askenasy | !Induction!of!tolerance!using!Fas!ligand:!a!doubleCedged! immunomodulator[END_REF]). Signaling between these three polarity protein complexes is interconnected via interactions between members of the different complexes (Fig. 1B). For example, Lgl1 and 2 can compete with Par3 for binding to a module of Par6 and aPKC. The latter protein can phosphorylate Lgl, thereby releasing it from the Par6/aPKC dimer, resulting in localization of Lgl to the basolateral side of cells. This allows the formation of an active Par complex comprising aPKC/Par6/Par3. This competition of binding has been observed in both Drosophila (polarized neuroblast) and mammalian polarizing migrating cells [START_REF] Niessen | !Tissue!organization!by!cadherin!adhesion! molecules:!dynamic!molecular!and!cellular!mechanisms!of!morphogenetic!regulation[END_REF][START_REF] Takai | !Nectin!and!afadin:!novel!organizers!of!intercellular! junctions[END_REF]. This process of mutual exclusion is crucial for spatial restriction of these proteins required for proper polarization of cells. In addition, aPKC is able to bind both PATJ and Crumbs, the latter being a phosphorylation target [13]. Crumbs has been shown to compete with Par3 for binding to Par6 in a Drosophila epithelial model [8]. Furthermore, Par6 has been shown to interact with Pals1 via its PDZ-domain [14]. Clearly, the three conserved polarity protein complexes have many potential ways of signaling interplay, which might affect each other's function (Fig. 1B). The interactions of the proteins and their downstream targets are highly cell type and context dependent.

Cytoskeletal changes are required for all different modes of cell polarity and numerous studies indicate a link between signaling of small GTPases of the Rho family and polarity proteins (reviewed in [START_REF] Askenasy | !Induction!of!tolerance!using!Fas!ligand:!a!doubleCedged! immunomodulator[END_REF]). Small RhoGTPases, including Cdc42, Rac1 and RhoA, control the cytoskeletal changes in cells by switching between an active GTP-bound state and an inactive GDP-bound state. Signaling by these proteins is initiated by the activation of cell surface receptors and triggers various processes including gene transcription, differentiation, adhesion and migration, all subject to intensive cytoskeletal reorganization.

The polarity protein Par3 can bind the Rac-activator Tiam1 linking Rac activation to polarity signaling of the Par complex. Tiam1-mediated Rac activity has been shown to be able to activate the Par complex during epithelial tight junction (TJ) maturation [15]. Alternatively, Par6/Par3 has been shown to regulate The apoptotic signaling induced by Fas upon activation by its ligand (FasL; TNF SF6) depends on the recruitment to the receptor of adaptor proteins and caspases forming a death-inducing signaling complex (DISC). This complex triggers caspase activation, responsible for the proteolytic cleavage of a broad spectrum of cellular targets, leading ultimately to cell death [START_REF] Kischkel | Cytotoxicity-dependent APO-1 (Fas/CD95)-associated proteins form a death-inducing signaling complex (DISC) with the receptor[END_REF]. Beside this prodeath function, Fas activation can also promote alternative nondeath signaling pathways leading to cell survival, proliferation, motility, cancer growth, and metastasis, depending on the cellular context [START_REF] Peter | The CD95 receptor: apoptosis revisited[END_REF]. Invalidation and mutations of the Fas/FasL system in animal models and in human pathologies mainly demonstrate that Fas regulates tissue homeostasis in the immune system through the induction of apoptosis [START_REF] Ramaswamy | Many checkpoints on the road to cell death: regulation of Fas-FasL interactions and Fas signaling in peripheral immune responses[END_REF]. Nevertheless, previous work reports that Fas is expressed in almost all human tissues including many epithelia such as the intestine [START_REF] Chen | Cell death in the colonic epithelium during inflammatory bowel diseases: CD95/Fas and beyond[END_REF]. Therefore activation of Fas in these tissues has to be strictly controlled in order to maintain an equilibrium between survival and cell death signals.

Figure!27: Interchange!between!polarity!proteins!of!the!different!complexes!is!possible!in!multiple! ways,!(I)!involving!competition!of!binding!of!Lgl1/2!and!Par3!to!Par6/aPKC,!(II)!binding!of!proteins! from!different!complexes,!(III)!phosphorylation!of!Par3,!Lgl1/2!and!Crb3!by!aPKC!and!(IV)!mutual! exclusion!of!the!Scrib!complex!and!the!apically!located!

At a cellular level, the life-and-death decision is controlled by different environmental cues including cell anchorage, which guarantees both cell-ECM adhesion and cell-cell adhesion thanks to different sets of specialized macrocomplexes. Both types of adhesion complexes have been shown to protect from cell death, but the exact mechanisms underlying these observations are still debated [START_REF] Grossmann | Molecular mechanisms of "detachment-induced apoptosis--Anoikis[END_REF][START_REF] Stupack | Get a ligand, get a life: integrins, signaling and cell survival[END_REF]. Cellcell contacts are mediated by specialized cell surface receptors including E-cadherin, the main cell-cell adhesion molecule expressed in epithelial tissues. The cytosolic domain of E-cadherin interacts with catenins (α-, β-, and p-120), which are adaptor molecules that connect the receptor to the actin cytoskeleton to form intercellular adhesion complexes called adherens junctions (AJs; [START_REF] Niessen | Tissue organization by cadherin adhesion molecules: dynamic molecular and cellular mechanisms of morphogenetic regulation[END_REF]. AJs play a master organizer role in the establishment of apical-basal polarity and are found functionally associated with the Scrib-Dlg1-Hugl1 polarity complex [START_REF] Reuver | E-cadherin mediated cell adhesion recruits SAP97 into the cortical cytoskeleton[END_REF][START_REF] Qin | The mammalian Scribble polarity protein regulates epithelial cell adhesion and migration through E-cadherin[END_REF]. In addition, AJs act as signaling platforms and are directly involved in the control of various pathways [START_REF] Kobielak | Links between alpha-catenin, NF-kap-paB, and squamous cell carcinoma in skin[END_REF][START_REF] Mccrea | Nuclear signaling from cadherin adhesion complexes[END_REF]. Their signaling capacities are at least in part due to their ability to associate with some cell surface receptors and to modulate their activities [START_REF] Qian | E-cadherin-mediated adhesion inhibits ligand-dependent activation of diverse receptor tyrosine kinases[END_REF][START_REF] Curto | Contact-dependent inhibition of EGFR signaling by Nf2/Merlin[END_REF][START_REF] Fukuhara | Differential function of Tie2 at cell-cell contacts and cell-substratum contacts regulated by angiopoietin-1[END_REF][START_REF] Lu | E-cadherin couples death receptors to the cytoskeleton to regulate apoptosis[END_REF]. Alteration of AJs in epithelia is associated with loss of cell-cell contacts and cell polarity, which leads to uncontrolled proliferation and carcinoma formation [START_REF] Jeanes | Cadherins and cancer: how does cadherin dysfunction promote tumor progression?[END_REF][START_REF] Stairs | Deletion of p120-catenin results in a tumor microenvironment with inflammation and cancer that establishes it as a tumor suppressor gene[END_REF]. However, loss of AJs in various animal models or in in vitro studies has been also associated with increased cell death [START_REF] Carmeliet | Targeted deficiency or cytosolic truncation of the VE-cadherin gene in mice impairs VEGF-mediated endothelial survival and angiogenesis[END_REF][START_REF] Hofmann | Cell-cell contacts prevent anoikis in primary human colonic epithelial cells[END_REF][START_REF] Schneider | A key role for E-cadherin in intestinal homeostasis and Paneth cell maturation[END_REF], which is in agreement with a role of cellcell junctions in the regulation of cell survival.

The possible role of cell-cell contacts and cell polarity in the control of Fas signaling has been largely unexplored. In this study, we report that E-cadherin plays a critical role in the regulation of Fas cell death signaling. Indeed, we demonstrate that in polarized colon epithelial cells, Fas is sequestered in E-cadherin actin-based adhesion structures, preventing its cell death signaling function. Moreover, we identify that the C-terminal PDZ domain of Fas interacts with the polarity molecule Dlg1, which accumulates together with AJs at cell-cell junctions. The interaction of Dlg1 with Fas inhibits Fas cell death signaling by impairing efficient formation of the DISC. Therefore, our findings uncover an important mechanistic link between cell-cell contacts and cell polarity along with the protection of polarized cohesive epithelial tissues from the Fas-induced death signal.

Results and discussion

Cell-cell contacts protect epithelial colon cells from FasLinduced cell death

To evaluate the importance of human epithelial tissue organization, and in particular cell-cell junctions, in the regulation of Fas proapoptotic signaling, we first analyzed the FasL-induced sensitivity of HCT15 cells, a human epithelial cell line of colon origin, which forms extensive cell-cell junctions and grows as independent islets (Fig. 1 A). Using time-lapse video microscopy experiments, we showed that induction of cell death by addition of FasL in HCT15 cells occurs preferentially in the cells located in the islet periphery that do not form mature junctions or in cells that do not form a cohesive islet (Fig. 1 A and Video 1). In contrast, cells that form extensive cell-cell junctions (i.e., located in the center of the islet) are protected from cell death. Treatment of HCT15 with staurosporine, a widely used chemical promotor of intracellular stress apoptosis, did not reveal a protective effect of cell-cell junctions (Fig. 1 A and Video 2), suggesting that cell-cell contacts specifically affect Fas signaling rather than having a general antiapoptotic effect. To rule out the possibility that the cell death resistance of cells located in the center of the islet was due to a limited diffusion of FasL through tight junction assembly, HCT15 cells were grown on permeable culture inserts. Video microscopy experiments showed that FasL treatment in both apical and basal reservoirs did not sensitize the central cells of the islet to FasL, demonstrating that this protective effect cannot be explained by a restriction of FasL diffusion at the basal side of the cells (Video 3).

Since maturation of cell-cell contacts including tight junctions and AJs requires the presence of extracellular calcium [START_REF] Takeichi | The cadherins: cell-cell adhesion molecules controlling animal morphogenesis[END_REF], we then analyzed the FasL-mediated cell death induction in HCT15 cells in which cell junctions were disrupted by growing cells in low-calcium conditions (Fig. 1 A and Video 4). Depletion of calcium resulted in a strong increase of FasL-induced cell death (Fig. 1, B-D andI), confirming the protective effect of cell-cell contacts in the regulation of Fas proapoptotic signaling.

To further characterize the nature of the cell-cell adhesion complex involved in the regulation of Fas signaling, we evaluated the role of AJs, the major cell-cell contact organizers [START_REF] Halbleib | Cadherins in development: cell adhesion, sorting, and tissue morphogenesis[END_REF][START_REF] Niessen | Tissue organization by cadherin adhesion molecules: dynamic molecular and cellular mechanisms of morphogenetic regulation[END_REF], by specifically targeting their assembly. This was achieved by the transfection of HCT15 cells with siRNAs directed against either α-catenin, which is essential to nucleate mature AJs [START_REF] Vasioukhin | Hyperproliferation and defects in epithelial polarity upon conditional ablation of alpha-catenin in skin[END_REF], or E-cadherin. We showed that the partial knockdown of AJ components alters cell-cell contact formation and results in a strong increase in the number of cells sensitive to FasL-mediated cell death (Fig. 1, E-H andJ). Altogether, these experiments suggest that the formation of AJs in human epithelial cells inhibits the proapoptotic function of the Fas receptor.

Fas associates and forms a stable complex with AJs

Since the formation of AJs regulates Fas cell death signaling, we analyzed the localization of Fas at the border and the center of the cell islets. We found that at cell-cell contacts of confluent cells, Fas strongly colocalizes with E-cadherin (Fig. 2, A-C) and α-catenin (Fig. 2 F; Pearson coefficient of 0.815 and 0.655 for E-cadherin and α-catenin, respectively). Fas colocalized with E-cadherin together with actin in the zona adherens located at the apical end of lateral cell-cell contacts (Fig. 2, A andB, arrows) but also in cell contacts formed along the lateral surface of HCT15 epithelial cells (Fig. 2 B, arrowheads). Interestingly, Fas was less enriched in AJs in cells located at the periphery of the islet (Fig. 2, A andD), suggesting that maturation of cell-cell contacts favors Fas-Ecadherin association. Using proximity ligation assays (PLAs), we confirmed the molecular proximity of Fas and AJ components in HCT15 cells (Fig. 2 E). A similar colocalization of Fas and AJs was observed in human colon epithelial tissues, showing that Fas undergoes a similar polarized expression in vivo (Fig. 2 G).

To finely evaluate the role of AJs in the polarized expression of the Fas receptor, its localization was analyzed by immunofluorescence (IF) in HCT15, in which cell-cell contacts were disrupted by inhibiting α-catenin expression with siRNA. As shown in Fig. 2 F, in the absence of cell-cell junctions, Fas is no longer limited to a specific domain of the plasma membrane but rather becomes expressed all over the plasma membrane.

The formation of mature AJs corresponds with the assembly of cadherins and various cytoplasmic molecules together with the actin cytoskeleton into a macromolecular complex characterized by its detergent insolubility [START_REF] Kinch | Tyrosine phosphorylation regulates the adhesions of ras-transformed breast epithelia[END_REF]. Since Fas associates with AJs in confluent cells, we analyzed whether the detergent solubility of Fas was dependent on AJ formation. Detergent solubility assays demonstrated that the proportion of Fas molecules associated with the detergent-insoluble cytoskeletal fraction decreased in HCT15 cells transfected with either α-catenin or E-cadherin siRNAs compared with cells transfected with a control siRNA (Fig. 2, H andI). Altogether, our data suggest that maturation of AJs controls the presence of Fas at sites of cell-cell contacts and its molecular association with this adhesion complex.

Sequestration of Fas in AJs inhibits FasL binding to the plasma membrane and consequently cell death signaling

To determine whether the inhibition of FasL-mediated cell death signaling found in confluent cells was due to a less-efficient binding of FasL to the cell surface, we developed a FasL-binding assay using FasL-coated beads. FasL-coated beads and noncoated beads were added to HCT15 cells forming mature cell-cell contacts or in which AJs were disrupted by transfecting cells with an α-catenin siRNA. Following 30 min incubation, FasL binding efficiency was determined using microscopic observations, bead counting, and IF studies (Fig. 3, A-E).

We showed that FasL-coated beads bound efficiently to HCT15 cells compared with noncoated control beads (Fig. 3 B). Moreover, IF studies followed by quantitative analyses revealed that FasL-coated beads induced a progressive accumulation of Fas and caspase-8 to small patches located beneath the area of bead-cell contacts (Fig. 3, C-E). As expected, a longer activation time (90 min) led to a strong cytosolic accumulation of activated caspase-8 associated with cell shrinkage (Fig. 3 C). Fas and caspase-8 recruitments were mostly observed beneath the beads attached to cells located at the border of the islet, suggesting that the efficiency of FasL binding is improved in bordering cells in which Fas does not accumulates in AJs. We next used the same FasLcoated bead assay to isolate Fas receptors together with DISC components. In agreement with our IF results, the quantity of Fas immunoprecipitated at each time point strongly increases during activation time, suggesting that the aggregation of Fas underneath each bead is a dynamic process (Fig. 3 F). These results demonstrated that FasL-coated beads preferentially bind to epithelial cells located at the margin of the islet, which do not form extensive cell-cell junctions.

