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Abstract

Abscission is the last step of cytokinesis that leads to the physical separation of two daughter cells. 

An emerging picture is that abscission is a complex event that relies on changes in both lipid 

composition and cytoskeletal dynamics. These subcellular processes lead to the establishment of 

the abscission site and recruitment of the ESCRT-III protein complex to mediate the final 

separation event. It has become apparent that endocytic transport to the cleavage furrow during 

late cytokinesis mediates and coordinates lipid and cytoskeleton dynamics, thus playing a key role 

in abscission. Furthermore, new evidence suggests that endosomes may have additional roles in 

post-mitotic cellular events, such as midbody inheritance and degradation. Here, we highlight 

recent findings regarding the function of these endosomes in the regulation of cell division.
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Abscission in animal cells

Cytoskeletal dynamics during abscission

Mitotic cell division ends in a very complex physical separation of daughter cells, known as 

cytokinesis. Cytokinesis starts during anaphase with the assembly and activation of the 

actomyosin contractile ring, leading to the formation and ingression of the cleavage furrow 

[1–3] (Figure 1A). The mechanisms regulating the actomyosin ring during early cytokinesis 

are well understood and rely on the centralspindlin-dependent activation of RhoA GTPase 

(Box 1) [4]. RhoA affects the actomyosin ring by regulating two distinct pathways (Figure 

1B): i) RhoA stimulates the formation of unbranched actin filaments by activating 
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Diaphanous-related formins [5, 6]; ii) RhoA activates ROCK kinase, which regulates the 

activation of myosin II, an event required for actomyosin ring contraction [3, 7]. RhoA is 

also known to bind anillin, a scaffolding protein that contributes to the attachment of the 

actomyosin network to the plasma membrane [8].

While formation of the actomyosin ring is crucial for successful furrow ingression, it is 

apparent that the actomyosin network is actually a very dynamic structure, constantly 

undergoing highly controlled cycles of polymerization and depolymerization. Contraction of 

the actin network is driven not only by myosin II motor activity, but also by the localized 

depolymerization of crosslinked actin filaments [9]. Furthermore, the actomyosin ring 

disassembles at a rate comparable to its contraction, because the concentration of actin and 

myosin II units remains constant throughout furrow ingression [10, 11]. This coordinated 

contraction and disassembly of actomyosin units during early cytokinesis is presumably 

required to allow a very rapid decrease in cleavage furrow width during division.

Once the ingression of the cleavage furrow is complete, daughter cells remain connected by 

a 1–3 µm thick intercellular bridge (ICB). Intriguingly, the actomyosin cortical network now 

needs to be disassembled to allow for the final abscission step to occur (Glossary, Figure 

1A). Indeed, the inhibition of actin depolymerization within the ICB during late telophase 

inhibits the completion of cytokinesis [12, 13]. The machinery regulating this disassembly 

of cortical actin within the ICB remains poorly understood, but appears to involve the 

localized inactivation of RhoA [4] and the regulation of plasma membrane lipid composition 

of the ICB [12, 13].

In addition to actin, microtubules are intimately involved in cytokinesis. Both astral and 

central spindle microtubules are involved in the positioning and activation of the actomyosin 

ring (Box1). Furthermore, upon cleavage furrow ingression, central spindle microtubules 

become compacted and crosslinked to form a central spindle bundle that is located within 

the ICB (Figure 1A). The overlapping plus-ends of these microtubules, along with an 

amorphous electron-dense material, form a structure known as the midbody (MB). Currently 

it has been proposed that MBs can also serve as “recruiting platforms” that bind and/or 

activate many signaling proteins important in regulating cell division and post-mitotic cell 

fate [14, 15]. The composition, regulation and function of MBs have been the subject of 

recent review [16], hence, here we will only briefly describe the machinery regulating the 

function and inheritance of MBs during cell division.

Since abscission involves fusion of opposing plasma membranes, it became evident that 

microtubules within the ICB need to be disassembled on one side (or both sides in some 

cases) of the MB to allow for the completion of cytokinesis (Figure 1A). The regulation of 

this “nested” microtubule disassembly remains to be fully understood, but several studies 

have recently demonstrated that spastin appears to be required for microtubule severing 

during cytokinesis [17, 18]. In addition, microtubule bending and breaking also contributes 

to microtubule severing during abscission [19]. Interestingly, spastin was shown to 

preferentially act on bent microtubules, suggesting that both processes may act together to 

ensure efficient microtubule severing. Finally, at least in certain cell types, minus-end 

depolymerization also plays a role in abscission [19]. During interphase and early 
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cytokinesis, microtubule minus-ends are anchored to the centrosomes, thus preventing their 

depolymerization. In contrast, during telophase central spindle microtubules are released 

from the centrosome, presumably by spastin/fidgetin-dependent severing [19, 20] (Figure 

1A). How central spindle microtubule minus-end stability is regulated during late 

cytokinesis is not presently clear, but appears to involve kinesin 14 HSET and abnormal 

spindle (Asp) proteins [21, 22]. These proteins were shown to bind to γ-tubulin, are required 

for abscission and regulate the stability/bundling of the non-centrosomal minus-ends of 

central spindle microtubules [21, 22].

