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ABSTRACT
Cytokinesis is a complex cellular process that leads to a physical separation of two daughter cells.
The key to a successful cytokinesis is a coordinated reorganization of cellular cytoskeleton and
membrane trafficking pathways. Consequently, Rab GTPases recently emerged as major regulators
of cellular division. Rabs belong to a superfamily of small monomeric GTPases that regulate a
diverse array of cellular functions. Rabs in particular are well-established regulators of membrane
transport and have been shown to mediate several membrane transport steps including vesicle
formation, molecular motor-dependent vesicle transport and targeting of transport vesicles and
organelles to their correct destinations. Significantly, several Rab GTPases also have been shown to
function in regulating cell division. In this review, we discuss latest findings about the function of
Rabs and polarized membrane transport during different steps of cytokinesis as well as during the
final stage of cell division known as abscission.
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Introduction

The last step of cell division is a physical separation of two
daughter cells via process known as cytokinesis.1 After repli-
cation of genetic material, the mother cell divides by the for-
mation of the cleavage furrow that constricts the cytoplasm
leaving two daughter cells connected by a thin intracellular
bridge (ICB). The resolution of this bridge, abscission,
results in a physical separation of the two daughter cells.
Although molecular mechanisms that govern this process
are not fully understood, recent evidence supports the roles
of recycling endosomes and ESCRT protein complex during
abscission.2-4

Originally ESCRT complexes were identified to regulate
multi-vesicular body formation and lysosomal sorting.5

However several ESCRT proteins were demonstrated also
to be required for cytokinesis.6 Thus it was proposed that
the recruitment of various ESCRT complex members, such
as CHMP4, to themidbody, lead to a formation of filaments
that mediate the final abscission step 7 (Fig. 1). Several excel-
lent reviews have been recently published about the role of
ESCRTs in mediating cytokinesis,8,9 thus in this review we
will focus instead on describing the role of endosomes dur-
ing cell division.

Recycling endosomes (REs) also have emerged as impor-
tant players in mediating abscission.10 Several reports

demonstrated that pronounced changes occur in endocytic
recycling during mitosis, and that these changes are
required for successful completion of cytokinesis.11,12 Origi-
nally it was proposed that REs initiate abscission by fusing
with each other and the plasma membrane, thus building a
separating membrane in a manner similar to the formation
of phragmoplast in plant cells. However, recent data from
several laboratories have shown that during division animal
cells do not form phragmoplast-like structures,13 but fusion
of REs instead initiates the formation of a “secondary
ingression,” a step that is required for an eventual recruit-
ment of ESCRTs to the abscission site (Fig. 1).

While it is now clearly established that endocytic trans-
port to the midbody and ICB are required for cytokinesis,
the function of these endosomes remains to be fully under-
stood. Interestingly, recent work demonstrates that during
cell division endosomes mediate localized remodeling of
microtubules and actin cytoskeleton, thus directly affecting
mitotic spindle formation, orientation and function, as well
as the stability and dynamics of the actomyosin contractile
ring. Thus, in the rest of this reviewwe will focus on describ-
ing these new findings and defining the roles of endosomes
and Rab GTPases in regulating cellular cytoskeleton during
mitotic division.
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The Role of Rabs in Regulation of Cytokinesis
and Abscission

Endosome formation, transport, and function are regu-
lated by a complex system of regulatory proteins. How-
ever, it is now clear that Rabs are the key regulators of all

membrane trafficking steps, including endosomal trans-
port. Rabs are a large sub-family of small monomeric
Ras-like GTPases that function by site-specific activation
and/or recruitment of various membrane transport regu-
lators, also known and Rab effector proteins.14,15 As a
result, in the last decade much effort has been dedicated

Figure 1. A schematic diagram illustrates the function of endosomes and Rab GTPases during abscission.
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in identifying and characterizing these Rab-specific effec-
tor proteins. In this review we will focus on the Rabs and
Rab effector proteins that regulate mitotic cell division.

