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ABSTRACT
Local modulation of the actin cytoskeleton is essential for the initiation and maintenance of strong
homotypic adhesive interfaces between neighboring cells. The epithelial adherens junction (AJ)
fulfils a central role in this process by mediating E-cadherin interactions and functioning as a
signaling scaffold to control the activity of the small GTPase RhoA and subsequent actomyosin
contractility. Interestingly, a number of regulatory proteins that modulate RhoA activity at the AJ
also control RhoA during cytokinesis, an actomyosin-dependent process that divides the cytoplasm
to generate two daughter cells at the final stages of mitosis. Recent insights have revealed that the
central player in AJ stability, p120-catenin (p120), interacts with and modulates essential regulators
of actomyosin contraction during cytokinesis. In cancer, loss of this modulation is a common event
during tumor progression that can induce chromosomal instability and tumor progression.

In this review, we will highlight the functional differences and similarities of the different RhoA-
associated factors that have been linked to both the regulation of cell-cell adhesion and cytokinesis.
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Introduction

Epithelial tissues are polarized as single or multilayer sheets
of cells that line the cavities and cover the surfaces of most
organs within the body. Epithelial cells protect organ sys-
tems against fluctuations in the external milieu by providing
a physical barrier while simultaneously allowing for (non)-
selective uptake and/or secretion of a broad spectrum of
compounds including nutrients and signaling factors. Adhe-
sion complexes control the physical connection between
neighboring cells (cell-cell adhesion) and between cells and
the extracellular matrix (ECM) (cell-ECM adhesion) ren-
dering them essential for epithelial homeostasis. Cell-cell
adhesion in epithelial cells is maintained through distinct
multi-protein complexes including desmosomes, tight junc-
tions (TJs), gap junctions and adherens junctions (AJs). AJs
are highly dynamic complexes located at the basolateral
membrane that are composed of E-cadherin and cadherin-
associated catenins including a-catenin, b-catenin and
p120-catenin (p120). AJs provide the linkage between
homotypic cadherin interactions and the actin andmicrotu-
bule cytoskeleton. E-cadherin stability at the membrane is
controlled through binding of p120 to the juxta-membrane
domain (JMD) of E-cadherin, which prevents endocytosis

of the AJ.1 The AJ also functions as a cortical signaling plat-
form for different members of the Rho GTPase family, of
which RhoA, Rac1, and Cdc42 represent the best studies
members.2

Interestingly, the regulatory factors that control RhoA
function and actomyosin contractility at sites of cell-cell
adhesion also regulate RhoA activity at the equatorial cortex
during cell division. Thereby they govern formation of the
contractile cytokinetic ring that drives progression of the
cleavage furrow, a process that is essential for correct cell
division. In this review, we will focus on the shared molecu-
lar mechanisms that control RhoA activity and actomyosin
contractility during cell-cell adhesion and cell division. First,
we will briefly discuss the roles of the different Rho GTPase
family members during adhesion and cell division. Next, we
will focus on the different factors that regulate RhoA, and
highlight the similarities and differences between their func-
tion in cell-cell adhesion and cell division.

Rho GTPase activity is spatiotemporally
regulated during adhesion and cytokinesis

Rho GTPases are guanine nucleotide binding proteins
and members of the Ras superfamily of GTPases.3
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Functioning of Rho GTPases is dependent on the
intrinsic GTPase cycle: GTP loading induces activation
through a conformational change that allows binding
of downstream effectors, whereas the intrinsic GTPase
activity leads to hydrolysis of GTP to GDP and inacti-
vation of the GTPase.4 Three classes of proteins can
regulate the GTPase cycle5: (i) guanine exchange fac-
tors (GEFs) that act as activators of GTPases by cata-
lyzing the loading of GTP; (ii) GTPase-activating
protein (GAPs) that catalyze the intrinsic GTPase
activity and thereby the conversion to the inactive
GDP-bound state, and (iii) guanine dissociation inhibi-
tors (GDIs) that function as inhibitors of GTPase activ-
ity through binding of the inactive GDP bound form
and dissociation from membranes.6

