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Actin polymerization and turnover are essential for furrow ingression in animal cells [START_REF] Green | Cytokinesis in Animal Cells[END_REF][START_REF] D'avino | Cytokinesis in animal cells[END_REF].

After furrow ingression, a microtubule (MT)--filled intercellular bridge connects the daughter cells for several hours before the final cut [START_REF] Mierzwa | Cytokinetic Abscission: Molecular Mechanisms and Temporal Control[END_REF]. Ten years ago, a breakthrough in the field was the finding of a role for the Endosomal Sorting Complex Required for Transport (ESCRT) in cytokinetic abscission, which at that time was known for intraluminal vesicle scission in late endosomes/multivesicular bodies (MVBs) and for retroviral budding [4--6]. Although the detailed mechanism is under debate [START_REF] Schoneberg | Reverse--topology membrane scission by the ESCRT proteins[END_REF], the current literature indicates that the ESCRT machinery is sufficient for outward membrane budding and fission [START_REF] Wollert | Molecular mechanism of multivesicular body biogenesis by ESCRT complexes[END_REF], an event that is topologically equivalent to cytokinesis. In this review, we will focus on 1) how the septin cytoskeleton is regulated to maintain bridge stability, 2) how ESCRT polymers are turned-over to promote abscission and 3) the recent findings regarding MT and F--actin clearance within the bridge prior to abscission to allow for correct ESCRT filament assembly.

Septin filament dynamics and intercellular bridge stability

The stability of the cytokinetic bridge becomes independent of actin filaments soon after furrow ingression but relies on septins [9--11]. Septins are GTP--binding proteins that assemble into non--polar, rod--shaped oligomeric complexes and higher--order structures such as filaments and bundles [START_REF] Mostowy | Septins: the fourth component of the cytoskeleton[END_REF]. Septins localize to the intercellular bridge and their inactivation usually leads to binucleated cells due to either an unstable, and sometimes displaced, cleavage furrow or intercellular bridge relaxation in several animal models [13--16], but not in C. elegans [START_REF] Green | The midbody ring scaffolds the abscission machinery in the absence of midbody microtubules[END_REF]. In Drosophila S2 cells, the septin Peanut (Septin 7) acts in complex with anillin to maintain connections between the midbody and the plasma membrane, thus maintaining furrow/bridge stability. In addition, septins are required for trimming away excess anillin--positive membranes from the early bridge, which promotes its maturation, both in Drosophila [START_REF] El Amine | Opposing actions of septins and Sticky on Anillin promote the transition from contractile to midbody ring[END_REF] and human [START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF] cells. Among human septins, SEPT9 plays a distinct and later role in cytokinesis, since its inactivation essentially delays abscission but does not generate binucleated cells [START_REF] Estey | Distinct roles of septins in cytokinesis: SEPT9 mediates midbody abscission[END_REF][START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF][START_REF] Kim | SEPT9 occupies the terminal positions in septin octamers and mediates polymerization--dependent functions in abscission[END_REF]. Altogether, recent evidence indicates a role for septins in bridge maturation, a step preceding and required for ESCRT--III recruitment to the abscission site [START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF][START_REF] Green | The midbody ring scaffolds the abscission machinery in the absence of midbody microtubules[END_REF], but the exact mechanistic roles of septins in this process are not yet fully understood.

In yeast, septins were the first substrates reported to be post--translationally modified by SUMOylation (a moiety resembling Ubiquitin), but this modification is not critical for cytokinesis [START_REF] Johnson | Cell cycle--regulated attachment of the ubiquitin--related protein SUMO to the yeast septins[END_REF][START_REF] Takahashi | Smt3, a SUMO--1 homolog, is conjugated to Cdc3, a component of septin rings at the mother--bud neck in budding yeast[END_REF]. In contrast, findings in human cells revealed this year that septins are SUMOylated and that this modification is important for cytokinesis [START_REF] Ribet | SUMOylation of septins in human cells, identified non--SUMOylable mutants and revealed the role of SUMOylation in preventing the formation of abnormal septin bundles that perturb cytokinesis[END_REF]. Indeed, non--SUMOylable mutant septins assemble in abnormally long and thick bundles that do not turnover. These bundles likely constitute a physical block within the intercellular bridge, which explains bridge relaxation and observed binucleated cells [START_REF] Ribet | SUMOylation of septins in human cells, identified non--SUMOylable mutants and revealed the role of SUMOylation in preventing the formation of abnormal septin bundles that perturb cytokinesis[END_REF]. Whether SUMO directly controls filament assembly into higher--order structures or whether SUMOylation of septins regulates the interaction of proteins that inhibit the formation of large bundles remains to be investigated. In any case, this highlights a new role for SUMOylation both in cytoskeletal dynamics and cytokinesis (Figure 1A).