Rabs and regulation of the mitotic spindle

Correct formation and accurate positioning of the
mitotic spindle is required for successful cell division.
Mitotic spindle assembly begins in prophase when the
centrosomes start nucleating microtubules. The correct
positioning of this mitotic spindle often plays a key role
during development, especially during asymmetric divi-
sion of polarized cells. It is now clear that mitotic spindle
localization is guided by various intracellular and extra-
cellular cortical polarity cues. Surprisingly, recent work
has demonstrated that in mammalian cells a known
endocytic Rab11 and its effector protein FIP3 are both
localized to the mitotic spindle and control the dynein-
dependent endosome allocation at spindle poles.15 It was
suggested that Rab11-endosomes might function as car-
riers to supplement and arrange microtubule nucleating
material (GCP4, a-tubulin, g-tubulin and Ran-GTP) at
spindle poles.16 Similarly, Rab11 was also shown to be
involved in dynein-dependent mitotic regulation of
microtubules in Caenorhabditis elegans.17 It was demon-
strated that Rab11-depletion leads to disruption of astral
microtubules, delayed mitosis, and also disruption of
endosome organization at the mitotic spindle poles and
plane of cell division.16 The most common phenotype in
Rab11-depleted cells was miss-orientation of the mitotic
spindle, with the spindle angle relative to the cell-sub-
strate adhesion plane in most Rab11-depleted cells
greater than 20 degrees, compared with spindles parallel
to the adhesion plane in control cells.16 Finally, in
Rab11-depleted or dominant-negative Rab11 expressing
cells, astral microtubule arrays were also disrupted.
Taken together, all these recent data demonstrates that
the presence of Rab11-dependent molecular mechanisms
controlling the organization of astral microtubules and
the mitotic spindle play a crucial role in the positioning
of spindle poles during the early stages of mitosis.16

Rabs and regulation of abscission

Abscission is a complex cellular event during which
the newly formed daughter cells are physically sepa-
rated from one another. Several studies have revealed
multiple proteins that directly regulate abscission. In
particular, the actin cytoskeleton has emerged as a
main mediator of both cytokinesis and abscission
events.18 Cytokinesis starts in anaphase, when the
assembly and contraction of the acto-myosin ring
drives the formation of the cleavage furrow.

Eventually, the remnants of the acto-myosin contrac-
tile ring needs to be removed from the intracellular
bridge for abscission to take place. Consistent with
this idea it was demonstrated that localized disassem-
bly of actin cytoskeleton marks the site of the second-
ary ingression leading to eventual ESCRT recruitment
and abscission.19,20

Phosphatidylinositol-4,5-bisphosphate (PtdIns(4,5)
P2) is one of the key signaling molecules that promotes
actin polymerization and regulates actin cytoskeleton
during interphase. It also is known to stabilize the acto-
myosin contractile ring and link the actin cytoskeleton to
the plasma membrane via binding to septins and ERM
(exrin/radixin/moesin) proteins.21 What is not known is
how the levels of PtdIns(4,5)P2 are controlled during
abscission. Recently Rab35 was proposed as a novel regu-
lator of PtdIns(4,5)P2 levels at the cleavage furrow during
telophase. It was shown that overexpression of Rab35
dominant-negative mutant (Rab35-S22N) leads to a
decrease in PtdIns(4,5)P2 levels within the ingressing fur-
row and accumulation of PtdIns(4,5)P2 in the enlarged
endocytic organelles. Moreover, Rab35-S22N also
reduces recruitment of septin 2 and actin cytoskeleton to
the forming furrow, clearly showing its importance in
inducing actin disassembly at the cleavage furrow during
telophase.22 Significantly, phosphatidylinositol-4,5-
bisphosphate 5-phosphatase (OCRL) was identified as a
Rab35 effector protein that also accumulates at the cleav-
age furrow during abscssion.23 The OCRL is a known
PtdIns(4,5)P2 phosphatase, thus Rab35-dependent tar-
geting of OCRL leads to the reduction of PtdIns(4,5)P2
at the cleavage furrow. Consequently, by modulating
PtdIns(4,5)P2 levels, OCRL also mediates actin cytoskele-
ton disassembly during late telophase, thus allowing for
the formation of the secondary abscission and recruit-
ment of the ESCRT complex to the abscission site to
occur.

