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Abstract 

The characteristic tall and elongated shape of epithelial cells requires specialized adhesive 
structures and a distinct organization of cytoskeletal filaments.  Cytoskeletal networks coordinate a 
precise organization of adhesive and signalling complexes along cell-cell contacts and enable 
exquisite strong cohesion among epithelial cells. E-cadherin, a calcium-dependent adhesion 
receptor, is an essential adhesive system in epithelia and its dynamic regulation and pathways that 
stabilize cell-cell adhesion have been extensively studied.  This review highlights the less understood 
mechanisms underlying how cadherin receptor signalling drives cytoskeletal rearrangements which 
ultimately define the epithelial cell shape. In the past two years, new insights identify specific actin-
binding proteins and regulators of the epithelial cytoskeleton as a framework to support junction 
dynamics, plasticity and maintenance.   

 
 
Introduction: 

E-cadherin adhesion is one the main drivers of epithelial morphology and differentiation at the 
cellular and tissue level.  Dynamic modulation of junctions participates in different processes such 
as geometric cell shape, planar polarization, invagination and folding of epithelial tissues, cell 
extrusion from epithelial monolayers or re-establishment of junctions following cell division and cell 
death [1,2].  Engagement of cadherin receptors as an adhesive unit initiates morphological 
polarization: the elongation of the lateral domain shared by neighbouring cells, which ultimately 
increases the overall cell height to generate a columnar epithelial shape (Fig.1a).  This process is 
accompanied by recruitment of polarity and signalling complexes to cell-cell junctions, driving the 
specialization of membrane domains (for review see [3]).     

The filamentous actin (F-actin) organization found in epithelia underpins the regulation of 
signalling complexes and cell and tissue architecture.  F-actin network organization relies on a 
variety of actin-binding proteins with complementary sets of properties [4].   Properties such as 
filament elongation, capping, severing or bundling are precisely coordinated to assemble specific 
structures from building blocks, the actin monomers (G-actin). These diverse properties of 
cytoskeletal proteins are integrated by a repertoire of regulators, including the Rho family of small 
GTPases.  The latter forms an important class of cytoskeletal modulators [5] and, among them, 
RhoA, Rac1 and Cdc42 have been studied in detail in epithelia.  This review discusses how epithelial 
F-actin structures provide a scaffolding for small GTPase signalling to support epithelial cell shape 
and tissue architecture.  Excellent reviews can be found elsewhere on the role of GTPase upstream 
modulators in the function of adhesive structures [6-8]. 

 
Form follows function 

There are two distinct pools of F-actin at epithelial junctions: an F-actin pool at contact sites 
(junctional actin) and circumferential thin bundles adjacent to and aligned with cell-cell contacts 
(Fig.1b,c) (reviewed by [9,10]).  Connecting these two F-actin pools are radial fibres that arrive at 
junctions perpendicularly and may be considered a component of the thin bundles pool (Fig.1c).  It 
is currently unknown how thin bundles and associated radial fibres are connected to E-cadherin 
complexes and integrated with junctional actin at adhesive contacts.  Variations on the morphological 
appearance and a clear separation between junctional actin and thin bundles are observed in 
different cell types, junction maturation status or response to specific stimuli (mechanical forces, 
morphogenesis or destabilization of contacts – see below) [10]. 

Thin bundles were reported in the early 80’s by electron microscopy as a tightly compacted, 
contractile filaments parallel to junctions [11,12].  In epithelial tissues in vivo, thin bundles co-localise 
with and are indistinguishable from junctional actin by immunofluorescence.  Yet, their distinct 
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dynamics [13], regulation and molecular composition indicates their separable identity: junctional 
actin contains -actin and myosin IIA, while -actin and myosin IIB are found at thin bundles [14,15].  
As myosin IIA and myosin IIB can co-assemble on different types of actin filaments [16], it will be 
interesting to define how wide-spread the restricted distribution of these proteins among different 
epithelial cell types is. 

Junctional actin function on cadherin adhesion assembly and maintenance is well established.  
However, the specific contribution of thin bundles to cadherin stabilization is less clear, either 
because there is no clear spatial segregation from junctional actin (i.e. in vivo) or the challenge to 
disrupt thin bundles selectively, without substantially compromising junctional actin (see below).  
Nevertheless, coordinated regulation of these two epithelial F-actin pools is likely to control E-
cadherin levels, junction strength, configuration, plasticity and ultimately epithelial architecture (see 
below).   

 

Junctional actin 

Junctional actin is formed by an F-actin pool at the plane of the contacting membrane, bound 
to cadherin complexes (i.e. via catenins) and other transmembrane proteins (i.e. nectins [17], growth 
factors receptors and integrins).  In spite of extensive progress in the identification of cytoskeletal 
proteins found at junctions [18,19], the precise F-actin organization and the specific actin remodelling 
functions at cadherin contacts lack in-depth understanding.  A pool of G-actin at junctions [20] has 
unknown functions, but may provide a local pool of monomers for filament remodelling.  F-actin 
accumulation at junctions may be a net result of actin polymerization, depolymerisation, stabilization 
and recruitment of short filaments.     

So far, studies have mostly focused on an actin nucleation process at contacts controlled by 
formins and/or Arp2/3 complexes (for excellent review see [21]).  Formins promote F-actin elongation 
as linear filaments [4]. The family members mDia1 [22,23] and FMNL2 [24] are necessary for E-
cadherin stabilization at junctions.  Constitutive activation of FMNL2 or mDia1 increases F-actin 
levels at cell-cell contacts [22,24]; yet they are regulated by different GTPases.  FMNL2 recruitment 
to cadherin receptors is driven by Rac1 activation [24], but mDia1 localization at junctions [23] 
requires active RhoA [22].  mDia1 also modulates F-actin cables to facilitate the release of exocrine 
secretory vesicles in pancreatic cells [25] and regulates E-cadherin transport downstream of RhoB 
[26]. 

