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Cell–cell adhesion (CCA) and cell–matrix adhesion (CMA) play

determinant roles in the architecture and function of epithelial

cells. CCA and CMA are supported by transmembrane

molecular complexes that dynamically interact with the

extracellular environment and the cell cytoskeleton. Although

those complexes have distinct functions, they are involved in a

continuous crosstalk. In epithelia, CCA and CMA segregate in

distinct regions of the cell surface and thereby take part in cell

polarity. Recent results have shown that the two adhesion

systems exert negative feedback on each other and appear to

regulate actin network dynamics and mechanical force

production in different ways. In light of this, we argue that the

interplay between these regulatory mechanisms plays an

important role in the spatial separation of cell–cell and cell–matrix

adhesions components in distinct regions of the cell surface.
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Introduction
The microenvironment of a cell is made of extra-cellular

matrix (ECM) and neighboring cells. Cells adhere to the

ECM and their neighbors through spatially distinct

regions of their surface, which contain molecular com-

plexes interacting with extracellular ligands on one side

and regulating and interacting with the cytoskeleton on

the other side. The best characterized CMA complexes

comprise transmembrane proteins integrins, directly

binding to ECM proteins such as fibronectin, laminin

and collagen and recruiting actin binding and regulatory

proteins (such as talin, paxilin and focal adhesion kinase

(FAK)) [1]. The most studied CCA complex comprise the

transmembrane cadherins, which form homophilic bonds

between neighbor cells and recruit actin binding and

regulatory proteins of the catenin family [2]. This review

focuses on integrin-based and cadherin-based cell

adhesion, though other types of adhesion complexes also
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exist. These two types of adhesion complexes are remark-

ably similar. They have in common several structural

components, they can bind actin filaments, they can

utilize some of the same signaling pathways and act as

mechanical sensors [3]. Despite this, they contribute

differently to cell and tissue architecture. In addition

to its well-known role of structural support, ECM

regulates the intra-cellular level of contraction [4,5],

transmits mechanical forces over long distances [6�],
and acts as a basement and signaling platform for epithelia

[7]. For example, CMA signaling regulates lamellipodial

activity at the front of migrating cells [1] and the 3D

organization of CMA regulates the confined migration

processes of individual cells [8,9] and cell groups [10].

CMA signaling also regulates the orientation of epithelial

cell polarity [11,12] as well as branching morphogenesis of

several organs [13]. CCA regulates epithelia shape and

remodeling [2] and propagate polarity signals [14]. CMA

and CCA both act as cues for cell apico-basal polarity

orientation [15] and the expression level of their com-

ponents regulates the degree of polarization during epi-

thelial morphogenesis [16].

These two adhesion systems appear not to act indepen-

dently. Rather, their functions are connected by a per-

manent crosstalk [17]. CCA and CMA can upregulate and

downregulate one another depending on the context

[18,19�]. Spatial segregation of CMA and CCA seems

to act as and/or result from a major morphogenetic force

shaping cells and tissues. Although this segregation has

been observed in many conditions, very few studies have

been directly dedicated to find the underlying mechan-

ism. Here we review recent examples in which CMA and

CCA segregation has been observed in vivo and then

describe the negative local feedbacks they exert on each

other and finally propose a mechanism for their spatial

segregation based on their mechanical interaction.

Spatial segregation in tissues
It has been appreciated for a long time that the expression

of CCA and CMA components is increased during the

epithelial morphogenesis and that they segregate in

opposed locations [15]. Recently the list of organs dis-

playing such a spatial segregation has been extended,

which further confirmed the universal nature of this

feature in multicellular organisms.

In mice, liver bile duct formation proceeds with the

formation of new tubes along the portal vein. During

lumen formation, cadherin localization on the portal side

precedes the localization of laminin on the opposite basal

pole [20,21�]. During pancreatic tubulogenesis, CMA and
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003
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CCA also appeared separated in the cells forming the

early luminal structures [22] (Figure 1).

