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Over the past 140 years, eukaryotic cell division has been exten-
sively studied and is now understood to be an elaborate, tightly 
regulated set of events that culminates in the formation of two 
distinct daughter cells. The M phase of animal cells is char-
acterized by a profound structural reorganization, regulated by 
a cohort of mitotic kinases and performed by mitosis-specific 
cytoskeletal structures, including the spindle apparatus and the 
cytokinetic midbody (Scholey et al., 2003). The completion of 
cytokinesis, called abscission, involves the severing of the in-
tercellular bridge on both sides of the midbody. In 2007, two 
landmark studies demonstrated that several ESC RT proteins 
localize to the midbody and are required for the completion 
of cytokinesis (Carlton and Martin-Serrano, 2007; Morita et 
al., 2007). Aside from abscission, the ESC RTs participate in 
the formation of multivesicular endosomes (MVEs), function 
in plasma membrane repair, and participate in numerous other 
cellular processes (Katzmann et al., 2002; Morita and Sund-
quist, 2004; Hurley, 2015).

The canonical model for ESC RT function at MVEs in-
volves the hierarchical recruitment of ESC RT proteins in four 
unique complexes: ESC RT-0 through ESC RT-III. The ESC RTs 
cluster cargos and deform membrane, and current models sug-
gest that ESC RT-III subunits polymerize to form filaments that 
spiral down into the neck of a nascent intralumenal vesicle 
(Schuh and Audhya, 2014). With the assistance of the VPS4 
AAA ATPase, ESC RT filaments are remodeled to facilitate 
vesicle fission (Shen et al., 2014). Though MVE maturation 
utilizes all four ESC RT complexes, cytokinetic abscission has 
been previously thought to require only ESC RT-I, ESC RT-III, 
and the ESC RT-associated ALG2-interacting factor ALIX 
(Morita et al., 2010). ALIX interacts with both the ESC RT-I 
protein TSG101 and all three ESC RT-III CHMP4 isoforms and 
has been postulated to act as an ESC RT-II bypass for linking 
ESC RT-I and ESC RT-III in abscission (Schuh and Audhya, 
2014). However, the precise mechanism underlying the recruit-
ment of the ESC RT-III complex to the midbody during cytoki-
nesis has remained ambiguous.

In this issue, Christ et al. address how the ESC RT-III 
component CHMP4B (Vps32 in other metazoan systems) is 
recruited to the midbody and demonstrate the necessity of the 
ESC RT-II complex in this process. They observed that recruit-
ment of CHMP4B to the midbody was abrogated when they 
codepleted ALIX and the ESC RT-I component TSG101 in 
cultured HeLa cells, but that CHMP4B did accumulate when 
only one of these components was depleted. These data indi-
cate that CHMP4B can be recruited to the midbody via TSG101 
or ALIX, but that the two proteins are unlikely to perform this 
function as a complex, suggesting that CHMP4B recruitment to 
the midbody involves two independent pathways.

After immunofluorescence staining of fixed cells, Christ 
et al. (2016) found that the endogenous ESC RT-III protein 
CHMP6 and the ESC RT-II protein EAP20 (VPS20 and VPS25 
in other systems, respectively) localize to the midbody, con-
sistent with a previous overexpression study (Thoresen et al., 
2014). They additionally performed several depletion exper-
iments to establish that ESC RT-II recruits CHMP6 without 
affecting TSG101 localization, demonstrating that CHMP6 
acts downstream of ESC RT-I and ESC RT-II. This shows that 
ESC RT-I recruits ESC RT-III to the cytokinetic midbody the 
same way it does at the MVE.

Christ et al. (2016) also show that CHMP4B can still 
be recruited normally when the ESC RT-II component EAP30 
(VPS22 in other systems) is depleted, but not when EAP30 is 
codepleted with ALIX, strongly suggesting that ALIX-depen-
dent accumulation of CHMP4B does not involve CHMP6 and, 
more generally, that there are two pathways that can each recruit 
CHMP4B to the midbody: an ESC RT-I–ESC RT-II–CHMP6 
pathway and an ALIX-dependent pathway. It will be import-
ant for future work to consider the partial redundancy between 
these two pathways when assaying the dispensability of early 
acting ESC RT complexes in cellular processes.

In addition, Christ et al. (2016) observed that ALIX de-
pletion led to furrow regression and binucleation in divid-
ing cells with chromatin spanning the intercellular bridge, 
the same phenotype observed in cells expressing a CHMP4C 
construct lacking the ALIX interaction domain. Further, they 
showed that CHMP4C localization to the midbody is abrogated 
after ALIX depletion but is unaffected by TSG101 knock-
downs, strongly implicating ALIX in CHMP4C recruitment 
independently of ESC RT-I.

During cytokinetic abscission, the endosomal sorting 
complex required for transport (ESC RT) proteins are 
recruited to the midbody and direct the severing of the 
intercellular bridge. In this issue, Christ et al. (2016. 
J. Cell Biol. http ://dx .doi .org /10 .1083 /jcb .201507009) 
demonstrate that two separate but redundant pathways 
exist to recruit ESC RT-III proteins to the midbody.
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Our overall understanding of the regulation of abscission 
still remains elementary (Fig. 1). In addition to the roles of the 
ESC RT machinery, the chromosomal passenger complex (CPC) 
regulates the timing of cytokinesis and abscission via interac-
tions with the Polo-like kinase PLK1, the mitotic kinesin-like 
protein MKLP1, and CEP55, a key component of the midbody 
that associates directly with both ESC RT-I and ALIX (Schuh 
and Audhya, 2014). One current model is that the CPC promotes 
the formation of a ternary complex consisting of CHMP4C, 
ANC HR, and VPS4 and prevents premature action by VPS4 in 
response to chromatin trapped in the midbody (Thoresen et al., 
2014). It has also been suggested that CHMP4C phosphoryla-
tion by the enzymatic core of the CPC, the Aurora B kinase, di-
rects CHMP4C localization to the midbody and its retention of 
VPS4 (Carlton et al., 2012). With the new findings by Christ et 
al. (2016), the relationship between Aurora B–mediated phos-
phorylation of CHMP4C and its ability to bind ALIX must now 
be further explored. Additionally, because ALIX appears to be 
the primary factor that recruits CHMP4C to the midbody, it may 
represent a novel therapeutic target for activation or bypass of 
the NoCut abscission checkpoint.

In contrast to the necessity of ALIX during cytokinetic 
abscission, its role during MVE formation and ubiquitin-depen-
dent cargo degradation remains debatable. Depletion studies 
suggest that ALIX is dispensable for the lysosomal sorting of 
several cargoes (Bowers et al., 2006). However, ALIX is capa-
ble of targeting to late endosomal membranes through its in-
teraction with lysobisphosphatidic acid, and some data suggest 
that ALIX can promote ESC RT-III filament assembly at MVEs 
(Matsuo et al., 2004; Pires et al., 2009; Bissig and Gruenberg, 
2014). In the future, it will be essential to elucidate the mech-
anisms by which ALIX and CHMP6 direct the nucleation of 
CHMP4B/ESC RT-III spiral filaments and to determine whether 

the membrane landscapes of the MVE and the cytokinetic 
bridge differ in a manner that promotes one pathway over the 
other. As cryoelectron microscopy–based approaches in cells 
and reconstituted systems advance, the answer to these ques-
tions may become more accessible.
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