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ABSTRACT

Cytokinesis requires tightly coordinated membrane trafficking and cytoskeletal remodelling to ensure accurate
physical separation of daughter cells. Rabl1a, a recycling endosome-associated small GTPase, and KIF13A, a
kinesin-3 family microtubule motor protein, have each been implicated in late mitotic events. However, the mech-
anistic relationship between Rab11a-mediated endosomal trafficking and KIF13A-driven transport during abscis-
sion remains insufficiently defined. This study aimed to elucidate the spatial and functional interplay between
Rabl1la and KIF13A during cytokinesis and to determine the consequences of disrupting this axis on mitotic pro-
gression and genomic stability. Rabl1a and KIF13A were depleted in HeLa cells using shRNA- and siRNA-me-
diated knockdown strategies. Subcellular localisation and colocalisation at the intercellular bridge were examined
by immunofluorescence microscopy and quantified using Pearson’s correlation coefficient. Functional outcomes
were assessed through multinucleation, micronuclei formation, telophase accumulation, and LAP2-positive chro-
matin bridge assays. Mitotic timing from nuclear envelope breakdown to abscission was quantified by live-cell
spinning-disk confocal microscopy. Rabl1a and KIF13A exhibited pronounced colocalisation at the ICB during
cytokinesis. Depletion of either protein reduced its spatial association with the other. It resulted in marked cytoki-
netic defects, including increased multinucleation, micronuclei formation, telophase delay, and elevated chromatin
bridge frequency. Live-cell imaging demonstrated a significant prolongation of the cytokinesis-to-abscission in-
terval, accompanied by an extended overall mitotic M-phase. Mechanistically, loss of Rab11a or KIF13A impaired
CHMP4B recruitment to the ICB, reduced PI3P accumulation, and enhanced Aurora B signalling, consistent with
activation of the abscission checkpoint. These findings establish the Rab11a—KIF13A axis as a critical regulator
of late mitosis, integrating endosomal trafficking with ESCRT-III-dependent abscission. Disruption of this path-
way compromises abscission accuracy and promotes genomic instability, highlighting its essential role in main-
taining mitotic integrity and its potential relevance in tumorigenesis. Continued exploration of the KIF13A-Rab11
interaction will yield a deeper understanding of mitotic progression and cellular organisation.
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INTRODUCTION

Rab proteins are small monomeric GTPases that form the largest subgroup within the Ras
GTPase superfamily. These proteins are evolutionarily conserved and play crucial roles in
membrane trafficking across eukaryotic cells. In humans, there are approximately 70 distinct
Rab GTPases, each associated with specific intracellular membranes based on their functional
roles (Li and Marlin, 2015). Rab proteins operate through a cycle between an active, GTP-
bound state and an inactive, GDP-bound state. This dynamic transition is regulated by guanine
nucleotide exchange factors (GEFs), which activate Rabs, and GTPase-activating proteins
(GAPs), which inactivate them (Stenmark, 2009; Homma et al., 2021). In their active state,
Rabs localise to specific organelles or vesicles, where they recruit a range of effector proteins
that mediate various aspects of membrane transport. Identifying their effectors has been key to
understanding their specific cellular functions (Hutagalung and Novick, 2011). Rab effectors
are diverse and include vesicle tethers, kinases, phosphatases, adaptors, and motor proteins
(Grosshans et al., 2006). Through these interactions, Rabs orchestrate the four principal stages
of membrane trafficking: vesicle budding, transport, tethering, and fusion with target mem-
branes (Novick, 2016). As such, Rab GTPases are crucial for maintaining essential physiolog-
ical processes, including hormone secretion, neurotransmission, immune responses, and overall
cellular homeostasis. Dysregulation of Rab expression or function is implicated in numerous
human diseases, including neurodegenerative diseases (such as Alzheimer’s and Parkinson’s),
infections, immune abnormalities, and cancer (Guadagno and Progida, 2019).

Given the essential role of Rab proteins in membrane trafficking and cellular homeostasis,
their functions in signalling and membrane trafficking during cell division are equally critical.
One of the pivotal contributions of Rab GTPases is to ensure the successful completion of cy-
tokinesis and abscission in the final phases of cancer cell division. Disruption of these processes
can delay abscission, leading to incomplete cell separation and the potential formation of mul-
tinucleated cells (Wilson et al., 2005). Among the best-characterised Rabs in this context is
Rab11, which plays a central role in coordinating membrane trafficking during mitosis. Rab11-
positive endosomes have been shown to associate with mitotic spindle poles and the mitotic
spindle, thereby contributing to proper mitotic progression (Hehnly and Doxsey, 2014). Our
previous findings, consistent with those of other laboratories, demonstrate that Rab11 is crucial
for regulating cancer cell division by mediating the targeted delivery of cytoplasmic membranes
to the cleavage furrow, intercellular bridge (ICB), and midbody (MB) (Collins et al., 2012;
Gibieza et al., 2025). These Rabl1-enriched vesicles contribute to membrane constriction at
the cleavage site, essential for furrow ingression during late anaphase. In addition, Rab11 and
its effectors, such as Rab11 family-interacting protein 3 (FIP3) and Rabl1 family-interacting
protein 1 (FIP1), are associated with recycling endosomes that traffic to the cleavage furrow or
are recruited to the MB during cytokinesis (Wilson et al., 2005; Collins et al., 2012). At the
ICB, the Rab11/FIP1 complex facilitates the localisation of Rab35, another Rab family mem-
ber, which promotes actin disassembly and abscission. This complex also ensures proper re-
cruitment and polymerisation of the endosomal sorting complex required for transport
(ESCRT) near the MB (Iannantuono and Emery, 2021), a key step that initiates actin-dependent
microtubule severing and enables the final separation of the daughter cells (Advedissian et al.,
2024).

