
The Rockefeller University Press
J. Cell Biol. Vol. 207 No. 2  181–188
www.jcb.org/cgi/doi/10.1083/jcb.201408044 JCB 181

JCB: Review

Correspondence to Matthew C. Gibson: mg2@stowers.org
Abbreviations used in this paper: AJ, adherens junction; aPKC, atypical PKC; 
NuMA, nuclear mitotic apparatus.

The association of large numbers of cells in tightly organized 
epithelial layers is a unique and defining feature of Metazoa. 
Although classical studies of development once labeled distinct 
embryonic regions as territories, fields, layers, placodes, and 
primordia, we now know many of these structures to be primar-
ily constructed from epithelial sheets. Epithelial structure and 
function are critically dependent on cell polarization, which is 
coupled to the targeted assembly of adhesive junctions along 
the apicolateral membranes of adjacent cells (Tepass et al., 
2001; Cavey and Lecuit, 2009). In brief, the plasma membrane 
of epithelial cells is polarized into apical and basolateral do-
mains, each enriched with distinct lipid and protein compo-
nents (Fig. 1; Rodriguez-Boulan et al., 2005; St Johnston and 
Ahringer, 2010). At the molecular level, E-cadherins are the 
major class of adhesion proteins that establish cell–cell con-
nections through homophilic interaction across cell membranes 
(Takeichi, 1991, 2011; Halbleib and Nelson, 2006; Harris and 
Tepass, 2010). Whereas E-cadherin is apically enriched in in-
vertebrate epithelia, it is localized along the lateral domain of 

vertebrate epithelial cells. In both cases, E-cadherin interacts 
with cytoplasmic actin filaments via the catenin class of adap-
tor proteins, thus coupling intercellular adhesive contacts to the 
cytoskeleton (Cavey and Lecuit, 2009; Harris and Tepass, 2010; 
Gomez et al., 2011). Within this framework, the maintenance 
of both polarity and cell–cell adhesion are essential for epithe-
lial barrier function and tissue architecture during growth and 
morphogenesis (Papusheva and Heisenberg, 2010; Guillot and 
Lecuit, 2013b).

During development, epithelia expand by the combined 
effects of cell growth (increase in cell size) and cell division 
(increase in cell numbers). Division events are typically ori-
ented either parallel or orthogonal to the plane of the layer and 
less frequently at oblique angles (Gillies and Cabernard, 2011). 
When cells divide orthogonally (perpendicular to the plane 
of the epithelium), the two daughters will be at least initially 
nonequivalent with respect to position within the cell layer  
(Fig. 1 A). Under normal conditions, such programmed orthog-
onal divisions can be used to effect asymmetric segregation of 
cell fates or to establish distinct cell types, such as in the devel-
oping cortex (Fietz et al., 2010; Hansen et al., 2010) or during 
morphogenesis of stratified epithelia (Lechler and Fuchs, 2005; 
Williams et al., 2011). Conversely, when cells divide parallel to 
the plane of the epithelium (planar orientation; Fig. 1 B), both 
daughter cells are equivalent with respect to mother cell polar-
ity and tightly integrated in the growing monolayer (Morin and 
Bellaïche, 2011).

During planar division, epithelial cells typically round 
up, constrict in the middle to form the cytokinetic furrow, and 
divide symmetrically with respect to the apicobasal axis to pro-
duce two equal daughter cells. These daughters construct new 
cell–cell junctions at their nascent interface, thus integrating 
into the monolayer (Fig. 2, A–G). Although the intricate rela-
tionship between cell polarity and cell division has been ex-
plored for many years in the context of asymmetric cell division 
(Rhyu and Knoblich, 1995; Siller and Doe, 2009; Williams 
and Fuchs, 2013), recent studies have also begun to explore 