The ESCRT Complex mediates the abscission step of cytokinesis

Recently, the ESCRT complexes (Glossary) have emerged as key proteins required for 

abscission (Box 2). Originally, ESCRTs were implicated in regulating cytokinesis in light of 

the topological similarities between scission of the intraluminal vesicle necks during MVB 

maturation and fusion of the ICB plasma membrane. Consistent with their role during 

abscission, depletion of several ESCRT-III complex proteins results in a multinuclear 

phenotype, an indication of the failure of cytokinesis [23, 24]. The ESCRT-0, -I and -II 

complexes are largely dispensable during abscission, presumably because cytokinesis does 

not require the recruitment and accumulation of ubiquitinated cargo proteins. Instead, 

ESCRT-III is recruited directly to Cep55, which is localized at the midbody during 

cytokinesis [17, 24, 25]. ESCRT-III is perfectly suited to induce the scission of the ICB, 

since it can form oligomers that induce changes in liposome and cell membrane shape. 

Furthermore, ESCRT-III forms 17 nm filaments within the ICB during cytokinesis [26], and 

is recruited to the abscission site [17, 26]. Interestingly, Archaea cells possess only the 

ESCRT-III-like protein complex, which is also required for cell division [27]. This raises the 

possibility that the ESCRT complexes in eukaryotic cells originally evolved for cytokinesis 

and only later were adapted for the regulation of lysosomal targeting.

While the role of the ESCRT-III complex as a scission factor is now firmly established, 

several questions remain about the machinery and regulation of ESCRT-III recruitment to 

the abscission site. One such question is in regards to the size of the ICB. During MVB 

maturation, ESCRT-III generates intraluminal vesicles that are ~30 nm in diameter as 

compared to 1–3 µm thick ICB [28]. Furthermore, ESCRT-III prefers to bind highly curved 

membranes [29]. Finally, CHMP4A/B-overexpression-induced assembly of circular arrays 

at the plasma membrane is inhibited by cortical actin network [30]. How can the ESCRT-III 

complex accommodate the drastic size difference between vesicle budding and scission of 

actin-supported ICB? It is also remains unclear how ESCRT-III moves from the midbody to 

the abscission site (Figure 2). One possibility is that the ESCRT-III complex forms spiral 

filaments that emanate from the midbody and cause the gradual constriction of the ICB, thus 

forming an abscission site [26]. However, the abscission site often forms a considerable 

distance away from the midbody [12]. Furthermore, it was shown that the thinning of the 

ICB at the abscission site, a process known as secondary ingression, precedes the 

recruitment of ESCRT-III [12]. An additional possibility is that ESCRT-III filaments are 

assembled de novo from an ESCRT-III cytosolic pool at the abscission site. Consistent with 

this model, the CHMP4B at the abscission site often forms a distinct pool, separated from 

the CHMP4B pool at the midbody [12, 17], although it remains to be determined whether 
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the ESCRT-III “abscission pool” is assembled independently from the midbody ESCRT 

proteins. Another intriguing possibility is that ESCRT proteins may need to first be recruited 

to the MB to get activated before they can translocate to the abscission site. Many ESCRT-

III complex proteins exist in the cytosol in a “closed” conformation [31, 32]. This closed 

conformation is dependent upon the highly charged C-terminal autoinhibitory domain 

present in proteins such as Vps24p and Snf7p [31]. The activation or “opening” of these 

proteins is needed before they can be recruited to the membranes and interact with other 

ESCRT-III components [33]. In addition, MBs are known to contain many activated mitotic 

kinases, such as Aurora B and Plk1, although it remains to be demonstrated whether any of 

these kinases directly phosphorylate and regulate ESCRT-III complex proteins.

Endocytic transport is required for the completion of cytokinesis

In addition to ESCRT proteins, endosomes have recently emerged as key regulators of late 

cytokinesis [1, 34]. The requirement for endosomes was first demonstrated in studies 

analyzing cellularization during the development of the fly embryo. It was demonstrated that 

Rab11 GTPase and its binding protein Nuf are both required for actin polymerization and 

furrow ingression during the process of cellularization process [35–37]. Soon after, it was 

demonstrated that recycling endosomes containing Rab11 GTPase are also required for 

cytokinesis in mammalian cells [38, 39]. However, in contrast to the flies, in mammalian 

cells Rab11 appears to be dispensable during furrow ingression, but instead is required for 

abscission [38–40].