In addition to actin nucleation, Arp2/3 generates branched filaments [4], but these structures 
are not observed at mature junctions.  It is likely that Arp2/3-dependent nucleation is favoured at 
cell-cell contact via different strategies: (i) distinct regulation by partners such as N-WASP [27] or 
cortactin, which provides a scaffold for Arp complexes at junctions [28] or (ii) inhibition of branching 
activity by -catenin [29-31] or EPLIN, a cross-linking protein [32].  Alternatively, the precise 
regulation of profilin, a G-actin binding protein, may determine the preferential incorporation of 
monomers to filaments nucleated by formins instead of Arp2/3 [33].  

Conversely, the importance to counteract filament polymerization/elongation for junction 
stability has recently been demonstrated.  First, capping proteins limit the availability of F-actin ends 
for polymerization [4].  Depletion of CD2AP, a barbed-end capping protein, causes a strong reduction 
of junctional actin but not E-cadherin levels [34]. Yet, monolayers cannot withstand pathological 
mechanical stress: they break apart and have increased permeability [34].  Second, filament 
turnover/size is controlled by de-polymerization, and ADF/cofilin or its co-factor AIP (actin-interacting 
protein) RNAi reduces E-cadherin levels at junctions [35,36].  Together these results strengthen the 
appropriate coordination between polymerization, depolymerisation and capping for junctional actin. 
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Further stabilization of filament arrays at junctions contribute to cadherin contacts 
maintenance.  The F-actin bundling and cross-linking proteins -actinin 4 [37] and filaminA/B localise 
at cell-cell contacts are essential for cadherin adhesion in different tissues [38-40].  At junctions, 
filaminA and filaminB are known to fine tune activation of RhoA and Rac1 via binding to the GEF 
Trio or the GAP FilGAP, respectively [38,41].   Furthermore, F-actin bundles may be stabilised by a 
number of different myosins that co-localise with cadherins and are functionally important for junction 
maintenance [15,42,43].  Yet, in some epithelia, contractile markers such as phosphorylated Myosin 
Light Chain (pMLC) are not highly enriched at junctional actin, particularly when peripheral thin 
bundles are clearly separable (Fig.1d).  Although long, thick filament bundles are not apparent at 
junctional actin [44-46], a disordered array of short filaments can be contractile, particularly in the 
presence of cross-linkers such as -actinin 4 [47]. 

  Global contractility levels are known to influence actin turnover at junctions [20,48,49].  These 
data are in line with the paramount influence that a unique architecture of F-actin structures has on 
the properties of specific cytoskeletal proteins, from regulation of contraction to disassembly [50,51].  
Further insights onto the precise F-actin organization at junctional actin are essential to understand 
the mechanisms of E-cadherin stabilization, turnover and mechanosensitivity [52,53]. 

 
Thin bundles and the regulation of lateral height and junction configuration  

 
Circumferential thin bundles are less dynamic than junctional actin and forms the main 

contractile pool in epithelia, with increased pMLC labelling (Fig.1d) [13].  Thin bundles are already 
present in cells without junctions as a large band of filaments at the cell periphery (Fig.1b).  They 
become progressively compacted towards newly formed cell-cell contacts until indistinguishable 
from junctional actin [13].  Alignment of thin bundles in parallel to junctions requires anillin, a bundling 
protein, and EPLIN, a filament cross-linker [32,54].  Depletion of either protein generates filaments 
in the cytoplasm.  Moreover, following EPLIN RNAi, thin filaments connect to junctions 
perpendicularly rather than in parallel to cell-cell contacts [54-56].   

Circumferential thin bundles participate in morphological polarization and cell-cell contact 
configuration (shape, linearity and length, i.e. growth or shrinkage) (Fig.2).  First, thin bundle stability 
and contraction correlate spatially and temporally with the vertical elongation of epithelial lateral 
domains (Fig.1).  In some cell types, the microtubule network may also be required to generate a 
columnar morphology [57].   Conversely, the control of junction lateral height is also important for 
epithelial cell flattening and invagination [58].  Actin filament stabilisation is partially achieved by a 
cooperation between tropomodulin (a pointed end capping protein) and tropomyosin (F-actin side-
binding protein).  In CaCo2 cells, depletion of tropomodulin3 destabilizes the membrane skeleton at 
junctions, leading to shorter lateral domains with less F-actin and tropomyosin (without changes in 
E-cadherin localization) [59].  In keratinocytes, regulation of contraction by ROCKI and ROCKII, key 
Rho effectors [5] is important for thin bundle remodelling: their depletion leads to less compacted 
bundles and flatter cells, with a 50% reduction of the lateral height [13].   

Shorter lateral domains and concomitant expansion of the apical surface are also observed 
upon depletion of p120CTN in MDCK cells grown on collagen [60].  The mechanisms involved are 
unclear, but may involve the ability of p120CTN bound to cadherin complexes to localise ROCK at 
cell-cell contacts [61].  The latter may or may not involve the ROCK partner Shroom3 [62,63], a 
known regulator of epithelial apical contraction [64].  In endothelial cells and C.elegans, p120CTN may 
also dynamically modulate contractility at the lateral domains via its interaction with RhoA upstream 
regulators [65,66].  PAK family members, serine threonine kinases effectors of Rac1 and Cdc42 
GTPase known to modulate contraction [67], could also participate: either via transiently activation 
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by cell-cell contact formation (PAK1) [68] or localization at epithelial junctions (PAK4 and PAK6) [69-
72].  