Epithelia are polarized layers of adherent cells that are 
the building blocks for organ and appendage structures 
throughout animals. To preserve tissue architecture and 
barrier function during both homeostasis and rapid 
growth, individual epithelial cells divide in a highly con-
strained manner. Building on decades of research focused 
on single cells, recent work is probing the mechanisms by 
which the dynamic process of mitosis is reconciled with 
the global maintenance of epithelial order during devel-
opment. These studies reveal how symmetrically dividing 
cells both exploit and conform to tissue organization to 
orient their mitotic spindles during division and establish 
new adhesive junctions during cytokinesis.
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et al., 2011; Meyer et al., 2011). These events are fundamentally 
similar to mitotic cell rounding in tissue culture cells (Kunda 
and Baum, 2009; Lancaster et al., 2013; Lancaster and Baum, 
2014). In many epithelia, as the cell rounds up and the nucleus 
translocates apically, a thin actin-rich projection maintains con-
tact with the basal lamina (Fig. 2, B and C). It remains poorly 
understood how this structure behaves during cleavage and 
whether this basal process plays any role in the correct reinte-
gration of the postmitotic daughter cells into the monolayer. Al-
though actomyosin may be the primary driver of apical rounding 
in many cases, evidence also supports a role for microtubule-
based mechanisms in the positioning of premitotic nuclei. In 
chicken neural tube and mouse cerebral cortex, nuclei migrate 
apically on microtubules before actomyosin-dependent round-
ing (Spear and Erickson, 2012a). Centrosomes provide direc-
tionality to the microtubules on which the nucleus migrates and 
organize the spindle once the mitotic chromatin reaches the  
apical domain (Peyre et al., 2011; Spear and Erickson, 2012a; 
Nakajima et al., 2013). Collectively, current evidence suggests 
that both actomyosin- and microtubule-dependent forces con-
spire to effect mitotic nuclear translocation in a highly context- 
and species-specific manner. One possibility is that the varying 
physical dimensions of epithelial cells require varying mecha-
nisms for apical nuclear translocation. For example, highly 
elongated radial glial cells require active transport of the nu-
cleus on microtubules before mitotic rounding, whereas cortical 
actomyosin contractility may be sufficient in less elongated 
cells (Spear and Erickson, 2012b). A major outstanding prob-
lem is how cortical contractility triggers cell rounding that is 
polarized along the apicobasal axis of the cell. Whereas centro-
somes function as an apical landmark for nuclei moving on mi-
crotubules, it remains unclear what provides the directionality 
for the basal-to-apical actomyosin contraction. One hypothesis 
is that certain proteins can restrict the localization of nonmuscle 

how epithelia maintain their morphology, integrity, and barrier 
function during continuous rounds of planar cell division and 
junction assembly. In this review, we highlight recent findings 
that provide new insights into the problem of symmetric planar 
cell division in diverse polarized epithelia, with a focus on two 
crucial mitotic events: (1) the orientation of cell division and  
(2) the formation of new cell junctions.

Mitotic spindle position and orientation  
in epithelial cells
Planar orientation of epithelial cell division requires coordi-
nated interaction between the cell polarization machinery and 
the mitotic spindle itself (Morin and Bellaïche, 2011). In animal 
cells, the spindle is organized by two symmetrically positioned 
poles or centrosomes, which nucleate three forms of micro
tubules (Tanaka, 2010): kinetochore microtubules that attach to 
the chromosomes, polar microtubules that overlap in an antipar-
allel fashion over the midplane, and astral microtubules that ex-
tend to the cell cortex, which is the actin-rich layer beneath the 
cell membrane (Lancaster and Baum, 2014). Work in Drosoph-
ila melanogaster and vertebrates reveals that at least three  
factors influence the orientation of this spindle machinery with 
respect to polarized epithelial architecture: cytoskeletal forces, 
localized cortical cues, and tissue tension.