Proper cell-cell adhesion is dependent on local modula-
tion of and the interplay between the different members
of the Rho GTPase family. For instance, expression of
either dominant negative or constrictively active forms of
RhoA or Rac1 can disrupt cadherin-dependent adhe-
sion.7,8 During initial cell-cell contact, the coordinated
activation of Rac1 and RhoA downstream of E-cadherin
regulates the expansion of the adhesive interface and pro-
vides lateral actomyosin contractility parallel to the plasma
membrane, which is essential for strong adhesion.9

While the interplay between the different Rho GTPases
is essential for the initiation, maintenance and functioning
of proper cell-cell adhesion, the activity of these GTPases
becomes more compartmentalized during mitosis and
cytokinesis (Figure 1).10 Although the levels of GTP-
bound Rac1 do not change during mitosis, GTP-Cdc42
levels peak during metaphase.11 Here, local Cdc42 activity
is thought to mediate bi-oriented attachment of spindle

microtubules to kinetochores.12 While Cdc42 represents
the primary Rho GTPase during the early stages of mito-
sis, RhoA activity is crucial during anaphase and telophase
where localized GTPase cycling at the equatorial cortex
provides the signaling leading to the formation of the
cytokinetic contractile ring and ingression of the cleavage
furrow.13 Local accumulation and activation of RhoA at
the equatorial cortex drive actin-myosin contractility
through its downstream effectors ROCK (Rho-associated
kinase) and Citron kinase.14 Although overall GTP-Rac1
levels do not fluctuate during mitosis and cytokinesis, its
local inhibition seems to be crucial during these processes.
Inactivation of Rac1 has been observed at the equatorial
cortex during cytokinesis whereas GTP-Rac1 levels are
increased at the polar regions after cytokinesis comple-
tion.15 Overexpression of dominant active Rac1 impairs
cytokinesis and leads to binucleation.16 In contrast, ele-
vated levels of GTP-Rac1 at the spindle poles are thought
to mediate cell spreading and adhesion through the induc-
tion of actin branching during late telophase.10 In sum-
mary, while activity of different members of the Rho
GTPase family are crucial to ensure strong cell-cell adhe-
sion, the localization of RhoA, Rac1 and Cdc42 becomes
heavily compartmentalized during mitosis and cytokinesis.

Shared regulators control RhoA activity during
adhesion and cell division

Regulation of Rho GTPase activity and the downstream
components that control actin contractility is critical in
both cell-cell adhesion and cytokinesis. In the next sec-
tions, we will discuss the function of the predominant fac-
tors involved in the regulation of RhoA activity and

Figure 1. Activity of Rho GTPase family members is compartementalized during cell division. (A) During mitosis and cytokinesis, the
activity and localization of RhoA, Rac1 and Cdc42 is compartimentalized. Cdc42 activity peaks during metaphase where it is involved in
the attachement of microtubules to the kinetochores. While the overall levels of active Rac1 do not change during cell division, its inacti-
vation at the equatorial cortex is necessary for cytokinesis completions. Here, RhoA activity peaks during anaphase and telophase and
drives the ingression of the cleavage furrow. Rac1 activity at the polar regions is thought to contribute to cell spreading and adhesion
during and/or after cytokinesis. Both positive (including the RhoGEF Ect2) and negative regulators (including p120 and its interaction
partner the RhoGAP MP-GAP; see text for more details) of RhoA localize to the equatorial cortex during cleavage furrow ingression to
allow for rapid GTPase cycling to restrict and focus activity of RhoA. (B) Our recent data suggest that an inactive RhoA pool (marked by
phosphorylation of Ser188) exists directly adjacent to the active membrane-associated RhoA pool during furrow ingression (anaphase
to telophase)38. The presence of this substantial pool of inactive RhoA might enable rapid GTPase cycling of RhoA to maintain heavily
restricted RhoA activity at the eqeatorial cortex to drive the ingression of the cleavage furrow. The molecular mechanisms underlying
phosphorylation of RhoA during cytokineses remain undetermined. The two future daughter cells are indicated with I. and II. Error
bar D 2 mm. Immunofluorescence images depicted here are reproduced from38.
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actomyosin contractility during cell adhesion and cytoki-
nesis (Figure 2 for an overview).