We then compared the FasL-coated bead-binding efficiency and the caspase activation of HCT15 cells in which AJs were disrupted by knocking down α-catenin expression using specific siRNA. In the absence of AJs, FasL-coated beads were able to bind efficiently to the cells within the islet independently of their position and not only to the cells located at the periphery (Fig. 3 A), suggesting that the absence of AJs sensitizes cells within the islet to FasL binding. Counting the beads bound in each culture condition confirmed that the absence of AJs strikingly increased the binding efficiency of FasL-coated beads compared with control cells (siCtrl; Fig. 3 B). In agreement with these observations, more DISC components (Fas, caspase-8, and FADD) were pulled down by FasL-coated beads in α-catenin-knockdown cells com-pared with control cells (Fig. 3, F andG). Altogether, our results demonstrate that the disruption of AJs increases the availability of the Fas receptor for ligand binding, which strongly increases epithelial cell sensitivity to FasL-induced cell death.

The Fas C-terminal PDZ binding site interacts with various PDZ proteins and is required to stabilize and localize Fas at cell-cell contact Recent examples demonstrate that PDZ domain-containing molecules interact directly with various cell surface receptors through a PDZ-binding site to target them to specific membrane domains including cell-cell contacts [START_REF] Borg | ERB IN: a basolateral PDZ protein that interacts with the mammalian ERBB2/HER2 receptor[END_REF][START_REF] Curto | Contact-dependent inhibition of EGFR signaling by Nf2/Merlin[END_REF][START_REF] Theisen | NHE RF links the N-cadherin/catenin complex to the platelet-derived growth factor receptor to modulate the actin cytoskeleton and regulate cell motility[END_REF][START_REF] Chiasson-Mackenzie | NF2/Merlin mediates contact-dependent inhibition of EGFR mobility and internalization via cortical actomyosin[END_REF]. Since Fas has been reported to contain a PDZ C-terminal binding motif [START_REF] Yanagisawa | The molecular interaction of Fas and FAP-1. A tripeptide blocker of human Fas interaction with FAP-1 promotes Fas-induced apoptosis[END_REF], we tested the possibility that this domain was involved in the subcellular localization of Fas at cell-cell contacts. We generated HCT15 cells stably expressing a GFP-tagged version of the WT or a mutant form of Fas in which the last three amino acids (SLV), which compose a class I PDZ-binding motif (FasGFPΔSLV), were deleted (Fig. 4 A). Confocal analysis of the subcellular distribution of the FasGFP WT and FasGFPΔSLV ectopic receptors was performed on HCT15 cells stably expressing these constructs and forming extensive cell-cell junctions. This experiment showed that whereas FasGFP WT mainly colocalizes with E-cadherin at the lateral cell-cell junctions, FasGFPΔSLV not only does not efficiently associate with cell-cell junctions but also displays a cytosolic localization (Fig. 4, B andC). Cell surface biotinylation assays confirmed that the FasGFPΔSLV mutant is significantly less expressed at the cell surface compared with the WT form of Fas (Fig. 4, D andE). Detergent solubility assays demonstrated that the FasGFPΔSLV mutant is more soluble than its WT counterpart (Fig. S1 A), which correlates with a reduced association of the Fas PDZ mutant to cell-cell junctions. Thus, these data suggest that the Fas C-terminal PDZ binding site is required to target and/or to sequester Fas at cell-cell junctions.

We then used a previously described proteomic approach [START_REF] Belotti | The human PDZome: a gateway to PSD95-Disc large-zonula occludens (PDZ)-mediated functions[END_REF] to identify the Fas molecular partner(s) able to associate with the PDZ-binding site of Fas and possibly be involved in its subcellular localization. Two peptides corresponding respectively with the last 20 amino acids of WT Fas and a mutant form lacking the PDZ-binding motif (FasΔSLV; Fig. 4 A) were bound to agarose beads and used as baits to pull down Fas molecular partners from HCT15 cell extracts. Following pulldown experiments, proteomic analysis allowed us to identify 53 molecules that were significantly pulled down with the FasWT peptide but not with the Fas peptide lacking the PDZ-binding motif (Fig. 4 F and Table S1). Among these proteins, 19 are PDZ domain-containing proteins, which have been associated with conditions] to 20 µM [low conditions]) before FasL treatment (15 ng/ml + M2), and cell death was measured by monitoring caspase-8 activation (presence of p43/41 and p30 cleaved fragments) and PARP cleavage by IB. Relative caspase-8 activation (p41/43) and PARP cleavage were measured by quantitative densitometry (n = 3). (E-G) Cell death was induced by FasL treatment (15 ng/ml + M2) in HCT15 cells transfected with the indicated siRNAs and analyzed by IB as above. IBs were quantified by densitometry (n = 3). (H) The efficiency of each siRNA was verified by IB. (I and J) Cell death was analyzed by sub-G1 quantification (PI incorporation) in HCT15 grown in low-calcium conditions or transfected by the indicated siRNAs. Arrowheads in B and E indicate the cleaved forms of PARP. In all graphs, error bars represent means ± SEM. *, P < 0.05; **, P < 0.01; Student's t test. cell-cell junctions, cell polarity, receptor trafficking, and actin cytoskeleton interaction/regulation. FAP1 is the only protein already identified as a Fas interactor [START_REF] Yanagisawa | The molecular interaction of Fas and FAP-1. A tripeptide blocker of human Fas interaction with FAP-1 promotes Fas-induced apoptosis[END_REF].

The most abundant protein found to interact with the Fas C-terminal part is the polarity molecule Dlg1. Dlg1 is a scaffold molecule containing four PDZ domains, and it belongs to the Scrib polarity complex. Dlg1 has been found to be tightly associated with AJs in various animal and cellular models [START_REF] Reuver | E-cadherin mediated cell adhesion recruits SAP97 into the cortical cytoskeleton[END_REF][START_REF] Guo | E-cadherin interactome complexity and robustness resolved by quantitative proteomics[END_REF]. Moreover, Dlg1 has been found to interact with several molecular partners also identified in our proteomic analysis such as CASK, Lin7c, and MPP7 (Fig. 4 F). Pulldown experiments followed by immunoblotting (IB) were used to verify the interaction of the Fas C-terminal domain with Dlg1 as well as with other abundant PDZ domain-containing proteins identified in our screen such as CASK, Lin7c, SNTB2, and PATJ but not with NHE RF1, used as a negative control (Fig. 4 G). Using pulldown experiments, we also showed that the knockdown of Dlg1 expression by siRNAs affects the recruitment of several Fas molecular partners known to associate with Dlg1, such as CASK and Lin7c, but has only a minor effect on other PDZ-binding proteins (Fig. 4, H andI), supporting the idea that Dlg1 could organize a complex structural network composed of several proteins linked to the Fas C-terminal domain and connected to the actin cytoskeleton.

To further demonstrate the molecular interaction between Fas and Dlg1, Fas-Dlg1 association was verified by using both Fas immunoprecipitation (IP) experiments in 293T cells transiently transfected with Dlg1 and various Fas-deletion mutants (Fig. S1 B) as well as PLA on HCT15 cells (Fig. 5 D). Our results support the idea of a direct interaction between Fas and Dlg1 in epithelial cells.

The Dlg1 polarity molecule colocalizes with Fas and inhibits FasL-induced cell death signaling As we mentioned, the Dlg1 polarity molecule has been found tightly associated with E-cadherin [START_REF] Guo | E-cadherin interactome complexity and robustness resolved by quantitative proteomics[END_REF]. As expected, IF experiments demonstrate that Dlg1 colocalizes with Fas at cell-cell junctions (Pearson's correlation coefficient of 0.73) in HCT15 cells, both at the border and in the center of the cell islets (Fig. 5, A andB).

We then investigated the importance of the Fas-Dlg1 association on Fas plasma membrane stability, localization, and signaling using a loss-of-function approach. IF experiments demonstrated that the knockdown of Dlg1 in HCT15 cells only slightly impacts Fas localization at the cell junctions (Fig. 5, A andC). In agreement with this result, solubilization assays revealed that siRNA silencing of Dlg1 in HCT15 has only a modest effect on Fas and α-catenin solubility (Fig. S2 A), suggesting that in HCT15 cells, AJ formation and Fas recruitment in AJs do not absolutely require Dlg1.

We then compared the binding efficiency of FasL-coated beads on HCT15 cells in which Dlg1 expression was knocked down by siRNAs. Dlg1 silencing in HCT15 did not statistically modify either the binding efficiency of FasL-coated beads or the preferential binding on peripheral cells observed in control cells (Figs. 3 A andS2 B). This suggests that the absence of Dlg1 is not sufficient to affect the Fas basal-lateral localization and to sensitize cells within islets to FasL binding as it occurs when cell-cell junctions are disrupted.

The potential role of Dlg1 in the modulation of Fas proapoptotic signaling was then studied by comparing FasL death sensitivity of HCT15 cells transfected with either control (siCtrl) or two different Dlg1 (siDlg1#1 and 2) siRNAs. The knockdown of Dlg1 significantly increased Fas-induced cell death as judged by IB using anti-cleaved caspase-8 and poly-ADP ribose polymerase (PARP) antibodies (Fig. 5, E andF). The increase of Fas cell death correlates with a slight increase of Fas total and cell surface expression in cells transfected by siRNAs against Dlg1 compared with a control receiving the control siRNA (siCtrl; Fig. S2 C). To analyze whether the role of Dlg1 in the regulation of Fas cell death signaling was dependent on AJ formation, we took advantage of another colorectal cell line named SW480 that does not form AJs due to a very low level of E-cadherin expression (Fig. S2 D; [START_REF] Conacci-Sorrell | Autoregulation of E-cadherin expression by cadherin-cadherin interactions[END_REF]. The absence of Dlg1 in SW480 cells strongly increased FasL-induced cell death (Fig. 5, E andF) without significantly affecting Fas total or cell surface expression (Fig. S2 E).

Altogether, these data show that Dlg1 does not play an essential role in the sequestration of Fas in AJs but inhibits Fas cell death signaling by modulating the ability to optimally form a DISC upon FasL engagement. Since the Fas PDZ mutant is unable to efficiently localize in AJs, we hypothesize that other PDZ molecules may participate or compensate for the absence of Dlg1 to target/stabilize Fas at cell-cell junctions. Indeed, several PDZ proteins identified in our screen, such as MAGI-1/3, β2-syntrophin, MPP7, and CASK, have been found associated with cell-cell junctions. Further studies would be necessary to determine the exact mechanism by which Dlg1 interferes with cell death signaling. Indeed, several examples have shown that Dlg1 modulates receptor signaling by influencing their trafficking, localization, and molecular environment by recruiting adaptor molecules [START_REF] Round | Dlgh1 coordinates actin polymerization, synaptic T cell receptor and lipid raft aggregation, and effector function in T cells[END_REF][START_REF] Fourie | The anchoring protein SAP97 influences the trafficking and localisation of multiple membrane channels[END_REF].

In this study, we uncover a new role of AJs as key regulators of Fas proapoptotic signaling in polarized epithelial cells. We clearly demonstrate that AJ formation is accompanied by the accumulation of Fas receptor within these adhesion complexes. This results in a strong inhibition of Fas-mediated cell death by impairing efficient FasL binding, thereby preventing the activation of the receptor. Moreover, we unravel that Fas accumulation in these lateral cellular domains requires the PDZ-binding domain of Fas. Using a proteomics approach, we reveal that this domain of Fas interacts preferentially with Dlg1, a scaffold molecule involved in the maintenance of cell polarity. We demonstrate that the Fas-Dlg1 interaction inhibits Fas cell death signaling, suggesting that Dlg1 interferes with the formation/stability of the death signaling complex. Therefore, accumulation of Fas at cell-cell junctions inhibits Fas cell death signaling by at least two different complementary mechanisms (Fig. 5 G).

Our study supports for the first time in human cells a molecular link between a scaffold protein involved in the maintenance of cell polarity and a cell death receptor. This result is in agreement with previous studies revealing the importance of cell polarity in the control of cell death [START_REF] Weaver | beta4 integrin-dependent formation of polarized three-dimensional architecture confers resistance to apoptosis in normal and malignant mammary epithelium[END_REF][START_REF] Brumby | scribble mutants cooperate with oncogenic Ras or Notch to cause neoplastic overgrowth in Drosophila[END_REF][START_REF] Igaki | Intrinsic tumor suppression and epithelial maintenance by endocytic activation of Eiger/TNF signaling in Drosophila[END_REF][START_REF] Frank | A βPIX-PAK2 complex confers protection against Scrib-dependent and cadherin-mediated apoptosis[END_REF]. This cell death-regulatory mechanism is crucial to protect normal cells from apoptotic signals and to sense and eliminate abnormal cells from epithelial tissues in pathological conditions such as tumor development. Our data reveal a striking similarity with data obtained in Drosophila melanogaster in which activation of the fly TNF receptor Grnd by its ligand Eiger leads to the apoptotic elimination of mispolarized clonal epithelial cells due to siRNA silencing of Scrib or Dlg1 [START_REF] Igaki | Intrinsic tumor suppression and epithelial maintenance by endocytic activation of Eiger/TNF signaling in Drosophila[END_REF][START_REF] Andersen | The Drosophila TNF receptor Grindelwald couples loss of cell polarity and neoplastic growth[END_REF]. Moreover, Gnrd is found associated with the Crumbs polarity complex and Veli (lin7), which regulates the fly TNF receptor signaling capacity. Our proteomics analysis demonstrates that Lin7c, the mammalian homologue of Veli, also interacts with Fas and that its association with Fas is dependent on Dlg1, suggesting that the control of TNF receptor signaling by polarity molecules has been conserved during evolution.

Finally, since Fas activation also leads to nonapoptotic signaling, in particular in the context of tumor development [START_REF] Peter | ,!Assignment!of!the!human!Fas!antigen!gene!(Fas)!to!10q24.1.! Genomics[END_REF], it is possible that recruitment of Dlg1 and/or E-cadherin by Fas blocks cell death signaling while alternatively promoting nondeath pathways. Therefore, our study opens the door for further investigations to unravel the molecular mechanisms underlying the versatile regulation of Fas signaling by the cadherin-Dlg1 complex.

Materials and methods

Reagents and antibodies

For IB or IF, antibodies against anti-Fas (B10), Dlg1/SAP97 (2D11 and S19), Erk-2, Lin7 (C15), and CASK (H107) were purchased from Santa Cruz Biotechnology; anti-caspase-8 and Fadd were from MBL; anti-cleaved caspase-8 (cl. caspase-8) and PARP were from Cell Signaling Technology; anti-caspase-10 was from BioVision; anti-β-catenin, N-cadherin, and NHE RF1 were from BD; anti-HA was from Covance; anti-E-cadherin was from Invitrogen; anti-Fas (EPR5700), p120, E-cadherin, and α-catenin were from Epitomics; anti-GAP DH was from EMD Millipore; anti-PATJ was from Gene-Tex; and anti-β2-syntrophin (SNTB2) was from Thermo Fisher Scientific. Fluorescent and HRP-conjugated secondary antibodies were from Molecular Probes and Jackson ImmunoResearch Laboratories, respectively, and staurosporine was from Sigma-Aldrich. For FasL treatment, Flag-recombinant human FasL from Alexis was cross-linked with anti-Flag M2 from Sigma-Aldrich.