Cytoskeletal forces position mitotic nuclei 

near the apical cell membrane. In columnar and pseudo
stratified epithelia where cells elongate along their apicobasal 
axes, mitotic events are typically restricted to the apical domain 
of the epithelium (corresponding to the apical membrane of 
each cell; Fig. 2, C–F). How does the mitotic nucleus achieve 
the correct apical position? In Drosophila wing discs and ze-
brafish neuroepithelia, mitotic nuclei and the bulk of the cell 
cytoplasm are driven apically by actomyosin-dependent cortical 
contractility at prophase entry (Norden et al., 2009; Leung  

Figure 1.  Architectural implications of orthogonal and planar spindle orientations during epithelial cell division. (A) Programmed orthogonal orientation 
of the mitotic spindle can promote epithelial stratification, although the remodeling of adhesion and polarity complexes during this process remains an 
important area for further study. (B) Planar spindle orientation is coordinated with the overall cell polarity machinery and thus facilitates conservation of 
monolayer organization during rapid cell proliferation.
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spindle orientation by recruiting NuMA (Mud in Drosophila), 
which binds directly to the dynein–dynactin motor. In certain 
epithelia, including MDCK cells and Drosophila wing discs, 
LGN is excluded from the apical domain by atypical PKC 
(aPKC) phosphorylation, thus restricting it at the lateral cell 
cortex (Konno et al., 2008; Hao et al., 2010; Zheng et al., 2010; 
Guilgur et al., 2012). In chick neuroepithelia, however, LGN is 
restricted at the lateral cortex independently of aPKC, suggest-
ing that other cues control its localization (Morin et al., 2007; 
Peyre et al., 2011). In the mouse embryonic neocortex, the 
actin–membrane linkers ERM (ezrin/radixin/moesin) promote 
the association of LGN with NuMA (Machicoane et al., 2014), 
indicating that organized cortical actin is critical for correct  
LGN localization.

Cell–cell junctions have been implicated in planar cell 
division in mammalian epithelia, suggesting a possible direct 
link between the polarity apparatus and the spindle machinery 
(Reinsch and Karsenti, 1994; den Elzen et al., 2009). Interfering 
with E-cadherin function or reducing E-cadherin levels abol-
ishes junctional localization of APC (adenomatous polyposis 
coli), a microtubule-interacting protein that is required for planar 
spindle orientation and chromosome alignment (Green et al., 
2005; den Elzen et al., 2009). However, spindle orientation may 
not directly depend on E-cadherin or adherens junctions (AJs) 
in all cases. In Drosophila follicle cells and imaginal discs as 
well as Xenopus laevis embryonic epithelia, mitotic spindles ex-
hibit planar orientation but do not align with the AJs (Woolner 
and Papalopulu, 2012; Bergstralh et al., 2013; Nakajima et al., 
2013). Moreover, disruption of AJs in Drosophila follicle cells 
does not affect spindle position (Bergstralh et al., 2013).

In Drosophila wing discs, the spindle poles localize in 
close proximity to septate junctions, which are positioned im-
mediately basal to AJs (Nakajima et al., 2013). Septate junctions 

myosin II at the basal domain of epithelial cells. The micro-
cephaly protein Asp interacts with myosin II and regulates its 
polarized localization along the apicobasal axis in the fly optic 
lobe neuroepithelium. In asp mutant flies, myosin II is enriched 
apically instead of basally. Many dividing nuclei fail to reach 
the apical domain and are thus broadly distributed along the 
apicobasal axis of the epithelium, leading to a disorganized tis-
sue (Rujano et al., 2013). Interestingly, Asp also interacts with 
microtubules, associates with spindle poles, and is essential for 
positioning the spindle in fly and vertebrate epithelia (Saunders 
et al., 1997; do Carmo Avides and Glover, 1999; Wakefield  
et al., 2001; Fish et al., 2006). Elucidating the function of pro-
teins such as Asp at the interface of microtubules and actomyo-
sin will be essential to our understanding of how the cytoskeleton 
drives apical mitotic rounding.