ESCRT--III filaments and cytokinetic abscission

As mentioned in the introduction, current models indicate that the ESCRT machinery is responsible for the final abscission, which takes place on the midbody side (also called the "secondary ingression site") [10,16,22--24]. Consistently, depletion of several key ESCRT components or associated proteins such as ALIX, TSG101 (ESCRT--I) and several CHMPs (ESCRT--III) leads to cytokinetic delay, abscission failure and binucleated cells in human cells [START_REF] Carlton | Parallels between cytokinesis and retroviral budding: a role for the ESCRT machinery[END_REF][START_REF] Morita | Human ESCRT and ALIX proteins interact with proteins of the midbody and function in cytokinesis[END_REF][START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF]. Mechanistically, ESCRT--III can polymerize into filaments in vitro [START_REF] Schoneberg | Reverse--topology membrane scission by the ESCRT proteins[END_REF] and the presence of 17 nm cortical intertwined filamentous helices have been observed at the abscission site in human cells by electron and X--ray microscopy [START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF][START_REF] Sherman | Resolving new ultrastructural features of cytokinetic abscission with soft--X--ray cryo--tomography[END_REF][START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. In cells depleted for the ESCRT--III component CHMP2A, these helices are no longer present, and concomitantly no cortical constriction is observed [START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF]. This indicates that either these helices are made of ESCRT, or the ESCRT machinery is required for these filaments to polymerize and constrict the intercellular bridge. This is a crucial point that has to be resolved in our standard model of abscission, perhaps by combining super--resolution and EM tomography. Interestingly, other filamentous structures made of anillin and septins are also observed at the secondary ingression site before CHMP4B recruitment [START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF]. Thus, the relationship between these different filamentous polymers and the helices observed by EM has to be clarified in future studies. Furthermore, published micrographs show ESCRT--III--dependent helices in bridges constricted to no less than 150--200 nm [START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF][START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. Thus, more work is needed to observe helices in further constricted states in order to definitively prove that ESCRT--III--dependent helices drive the final pinch. This might prove tedious if the final constriction step is fast and thus difficult to catch. A provocative, alternative possibility would be that after ESCRT--III constriction to 150--200 nm, there is an additional ESCRT-independent step leading to the final scission of the intercellular bridge at 3--10 nm, perhaps involving lipid modifications [START_REF] Atilla--Gokcumen | Dividing cells regulate their lipid composition and localization[END_REF][START_REF] Cauvin | Phosphoinositides: Lipids with informative heads and mastermind functions in cell division[END_REF].