Second, thin bundles regulate junction length (corner-to-corner between neighbouring cells).  
The growth or shrinkage of cell-cell contacts at the plane of the monolayer controls junction size, cell 
positioning within the monolayer and ultimately cell shape and tissue remodelling (for reviews see 
[1,10,58].  Junction shrinkage may occur by asymmetric, spatially restricted contraction of thin 
bundles positioned at different heights along the contacting neighbouring cells.  This localized 
contraction enables apical constriction during invagination [73] or defines the topography of cell 
extrusion (apical or basal side of the epithelial monolayer).   At the molecular level, cell extrusion 
directionality is driven by specific oncogenes (Ras, APC) [74,75] and the engagement of N-WASP 
or crosslinking proteins such as filamins or EPLIN [45,76,77].     

Third, wavy, curved junctions are found upon dysregulation of GTPase signalling or depletion 
of cytoskeletal proteins that modulate thin bundles.  In different epithelia, inhibition of ROCK 
[13,15,78] or depletion of myosin VI [42] or tropomyosin5 [79] (a filament side-binding protein) results 
in the appearance of curved, rather than linear junctions.  Without tropomyosin5, junctions are 
floppier, with reduced recoil upon laser ablation, suggesting that stable thin bundles are required to 
generate taught, straight junctions [79].   

Curved junctions are also found following depletion of tricellulin, a transmembrane protein 
found at the corners between three epithelial cells (tricellular junctions) [80,81].  These specialised 
adhesive structures undergo considerable tensile stress [81] and are essential for thin bundle 
organization and an impermeable epithelial monolayer [80].  It turns out that tricellulin regulates the 
contractile properties and the attachment of thin bundles to cell vertices, via the interaction with, 
recruitment and activation of Tuba, a Cdc42 exchange factor.  Consistent with the involvement of 
GTPase signalling, junctions have a wavy appearance after Tuba depletion [82], similar to tricellulin 
RNAi.  Wavy junctions are considered less stable and may contribute to degeneration of cochlear 
hair cells observed upon tricellulin mutations in autosomal non-syndromic deafness [83].   
 

Different hues of the same colour: 

Junction remodelling participates in a variety of morphogenetic programs leading to distinct 
cellular and tissue outcomes [84].  It is feasible that a single regulator participates in distinct junction 
remodelling and signalling events.  By engaging with selected cytoskeletal partners that are spatially- 
and temporally-restricted along cell-cell contacts, a signalling pathway may be driven towards 
different cellular outcomes.   

For example, Tuba activation at tricellular junctions modulates thin bundle remodelling (see 
above).  However, Tuba can also localise to other sites at junctions via ZO1, where it regulates E-
cadherin recruitment to new cell-cell contacts and junctional actin organization around cadherin 
clusters [81,82].  In addition to how Tuba is recruited (via tricellulin or ZO1), distinct Cdc42 effectors 
may be involved at different junctional sites.  N-WASP is required downstream of ZO1-Tuba-Cdc42 
to modulate F-actin co-localization with E-cadherin [82].  The Cdc42 target responsible for thin 
bundle reorganization via tricellulin-Tuba partnership in epithelia is not known.  A likely candidate is 
MRCK, a kinase effector of Cdc42, that associates with acto-myosin filaments and, similar to 
ROCKI/II, phosphorylates myosin regulatory chain [85].  In endothelial cells, MRCK is activated upon 
induction of cell-cell contacts and controls how compact and aligned circumferential bundles are 
towards junctions [86].  However, in this model, Tuba is not involved, but a different GEF (FGD5) is 
recruited to activate Cdc42 and MRCK, thereby promoting linear endothelial junctions [86].  

Targeting of the exchange factor Tiam1 to sub-domains at junctions has distinct consequences 
for Rac1 activation.  At tight junctions, Par-3 inactivates Tiam1-Rac1 signalling, while -syntrophin-
dependent Tiam1 localization activates Rac1 more basally, thereby generating a gradient of 



6 
 

localized signalling, with different functions for tight junctions or adherens junctions [87]. Similar 
restricted zone of GTPase activation at zonula adherens is reported for RhoA, where positioning of 
ROCK1 by myosin II maintains RhoA activation by antagonizing the recruitment of 
Rnd3/p190RhoGAP, thereby preventing localized RhoA inactivation [88]. 

A novel concept to fine-tune the extent of GTPase activation at junctions involves cytoskeletal 
proteins that bind directly and provide an anchor for Rho proteins. Anillin, a bundling protein, interacts 
with and recruits RhoA to the cytokinesis furrow and cell-cell contacts, where it controls active RhoA 
localization [89,90].  Upon depletion of anillin, pulses of RhoA activation at discrete spots at junctions 
of Xenopus cells occur with higher frequency, but reduced life-time [90].  Such altered oscillation of 
active RhoA severely impairs adherens junctions [54,90]. The direct binding of anillin with active 
RhoA [89] may be a mechanism to maintain spatial and temporal regulation, albeit this has not yet 
been formally shown.  Another example is the LIM protein Ajuba, an actin bundling protein, which 
partially localises at adhesion sites and interacts with both GTP- and GDP-bound Rac1 [68].  When 
phosphorylated, Ajuba stabilizes Rac1·GTP at cell-cell contacts [68].  It is currently unclear the 
precise contribution of Ajuba bundling function versus GTPase activation for cell-cell contact 
reinforcement.  