All Rab GTPases function by activating and recruiting specific effector proteins to 

membranes. In a series of studies, it was discovered that Rab11-binding proteins FIP3 and 

FIP4 (Rab11 family interacting protein 3 and 4) localize to the ICB and are required for 

abscission [38, 39, 41]. Since FIP3 is a highly specific marker for recycling endosomes that 

accumulates within the ICB, this subset of endosomes is often referred to as FIP3-

endosomes [40]. Spatiotemporal analysis of Rab11/FIP3-endosomes demonstrated that they 

are delivered via Kinesin-1-dependent transport along central spindle microtubules [42] and 

accumulate at the ICB by binding to the Exocyst and the Centralspindlin complexes [38, 

40]. Furthermore, VAMP8-mediated fusion of FIP3-endosomes with the plasma membrane 

of the ICB was shown to be required for the formation of the secondary ingression and 

CHMP4B recruitment to the abscission site (Figure 2) [12, 19].

Recently it became apparent that Rab11/FIP3-organelles are not the only endosomes 

required for abscission. Rab35 has also emerged as a protein required for cytokinesis [43]. 

While the spatiotemporal dynamics of Rab35-endosomes during cytokinesis remains to be 

defined, it is now clear that Rab35-organelles are a distinct subtype of endosomes that carry 

cargo proteins, such as Septin 2 and oculocerebrorenal syndrome of Lowe (OCRL), which 

are not present in Rab11/FIP3-endosomes (Figure 2) [13]. Interestingly, while Rab35 is 

required for the abscission step of cytokinesis, some evidence suggests that Rab35 may 

additionally regulate the ingression and stability of the cleavage furrow [13].

PtdIns(3)P-rich endosomes also have emerged as important regulators of cytokinesis. The 

role of PtdIns(3)P was uncovered in a study using GFP-tagged 2xFYVE, a known sensor for 

PtdIns(3)P [44]. It was observed that GFP-2xFYVE-containing vesicles were present within 
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the ICB during cytokinesis [44]. While the identity of these organelles is not clear, the 

evidence available so far suggests that they are organelles distinct from Rab35-endosomes 

(Figure 2). The relationship between FIP3-endosomes and PtdIns(3)P-rich endosomes still 

needs to be determined, especially since both were shown to contain the transferrin receptor 

[45]. Moreover, PtdIns(3)P-rich endosomes were shown to contain the protein known as 

FYVE-CENT (FYVE domain containing centrosomal protein) [46]. FYVE-CENT binds to 

tetratricopeptide repeat domain 19 protein (TTC19) and kinesin-like protein Kif13A, with 

all three of these proteins being required for cytokinesis [46]. The function of the FYVE-

CENT/TTC19 complex remains unclear, but as it was shown that TTC19 binds to 

CHMP4B, it is possible that PtdIns(3)-Prich endosomes may be required for the assembly of 

ESCRT-III at the abscission site. What makes PtdIns(3)P-rich endosomes especially 

interesting is the finding that they contain a Vps15/Vps35/Beclin-1 protein complex, along 

with its interacting BIF-1 and UVRAG proteins [47]. All of these proteins together form the 

so-called Activating UVRAG complex, which is required for autophagosome maturation 

[48]. Since autophagosomes mediate the degradation of post-mitotic midbodies (see below), 

it is possible that PtdIns(3)P-rich endosomes may be involved in midbody inheritance.

Taken together, recent studies have led to the conclusion that the coordinated action of 

ESCRT-III along with several different types of endosomes is required for the successful 

completion of cytokinesis. The transport and fusion of endosomes with the ICB plasma 

membrane is likely required to induce the secondary ingression and “prepare” the abscission 

site for the eventual recruitment of the ESCRT-III for the final membrane scission event 

(Figure 2).

The role of endosomes in regulating lipids during cytokinesis

Endosomes and PtdIns(3)P during cytokinesis

Phoshoinositides are well known regulators of many cellular processes including signaling, 

cytoskeleton and membrane transport. One of them, PtdIns(3)P, was recently suggested to 

regulate cytokinesis, based on the observations that PtdIns(3)P-endosomes are present at the 