Rab11 and its effector proteins also recently have
emerged as major regulators of cytokinesis and abscis-
sion.11,24 Rab11 associates with REs and was originally
identified as a regulator of plasma membrane receptor
recycling. Rab11 controls the delivery of REs to the
cleavage furrow by binding to its FIP3 effector pro-
tein,25,26 which can directly bind to a known midbody
resident, the Centralspindlin complex.27 Interestingly,
the spatiotemporal dynamics of Rab11/FIP3-endosomes
change distinctly as cell progresses through cytokinesis.
During metaphase Rab11/FIP3-endosomes gather
around centrosomes. When the midbody is formed and
cells enter telophase, Rab11/FIP3-endosomes travel
along the centralspindle microtubules to the cleavage
furrow. During late telophase these endosomes accumu-
late at the intracellular bridge in endocytic pools
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arranged on either side of the midbody, thus initiating
secondary ingression and abscission.19,28 Significantly,
Rab11/FIP3-endosomes can be delivered to the cleavage
in an asynchronous fashion presumably leading to
asymmetric abscission on one side of the midbody and
the inheritance of the midbody by one daughter cell.29

Recent studies revealed that Sec 15, a member of the
Exocyst complex and another Rab11 effector protein,
can interact with the centrosomal appendage protein,
centriolin, indicating communication between REs and
centrosomes. It was shown that REs also interact with
the appendages of the mother (older) centriole, where
Rab11 and its GAP, Evi5 accumulates.30 Moreover, it
was shown that mother centriole appendage compo-
nents, centriolin and cenexin/ODF2, control gathering
of endosome constituents Rab11, the Rab11GTP-acti-
vating protein Evi5 and the Exocyst, at the mother cen-
triole. One of the most important findings was that
centriolin depletion disrupts recycling endosome orga-
nization and inhibits its function during cytokinesis and
abscission. This may mean that mother centriole pro-
teins are direct regulators of Rab11 and RE localization
and function during mitotic cell division. Importantly,
asymmetric accumulation of Rab11-endosomes at the
mother centriole may also play a role in regulating
asymmetric RE delivery to the abscission site and con-
sequently leads to asymmetric midbody inheritance.

While Rab11/FIP3 endosomes are now firmly
established as important regulators of abscission, the
functions of these specialized REs remain to be fully
defined. Recently we completed proteome analysis of
Rab11/FIP3-endosomes and found that, among other
proteins, these endosomes contain p50RhoGAP.19

Since p50RhoGAP is a GAP for RhoA, we proposed
that the delivery of p50RhoGAP to the cleavage fur-
row leads to inactivation of RhoA and localized disas-
sembly of actin cytoskeleton. This then results in the
formation of the secondary ingression, leading to the
initiation of the abscission site.31 Overall, the localized
modulation of actin cytoskeleton by endosomes
(Rab35 and Rab11) has emerged as a principal step
required for the establishment of the abscission site
(s), thus leading to the separation of the daughter
cells and either release of the midbody into the media
or inheritance of post-mitotic midbody by one of the
daughter cells. Significantly, it was recently proposed
that post-mitotic midbody (also known as midbody
derivative) may function as a signaling platform that
directly affects cell function during interphase.32,33

Since the putative midbody functions are not a focus
of this review, we direct readers to a couple recent
reviews that comprehensively discuss all the recent

data and controversies regarding post-mitotic mid-
body function and regulation.34,35

Rabs, Cytokinesis, and Cell Polarity

Many organs contain series of hollow tubes/cavities that
are required for their function. These tubes typically are
formed by epithelial cell monolayer surrounding a cen-
tral apical lumen. Each epithelial cell is polarized by sub-
dividing their plasma membrane into apical and
basolateral domains that are separated by tight junctions.
This apico-basal polarity is a cornerstone to the function
of epithelial cells and consequently is a tightly regulated
process. Significantly, recent studies have demonstrated
that the formation of apico-basal polarity and initiation
as well as formation of the apical lumen is coupled to cell
division.36,37 Additionally, it was shown that in 3D tissue
culture systems the location of the cytokinetic bridge
between the first 2 daughter cells is the first symmetry-
breaking event that establishes the location of the apical
membrane initiation site (AMIS), and therefore, the
positioning of the newly forming apical lumen.36,38 Con-
sequently, Rab11 and Rab35 are now emerging as regula-
tors of both cell division and epithelial cell polarization.