The direct effect of one adhesion system on the expres-

sion and location of the other has been reported during

various morphogenetic events. During mouse lung and

salivary gland morphogenesis, local engagement of cell–
ECM adhesions reduce the expression of E-cadherin,

which contributes to CCA disassembly and induces cleft

formation [23,13]. During arteriolar morphogenesis in

mice, the beta1 integrin deletion mutants exhibit upre-

gulation of cadherins, extended cell–cell contacts and a

lack of lumen [24], which suggests that assembly of CCA

along short lateral contacts depends on the engagement of

CMA along endothelial cell basal surface. Similarly,

during bone formation, cell adhesion to collagen on basal

surface seems to contribute to proper CCA formation on

the cell’s lateral surfaces [25]. During chick embryo

somitogenesis, basal fibronectin assembly induces the

restricted localization of cadherins at the apical surface

[26�,27]. Conversely, tissue tension that requires cadherin

adhesion on lateral surfaces of blastocoel cell roof cells
Please cite this article in press as: Burute M, Thery M. Spatial segregation between cell–cell and
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Mouse hepatic bile ducts

Xenopus blastocoel roof

Several examples of the spatial segregation of CCJ (green) and CMA (red) in

chick somites (N-cadherin in green and laminin in red) [26�], in Xenopus blas

pancreas (E-cadherin in green and laminin in red) [22].
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mediates fibronectin assembly on upper surface during

xenopus gastrulation [28,29] (Figure 1).

Cell–matrix adhesions locally weaken cell–cell
adhesions
In the next two paragraphs we review recent works in

which some results suggest that the two adhesion systems

can negatively affect each other by various means and in

many different and unrelated conditions. According to

this view, the spatial segregation of the two adhesion

systems may rely on their mutual exclusion by a process of

local negative feedback (Figure 2A).

The local negative regulation of CCA by CMA has been

directly shown in various contexts by several distinct

approaches. Covering the apical poles of a monolayer

of epithelial cells with ECM induced the formation of

apical membrane protrusions leading to the disruption of

CCA localized close to these apical poles and to the

reassembly of CCA in ECM free regions at the opposite

cell side [30]. Similarly, the formation of CMA in cancer

cells prevents the proximal formation of E-cadherin
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003

Chick somites

Mouse pancreas glands
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 mouse hepatic bile duct (E-cadherin in green and laminin in red) [21�], in

tocoel roof (N-cadherin in green and fibronectin in red) [29] and in mouse
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(A) The negative feedback CCA (green) and CMA (red) exert locally on

each other can account for their spatial segregation. (B) Description of

the players involved in CCA disruption upon CMA activation and vice

versa. (C) Schematic illustration of the possibility for RhoA, or other

RhoGTPases, to exert opposite effects on CCA and CMA despite similar

activation curves. Positive correlation means that both CCA and CMA

are activated, or inactivated, by an increase of RhoA. Negative

correlation means that one gets activated while the other is inactivated.
complexes when cells are cultured on micropatterned sub-

strate coated with ligands for both types of adhesions [31].

With an increase of cell spreading area on ECM, the rigidity

modulus of a cadherin-mediated contact is reduced [19�].

CMA can activate Src, which in turn phosphorylates FAK.

FAK relocalization to CCA results in the phosphorylation

of b-catenin and the disruption of b-catenin association

with the cadherin complex [32,33] (Figure 2B). The same

Src pathway is involved in VEGF-induced vascular per-

meability [34]. In colon cancer cells, integrin associated Src

activity is enhanced and perturbs E-cadherin localization
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[35]. In vivo, in squamous cell carcinoma, CMA activate

FAK, which in turn activates E-cadherin internalization,

CCA weakening and tumor cell dispersal [36].

RhoGTPase, RhoA and Rac1 have similar contributions

CMA and CCA formation [3]. Rac1 is involved in initial

formation and RhoA contributes to maturation, lengthen-

ing and strengthening of the adhesions [37,38�,39].

Excessive activation of RhoA or Rac1 induces junction

disruption [3]. But how Rho GTPases are involved in the

crosstalk between CCA and CMA is not clearly estab-

lished. At first glance, they seem to have the same effect

on both adhesions. For example, increase in the level of

RhoA phosphorylation first activate and then disrupt the

two types of cell adhesions, giving a ‘bell shape’ to CCA

and CMA activation curves (Figure 2c). But if these

similar curves are slightly shifted, a given variation of

Rho concentration in the intermediate regime, between

the two activation maxima, would have opposite effect on

CCA and CMA and thereby mediate a negative corre-

lation between the two types of adhesion (Figure 2C).

Abl kinases are also involved in both CCA and CMA

formation and maintenance. Abl kinases support stabil-

ization of CCA [40] and inhibition of b1-integrin

mediated laminin assembly at the same time [11] and

thus could also be key regulators of their crosstalk.