Recent findings clarified the mechanisms by which the ESCRT--III machinery is recruited to the intercellular bridge. It was shown that Cep55 plays a pivotal role in directly recruiting TSG101 and ALIX to the midbody in mammalian cells [START_REF] Morita | Human ESCRT and ALIX proteins interact with proteins of the midbody and function in cytokinesis[END_REF][START_REF] Lee | Midbody targeting of the ESCRT machinery by a noncanonical coiled coil in CEP55[END_REF]. It is now shown that ALIX and TSG101 act in parallel to fully recruit ESCRT--III components [START_REF] Christ | ALIX and ESCRT--I/II function as parallel ESCRT--III recruiters in cytokinetic abscission[END_REF]: ALIX is activated by phosphorylation [START_REF] Sun | Phosphorylation--Dependent Activation of the ESCRT Function of ALIX in Cytokinetic Abscission and Retroviral Budding[END_REF] and directly interacts with CHMP4B, whereas the ESCRT--I components TSG101 and VPS28 recruit ESCRT--II proteins which in turn recruit the ESCRT--III CHMP4B. Yet, these two parallel pathways are not equivalent, as only ALIX appears to have a specific role in the prevention of binucleation [START_REF] Morita | Human ESCRT and ALIX proteins interact with proteins of the midbody and function in cytokinesis[END_REF][START_REF] Christ | ALIX and ESCRT--I/II function as parallel ESCRT--III recruiters in cytokinetic abscission[END_REF]. Similarly, CHMP4C, another ESCRT protein involved in the abscission checkpoint (see below), is recruited via ALIX but not TSG101 [START_REF] Christ | ALIX and ESCRT--I/II function as parallel ESCRT--III recruiters in cytokinetic abscission[END_REF]. A question that remains poorly understood is how ESCRT--III components, initially found at the midbody are later found at the abscission site. Does this involve a separate recruitment from a cytosolic pool? Does ESCRT--III physically translocate from the midbody to the abscission site? Is this related to relaxation of tension within the intercellular bridge [START_REF] Elia | Computational Model of Cytokinetic Abscission Driven by ESCRT--III Polymerization and Remodeling[END_REF][START_REF] Lafaurie--Janvore | ESCRT--III assembly and cytokinetic abscission are induced by tension release in the intercellular bridge[END_REF]? Despite these interrogations, it is known that the relocalization of CHMP4B from the midbody to the abscission site depends on anillin/septins [START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF], as well as F--actin clearance (see below).

Regarding the issue of the spatial and temporal recruitment of the ESCRT machinery at the midbody and the abscission site, important progress has been made this year. Near-endogenous expression levels of tagged proteins combined with fluorescent microscopy revealed that the AAA--ATPase VPS4, which is known to disassemble ESCRT filaments [START_REF] Schoneberg | Reverse--topology membrane scission by the ESCRT proteins[END_REF],

does not arrive to the midbody just before abscission as initially thought [START_REF] Elia | Dynamics of endosomal sorting complex required for transport (ESCRT) machinery during cytokinesis and its role in abscission[END_REF], but instead is continuously present throughout ESCRT--III subunit recruitment [START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. The presence of VPS4 at the midbody explains why ESCRT--III filaments are highly dynamic (their different subunits display a high turnover, with residence time of 20 sec) [START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. At first counter intuitively, this process leads to a net increase in the amount of CHMP4B during progress toward abscission. Indeed, depletion of the AAA--ATPase VPS4 abolishes CHMP4B turnover at the midbody, diminishes the recruitment of ESCRT--III, prevents the constriction of the intercellular bridge, and results in a strong delay in abscission [START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. Remarkably, in vitro reconstitution assays coupled with high--speed atomic force microscopy (AFM) revealed that ESCRT--III filaments form spirals that undergo both rapid growth and shrinkage in the presence of VPS4 and ATP [START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. Altogether, this suggests that continuous VPS4--dependent turnover of ESCRT--filaments is crucial for filament growth and abscission in vivo, revisiting the mechanistic role of VPS4 and ATP hydrolysis in polymer constriction. Interestingly, the spiral helices could not fully contract in vitro [START_REF] Mierzwa | Dynamic subunit turnover in ESCRT--III assemblies is regulated by Vps4 to mediate membrane remodelling during cytokinesis[END_REF]. Thus, either an additional component is missing for full constriction, or, as mentioned above, the ESCRT machinery is required for successful abscission but does not drive it to completion. Importantly, turnover of ESCRT--III by Vps4 could be a general principle in ESCRT--dependent mechanisms since a continuous and stochastic recruitment of Vps4 throughout the process of intraluminal vesicle budding in yeast MVBs has now been observed [START_REF] Adell | Recruitment dynamics of ESCRT--III and Vps4 to endosomes and implications for reverse membrane budding[END_REF]. Understanding how polymer remodeling translates into fission is thus a major challenge for the future.

