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Actin regulation during abscission: unexpected roles of 
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The final abscission event of cytoki-
nesis is a complex cellular event that 
results in the separation of daughter 
cells and the completion of cell division. 
Multiple studies during the last decade 
have identified numerous proteins that 
have been shown to be required for the 
abscission, although the mechanisms 
and regulation of the abscission event 
are only beginning to emerge. It has 
become clear that the actin cytoskeleton 
plays a pivotal role in the initiation and 
completion of cytokinesis (reviewed in 
[1]). Indeed, cytokinesis starts during 
anaphase as a result of the assembly 
and contraction of the acto-myosin 
ring, which drives the formation and 
ingression of the cleavage furrow. The 
machinery regulating the formation of 
the acto-myosin ring is well established 
and is known to involve mitotic spindle 
microtubules as well as several special-
ized signaling complexes, such as the 
centralspindlin and chromosomal pas-
senger complex (CPC). Centralspindlin 
and CPC lead to the activation of small 
monomeric GTPase RhoA, eventu-
ally resulting in the stabilization and 
contraction of the acto-myosin ring. 
Interestingly, while formation of actin 
cytoskeletal network is required during 
early cytokinesis, actin depolymer-

ization within the cleavage furrow is 
needed for abscission, presumably to 
allow the thinning of the intracellular 
bridge (ICB) connecting daughter cells. 
The removal of the actin cytoskeleton 
also would be required for the fusion 
of the opposing plasma membranes 
within the ICB, which directly leads to 
the abscission event.

In addition to RhoA GTPase, phos-
phoinositides also have emerged as 
important regulators of the actin cy-
toskeleton during cytokinesis. Phos-
phatidylinositol-4,5-bisphosphate 
(PtdIns(4,5)P2) is a well-established 
regulator of the actin cytoskeleton dur-
ing interphase. Recent work also has 
shown that PtdIns(4,5)P2 accumulates 
at the cleavage furrow in yeast, Dic-
tyostelium and mammalian cells [2, 3]. 
Furthermore, inhibition of PtdIns(4,5)
P2 production leads to the failure of 
cytokinesis [2-4]. While the roles of Pt-
dIns(4,5)P2 during cytokinesis remains 
to be fully elucidated, at least some of its 
functions are known: the stabilization of 
the acto-myosin contractile ring, as well 
as the linking of the actin cytoskeleton 
to the plasma membrane by the virtue of 
its binding to septins and ERM (exrin/
radixin/moesin) proteins [5]. Consistent 
with that, the levels of PtdIns(4,5)P2 
within the ICB decreases as the actin 
cytoskeleton is disassembled before 
cells progress to abscission [6]. Since 
PtdIns(4,5)P2 accumulation in the fur-

row is reminiscent of the polarization 
of PtdIns(4,5)P2 during cell motility, it 
has been proposed that proteins such 
as phophatidylinositol-4-phosphate 
5-kinase (PI5Kβ) and phosphatase and 
tensin homologue on chromosome 10 
(PTEN) may also regulate PtdIns(4,5)P2 
accumulation at the ingressing furrow. 
Indeed, PI5Kβ and PTEN were shown 
to be enriched during furrow formation 
and be required for early cytokinesis 
[3, 4]. What is much less understood 
is how the levels of PtdIns(4,5)P2 are 
downregulated during abscission. In 
a recent paper published in Nature 
Cell Biology, Echard and colleagues 
propose a novel and somewhat unex-
pected mechanism of regulating the 
levels of PtdIns(4,5)P2 within the ICB 
during late telophase [7]. This study is 
based on earlier findings that the small 
monomeric GTPase Rab35 regulates the 
levels of PtdIns(4,5)P2 within the cleav-
age furrow during anaphase and early 
telophase [8]. Indeed, overexpression 
of the Rab35 dominant-negative mutant 
(Rab35-S22N) resulted in the dramatic 
reduction of PtdIns(4,5)P2 within the 
ingressing furrow and accumulation of 
PtdIns(4,5)P2 in the enlarged endocytic 
organelles [8]. Furthermore, Rab35-
S22N also inhibited recruitment of 
septin 2 and the actin cytoskeleton to 
the forming furrow, demonstrating that 
Rab35 is required for PtdIns(4,5)P2  and 
actin filament accumulation within the 
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cleavage furrow during early telophase 
[8].