ICB, and that PI3K inhibitors block cytokinesis and lead to the accumulation of multinuclear 

cells (reviewed in [45]). The function of PtdIns(3)P during cytokinesis remains to be fully 

understood, but various ESCRT complex subunits bind PtdIns(3)P (reviewed in [49]). Thus, 

it is possible that the delivery of PtdIns(3)P to the abscission site may be required for the 

recruitment and assembly of the ESCRT-III filaments during abscission. PtdIns(3)P also 

recruits several effector proteins to endosomes, such as FYVE-CENT, thus ensuring their 

delivery to the ICB [46]. FYVE-CENT binds and recruits several other effector proteins, 

namely TTC19, Becklin1, Vps15, and UVRAG, which are known to regulate protein 

degradation and ESCRT-III recruitment [48]. Interestingly, FYVE-CENT also binds and 

recruits Vps34 (PI3KC3), which generates PI(3)P by phosphorylating PtdIns. Thus, the 

FYVE-CENT/Vps34 complex is likely involved in a positive-feedback loop that is needed 

to maintain high concentrations of PtdIns(3)P within the furrow.
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Endosomes and PtdIns(4,5)P2 during cytokinesis

PtdIns(4,5)P2 also has emerged as a critical player in the regulation of cytokinesis. 

PtdIns(4,5)P2 is enriched at the cleavage furrow and was implicated in regulating inositol 

trisphosphate (IP3)-dependent calcium signaling during cytokinesis (reviewed in [50]). 

Importantly, the endocytic transport itself is dependent on PtdIns(4,5)P2. The Exocyst 

protein complex, known for its role in targeting endosomes to the ICB, can bind directly to 

PtdIns(4,5)P2, although the function of this binding during cytokinesis remains unclear 

(reviewed in [51]). The best-established role of PtdIns(4,5)P2 is its regulation of the actin 

cytoskeleton. It is clearly documented that the accumulation of PtdIns(4,5)P2 during early 

cytokinesis is required for the assembly and activation of the actomyosin ring (reviewed in 

[52]). Septins, filament-forming cytoskeletal proteins, were also shown to interact with 

PtdIns(4,5)P2 [8]. This interaction lowers the concentration of septin required for filament 

formation and mediates the cross-linking of the actomyosins and the septin cortical networks 

to the plasma membrane of the ICB. Interestingly, while high levels of PtdIns(4,5)P2 are 

required during early cytokinesis, the dramatic decrease in PtdIns(4,5)P2 concentration 

within the ICB is required for the cell to undergo abscission, presumably to allow for actin 

depolymerization in the furrow just before abscission [13]. Thus, PtdIns(4,5)P2 levels are 

dynamically regulated to ensure the fidelity of cytokinesis.

Recent studies have established that endosomes are directly involved in regulating 

PtdIns(4,5)P2 levels within the ICB. Arf6, a known cargo protein of Rab11-endosomes, 

binds and activates PIP5K, an enzyme that converts PtdIns(4)P to PtdIns(4,5)P2. Since Arf6 

itself is activated by PtdIns(4,5)P2, it is possible that Arf6 provides a positivefeedback loop 

within the furrow to maintain high concentrations of PtdIns(4,5)P2. In contrast, Rab35-

endosomes regulate the decrease in PtdIns(4,5)P2 levels during late cytokinesis. Rab35-

endosomes deliver the PtdIns(4,5)P2 phosphatase OCRL to the ICB. OCRL then 

dephosphorylates PtdIns(4,5)P2, leading to a decrease in furrow PtdIns(4,5)P2 levels, the 

step that is a prerequisite for abscission [13, 53]. Interestingly, OCRL is mutated in patients 

with oculocerebrorenal syndrome of Lowe, and is required for cytokinesis.

The role of endosomes in regulating the actin cytoskeleton during 

cytokinesis

Recent work strongly implicates endosomes in regulating actin dynamics during furrow 

ingression and abscission. The first indications that Rab11-endosomes may play a role in 

regulating the actomyosin ring came from work in Drosophila embryos. It was observed 

that, during ingression of the cleavage furrow, membrane addition and simultaneous actin 

polymerization occurs at the leading edge of the ingressing cleavage furrow. The source of 

this membrane and these actin filaments has not been precisely defined, but evidence 

implicates the recycling endosome components, Rab11 and Nuclear-fallout (Nuf; FIP3 

orthologue in mammals), in the delivery of membrane and the recruitment of actin to the 

cleavage furrow [36, 54, 55]. In addition, in Drosophila embryos, Nuf is required to recruit 

the membrane-associated discontinuous actin hexagon (DAH) protein to invaginating 

furrows during embryo cellularization [54]. When at the furrow, DAH interacts with the 

actin cytoskeleton, likely mediating the formation of the linkage between the actin 
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cytoskeleton and the membrane of the cleavage furrow [56]. Interestingly, Nuf is not 

required for the recruitment of peanut (septin orthologue in fly) and anillin, and is likely 

delivering endosomal cargos to the cleavage furrow to regulate the actin cytoskeleton [57]. 