For the reasons stated above, it is evident that the efficient transport of Rab11-positive ves-
icles to the abscission site is crucial in preventing cytokinesis failure, which can lead to aneu-
ploidy and promote tumour progression in cancer cells (Wilson et al., 2005). However, the
mechanisms by which Rabl1-positive endosomes traverse the cytoplasm along the extended
cytoskeletal network to reach the abscission site and the MB at the ICB remain poorly under-
stood. It is plausible that some molecular motors facilitate the directed movement of these
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recycling endosomes, which are required for the final separation of dividing daughter cells. In
this context, a study by Fielding et al. demonstrated that Rab11/FIP3-positive endosomes are
transported along central spindle microtubules toward the ICB in a Kinesin-1-dependent man-
ner (Fielding et al., 2005). The kinesin superfamily (KIF) comprises ATP-dependent motor
proteins that transport various cargoes, including vesicles, along the tracks of the microtubule
network. To date, approximately 45 KIF proteins have been described. They are categorised
into 14 subfamilies based on their sequence homology and domain architecture. These motor
proteins support numerous cellular processes, such as vesicle transport, cell division, and mi-
crotubule cytoskeleton remodelling. As an example, the studies by Sagona et al. and Montagnac
and Chavrier identified KIF13A—a kinesin-3 family motor protein—as a key regulator of intra-
cellular transport for various signalling molecules during cytokinesis (Montagnac and Chavrier,
2010; Sagona et al., 2010).

Until now, not without a reason, KIF13A has been shown to influence the morphogenesis
of recycling endosome tubules and membrane dynamics, affecting their length and abundance.
This motor function was shown to be critical for diverse cellular processes, including cargo
transport, establishment of cell polarity, migration, and cytokinesis (Thankachan and Setty,
2022). KIF13A has been recognised as a kinesin of the recycling endosome, primarily based
on its association with Rabl1la (Delevoye et al., 2014; Thankachan and Setty 2022). Indeed,
KIF13A has been shown to interact with all three isoforms of Rabl1, including Rablla,
Rab11b, and Rab25, through yeast two-hybrid assays and pull-down experiments (Delevoye et
al., 2009, 2014). Therefore, this plus-end-directed kinesin-3 motor protein is a strong candidate
for mediating the transport of Rab11-positive vesicles. Although direct studies examining the
KIF13A-Rabl1 interaction specifically during cell division are limited, several lines of evi-
dence suggest functional and transport-related connections between the two proteins (Delevoye
et al., 2014; Ramos-Nascimento et al., 2017). These studies emphasise both the individual and
cooperative roles of Rab11 and KIF13A in regulating endosomal dynamics and cell division
processes. Notably, Rab11 and KIF13A have been shown to act together to form recycling
endosomal tubules originating from sorting endosomes. These tubules travel along microtu-
bules toward their plus ends, directed to the ICB (Delevoye et al., 2014). This interaction likely
occurs at specialised subdomains of sorting endosomes, where Rab11 and KIF13A collaborate
to generate recycling endosome tubule intermediates (Delevoye et al., 2014). In the context of
recycling endosome morphogenesis in HeLa cells, a study by Delevoye et al. demonstrated that
depletion of KIF13 A disrupts the formation of Rab11a-positive recycling endosomes, resulting
in the generation of enlarged endosomes (Delevoye et al., 2014).

To date, the mechanism of KIF13A action during cell division has been well-characterised.
KIF13A interacts with FY VE-CENT and TTC19 to form a complex that travels along micro-
tubules in a plus-end-directed manner, targeting Phosphatidylinositol 3-phosphate (PI3P) at the
MB. This interaction leads to the activation of charged multivesicular body protein 4B
(CHMP4B), a core component of the ESCRT-III complex. In turn, CHMP4B triggers a signal-
ling cascade that promotes actin clearance and initiates microtubule severing at the ICB, ulti-
mately enabling the successful physical separation of the two daughter cells (Montagnac and
Chavrier, 2010; Sagona et al., 2010). Building on this, KIF13A was initially identified by sev-
eral research groups as a microtubule motor protein that mediates the transport of various ves-
icles and endosomes (Nakagawa et al., 2000; Delevoye et al., 2009). These findings confirm
that the KIF13A-FYVE-CENT-TTC19 complex regulates the trafficking of PI3P-positive en-
dosomes, which is essential for sustaining recycling within the ICB, and thus controlling the
vital factors required for cytokinesis. Notably, a few other studies have demonstrated an intri-
guing observation that TTC19 associates with ESCRT complex components, which are impli-
cated in the abscission mechanism (Carlton and Martin-Serrano, 2007; Morita et al., 2007).
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Thus, a theory was proposed that the ESCRT machinery may contribute to either the trafficking
of endocytic structures to the ICB or to the cleavage of the ICB. Nevertheless, the data from
the Hanson et al. laboratory suggest that ESCRT protein complexes induce membrane defor-
mations that occur during abscission, thereby regulating the final cleavage of the ICB (Hanson
et al., 2008).

Based on current evidence, we propose that KIF13 A may facilitate the targeted transport of
Rab11-positive vesicles from recycling endosomes to the MB and abscission site at the ICB.
These vesicles can subsequently interact with PI3P, triggering the ESCRT-III-mediated mem-
brane fission cascade that drives the final steps of cytokinetic abscission. To test this hypothesis,
we first aimed to determine the localisation of the motor protein KIF13A and its putative cargo
Rabl1a, along with other downstream binding partners of the PI3P-mediated abscission cas-
cade, during cytokinesis in cells treated with either a non-targeting-shRNA control or different
shRNAs separately targeting Rab11a and KIF13A. This helped us to generate an initial insight
into the interrelation between the two. After determining their localisation, we next assessed
the colocalisation of KIF13A and Rab11a under the conditions described above, as this would
help to reveal whether these proteins interact or function together spatially during cell division.
Next, to explore their involvement in cytokinesis regulation, we conducted several functional
assays. The multinucleation and micronuclei assays enabled us to evaluate the functional roles
of Rabl1a and KIF13A in the cytokinesis process. In addition to the aberrant cleavage furrow
formation observed upon KIF13A and Rabl1a depletion, a small part of the cells were also
arrested or delayed in telophase, indicating impaired progression from telophase to the comple-
tion of cytokinesis. Moreover, downregulation of Rab11a or KIF13A resulted in the formation
of chromatin bridges within the mitotic cell population. In addition, it increased the time re-
quired for cell division, as observed through time-lapse imaging. Overall, the cytokinesis de-
fects observed in Rabl1la- and KIF13A-depleted cells likely reflect the disruption of targeting
Rab11-positive endosomal tubules to the MB and the abscission sites on the ICB. Investigating
the KIF13A-Rabl11 axis may therefore provide new insights into abnormalities caused by ab-
errations in Rab11a trafficking, which eventually could lead to increased tumorigenesis in can-
cer cells.