 

Concluding remarks: 

The lateral domains shared by neighbouring cells are highly dynamic [84].  The extensive 
plasticity of lateral domains balances regulation of cell-cell adhesion and associated signalling with 
diversity and variability in morphology, localization and molecular association.  This review discusses 
novel mechanisms that enable such plasticity.  First, via the combinatorial action of actin binding 
proteins to fine tune the activity and localization of core regulators at sub-domains of junctions.  
Second, the functions of a cytoskeletal protein are strongly modulated by the F-actin structures 
where it localises and its interacting partners.  The latter highlights the importance to dissect the 
precise organization of epithelial cytoskeleton and a comprehensive understanding of the regulatory 
network that enables its maintenance and dynamics.  Exciting work lies ahead to build this 
knowledge towards a spatial integration of the actin cytoskeleton with epithelial adhesion, signalling 
and morphogenesis. 
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Figure legends 

 
Figure 1: a, Epithelial cells have different morphologies depending on the organ they are found 

and specific function: squamous (flat cell shape as in lung airway epithelia), cuboidal (i.e. 
keratinocytes, breast epithelia) or columnar shape (i.e. intestinal epithelia).  b, Cells without cell-cell 
contacts contain a large band of circumferential thin bundles at their periphery.  Upon calcium-
induced cell-cell adhesion, E-cadherin receptors cluster as adhesive units to: (i) assemble a pool of 
F-actin at the membrane surrounding the receptors and (ii) induce compaction and contraction of 
thin bundles until co-localization with junctions.  c, Immunofluorescence images of newly-formed 
junctions of keratinocytes labelled for E-cadherin and F-actin. d, A junction is shown immunostained 
for F-actin and pMLC.  Note the majority of pMLC labelling colocalizes with thin bundles adjacent to 
junctions.  Zooms in b,c show the two F-actin populations: thin bundles (bracket, 1) and junctional 
actin (square, 2).  Arrows point to radial fibres linking these two pools. 

 
Figure 2: Diagram representing the remodelling of actin cytoskeleton driven by initiation of E-

cadherin-dependent cell-cell contacts.  E-cadherin complexes clustering triggers signalling to form 
junctional actin and remodel pre-existing peripheral thin bundles, which co-localise as junctions   
mature.  Actin remodelling properties involved in epithelial F-actin structures and the identified 
functions of either actin population in epithelia are listed.   The de novo formation of junctional actin 
is better understood and may assemble/recruit a meshwork of short, linear filaments rather than a 
branched array. Different myosins are found at junctional actin with reduced levels of pMLC relative 
to thin bundles.  The re-organization of thin bundles as a compact and co-aligned array with junctions 
require contraction.  Actin properties that maintain contraction, bundling and stabilization of filaments 
are relevant for thin bundle reorganization. 

 
 
References:  

 

1. Lecuit T, Yap AS: E-cadherin junctions as active mechanical integrators in tissue dynamics. 
Nature Cell Biol. 2015, 17:533-539. 

2. Martin AC, Goldstein B: Apical constriction: themes and variations on a cellular mechanism 
driving morphogenesis. Development 2014, 141:1987-1998. 

3. Macara IG, Guyer R, Richardson G, Huo Y, Ahmed SM: Epithelial homeostasis. Curr. Biol. 2014, 
24:R815-R825. 

4. Blanchoin L, Boujemaa-Paterski R, Sykes C, Plastino J: Actin dynamics, architecture, and 
mechanics in cell motility. Physiol. Rev. 2014, 94:235-263. 

5. Vega FM, Ridley AJ: Rho GTPases in cancer cell biology. FEBS Lett. 2008, 582:2093-2101. 
6. Citi S, Spadaro D, Schneider Y, Stutz J, Pulimeno P: Regulation of small GTPases at epithelial 

cell-cell junctions. Mol. Membr. Biol. 2011. 
7. McCormack J, Welsh NJ, Braga VM: Cycling around cell-cell adhesion with Rho GTPase 

regulators. J. Cell Sci. 2013, 126:379-391. 
8. Quiros M, Nusrat A: RhoGTPases, actomyosin signaling and regulation of the epithelial 

Apical Junctional Complex. Sem. Cell Dev. Biol. 2014, 36:194-203. 
9. Gomez GA, McLachlan RW, Yap AS: Productive tension: force-sensing and homeostasis of 

cell-cell junctions. Trends Cell Biol. 2011, 21:499-505. 
10. Takeichi M: Dynamic contacts: rearranging adherens junctions to drive epithelial 

remodelling. Nature Rev. Mol. Cell Biol. 2014, 15:397–410. 
11. Owaribe K, Masuda H: Isolation and characterization of circumferential microfilament 

bundles from retinal pigmented epithelial cells. J. Cell Biol. 1982, 95:310-315. 



8 
 

12. Owaribe K, Kodama R, Eguchi G: Demonstration of contractility of circunferential actin 
bundles and its morphogenetic significance in pigmented epithelium in vitro and in 
vivo. J. Cell Biol. 1981, 90:507-514. 

13. Kalaji R, Wheeler AP, Erasmus J, Lee S, Endres RG, Cramer L, Braga VMM: ROCK1 and 
ROCK2 regulate epithelial polarization and geometric cell shape. Biol. Cell. 2012, 
104:435-451. 