Noteworthy, the CMA-CCA crosstalk can be either domi-

nated or dampened by CMA maturation in response to

ECM rigidity [41,42,31,43�].

Cell–cell adhesions locally impair cell–ECM
adhesions
Several examples directly showed that CCA locally impairs

CMA formation and downstream signaling. In epithelial

cells plated on micropatterned surfaces of cadherins and

ECM, cadherin engagement prevents the formation of

CMA at the same location, and reduces downstream sig-

naling responsible for membrane protrusion formation in

close-by CMA [44�]. The formation of CCA between two

individual myocytes leads to the disassembly of the CMA

that were present close to the contact region [43�]. When

vascular smooth muscle cell density is increased, the

formation of CCA is increased while the expressions of

talin and vinculin required for CMA maturation and pro-

duction of traction forces are reduced [41].

Downregulation of CMA by CCA is also indirectly

revealed by the CMA formation in response to CCA

disruption. Downregulation of CCA components, such

as E-cadherin or a-catenin, correlates with increased cell

migration on ECM [45,46]. The role of CCA weakening is

particularly critical to epithelium to mesenchyme tran-

sition (EMT) during which CMA is activated. E-cadherin

downregulation is required to potentiate the effect of

TGF-b and promote metastatic growth [42]. Upon
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003
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E-cadherin loss of function, NCAM is overexpressed and

translocated into lipid rafts where it activates FAK result-

ing into CMA assembly [47]. NCAM-dependent activation of
CMA formation is modulated by polysialic acid [48]. Note-

worthy, during EMT, E-cadherins are replaced by N-

cadherins. During Xenopus gastrulation, tension on N-

cadherins stimulate CMA displacement away from CCA

[28,29]. In mouse astrocytes, N-cadherins maintain cell

polarity by preventing the formation of CMA adjacent to

cell–cell contact [49]. In some neuronal tumors, N-cad-

herin level is reduced resulting into enhanced CMA

activity and increased cell migration [49].

In various physiological contexts, CCA disruption and CMA

formation might be coupled through the regulated distri-

bution of common structural components. Tensin relocali-

zation from CCA to CMA in response cell attachment with

fibronectin reduces the strength of CCA [50]. Zyxin, vin-

culin and talin are well characterized CMA components.

However they are also localized to CCA where they regulate

the strength of the CCA [51,52�,53]. This suggests that in

the case of CCA disruption zyxin, vinculin and talin may be

released from CCA and relocalize to CMA that would be

subsequently reinforced (Figure 2B).

Interestingly, Plakoglobin, a CCA component, has been

shown to stimulate ECM expression and therefore CMA

formation [54]. When Plakoglobin is locally recruited on
Please cite this article in press as: Burute M, Thery M. Spatial segregation between cell–cell and
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CCA subjected to external tension, it reorients the inter-

mediate filament network and promotes the formation of

membrane protrusions at the opposite cell pole [55�].
Although in this case, local CMA disruption is not involved,

the possibility for cells to secrete and adhere to ECM

seems to be limited to the diametrically opposed cell side.

The above examples show that in many conditions associ-

ated to epithelium remodeling (tubulogenesis, EMT,

cancer, . . .) one adhesion system can dismantle or repulse

the other. The signaling pathways involved in these

regulations could, at lower activation levels, contribute

to a local negative regulation and result into spatial

segregation between CMA and CCA (Figure 2). Yet

the mechanism supporting this segregation still has to

be elucidated. In parallel to the cross signaling, several

examples suggest that structural mechanisms participate

in the spatial organization of cell adhesions. Notably, the

two types of adhesions differently regulate the actin

network. Hence, we argue that the coupling of these

different actin-regulating processes could participate in

CMA and CCA spatial segregation.

Actin network dynamics and force
transmission to cell–matrix adhesion sites
CMA assembly, growth and maturation processes are

associated with distinct mechanisms controlling actin

dynamics [1]. Recent studies have shown that upon
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003
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 from CMA. Force production on trans-cellular stress fibers lead to CCA

 formed on CMA is coupled to CCA through radial fibers. Transmission of

MA. The accumulation of actin filaments at the apical pole and the

strengthening and maturation respectively.
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engagement with the extra-cellular matrix, integrins

induce actin filament growth. Lateral interactions and

translocation of integrins promote their clustering and

early adhesion formation [56]. Nascent CMA are then

associated with Rac activation and the formation of mem-

brane protrusions (lamellipodia, filopodia) based on actin

polymerization and formation of a dendritic network

[57,58]. At a later stage, CMA maturation and the increase

of acto-myosin contraction are inter-dependent

[56,57,59–61].