Localized molecular landmarks direct planar 

spindle orientation. In most animal cells, the mitotic spindle  
is anchored to the cell cortex by astral microtubules (Fig. 2,  
C–E; Théry and Bornens, 2006). Translocation of the dynein–
dynactin motor toward the astral microtubule minus ends pro-
vides a pulling force on centrosomes and is essential for spindle 
orientation and pole separation during cell division (Dujardin 
and Vallee, 2002; Kotak et al., 2012). Molecular cues embed-
ded in the cortex can thus determine spindle orientation by an-
choring the dynein–dynactin complex in restricted domains. In 
cultured MDCK and chick neuroepithelia cells, the Gi–LGN– 
nuclear mitotic apparatus (NuMA) complex serves this func
tion (Busson et al., 1998; Hao et al., 2010; Zheng et al., 2010; 
Peyre et al., 2011). Knockdown or mislocalization of these fac-
tors leads to spindle orientation defects that ultimately lead to 
removal of cell progenitors from the monolayer (Peyre et al., 
2011). LGN (Pins in Drosophila) localizes to the lateral cell 
cortex by binding to the membrane-bound Gi and enforces 

Figure 2.  Progression of planar cell division in an epithelial monolayer. Apical cross section (xy, top row) and longitudinal (xz, bottom row) view of a 
dividing cell (red). (A) At the level of apical junctions, cells are packed in a polygonal cell arrangement during interphase. (B) In prophase, the dividing 
nucleus begins to translocate apically as the cell rounds up and maintains a thin basal projection enriched with nonmuscle myosin II and actin (light blue). 
Notably, this type of nuclear migration is typically observed in pseudostratified columnar epithelia and does not occur in cuboidal and squamous epithelial 
tissues. (C) Localized molecular landmarks (apical complexes marked as gray bars on cell sides) direct orientation of the mitotic spindle to the plane of the 
epithelium (arrows). (D) Within the plane of the cell layer, the spindle can be further oriented (arrows) in response to molecular cues, global tissue tension, 
and local cell geometry. (E and F) After chromosome segregation during anaphase, the cell constricts in the middle and cleaves orthogonal to the plane of 
the monolayer. (G) After cytokinesis, daughter nuclei move basally and daughter cells form new junctions at their nascent interface (white) while elongating 
along the apicobasal axis.
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mechanisms that may independently influence spindle orienta-
tion within the plane of the monolayer: (1) global tissue stress 
and (2) local epithelial cell geometry.

Epithelial cell shape and spindle orientation are modu-
lated by global stress that accumulates during tissue growth. 
In Drosophila wing discs, cells in the center of the wing blade 
primordium proliferate at a faster rate than in the periphery. 
Consequently, cells in the periphery are mechanically stretched, 
and cells in the center are compressed. As a result of stretching, 
peripheral cells localize myosin II at their cortex and align their 
mitotic spindle with the stretch axis (LeGoff et al., 2013; Mao  
et al., 2013). Similarly, epithelial cells of the enveloping cell 
layer in gastrulating zebrafish embryos elongate and orient their 
spindle along the direction of tension generated by spreading 
during epiboly (Campinho et al., 2013). It is unclear whether 
myosin II directly conveys cell tension to the mitotic apparatus, 
and it will be necessary to dissect whether cell elongation alone 
or additional mechanosensing pathways signal cell tension to the 
mitotic spindle. Keratinocytes from the mammalian epidermis 
reorient their mitotic spindle in response to mechanical stretch 
in a NuMA-dependent manner. The mitotic spindle aligns with 
the cortical NuMA-localized crescent upon stretch and fails to 
orient when NuMA levels are reduced (Seldin et al., 2013). In 
summary, global tension generated by growth and cell spread-
ing impact division orientation, suggesting that shape changes 
in proximity to dividing cells may also lead to a similar effect.