14. Baranwal S, Naydenov NG, Harris G, Dugina V, Morgan KG, Chaponnier C, Ivanov AI: Non-
redundant roles of cytoplasmic b- and g-actin isoforms in regulation of epithelial 
apical junctions. Mol. Biol. Cell 2012, 23:3542-3553. 

15. Smutny M, Cox HL, Leerberg JM, Kovacs EM, Conti MA, Ferguson C, Hamilton NA, Parton RG, 
Adelstein RS, Yap AS: Myosin II isoforms identify distinct functional modules that 
support integrity of the epithelial zonula adherens. Nature Cell Biol. 2010, 12:696-702. 

16. Beach JR, Shao L, Remmert K, Li D, Betzig E, Hammer JA, 3rd: Nonmuscle myosin II isoforms 
coassemble in living cells. Curr. Biol. 2014, 24:1160-1166. 

17. Indra I, Hong S, Troyanovsky R, Kormos B, Troyanovsky S: The adherens junction: a mosaic 
of cadherin and nectin clusters bundled by actin filaments. J. Invest. Dermatol. 2013, 
133:2546-2554. 

18. Bertocchi C, Rao MV, Zaidel-Bar R: Regulation of adherens junction dynamics by 
phosphorylation switches. J. Signal Transd. 2012. 

19. Zaidel-Bar R: Cadherin adhesome at a glance. J. Cell Sci. 2013, 126:373-378. 
20. *Leerberg JM, Gomez GA, Verma S, Moussa EJ, Wu SK, Priya R, Hoffman BD, Grashoff C, 

Schwartz MA, Yap AS: Tension-sensitive actin assembly supports contractility at the 
epithelial zonula adherens. Curr. Biol. 2014, 24:1689-1699. 

This paper describes the contraction-dependent recruitment of vinculin and associated Ena/VASP 
to enable actin assembly at junctions, thereby conditioning actomyosin properties with actin 
polymerization 

21. Michael M, Yap AS: The regulation and functional impact of actin assembly at cadherin 
cell-cell adhesions. Sem. Cell Dev. Biol. 2013, 24:298-307. 

22. Carramusa L, Ballestrem C, Zilberman Y, Bershadsky AD: Mammalian diaphanous-related 
formin Dia1 controls the organization of E-cadherin-mediated cell-cell junctions. J. Cell 
Sci. 2007, 120:3870-3882. 

23. Ryu JR, Echarri A, Li R, Pendergast AM: Regulation of cell-cell adhesion by Abi/Diaphanous 
complexes. Mol. Cell. Biol. 2009, 29:1735-1748. 

24. *Grikscheit K, Frank T, Wang Y, Grosse R: Junctional actin assembly is mediated by Formin-
like 2 downstream of Rac1. J. Cell Biol. 2015, 209:367-376. 

A careful evaluation of the function of the formin FMNL2 on junctional actin and its comparison with 
the role of mDia2.  The article shows FMNL2 contributes via distinct GTPase (Rac1) to the 
same cellular event as mDia2 (RhoA) during junction stabilization. 

25. Geron E, Schejter ED, Shilo BZ: Directing exocrine secretory vesicles to the apical 
membrane by actin cables generated by the formin mDia1. Proc. Natl. Acad. Sci. USA 
2013, 110:10652-10657. 

26. Vega FM, Thomas M, Reymond N, Ridley AJ: The Rho GTPase RhoB regulates cadherin 
expression and epithelial cell-cell interaction. Cell Communication and Signaling 2015, 
13:6. 

27. Kovacs EM, Verma S, Thomas SG, Yap AS: Tuba and N-WASP function cooperatively to 
position the central lumen during epithelial cyst morphogenesis. Cell Adh Migr 2011, 
5:344-350. 

28. Han SP, Gambin Y, Gomez GA, Verma S, Giles N, Michael M, Wu SK, Guo Z, Johnston W, 
Sierecki E, et al.: Cortactin scaffolds Arp2/3 and WAVE2 at the epithelial zonula 
adherens. J. Biol. Chem. 2014, 289:7764-7775. 

29. **Bianchini JM, Kitt KN, Gloerich M, Pokutta S, Weis WI, Nelson WJ: Reevaluating alphaE-
catenin monomer and homodimer functions by characterizing E-cadherin/alphaE-
catenin chimeras. J. Cell Biol. 2015, 210:1065-1074 



9 
 

A thorough evaluation of the properties of -catenin homodimers and monomers, including their 
impact on actin polymerization and E-cadherin adhesion strength. 

30. Drees F, Pokutta S, Yamada S, Nelson WJ, Weis WI: a-catenin is a molecular switch that 
binds E-cadherin-b-catenin and regulates actin-filament assembly. Cell 2005, 123:903-
915. 

31. Hansen SD, Kwiatkowski AV, Ouyang CY, Liu H, Pokutta S, Watkins SC, Volkmann N, Hanein 
D, Weis WI, Mullins RD, et al.: alphaE-catenin actin-binding domain alters actin filament 
conformation and regulates binding of nucleation and disassembly factors. Mol. Biol. 
Cell 2013, 24:3710-3720. 

32. Maul RS, Song Y, Amann KJ, Gerbin SC, Pollard TD, Chang DD: EPLIN regulates actin 
dynamics by cross-linking and stabilizing filaments. J. Cell Biol. 2003, 160:399-407. 

33. Bezanilla M, Gladfelter AS, Kovar DR, Lee WL: Cytoskeletal dynamics: a view from the 
membrane. J. Cell Biol. 2015, 209:329-337. 

34. Tang VW, Brieher WM: FSGS3/CD2AP is a barbed-end capping protein that stabilizes actin 
and strengthens adherens junctions. J. Cell Biol. 2013, 203:815-833. 