Microtubule and F--actin clearance at the abscission site

Microtubule bundles are locally severed at the secondary ingression site [START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF][START_REF] Renshaw | Anillin--dependent organization of septin filaments promotes intercellular bridge elongation and Chmp4B targeting to the abscission site[END_REF][START_REF] Elia | Dynamics of endosomal sorting complex required for transport (ESCRT) machinery during cytokinesis and its role in abscission[END_REF][START_REF] Schiel | FIP3--endosome-dependent formation of the secondary ingression mediates ESCRT--III recruitment during cytokinesis[END_REF] and this is presumably an important step for ESCRT filaments to be able to constrict to completion. Remarkably, the MT--severing AAA--ATPase spastin directly interacts with the ESCRT--III component CHMP1B, and is required for normal abscission [START_REF] Guizetti | Cortical Constriction During Abscission Involves Helices of ESCRT--III--Dependent Filaments[END_REF][START_REF] Lafaurie--Janvore | ESCRT--III assembly and cytokinetic abscission are induced by tension release in the intercellular bridge[END_REF][START_REF] Connell | Spastin couples microtubule severing to membrane traffic in completion of cytokinesis and secretion[END_REF][START_REF] Yang | Structural basis for midbody targeting of spastin by the ESCRT--III protein CHMP1B[END_REF]. This suggests a molecular mechanism coordinating ESCRT recruitment and MT clearance at the abscission site. The same coordination between ESCRT--III and spastin has also been recently observed during nuclear envelope reformation at mitotic exit [START_REF] Vietri | Spastin and ESCRT--III coordinate mitotic spindle disassembly and nuclear envelope sealing[END_REF]. However, the importance of spastin for severing MTs at the abscission site is discussed, since spastin--independent, buckling--induced MT severing has also been proposed [START_REF] Schiel | Endocytic membrane fusion and buckling--induced microtubule severing mediate cell abscission[END_REF].

In addition to MTs, F--actin must be cleared from the intercellular bridge for successful abscission [START_REF] Schiel | FIP3--endosome-dependent formation of the secondary ingression mediates ESCRT--III recruitment during cytokinesis[END_REF][START_REF] Dambournet | Rab35 GTPase and OCRL phosphatase remodel lipids and F--actin for successful cytokinesis[END_REF][START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF]. However, whether this has to occur specifically at the secondary site or all along the bridge has not yet been resolved. Two mechanisms for F--actin clearance have been elucidated. The first mechanism relies on the Rab35 GTPase which recruits an effector, the PtdIns(4,5)P 2 lipid phosphatase OCRL [START_REF] Cauvin | Rab35 GTPase Triggers Switch--like Recruitment of the Lowe Syndrome Lipid Phosphatase OCRL on Newborn Endosomes[END_REF], to the intercellular bridge [START_REF] Dambournet | Rab35 GTPase and OCRL phosphatase remodel lipids and F--actin for successful cytokinesis[END_REF]. PtdIns(4,5)P 2 hydrolysis by OCRL limits F--actin oligomerization and is required for normal abscission [START_REF] Cauvin | Phosphoinositides: Lipids with informative heads and mastermind functions in cell division[END_REF][START_REF] Dambournet | Rab35 GTPase and OCRL phosphatase remodel lipids and F--actin for successful cytokinesis[END_REF]. In addition, Rab11--FIP3--positive endosomes deliver the p50RhoGAP cargo to the bridge to further limit Rho GTPase activation and thus F--actin polymerization in bridges [START_REF] Schiel | FIP3--endosome-dependent formation of the secondary ingression mediates ESCRT--III recruitment during cytokinesis[END_REF]. The second mechanism, also depending on Rab35, was revealed this year and depends on another effector of this GTPase: the oxidoreductase MICAL1 [START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF] (Figure 1B).

MICAL1 is an enzyme that oxidizes methionine residues on F--actin and induces filament depolymerization in vitro [START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF][START_REF] Hung | Direct redox regulation of F--actin assembly and disassembly by Mical[END_REF] (for a recent review regarding MICAL enzymes see [START_REF] Fremont | Emerging roles of MICAL family proteins --from actin oxidation to membrane trafficking during cytokinesis[END_REF]).