METHODS

Cell culture

The human adenocarcinoma HeLa-wt cell line was obtained from the American Type Cul-
ture Collection (ATCC, Manassas, USA). HeLa GFP-Tubulin mCherry-H2B cells were pro-
vided as a kind gift by Ulrike Gruneberg (University of Oxford (Zeng et al., 2010)). Both cell
lines were maintained in 5 % CO; and at 37 °C in Dulbecco's modified Eagle's medium
(DMEM, Life Technologies Gibco, USA), supplemented with 10 % fetal bovine serum (Life
Technologies Gibco, USA) and a 1 % solution of 10,000 units/ml penicillin and 10 mg/ml
streptomycin (SIGMA, USA). Cells were regularly tested for Mycoplasma contamination.

Generation of lentiviral stable cell lines

Lentiviral transduction particles were acquired from Sigma Aldrich (USA). Target se-
quences used for shRNA treatment are as follows: Non-targeting shRNA control (#SHC016V -
1EA),Rabl1a-KD1-5"-GCCTTATTGGTTTATGACATT-3' (#TRCN0000073022), Rab11a-
KD2 - 5’-AGTTGTCCTTATTGGAGATTC-3' (#TRCN0000381243), KIF13A-KDI1 - 5’-
GGAAACCTCCCAAGGTATTTG-3' #TRCN0000364983), and KIF13A-KD2 - 5’-TTAAC-
GAACTTCTGGTTTATT-3"' (#]TRCN0000377368). Different lentiviral particles mixed with
media were pre-treated with polybrene (Merck Millipore, USA, #TR-1003-G) before being ap-
plied overnight to 50 % confluent target HeLa-wt cells. Cells were allowed to recover for 24
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hours, then selected with puromycin (2 pg/ml), expanded and frozen as stocks. Low-passage
cells were used in all experiments to ensure experimental consistency and reproducibility. The
remaining expression of Rab genes of interest in cell lines was then validated using Western
Blotting.

SIRNA treatments

HelLa cells stably expressing GFP-tubulin and mCherry-H2B were transfected with various
siRNAs using RNAIMAX Reverse Transfection Lipofectamine (Thermo Fisher Scientific,
USA, #13778075) according to the manufacturer’s instructions (Thermo Fisher Scientific,
USA). Briefly, cells were incubated with either 25 nM or 50 nM siRNA concentrations for 48
or 72 hours, allowing the siRNA to take effect before lysate collection for Western blot analysis.
For time-lapse imaging, cells were treated with siRNA for 48 hours before the experiment. The
double-stranded RNA sequences used for siRNA treatments were as follows: Silencer Select
Negative Control #1 siRNA (Ambion, USA; #4390843), Rabl1a siRNA1 - 5’-CAACAAU-
GUGGUUCCUAUUtt-3” (Ambion, USA; #4390824), Rabl1a siRNA2 - 5’-AATGTCAGA-
CAGACGCGAAAA-3’ (Merck, USA; Custom siRNA in Tubes), KIF13A siRNA1 - 5°-
CTGGCGGGTAGCGAAAGAGTA-3’ (Merck, USA; Custom siRNA in Tubes), and KIF13A
siRNA2 - 5’-CCGCAACAACTTGGTAGGAAA-3’ (Merck, USA; Custom siRNA in Tubes).
Each siRNA transfection was performed in at least three independent biological replicates.

Western blotting

For Western blot analysis, cells were scraped in 1x PBS containing 1 mM PMSF (Thermo
Fisher Scientific, USA, #36978) and 1 % Triton X-100 (Thermo Fisher Scientific, USA,
#A160046.AE), and incubated for 30 min on ice. The collected cells were centrifuged at 15,000
g for 5 min at 4 °C to pellet the lysates. The Bradford assay was used to determine the total
protein (Thermo Fisher Scientific, Pierce, USA, #23238). Protein samples were mixed with 5x
SDS sample loading buffer (Thermo Fisher Scientific, Pierce, USA, #39000) and boiled for 5
min at 95 °C. Based on molecular weight, proteins were resolved on 12 % SDS-PAGE gels,
transferred to PVDF membranes, and probed with the appropriate primary antibodies following
standard protocols. The expression of each protein was normalised to B-tubulin, used as the
internal loading control. Protein quantification was performed through densitometric analysis
with ImagelJ software (National Institutes of Health, USA). Unless otherwise specified, all data
are derived from at least three independent experiments (biological replicates), with the mean
and standard deviation calculated. Asterisks (*) indicate statistically significant differences (p
<0.05).

