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CHMP4C: A novel regulator of the mitotic spindle checkpoint
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ABSTRACT
The mitotic spindle checkpoint delays anaphase onset until all chromosomes have achieved stable
kinetochore-microtubule attachments. Here, we discuss recent findings showing that CHMP4C, a compon
ent of the endosomal sorting complex required for transport (ESCRT) machinery, protects human cells against
chromosome missegregation by promoting localisation of the ROD–ZW10–ZWILCH (RZZ) spindle checkpoint
complex to unattached kinetochores.
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The mitotic spindle checkpoint protects against chromosome
missegregation and aneuploidy by delaying sister chromatid
separation in the presence of unattached or improperly-
attached kinetochores.1 Conserved components of the spindle
checkpoint pathway include the mitotic arrest deficient (MAD;
MAD1, MAD2, and BUBR1) and the budding uninhibited by
benzimidazole (BUB; BUB1 and BUB3) proteins. Accumula-
tion of MAD and BUB proteins on unattached kinetochores
is essential to prevent activation of the anaphase-promoting
complex/cyclosome (APC/C) and delay mitotic exit.1 In meta-
zoans, recruitment of the MAD1-MAD2 heterodimer to unat-
tached kinetochores requires the activity of the ROD–ZW10–
ZWILCH (RZZ) complex and cells lacking RZZ proteins are
spindle checkpoint deficient.2,3 However, how RZZ is targeted
to kinetochores is a matter of active investigation.

Charged multivesicular body protein 4C (CHMP4C), a
component of the endosomal sorting complex required for
transport-III (ESCRT-III) machinery, is a human orthologue
of the yeast protein Snf7 that is involved in multivesicular
body sorting.4 CHMP4C is required for the abscission check-
point that delays the final cut of the narrow cytoplasmic canal
between daughter cells in the presence of trapped chromatin
and functions as an abscission timer in normally segregating
cells.5 During the abscission checkpoint, the AURORA B
kinase phosphorylates CHMP4C and this phosphorylation
targets CHMP4C to the midbody centre to prevent down-
stream ESCRT components including the ATPase VPS4 from
relocalizing to the abscission site to deliver the final cut.5

Recent evidence from our lab has shown an unexpected role
for CHMP4C in the mitotic spindle checkpoint, independently
from its membrane-directed activities.6 CHMP4C localises to
prometaphase kinetochores in the absence of spindle poisons
or after treatment of cells with a concentration of nocodazole
that completely depolymerizes spindle microtubules. However,
CHMP4C is reduced from kinetochores in chromosomes
aligned at the metaphase plate or in prometaphase cells treated

with taxol, a spindle drug that stabilizes microtubules. CH
MP4C is required for optimal chromosome alignment and seg-
regation in the absence of spindle poisons and for mitotic arrest
when kinetochores are unattached by nocodazole-treatment.
Furthermore, CHMP4C binds to ZW10 in cell extracts and in
vitro and promotes localization of BUBR1, RZZ and MAD1-
MAD2 complexes to prometaphase kinetochores. These results
show that CHMP4C acts as a loading factor for the RZZ
complex to unattached kinetochores (Figure 1). However,
CHMP4C is dispensable for RZZ kinetochore localization and
mitotic arrest when spindle function is disrupted by taxol,
suggesting that additional proteins are required for RZZ local-
isation to improperly-attached kinetochores (Figure 1). One
possibility is that RZZ makes physical contacts with KNL1-
BUB1 and/ or KNL1-ZWINT1 kinetochore complexes inde-
pendently of CHMP4C.7,8 Also, the mitotic kinase AURORA B
that is required for mitotic arrest in the presence of taxol, could
promote localisation of RZZ to misattached kinetochores by
phosphorylating ZWINT1.9 Such alternative mechanisms may
allow the spindle checkpoint to respond to more than one type
of defect ensuring a higher level of chromosome segregation
fidelity.

In addition, CHMP4C-deficient cells in prometaphase
exhibit reduced cold-stable microtubule polymers, suggesting
that CHMP4C is required for robust kinetochore–microtubule
attachments (Figure 1).6 These results indicate that CHMP4C
has the additional task of regulating kinetochore-microtubule
interactions, as previously shown for other spindle checkpoint
proteins.10 After chromosomes bi-orient, stable kinetochore-
microtubule attachments may lead to dissociation of CHMP4C
from metaphase kinetochores.

Why would cells employ CHMP4C, an abscission check-
point protein, in spindle checkpoint signalling? By recycling
proteins, such as CHMP4C and AURORA B, in the spindle
checkpoint and cytokinesis/abscission, cells may coordinate
chromosome alignment and segregation with the late stages of

CONTACT George Zachos gzachos@uoc.gr Department of Biology, University of Crete, Vassilika Vouton, Heraklion 70013, Greece.
© 2018 Taylor & Francis Group, LLC

MOLECULAR & CELLULAR ONCOLOGY
2018, VOL. 5, NO. 3, e1445944 (2 pages)
https://doi.org/10.1080/23723556.2018.1445944

https://crossmark.crossref.org/dialog/?doi=10.1080/23723556.2018.1445944&domain=pdf&date_stamp=2018-05-07
mailto:gzachos@uoc.gr
https://doi.org/10.1080/23723556.2018.1445944
http://www.tandfonline.com


cell division to ensure the ordered coupling of these mitotic
processes. Perhaps in agreement with this hypothesis, constitu-
tive CHMP4C kinetochore targeting induces a checkpoint
metaphase arrest that is dependent on ZW10 and MAD1-MA
D2 kinetochore binding, suggesting that removal of CHMP4C
from kinetochores is a prerequisite for spindle checkpoint
silencing and onset of anaphase.6

While this work by Petsalaki et al clearly establishes a role
for CHMP4C in the spindle checkpoint,6 it also raises many
interesting questions. For example, how does RZZ localise to
improperly-attached kinetochores? How does CHMP4C itself
localise to unattached kinetochores? How does CHMP4C pre-
vent dynein-dependent removal of RZZ from attached kinet-
ochores? And what is the mechanism by which CHMP4C
promotes stable kinetochore-microtubule attachments? Future
studies aimed at answering these questions may reveal addi-
tional, unexpected mechanisms by which CHMP4C promotes
accurate chromosome segregation in human cells and facilitate

evaluation of CHMP4C-targeting as a possible means to
restrain cancer cell proliferation.
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Figure 1. Newly-identified functions of CHMP4C in the spindle checkpoint.
CHMP4C promotes localisation of the RZZ and MAD1-MAD2 (MAD1/2) complexes
to unattached kinetochores. CHMP4C also prevents dynein-dependent stripping of
RZZ from attached kinetochores and promotes stable kinetochore-microtubule
(MT) interactions. In the presence of improper kinetochore-microtubule attach-
ments, additional proteins (indicated by a question mark) mediate RZZ-kineto-
chore targeting. See text for details.
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