Consistent with this hypothesis, during live imaging of these Drosophila embryos, F-actin-

associated endosomal vesicles were recruited to the cleavage furrow along central spindle 

microtubules [55], where they regulate the delivery of membranes and reorganization of the 

actin cytoskeleton at the furrow.

During late telophase in mammalian cells, constriction of the actomyosin contractile ring 

leads to the formation of the ICB, which is stabilized by a cortical actomyosin network at the 

plasma membrane. This actomyosin network is formed, in part, by the remnants of the 

actomyosin contractile ring and by the actin cytoskeleton regulator PtdIns(4,5)P2. While 

regulation of the actin cytoskeleton by PtdIns(4,5)P2 has been expertly covered elsewhere 

[50], it is important to note that high levels of PtdIns(4,5)P2 are associated with actin 

polymerization, while low levels of PtdIns(4,5)P2 are correlated with actin filament severing 

and disassembly.

At the end of cytokinesis, the stable ICB transitions into a more dynamic ICB, where plasma 

membrane waves are produced near the midbody, and the ICB undergoes further 

compaction and secondary ingression [12, 19, 58]. This transition is a prerequisite for the 

formation of the secondary ingression and abscission. To accomplish this transition, the 

cortical actomyosin network of the ICB is disassembled, priming the ICB for ESCRT-

mediated abscission [12, 17]. When disassembly of F-actin is impaired in Drosophila 

twinstar mutants, abnormally large cleavage furrows develop and defects in cytokinesis 

occur. Reorganization of the actin network is accomplished through two different 

mechanisms, each performed by recycling endosomes. The first mechanism is mediated by 

Rab35-endosomes, which deliver OCRL to the ICB to dephosphorylate PtdIns(4,5)P2 [13]. 

Knock-down of either Rab35 or OCRL increases F-actin levels within the ICB and leads to 

abscission defects. The second mechanism is mediated by p50RhoGAP, which is delivered 

by FIP3-endosomes to the ICB during late cytokinesis [12]. The depletion of p50RhoGAP, a 

GAP for RhoA GTPase, also causes an increase in ICB cortical F-actin, as well as abscission 

delays. Together, Rab35 and Rab11/FIP3 endosomes likely cooperate to regulate the 

reorganization of the cortical actomyosin network inside the ICB, thus enabling the 

completion of cytokinesis.

Endosomes and midbody inheritance

The final abscission event of cytokinesis involves the severing of the ICB on one 

(asymmetric abscission) or on both sides of the MB (Figure 3). In the case of asymmetric 

abscission, one of the daughter cells retains the MB (midbody inheritance) (reviewed in 

[16]). This post-mitotic MB derivative (MBd) has been recently shown to be inherited by 

less differentiated, stem cell-like cell populations both in vitro and in vivo [14, 15, 59]. 

Similarly, MBd accumulation was shown in many cancer cell lines and was correlated with 

elevated aggressiveness and increased proliferation of cancer cells [14]. In addition, MBds 

are preferentially inherited by the daughter cell containing the older centrosome [14, 59]. 

Thus, it is clear that the establishment of the abscission site is not a stochastic event, but is 
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tightly regulated by the dividing cell. The machinery mediating this asymmetric abscission 

and midbody inheritance remains to be understood. However, since Rab11/FIP3-endosomes 

were shown to asymmetrically fuse with the plasma membrane of the ICB [12, 19], it is 

tempting to speculate that FIP3-endosomes may play a role in determining the timing and 

location of abscission. During early cytokinesis Rab11/FIP3-endosomes associate with 

centrosomes and move to the ICB only during the late stages of division [19, 40]. Thus, 

Rab11/FIP3-endosomes may also govern the communication between centrosomes and the 

establishment of the abscission site.

Recent studies have shown that MBd retention is regulated by lysosomal degradation (Figure 

3) [14, 59]. The MBd is degraded by Cep55-dependent scaffolding of NBR1 to activate the 

selective autophagy pathway and to encapsulate the midbody in the autophagic membrane. 

Rab11-positive and PtdIns(3)P-rich endosomes were both implicated in the delivery of 

membranes during autophagosome formation. In addition, PtdIns(3)P-rich endosomes 

contain the activating UVRAG protein complex (Beclin1/Vps34/Vps15/UVRAG/BIF1 

proteins), which regulates autophagosome formation and maturation (reviewed in [48]). It is 

possible that these endosomes are not only involved in abscission, but also in the delivery of 

membrane and potentially cargo proteins during post-mitotic MBd degradation. Further 

experimentation will be needed to unravel the mechanisms behind the setting up and 

execution of MB degradation post-cell division.