Immunofluorescence staining

For immunofluorescence analysis, cells plated on collagen [-coated (at a final concentration
of 50 pg/ml, Life Technologies Gibco, USA) No. 1 microscope cover glasses (VWR) were
fixed using 4 % Paraformaldehyde (PFA) for 15 min at room temperature (R.T.). Cells were
then quenched for 5 min with a Quench buffer (375 mg of glycine diluted in 1x PBS), perme-
abilised and blocked in the incubation buffer (1 % BSA, 1 % Saponin, 2 % FBS, all mixed in
1x PBS) for 30 min, at R.T. Next, the cover glasses were incubated with primary antibodies for
1 hour at 37 °C, in a moisture-maintaining incubator. Then, the cover glasses were incubated
with secondary antibodies for 30 min at 37 °C, in a moisture-maintained incubator. Finally, the
cover glasses were incubated with 1 pg/ml DAPI (Thermo Fisher Scientific, USA, #D1306)
solution for 5 min, at R.T. Lastly, the cover glasses were mounted on microscopic slides with
a Prolong Diamond Antifade mounting media (Invitrogen, USA, #P36965).
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Immunofluorescence was detected using an inverted fluorescence Olympus IX73 micro-
scope (Olympus Europe Holding GmbH) using a 20x lens for multinucleation and mitotic stage
analysis assays. An upright confocal Olympus Fluoview FV1000 microscope (Olympus Europe
Holding GmbH) utilises a 20%, 40, and 60% oil immersion lens for localisation, LAP2 chro-
matin bridge, and lagging chromatin bridge assays, depending on the requirements. Three bio-
logical repeats were completed for each data set, each biological repeat containing 5 to 10 tech-
nical replicates. Data are reported as the mean with the corresponding standard deviation.

Live-cell imaging

To characterize the effects of Rab1l1a and KIF13A depletion during cell division, spinning-
disk confocal live-cell time-lapse imaging was performed using a Plan-Apochromat DIC
63x/1.4 NA oil objective with differential interference contrast mounted on an inverted Zeiss
Axio Observer Z1 microscope (Marianas Imaging Workstation from 3i-Intelligent Imaging and
Innovations Inc.), equipped with a CSU-X1 spinning-disk confocal head (Y okogawa Corpora-
tion of America) and four laser lines (405, 488, 561, and 640 nm) in an environment-controlled
chamber (37 °C with controlled humidity and 5 % CO; supply). Images were acquired using an
1Xon Ultra 888 EM-CCD camera (Andor Technology).

For this experiment, HeLa GFP-Tubulin mCherry-H2B cells were cultured in 35 mm glass-
bottomed dishes (14 mm, No. 1.5, MatTek Corporation, Ashland, MA, USA) and treated with
siRNA against Rab11a and KIF13A for 48 h before imaging. Cells were imaged at 2 min inter-
val for 480 min with 1-um z-plane slices, covering the entire mitotic spindle. All images display
the maximum projections of z-stacks from representative data of at least three biological repli-
cates per condition. Cell division duration was quantified by tracking the time spent from nu-
clear envelope breakdown to cytokinetic abscission.

Antibodies and staining reagents
A detailed list of antibodies and staining reagents is available in the Supplementary Infor-
mation (Table S1).

Multinucleation assay

To assess multinucleation, equal numbers of HeLa-wt cells—treated with either non-target-
ing shRNA control or two distinct high knockdown (KD) efficiency shRNAs, each separately
targeting Rab11a and KIF13A—were seeded on collagen I-coated (at final 50 pg/ml concentra-
tion, Life Technologies Gibco, USA) No. 1 microscope cover glasses (VWR, USA). After 48
h of culture, cells were fixed with 4 % PFA (Thermo Fisher Scientific, USA). Fixed cells were
then permeabilised with 0.2 % Triton X-100 (Thermo Fisher Scientific, USA, #A160046.AE)
for 3 min at R.T. and stained with Alexa Fluor 568 phalloidin (Thermo Fisher Scientific, USA,
#A12380) for 30 min at 37 °C and with 1 ug/ml DAPI (Thermo Fisher Scientific, USA,
#D1306) for 5 min at R.T. The cover glasses were mounted on glass microscope slides using
Prolong Diamond Antifade mountant (Invitrogen, USA, #P36965). Then, random fields on the
coverslips were photographed using an inverted fluorescence Olympus IX73 microscope
(Olympus Europe Holding GmbH) with a 20% lens. The number of multinucleated cells — in-
cluding binucleated and poly-lobed cells — as well as micronuclei, was manually quantified.
DAPI staining was used to label nuclear DNA, enabling accurate visualisation and enumeration
of nuclei, while phalloidin staining of filamentous actin defined the cellular boundaries. Cells
were classified as multinucleated when two or more distinct DAPI-positive nuclei were con-
tained within a single phalloidin-demarcated cytoplasm. The rate of total multinucleated cells
was then calculated in ten randomly chosen fields for each biological repeat. All cells were
valued as one population. All data are derived from at least three independent experiments
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(biological repeats), each containing 5-15 technical replicates. Data are reported as the mean
with the corresponding standard deviation. Asterisks (*) indicate statistically significant differ-
ences (p <0.05).

Mitotic stage analysis

To quantify the percentage of telophase cells following shRNA treatment, HeLa-wt cells
treated with a non-targeting shRNA control or various shRNA constructs were fixed and stained
using an anti-acetylated a-tubulin antibody (Cell Signalling, USA, #D20G3, 1:200) and DAPI
(Thermo Fisher Scientific, USA, #D1306), following standard protocols. Cells in telophase
were identified based on the presence of a mitotic spindle and chromatin condensation. Cells
were counted in 10 randomly selected fields in each independent experiment and expressed as
a percentage of all cells. All data are derived from at least three independent experiments (bio-
logical replicates), each of which contains 5-15 technical replicates. Results are shown as mean
+ standard deviation. Asterisks (*) indicate statistically significant differences (p < 0.05).

Colocalisation assay

A defined number of control, Rab11a-KD, and KIF13A-KD cells were seeded onto collagen
I-coated glass coverslips. After 48 hours of incubation, the cells were fixed and stained with
anti-Rabl1a and anti-KIF13A antibodies (see Supplementary Table S1), together with DAPI
(Thermo Fisher Scientific, USA, #D1306), to visualise and quantify the colocalisation of
Rabl1la and KIF13A at the ICB and the entry points (EPs - flanking regions of the ICB corre-
sponding to the interface with the daughter cell) during cytokinesis. Colocalisation was quan-
tified using the Pearson correlation coefficient (JACoP plugin in ImageJ, National Institutes of
Health, USA), which measures the degree of overlap between the two fluorescence channels.