Rab35 binding to MICAL1 is sufficient to activate the enzymatic activity of MICAL1, which is tightly regulated [START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF]. In addition, Rab35 recruits a pool of MICAL1 at or close to the abscission site a few minutes before abscission [START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF]. Altogether, Rab35/MICAL1 actively clear F--actin from bridges, which is a step required for normal abscission and recruitment of ESCRT--III to the abscission site [START_REF] Fremont | Oxidation of F--actin controls the terminal steps of cytokinesis[END_REF]. Interestingly, other proteins that need to be discovered also contribute to MICAL1 recruitment during cytokinesis, and may include other Rab GTPases known to interact with MICAL1 [START_REF] Fremont | Emerging roles of MICAL family proteins --from actin oxidation to membrane trafficking during cytokinesis[END_REF]. In summary, two GTPases control parallel pathways that cooperate in F--actin clearance and correct ESCRT--III recruitment at the abscission site. On the one hand, these pathways limit the amount of F--actin polymerization via Rab35/OCRL1 and Rab11/MICAL1 and, on the other hand, actively depolymerize F--actin at the bridge via Rab35/MICAL1. It remains to be established how Rab35 is activated at the midbody and the abscission site, and whether vesicular delivery is involved in enriching this GTPase at specific locations within the intracellular bridge (for a recent review on membrane traffic and cytokinesis, see [START_REF] Fremont | Membrane Traffic and Cytokinesis: The Final Cut under review[END_REF]). Another interesting issue is to determine whether Rab11 and Rab35 act sequentially or in parallel during the process of F--actin clearance.

Conclusion and open questions

Several recent studies have helped to understand the multiple events of cytoskeletal remodeling involved in the late steps of cytokinesis (Figure 2). A number of remaining questions regarding the remodeling of septins, MTs, actin and ESCRT filaments have been detailed above and the main ones are summarized in the BOX. Besides answering these questions, several areas are expected to yield exciting findings in future studies.

First, the study of cytokinesis in abnormal or pathological situations, such as during aging or when a stress is present. An abscission checkpoint, also called the "abscission checkpoint", was discovered several years ago in seminal works in yeast (termed the "NoCut checkpoint" in this organism) [START_REF] Norden | The NoCut pathway links completion of cytokinesis to spindle midzone function to prevent chromosome breakage[END_REF] and in mammalian cells [START_REF] Steigemann | Aurora B--mediated abscission checkpoint protects against tetraploidization[END_REF]. This evolutionarily--conserved checkpoint delays abscission when lagging chromatin abnormally stays in the intercellular bridge, but also after a variety of other cytokinetic stresses such as defects in nuclear pore reformation or high levels of intercellular tension [33,47--50]. Mechanistically, activated Aurora B mediates the checkpoint by phosphorylating the ESCRT--III subunit CHMP4C, which acts as a negative regulator of ESCRT--III filament assembly [51--53]. In addition, the ATPase VPS4 interacts with the checkpoint regulator ANCHR, which together with CHMP4C retains VPS4 at the midbody and thus delays abscission [START_REF] Thoresen | ANCHR mediates Aurora--B--dependent abscission checkpoint control through retention of VPS4[END_REF]. The kinase ULK3 also phosphorylates and inhibits IST1, which is an ESCRT--III component required for abscission and a key regulator of Vps4 [START_REF] Caballe | ULK3 regulates cytokinetic abscission by phosphorylating ESCRT--III proteins[END_REF]. Furthermore, recent work identified the CDK--like kinases Clk1, Clk2 and Clk4 as additional activators of Aurora B [START_REF] Petsalaki | Clks 1, 2 and 4 prevent chromatin breakage by regulating the Aurora B--dependent abscission checkpoint[END_REF]. Altogether, there is clear evidence that the Aurora B-dependent abscission checkpoint regulates the assembly and constriction of ESCRT--III filaments in response to cytokinetic stresses. Interestingly, activation of the checkpoint is associated with the appearance of F--actin patches at the bridge entrance that presumably play an important role in bridge stability and prevention of tetraploidy while abscission is halted [START_REF] Steigemann | Aurora B--mediated abscission checkpoint protects against tetraploidization[END_REF]. Despite rapid advancements, many questions remain unanswered: which exact chromatin defects activate the checkpoint [START_REF] Amaral | The Aurora--B--dependent NoCut checkpoint prevents damage of anaphase bridges after DNA replication stress[END_REF]? How are diverse cytokinetic stresses recognized and how do they activate checkpoint kinases? How is F--actin maintained at high levels when the checkpoint is activated in mammalian cells? Are double strand breaks observed when the checkpoint is defective, resulting from nuclear envelope rupture and entry of cytoplasmic nucleases [START_REF] Norden | The NoCut pathway links completion of cytokinesis to spindle midzone function to prevent chromosome breakage[END_REF][START_REF] Caballe | ULK3 regulates cytokinetic abscission by phosphorylating ESCRT--III proteins[END_REF][START_REF] Maciejowski | Chromothripsis and Kataegis Induced by Telomere Crisis[END_REF][START_REF] Raab | ESCRT III repairs nuclear envelope ruptures during cell migration to limit DNA damage and cell death[END_REF]]? Answering some of these questions should help to understand the multiple changes in F--actin and ESCRT--III remodeling that are observed in response to checkpoint activation.