Concluding remarks

Recent studies have begun to unveil the molecular composition, dynamics and regulation of 

the abscission process. We now understand the basic sequence of the events that lead to the 

severing of the ICB and separation of the daughter cells. It has also become apparent that 

abscission is an immensely complex process that relies on coordinated changes in the 

cytoskeleton, lipid composition and endocytic membrane transport. Thus, while our 

understanding of the molecular machinery regulating abscission is progressing rapidly, 

many open questions remain.

Two of the most important questions are: i) how the ESCRT-III complex relocates from the 

MB to the abscission site; and ii) what is the spatiotemporal regulation of ESCRT-III 

recruitment? Several theoretical models explaining ESCRT-III targeting have been 

proposed, however data unequivocally supporting either one of these models is still lacking. 

Additionally, we still do not understand what the molecular mechanism is that mediates 

ESCRT-based membrane scission. To a large extent the difficulties in understanding the 

timing and regulation of ESCRT-III recruitment is due to the resolution limits of light 

microscopy, which prevent image analysis of microtubule severing, endosome fusion and 

ESCRT-III recruitment during abscission. The emergence of super-resolution imaging 

techniques should allow the field to systematically start addressing these issues.

Another question is why are there so many different endocytic transport pathways required 

for abscission? In this review we focused only on the three best-characterized endosomes 

and their involvement in cytokinesis. The ever-expanding list of proteins regulating 

abscission includes several other Rab GTPases, namely Rab4, Rab10, Rab8 and Rab14, 
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which may mark distinct endocytic transport pathways. One possibility is that some of these 

endosomes may only play a role in cytokinesis within specific tissues or cell types. Indeed, 

we already know that there are significant differences in the process of cytokinesis between 

polarized (e.g., MDCK) and non-polarized (e.g., HeLa) cells [17, 19]. Furthermore, it is 

likely that additional levels of regulation are needed in the case of asymmetric cell division. 

Experiments assessing the involvement of all these endosomes during different types of cell 

division will be needed.

Finally, recent studies demonstrating the role of MB inheritance on cell fate and 

proliferation clearly demonstrate that the establishment of the abscission site within the ICB 

is not a stochastic, but a highly regulated event. Yet, we know very little about what 

regulates asymmetric microtubule severing and asymmetric endosome transport and fusion. 

As the field progresses, it will be interesting to determine the machinery regulating the 

establishment of the abscission site and how this machinery is connected to cancer 

progression and cell differentiation. Finally, since most of the abscission studies have been 

done in vitro, it remains unclear whether similar machinery mediates abscission in vivo and 

how this machinery is regulated in different tissues. Some data already suggests that 

different machinery regulate cytokinesis in different cell types. Thus, further studies will be 

required to dissect the molecular mechanisms of abscission and midbody inheritance in vivo.
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Glossary

Abscission The final step of cytokinesis leading to the fusion of ICB plasma 

membrane and the separation of the daughter cells. Abscission is a 

very complex event that includes dramatic changes in ICB 

microtubules and the actin cytoskeleton. Abscission is also 

dependent on endosomal transport and ESCRT complex formation

Autophagy Autophagy or “self-eating” is used to describe several related 

pathways that degrade large cytosolic structures, such as 

mitochondria, midbodies or other membrane bound organelles. 

Autophagy relies on engulfing these cytosolic structures via the de 

novo formation of double-membrane organelles, known as 

autophagosomes. The formation of these autophagosomes depends 

on several protein complexes, namely autophagy-related genes 

(ATGs) and the Vps15/Vps34/Becklin 1 complex

Centralspindlin 
complex

The centralspindlin complex is a heterodimer consisting of MKLP1 

and Cyk4 (also known as MgcRacGAP) proteins. The 

centralspindlin complex is known to play a key role in the 

crosslinking of the microtubule cytoskeleton, as well as formation 
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and activation of the actomyosin contractile ring. Centralspindlin 

regulates the actomyosin contractile ring by activating RhoA 

GTPase via recruiting Ect2, a known RhoA GEF. Centralspindlin 

can also bind to the FIP3/Rab11 complex, thus regulating FIP3-

endosome accumulation at the ICB during late cytokinesis

Endosomal 
sorting complex 
required for 
transport 
(ESCRT)

ESCRTs are protein complexes that were originally identified as 

regulators of protein targeting to lysosomes. ESCRTs work by 

mediating cargo recruitment and the formation of intraluminal 

vesicles during the maturation of MVBs. ESCRTs are actually four 

distinct complexes: ESCRT-0, -I, -II, -III. Due to topological 

similarities, ESCRTs were also suggested to mediate membrane 

scission during the budding of enveloped viruses and during 

abscission. Consistent with this, ESCRT-III was shown to be 

required for abscission

Rab11 Family 
Interacting 
Proteins (FIPs)