Although variations certainly exist, the apical surfaces of 
proliferating epithelia tend to feature a consistent percentage of 
hexagonal, pentagonal, heptagonal, and octagonal cell shapes 
(Gibson et al., 2006; Farhadifar et al., 2007; Aegerter-Wilmsen 
et al., 2010). In Drosophila imaginal discs, these local patterns 
of cell packing may systematically influence spindle orienta-
tion, as mitotic cells are biased toward cleaving their common 
interfaces with subhexagonal neighbors (less than six sides) and 
avoid cleaving their interfaces with superhexagonal neighbors  
(more than six sides; Gibson et al., 2011). Although the mecha-
nisms underlying the effect of local cell geometry remain elu-
sive, cell packing influences mitotic cell shape and the distribution 

are enriched with many proteins, including the neoplastic tumor 
suppressors SCRIB (Scribbled) and DLG1 (Discs large 1; Bilder 
and Perrimon, 2000; Bilder et al., 2000). In asymmetrically di-
viding cells, such as Drosophila sensory organ precursors and 
neuroblasts, DLG1 interacts with LGN at the cortex and is  
required for proper spindle orientation (Bellaïche et al., 2001; 
Siegrist and Doe, 2005; Johnston et al., 2009). Recent findings 
indicate that DLG1 is also essential for planar spindle orienta-
tion in the symmetric division of epithelial cells. In wing discs, 
knockdown of scrib or dlg1 leads to randomized spindle orien-
tations. scrib knockdown wing discs exhibit diffuse DLG1 lo-
calization but no obvious apicobasal polarity defect, suggesting 
that epithelial disorganization could be a consequence of aber-
rant spindle orientation (Nakajima et al., 2013). However, it is 
not clear whether the septate junctions themselves are impor-
tant. In Drosophila follicle epithelial cells where septate junc-
tions do not form until relatively late in development (Oshima 
and Fehon, 2011), DLG1 is localized at the lateral cell cortex 
and is essential for planar spindle orientation (Bergstralh et al., 
2013). Interestingly, dlg1 mutant follicle cells display mis
oriented divisions yet normal epithelial polarity and tissue orga-
nization. In this case, planar spindle orientation appears to be 
independent of junctions per se but still depends on a DLG1–
LGN–NuMA complex, similar to asymmetrically dividing cells 
(Bergstralh et al., 2013).

Global stress and local cell geometry influence 

mitotic spindle orientation within the plane of the 

epithelium. During planar divisions, the mitotic spindle aligns 
to the plane of the epithelium (xz; Fig. 2 C) and also within the 
plane of the cell layer (xy; Fig. 2 D). Studies in gastrulating  
zebrafish embryos revealed a role for the Wnt–Frizzled–planar 
cell polarity signaling pathway in orienting cell divisions (Concha 
and Adams, 1998; Gong et al., 2004). Similarly, the atypical 
cadherins Fat and Dachsous are involved in orienting cell divi-
sions in the Drosophila wing and in developing mouse kidneys 
(Baena-López et al., 2005; Saburi et al., 2008). Although both 
of these pathways have been reviewed elsewhere (Morin and 
Bellaïche, 2011), recent studies also point to at least two other 

Figure 3.  Cytokinetic membrane dynamics in epithelial cells. (A) Cytokinesis of a dividing epithelial cell (yellow) presents several unique structural consid-
erations not addressed by the analysis of single cells. Recent studies (Founounou et al., 2013; Guillot and Lecuit, 2013a; Herszterg et al., 2013, 2014) 
report a local reduction of E-cadherin levels in proximity to the contractile ring in the dividing cell and its neighbor (red). How cytokinesis is resolved from 
there may vary in a context-dependent manner. (B) In Drosophila embryos, ring contraction leads to E-cadherin disengagement, and a gap forms between 
the mitotic cell and its neighbor (Guillot and Lecuit, 2013a). (C) In the Drosophila pupal notum, the contractile ring pulls the neighbor cell plasma membrane 
into the cleavage furrow, perhaps enabled by uncoupling of the membrane and the cortex in the neighbor (Herszterg et al., 2013, 2014).
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neighbor tension and midbody position guide establishment of 
new AJs in context with local epithelial geometry (Fig. 4).