Centralspindlin and Ect2

Centralspindlin is a protein complex comprised of
MgcRacGAP (male germ cell Rac GTPase activating
protein) and the plus-end motor protein MKLP1
(mitotic kinesin-like protein 1). This complex is best
known for its essential function during cytokinesis,
where it localizes to the spindle midzone and regulates
the spatiotemporal activity of RhoA by recruiting Ect2
(epithelial cell transforming 2), the predominant Rho-
GEF during cytokinesis.17 Remarkably, centralspindlin
localizes to the zonula adherens (ZA) and controls
junctional Rho GTPase activity in interphase cells.18

Disruption of cortical dynamic microtubules by low
concentrations of nocodazole reduced the presence of
junctional RhoA and phosphorylated MLC2 (myosin
light chain 2), which indicates that the cortical RhoA
zone is dependent on a functional microtubule net-
work.18 This microtubule-dependent RhoA activation
at the junction is regulated by the centralspindlin

subunit motor protein MKLP1 (KIF23) and the recruit-
ment of the Ect2.18 The recruitment of the centralspin-
dlin/Ect2 complex to the ZA depends on binding to
a-catenin which connects the actin cytoskeleton to the
AJ.18 The presence of the centralspindlin complex near
the AJ induces activation of RhoA signaling through
two mechanisms: (i) delivering the RhoGEF activity via
recruitment of Ect2 and through (ii) inhibition of Rac1
activity which subsequently decreases the junctional
recruitment of the RhoA inactivator p190B RhoGAP.18

This junctional inhibition of Rac1 is thought to be
mediated by the intrinsic RacGAP activity of the other
centralspindlin subunit MgcRacGAP.19 In Xenopus,
mutational inactivation of the GAP domain of MgcRac-
GAP induces increased junctional Rac1 activity and
ectopic RhoA activity leading to destabilization of cor-
tical AJ components.20 In addition, MgcRacGAP can
also localize to TJs during junction assembly where it
associates with the RhoA regulators Cingulin and Para-
cingulin.21 Interestingly, depletion of Cingulin and Par-
acingulin effectively depleted MgcRacGAP from the TJ
but did not affect the association of Ect2 to the TJ, indi-
cating that Ect2 localization to the TJ does not

Figure 2. Shared machinery controls Rho GTPases during adhesion and cytokinesis. (A) Regulation of Rho GTPases in cell-cell adhesion
complexes. The adherens junction (AJ) complex serves as an adhesion and signaling scaffold that regulates the Rho GTPases. Central-
spindlin binds a-catenin and delivers RhoGEF activity via Ect2 to the AJ. In contrast, p120 negatively regulates RhoA activity at the AJ
either through recruitment of p190B RhoGAP or through direct binding of inactive GDP-bound RhoA. The presence of centralspindlin at
the AJ in turn inhibits the recruitment of p190B RhoGAP to the junction and provides GAP activity towards Rac1 through MgcRacGAP.
In turn, the RacGEF Vav2 is recruited to p120 and positively regulates Rac1 near the junction. Besides its function at the AJ, Ect2 has also
been associated with regulation of Cdc42 activity at the tight junction (TJ). (B) At the equatorial cortex, local RhoA activity drives ingres-
sion of the cleavage furrow. Centralspindlin localizes to the spindle midzone (also known as central spindle; CS) and equatorial cortex
through association with both overlapping parallel and astral microtubules (MT). Ect2 is then recruited to centralspindlin and acts as a
key RhoGEF during cytokinesis. In addition, the RhoGEF activity of GEF-H1 is necessary during later stages of cytokinesis. The interaction
between RhoA and Ect2 is stabilized by the catenin p0071. Another catenin, p120, regulates RhoA activity through complex formation
with MP-GAP and GDP-bound RhoA, which might facilitate its N-terminal association with centralspindlin through MKLP1. The presence
of positive and negative regulators of RhoA activity near the equatorial cortex provides rapid GTPase cycling and controls the spatial dis-
tribution of the active RhoA zone needed for cytokinesis.
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dependent on the presence of centralspindlin.21 How-
ever, depletion of MgcRacGAP had no effect on TJ sta-
bility indicating that centralspindlin might not be
essential once the TJ has been fully assembled.20