35. ** Chen CS, Hong S, Indra I, Sergeeva AP, Troyanovsky RB, Shapiro L, Honig B, Troyanovsky 
SM: alpha-Catenin-mediated cadherin clustering couples cadherin and actin 
dynamics. J. Cell Biol. 2015, 210 647-661. 

This paper dissects the properties of the actin-binding domain (ABD) of -catenin and shows that 
associated E-cadherin clusters are more dynamic than when vinculin is also present in the 
complex. ABD interacts with actin at the cortex rather than pre-formed bundles drives the 
continuous formation of transient actin-cadherin complexes.   

36. Leckband DE, de Rooij J: Cadherin adhesion and mechanotransduction. Ann. Rev. Cell 
Develop. Biol. 2014, 30:291-315. 

37. Tang VW, Brieher WM: Alpha-actinin-4/FSGS1 is required for Arp2/3-dependent actin 
assembly at the adherens junction. J. Cell Biol. 2012, 196:115-130. 

38. Tu CL, You M: Obligatory roles of filamin A in E-cadherin-mediated cell-cell adhesion in 
epidermal keratinocytes. J. Dermatol. Sci. 2014, 73:142-151. 

39. Wakamatsu Y, Sakai D, Suzuki T, Osumi N: FilaminB is required for the directed localization 
of cell-cell adhesion molecules in embryonic epithelial development. Develop. Dyn. 
2011, 240:149-161. 

40. Feng Y, Chen MH, Moskowitz IP, Mendonza AM, Vidali L, Nakamura F, Kwiatkowski DJ, Walsh 
CA: Filamin A (FLNA) is required for cell-cell contact in vascular development and 
cardiac morphogenesis. Proc. Natl. Acad. Sci. USA 2006, 103:19836-19841. 

41. Nakahara S, Tsutsumi K, Zuinen T, Ohta Y: FilGAP, a Rho-ROCK-regulated GAP for Rac, 
controls adherens junctions in MDCK cells. J. Cell Sci. 2015, 128:2047-2056. 

42. Maddugoda MP, Crampton MS, Shewan AM, Yap AS: Myosin VI and vinculin cooperate 
during the morphogenesis of cadherin cell cell contacts in mammalian epithelial cells. 
J. Cell Biol. 2007, 178:529-540. 

43. Tokuo H, Coluccio LM: Myosin-1c regulates the dynamic stability of E-cadherin-based cell-
cell contacts in polarized Madin-Darby canine kidney cells. Mol. Cell. Biol. 2013, 
24:2820-2833. 

44. Biswas KH, Hartman KL, Yu CH, Harrison OJ, Song H, Smith AW, Huang WY, Lin WC, Guo Z, 
Padmanabhan A, et al.: E-cadherin junction formation involves an active kinetic 
nucleation process. Proc. Natl. Acad. Sci. USA 2015, 112:10932-10937. 

45. ** Wu SK, Gomez GA, Michael M, Verma S, Cox HL, Lefevre JG, Parton RG, Hamilton NA, 
Neufeld Z, Yap AS: Cortical F-actin stabilization generates apical-lateral patterns of 
junctional contractility that integrate cells into epithelia. Nature Cell Biol. 2014, 16:167-
178. 

This paper nicelly demonstrates how localized contraction at the Y-X axis of the epithelial lateral 
domain drives the extrusion of H-Ras transformed cells and thereby controls epithelial cell 
integration within the monolayer. 



10 
 

46. * Wu Y, Kanchanawong P, Zaidel-Bar R: Actin-delimited adhesion-independent clustering 
of E-cadherin forms the nanoscale building blocks of adherens junctions. Dev. Cell 
2015, 32:139-154. 

Here the authors define a cadherin nanocluster as a adhesive unit, its characteristics and 
mechanisms underlying cluster size, the interplay with cytoskeleton meshwork and cluster 
composition.   

47. ** Ennomani H, Letort G, Guerin C, Martiel JL, Cao W, Nedelec F, De La Cruz EM, Thery M, 
Blanchoin L: Architecture and Connectivity Govern Actin Network Contractility. Curr. 
Biol. 2016, 26:616-626. 

This paper interestingly demonstrates that short F-actin filaments can be made contractile by the 
presence of -actinin 4. 

48. ** Engl W, Arasi B, Yap LL, Thiery JP, Viasnoff V: Actin dynamics modulate 
mechanosensitive immobilization of E-cadherin at adherens junctions. Nature Cell Biol. 
2014, 16:587-594. 

The authors set up an interesting model of cell doublets containing a single junction to dissect the 
contribution of myosinII-dependent contraction to actin turnover at E-cadherin clusters.  They 
further dissect the interplay how actin dynamics can modulate mechanosensitive responses 
of cadherin complexes.  

49. Verma S, Han SP, Michael M, Gomez GA, Yang Z, Teasdale RD, Ratheesh A, Kovacs EM, Ali 
RG, Yap AS: A WAVE2-Arp2/3 actin nucleator apparatus supports junctional tension 
at the epithelial zonula adherens. Mol. Biol. Cell 2012, 23:4601-4610. 

50. ** Gressin L, Guillotin A, Guerin C, Blanchoin L, Michelot A: Architecture dependence of actin 
filament network disassembly. Curr. Biol. 2015, 25:1437-1447. 

Together with reference 51, these papers demonstrate that the functionality of a specific actin protein 
is modulated by the distinct architecture of actin filaments at different intracellular sites. This 
effect seems to be a general property of cytoskeletal proteins driving the activity of 
depolymerizing factors and contraction. 