Constructs

Human Fas ΔCter (pCR3.hFasDelCter) constructs were obtained using the QuikChange site-directed mutagenesis kit (Invitrogen) with pCR3-hFas as template and using 5′-CAG ACT ATC ATC CTC TAG GAC ATT ACT AGT GAC TCAG-3′ and 5′-CTG AGT CAC TAG TAA TGT CCT AGA GGA TGA TAG TCTG-3′ oligonucleotides, and they corresponded with the deletion of the last 20 aa of human Fas. pCR3-hFas, pCR3-hFasΔICD, and pCR3-hFasΔDD were kind gifts from P. Schneider (University of Lausanne, Epalinges, Switzerland) and correspond respectively with Fas full-length cDNA (FasFull), deleted of the entire cytoplasmic domain (FasΔICD), and deleted of the C-terminal domain of Fas including the death domain (DD; FasΔDD). Fas GFP WT was a kind gift from J. Lane (University of Bristol, Bristol, UK). Fas GFP ΔSLV was obtained by deleting the SLV tripeptide by PCR. Both GFP constructs (WT and mutant) were cloned in the retroviral vector LXSN. Rat Dlg1-expressing vector was a gift from L. Banks (International Centre for Genetic Engineering and Biotechnology, Trieste, Italy).

Cell Culture, treatment, transfection, and viral infection All cell lines were grown in DMEM supplemented with 10% FBS supplemented with nonessential amino acids (Gibco; Thermo Fischer Scientific). Transient transfection of plasmids in 293T was obtained by using the JetPRI ME transfection reagent (Polyplus). For siRNA transfection, cells were transiently transfected using RNAiMAX lipofectamine reagent (Invitrogen) according to the manufacturer's procedure. α-Catenin, E-cadherin, and Dlg1 silencing were obtained using individual sequences: for α-catenin #1, 5′-GAA GAG AGG UCG UUC UAAG-3′; and #2, 5′-GAU GGU AUC UUG AAG UUGA-3′; and for Dlg1 #1, 5′-CCA UAG AAC GGG UUA UUAA-3′; and #2, 5′-GGA AGA CAU UUA CAA CCA AGU-3′. E-cadherin silencing was obtained using a mix of two individual siRNAs (#1, 5′-GGC CUG AAG UGA CUC GUAA-3′; #2, 5′-GGG ACA ACG UUU AUU ACUA-3′), and siRNA targeting luciferase was used as control (siCtrl, 5′-CGU ACG CGG AAU ACU UCGA-3′).

Infection of HCT15 with LXSN retroviral vector expressing Fas GFP WT and mutant was performed as described (Gagnoux-Palacios et al., 2005). Briefly, infectious supernatants generated using phoenix retroviral producer cell line supplemented with polybrene were added to actively growing cells at high MOI followed by spinoculation procedure. Expressing cells were selected for neoresistance to geneticin (500 µg/ml; Sigma-Aldrich) 48 h after infection.

Preparation of FasL-coated beads 400 µl magnetic beads linked to human anti-mouse IgG (Dynabeads; Invitrogen) were incubated with 40 μg M2 antibody for 1 h at RT in DMEM and 0.1% BSA on a wheel. M2-coated beads were washed and incubated one more hour with 2 μg recombinant FasL in the same conditions. After washing, beads were kept at 4°C in sterile conditions or used immediately for Fas activation. The same amount of uncoated beads was used as a control in these experiments.

Cell death assays

For cell death experiments, cells were incubated with indicated doses of recombinant human Flag-FasL (FasL) cross-linked with 1 µg/ml M2 antibody or with FasL-coated beads. After the indicated incubation time at 37°C and 5% CO 2 , cells were collected and fixed in ice-cold 70% ethanol. Cells were washed in 38 mM sodium citrate, pH 7.4, stained for 20 min at 37°C with 50 µg/ml propidium iodide (PI; Sigma-Aldrich) and 5 µg/ml RNaseA (Sigma-Aldrich) in 38 mM sodium citrate, and analyzed by flow cytometry using the Fortessa analyzer (BD). The proportion of apoptotic cells as represented by the sub-G1 peak was determined. Alternatively, cell death induced by FasL/M2 cotreatment or staurosporine (20 µM) was analyzed by video microscopy using an inverted ZEI SS Ax-iovert200 microscope equipped with a Zeiss 10× Plan-Neofluar PH1 dry 0.3 NA objective lens. Images were acquired with a monochrome Neo sCMOS camera (Andor Technology) controlled with MetaMorph 7.7 software (Molecular Devices).

IF and FasL-binding assay

For immunolabeling, cells attached to glass coverslips were fixed with 3.7% formaldehyde for 15 min at RT and either subsequently permeabilized with 0.1% Triton X-100 or incubated on ice in cold methanol for 5 min. After 1-h saturation in PBS containing 1% BSA and overnight incubation at 4°C with the indicated primary antibodies, cells were washed with PBS and incubated with fluorescent-conjugated secondary antibodies (Molecular Probes/Invitrogen) and DAPI (Sigma-Aldrich). Samples were analyzed using an inverted IX81 Olympus microscope (Olympus) equipped with a motorized XY stage (Prior Scientific), a CSU-X1 confocal head (Yokogawa Electric Corporation), and a sensitive iXon DU-897-BV electron-multiplying charge-coupled device (EMC CD) camera (Andor Technology). Z stacks were acquired using a piezo stage NanoScan Z100 (Prior Scientific). The system was controlled using MetaMorph software. Fresh frozen sections of human colon were immunolabeled using a similar procedure and analyzed on an LSM780 confocal microscope (Zeiss) using a 40× 1.1 NA water objective. All experimental and control images of the IF or phase-contrast data were collected using identical imaging settings, and images were merged using Fiji software tools (ImageJ; National Institutes of Health; [START_REF] Schindelin | Fiji: an opensource platform for biological-image analysis[END_REF]. For FasL-binding assay, cells were incubated with FasLcoated beads or uncoated beads (as a control) in DMEM and 0.1% BSA for 30 min at 37°C and 5% CO 2 . After extensive washing to remove unbound beads, cells were fixed with a solution of 3.7% formaldehyde in PBS, and phase-contrast pictures of each well were performed using a 10× objective. Alternatively, cells were lysed, and lysates were subjected to flow cytometry using the HTS Plate Manager (BD) to calculate the number of cell-fixed beads in each condition.

Specific enrichment quantification

Fas specific enrichment at cell-cell junctions or Fas and caspase recruitment at FasL-coated beads were quantified using the same the process with Fiji software. Briefly, reference regions, either cell-cell junctions (labeled by E-cadherin, actin, and Dlg1) or bead contours were defined using intensity-based thresholds. The intensity of the marker of interest, endogenous Fas, FasGFP, or cleaved caspase-8, was measured inside those predefined contours (cell-cell junctions or beads). Then, the intensity of the marker of interest, endogenous Fas, FasGFP, or cleaved caspase-8, was measured outside those predefined contours to measure the basal level of expression. Finally, the enrichment factor was calculated by the ratio of the signal of interest inside/outside of the junctions or beads. An enrichment factor value >1 meant that the protein of interest was specifically enriched either in the cell-cell junction or at the FasL-coated beads.

DuoLink in situ PLA

To detect the interaction between Fas and Dlg1 or α-catenin, we used the DuoLink in situ PLA (Olink Bioscience) according to the manufacturer's protocol. HCT15 or SW480 cells were seeded on poly-l-lysine (40 µg/ml)-coated microscope slides. Cells were fixed with 4% PFA and permeabilized with 0.5% Triton X-100. Cells were immunolabeled with primary antibodies: anti-Fas, anti-Dlg1, or anti-α-catenin overnight at 8°C. The secondary antibodies (PLA probes supplied in the DuoLink kit) were incubated for 1 h at 37°C. Images were collected on an inverted Axio-Observer Z1 microscope (Zeiss) equipped with a 63× 1.4 NA Plan Apochromat DIC III oil objective lens. Images were acquired with a monochrome EMC CD iXON+897 camera (Andor Technology) controlled with MetaMorph 7.8 software. A fluorescence signal indicated that two proteins were separated by <40 nm. PLA dots and nuclei were calculated in each field, and results were expressed as the mean number of count/cells.

Peptide pulldown, IP, and IB

Peptides corresponding with carboxyl terminals of human Fas (316-335 aa [Fas] or 316-332 aa [FasΔSLV]) were synthesized (GenScript) and cross-linked to NHS-activated Sepharose 4 Fast Flow beads according to the manufacturer's instructions (GE Healthcare). Pulldown experiments were performed using HCT15 cell lysates, and interacting proteins were identified by IB. Briefly, peptide-coated beads were added to cell lysates and incubated for 2 h at 4°C. Beads were washed in lysis buffer (20 mM Hepes, pH 7.5, 150 mM NaCl, 0.2 mM EDTA, 0.5% Triton X-100, 2 mM MgCl 2 , 2 mM DTT, 10 mM NaF, 20 mM β-glycerophosphate, and a mix of protease inhibitors), and proteins bound to beads were separated by SDS-PAGE classical procedure. For IP, 293 cells transfected with Fas and rat Dlg1-encoding plasmids were lysed at 4°C in IP buffer: 20 mM Hepes, pH 7.5, 150 mM NaCl, 0.2 mM EDTA, 0.5% Triton X-100, 10% glycerol, 2 mM MgCl 2 , 10 mM NaF, 20 mM β-glycerophosphate, and a mix of protease inhibitors. The postnuclear supernatants obtained after centrifugation at 10,000 g for 10 min at 4°C were incubated with protein G Sepharose beads (Invitrogen) coupled to Fas antibody (Apo1.3) for 2 h. After washes with lysis buffer, beads were eluted with sample buffer at 95°C for 5 min and subjected to SDS-PAGE and IB. To analyze DISC formation, cells were incubated with 20 µl FasL-coated beads at 4°C for 30 min to allow bead deposition and initial attachment. Cell plates were lysed directly (t = 0) or transferred at 37°C for various periods of time (from 15 to 60 min) to trigger Fas activation and DISC formation before cell lysis in IP buffer. Cell lysates were sonicated, and protein concentration was evaluated. The same quantity of protein (1 mg) was used in the IP for each condition. Lysates were incubated for 1 h at 4°C under agitation. FasL-coated beads were then isolated using a magnet and washed four times with the lysis buffer. Magnetic beads were resuspended in Laemmli buffer, and protein extracts were separated by SDS-PAGE followed by classical IB procedures. IB analysis of total proteins was performed according to standard protocols. Briefly, cells were lysed in 50 mM Tris, pH 8, 150 mM NaCl, 2 mM EDTA, 1% NP-40, 0.5% deoxycholate, and 0.1% SDS containing phosphatase and protease inhibitors. After preclearing by centrifugation and quantification, the solubilized denatured proteins were resolved by SDS-PAGE. IB was performed using the indicated primary antibody and HRP-coupled secondary antibody (Jackson ImmunoResearch Laboratories). Quantitative densitometry was performed using ImageJ.

Cell surface biotinylation

The presence of Fas at the cell surface was assessed by biotinylation assays followed by IP with agarose beads coupled with avidin according to the manufacturer's instructions. Briefly, cells were washed three times in PBS, pH 8, 1 mM MgCl 2 , and 0.5 mM CaCl 2 at 4°C, and then sulfo-NHS-SS-biotin (Pierce) was added to a final concentration of 0.2 mg/ml for 30 min at 4°C. The monolayers were washed once in ice-cold PBS, pH 8, 1 mM MgCl 2 , and 0.5 mM CaCl 2 and incubated with PBS solution containing 100 mM glycine for 10 min to block free biotin. After incubation, cells were washed once with ice-cold PBS and lysed in lysis buffer. The same amount of biotinylated proteins were precipitated with Neutravidin-conjugated agarose (Pierce) in each condition for 2 h. The beads were washed three times in lysis buffer for 5 min each and resuspended in Laemmli buffer. Protein extracts were separated by SDS-PAGE followed by classical IB procedures.

Mass spectroscopy analysis

Following peptide pulldown (see above), protein extracts were loaded and stacked on a NuPAGE gel (Life Technologies). Stained bands were submitted to an in-gel trypsin digestion. Peptide extracts were reconstituted with 0.1% trifluoracetic acid in 4% acetonitrile and analyzed by liquid chromatography (LC)-tandem mass spectrometry (MS/MS) using an Orbitrap Fusion Lumos Tribrid mass spectrometer (Thermo Fisher Scientific) online with an Ultimate 3000RSLCnano chromatography system (Thermo Fisher Scientific). Protein identification and quantification were processed using the MaxQuant computational proteomics platform (version 1.5.3.8) using the human subset of the SwissProt database (date 2018.01; 20,244 entries). The statistical analysis was done with Perseus program (version 1.5.6.0). Differential proteins were detected using a two-sample t test at 0.01 and 0.05 permutation-based false discovery rate. The mass spectrometry proteomics data, including search results, have been deposited in the ProteomeXchange Consortium via the PRI DE partner repository with the dataset identifier PXD009659.

Detergent solubility assay

The detergent solubility assay was derived from [START_REF] Gimond | Induction of cell scattering by expression of beta1 integrins in beta1-deficient epithelial cells requires activation of members of the rho family of GTPases and downregulation of cadherin and catenin function[END_REF]. Cell cultures were lysed 20 min on ice in 300 µl of 0.5% Brij58, 50 mM Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 5 mM NaF, 20 mM β-glycerophosphate, and 10 mM sodium pyrophosphate in the presence of protease inhibitors, and cell lysates were centrifuged at 14,000 rpm for 10 min to obtain the soluble fraction of protein. The pellet represents the cytoskeleton-associated protein (insoluble fraction) and was resuspended in 400 µl Laemmli buffer. To compare the solubility of each protein, 1:15 soluble fraction (representing ∼20 µg soluble protein) and 1:5 insoluble protein (80 µl) for each condition were separated in SDS-PAGE followed by classical IB procedures. Quantitation of protein expression was performed using ImageJ and was used to determine the proportion of each protein in soluble versus insoluble fractions. The solubility index for each protein represents the ratio of total amount of soluble versus insoluble. One representative experiment was shown out of three.

Statistical analysis

Data were analyzed using a homoscedastic two-tailed t test. P < 0.05 was considered statistically significant. *, P < 0.05; **, P < 0.005.

Online supplemental material Fig. S1 describes the role of the Fas C-terminal PDZ-binding site in the regulation of Fas detergent solubility and Fas-Dlg1 binding. Fig. S2 shows the impact of the Dlg1 polarity molecule on Fas detergent solubility, FasL binding, and both total and cell surface Fas expression. Video 1 shows the effects of FasL treatment on an islet of HCT15 cells. Video 2 shows the effects of the treatment of the same cell line by staurosporine, a common chemical inducer of apoptosis. Video 3 and 4 are filmed in similar conditions to Video 1 except that HCT15 cells were grown on a semipermeable cell culture or in culture media depleted of calcium, respectively. Table S1 shows the comprehensive listing of all Fas interactors identified by pulldown assay and LC-MS/MS analysis.