Mitotic cells remodel their adhesion junctions 

during cytokinesis. Two kinds of forces are at work during 
cytokinesis: an active force in the dividing cell caused by ring 
contraction and a reactive force in contacting neighbors caused 
by their resistance to pulling to maintain their shape (Fig. 3 and 
Fig. 4 A; Founounou et al., 2013; Guillot and Lecuit, 2013a; 
Herszterg et al., 2013). Recent results indicate that these oppos-
ing forces can lead to a transient and partial reduction of cell 
adhesion after mitotic exit. In Drosophila epithelia, E-cadherin 
levels are reduced at the interface between the cleavage furrow 
of the dividing cell and its neighbors (Fig. 3, B and C; Founounou 
et al., 2013; Guillot and Lecuit, 2013a; Herszterg et al., 2013; 
Morais-de-Sá and Sunkel, 2013). Specifically in embryonic  
epithelia, the local reduction of E-cadherin facilitates membrane 
separation, and a gap appears between the dividing cell and its 
neighbors (Fig. 3 B; Guillot and Lecuit, 2013a). In the dorsal 
thorax, in contrast, the neighbor cell plasma membrane detaches 
from the cortex and is drawn into the cleavage furrow (Fig. 3 C; 
Herszterg et al., 2013, 2014). What triggers E-cadherin modula-
tion in cells after mitotic exit? The loss of overall cell polarity is 
one possible mechanism. During mitosis in Drosophila, follicu-
lar epithelial cells lose cortical enrichment of some apical polar-
ity proteins (aPKC, Crumbs, and Bazooka/Par3; Bergstralh  
et al., 2013; Morais-de-Sá and Sunkel, 2013), and embryonic cells 
lose localization of lethal giant larvae, a basolateral cortical pro-
tein (Huang et al., 2009). Contrasting with these observations, 
however, MDCK cells and Drosophila embryonic and dorsal 
thorax epithelial cells appear to maintain apicobasal polarity  
as they divide (Reinsch and Karsenti, 1994; Founounou et al., 

of adhesive cues, both of which could, in turn, bias spindle 
orientation. Indeed, dividing cells maintain contacts with their 
neighbors, which can influence the cell cortex and direct spindle 
orientation (Goldstein, 1995; Wang et al., 1997). The distribu-
tion of adhesions between epithelial cells may also alter the po-
sition or action of cortical force generators that interact with 
spindle microtubules in the mitotic cell. In support of this idea, 
when single cells are placed on micropatterned substrates, they 
orient their spindle relative to the geometry of their adhesion 
pattern and not their cell shape (Théry et al., 2005, 2007). Alter-
natively, neighbors of different polygonal shapes could stretch 
the mitotic cell, thus imposing a bias on its long axis. Indeed, 
sea urchin embryos orient their spindles to divide their longest 
axis (Hertwig, 1884) and can even sense complex cell geom-
etries to orient their spindles accordingly (Minc et al., 2011). 
Still, precisely how the interphase morphology of epithelial 
cells might impinge on mitotic spindle orientation remains an 
open question.

Genesis of nascent junctions during 
epithelial cell division
After spindle orientation, the essential processes of cytokinesis 
and abscission are driven by the assembly and contraction of an 
actomyosin ring positioned in the cleavage plane (Fededa and 
Gerlich, 2012). In epithelia, ring contraction accompanied by 
membrane invagination ultimately gives rise to a new junctional 
interface between nascent daughter cells. Precisely how this 
new interface forms remains poorly understood. Recent stud-
ies in Drosophila epithelia reveal that, during cytokinesis, (a)  
E-cadherin levels are reduced at the interface between the cleav-
age furrow of dividing cells and their neighbors (Fig. 3), and (b) 