Ect2 was originally identified as a proto-onco-
gene.22 At the onset of cytokinesis, Ect2 is recruited
to the centralspindlin complex upon phosphorylation
of MgcRacGAP by Polo-like kinase 1 (Plk1).23,24 As
briefly mentioned in the previous section, Ect2 also
functions in cell-cell adhesion and cell polarity. Ect2
localizes to cell-cell junctions and co-localizes with
the TJ marker ZO-1.25 At the TJ, Ect2 interacts with
the Par3/Par6/aPKC polarity complex to regulate
local Cdc42 and Rac1 activity.25,26 More evidence for
a function of Ect2 in cell polarity comes from 3D cul-
ture experiments of MDCK cells.27 Here, expression
of either dominant-negative or constitutively-active
Ect2 mutants inhibited lumen formation and led to
disruption of apical-basal polarity in these cells.27

Given that aPKC activity is crucial for TJ formation
and polarity, this disruption may be due to the
inability of these Ect2 mutants to recruit the Par3/
Par6/aPKC complex to the TJ. As mentioned, central-
spindlin-associated Ect2 has been implicated in AJ
function.18 Cells depleted for Ect2 displayed severely
reduced junctional localization and activity of RhoA
and reduced AJ integrity as a consequence.18 Interest-
ingly, the oncogenic function of Ect2 seems to occur
independent of its function during cytokinesis. For
instance, amplification of Ect2 in non-small cell lung
cancer drives transformation through a mechanism
dependent on Par6-mediated activation of Rac1.26

Here, expression of dominant-active Rac1 was suffi-
cient to rescue Ect2 depletion, which suggests that
Ect2 confers its oncogenic function through Rac1
activation rather than RhoA. In addition, recent
insights have revealed that Ect2 also functions in the
nucleus where it supports KRAS-driven lung cancer
progression by inducing expression of ribosomal
RNAs through activation of Rac1.28 However, the
molecular mechanisms responsible for the specificity
of Ect2 for RhoA (during cytokinesis) and Rac1 (in
the cytosol and nucleus) remain elusive.

Together, these observations indicate a pivotal func-
tion for the centralspindlin complex and Ect2 in control-
ling the activity of Rho GTPases at the cell cortex. Thus,
while it is clear that Ect2 mediates proper cell-cell adhe-
sion the signals required to recruit the centralspindlin
complex to the ZA remain uncharacterized. Ect2 has also
been implicated in establishing and maintaining cell
polarity which, at least in part, underlies its function as a
tumor suppressor.