Rab11 during cell division and AMIS formation

Apical lumen formation is a key step during epithelial
morphogenesis and is dependent on the formation of a
single AMIS.39 The formation of the apical lumen is a
complicated process that involves coordinated changes
in plasma membrane composition, cytoskeleton organi-
zation and endocytic transport. These changes are possi-
ble partly due to fusion of REs that contain Rab11 as well
as its binding protein FIP5. FIPs (Family of Rab11-Inter-
acting Proteins) are a group of proteins that regulate
endocytic membrane trafficking. Particularly, FIP5 inter-
acts with Rab11 in polarized MDCK cells and is respon-
sible for apical protein targeting.40 Several studies have
begun to elucidate the molecular machinery regulating
apical lumen formation during epithelial morphogenesis.
In a recent study, it was shown that the AMIS forms
around the midbody during late telophase and that
Rab11 effector protein FIP5, and endosomes containing
apical proteins associated with it, are all transported to
the AMIS along central spindle microtubules.41 Then,
these FIP5-endosomes fuse with the plasma membrane
at the cleavage furrow neighboring the AMIS, thus sup-
plying apical components (Crumbs-3a and glycopro-
tein135 (gp135)) needed for the formation and
progression of the emerging lumen (Fig. 2). Additionally,
it was demonstrated that Kinesin-2 molecular motor
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directly binds to FIP5, thus mediating the delivery of
FIP5-endosomes to the AMIS along central spindle
microtubules during telophase.41 FIP5 also binds sorting
nexin 18 (SNX18). In particular, this interaction is
needed for apical endocytic carrier formation and lumen
formation. Surprisingly, it was shown that Kinesin-2 and
SNX18 compete for binding to FIP5. In summary, it was
proposed that FIP5 may interact with SNX18 and Kine-
sin-2 in hand-me-down fashion, thus mediating sequen-
tial steps of endocytic carrier formation and transport
during lumen initiation at late telophase41 (Fig. 2). How-
ever, how fusion of the apical transport vesicle with that
plasma membrane around the midbody leads to forma-
tion of nascent apical lumen bordered by tight junctions
remains unclear. Further research combining time-lapse
and high-resolution imaging approaches will be needed
to determine that.

Intriguingly, in addition to FIP5, several other
Rab11-binding proteins were also implicated in both
cell division and apical lumen formation. Specifically
the Exocyst complex was shown to be present at the
midbody and was proposed to mediate the targeting
of Rab11-containing REs to the abscission site.42 Sim-
ilarly, the Exocyst was also proposed to target Rab11-
endosomes to the AMIS during lumen formation.38

Thus, it is tempting to hypothesize that Rab11 and

the Exocyst interaction at the midbody may play a
role for targeting Rab11/FIP5-containing apical car-
riers during lumenogenesis.

The AMIS is a temporary structure that contains vari-
ous proteins including the Par3/Par6 polarity complex,
tight junction proteins such as ZO-1 and Cingulin
(CGN), and the Exocyst complex.38 As mentioned above,
recent work from several groups has shown that lumen
formation is mediated via targeted delivery of apical pro-
teins to the AMIS, which eventually forms around the
midbody during cell division. The key to the formation
of the single apical lumen is the ability of Rab11-endo-
somes to be targeted directly and specifically to the
AMIS. While the Exocyst complex is clearly required for
this targeting, cingulin (CGN) also recently emerged as
an important regulator of Rab11/FIP5-endosome trans-
port to AMIS. In a recently published study,43 CGN was
shown to bind directly to FIP5, thus functioning as a tar-
geting/tethering factor for Rab11/FIP5-endosomes dur-
ing the early stages of midbody-dependent lumen
formation. Moreover, it was shown that both the
branched actin cytoskeleton and midbody microtubules
are required for the association of CGN with the AMIS.
Since C-terminal tails of glutamylated microtubules bind
directly to the basic patch located in the head region of
CGN, it is likely that this binding mediates initial CGN

Figure 2. A schematic illustration of the function of midbdoy-associated Rab GTPases during the establishment of apical lumen.
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recruitment to the midbody.43 Another interesting find-
ing was that Rac1 activation at the midbody induces the
recruitment of WAVE/Scar complex, which then pro-
motes the polymerization of branched actin filaments
through the activation of Arp2/3. The polymerization of
these branched actin filaments is also obligatory for the
formation of the AMIS at the midbody, as well as for the
formation and development of a single apical lumen.
Taken together, it is clear that targeting of apical endo-
somes to the AMIS depends on several midbody associ-
ated factors that include but are not limited to CGN and
the Exocyst complex. Thus, lumen formation depends
on a combination of several concessive overlapping path-
ways that likely ensure the fidelity and correct timing of
apical lumen formation during late telophase.