In brief, cytokinetic cells that had fully reformed their cytoskeleton and no longer exhibited
a cleavage furrow were selected to analyse the colocalisation of Rab11a and KIF13A at the ICB
and EPs in control and Rab11a- or KIF13A-shRNA—treated cells. A single focal plane contain-
ing a cytokinetic cell with the entire ICB in focus, identified by the maximal fluorescence in-
tensity, was manually selected from each image. Based on a visual inspection, the colour thresh-
olds for Rabl1a and KIF13a were jointly adjusted to avoid correlation variations due to inac-
curate area size and to optimally capture signal at the ICB and the EPs while minimising back-
ground contribution. This indicates that the region of interest (ROI) is manually defined and
consistently maintained across both channels within each image, ensuring an accurate repre-
sentation of the proteins and confirming that it does not influence the correlation analysis, while
permitting variation between different images. It also minimises potential bias in correlation
analysis arising from human error in selecting cells that best represent the cytokinetic stage. To
maintain the validity of this analysis, the same selection criteria were consistently applied
throughout the experiment when assessing colocalization using the JACoP plugin. The result-
ing Pearson’s correlation coefficient represents the codependency of variations in grey intensity
across two-channel images using linear regression, yielding the correlation value “r”. If r =1,
the two channels are completely interdependent, if r = 0, no random colocalisation, and if r =
-1, complete lack of colocalisation.

The data represent findings from at least three independent experiments (biological repeats),
each comprising cells analysed across 5 distinct images (technical replicates). Values are pre-
sented as mean + standard deviation, and asterisks (*) denote statistically significant differences
(p <0.05).
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Lagging chromatin bridges

A defined number of control, Rab11a-KD, and KIF13A-KD cells were seeded onto collagen
I-coated glass coverslips. Following 48 hours of incubation, cells were fixed and stained with
anti-LAP2 and anti-tubulin antibodies (see Supplementary Table S1), along with DAPI
(Thermo Fisher Scientific, USA, #D1306) to visualise and quantify stretched chromatin bridges
between adjacent interphase cells. In each independent experiment, cells were assessed in at
least five randomly selected fields (technical replicates), and the number of chromatin bridges
was expressed as a percentage of the total cell population. Experiments were performed in trip-
licate (three biological replicates), where each replicate contains 5-15 technical replicates. Re-
sults are shown as mean + standard deviation. Asterisks (*) indicate statistically significant
differences (p < 0.05).

Statistical analysis

Unless otherwise indicated, all data are derived from at least three independent experiments
(biological replicates), with the mean and standard deviation calculated. The data were pro-
cessed using the Microsoft Office Excel data analysis tool pack (Microsoft Corporation, Red-
mond, WA, USA). A Student's #-test was used on all datasets to determine the significance
level. Whenever three or more groups were compared, One-way ANOVA was used to perform
statistical analysis. The level of significance was set as p < 0.05.

Data were collected from at least five randomly chosen image fields per coverslip for the
multinucleation assay, mitotic stage analysis, and evaluation of lagging chromatin bridges. All
the experiments were repeated at least three times (technical replicates). To quantify immuno-
fluorescence, all specimens in the experiment were imaged with the same exposure settings,
and the image data were analysed using ImageJ (National Institutes of Health, USA).

RESULTS

The regulatory functions of Rabl1a and KIF13A during the regulation of cell division

To begin, we employed the short hairpin RNA (shRNA) approach to downregulate the
Rab11 isoform Rabl1a and KIF13A using distinct ShRNAs. We used two shRNAs for the gene,
each targeting distinct sequences to minimise the likelihood of off-target effects. According to
the results, downregulation of Rab11a using sShRNA1 and shRNA2 nearly eliminated the pro-
tein, reducing its levels by 99.3 % and 98.8 %, respectively (Figure 1a). This indicates that both
shRNAs were similarly effective at downregulating Rab11a. However, KIF13A downregula-
tion was less efficient, with shRNA1 and shRNA2 reducing protein levels by only 65.09 % and
76.66 %, respectively (Figure 1b), suggesting that shRNA2 achieved a stronger knockdown
(KD). Accordingly, for the remainder of the study, we chose not to omit the less efficient KDs
but instead included all knockdown conditions in the subsequent experiments. For full-length
Western blots, please refer to Supplementary Information, Figure S1.
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Figure 1: Rab11a or KIF13A knockdown via shRNA promotes multinucleation and elevates telo-
phase arrest or delay.

(a-b) Stable cell lines depleted of Rab11a or KIF13A using distinct short hairpin RNAs (shRNAs) were
cultured to confluency. Lysates were then collected, and the remaining expression of Rab11a and
KIF13A proteins was measured using Western blotting. Above each Western blot, relative protein levels
are presented for cells in which Rab11a and KIF13A were silenced using shRNA. B-tubulin was used
as a loading control, and the relative expression of the proteins was normalised to the level of intracel-
lular tubulin. The data shown are the means and S.D. derived from at least three independent experi-
ments. Asterisks (*) indicate statistically significant differences (p < 0.05). (¢) Control and various
shRNA-depleted HeLa-wt cells were fixed and stained with DAPI and phalloidin. The total number of
binucleated and poly-lobed cells, micronucleated cells (counted separately), and cells delayed or ar-
rested in telophase was quantified for each stable cell line population. Asterisks (*) indicate statistically
significant differences (p < 0.05). The data shown are the means and S.D. derived from at least three
independent experiments. (d) The images depict the HelLa-non-targeting shRNA control population
alongside the HeLa-KIF13A-KD2 population, highlighting binucleated, poly-lobed, and micronuclei-con-
taining cells (scale bar = 20 uym). White arrows indicate binucleated and poly-lobed cells, while yellow
arrows mark micronucleated cells resulting from cytokinesis failure. A minimum of 30 images per group
were taken using 20x magnification. A minimum of three independent experiments were conducted in
total. (e) The images show the HelLa-non-targeting shRNA control population alongside the HelLa-
KIF13A-KD2 population, with white arrows indicating cells delayed or arrested in telophase (scale bar =
20 ym). A minimum of 30 images per group were taken using 20x magnification. A minimum of three
independent experiments were conducted in total.