Cadherins are gatekeepers of Fas death receptor Journal of Cell Biology https://doi.org/10.1083/jcb.201805071 S17 Video 1. HCT15 cells forming cohesive islets were treated with 20 ng/ml of FasL in the presence of cross M2 antibody and immediately visualized by phase contrast using a video microscope for 12 h. Frames were taken every 15 min for 12 h. Cell death is observed mainly in the periphery of the cell islet, suggesting that cells in the center of the islet are protected from Fas cell death signaling. Video 2. HCT15 cells were treated with staurosporine, a chemical inducer of apoptosis, and cells were filmed as described in Video 1. Contrary to what happens with the FasL treatment, cells treated with staurosporine died with the same kinetic independently of their position within the cell islet. Frames were taken every 15 min for 12 h. Video 3. HCT15 were grown on a semipermeable cell culture insert and treated with FasL added apically or basolaterally. Cell death is observed mainly in the periphery of the cell islet, demonstrating that the protective effect observed in cells located at the center of the islet cannot be explained by a restriction of FasL diffusion at the basal side of the cells. Frames were taken every 15 min for 12 h. For each identified and quantified protein, enrichment (log2) as well as P value (;log 10) were indicated and used to plot the Volcano plot shown in Fig. 4 F. Protein name, protein ID, the gene name, the number of unique peptides identified (Peptides), the percent peptide coverage (Sequence coverage %), and the molecular weight of each protein are also indicated. Proteins significantly more abundant in the WT than in the DeltaSLV mutant (P < 0.05)&are&written&in&red. 
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Figure 1 .

 1 Figure 1. Select members of the TNF and TNFR superfamily implicated in rheumatic diseasesTNF superfamily ligands (TNFSF; top) are active primarily as non-covalently associated homotrimers and can be soluble or membrane-expressed. TNF superfamily receptors (TNFRSF; bottom) contain variable numbers of cysteine-rich domains in their ligandbinding extracellular regions. TNFRSF are mainly membrane-expressed, but can form soluble receptors via enzymatic cleavage of the ectodomains. Also depicted are the primary cell targets that respond to TNFSF through TNFRSF signalling, although this list is not comprehensive in terms of the expression characteristics of each molecule. TNFRSF molecules whose main function is to promote apoptotic cell death (TNFR1, Fas, TNF-

Figure! 2 :

 2 Figure!2:!Human!Fas!ligand!protein!structure!![3]!

  reverse!signaling!can!induce!different!outcomes!depending!on!the!context.TNFRSF6/CD95)!is!a!type!I!transmembrane!receptor!belonging!to!the!TNFRSF.!Fas!is!best) known!for!inducing!cell!death!through!apoptosis,!but!it!is!now!well!recognized!that!it!could! also! be! involved! in! a! wide! range! of! non)death! functions! in! many! cell! types! and! contexts! involving!cell!survival,!proliferation,!inflammation,!migration,!and!invasion!of!cells![80,!81].!! !! ! I.B.b.1! Structure&& The!human!Fas!encoding!gene!located!on!the!long!arm!of!chromosome!10!(10q24.1),!contains! nine!exons!and!eight!introns!encoding!a!protein!of!a!335!amino!acids![82].!! Fas! is! divided! into! 3! domains:! an! extracellular! domain,! a! transmembrane! domain,! and! a! cytoplasmic!domain.!Exons!1!through!5!encode!the!extracellular!region,!Exon!6!encodes!the! transmembrane!region!while!Exons!7)9!encode!the!intracellular!region![83,!84].! •! The!extracellular!domain!contains!three!extracellular!CRDs.!CRD2!and!CRD3,!the!two! CRDs!of!Fas!closest!to!the!plasma!membrane,!are!required!for!Fas!ligand!binding![56,!

Figure! 3 :

 3 Figure!3:!Human!Fas!receptor!structure!

  Figure!4!A)!The!Fas!DD)FADD!in!tetrameric!model![21].!Color:!Fas(green),!FADD!(blue).!and!B)!The!Fas!DD)FADD!model!and!the!locations!of!the!three!types!of!contacts!in!5:5!model![START_REF] Wang | !The!FasCFADD!death!domain!complex!structure!reveals!the!basis!of! DISC!assembly!and!disease!mutations.![END_REF],!Color!Fas!(purple),!FADD!(blue).!

!

  Figure!5:!Scheme&of&procaspase-8&&and&procaspase-10&processing&[START_REF] Sabine | !Measuring!ProcaspaseC8! and!C10!Processing!upon!Apoptosis!Induction[END_REF] 

Figure! 6 :

 6 Figure!6:!Apoptosis!signaling!pathway:!the!extrinsic!and!intrinsic!pathway![2]!

  .b.3.2! NonHdeath!signaling!pathway!of!Fas!! Fas!is!an!important!activator!of!major!signaling!pathways!other!than!cell!death!depending!on! the!context!and!cell!type![80,!81].!The!non)death!signals!of!Fas!have!been!reported!early!on! in!the!Fas!research!field.!Alderson!and!coworkers,!established!that!FasL!engagement!promotes! proliferation! of! TCR! stimulated! T)cells! and! thymocytes! [109].! Likewise,! another! study! by! Aggarwal! et! al! reported! the! proliferation! effect! of! Fas! stimulation! on! the! human! diploid! fibroblasts! in! a! dose)dependent! manner! [110].! Moreover,! Freiberg! and! co)workers! demonstrated!that!Fas!aggregation!in!dermal!fibroblasts!may!initiate!dual!signaling!programs! either!apoptosis!or!proliferation!depending!on!the!magnitude!of!Fas!aggregation!where!high! aggregation!of!Fas!induces!apoptosis!and!low!aggregation!leads!to!non)apoptotic!signaling! [111].!As!mentioned!above,!to!date!there!is!a!plethora!of!evidence!of!the!non)death!function! of!Fas!involving!cell!survival,!proliferation,!inflammation,!migration,!and!invasion!of!cells![81].! I!will!give!here!few!examples!of!such!functions.!! )! In! tumor! cell! resistant! to! apoptosis,! FasL! engagement! enhanced! cell! motility! and! invasiveness!in!a!manner!dependent!on!the!activation!of!NF)$B,!ERK,!and!caspase)8! [112].! )! Fas!is!described!as!an!activator!of!the!PI3K!pathway!and!as!a!critical!trigger!of!the!basal!

Figure! 7 :

 7 Figure!7:!Type!I!and!Type!II!apoptotic!pathways!of!Fas!(Yurchenko!et!al.,!2012)!
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 5859 the!cadherin!superfamily![START_REF] Gumbiner | !Regulation!of!cadherinCmediated!adhesion!in!morphogenesis.!Nat[END_REF]! ! However,! most! cadherins! can! be! expressed! in! many! different! tissues! and! that! these! expression! patterns! are! not! exclusive.! The! classical! cadherins! include! E)cadherin! (E)! for! epithelium),!N)cadherin!(N)!for!neural),!P)cadherin!(P)!for!placenta)!and!VE)cadherin!(VE)!for! vascular!endothelial).! Expression! of! classical! cadherin! at! the! cell! surface! is! critical! for! cell)cell! adhesion! and! accordingly!for!development!and!for!integrity!of!solid!tissues![START_REF] Gumbiner | !Regulation!of!cadherinCmediated!adhesion!in!morphogenesis.!Nat[END_REF].!The!capacity!for!exogenous! expression!of!specific!classical!cadherins!to!increases!the!adhesiveness!of!cadherin)deficient! cells! that! primarily! adhere! poorly! to! one! another,! demonstrated! that! classical! cadherins! support!cell)cell!adhesion.!This!was!shown!for!Drosophila!Schneider!cells,!mouse!fibroblastic! L! cells,! and! Chinese! hamster! ovary! cells! [220)222].! The! capacity! of! newly! isolated! cells! to! aggregate! in! agitated! suspensions! also! permitted! the! evaluation! of! cell)cell! adhesion.! The! advantage! of! this! method! is! to! investigate! the! capacity! of! cells! to! adhere! to! one! another! independent!of!cell)matrix!adhesive!interactions![223].!! Classical!cadherins!are!encoded!as!an!inactive!precursor!proteins!containing!a!signal!sequence! and!a!pro)domain!that!immediately!precedes!EC1![224].!After!protein!translation,!the!pro) domain!is!cleaved!from!the!cadherin!protein!precursor.!The!cleavage!of!the!pro)domain!by! proteolysis!is!essential!for!cadherin's!adhesive!activity![225].!The!mature!protein!is!composed! of! five! extracellular! cadherin! repeats! (EC1)EC5),! a! transmembrane! region,! and! a! highly! conserved!cytoplasmic!tail.!The!cytoplasmic!domain!of!classical!cadherin!is!divided!into!two! domains,! the! juxtamembrane! domain! (JMD)! that! binds! p120)catenin,! and! the! β)catenin! binding!domain!(CBD)!that!can!also!bind!γ)catenin!(plakoglobin).!Sequences!homologous!to! the!β)catenin/plakoglobin)binding!region!exist!also!in!the!desmosomal!cadherins.! ! However,!catenins!are!not!the!only!proteins!interacting!functionally!with!cadherin.!Certainly,! other!cytoplasmic!proteins!including!signaling!molecules![226],!cytoskeletal!regulators![227]! and!determents!of!epithelial!polarity![228]!associate!directly!or!indirectly!to!cadherin.! ! ! Classical!cadherins!structure!is!highly!conserved!during!evolution.!Successive!studies!found!EC! domain)containing!proteins!in!invertebrates,!remarkably!the!Drosophila!homologs!DE)!and! DN)cadherin.!While!DE)!and!DN)cadherins!cytoplasmic!regions!are!very!comparable!to!their! vertebrate!counterparts,!their!ectodomains!differ!significantly,!containing!up!to!15!EC!repeats! rather! than! five.! Moreover,! between! the! EC! cluster! and! the! transmembrane! region,! a! primitive! classical! cadherin! proteolytic! site! domain! (PCPS,! previously! termed! the! non) chordate!cadherin!domain),!an!EGF)like!domain!(EGF),!and!a!laminin!globular!domain!(LmG)! are!present.!AJ!are!also!present!in!the!nematode!Caenorhabditis!elegans,!which!expresses!the! homologues!HMR)1!(cadherin),!HMP)1!(α)catenin)!and!HMP)2!(β)catenin)![229].

FIG. 1 .

 1 FIG.[START_REF] Sabine | !Measuring!ProcaspaseC8! and!C10!Processing!upon!Apoptosis!Induction[END_REF]. Domain structure of the cadherin-catenin complex components. Schematic overview of the domain structure of a classical cadherin and its three associated catenins: ␤-catenin, ␣-catenin, and p120-ctn.

Figure 3 |

 3 Figure 3 | Organization and cytoskeletal relationships of cadherin-catenin and nectin-afadin complexes. The main cytoplasmic binding partners of classic cadherins are p120 catenin, β-catenin (Armadillo in D. melanogaster) and α-catenin. The main cytoplasmic binding partner of nectin (Echinoid in D. melanogaster) is afadin (also known as AF6; Canoe in D. melanogaster).The relationship of these proteins to the cytoskeleton is shown. The cadherins are indirectly linked to microtubules and/or filamentous actin (F-actin) by the catenins. α-catenin has also been shown to bind several actin-associated proteins (including formin, afadin, epithelial protein lost in neoplasm (EPLIN; also known as LIMA1), zonula occludens protein 1 (ZO1), vinculin and α-actinin), which might mediate interactions between α-catenin and F-actin. These cytoskeletal interactions have important roles in adherens junction assembly and activity. Note also that p120 catenin has an important role in preventing cadherin endocytosis and degradation, and β-catenin is required for cadherin exocytosis.

Figure! 15 65 !

 1565 Figure!15:!Organization!and!cytoskeletal!relationships!of!cadherin-catenin!and!nectin-afadin! complexes.![8]!

  formed!between!cadherins!presented!on!the!same!cell!surface!(Figure!17).!Adhesive!trans) interactions! take! place! between! the! EC1! domains! of! neighboring! cadherins,! whereas! cis) interactions!include!an!interface!between!the!base!of!the!EC1!domain!and!the!EC2!domain!of! its!adjacent!cadherin.!Trans)!and!cis)interactions!can!be!present!simultaneously,!yet,!the!cis) interactions! are! essentially! weak! and! required! strengthening! by! the! formation! of! trans)

  catenin)dependent!manner.!These!proteins!include!vinculin,!zyxin,!VASP,!and!Mena.!In!the! absence!of!α)catenin!or!when! VASP/Mena!function!is!stopped,!keratinocytes!still!send!out! filopodia,!but!they!fail!to!reorganize!the!actin!cytoskeleton!at!AJs!and!do!not!seal!cell!borders! [269].! ! Several!studies!have!demonstrated!that!cadherins)catenin!produce!signals!that!influence!the! cytoskeleton! through! the! catenins.! Indeed,! both! α)catenin! and! p120)catenin! bind! to! Rho!

Figure 1 .

 1 Figure 1. Stages of Cadherin-Mediated Adhesion in Epithelial Cells

  Figure!19:!Schema!presenting!mechanisms!regulating!cadherin!stability!at!cell!plasma![19]!

  major! heart!defects!and!malformed!neural!tubes!and!somites!and!die!at!day!10!of!gestation![294].! At!this!stage!all!tissues!expected!to!present!seem!to!be!normally!differentiated.!N)cadherin! re)expression! rescues! partially! N)cadherin! null! embryos,! which! is! exhibited! by! an! augmentation! in! number! of! somites,! branchial! arches! and! the! presence! of! forelimb! buds,! nonetheless,!brain!development!was!still!impaired![295].!Multiple!in!vitro!and!in!vivo!studies,! in! the! adult,! demonstrated! that! N)cadherin! overexpression! is! associated! mostly! with! a! ! 75! morphological! change! towards! a! more! fibroblastic! phenotype,! with! cells! becoming! more! motile,!invasive!and!metastatic![231].!However,!there!are!invasive!tumors!where!N)cadherin! is!downregulated!and!where!it!may!play!the!role!of!a!tumor!suppressor!molecule![231].! P)cadherin!knockout!mice!are!viable!and!fertile!in!contrast!to!E)cadherin!and!N)cadherin.!Still,! P)cadherin-deficient!females!display!early!differentiation!of!the!mammary!gland!and!present! mammary! hyperplasia! later! in! life.! These! observations! demonstrate! the! necessity! of! P) cadherin!in!cell)cell!adhesion!in!order!to!limit!growth!of!the!mature!luminal!epithelial!cells.! This!indicates!the!role!P)cadherin!play!in!the!biology!of!stem!cells!by!maintaining!the!normal! mammary!gland!in!undifferentiated!state.! Disrupting!VE)cadherin!in!embryos!and!adult!mice!alters!vascular!integrity.!VE)cadherin!gene! knockout! mouse! embryos! exhibit! severe! angiogenic! defects! which! is! lethal.! VE)cadherin! adhesive! function! is! important! for! the! control! of! vascular! permeability! and! leukocyte! extravasation.! Silencing! VE)cadherin! expression! and! blocking! its! adhesive! function! in! vitro! provided!evidence!that!this!adhesion!molecule!is!essential!for!AJ!formation!and!endothelial! barrier!maintenance![296)298].!VE)cadherin!expression!defects,!leading!to!vascular!leakage!is! observed!in!many!human!diseases!such!as!ischemic!disease!and!cancer![299,!300].! β)catenin!knockout!mouse!display!defects!in!the!formation!of!embryonic!ectodermal!layer.!At! E7.5,!β)catenin!knockout!embryos!were!half!as!large!as!wild)type!and!heterozygous!embryos! due! to! an! absence! of! formation! of! the! three! germ! cell! layers.! Most! notably,! the! normal! epithelial!organization!of!the!ectodermal!layer!was!completely!absent![301].!In!fact,!β)catenin! was! shown! to! be! needed! for! anterior)posterior! axis! formation! in! mice,! since! its! absence! anterior!markers!were

77 !