Figure 4.  New AJ formation in dividing epithelial cells. Apical cross section (xy, top row) and longitudinal (xz, bottom row) view of a dividing epithelial 
cell (red). (A) Opposing forces (black vertical arrows) develop between the contractile ring in the dividing cell and the two neighboring cells (orange) in 
proximity to the cleavage furrow. E-cadherin clusters are reduced at the furrow/neighbor interface. (B) Myosin II and tension build up in the neighbor-
ing cell, causing the nascent daughter cells to juxtapose their plasma membranes at the presumptive site of junction assembly (black horizontal arrows).  
(C) Arp2/3 and Rac1 drive actin polymerization at the daughter cell interface around the midbody, stabilizing the nascent junction as the neighboring cell 
membrane withdraws. (D) The new junction is complete and of suitable length in context with the local epithelial geometry.
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provides cues for the formation of the apical daughter cell inter-
face, suggesting that it plays a role in both AJ and epithelial cell 
polarity establishment and maintenance in dividing epithelial 
cells (Morais-de-Sá and Sunkel, 2013). Thus, examples from 
Drosophila epithelia show that cohesion between dividing cells 
and their neighbors together with the apically positioned mid-
body provides a spatial template and polarized positional cue 
for de novo AJ assembly (Herszterg et al., 2013; Morais-de-Sá 
and Sunkel, 2013). Further work on other epithelial tissues may 
provide alternative mechanisms of junction biogenesis.

Growth and order in the epithelium: 
Thinking outside the cell
During development, epithelial monolayers have the remarkable 
capacity to maintain specialized morphologies and barrier func-
tions during rapid cell proliferation. Mitotic cells remain adherent 
to their neighbors throughout cell division. Cell cohesion enables 
local geometry and global tissue tension to instruct mitotic cells 
where to position their cleavage plane and how to assemble their 
junctions. However, local tension may also lead to a transient dis-
engagement of dividing cells from their neighbors after mitotic 
exit. How is global and local tension conveyed to protein com-
plexes in mitotic cells so that different outcomes take place? 
Moreover, it is unclear whether and how tissue tension instructs 
synchronously dividing epithelial cells how to divide and reestab-
lish their junctions after division. Clearly, this is a fundamental 
problem for the maintenance of epithelial order and may be linked 
to the origin of epithelial cancers, in which cells undergo rapid 
proliferation but fail to remain integrated into the monolayer.

The selected studies discussed here hint at the remark-
able level of coordination that occurs during epithelial cell divi-
sion, recasting mitosis as a truly multicellular process. Looking 
ahead, understanding the interface between cells, proteins, and 
mechanical forces that each operate on different scales will re-
quire creative multidisciplinary approaches in diverse organis-
mal systems. Indeed, epithelial organization is widespread in 
nature and is encountered among even the most basal animals, 
including sponges and cnidarians as well as the fruiting body 
of the nonmetazoan social amoeba Dictyostelium discoideum 
(Wood, 1959; Ereskovsky et al., 2009; Houliston et al., 2010; 
Dickinson et al., 2011; Meyer et al., 2011). Combined, future 
interdisciplinary studies and a fresh look at diverse animal 
models should yield new insight into epithelial cell division for 
many years to come.
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cells initially show only a weak level of E-cadherin clusters 
(Guillot and Lecuit, 2013a; Herszterg et al., 2013). Subse-
quently, the daughter cells assemble their AJs de novo. How is 
the length of these new junctions determined with respect to cell 
geometry? Recent evidence indicates that AJ length is a func-
tion of local cell packing within the epithelium. In dividing cells 
of the Drosophila dorsal thorax, the contractile ring triggers ten-
sion and accumulation of myosin II in neighbors at the furrow/
neighbor interface (Fig. 4 B; Founounou et al., 2013; Herszterg 
et al., 2013). Myosin II in the neighboring cells in turn contracts 
and creates tension at the furrowing membrane of the nascent 
daughter cells, keeping them tightly pressed against each other 
(Fig. 4, B and C). This local membrane juxtaposition facilitates 
AJ formation. To allow expansion of the daughter cell interface 
and maintain AJ length, branched actin polymerization via Rac1 
and Arp2/3 is oriented to the midbody, which serves as a posi-
tional landmark for new AJs (Fig. 4 C; Herszterg et al., 2013). 
The midbody is a narrow intercellular bridge that remains after 
the contracted cytokinetic ring has driven membrane invagina-
tion, and it recruits the abscission factors that will eventually 
separate the daughter cells (Fededa and Gerlich, 2012). Interest-
ingly, the midbody is positioned apically as a result of the pres-
ence of AJs. In Drosophila follicular epithelia, the midbody also 
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