51. * Reymann AC, Boujemaa-Paterski R, Martiel JL, Guerin C, Cao W, Chin HF, De La Cruz EM, 
Thery M, Blanchoin L: Actin network architecture can determine myosin motor activity. 
Science 2012, 336:1310-1314. 

See above reference 50. 
52. Ladoux B, Nelson WJ, Yan J, Mege RM: The mechanotransduction machinery at work at 

adherens junctions. Integrative Biology 2015. 
53. Hoffman BD, Yap AS: Towards a dynamic understanding of cadherin-based 

mechanobiology. Trends Cell Biol. 2015, 15:803-814. 
54. Wang D, Chadha GK, Feygin A, Ivanov AI: F-actin binding protein, anillin, regulates integrity 

of intercellular junctions in human epithelial cells. Cell Molecular Life Sciences 2015, 
72:3185-3200. 

55. Abe K, Takeichi M: EPLIN mediates linkage of the cadherin catenin complex to F-actin and 
stabilizes the circumferential actin belt. Proc. Natl. Acad. Sci. USA 2008, 105:13-19. 

56. Taguchi K, Ishiuchi T, Takeichi M: Mechanosensitive EPLIN-dependent remodeling of 
adherens junctions regulates epithelial reshaping. J. Cell Biol. 2011, 194:643–656. 

57. Gavilan MP, Arjona M, Zurbano A, Formstecher E, Martinez-Morales JR, Bornens M, Rios RM: 
Alpha-catenin-dependent recruitment of the centrosomal protein CAP350 to adherens 
junctions allows epithelial cells to acquire a columnar shape. PLoS Biol 2015, 
13:e1002087. 

58. Kondo T, Hayashi S: Mechanisms of cell height changes that mediate epithelial 
invagination. Dev. Growth Diff. 2015, 57:313-323. 

59. Weber KL, Fischer RS, Fowler VM: Tmod3 regulates polarized epithelial cell morphology. J. 
Cell Sci. 2007, 120:3625-3632. 

60. Yu HH, Dohn MR, Markham NO, Coffey RJ, Reynolds AB: p120-catenin controls contractility 
along the vertical axis of epithelial lateral membranes. J. Cell Sci. 2015, 129:80-94. 



11 
 

61. Smith AL, Dohn MR, Brown MV, Reynolds AB: Association of Rho-associated protein kinase 
1 with E-cadherin complexes is mediated by p120-catenin. Mol. Biol. Cell 2012, 23:99-
110. 

62. Lang RA, Herman K, Reynolds AB, Hildebrand JD, Plageman TF, Jr.: p120-catenin-dependent 
junctional recruitment of Shroom3 is required for apical constriction during lens pit 
morphogenesis. Development 2014, 141:3177-3187. 

63. Nishimura T, Takeichi M: Shroom3-mediated recruitment of Rho kinases to the apical cell 
junctions regulates epithelial and neuroepithelial planar remodeling. Development 
2008, 135:1493-1502. 

64. Hildebrand JD: Shroom regulates epithelial cell shape via the apical positioning of an 
actomyosin network. J. Cell Sci. 2005, 118:5191-5203. 

65. Klompstra D, Anderson DC, Yeh JY, Zilberman Y, Nance J: An instructive role for C. elegans 
E-cadherin in translating cell contact cues into cortical polarity. Nature Cell Biol. 2015, 
17:726-735. 

66. Zebda N, Tian Y, Tian X, Gawlak G, Higginbotham K, Reynolds AB, Birukova AA, Birukov KG: 
Interaction of p190RhoGAP with C-terminal domain of p120-catenin modulates 
endothelial cytoskeleton and permeability. J. Biol. Chem. 2013, 288:18290-18299. 

67. Rane CK, Minden A: P21 activated kinases: structure, regulation, and functions. Small 
GTPases 2014, 5:e28003. 

68. Nola S, Daigaku R, Smolarczyk K, Carstens M, Martin-Martin B, Longmore G, Bailly M, Braga 
VM: Ajuba is required for Rac activation and maintenance of E-cadherin adhesion. J. 
Cell Biol. 2011, 195:855-871. 

69. Jin D, Durgan J, Hall A: Functional cross-talk between Cdc42 and two downstream targets, 
Par6B and PAK4. Biochem. J. 2015, 467:293-302. 

70. Morse EM, Sun X, Olberding JR, Ha BH, Boggon TJ, Calderwood DA: PAK6 targets to cell-cell 
adhesions through its N-terminus in a Cdc42-dependent manner to drive epithelial 
colony escape. J. Cell Sci. 2016, 129:380-393. 

71. Selamat W, Tay PL, Baskaran Y, Manser E: The Cdc42 effector kinase PAK4 localizes to 
cell-cell junctions and contributes to establishing cell polarity. PLoS One 2015, 
10:e0129634. 

72. Wallace SW, Durgan J, Jin D, Hall A: Cdc42 regulates apical junction formation in human 
bronchial epithelial cells through PAK4 and Par6B. Mol. Biol. Cell 2010, 21:2996-3006. 

73. Sai X, Yonemura S, Ladher RK: Junctionally restricted RhoA activity is necessary for apical 
constriction during phase 2 inner ear placode invagination. Dev. Biol. 2014, 394:206-
216. 

74. Marshall TW, Lloyd IE, Delalande JM, Nathke I, Rosenblatt J: The tumor suppressor 
adenomatous polyposis coli controls the direction in which a cell extrudes from an 
epithelium. Mol. Biol. Cell 2011, 22:3962-3970. 