In migrating cultured cells, the subcellular localization of

mature CMA determines the spatial transition between

the dendritic network of actin filaments next to plasma

membrane and the network of actin bundles in the cell

interior [62]. The compression of this dendritic network

nucleated at the plasma membrane leads to filament

alignment and formation of transverse arcs [63�,64].

Acto-myosin contraction drives the retrograde movement

of these arcs toward cell interior. As these arcs move

inward, they bundle with CMA-associated actin filaments

and induce the formation of radial fibers through which

they transmit contractile forces to the extra-cellular

matrix [65,66,63�] (Figure 3).

Actin network dynamics and force
transmission at cell–cell contacts
The formation of a cell–cell contact triggers actin cytos-

keleton assembly [67]. Extension and retraction of lamel-

lipodia over adjacent cells leads to the formation of

interconnecting actin filaments whose remodeling by

fascin and myosin eventually lead to the assembly of

CCA [68]. Arp2/3 [69], N-WASP [70] and a-actinin [71]

nucleate, recruit and stabilize actin filaments along CCA.

Rac-induced actin-network polymerization promotes

cell–cell contact area growth and Rho activation promotes

further CCA maturation [37,38�]. Furthermore, CCA are

reinforced upon application of external or internal stress

[72,73�,38�]. The application of tension can lead to the

recruitment of vinculin [52�] and additional actin fila-

ments through VASP and EPLIN [74�,75,76], which

strengthen cell–cell adhesion [77]. However, excess

forces can result in junction disassembly [78,79]. Abl

kinase [40] and Cdc42 are involved in the fine regulation

of that threshold [80].

Thus, mature CCA anchor acto-myosin bundles [81]

(Figure 3). Myosin IIb recruits actin filament along the

junctions [82] and Myosin IXA supports the formation of

actin bundles orthogonal to the junction [79]. Both myo-

sin types ensure cell–cell contact integrity by resisting

destructive orthogonal forces on the CCA.

Coupling of actin dynamics associated with
CMA and CCA
The nucleation, stabilization, capture and disassembly of

actin filaments have to be integrated at the cell level to
Please cite this article in press as: Burute M, Thery M. Spatial segregation between cell–cell and

www.sciencedirect.com 
ensure the stationary state of the entire network. The

cytoskeletal forces applied on CCA and CMA also have to

be balanced to ensure cell mechanical stability. These

forces may be responsible for adhesion  maturation as well

as for their rupture or displacement in the membrane.

The spatial distribution of forces in the actin network and

the spatial arrangement of filament nucleation, bundle

assembly and bundle stabilization  processes may be

responsible for CMA and CCA displacement away from

each other. As cells come into contact and assemble CCA,

traction force on CMA close to the contact region get

turned into tugging force at cell–cell contacts that result

into local CMA disassembly [43�]. The magnitude of the

tugging force at cell–cell contacts is proportional to that

of cell traction forces exerted through CMA [83�]. How

the magnitude of these forces relate to CCA positioning

with respect to CMA has been studied in a minimal

system of two cells in which CMA is confined on

ECM micropatterns of controlled geometry [84�]. In this

system, CCA are subjected to high tugging forces when

they are close to CMA sites and lower forces when

positioned away from them [84�]. As a consequence,

the contact plane is moved away from CMA sites and

cells adopt a stationary position in which the cell–cell

contact is as far as possible from CMA. Thereby the

steady state of multicellular organizations corresponds to

the minimization of the overall magnitude of tensional

forces [84�].

How force production on CCA lead to such a controlled

junction displacement and cell positioning remain to be

elucidated. There are at least two ways to apply forces on

CCA [85,86]. Contractile acto-myosin bundles can med-

iate forces orthogonal [71,87–90] or parallel to the junc-

tion [91]. Mechanical forces applied orthogonally to the

CCA can be transmitted to the CMA sites through radial

actin bundles (Figure 3). Such a configuration may occur

in a flat epithelium such as the vascular endothelium

[87,89]. This configuration could also occur at CCA close

to basal surfaces of simple epithelia [71,88,51]. Since

integrins may support higher forces than cadherin on

comparable substrate stiffness [73�], mechanical force

could lead to CCA disruption near CMA sites [92,51]

(Figure 3). In addition, at the apical pole of epithelial

cells, the retrograde movement of transverse arcs linked

to radial bundles orthogonal to the CCA produces ten-

sional forces on CCA [90,93�]. We speculate that the

retrograde movement of transverse arcs and radial bun-

dles from CMA (described above) exert forces on CCA

responsible for their rupture and displacement away from

CMA (Figure 3). Indeed, actin network dynamics has

been shown to be responsible for a basal-to-apical flow of

CCA in moving epidermal cells [94]; and apical enrich-

ment of actin filaments is necessary for the maintenance

of the apical localization of CCA in intestinal cells [70].