 77 the!ciliary!body! and!a!separation!between!the!pigment!and!non)pigment!epithelial!cells!of!the!ciliary!body.! This!developmental!defects!are!due!to!a!decrease!of!the!adhesive!property!of!the!apical!region! of!these!cells![308].!! Knockout!in!mice!of!Afadin,!the!other!member!of!the!afadin)nectin!complex!is!also!associated! with! developmental! defects.! However,! these! defects! do! not! phenocopy! Nectin! knockout,! suggesting! afadin! is! indispensable! during! embryogenesis.! Indeed,! Afadin! KO! mice! display! during!the!gastrulation!stage!at!(E7.5)!disorganization!of!the!ectoderm,!an!impaired!migration! of! the! mesoderm,! and! the! loss! of! somites! and! structures! normally! derived! from! both! the! ectoderm!and!the!mesoderm![309].! In!general,!the!members!of!the!AJ!exhibit!specific!role!in!AJ!formation!and!hence!have!different! implication!in!tissue!integrity.!For!instance,!#)catenin!is!indispensable!for!AJ!formation!and! maintenance!since!it!links!the!cadherins!to!the!actin!cytoskeleton!and!no!other!catenin!can! compensate!for!this!role,!whereas!cadherins!for!example!have!a!functional!redundancy!in!the! adult!tissue.!! ! ! I.D.b.1.2! CellHcell!recognition!and!cell!sorting! Since! cadherin! interacts! in! an! homophilic! dependent! manner,! the! expression! of! different! types! of! cadherins! mediates! selective! cell! recognition! events! that! are! responsible! for! the! sorting!of!different!groups!of!cells!in!developing!tissues.!This!was!first!recognized!by!the!classic! experiments! done! by! Townes! and! Holtfreter! in! 1955! showing! that! cells! dissociated! from! gastrula!stage!embryos!would!rearrange!to!link!again!with!those!from!the!same!germ!layer! when!allowed!to!re)aggregate.!Additionally,!these!cell!populations!relative!position!within!the! reformed!aggregate!reflected!what!was!established!in!the!embryo![310].!This!sorting!behavior! was!depends!on!distinction!adhesion!between!different!cell!populations![11].! !

FIG. 4 .

 4 FIG. 4. The role of cadherin in cell sorting and positioning. A: differential type or levels of cadherin expression on cells drive cell sorting in vitro in cell (re)aggregation assays. B: during the formation of the neural tube, E-cadherin is switched off in a subset of ectodermal cells, whereas N-cadherin expression is turned on in these cells (red cell membranes) driving segregation of these cell populations. Other in vivo examples are neural crest cell migration and positioning and segregation of motor neuron cells. C: Drosophila oocyte positioning where differential cadherin expression in the follicle cells is crucial to properly position the oocyte at the posterior end of the embryo. For a detailed description, see the text.

CFigure! 20

 20 Figure!20:!Role!of!cadherin!in!cellCcell!recognition!and!cell!sorting.![11]!

  Figure!21:!Polarity!complexes!localization!at!cellCcell!junction!in!simple! epithelia!

  ablation! in! the! epidermis! induces! hyperproliferation!and!inflammation![313,!345].! In!general,!cadherins!and!catenins!have!vital!roles!in!regulating!negatively!cell!proliferation.! I.D.b.1.7! Cell!survival! Several! studies! have! shown! that! loss! of! AJ! in! various! epithelia! has! been! associated! with! increased!cell!death!in!different!animal!models!and!in!vitro!studies.!These!studies!suggest!that! 89! proliferation! and! apoptotic! cell! death! [342].! Through! loss)of)function! and! gain)of)function! analyses,! a! study! identified! α)E)catenin! as! a! tumor! suppressor! in! basal)like! breast! cancer! [378].!! Finally,! the! p120)catenin! has! received! increasing! attention! in! the! context! of! cancer! progression.!p120)catenin!is!frequently!altered!and/or!lost!in!tumors!of!the!colon,!bladder,! stomach,!breast,!prostate,!lung,!and!pancreas![379].!The!catenin!p120!gene,!CTNND1,!is!rarely! found! mutated,! suggesting! that! other! mechanisms! such! as! epigenetic! silencing! by! DNA! methylation!and!protein!processing!dysregulation!may

  and!to!trigger!Rac1!activation,!thereby!inducing!an! increase!in!motility!and!invasion!as!well!as!the!anchorage)independent!growth!of!these!breast! cancer!cell!line![382,!383].!! These! data! show! that! catenins! acts! as! a! regulator! that! endorses! either! epithelial! integrity! when!it!is!bound!to!E)cadherin,!or!motility!when!it!is!associated!with!mesenchymal!cadherins.! ! ! As!we!discuss!above!the!role!of!AJ!and!AJ!components!goes!far!behind!a!unique!role!in!cell) cell!adhesion,!since!AJ!modulate!various!cellular!functions!including!proliferation,!migration,! survival! and! polarity.! Indeed,! AJ! are! required! to! interpret! and! integrate! signals! from! the! surrounding! microenvironment! in! order! to! modulate! these! different! cellular! functions.! ! 90! Several! molecular! mechanisms! have! been! proposed! to! explain! the! cellular! responses! controlled! by! AJ! and! involve! AJ! in! the! regulation! of! various! important! signaling! pathway! including:!WNT,!Hippo,!NF$B,!and!receptor!Tyrosine!kinase!(RTK),!PI3K,!and!Rho!proteins.!I! will! review! here! several! of! these! most! relevant! regulatory! mechanisms! including! transcriptional! regulation! of! catenins,! YAP/TAZ! and! NF)$B! by! AJ,! regulation! of! cell! surface! receptors!such!as!EGFR,!FGFR,!VEGFR!and!TGF)!!receptor.!! ! ! I.D.c.1.1! Role!of!AJ!in!"transcriptional!regulation"!! I.D.c.1.1.1! Catenins! As!mentioned!above!(page!88),!β)Catenin!plays!fundamental!roles!in!both!cell-cell!adhesion! and!WNT)mediated!transcriptional!activation.!Since!β)Catenin!has!this!dual!role!in!cells,!it!is! intriguing!to!understand!how!the!same!molecule!can!switch!from!AJ!or!DNA)binding!factor.! Several!studies!have!demonstrated!the!presence!of!a!tight!coordination!between!signaling! and!adhesion!through!the!competition!for!the!same!pool!of!β)catenin.!This!was!confirmed!by! the! similarity! in! the! binding! mechanism! between! β)catenin-cadherin! and! β)catenin-TCF!

Figure! 22

 22 Figure!22:!Scheme!displaying!the!regulation!of!major!intracellular!signaling!pathways!by!CadherinCcatenin!complexes.![6]!

COMMENTARY

  Figure!23:!Hippo!signaling!pathway!regulated!by!various!mechanisms!.! [18]!

  only! cadherin! found! to! mediate! FGFR! signaling.!Since!N)cadherin!and!VE)cadherin!also!modulate!FGFR!signaling!in!endothelial!cells.! Although! N)! and! VE)! cadherin! have! a! similar! structure! and! bind! the! same! intracellular! partners,! they! seem! to! display! different! functions! in! the! endothelium.! Remarkably,! both! cadherins!have!opposite!impact!on!FGFR!signaling.!N)cadherin!expression!in!endothelial!cells! or!in!tumor!cells!lead!to!FGFR!signaling!activation!and!increased!migratory!signals![419,!420].! Whereas,! VE)cadherin! decreased! the! migratory! effects! of! FGFR! by! forming! a! multiprotein! complex!with!FGFR1!and!the!phosphatase!Dep1[421].! Therefore,!the!modulatory!function!of!cadherins!on!FGFR!is!dependent!of!the!type!of!cadherin! considered!and!the!level!of!engagement!of!the!cadherin.! I.D.c.1.2.3! VEGFR! VEGF! is! a! major! growth! factor! for! endothelial! cells! which! binds! to! two! tyrosine! kinase! receptors,! VEGFR)1! and! )2.! VEGFR! activation! by! VEGF! triggers! a! proliferative! response! important! during! formation! of! new! vessels.! However,! VEGFR! activity! need! to! be! strictly! ! 98! controlled! to! avoid! endothelial! cells! overgrowth.! In! this! respect,! Dejana! group! shows! that! association!of!VEGFR!with!VE)cadherin!at!cell)cell!junctions!in!confluent!culture!play!a!crucial! role! to! inhibit! VEGFR! pro)proliferative! signaling! [352].! This! group! also! elucidated! the! mechanism! by! which! VE)cadherin! expression! and! clustering! regulates! the! growth! factor! receptor! VEGFR2! signaling.! They! demonstrated! that! the! association! of! VE)cadherin! with! VEGFR)2! allows! the! co)clustering! of! the! phosphatase! DEP)1! which! is! located! at! cell)cell! junction! together! with! VE)cadherin! and! that! DEP)1! dephosphorylates! VEGFR)2! to! limit! its! internalization!and!signaling.!When!VE)cadherin!is!absent!or!not!engaged!at!cell)cell!contacts,! VEGFR2!is!endocytosed!more!rapidly!and!remains!in!endosomal!compartments!for!a!longer! time!where!the!receptor!signals![422].!The!regulation!of!VEGFR2!signaling!by!VE)cadherin!is! probably!required!to!control!vascular!stabilization!when!new!vessel!is!formed.! I.D.c.1.2.4! TGFH!!receptor! TGF)β!belongs!to!the!members!of!the!TGF)ß!superfamily!that!include!activins,!BMPs!and!GDFs.! TGF)β!induce!signaling!via!the!heteromeric!serine/threonine!kinase!transmembrane!receptor! complexes! TβRII/TβRI.! The! activation! of! TβRI! results! in! the! phosphorylation! of! receptor) associated!members!of!the!SMAD!family,!which!will!dissociate!from!the!receptor!to!form!a! complex!with!the!mediator!Smad)4.!This!complex!will!translocate!to!the!nucleus!to!regulate! transcription! which! will!lead! to! biological! outputs! depending! on! the! context.! For! instance,! TGF)β!family!members!have!the!ability!to!both!promote!and!inhibit!proliferation,!induce!stem! cell!renewal!as!well!as!stem!cell!differentiation,!and!serve!to!suppress!as!well!as!promote! tumorigenic!events![423].!! TGF)β! receptor! complex,! is! another! receptor! identified! to! be! regulated! by! VE)cadherin.! A! study!by!Dejana's!group!reported!that!VE)cadherin!expression!and!junctional!clustering!are! required!for!optimal!transforming!growth!factor)β!(TGF)β)!signaling!in!endothelial!cells![424].! VE)cadherin!knockdown!inhibited!Smad1/5!and!Smad2/3!phosphorylation!induced!by!TGF)β,! leading!to!a!reduced!expression!of!Smad!target!genes!and!preventing!the!inhibitory!effect!of! TGF)β!on!endothelial!cells!proliferation!and!migration.!! I.D.c.1.2.5! Overview!on!receptor!regulation!by!AJ! All! in! all,! these! studies! elucidate! the! mechanisms! by! which! cadherins! control! signaling! pathways! emanating! from! various! cell! surface! receptors! (summarized! in!

!

  Figure 1.

Figure! 24 :

 24 Figure!24:!Simple!epithelia!vs!basal!keratinocyte!molecular!organization![9] 

Fig. 1 .

 1 Fig. 1. Structure and interactions of mammalian polarity complex proteins. (Part A) PAR complex, (part B) CRB complex and (part C) SCRIB complex. Domains are shown according to the SMART (Simple Modular Architecture Research Tool) database (http://smart.embl-heidelberg.de.). All interactors are mentioned in the text except for TβR1 (TGFβ receptor 1) [182], Smurf [182], Ect2 [183], KIF3A [184], MASCOT [166], JEAP [166], CamKII [185], TAPP1/2 [186], TARPs [187], synGAP [185], dopamine receptor [188], Vangl2 [128], Shaker K + channel [189].