These WB results are consistent with the localisation data, in which we used stable cell lines
individually depleted of Rabl1a and KIF13A to assess the localisation of each protein and its
colocalisation patterns. Under normal conditions, Rab11a colocalise with KIF13A at the EPs
and the entire body of the ICB during cytokinesis, where the ICB becomes long and narrow,
facilitating the abscission (Figure 2a). In Rab11a-shRNA-treated cells, Rab11a does not appear
at its normal cytokinesis sites (Figure 2a), which is consistent with the almost 100 % gene
knockdown in WB (Figure 1a). However, when Rabl1a is downregulated, KIF13 A expression
at these sites is markedly reduced, as evident from the immunofluorescence images (Figure 2a).
Since shRNA treatment leaves approximately 25-35 % of KIFI13A expression remaining, as
shown by the WB results (Figure 1b), a substantial portion of the protein is still present at its
usual cytokinetic location, as shown by immunofluorescence imaging (Figure 2a). The colocal-
isation data was further supported by Pearson’s correlation coefficient measurements. Our re-
sults show that in Rab11a-shRNA1- and shRNA2-treated cells, the Pearson’s correlation coef-
ficients for Rabl1a and KIF13A were 0.40 and 0.33 arbitrary units, respectively — nearly half
of the 0.76 measured in control (Figure 2b). In contrast, in KIF13A-shRNA1- and shRNA2-
treated cells, Pearson’s correlation coefficients were 0.56 and 0.58 arbitrary units, only about
30 % lower than the control value of 0.76 (Figure 2b). Overall, the colocalisation correlation
findings aligned well with both the localisation data (Figure 2a-b) and earlier WB results (Fig-
ure la-b).
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Figure 2: Rab11a and KIF13A colocalise at the EPs and ICB during cytokinesis.

(a) Stable non-targeting control cells and cell lines depleted of Rab11a or KIF13A using distinct shRNAs
were fixed and stained with DAPI and the protein-specific antibodies. The colocalisation pattern of
Rab11a and KIF13A at the ICB and the EPs was analysed in cytokinesis (scale bar = 10 ym). The
regions in white brackets highlight the cellular regions analysed for colocalisation using the Pearson
Coefficient. (b) The graph presents colocalisation correlation analysis of Rab11a and KIF13A at the ICB
and the EPs during cytokinesis across control and different shRNA-depleted stable cell lines. A minimum
of 15 images per group were taken using 60x magnification. A minimum of three independent experi-
ments (with 5 images each) were conducted in total. Asterisks (*) indicate statistically significant differ-
ences (p < 0.05).
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Downregulation of Rabl1a or KIF13A induces multinucleation in dividing cells

After confirming the downregulation and completing initial expression analysis of Rabl1a
and KIF13A in KD cells, we next examined how this reduction affected cytokinesis using var-
ious phenotypic analyses. We used the multinucleation assay as the initial approach to evaluate
cells for defects in cytokinesis. Multinucleation is a direct consequence of defective cytokinesis
due to abscission failure or cleavage-furrow regression (D’Avino et al., 2005), meaning that
nuclear division proceeds without subsequent cytoplasmic separation. Under normal condi-
tions, cytokinesis divides the parental cell’s cytoplasm to produce two distinct daughter cells
(Greenetal.,2012; Lens and Medema, 2019). However, when misregulated, cytokinesis failure
can lead to multinucleation, which in cancer cells has been linked to the development of aneu-
ploidy (Wilmerding et al., 2026)—a feature associated with increased tumour aggressiveness (Li
et al., 2000). In this assay, for nuclear visualisation, cells were stained with DAPI, along with
phalloidin, which allowed for distinguishing nuclei as well as separating clumped cells. Ac-
cording to the results, compared with the control, in which 2.69 % of cells were multinucleated,
Rabl1la-shRNA1-and Rabl1a-shRNA2-treated cells exhibited 9.87 % and 7.35 % multinucle-
ated cells, respectively (Figure 1c-d). The results were comparable to those observed for
KIF13A KDs, where 8.51 % and 12.07 % of'the cells were in the > 2n state, following treatment
with KIF13A-shRNAT1 and KIF13A-shRNA2, respectively (Figure 1c-d). These statistically
significant results suggest that cells with reduced expression of genes involved in membrane
trafficking during cytokinesis are partially unable to complete division, resulting in an increased
number of multinucleated cells.

Cells lacking functional Rablla or KIF13A lead to an increased formation of micronuclei
in cells

We next examined genomic instability, which may result from disrupted cell division and
can be identified by the presence of micronuclei. It has been demonstrated that genomic insta-
bility, resulting from impaired DNA damage responses or chromosomal missegregation during
mitotic cell division, can lead to the formation of aberrant extranuclear DNA -containing struc-
tures known as micronuclei (Adams et al., 2024). Alternatively, these structures are formed
from chromosome fragments that result from mitotic segregation errors (Fenech et al., 2011;
Klaasen et al., 2022) or unrepaired DNA breaks (Crasta et al., 2012; Ly et al., 2017). These
misregulated processes often lead to the formation of mitotic chromosome bridges, which sub-
sequently give rise to micronuclei. Micronuclei generated after mitosis from lagging chromatids
or chromatin bridges between anaphase chromosomes can persist in cells until the completion
of the cell cycle (Utani et al., 2010). Thus, based on the points outlined above, the formation of
chromatin bridges in cells depleted of Rab11a or KIF13A will also be examined later in this
study. However, for now, to assess genomic instability using micronuclei as a physical marker,
we stained the cells with DAPI and phalloidin. This assay had the added benefit that the same
samples with cells, stained for the multinucleation assay, could also be used to evaluate micro-
nuclei formation (Figure 1d). According to the data, treatment with Rab11a-shRNA1, Rabl1a-
shRNA2, KIF13A-shRNAI1, and KIF13A-shRNA2 resulted in a statistically significant in-
crease in micronuclei formation — 4.08 %, 4.51 %, 5.58 %, and 4.05 %, respectively — com-
pared to the control at 2.06 % (Figure 1). These findings indicate that protein trafficking defects
to the ICB and the MB, which affect the process of cell division, also influence genomic stabil-
ity, suggesting that cytokinesis is not the only phase affected. Based on the results, it is plausible
that chromosome segregation errors during anaphase also contributed to these phenotypic dif-
ferences, and additional investigation of lagging chromatin bridges could help validate this.
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Reducing Rablla and KIF13A expression results in delayed progression through telophase