Anillin

Anillin is a multi-domain scaffold protein that stabilizes
the cytokinetic contractile ring through the crosslinking
of F-actin, myosin and septin to their upstream activa-
tors RhoA and ROCK1/2.29 In Drosophila, Anillin inter-
acts with the centralspindlin complex through binding of
MgcRacGAP, thereby linking the contractile ring to the
central spindle.30 Interestingly, Anillin controls actin
myosin contractility at the ZA and localizes to sites of
cell-cell adhesion in both interphase and mitotic Xeno-
pus embryo cells.31 Depletion of Anillin in Xenopus
embryos and human epithelial cell lines disrupted cell-
cell adhesion through destabilization of AJ and TJ com-
plexes.31,32 Cells depleted for Anillin displayed reduced
cortical F-actin levels accompanied by decreased activity
of MLC2.32 Interestingly, in addition to its function
downstream of RhoA, Anillin depletion also induced
short-lived flares of cortical RhoA activity indicative of
junction repair which indicates crosstalk between RhoA
and Anillin to some degree.32

During cytokinesis, Anillin controls spatiotemporal
RhoA activity through direct interaction with RhoA and
MgcRacGAP (either directly or indirectly) and Ect2.29

However, if Anillin regulates actomyosin contractility in
complex with centralspindlin and Ect2 at the ZA in com-
plex remains undetermined. Anillin can function, at least
partially, independent of centralspindlin during cleavage
furrow formation judging from the observation that
endogenous Anillin was able to rescue cleavage furrow
formation in a fraction of MKLP1-depleted cells.33

In conclusion, the observation that Anillin localizes
and functions at sites of cell-cell adhesion further high-
lights the functional overlap of RhoA and actin-myosin
regulators in adhesion and cytokinesis.

Cadherins and catenins

Classical cadherins mediate calcium-dependent cell-
cell adhesion through homophilic in cis and in trans
interactions and function as signaling scaffolds for
Rho GTPases.2 During mitosis and cytokinesis, adhe-
sion interfaces need to be remodeled to sustain api-
cal-basal polarity.34 Polarity during division assures
rapid engagement of cell-cell adhesion after cytokine-
sis to provide and maintain the barrier function of
epithelia.34 During furrow ingression, the AJ associ-
ates with the actin-myosin contractile ring via b-cate-
nin and a-catenin and induces asymmetric furrow
ingression and the subsequent apical formation of
the midbody.35,36 In addition, cadherins regulate the
new adhesive interface between daughter cells and
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neighbouring cells following cytokinesis completion.34

Although this mechanism is crucial for polarized
midbody positioning and functions in maintaining
epithelial architecture during cytokinesis, the function
of the AJ is not essential for cytokinesis. Of note, E-
cadherin localization during the onset of mitosis has
been demonstrated to also provide the spatial cue for
the orientation of the mitotic spindle through a con-
served interaction with LGN (for its leucine/glycine/
asparagine repeats; also known as GPSM2) and
NuMa (Nuclear Mitotic Apparatus Protein 1).37 In
Drosophila and mammalian cells, cells deficient for E-
cadherin are able to undergo normal cytokinesis and
symmetric furrow ingression despite the absence of a
functional AJ.35,36,38 Interestingly, overexpression of
E-cadherin in Drosophila spermatocytes can rescue
the cytokinesis defects induced by Anillin depletion
which indicates that AJ components may function in
stabilization of the contractile ring.39 Conversely,
non-junctional E-cadherin clusters were also
described to downregulate Rho GTPase activity and
inhibit accumulation of non-muscle myosin II at the
anterior cortex of C. elegans zygotes. Here, E-cad-
herin clusters impede the cortical flows to preserve
the integrity of the actomyosin cortex.40

An obvious candidate that directly links E-cadherin to
actin stability is a-catenin. While cadherin-associated
a-catenin provides the physical connection to the under-
lying actin cytoskeleton under force,41 dimeric a-catenin
is also able to interact directly with F-actin independent
of cadherin association.42 Interestingly, conditional inac-
tivation of a-catenin in keratinocytes induced the forma-
tion of binucleated cells indicating a function for
a-catenin during cytokinesis.43 In addition, cadherin-
associated a-catenin recruits the centralspindlin complex
to sites of cell-cell contact although it is unclear if this
also occurs at the equatorial cortex during cytokinesis.18

Together, these data suggest that a-catenin may contrib-
ute to furrow ingression by stabilizing the contractile
ring and/or anchorage to cadherin complexes.