  membrane!domains!through!promoting!the!proper!localization!of!apical!proteins! at!the!apical!domain![480,!481].!! The!Drosophila!homologues!of!Scrib!module!in! mammalians!are!evolutionary!conserved!in! sequence! and! function.! In! mammals,! only! one! gene! of! SCRIB! exists,! which! also! known! as! VARTUL,!whereas!there!are!five!genes!of!DLG!including!DLG1!(hDlg1,!SAP97),!DLG2!(ChapsynC 110,!PSDC93),!DLG3!(NECDlg,!SAP102),!DLG4!(PSDC95,!SAP90),!and!DLG5!(LPCDLG)!and!two!LGLs,! LGL1!and!2!(Hugl1!and!2!in!human).!! ! The!diverse!genes!of!DLG!and!LGL!in!mammalians!are!involved!in!specific!functions!but!may! also!have!a!redundancy!effect!(explained!further!in!the!Scrib!complex!function!section!below! page!120).! I.E.b.3.1! Structure!! Although!the!SCRIB,!DLG!and!LGL!proteins!do!not!have!intrinsic!enzymatic!activity,!they!all! contain! a! number! of! well)characterized! protein-protein! interaction! domains! (described! in! more! detail! below)! that! allows! them! to! bind! to! signaling! proteins,! such! as! kinases! and! phosphatases.!Essentially,!their!function!looks!to!be!absolutely!dependent!on!their!cellular! sub)localization.! Hence,! much! of! the! currently! known! functions! of! the! Scribble! module! proteins!can!be!attributed!to!their!role!as!signaling!scaffold!proteins!that!regulate!site)specific! signaling!within!the!cell.! In!this!section,!I!will!introduce!the!structure!of!the!members!of!the!Scrib!module!and!how!the! organization!enables!them!to!function!as!scaffold!that!coordinate!the!assembly!of!large!signal! transduction!networks!at!specific!sites!of!the!cell!and!in!particular!in!define!area!of!the!plasma! membrane.!! I.E.b.3.1.1! SCRIB! SCRIB!is!a!large!cytoplasmic!multi)domain!protein!of!175!kDa!that!plays!many!roles!in!flies!and! mammals.!SCRIB!belongs!to!the!LAP!protein!family,!which!contain!leucine)rich!repeats!(LRR)! and! PDZ! domains,! and! function! in! controlling! cell! shape,! size! and! subcellular! protein! localization![482].!The!LAP!protein!family!also!includes!Erbin!and!Densin180![483,!484].!SCRIB! contains!16!LRR!at!its!amino!terminus,!followed!by!2!LAP)specific!domains!(LAPSD),!a!linker! region,!4!PDZ!domains!and!a!C)terminal!lacking!any!identifiable!motives![482].!The!SCRIB!PDZ! domains,!are!regions!of!80-90!amino!acids!that!are!found!ubiquitously!through!the!animal! ! 113! kingdom! and! ensure! protein-protein! interactions.! The! PDZ! and! LRR! domains! of! SCRIB! are! needed! for! effective! activity,! for! example! in! proper! localization! and! targeting! to! the! membrane.! SCRIB! LRR! repeats! regulate! its! ability! to! target! the! basolateral! epithelial! membranes.! However,! this! membrane! localization! of! Scrib! required! first! E)cadherin! engagement![320].!The!LRR! domain!of!Scrib!is!critical!for!to!organize!a!polarized!epithelial! monolayer!and!are!involved!in!the!control!of!cell!proliferation.!Drosophila!Scrib!LRR!domain! mutants!have!similar!phenotype!to! scrib C/C !mutants,!however,!when!overexpressed,!a!scrib! mutant!lacking!the!PDZ!domains!function!as!the!wild)type!gene!in!vivo![485],!suggesting!that! the!PDZ!domain!are!insufficient!to!support!Scrib!function.! SCRIB!interacts!directly!to!the!C)terminal!motif!of!ZO)2!through!its!PDZ!domains!3!and!4.!ZO) 2!interacts!with!several!components!of!the!tight!junctions,!including!ZO1,!Occludin,!Cingulin! and!Claudins.!SCRIB/ZO)2!do!not!co)localize!at!tight!junction!but!are!found!co)localized!in!non) polarized!cells.!Thus,!SCRIB/ZO)2!interaction!most!probably!happens!before!ZO)2!segregation! at!tight!junctions![486].!! The!PDZ!domain!of!SCRIB!also!binds!the!GEF!!Pix!protein![487].!The!Scrib/βPix!complex!was! demonstrated!to!be!central!for!Scrib)dependent!employment!of!Rac1/Cdc42!to!the!leading! edge!of!migrating!cells,!vesicle!trafficking!in!neurons,!oriented!directional!migration,!receptor! recycling!in!thyroid!cells![488].! I.E.b.3.1.2! LGL! In!mammalians!two!genes!encode!Lgl!Drosophila!homologue!protein,!that!are!named!LGL1! (115! kDa)! and! LGL2! (113! kDa).! Two! extra! related! LGL! proteins! have! been! described! in! mammals:!syntaxin)binding!protein!5!(LGL3)!and!syntaxin)binding!protein)5)like!(LGL4),!which! are! homologous! to! the! Tomosyn! Drosophila! protein.! LGL! proteins! contains! several! WD)40! repeats,!also!known!as!WD!or!β)transduction!repeats,!and!conserved!phosphorylation!sites! targeted! by! aPKC! and! Aurora! kinases.! WD)40! repeats! are! structural! motifs! composed! of! approximately!40!amino!acids!that!usually!terminate!with!a!tryptophan-aspartic!acid!(WD)! dipeptide! and! are! known! to! form! β)propellers! that! act! as! protein! interacting! modules.! In! human!cell!line,!LGL2!WD40!motif!interacts!with!SCRIB![489].!This!interaction!has!yet!not!been! confirmed!in!in!any!other!organism.! LGL1!was!found!to!bind!specifically!with!syntaxin)4!(STX4)!(a!t)SNARE!specific!for!the!lateral! ! contains! two! regions! of! alternative! splicing.! The! first! region! is! at! the! N) terminus,!containing!two!alternative!splicing!exons!termed!I1A!and!I1B,!and!the!second!region! is!located!between!the!SH3!and!GUK!domain!(also!termed!the!HOOK!domain),!contains!four! alternative!splicing!exons!I2,!I3,!I4!and!I5.!This!alternatively!splicing!insertions!results!in!different! alternative! spliced! isoforms! of! Dlg1,! which! gives! Dlg1! specific! function! and! different intracellular distribution within!the!cell![491]!(Figure!26).! The! N)terminal! alternatively! spliced! region! of! Dlg1! can! bind! SH3! domains! from! multiple! proteins!and!also!moderate!Dlg1!self)association![491].!Moreover,!N)terminus!of!Dlg1!also! called! the! MAGUK! recruitment! (MRE)! domain! binds! to! the! Lin2)Lin7! (L27)! domain! of! calmodulin)associated! Ser/Thr! kinase! (Cask)! and! mediates! the! localization! of! Dlg1! to! the! membrane! of! epithelial! cells! [499].! Firestein! and! Rongo! et! al,.! demonstrated! that! the! concerved!N)terminus!of!Dlg1!targets!Dlg1!to!the!adherens!junction!in!C.elegans![500].!Which! demonstrate! the! importance! of! the! conserved! domains! of! Dlg1! in! the! funcionality! and! localization!of!the!protein.! The!I2!and!I3!insertions,!that!are!located!between!SH3!domain!and!GUK!domain!(Known!also! as! HOOK! domain),! have! been! shown! to! contribute! to! the! subcellular! localization! of! DLG1.! DLG1!I3!directs!membrane!targeting,!in!addition!to!the!N)terminus!domain!of!Dlg1,!probably! through!interaction!with!the!cytoskeleton!protein!4.1/ERM!family!members!at!an!early!stage! of!cell)cell!formation,!via!PDZ)1!and!PDZ)2!on!Dlg1!and!a!HOOK!domain![501].!Which!associate! a!fundamental!role!of!the!conserved!HOOK!domain!of!MAGUKs!in!mediating!direct!binding!to! the!FERM!domain!of!protein!4.1,!thus!regulating!the!membrane!targeting!properties!of!the! scaffolding!complex!in!epithelial!cells![502].!The!HOOK!domains!provide!a!link!with!the!cortical! actin! cytoskeleton! after! binding! to! members! of! the! FERM! superfamily! [503].! Whereas! I2! promotes!a!nuclear!confinement![491].!Hence,!this!gives!rise!to!the!possibility!that!alternative!

Fig. 1 .

 1 Fig. 1. Schematic diagram of the domain organization of SAP97 isoforms. Illustrated are the major protein-protein interaction sites of SAP97: three PDZ domains (red ovals), an SH3 domain (open rectangle) and a GUK domain (green rectangle). At the N-terminus are the α-and β-isoform inserts, with the former containing a palmitoylation motif (cysteine residues C3 and C5) and the latter an L27 domain. Alternatively spliced sequences (I1a, I1b, I2, I3, I4 and I5) are indicated at the N-terminus (I1a, I1b) and between the SH3 and GUK domains. Diagram modified from [15].

Figure! 26 Fig. 1 .

 261 Figure!26:!!Schematic!diagram!of!the!domain!organization!of!SAP97!isoforms.![17]!

Figure 3 :

 3 Figure!27: Interchange!between!polarity!proteins!of!the!different!complexes!is!possible!in!multiple! ways,!(I)!involving!competition!of!binding!of!Lgl1/2!and!Par3!to!Par6/aPKC,!(II)!binding!of!proteins! from!different!complexes,!(III)!phosphorylation!of!Par3,!Lgl1/2!and!Crb3!by!aPKC!and!(IV)!mutual! exclusion!of!the!Scrib!complex!and!the!apically!located!Par!and!Crumbs!complex.[20]!

Figure! 28 :

 28 Figure!28:!The!crosstalk!between!different!polarity!complex!in!differentiated!epithelium!cell.![13]!

Figure! 29 :Introduction

 29 Figure!29:!Planar!cell!polarity!!

Figure 1 .

 1 Figure 1. AJs protect epithelial colon cells from FasL-induced cell death. (A) HCT15 cells were grown in normal media or in low-calcium conditions (20 µM) before FasL (20 ng/ml + M2) or staurosporine (20 µM) treatment. Cell death was analyzed by phase-contrast time-lapse microscopy. Arrows indicate the localization of dead cells. Bar, 50 µm. (B-D) HCT15 cells were grown in media containing various concentrations of calcium (from 1,800 µM [normal

Figure 2 .

 2 Figure 2. Fas accumulates at cell-cell junctions and colocalizes with AJ components in both colorectal cell lines and colon tissue sections. (A) Detection of E-cadherin, actin, and Fas by IF on HCT15 cells in border or center regions of the cell islet. An enlarged part of images from bordering cells is shown. Arrows indicate the diffuse localization of Fas at the plasma membrane in bordering cells. (B) XZ projection of Z stack acquired in A. Arrows and arrowheads indicate Fas-E-cadherin colocalization both at the zona adherens and along the lateral surface, respectively. (C) Line scan (yellow line in A) profile of fluorescence intensity of Fas, E-cadherin, and actin obtained at the center of the cell islet. (D) Quantification of the specific enrichment of Fas at cell-cell junctions in cells located at the center (confluent area) compared with the border of the HCT15 cell islets. Bars in graphs represent means ± SEM (n = 5). (E) PLA was used to determine the interaction of Fas and E-cadherin in HCT15 cells. Red fluorescent spots indicate colocalization of Fas and E-cadherin. PLA dots/cells in each condition were counted, and the right panel shows the mean of dots/cells ± SEM. One representative experiment is shown out of three. (F) Detection of Fas and α-catenin in HCT15 invalidated for α-catenin expression by using an siRNA approach. A XZ projection of Z stack is shown. (G) IF localization of Fas and E-cadherin in human colon tissue sections using confocal microscopy. (H and I) Fas detergent solubility in HCT15 cells transfected by the indicated siRNAs was analyzed by IB. S, soluble fraction; I, insoluble cytoskeletal fraction. Erk-2 and caveolin-1 were used as controls of soluble protein and membrane protein, respectively. Relative percentage of solubility of Fas in each condition was quantified by densitometry (n = 3). Bars in graphs represent means ± SEM (n = 5). Bars: 10 µM (A, B, E, and F); 20 µM (G). *, P < 0.05; Student's t test.

( G )Figure 5 .

 G5 Figure 5. Dlg1 is an inhibitor of Fas cell death signaling. (A) Detection of Fas and Dlg1 by IF in control and Dlg1-knockdown HCT15 cells. (B) Line scan profile (yellow line in A) of fluorescence intensity of Fas, Dlg1, and actin in confluent cells. (C) Quantification of the specific enrichment of Fas at cell-cell junctions in control and Dlg1-knockdown HCT15 cells. Error bars in graphs represent means ± SEM (n = 5). (D) PLA was used to determine the interaction of Fas and Dlg1 in HCT15 cells as in Fig. 2 E. PLA dots/cells in each condition were counted, and the right panel shows the mean of dots/cells ± SEM. One representative experiment is shown (n = 3). (E and F) Cell death induced by FasL (15 ng/ml + M2) in HCT15 and SW480 cells transfected with the indicated siRNAs was analyzed as described above. Relative caspase-8 activation (p41/43) and PARP cleavage were quantified by densitometry (n = 3). (G) Schematic model summarizing the inhibitory function of E-cadherin and Dlg1 on Fas pro-cell death signaling. *, P < 0.05; Student's t test.

Video 4 .

 4 HCT15 were grown in culture media depleted of calcium before being treated with FasL and filmed in similar conditions to Video 1. Absence of mature cell-cell contacts resulting from calcium depletion prevents the cell death-protective effect observed in control cells forming extensive cell-cell junctions. Indeed, FasL treatment induced cell death in all the cells independently of their position within the cell islet. Frames were taken every 15 min for 12 h.

!Figure! 31 :Figure 1 :Figure! 32 :

 31132 Figure!31:'NCcadherin!expression!in!invasive!cancer!cells!associates!with!Fas!and!Dlg1!and!restrains!Fas!cell!death!signaling' (A'and'B)!IB!procedure!was!used!to!compare!Fas!and!AJ!components!expression!in!HCT15,!parental!(A)!or! transduced!MDACMBC435!(MDACMBC435Czeo!and!MDACMBC!435CFas)!(B).!(C)!Cell!death!was!induced!in! MDACMBC435CFas!and!MDACMBC435Czeo!cells!by!FasL!treatment!and!measured!by!IB!as!described!above.! (D'and'E)!IF!of!Fas,!NCcadherin!and!Dlg1!in!MDACMBC435CFasWT!transfected!by!Ctrl,!NCcadherin!or!Dlg1! siRNAs.!(F)!Cell!death!was!induced!in!MDACMBC435CFasWT!cells!transfected!with!control!(siCtrl),!NC cadherin!(siNCcadh)!or!Dlg1!(siDlg1)!siRNA!by!IB!as!described!above.'

Figure 2 :

 2 Figure 2: RING ub ligase LNX2 binds to Fas receptor through its c:ter PDZ binding domain (SLV) (A) Pool$down experiment done with the C$terminal peptide of Fas (WT or Fas∆SLV) followed by IB. (B) GFP (lane 1), LNX1$GFP (lane 2) or LNX2$GFP (lane 3) was overexpressed in HEK293 cells. After 24 hours of transfection, Pool$down experiment using the C$terminal peptide of Fas (WT or Fas∆SLV) was carried out and visualized by immunoblotting. The presence of LNX2 in the immunoprecipitants was revealed with anti$GFP antibody. (C) Total lysates were also analyzed by immunoblotting with anti$ERK antibody as loading control.

Figure! 33 Figure! 34 Figure' 4 :Figure! 37 :

 3334437 Figure!33:'RING!ub!ligase!LNX2!binds!to!Fas!receptor!through!its!cCter!PDZ!binding!domain!(SLV)!!!A)'PoolCdown!experiment!done!with!the!CCterminal!peptide!of!Fas!(WT!or!Fas∆SLV)!followed!by!IB.!(B)!GFP! (lane!1),!LNX1CGFP!(lane!2)!or!LNX2CGFP!(lane!3)!was!overexpressed!in!HEK293!cells.!After!24!hours!of! transfection,!PoolCdown!experiment!using!the!CCterminal!peptide!of!Fas!(WT!or!Fas∆SLV)!was!carried!out! and!visualized!by!immunoblotting.!The!presence!of!LNX2!in!the!immunoprecipitants!was!revealed!with! antiCGFP! antibody.! (C)' Total! lysates! were! also! analyzed! by! immunoblotting! with! antiCERK! antibody! as! loading!control.'

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table ! 1

 ! :!Diseases!caused!by!mutations!in!the!TNF!superfamily,!receptors,!and!receptor) associated!proteins![25]!.......................................................................................................! 16! Table!2:!TNF!receptors!superfamily,!their!ligands!and!their!intracellular!binding!partners![46] ! .............................................................................................................................................! 20! Table!3:!Table!of!Fas!targeting!drugs.[178]!...........................................................................! 46! Table!4:!Summery!of!epithelial!tissues!function!and!localization![185]!.................................! 50! Table!5:!Members!of!the!cadherin!superfamily![5]!...............................................................! 57! Table!6:!Nectin!and!Nectin)like!family!members![252]!.........................................................! 65! Table!7:!Cadherin!regulating!growth!factor!receptor!signaling!.............................................! 99! Table!8:!Components!of!the!polarity!complexes!in!different!species,!adapted!from![14]! ....! 111! ! !