Having observed noticeable changes in multinucleation and micronuclei formation follow-
ing the downregulation of Rabl1a and KIF13A, which provided preliminary evidence of their
involvement in cell division, we next investigated their potential effects on telophase. This
phase bridges anaphase and cytokinesis, and is the phase where chromosomes unwind to form
chromatin. Meanwhile, mitotic spindle microtubules extend and then compact into the ICB,
with the MB positioned in the middle (Tipton and Gorbsky, 2022). Theoretically, disruption of
the molecular mechanisms regulating telophase could either block the transition from anaphase
to ICB formation in telophase or hinder progression from telophase to cytokinesis, resulting in
a higher number of cells being delayed or arrested in telophase. Surprisingly, Rabl1a and
KIF13A KDs caused a significant accumulation of cells in telophase, with 6.39 %, 5.51 %,
5.89 %, and 8.26 % of cells delayed or arrested following treatment with Rabl1la-shRNAI,
Rab11la-shRNA2, KIF13A-shRNA1, and KIF13A-shRNA2, respectively (Figure Ic, e). These
values were significantly higher than in the control, which showed 2.91 % (Figure 1c, e). Over-
all, the combination of functional assays provides evidence that Rablla and KIFI13A are
equally important for regulating cell division, with their most prominent role in cytokinesis, as
demonstrated by the most significant increase in multinucleation upon the depletion of the latter
proteins (Figure 1c¢).

Depletion of Rablla or KIF13A results in the formation of chromatin bridges during
mitosis

The presence of micronuclei is considered a hallmark of chromosome instability (Soto et
al., 2018). Given the increase in micronuclei formation observed following Rabl1a or KIF13A
KDs, it is plausible that genomic instability was triggered in dividing HeLa cells. As noted
earlier, micronuclei, which are abnormal extranuclear structures containing DNA, form as a
result of mitotic segregation errors (Fenech et al., 2011; Klaasen et al., 2022) or persistent DNA
breaks (Crasta et al., 2012; Ly et al., 2017). These unstable DNA deposits could be derived
from the chromatin bridges formed between separating anaphase chromosomes (Utani et al.,
2010). To assess whether chromatin bridges indeed gave rise to micronuclei, we subsequently
labelled the cells with LAP2-specific antibody, along with DAPI and acetylated-o-tubulin and
examined the formation of chromatin bridges within the mitotic population. A cetylated-a-tu-
bulin is preferentially used to label ICBs during cytokinesis because it selectively marks a pop-
ulation of long-lived, stable microtubules that are highly enriched within the MB. In contrast,
B-tubulin-positive microtubules are widely distributed throughout the cells, producing a high
background and making the narrow ICB harder to distinguish. Acetylated-a-tubulin therefore
provides high signal-to-noise labelling of the MB microtubule bundle, allowing clear visuali-
sation of ICBs even at late stages of cytokinesis. According to our results, chromatin bridge
formation rose markedly relative to the 22.67 % observed in control cells (Figure 3a-b), attain-
ing 65.00 %, 70.77 %, 57.50 % and 71.43 % in Rab11a-shRNA1-, Rab11a-shRNA2-, KIF13A-
shRNAT1- and KIF13A-shRNA2-treated cells, respectively (Figure 3a-b). These results align
well with micronuclei formation assay results and help explain the observed increase in micro-
nuclei formation in cells depleted of genes involved in regulating cell division.
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Figure 3: Downregulating Rab11a or KIF13A via shRNA induces the formation of chromatin
bridges associated with lagging chromatin dissociation during mitosis.

(a) Stable non-targeting control cells and cell lines depleted of Rab11a or KIF13A using distinct shRNAs
were fixed and stained with DAPI, anti-acetylated-a-tubulin, and a LAP2-specific antibody to visualise
chromatin-associated regions. The number of cells showing lagging chromatin at their ICB was deter-
mined by manual counting. Asterisks (*) indicate statistically significant differences (p < 0.05). The data
shown are the means and S.D. derived from at least three independent experiments. (b) A chromatin
bridge is observed in the KIF13A-shRNA 2 stable knockdown cell line, but not in the non-targeting
shRNA control, during telophase (scale bar = 10 uym). A white asterisk (*) indicates chromatin bridge
formed during mitosis.
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Reducing Rabl1a or KIF13A expression results in an extended cytokinesis and longer
overall cell division

Given that all these phenotypic alterations were clearly expressed in cells with reduced
Rabl1a or KIF13A expression, we next employed live-cell imaging to capture actual divisions
and measure the time required for cells to transition from one phase to another, recording the
overall duration of mitotic M-phase. To better preserve natural cellular conditions and avoid
disrupting the overall division process, we chose to downregulate Rab11a and KIF13A using
siRNAs rather than shRNA. Indeed, siRNA short-term gene suppression minimises compensa-
tory mechanisms that can arise with long-term shRNA expression (Boudreau et al., 2009).
Moreover, shRNA utilises viral delivery, which often results in heterogeneous expression, de-
pending on the integration site and copy number, thereby creating variability between cells. In
our study, this would be incompatible with single-cell live-cell imaging (Cabhill et al., 2007).
Also, we used two siRNAs targeting distinct sequences for the Rabl1a and KIF13A genes,
respectively, to minimise the likelihood of off-target effects. Before the actual live-cell imag-
ing, we also evaluated the effectiveness of downregulation using different siRNA concentra-
tions of 25 nM and 50 nM, along with incubation periods of 48 and 72 hours. Briefly, according
to the results, the 25 nM siRNA concentration applied for 48 h was the most optimal condition
for both Rablla-siRNA1- and KIF13A-siRNA1-treated cells (Figure S2a-b). At the lowest
concentration, it produced the most efficient KD in the shortest time. Although KIF13A ex-
pression decreased following Rab11a downregulation, and reciprocally Rab11a levels declined
upon KIF13A suppression, these changes did not reach statistical significance (Figure S2a-b).
For full-length Western blots, please refer to Figure S3.