75. Slattum G, Gu Y, Sabbadini R, Rosenblatt J: Autophagy in oncogenic K-Ras promotes basal 
extrusion of epithelial cells by degrading S1P. Curr. Biol. 2014, 24:19-28. 

76. Kajita M, Sugimura K, Ohoka A, Burden J, Suganuma H, Ikegawa M, Shimada T, Kitamura T, 
Shindoh M, Ishikawa S, et al.: Filamin acts as a key regulator in epithelial defence 
against transformed cells. Nature Comm. 2014, 5:4428. 

77. Ohoka A, Kajita M, Ikenouchi J, Yako Y, Kitamoto S, Kon S, Ikegawa M, Shimada T, Ishikawa 
S, Fujita Y: EPLIN is a crucial regulator for extrusion of RasV12-transformed cells. J. 
Cell Sci. 2015, 128:781-789. 

78. Ayollo DV, Zhitnyak IY, Vasiliev JM, Gloushankova NA: Rearrangements of the actin 
cytoskeleton and E-cadherin-based adherens junctions caused by neoplasic 
transformation change cell-cell interactions. PLoS One 2009, 4:e8027. 

79. Caldwell BJ, Lucas C, Kee AJ, Gaus K, Gunning PW, Hardeman EC, Yap AS, Gomez GA: 
Tropomyosin isoforms support actomyosin biogenesis to generate contractile tension 
at the epithelial zonula adherens. Cytoskel. 2014, 71:663-676. 

80. Furuse M, Izumi Y, Oda Y, Higashi T, Iwamoto N: Molecular organization of tricellular tight 
junctions. Tissue Barriers 2014, 2:e28960. 



12 
 

81. * Oda Y, Otani T, Ikenouchi J, Furuse M: Tricellulin regulates junctional tension of epithelial 
cells at tricellular contacts through Cdc42. J. Cell Sci. 2014, 127:4201-4212. 

Another function for tricellulins in the recruitment and activation of Tuba, a Cdc42 GEF to control thin 
bundle contractile properties and the wavy, curved configuration of junctions. 

82. Otani T, Ichii T, Aono S, Takeichi M: Cdc42 GEF Tuba regulates the junctional configuration 
of simple epithelial cells. J. Cell Biol. 2006, 175:135-146. 

83. Nayak G, Lee SI, Yousaf R, Edelmann SE, Trincot C, Van Itallie CM, Sinha GP, Rafeeq M, Jones 
SM, Belyantseva IA, et al.: Tricellulin deficiency affects tight junction architecture and 
cochlear hair cells. J. Clin. Invest. 2013, 123:4036-4049. 

84. Heisenberg CP, Bellaiche Y: Forces in tissue morphogenesis and patterning. Cell 2013, 
153:948-962. 

85. Zhao Z, Manser E: Myotonic dystrophy kinase-related Cdc42-binding kinases (MRCK), the 
ROCK-like effectors of Cdc42 and Rac1. Small GTPases 2015, 6:81-88. 

86. Ando K, Fukuhara S, Moriya T, Obara Y, Nakahata N, Mochizuki N: Rap1 potentiates 
endothelial cell junctions by spatially controlling myosin II activity and actin 
organization. J. Cell Biol. 2013, 202:901–916. 

87. Mack NA, Porter AP, Whalley HJ, Schwarz JP, Jones RC, Khaja AS, Bjartell A, Anderson KI, 
Malliri A: beta2-syntrophin and Par-3 promote an apicobasal Rac activity gradient at 
cell-cell junctions by differentially regulating Tiam1 activity. Nature Cell Biol. 2012, 
14:1169-1180. 

88. Priya R, Gomez GA, Budnar S, Verma S, Cox HL, Hamilton NA, Yap AS: Feedback regulation 
through myosin II confers robustness on RhoA signalling at E-cadherin junctions. 
Nature Cell Biol. 2015, 17:1282-1293. 

89. Piekny AJ, Glotzer M: Anillin is a scaffold protein that links RhoA, actin, and myosin during 
cytokinesis. Curr. Biol. 2008, 18:30-36. 

90. ** Reyes CC, Jin M, Breznau EB, Espino R, Delgado-Gonzalo R, Goryachev AB, Miller AL: 
Anillin regulates cell-cell junction integrity by organizing junctional accumulation of 
Rho-GTP and actomyosin. Curr. Biol. 2014, 24:1263-1270. 

Flares of RhoA activation are shown at the Xenopus epithelial junctions, similar to what 
demonstrated previously in invertebrates.  The authors demonstrate the role of anillin in 
restricting the localization, frequency and intensity of RhoA activation.  

 



+Ca2+

+Ca2+

E-cadherin F-actinMerge

a

b

c

other receptors
E-cadherin

F-actin filaments

1

2

lateral view

top view
1- thin bundles

2- junctional 
actin

Merge F-actin pMLC

2

d

1



•

dynamic

•
•

G-actin pool

•

new actin incorporation       filament reorganization

bundling

β-catenin

α-catenin

Ca2+

inside

outside

inside

E-cadherin

increase lateral heightstabilization E-cadherin 

mature junctions

junction configuration:

less dynamic

junctional actin thin bundles

nucleation

capping
de-polymerization

cross-linking
myosins

elongation

•
•
•
•

•
•
•
•

myosins

crosslinking
filament stabilization

contractility
•
•

linearity
growth 

E-cadherin levels??

receptor turnover
cadherin flow

shrinkage


	epithelial adhesion cytoskeleton v8
	figure 1 Braga small
	figure 2 Braga