All Rab GTPases cycle between 
GDP-bound (inactive) and GTP-bound 
(active) forms. Rabs function by binding 
various effector proteins and recruiting 
them to membranes. To understand 
the mechanisms of Rab35’s function, 
Echard set out to identify its binding ef-
fector proteins by completing yeast two 
hybrid screen [7]. One of the proteins 
isolated in this screen turned out to be 
phosphatidylinositol-4,5-bisphosphate 
5-phosphatase, OCRL [7]. Consistent 
with OCRL being a Rab35 effector pro-
tein, it was shown to bind to GTP-Rab35 
but not GDP-Rab35 via immunoprecipi-
tation, glutathione bead pull-down and 
solid-phase assays [8]. Finally, using 
Rab35 knockdown assays, the authors 
have demonstrated that Rab35 recruits 
OCRL specifically to the ICB during 
late telophase. Surprisingly, OCRL 
functions as PtdIns(4,5)P2 phosphatase, 
thus mediating the decrease rather 
than the accumulation of PtdIns(4,5)P2 
within the furrow. Consistent with these 
data, the authors have demonstrated that 
OCRL functions during late telophase 
to mediate actin cytoskeleton disas-
sembly, presumably by inactivating 
PtdIns(4,5)P2 , since OCRL knockdown 
led to the accumulation of PtdIns(4,5)
P2 and actin within the ICB during 
late telophase and subsequent delay 
of the abscission step of cytokinesis 
[7].  Furthermore, OCRL knockdown 
could be only rescued with wild-type 
but not phosphatase-dead GFP-OCRL 
(OCRL-H524R). The discovery that 
OCRL is a Rab35 effector protein seems 
to disagree with the author’s original 
conclusion that Rab35 mediates the ac-
cumulation of PtdIns(4,5)P2 within the 
forming ingression furrow [8]. These 
controversial conclusions turned out 
to have a very intriguing explanation: 
Rab35 has distinct and opposing func-
tions during anaphase/early telophase 
and abscission. Echard and colleagues 
propose that during anaphase and early 
telophase Rab35 increases the levels of 

PtdIns(4,5)P2 at the ingressing cleavage 
furrow, thus inducing the accumula-
tion of the furrow actin cytoskeleton 
[7]. Although the exact mechanism of 
Rab35’s action during early cytokinesis 
remains unclear, it is likely that it acts 
along-side other known mitotic actin 
regulators, such as the Centralspindlin 
complex and RhoA GTPase. In contrast, 
during late telophase Rab35 binds to 
and recruits OCRL to the ICB, where 
OCRL dephosphorylates PtdIns(4,5)
P2, thus leading to localized actin disas-
sembly within the future abscission site. 
This biphasic regulation of actin and 
PtdIns(4,5)P2 by Rab35 GTPase still 
needs to be conclusively demonstrated. 
However, this study’s observation that 
high overexpression of the Rab35 domi-
nant-negative mutant blocks cytokinesis 
at early telophase, while low overex-
pression of the same mutant allows 
cells to proceed to late telophase and 
only delays the abscission step, is con-
sistent with this hypothesis. Similarly, 
partial knockdown of Rab35 also allows 
cells to complete furrow formation and 
ingression while blocking PtdIns(4,5)
P2 and actin cytoskeleton disassmebly 
within the ICB, a phenotype reminiscent 
of OCRL knockdown.

While this study clearly demonstrates 
that Rab35 and OCRL are directly 
involved in regulating the levels of 
PtdIns(4,5)P2  and actin within the ICB, 
many questions remain. What is the 
Rab35 effector protein(s) during ana-
phase/early telophase? How does Rab35 
switch to binding to OCRL during late 
telophase? Finally, is Rab35 the sole 
regulator of actin disassembly during 
late telophase or does it act in concert 
with RhoA inactivation? These ques-
tions remain to be answered and will 
be the focus of future investigations by 
many laboratories.

In addition to demonstrating the 
complexity of actin and PtdIns(4,5)
P2 regulation by Rab35 and OCRL, 
this study has an interesting twist. 
OCRL has been originally described 
as a protein mutated in patients with 

oculocerebrorenal syndrome of Lowe 
[9]. Lowe syndrome is a multisystem 
disorder affecting the kidneys, eyes and 
nervous system. While Lowe syndrome 
symptoms are likely caused by multiple 
cellular abnormalities, such as defects 
in signaling, endocytic transport, the 
maintenance and function of tight and 
adherens junctions and protein traf-
ficking, this work suggests that at least 
some of the pathologies may be a result 
of abnormal cell division due to the 
accumulation of the actin cytoskeleton 
within the ICB. Consistent with this, 
treatment of isolated Lowe patient renal 
cells with low levels (1-4 nM) of the 
actin depolymerizing drug latrunculin-A 
almost completely rescued the cytokine-
sis phenotype, while having no visible 
effect on wild-type cells [7]. This raises 
an interesting possibility that at least 
some of the Lowe syndrome pathologies 
may be treated with actin depolymeriz-
ing drugs, thus providing potential new 
therapeutic avenues for the treatment of 
this disorder.
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