FIPs are well-established effectors specific to Rab11 GTPases. The 

FIP family consists of five members, FIPs1-5. Based on sequence 

homology all FIPs can be divided into two sub-families. Class I FIPs 

(FIP1, FIP2 and FIP5) are known for their regulation of endocytic 

recycling during interphase, while Class II FIPs (FIP3 and FIP4) are 

required for endocytic transport during cytokinesis

Intercellular 
bridge (ICB)

The thin cytoplasmic bridge connecting two daughter cells during 

late cytokinesis. The ICB is about 1–3 µm thick and contains 

remnants of the actomyosin contractile ring and central spindle 

microtubules. The overlapping plus-ends of these microtubules form 

a midbody at the middle of the ICB. The depolymerization of the 

actomyosin ring and localized cutting/depolymerization of central 

spindle microtubules are required for the abscission. The transport of 

various endosomes as well as the oligomerization of the ESCRT-III 

complex within the ICB are also required for abscission

Midbody (MB) The midbody (also known as the Flemming body) is a structure 

localized in the middle of the ICB. The midbody is formed from the 

overlapping plusends of central spindle microtubules, which recruit 

various cross-linking proteins to form a very dense structure during 

late cytokinesis. Abscission usually occurs asymmetrically on one 

side of the midbody, leading to the inheritance of the midbody only 

by one daughter cell

Multivesicular 
Bodies (MVBs)

The endocytic organelle that mediates the lysosomal degradation of 

proteins. The key feature of MVBs is the formation of intraluminal 

vesicles that contain proteins destined for degradation. The 

formation and scission of these intraluminal vesicles are mediated by 

the ESCRT complexes
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Rab GTPases Small monomeric GTPases belonging to a larger Ras GTPase super-

family. All Rab GTPases are activated by binding GTP, and function 

by recruiting specific effector proteins which regulate distinct 

membrane transport steps
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Box 1. RhoA regulates the formation and activation of the actomyosin 
contractile ring

RhoA GTPase is a well-established regulator of the formation and activation of the 

actomyosin contractile ring during cytokinesis. As do all small monomeric GTPases, 

RhoA cycles between GTP-bound (active) and GDP-bound (inactive) states. The 

localized activation of RhoA at the midzone of the dividing cells is mediated by the 

centralspindlin complex (reviewed in [4]). The centralspindlin complex consists of 

kinesin-like MKLP1 and Cyk-4 (also known as MgcRacGAP) proteins. The 

centralspindlin complex binds to the plus-ends of central spindle microtubules and 

functions by recruiting the Ect2 protein. Ect2 (also known as Pebble in fly) is a guanine-

nucleotide exchange factor (GEF) for RhoA, resulting in the activation of RhoA at the 

midzone of the mitotic cell. Ect2 is also phosphorylated and inactivated by CDK1, thus 

temporally coordinating chromosomal segregation and the initiation of cytokinesis. In 

addition to Ect2, GEF-H1 was also shown to act as a RhoA GEF during cytokinesis, 

although the exact role of GEF-H1 during cytokinesis remains to be defined [60].

The inactivation of small monomeric GTPases is mediated by GTPase activating proteins 

(GAPs). The identity of the GAPs that regulate RhoA during cytokinesis remains 

controversial. Cyk-4 itself has a GAP domain and was suggested to also mediate RhoA 

inactivation [61, 62]. The functional significance of the presence of RhoA GAP (Cyk-4) 

and GEF (Ect2) within the same complex is unclear, but it was proposed that constant 

RhoA cycling between active and inactive states is required for the proper localization 

and function of RhoA [61]. Alternatively, Cyk-4 may be a GAP for Rac1. A recent study 

suggested that Cyk-4 acts by inactivating Rac1 and inhibiting Arp2/3-dependent 

branched actin filament formation, while allowing RhoA/formin-dependent linear actin 

filament assembly [63].

In addition to Cyk-4, p50RhoGAP was also shown to be required for RhoA inactivation 

and actin disassembly during cytokinesis [12]. Unlike Cyk-4, RhoA does not bind 

microtubules, but is activated by binding to FIP3/Rab11-containing endosomes and is 

delivered to the cleavage furrow during late telophase [12].
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Box 2. ESCRTs and the formation of intraluminal vesicles

Most membrane-embedded or luminal proteins are degraded via transport through the 

endocytic pathway to lysosomes. This targeting to the lysosomes is driven by protein 

ubiquitination and the formation of intraluminal vesicles (ILVs) within mid-stage 

endosomes, known as multivesicular bodies (MVBs) (reviewed in [64]). Among the 

proteins that mediate ILV formation, many were identified a couple of decades ago via 

genetic screens of vacuolar protein sorting in Saccharomyces cerevisiae. Most of the 

proteins identified in these screens were soluble proteins that regulated ILV formation by 

cycling on and off the limiting MVB membranes. Multiple studies from many 

laboratories have shown that these proteins form four complexes, known as endosomal 

sorting complexes required for transport (ESCRT). ESCRT complexes include ESCRT-0, 