Table 1 |

 1 Members of the cadherin superfamily

	Subtype	Examples	Common features
	Desmosomal cadherins	Desmocollins, Desmosgleins	Adhesion proteins of desmosomal junctions Similar in structure to classic cadherins, but have distinct structural differences Cytoplasmic domains interact with plakoglobin (γ-catenin) and desmoplakin Linked to intermediate filament cytoskeleton
	Atypical cadherins T-cadherin, LI-cadherin	Function as homophilic adhesion proteins without interaction with catenins or link to actin cytoskeleton
	Proto-cadherins	CNRs (α-Pcdhs), β-Pcdhs, γ-Pcdhs, PAPC, AXPC	Variable EC domains Many proto-cadherin genes (such as α-, β-, γ-pcdhs) often present in large gene clusters with complex splicing Others, such as PAPC and AXPC, are present as single genes Highly expressed in nervous system Cytoplasmic domains do not interact with catenins -some interact with Fyn-kinase, other interactions unknown
	Cadherin-related signalling proteins	FAT, Daschous,Flamingo (seven membrane spanning), RET tyrosine kinase	

Classic cadherins Type I: E-cadherin, N-cadherin, R-cadherin Type II: VE-cadherin Well established Ca 2+ -dependent homophilic adhesion function Cytoplasmic domains interact with β-catenin, α-catenin and p120 Linked to the actin cytoskeleton Associated with adherens junctions Variable number of cadherin-type repeats in extracellular domains Roles in tumour suppression, embryonic patterning and establishment of cell polarity (especially in Drosophila melanogaster) Not known if these proteins function as homophilic adhesion molecules The principle feature common to all cadherins is the presence of extracellular cadherin repeats (EC domains) in the extracellular region of a membrane protein. Data from REFS 34,35. AXPC, axial proto-cadherin; CNRs, cadherin-related neuronal receptors; E-cadherin, epithelial cadherin; LI-cadherin, liver-intestine cadherin; N-cadherin, neural cadherin; PAPC, paraxial proto-cadherin; pcdhs, proto-cadherins; T-cadherin, truncated-cadherin; VE-cadherin, vascular-endothelial cadherin.

Table 1 |

 1 Nectin and Necl family members

	R E V I E W S		
	Member	Old nomenclature	Function	Knockout mouse phenotype
	Nectin-1	PRR1, HVEC	Cell-cell adhesion molecule	Microphthalmia, skin abnormalities
			Receptor for -herpes virus (HSV-1, HSV-2 and pseudorabies	and abnormal mossy-fibre trajectories
			virus) entry into cells.	in the hippocampus
			(Defects in humans: cleft lip/palate-ectodermal dysplasia	
			syndrome, also known as Zlotogora-Ogur syndrome)	
	Nectin-2	PRR2, HVEB	Cell-cell adhesion molecule	Male-specific infertility
			Receptor for -herpesvirus entry into cells	
	Nectin-3	PRR3	Cell-cell adhesion molecule	Male-specific infertility
				Microphthalmia and abnormal mossy-
				fibre trajectories in the hippocampus
	Nectin-4	-	Cell-cell adhesion molecule	-
			Overexpressed in breast carcinoma	
	NECL-1	TSLL1, SynCAM3	Cell-cell adhesion molecule with neural tissue-specific	-
			expression: localized at contact sites between axons and glial	
			cells or Schwann cells but not at synaptic junctions	
	NECL-2	IGSF4, RA175, SglGSF, TSLC1,	Cell-cell adhesion molecule that is localized on the	Male-specific infertility
		SynCAM1	basolateral membranes in epithelial cells	
			Involved in spermatogenesis and synapse formation	
			Tumour suppressor in lung carcinoma	
	NECL-3	Similar to NECL3, SynCAM2	Putative cell-cell adhesion molecule	-
	NECL-4	TSLL2, SynCAM4	Cell-cell adhesion molecule	-
			Mediates axo-glial interaction, Schwann cell differentiation	
			and myelination	
			Possible involvement in tumour suppression	
	NECL-5	TAGE4, PVR, CD155	Receptor for poliovirus	-
			Overexpressed in various carcinomas	
			Enhancement of cell movement and proliferation (in	
			cooperation with integrin v 3 and PDGF receptor)	
	CAM, cell adhesion molecule; HSV, herpes simplex virus; HVE, herpesvirus entry; PDGF, platelet-derived growth factor; PRR, poliovirus receptor-related protein;
	PVR, poliovirus receptor.		
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	presentation! of! more! nascent! contacts! lateral! to! the! initial! puncta,! leading! to!
	maturation/expansion! of! nascent! contacts! via! clustering! of! cadherins.! I! will! discuss! these!
	different!steps!in!the!next!paragraphs.!	
	!	
	I.D.a.3.1! Cadherin!clustering!and!AJ!formation!	
	Cadherin!clustering!could!be!promoted!by!lateral!interactions!between!cadherin!extracellular!
	regions! or! through! cytoplasmic! interactions! that! link! cadherins! into! a! supramolecular!
	complex.!I!will!briefly!explain!how!both!of!these!interactions!lead!to!cadherin!clustering!and!
	AJ!formation.!	
	!	
	I.D.a.3.1.1! Clustering!driven!by!cadherin!ectodomains!	
	There!is!conserved!pattern!of!adhesive!interactions!between!classical!cadherins!ectodomains,!
	which! was! revealed! by! their! crystal! structures.! Two! types! of! interaction! between! these!
	ectodomains! have! been! described:! the! trans)interactions! that! are! formed! between!
	ectodomains! presented! on! opposite! cell! surfaces! and! the! lateral! cis)interactions! that! are!
	!	66!

  !and!RTK!considered!and!the!cellular!context.!RTK!can!associate!with!one! cadherin!only!in!a!specific!cellular!context!as!it!is!the!case!for!EGFR,!whereas!other!receptors,! such! as! FGFR1,! can! be! regulated! by! different! cadherins! in! different! cell! types! leading! to!

	different!signaling!This!observation!support!the! hypothesis!that!it!exists!specific!functional!
	interactions! between! cadherin! subtypes! and! receptor! tyrosine! kinase! (RTK)! members.!
	However,!depending!on!the!cellular!context,!the!same!cadherin!may!regulate!in!a!different!
	manner!different!cell!surface!receptors.!For!example,!VE)cadherin!promotes!or!inhibits!the!
	cytoplasmic! signaling! respectively! of! TGF)β! receptor! and! VEGFR.! To! regulate! cell! surface!
	receptors,!AJ!serve!as!molecular!organizer!by!recruiting!several!adaptors!such!as!actin!binding!
	protein! (the! ERM! Merlin),! scaffold! molecule! (NHERF1)! and! signaling! regulator! (the!

Table

! 7)

.! It! is! interesting! to! notice! that! this! mechanism! of! regulation! is! not! unique! and! depends! of! the! ! 99! specific!cadherinphosphatase!DEP)1)!indispensable!to!the!regulation!of!the!growth!factor!receptors.!Finally,! inhibition! of! RTK! activity! in! confluent! cells! relies! on! two! general! rules:! first,! the! physical! association!of!the!RTK!with!a!cadherin;!second,!this!association!inhibits!the!endocytosis!of!the! receptor!in!order!to!blocks!its!signaling!capacity.!! These!findings!offer!an!attractive!mechanism!whereby!cell)cell!adhesion!molecules!can!affect! cell!fate!decision!upon!cell)cell!contact!formation.!These!observations!suggest!that!cadherin! mediated!cell!surface!receptor!signaling!is!very!complex!and!as!to!be!studied!in!a!context) dependent!manner!since!no!prediction!of!the!outcome!of!this!regulation!can!be!proposed.! Table!7:!Cadherin!regulating!growth!factor!receptor!signaling!

  TableS1is a separate Excel document showing identification of Fas interactors by pulldown assay and LC-MS/MS analysis.Peptide pulldown using Fas WT or Fas DeltaSLV peptides wasere performed on HCT15 cell lysates to identify new molecular partners of Fas interacting with the C;terminal PDZ;binding motif of Fas. LC;MS/MS of the sample were&processed&as&described&in&Materials&and&methods,&and&Fas&interactome&data&presented&in&this&table&resulted& from the relative intensity-based label;free quantification analysis (LFQ) processed using the MaxLFQ algorithm.