At the cell cortex, p120 controls stabilization of cad-
herin complexes, mediates signaling from cadherin com-
plexes and regulates the local activity of Rho GTPases
(reviewed in:44-46). Interestingly, in vitro experiments
have determined that p120 negatively regulates RhoA
activity by direct binding of inactive GDP-RhoA.38,47

Binding and inhibition of RhoA by p120 occurs via a
small lysine-rich domain (residues 622–628) and appears
to be mutually exclusive with cadherin binding.47 Func-
tional evidence for a role of p120 in control of cytokine-
sis comes from conditional mouse models generated
o study the tumor suppressive functions of p120 in
the skin and the mammary gland.48,49 Conditional

inactivation of p120 in keratinocytes resulted in a high
frequency of binucleated cells and chromosome segrega-
tion defects.50 Recently, our lab demonstrated that mam-
mary-specific inactivation of p120 in combination with
p53 loss induced the formation of highly-invasive and
metastatic breast carcinomas that are characterized by
abundant bi- and multinucleated tumor cells.38,48 These
studies showed that p120 controls the spatiotemporal
activity of RhoA at the equatorial cortex through con-
comitant association with RhoA, MP-GAP (ARH-
GAP11A) and MKLP1.38 Inducible loss of p120
expression induced mislocalized RhoA activity during
anaphase and telophase, resulting in cytokinesis defects
and subsequent binucleation. Interestingly, bi- and mul-
tinucleation did not occur in conditional E-cadherin
knockout tumor models.38 In this context, reconstitution
of a p120 mutant deficient in cadherin engagement
(K401M substitution mutant) fully rescued the cytokine-
sis defects upon p120 loss, which demonstrated that the
regulation of cytokinesis by p120 is independent of its
association with classical cadherins.38

In addition, the p120 family member p0071 (or plako-
philin-4; PKP4) has also been linked to RhoA activation
during furrow formation.51 Depletion or overexpression
of p0071 induced cytokinesis defects and the subsequent
formation of binucleated cells.51 During metaphase,
p0071 localizes to centrosomes and the mitotic spindle
and accumulates at the spindle midzone during ana-
phase.51 Here, p0071 is proposed to function as a positive
modulator of RhoA activity by stabilizing the interaction
between Ect2 and RhoA. In contrast to p120, p0071
appears to have a higher affinity for GTP-RhoA and
mediates efficient GTP-GDP exchange by stabilizing the
interaction between RhoA and Ect2.51 Interestingly,
localization of p0071 to the midbody is dependent on
RhoA activity, while p0071 itself acts as a positive regula-
tor of RhoA. A similar dependency has been observed for
p120 during cytokinesis: while p120 functions as inhibi-
tor of RhoA activity, localization to the active Rho zone
during cytokinesis depends on its ability to interact with
RhoA.38 Deletion of the lysine-rich region required for
binding to RhoA was sufficient to prevent p120 localiza-
tion to the equatorial cortex and induce cytokinesis
defects, while binding of MKLP1 to the N-terminal head
region of p120 remained unaltered.38

Together, these data indicate that p120 and p0071
function as important scaffold proteins that bridge and
stabilize the interactions between RhoA and its upstream
regulators such as centralspindlin and Ect2 during cyto-
kinesis. Importantly, while the presence of AJ complexes
near the equatorial cortex functions in positioning the
contractile ring, they are not essential for the successful
completion of cytokinesis.
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GEF-H1

GEF-H1 was originally identified as a novel GEF that
possesses activity towards RhoA and Rac1.52 Interestingly,
GEF-H1 shows a striking association with microtubules
in interphase and mitotic cells.52 Furthermore, association
of GEF-H1 with microtubules inhibits its GEF activity
leading to reduced RhoA activity.53 GEF-H1 localizes to
sites of cell-cell contact where it associates with the TJ
component paracingulin and regulates RhoA and Rac1
activity during TJ formation and maintenance.54,55