We suggest that the actin flow initiated by bundle for-

mation at CMA sites and their retrograde movement
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003
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could pull CCA away from CMA. The accumulation of

these contractile actin bundles at CCA distant from CMA

could contribute to the strengthening and stabilization of

CCA (Figure 3).

Conclusion
The complete mechanism supporting the spatial segre-

gation of CCA and CMA remains elusive. Future insights

should be expected from the analysis of actin network

dynamics and its relationship with mechanical force pro-

duction. In addition, the coupling between CCA com-

ponents renewal at the membrane and force production

[70,95] could play a key role in epithelial morphogenesis

[96–99]. Unravelling the mechanisms supporting spatial

segregation of cell adhesions during epithelial morpho-

genesis, which is tightly coupled to apico-basal polarity,

could greatly improve our understanding of organogen-

esis and oncogenesis.
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75. Chervin-Pétinot A, Courçon M, Almagro S, Nicolas A,
Grichine A, Grunwald D, Prandini M-H, Huber P, Gulino-
Debrac D: Epithelial protein lost in neoplasm (EPLIN)
interacts with a-catenin and actin filaments in endothelial
cells and stabilizes vascular capillary network in vitro. J Biol
Chem 2012, 287:7556-7572.
Please cite this article in press as: Burute M, Thery M. Spatial segregation between cell–cell and

Current Opinion in Cell Biology 2012, 24:1–9 
76. 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.

77. Sumida GM, Tomita TM, Shih W, Yamada S: Myosin II activity
dependent and independent vinculin recruitment to the sites
of E-cadherin-mediated cell-cell adhesion. BMC Cell Biol 2011,
12:48.

78. de Rooij J, Kerstens A, Danuser G, Schwartz MA, Waterman-
Storer CM: Integrin-dependent actomyosin contraction
regulates epithelial cell scattering. J Cell Biol 2005,
171:153-164.

79. Omelchenko T, Hall A: Myosin-IXA regulates collective
epithelial cell migration by targeting RhoGAP activity to cell-
cell junctions. Curr Biol 2012, 22:278-288.

80. Warner SJ, Longmore GD: Cdc42 antagonizes Rho1 activity at
adherens junctions to limit epithelial cell apical tension. J Cell
Biol 2009, 187:119-133.

81. Abreu-Blanco MT, Verboon JM, Parkhurst SM: Cell wound repair
in Drosophila occurs through three distinct phases of
membrane and cytoskeletal remodeling. J Cell Biol 2011,
193:455-464.

82. 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. Nat Cell Biol
2010, 12:696-702.

83.
�

Maruthamuthu V, Sabass B, Schwarz US, Gardel ML: Cell-ECM
traction force modulates endogenous tension at cell-cell
contacts. Proc Natl Acad Sci USA 2011, 108:4708-4713.

This study reveals the mechanical homeostasis in connective cells by
showing that the total traction forces on CMA were coupled and almost
identical to the total tensional forces on CCA.

84.
�

Tseng Q, Duchemin-Pelletier E, Deshiere A, Balland M, Guillou H,
Filhol O, Thery M: Spatial organization of the extracellular
matrix regulates cell-cell junction positioning. Proc Natl Acad
Sci USA 2012, 109:1506-1511.

This study demonstrates that CMA regulates the positioning of CCA by
modulating the tension they are submitted to. It also shows that multi-
cellular arrangements can reach a stable configuration only if CCA can be
positioned away from CMA.

85. Yonemura S, Itoh M, Nagafuchi A, Tsukita S: Cell-to-cell
adherens junction formation and actin filament organization:
similarities and differences between non-polarized fibroblasts
and polarized epithelial cells. J Cell Sci 1995, 108(Pt 1):127-142.

86. Gomez GA, McLachlan RW, Yap AS: Productive tension: force-
sensing and homeostasis of cell-cell junctions. Trends Cell Biol
2011, 21:499-505.