	Table&S1.&Identification&of&Fas&interactors&by&pulldown&assay&and&LC;MS/MS&analysis										
	!"Log!Student's! T"test!p"value! FasWT/FasDelSL V	FDR! FasWT/FasDel SLV	Difference! FasWT/FasDelS LV	Student's!T"test! Significant! FasWT/FasDelSLV	Gene!names Protein!IDs	Majority! protein!IDs	Protein!names	Peptides	Sequence! coverage![%]	Mol.! weight! [kDa]	Score	Intensity	MS/MS! Count	Protein! with!PDZ! domain!
	14,1	0	20,7	+	DLG1	Q12959;P78352 Q12959	Disks&large&homolog&1		55		64,9	100,45	323,31 55333000000	885	+
	10,7	0	12,5	+	MPP7	Q5T2T1	Q5T2T1	MAGUK&p55&subfamily&member&7		30		52,3	65,523	323,31 5703800000	398	+
	8,3	0	12,0	+	NSF	P46459;Q969G3 P46459	Vesicle;fusing&ATPase		36		53,2	82,593	323,31 4512900000	288	;
	7,7	0	12,0	+	LIN7C	Q9NUP9;O14910;Q9HAP6 Q9NUP9	Protein&lin;7&homolog&C		13		65,5	21,834	123,59 2355200000	95	+
	5,7	0	11,5	+	CASK	O14936	O14936	Peripheral&plasma&membrane&protein&CASK	39		41,5	105,12	323,31 17520000000	478	+
	9,6	0	11,2	+	INADL	Q8NI35;O75970 Q8NI35	InaD;like&protein		68		48,8	196,37	323,31 4718500000	598	+
	11,0	0	11,0	+	MAGI1	Q96QZ7	Q96QZ7	Membrane;associated&guanylate&kinase,&WW&and&PDZ&domain;containing&protein&1 34 30,4 164,58 323,31 2273200000	291	+
	12,6	0	11,0	+	MAGI3	Q5TCQ9	Q5TCQ9	Membrane;associated&guanylate&kinase,&WW&and&PDZ&domain;containing&protein&3 48 40,2 165,61 323,31 2058900000	312	+
	9,8	0	9,9	+	SNTB2	Q13425	Q13425	Beta;2;syntrophin		19		44,4	57,949	304,1 1225000000	137	+
	7,7	0	9,5	+	MPP5	Q8N3R9;P08908 Q8N3R9	MAGUK&p55&subfamily&member&5		27		51,9	77,293	323,31 1360100000	189	+
	12,4	0	9,0	+	PTPN13	Q12923;REV__Q14197 Q12923	Tyrosine;protein&phosphatase&non;receptor&type&13 57		31,5	276,9	323,31	702180000	304	+
	6,7	0	8,8	+	UTRN	P46939	P46939	Utrophin		74		26,3	394,46	323,31	994460000	342	;
	9,8	0	8,7	+	MPP6	Q9NZW5;Q14168 Q9NZW5	MAGUK&p55&subfamily&member&6		22		51,5	61,116	221,18	594700000	107	+
	12,9	0,0	8,5	+	ABLIM1	O14639	O14639	Actin;binding&LIM&protein&1		21		33,7	87,687	166,4	389580000	112	;
	12,3	0	7,9	+	DTNB	O60941;Q9Y4J8 O60941	Dystrobrevin&beta		15		31,9	71,355	323,31	303370000	92	;
	9,6	0	7,7	+	SEC23B	Q15437	Q15437	Protein&transport&protein&Sec23B		19		31,9	86,478	323,31	259750000	98	;
	10,6	0	7,6	+	SNX27	Q96L92	Q96L92	Sorting&nexin;27		12		24,8	61,264	94,948	170490000	51	+
	12,6	0	7,4	+	SNTB1	Q13884	Q13884	Beta;1;syntrophin		16		36,8	58,06	84,887	276190000	65	+
	5,2	0	7,2	+	LNX2	Q8N448	Q8N448	Ligand&of&Numb&protein&X&2		14		27	76,003	323,31	815910000	109	+
	7,1	0	6,3	+	SEC24A	O95486	O95486	Protein&transport&protein&Sec24A		11		12,9	119,75	131,85	113020000	56	;
	8,6	0	5,9	+	KIF26A	Q9ULI4;Q2KJY2 Q9ULI4	Kinesin;like&protein&KIF26A		18		14,9	194,59	144,01	74679000	67	;
	8,0	0	5,9	+	SEC24B	O95487	O95487	Protein&transport&protein&Sec24B		14		14,7	137,42	149,95	85766000	67	;
	6,5	0	5,8	+	HSPA8	P11142	P11142	Heat&shock&cognate&71&kDa&protein		42		61,9	70,897	323,31 64702000000	1308	;
	6,1	0	5,5	+	HSPA1L	P34931	P34931	Heat&shock&70&kDa&protein&1;like		12		24	70,374	8,1016	78633000	10	;
	8,1	0	5,0	+	CTNNAL1	Q9UBT7	Q9UBT7	Alpha;catulin		8		12,7	81,895	45,096	39351000	20	;
	5,7	0	5,0	+	HSPA1B;HSPA1A P0DMV9;P0DMV8 P0DMV9;P0DMV8 Heat&shock&70&kDa&protein&1B;Heat&shock&70&kDa&protein&1A 32	55,5	70,051	323,31 21219000000	623	;
	10,6	0	4,6	+	ABLIM2	Q6H8Q1	Q6H8Q1	Actin;binding&LIM&protein&2		9		22,4	67,812	116,25	35682000	29	;
	4,3 0,000114286	4,4	+	FAS	P25445	P25445	Tumor&necrosis&factor&receptor&superfamily&member&6 2	5,7	37,732	56,535	45159000	12	;
	13,7	0	4,2	+	HSPA9	P38646	P38646	Stress;70&protein,&mitochondrial		44		58,3	73,68	323,31 25773000000	890	;
	8,1	0	3,9	+	COL11A2	P13942	P13942	Collagen&alpha;2(XI)&chain		2		3	171,79	2,3443	17471000	1	;
	8,6	0	3,8	+	ARHGEF26	Q96DR7	Q96DR7	Rho&guanine&nucleotide&exchange&factor&26	9		11,7	97,344	27,27	16484000	32	;
	6,7	0	3,8	+	LNX1	Q8TBB1	Q8TBB1	E3&ubiquitin;protein&ligase&LNX		5		9,2	80,628	15,813	16285000	26	+
	6,5	0	3,7	+	MPP3	Q13368	Q13368	MAGUK&p55&subfamily&member&3		4		9,9	66,151	96,623	14892000	17	+
	8,9	0	3,4	+	CCDC47	Q96A33	Q96A33	Coiled;coil&domain;containing&protein&47		2		5	55,873	3,6001	12839000	4	;
	4,7 0,000105263	3,3	+	HSPA6	P17066;P48741 P17066	Heat&shock&70&kDa&protein&6		14		23,2	71,027	26,532 6690100000	74	;
	6,0 0,000108108	3,3	+	HSPA4	P34932	P34932	Heat&shock&70&kDa&protein&4		12		21,8	94,33	90,558	37541000	64	;
	3,6	9,76E;05	3,1	+	KARS	Q15046	Q15046	Lysine;;tRNA&ligase		5		13,2	68,047	15,726	31806000	22	;
	7,9 0,000111111	3,1	+	DLG2	Q15700	Q15700	Disks&large&homolog&2		17		13,9	97,551	2,4884	8768200	3	+
	9,1 0,000117647	3,0	+	SDCBP	O00560	O00560	Syntenin;1		7		33,9	32,444	204,35	521870000	103	+
	5,8 0,000102564	2,9	+	RALGAPB	Q86X10	Q86X10	Ral&GTPase;activating&protein&subunit&beta	6		7	166,8	16,943	9857900	14	;
	3,8	9,52E;05	2,9	+	TJP1	Q07157	Q07157	Tight&junction&protein&ZO;1		9		6,8	195,46	34,463	20882000	25	+
	5,6	0,0001	2,7	+	SPEG	Q15772	Q15772	Striated&muscle&preferentially&expressed&protein&kinase 2	0,6	354,28	3,0201	7181800	2	;
	3,4 0,000444444	2,4	+	UPF1	Q92900	Q92900	Regulator&of&nonsense&transcripts&1		10		12,7	124,34	40,269	17833000	26	;
	3,5 0,000454545	2,4	+	PDIA4	P13667	P13667	Protein&disulfide;isomerase&A4		16		30,4	72,932	114,27	205270000	70	;
	5,1	9,30E;05	2,3	+	HSPH1	Q92598	Q92598	Heat&shock&protein&105&kDa		16		22,3	96,864	176,73	260570000	129	;
	3,5 0,000851064	2,2	+	DDX17	Q92841	Q92841	Probable&ATP;dependent&RNA&helicase&DDX17	9		18,8	80,272	121,08	24798000	45	;
	3,8 0,000521739	2,2	+	STAU1	O95793	O95793	Double;stranded&RNA;binding&protein&Staufen&homolog&1 4	8,5	63,182	8,606	9903100	9	;
	2,7	0,00431373	2,2	+	QARS	P47897	P47897	Glutamine;;tRNA&ligase		7		11,5	87,798	73,231	28440000	32	;
	3,3	0,00367347	2,0	+	HSPA5	P11021	P11021	78&kDa&glucose;regulated&protein		42		54,9	72,332	323,31 45308000000	1420	;
	4,4	0,001	2,0	+	IARS	P41252	P41252	Isoleucine;;tRNA&ligase,&cytoplasmic		14		14,7	144,5	144,67	61947000	79	;
	4,6	0,0036	1,8	+	SFPQ	P23246	P23246	Splicing&factor,&proline;&and&glutamine;rich	6		9,9	76,149	103,81	75825000	48	;
	4,1	0,00576923	1,7	+	S100A7	P31151	P31151	Protein&S100;A7		1		10,9	11,471	5,6645	13140000	16	;
	0,6	0,148361	1,7		DMD	P11532;Q13474 P11532	Dystrophin		10		3	426,74	128,72 2826300000	69
	3,2	0,016	1,6		EPRS	P07814	P07814	Bifunctional&glutamate/proline;;tRNA&ligase;Glutamate;;tRNA&ligase;Proline;;tRNA&ligase 14 14,7 170,59 110,07	73820000	114
	2,4	0,0298246	1,6		ALYREF	Q86V81	Q86V81	THO&complex&subunit&4		6		32,3	26,888	124,76	39275000	58
	2,3	0,0311186	1,6		CLTC	Q00610;P53675 Q00610	Clathrin&heavy&chain&1		21		16,8	191,61	318,65	189170000	127
	1,2	0,0697838	1,5		VCL	P18206	P18206	Vinculin		17		20,4	123,8	45,852	94545000	60
	3,4	0,0191273	1,5		SEC24C	P53992	P53992	Protein&transport&protein&Sec24C		2		2,7	118,32	4,5941	8295000	4
	6,8	0,00618868	1,5	+	UBA52;RPS27A;UBB;UBC P62987;P62979;P0CG47;P0CG48 P62987;P62979;P0CG47;P0CG48 Ubiquitin;60S&ribosomal&protein&L40;Ubiquitin;60S&ribosomal&protein&L40;Ubiquitin;40S&ribosomal&protein&S27a;Ubiquitin;40S&ribosomal&protein&S27a;Polyubi 3 26,6 14,728 73,682 365600000 39 ;
	1,6	0,0592	1,4		CCT5	P48643	P48643	T;complex&protein&1&subunit&epsilon		5		10,9	59,67	10,957	82330000	15
	3,4	0,0266429	1,4		NONO	Q15233	Q15233	Non;POU&domain;containing&octamer;binding&protein 4	14,4	54,231	11,021	12952000	12
	3,2	0,0293793	1,4		RP1L1	Q8IWN7	Q8IWN7	Retinitis&pigmentosa&1;like&1&protein		1		1	261,2	3,5695	11160000	3
	1,3	0,0701053	1,4		HP;HPR	P00738;P00739 P00738;P00739Haptoglobin;Haptoglobin&alpha&chain;Haptoglobin&beta&chain;Haptoglobin;related&protein 4 13,1 45,205 10,724	63427000	14
	1,4	0,0706301	1,4		MAP4K4	O95819;Q8N4C8;Q9UKE5 O95819	Mitogen;activated&protein&kinase&kinase&kinase&kinase&4 15	13,8	142,1	58,295	112680000	71
	2,9	0,0350667	1,4		PRKDC	P78527	P78527	DNA;dependent&protein&kinase&catalytic&subunit 16		4,9	469,08	108,65	33352000	71
	1,0	0,088898	1,3		RALGAPA2	Q2PPJ7	Q2PPJ7	Ral&GTPase;activating&protein&subunit&alpha;2 10		7,7	210,77	28,258	9481800	22
	1,7	0,0686667	1,3		ILF3	Q12906;Q96SI9 Q12906	Interleukin&enhancer;binding&factor&3		8		11,6	95,337	48,038	21865000	28
	1,3	0,0753882	1,2		PROSER2	Q86WR7	Q86WR7	Proline&and&serine;rich&protein&2		1		3	45,801	3,4221	467970000	17
	4,0	0,0358689	1,2		SRRM2	Q9UQ35	Q9UQ35	Serine/arginine&repetitive&matrix&protein&2	8		4,3	299,61	20,997	49043000	30
	2,1	0,0610149	1,2		PRSS3	P35030	P35030	Trypsin;3		1		4,3	32,528	2,4031	7548500	9
	2,0	0,0636	1,2		IDE	P14735	P14735	Insulin;degrading&enzyme		4		4,4	117,97	14,315	16428000	10
	1,5	0,0761446	1,1		BAG6	P46379	P46379	Large&proline;rich&protein&BAG6		3		3,4	119,41	5,7456	9751600	5
	3,1	0,0563175	1,1		GEMIN5	Q8TEQ6	Q8TEQ6	Gem;associated&protein&5		4		4,5	168,59	10,401	9547400	6
	3,2	0,057125	1,1		DDX5	P17844	P17844	Probable&ATP;dependent&RNA&helicase&DDX5	11		19,4	69,147	25,143	105890000	75
	3,5	0,0562581	1,1		MYO1C	O00159	O00159	Unconventional&myosin;Ic		11		13,5	121,68	149,32	61038000	60
	2,4	0,064507	1,1		CNN3;CNN2 Q15417;Q99439 Q15417;Q99439 Calponin;3;Calponin;2		2		6,7	36,413	11,063	14047000	9
	1,6	0,0769545	1,1		DRG1	Q9Y295	Q9Y295	Developmentally;regulated&GTP;binding&protein&15		17,7	40,542	107,42	6967400	11
	1,9	0,0724675	1,1		HSPA4L	O95757	O95757	Heat&shock&70&kDa&protein&4L		5		8,6	94,511	4,4961	3077200	6
	1,3	0,0846737	1,1		TRIM28	Q13263	Q13263	Transcription&intermediary&factor&1;beta		12		26,5	88,549	153,43	46251000	74
	1,1	0,0970385	1,1		TUFM	P49411	P49411	Elongation&factor&Tu,&mitochondrial		10		30,5	49,541	54,628	68596000	29
	3,0	0,0618551	1,1		FUS	P35637;Q92804 P35637	RNA;binding&protein&FUS		3		6,3	53,425	14,151	47178000	30
	1,9	0,0761463	1,1		FMNL3;FMNL2Q8IVF7;Q96PY5 Q8IVF7;Q96PY5 Formin;like&protein&3;Formin;like&protein&2	2		2,4	117,21	7,7576	7954900	12
	3,6	0,0612353	1,0		DARS	P14868	P14868	Aspartate;;tRNA&ligase,&cytoplasmic		8		21,2	57,136	82,974	36123000	55
	2,2	0,0757037	1,0		DDX1	Q92499	Q92499	ATP;dependent&RNA&helicase&DDX1		6		11,4	82,431	24,71	10243000	21
	1,2	0,0981887	1,0		IPO7	O95373;O15397 O95373	Importin;7		5		5,7	119,52	156,87	20599000	22
	1,6	0,0838333	1,0		SERPINB3	P29508	P29508	Serpin&B3		5		15,9	44,564	72,488	28077000	35
	1,5	0,0892784	1,0		SF3B3	Q15393	Q15393	Splicing&factor&3B&subunit&3		4		5	135,58	44,303	12009000	9
	5,4	0,0598788	1,0		PDCD6IP	Q8WUM4 Q8WUM4	Programmed&cell&death&6;interacting&protein 11		18,9	96,022	216,44	67020000	87
	2,6	0,0745116	0,9		DDB1	Q16531	Q16531	DNA&damage;binding&protein&1		5		7,1	126,97	17,005	28603000	27
	0,6	0,244276	0,9		LTF	P02788	P02788	Lactotransferrin;Lactoferricin;H;Kaliocin;1;Lactoferroxin;A;Lactoferroxin;B;Lactoferroxin;C 25 46,9 78,181 279,6	177540000	122
	3,8	0,0706667	0,9		FBXO3	Q9UK99	Q9UK99	F;box&only&protein&3		6		17,2	54,56	165,48	23252000	47
	3,0	0,0762	0,9		MARS	P56192	P56192	Methionine;;tRNA&ligase,&cytoplasmic		8		13,2	101,11	57,992	30562000	39
	2,5	0,0784	0,9		ARG1	P05089	P05089	Arginase;1		8		28,3	34,735	116,13	164890000	83
	2,1	0,0828387	0,9		STT3A	P46977	P46977	Dolichyl;diphosphooligosaccharide;;protein&glycosyltransferase&subunit&STT3A 2 3,3 80,529	4,1712	5599600	4
	1,3	0,0997009	0,9		PTBP1	P26599;O95758 P26599	Polypyrimidine&tract;binding&protein&1		3		8,7	57,221	64,252	35209000	19
	0,9	0,138857	0,9		SERPINH1	P50454	P50454	Serpin&H1		6		18,2	46,44	91,967	24026000	25
	3,5	0,0761519	0,9		KIAA0195	Q12767	Q12767	Uncharacterized&protein&KIAA0195		2		1,8	151,15	2,47	39323000	2
	3,0	0,0752184	0,9		G3BP1	Q13283	Q13283	Ras&GTPase;activating&protein;binding&protein&1 4		13,3	52,164	61,878	29798000	37
	2,5	0,0791648	0,9		TJP2	Q9UDY2	Q9UDY2	Tight&junction&protein&ZO;2		1		1,4	133,96	5,6671	2167100	6
	1,5	0,0981714	0,9		LETM1	O95202	O95202	LETM1&and&EF;hand&domain;containing&protein&1,&mitochondrial 2 3,4	83,353	4,8422	8771500	11
	1,7	0,0933861	0,9		NSUN2	Q08J23	Q08J23	tRNA&(cytosine(34);C(5));methyltransferase	3		7	86,47	34,389	8055800	10
	3,6	0,0759524	0,9		LARP1	Q6PKG0;Q659C4 Q6PKG0	La;related&protein&1		12		19,3	123,51	79,754	40367000	60
	5,1	0,0733333	0,9		RARS	P54136	P54136	Arginine;;tRNA&ligase,&cytoplasmic		10		20	75,378	104,84	69346000	69
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Cadherins are gatekeepers of Fas death receptor Journal of Cell Biology https://doi.org/10.1083/jcb.201805071 3844 Figure 3. AJs sequester Fas at site of cell-cell junction, and this impairs efficient FasL binding and therefore Fas cell death signaling. (A) Binding assays of latex beads coated with FasL (Beads FasL) on HCT15 transfected with siRNAs against α-catenin and followed by phase-contrast microscopy. (B) FasL-coated or -noncoated (NC) beads attached to cells were counted using flow cytometry after cell lysis. Graphs represent means ± SEM (n = 3). (C and D) Detection of Fas and cleaved caspase-8 in HCT15 cells incubated with FasL-coated beads was done by IF at different time points. Beads appear in red (by autofluorescence). An XZ projection of the Z stack is shown. Arrows indicate the accumulation of Fas beneath the beads. (E) Accumulation of Fas and activated caspase-8 under FasL-coated beads was quantified. Graph represents mean ± SEM (n > 3). (F) FasL-coated beads were used to immunoprecipitate activated Fas from cell lysates of HCT15 cells transfected with indicated siRNAs. Fas, caspase-8, and FADD were detected by IB. Arrows and arrowheads indicate native caspase-8 and cleaved (activated) caspase-8, respectively. (G) Relative caspase-8 and Fas were quantified by densitometry at t = 0 or after 30 min FasL-coated bead activation (n = 3). Bars: 10 µM (C and D); 50 µM (A). *, P < 0.05; **, P < 0.01; Student's t test. Gagnoux-Palacios et al. Cadherins are gatekeepers of Fas death receptor Journal of Cell Biology https://doi.org/10.1083/jcb.201805071 3845

Figure 4. Fas PDZ binding domain regulates Fas cell-cell junction localization and interacts with the polarity molecule Dlg1. (A) Schematic representation of human Fas constructs and of the C-terminal sequence of Fas. The SLV C-terminal PDZ-binding motif is shown in red. TM, transmembrane domain. (B) Detection of E-cadherin and GFP by IF in HCT15 cells transduced with empty vector (EV), GFP-Fas WT, and ΔSLV mutant. (C) Quantification of the specific enrichment of GFP-Fas WT and ΔSLV mutant at cell-cell junctions. Error bars in graphs represent means ± SEM (n = 5). (D) Cell surface expression of GFP-Fas WT and ΔSLV mutant were compared using biotinylation assays. (E) Relative cell surface expression of GFP-Fas WT and of the ΔSLV mutant was quantified by densitometry. Error bars in graphs represent means ± SEM (n = 3). (F) Volcano plot summarizing comparison between the protein interacting with Fas C-terminal (Cter) peptide of WT and the ΔSLV mutant. The log 2 ratio of protein intensities was plotted against negative log 10 P values. Red circles correspond with proteins significantly more abundant in the WT than in the ΔSLV mutant (P < 0.05), and blue circles correspond with proteins without significant changes.
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