Besides cell-cell adhesion, GEF-H1 has also been shown
to function in focal adhesions where it mediates stiffening
of the actin cytoskeleton in response to mechanical
force.56 During mitosis, GEF-H1 localizes to the mitotic
spindle and accumulates at the contractile ring during
cytokinesis.57 Depletion of GEF-H1 led to ectopic cleav-
age furrow formation and membrane deformations dur-
ing anaphase. Ultimately, these cytokinesis defects
induced the formation of binucleated cells as expected
from a RhoA-associated regulatory factor in cytokinesis.
GEF-H1 is phosphorylated by the mitotic kinase Aurora
A early in mitosis and dephosphorylation during telo-
phase is crucial to induce GTP-loading of RhoA.57 Inter-
estingly, GEF-H1 seems to function during the final
stages of cytokinesis, whereas Ect2 is responsible for
RhoA activation during the early stages of cytokinesis.57

Although the functions of GEF-H1 have not been as well
described as Ect2, it is evident from these data that GEF-
H1 functions in the regulation of RhoA during cytokine-
sis and adhesion.

p190A RhoGAP

The presence of both positive (GEFs) as negative regu-
lators (GAPs and GDIs) of RhoA at the ingression fur-
row is crucial to maintain a highly focused active Rho
zone by restricting lateral diffusion of GTP-RhoA dur-
ing cytokinesis.58 In fibroblasts, p190A RhoGAP
(ARHGAP35; not be mistaken for the aforementioned
p190B RhoGAP) is recruited to N-cadherin-associated
p120 in response to Rac1 activation.59 Depletion
of p190A RhoGAP in this setting destabilized the AJ
complex and reduced cell-cell adhesion.59 During cyto-
kinesis, p190A RhoGAP localizes to the cleavage fur-
row where it regulates the activity of RhoA through its
GAP function.60,61 The levels of p190A RhoGAP are
controlled through ubiquitin-mediated degradation
and are reduced during mitosis and cytokinesis.60

Overexpression of p190A RhoGAP induced cytokinesis
defects and binucleation which indicates that its
GAP activity needs to be restrained for successful

furrowing.62 Interestingly, P190A RhoGAP binds Anil-
lin and Ect2 at the equatorial complex suggesting the
presence of a signaling module that couples GEF and
GAP activity to the contractile ring during furrow
ingression.62,63 Together, the presence of negative
RhoA regulators such as p190A RhoGAP and p120 at
the active RhoA zone during cytokineses further
underlines the need for rapid GTPase cycling to spa-
tially restrict RhoA signaling and elicit a strong and
heavily localized downstream response.

Concluding remarks

Several core factors that control Rho GTPase activity
and actomyosin contractility have been identified to
function both in cell-cell adhesion and cytokinesis.
These observations raise the interesting question
whether these components may have evolved this dual
function to orchestrate coordinated regulation of cell-
cell adhesion and cell division, which would allow epi-
thelial tissue to maintain its barrier function during cell
divisions. Loss of cell-cell adhesion, for instance
through loss of the tumor suppressor p120, induces
cytokinesis defects and the formation of chromosom-
ally instable binucleated cancer cells.38 Chromosomal
instability may contribute to tumor progression by pro-
viding the tumor cells with a highly plastic genome that
allows for rapid adaptation. However, besides p120 no
other components have been identified to possess a
similar dual function in cell-cell adhesion and cytoki-
nesis and, in addition, are found to be frequently lost
or mutated in human cancers.

One remaining outstanding question is how the
dual function of RhoA regulatory proteins is regu-
lated. While the spatiotemporal regulation of RhoA
activation at the equatorial cortex during cytokinesis
by mitotic kinases is relatively well understood, the
signals that control the association between p120 and
MKLP1 or the recruitment of centralspindlin to the
AJ remain undetermined and deserve to be the focus
of future research.
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