87. Huveneers S, Oldenburg J, Spanjaard E, van der Krogt G,
Grigoriev I, Akhmanova A, Rehmann H, de Rooij J: Vinculin
associates with endothelial VE-cadherin junctions to control
force-dependent remodeling. J Cell Biol 2012, 196:641-652.

88. He L, Wang X, Tang HL, Montell DJ: Tissue elongation requires
oscillating contractions of a basal actomyosin network. Nat
Cell Biol 2010, 12:1133-1142.

89. Millán J, Cain RJ, Reglero-Real N, Bigarella C, Ramiro BM-,
Fernández-Martı́n L, Correas I, Ridley AJ: Adherens junctions
connect stress fibers between adjacent endothelial cells. BMC
Biol 2010, 8:11.

90. Martin AC, Gelbart M, Fernandez-Gonzalez R, Kaschube M,
Wieschaus EF: Integration of contractile forces during tissue
invagination. J Cell Biol 2010, 188:735-749.

91. Rauzi M, Verant P, Lecuit T, Lenne P-F: Nature and anisotropy of
cortical forces orienting Drosophila tissue morphogenesis.
Nat Cell Biol 2008, 10:1401-1410.

92. Krishnan R, Klumpers DD, Park CY, Rajendran K, Trepat X, van
Bezu J, van Hinsbergh VWM, Carman CV, Brain JD, Fredberg JJ
et al.: Substrate stiffening promotes endothelial monolayer
disruption through enhanced physical forces. Am J Physiol Cell
Physiol 2011, 300:C146-C154.
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003

www.sciencedirect.com

http://dx.doi.org/10.1016/j.ceb.2012.07.003


Spatial segregation between cell–cell and cell–matrix adhesions Burute and Thery 9

COCEBI-1036; NO. OF PAGES 9
93.
�

Roh-Johnson M, Shemer G, Higgins CD, McClellan JH, Werts AD,
Tulu US, Gao L, Betzig E, Kiehart DP, Goldstein B: Triggering a
cell shape change by exploiting preexisting actomyosin
contractions. Science 2012, 335:1232-1235.

This study shows that myosin-induced centripetal flow of actin filament
requires a physical link to transmit mechanical forces to cell periphery and
induce apical constriction.

94. Kametani Y, Takeichi M: Basal-to-apical cadherin flow at cell
junctions. Nat Cell Biol 2007, 9:92-98.

95. Kiyoshima D, Kawakami K, Hayakawa K, Tatsumi H, Sokabe M:
Force- and Ca2+-dependent internalization of integrins in
cultured endothelial cells. J Cell Sci 2011, 124:3859-3870.

96. Levayer R, Pelissier-Monier A, Lecuit T: Spatial regulation of Dia
and Myosin-II by RhoGEF2 controls initiation of E-cadherin
Please cite this article in press as: Burute M, Thery M. Spatial segregation between cell–cell and

www.sciencedirect.com 
endocytosis during epithelial morphogenesis. Nat Cell Biol
2011, 13:529-540.

97. Harris KP, Tepass U: Cdc42 and Par proteins stabilize dynamic
adherens junctions in the Drosophila neuroectoderm
through regulation of apical endocytosis. J Cell Biol 2008,
183:1129-1143.

98. de Beco S, Gueudry C, Amblard F, Coscoy S: Endocytosis
is required for E-cadherin redistribution at mature
adherens junctions. Proc Natl Acad Sci USA 2009,
106:7010-7015.

99. de Beco S, Amblard F, Coscoy S: New insights into the
regulation of e-cadherin distribution by endocytosis. Int Rev
Cell Mol Biol 2012, 295:63-108.
 cell–matrix adhesions, Curr Opin Cell Biol (2012), http://dx.doi.org/10.1016/j.ceb.2012.07.003

Current Opinion in Cell Biology 2012, 24:1–9

http://dx.doi.org/10.1016/j.ceb.2012.07.003

	Spatial segregation between cell-cell and cell-matrix adhesions
	Introduction
	Spatial segregation in tissues
	Cell-matrix adhesions locally weaken cell-cell adhesions
	Cell-cell adhesions locally impair cell-ECM adhesions
	Actin network dynamics and force transmission to cell-matrix adhesion sites
	Actin network dynamics and force transmission at cell-cell contacts
	Coupling of actin dynamics associated with CMA and CCA
	Conclusion
	Acknowledgements
	References and recommended reading