Second, there is an urgent need to confirm in vivo the pathways and mechanisms described within this review in cultured cells. In the few in vivo studies, unexpected results have been numerous. For instance, ESCRTs are required for abscission in female germ cells in Drosophila, but not in somatic cells [START_REF] Matias | Abscission is regulated by the ESCRT--III protein shrub in Drosophila germline stem cells[END_REF]61]. Similarly, SEPTIN7 is required for cytokinesis in mouse fibroblasts but not in hematopoietic stem cells [62]. In addition, the septin Peanut is required for cytokinesis in the first (planar) but not the second (orthogonal) division of sensory precursor stem cells in Drosophila [63]. Thus, the filament components described above can be essential or not depending on the context or the organism. 

Finally, a recent

  report exemplified how partial our understanding of late cytokinetic events is. Quite unexpectedly, during the first division of C. elegans embryos, no helices could be observed at the abscission site by EM tomography [64]. Instead, ESCRT--III--dependent filamentous helices are unambiguously detected at multiple buds emerging from the midbody. Furthermore, ESCRTs are not essential for abscission in this first division (upon depletion, a slight delay is observed, as opposed to a strong delay found in human cells) [64]. Nevertheless, in both models abscission eventually occurs in most of the cells upon ESCRT--III inactivation. This might be due to residual ESCRT functions or ESCRT component redundancy but might also suggest the existence of an ESCRT--independent mechanism of abscission, which is new territory to be explored in the future. BOX: Key unanswered questions regarding cytoskeletal remodeling during late cytokinesis 1--Are helices at the abscission site made of ESCRT components? 2--Do ESCRT--dependent helices constrict to completion and trigger abscission? 3--What are the relationships between anillin, septin and ESCRT--dependent helices? 4--How do septins promote ESCRT filament localization? 5--What determines the recruitment of the ESCRT--III pool at the abscission site? 6--How is Rab35 activated and localized to the abscission site? 7--How is F--actin stabilized when the abscission checkpoint is activated? 8--Which pathways are required for abscission in vivo? 9--What are the potential ESCRT--independent mechanisms involved in abscission?

Figure 2 :

 2 Figure 2: Mechanisms controlling cytoskeletal remodeling in the post--furrowing steps of cytokinesis. Septins, F--actin, microtubules and ESCRT--III filaments are indicated in blue, green, grey and red, respectively. Note that ESCRT--III recruitment and constriction at the abscission site require clearance of both microtubules and F--actin.

Acknowledgements

We thank Ronan Shaughnessy for critical reading of the manuscript. Work from A. Echard's laboratory receives financial support from Institut Pasteur, the Centre National de la Recherche Scientifique (CNRS), the Institut National du Cancer (INCa 2014--1--PLB IO--04), ANR (AbsyStem 15--CE13--0001--02 and CYTOSIGN 16--CE13--004--02) and ASL (Association Syndrome de Lowe). JB has been awarded a doctoral fellowship from the Pasteur Paris University International doctoral program and Carnot--Pasteur MI. CA has been awarded a doctoral fellowship from the Ecole Doctorale "Complexité du Vivant" UPMC and the Ecole Polytechnique. We apologize to those colleagues whose work could not be cited due to space limitations.