-I, -II and –III, all of which work in a sequential manner to regulate the sorting of 

ubiquitinated proteins (ESCRT-0 and ESCRT-I) as well as the formation (ESCRT-I and 

ESCRT-II) and scission (ESCRT-III) of ILVs [64]. ESCRT-III is most enigmatic of these 

complexes and it remains unclear how ESCRT-III actually causes the scission of the ILV 

neck. The budding yeast ESCRT-III complex contains six proteins, with four of these 

proteins forming a core ESCRT-III complex (Vps2p, Vps20p, Vps24p and Snf7p). Snf7p 

is the functional unit of the complex, since it was shown to form long spiral filaments 

that are capable of deforming membranes in vitro and in vivo [30, 65]. Mammalian 

ESCRT-III consists of 11 proteins, which are often referred to as charged MVB proteins 

(CHMPs). In addition, there is some functional redundancy between different CHMPs. 

For example, CHMP4 (a Snf7p orthologue) comes in three different isoforms, CHMP4A, 

CHMP4B and CHMP4C. While all three isoforms clearly have some functional 

redundancy, recent studies also suggested that they may perform isoform-specific 

functions during ILV formation and cytokinesis [66]. It is clear that the assembly of 

ESCRT-III proteins in spiral, membrane-bound filaments is required for ILV formation 

and scission. However, what is missing from most of these models is an understanding of 

how the polymerization of CHMP4/Snf proteins actually drives membrane deformation 

and scission of the ILV necks.
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Figure 1. Cytoskeletal dynamics during cytokinesis
(A) Schematic representation of actin and microtubule reorganization during cytokinesis. 

Cytokinesis is initiated by the formation of the cortical actomyosin network at the midzone 

of the dividing cell. Contraction of the actomyosin network leads to the cleavage furrow 

ingression and the formation of the intercellular bridge (ICB). ICB formation also leads to 

the compaction of the central spindle microtubules into a structure called the midbody. 

During late telophase, microtubules are severed and depolymerized in an asymmetric 

fashion, thus establishing the future abscission site. Microtubule severing is also 

accompanied by localized actin depolymerization at the abscission site. All of these 

localized changes in the cytoskeleton establish the abscission site and are required for the 

successful completion of cytokinesis.

(B) Schematic representation of RhoA-dependent regulation of the actomyosin contractile 

ring. The RhoA small GTPase exists in two states: GDP-bound (inactive) and GTP-bound 
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(active). The transition of RhoA into its GTP-bound state is mediated by Ect2 and possibly 

by GEF-H1. Ect2 is recruited to the midzone of the dividing cell by binding to the 

Centralspindlin complex (consisting of Cyk-4 and MKLP1), which binds to the plus-ends of 

central spindle microtubules. Activated RhoA then induces the formation of non-branched 

actin filaments by activating formins. RhoA also activates myosin by inducing ROCK-

dependent phosphorylation of the myosin light chain (MLC). At late telophase, RhoA is 

inactivated by p50RhoGAP and possibly Cyk-4, thus converting RhoA to its GDP-bound 

state.
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Figure 2. Endosomes and the ESCRT-III complex mediate abscission
(A) Schematic representation of cell abscission. During telophase, endosomes are deliverer 

to the ICB by moving along central spindle microtubules. At the same time, ESCRT-III 

components accumulate at the midbody by binding Cep55. As the cell progresses through 

telophase, microtubules are depolymerized at the future abscission site. Localized 

microtubule depolymerization is mediated by several mechanisms, including spastin-

dependent severing and bucking-induced breakage. Microtubule depolymerization is 

accompanied by endosome fusion with the ICB’s plasma membrane, leading to cortical actin 
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disassembly and the formation of the secondary ingression. Finally, ESCRT-III is recruited 

from the midbody to the abscission site via mechanisms that remain to be determined. 

ESCRT-III recruitment to the abscission site then leads to the plasma membrane fusion and 

the separation of daughter cells.

(B) At least three types of endosomes are known to be transported to the ICB and be 

involved in regulating abscission. The cargo proteins that have been experimentally shown 

to reside and function within these organelles are listed.
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Figure 3. Mechanisms regulating midbody inheritance
During late telophase cells can form an abscission site either on one side (asymmetric 

inheritance) or both sides (shedding) of the midbody. In the case of a single abscission site, 

only one of the cells inherits the midbody. Midbody retention within this cell is then 

regulated by autohphagy. In contrast, if the cell forms two abscission sites, the midbody is 

discarded.
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