Rab35 and apical lumen formation during cell
division

Since Rab35 is required for cytokinesis and abscission,
it is not too surprising that recent studies also impli-
cated that Rab35 regulates apical lumen formation
during the first cell division.44 Just like Rab11, Rab35
regulates the initiation of apico-basal polarity by tar-
geting endocytic carriers containing some of the most
important apical factors (Crumbs-3, Cdc42 and
gp135) to the AMIS.39 The delivery of these apical
proteins depends on binding between Rab35 and the
cytoplasmic tail of gp135, and therefore, inactivation
of Rab35 results in a complete inversion of apico-
basal polarity in 3D cysts.44 Since Rab35 accumula-
tion at the midbody and intracellular bridge precedes
apical targeting of gp135, it was proposed that Rab35
functions as a tethering factor that guides apical
endosomes to the AMIS during initial steps of lumen
formation. Importantly, Rab35 was also shown to
bind ACAP2 and OCRL, the proteins that are also
required for the formation of apico-basal polarity and
lumenogenesis.45

The functioning pathways of both Rab11 and
Rab35 in some aspects are similar, and thus they
may function together during midbody-dependent
lumen formation. Since each of these RabGTPases
has their own effector proteins, they can perfectly
perform their function without interfering with each
other during the complex process of lumen formation
and further progression. Alternatively, Rab11 and
Rab35 may mediate midbody and/or AMIS targeting
of distinct organelles that can carry some of the
same apical cargo (such as gp135). In either case,
interacting with distinct effector proteins, both Rab11
and Rab35 control the transport of endosome-associ-
ated apical components to the AMIS during the

initial steps of apical lumen formation, during epithe-
lial morphogenesis. Since the timing and workflow
differs among these Rabs, they likely complement
each other’s function and gaps, ensuring fidelity and
successful completion of lumen formation.

The role of cytokinesis in hepatocyte polarization

Most of the studies investigating lumenogenesis used
MDCK cells seeded in 3D cultures to study cross-talk
between apical lumen formation and cell division. How-
ever, a new model that would allow for explanation of
the physiologically relevant tissue architecture and func-
tion during cell division is in great need. Hepatocytes
were shown to serve as a perfect model to study delicate
intracellular changes and processes during cell division.
Hepatocytes are the major parenchymal cells of the liver
and unlike MDCK cells, they do not form large multi-
cellular cysts containing a single apical lumen. Instead,
hepatocytes form a network of narrow apical tubes
known as canaliculi. Canaliculi form between 2 cells and
are usually situated at the lateral cell-cell borders and
surrounded by a ring of tight junctions. Significantly, it
was shown that in hepatocytes, cytokinesis also defines a
spatial landmark for polarization and apical lumen/bile
canaliculus formation. Based on recent studies, it is
proposed that during the final phase of cytokinesis, the
epithelial cell polarity regulator Par3 and the tight-junc-
tion-associated protein ZO-1 are both delivered to the
division site in a step-wise manner before the completion
of cytokinesis, perhaps due to the following formation of
bile canaliculus. Then, centrosomes migrate close to the
disk-shaped tight junctions between the daughter cells to
nucleate microtubules that target the Exocyst complex-
dependent transport and targeting, leading to canaliculus
formation.37 Which Rab GTPase(s) are involved in this
process remains to be determined, however considering
that the Exocyst complex binds Rab11, it is likely that
Rab11GTPase is also involved in canaliculus genesis.

Conclusions and perspectives

Althought the importance of Rab GTPases and endo-
some-associated protein transport during cytokinesis
and abscission is clearly established, the function and
regulation of this intracellular protein trafficking path-
way is only beginning to emerge. Lack of knowledge
comes from technical limitations in studying abscission,
since it is a transient cellular event that is difficult to
image and quantify. Despite the newest live imaging
technigues, the use of multiple approaches rather than a
dependence on a single technique will allow us to under-
stand the function of Rab11- and Rab35-associated
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endosomes and cytoskeleton dynamics during cytokine-
sis. It is also likely that other Rab GTPases and mem-
brane transport pathways are also invoved in cell
division. Indeed, midbody proteomic analysis46 identi-
fied several Rab GTPases that are present at the midbody
during cytokinesis. Additionally, recently published
work also suggested that Rab5, Rab6, Rab8a, Rab21 and
Rab24 may also play a role in cytokineis, although their
exact function remains to be fully understood.47-51 What,
if any, function do these Rab GTPases play during cyto-
kinesis remains to be determined and will require further
studies. Additionally, very little is known about the
involvement of Rabs and endocytic membrane transport
in regulating specialized and assymetric types of cytoki-
nesis and abscission. Thus, while in this review we have
presented recent evidence linking cellular endocytic
transport proteins with cell division, there are still many
questions left to be answered, and they will be a focus for
future research.
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