For the reasons above, the live-cell signalling was conducted using cells depleted with
Rabl1la-siRNAT or KIF13A-siRNAT1 only. Cell division duration was quantified by tracking
the time spent from nuclear envelope breakdown to cytokinetic abscission. Based on the results,
the time required to progress from nuclear envelope breakdown in prophase to metaphase, from
metaphase to anaphase, from anaphase to telophase, and from telophase to cytokinesis did not
differ substantially between control cells and those treated with Rab11a-siRNA1 or KIF13A-
siRNA1 (Figure 4a). As expected, the most pronounced and statistically significant difference
occurred during the transition from cytokinesis to abscission: control cells required an average
of 60.85 min, compared with 77.28 and 92.38 min in Rabl1a-siRNA1- and KIF13A-siRNA1-
treated cells, respectively (Figure 4a). These differences in the cytokinesis-to-abscission tran-
sition are clearly illustrated in the live-cell imaging screenshots (Figure 4b), as well as time-
lapse movies (Supplementary Movies 1 and 2). In summary, the total time from nuclear enve-
lope breakdown in prophase to final abscission averaged 176.89, 201.90, and 208.13 min in
control, Rabl1a-siRNA1-treated, and KIF13A-siRNA1-treated cells, respectively, with statis-
tically significant differences between the control and knockdown conditions (Figure 4a). When
assessing the total duration of the mitotic M-phase, it also increased significantly — from 129.68
min in control cells to 161.57 and 168.98 min in Rabl1a-siRNA1- and KIF13A-siRNA1-de-
pleted cells, respectively (Figure 4a). This assay enabled us to examine phenotypic differences
resulting from gene depletion, focusing on a scientific question that aims to clarify the role of
Rabl1la and KIF13A in regulating cell division. The results align with the data from the previ-
ous functional assays, adding value to the reliability of the findings.
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Figure 4: Rab11a and KIF13A knockdown result in an extended cell division time.

Individual knockdown of Rab11a and KIF13A results in prolonged cell division time, with the most nota-
ble difference occurring during the transition from cytokinesis to abscission in HelLa cells expressing
GFP-tubulin-mCherry-H2B. The graph in panel a summarises the results of cell division. Asterisks (*)
denote statistically significant differences (p < 0.05). Data are presented as means + S.D. from at least
three independent experiments. Panel b shows the stages of mitotic M-phase and the corresponding
time intervals for progression between each phase. Screenshots from time-lapse movies show the ex-
pected division timing in control cells and prolonged division time in KIF13A-depleted cells treated with
siRNA1. Scale bar indicates 10 um.

The interacting proteins help to uncover the molecular machinery underlying the KIF13A-
Rabl1a axis

According to the literature, a microtubule plus-end directed motor protein, KIF13 A, medi-
ates the movement of the FYVE-CENT-TTC19 complex towards the MB, where the activity
of Vps34 leads to local production of PI3P endosomes within the ICB (Thoresen et al., 2014),
which then serve as a binding site for FY VE-CENT via its FYVE binding domain (Montagnac
and Chavrier, 2010; Sagona et al., 2010). This recruitment subsequently regulates the recycling
of PI3P endosomes and activates the ESCRT-III complex component CHMP4B, which is re-
quired for abscission (Sagona et al., 2010; Montagnac and Chavrier, 2010; Carlton et al., 2012).
Building on this already published evidence supporting our proposed KIF13A-Rablla
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regulatory machinery, we next sought to examine the presence and spatial distribution of puta-
tive downstream effectors of the KIF13A-Rab11a axis during cytokinesis. To this end, we la-
belled control, Rablla-siRNAI- and KIF13A-siRNA1-treated cells with antibodies against
CHMP4B, Aurora B and PI3P. These markers were selected intentionally: the absence of acti-
vated CHMP4B would indicate disruption of the KIF13A-driven signalling cascade, whereas
the presence of Aurora B would signify activation of the abscission checkpoint and concomitant
downregulation of Vps34 activity and thus subsequent dysregulation of PI3P production, col-
lectively indicating upstream defects in the signalling pathway (Figure 5). According to our
results, CHPM4B appeared to accumulate at both the EPs and the ICB in control cells during
cytokinesis (Figure S4a). In Rab1la-depleted cells, however, CHMP4B was absent from both
the EPs and the ICB (Figure S4b), whereas in KIF13A-depleted cells, CHMP4B was specifi-
cally missing from the ICB (Figure S4c). This altered localisation of CHMP4B, relative to the
control, may indicate a disruption of the upstream signalling cascade required for CHMP4B
activation. At the same time, in control cells undergoing cytokinesis — characterised by long
and narrow ICBs — Aurora B was detected at the tips of the ICB on both sides of the MB (Figure
S4a). This localisation pattern changed upon Rabl1a or KIF13A depletion: Aurora B was de-
tected to a greater extent across the whole cell body, including the ICB, reflecting an evident
upregulation (Figure S4b-c). This elevated expression of the abscission-delay regulator Aurora
B may also indicate disruptions in the upstream signalling pathway during cytokinesis in
Rabl1a- or KIF13A-depleted cells. This observed upregulation of Aurora B aligns with the
reduced PI3P levels detected in Rab11a- or KIF13A-depleted cells (Figure S4a-c), as the acti-
vated Aurora B kinase can interfere with the proper localisation of Vps34 at the MB, which
precedes PI3P generation (Brill et al., 2011; Thoresen et al., 2014). Integrating our data with
earlier evidence (Sagona et al., 2010), we propose a model in which the KIF13A-Rabl11a sig-
nalling cascade drives cytokinesis and ultimately promotes the final abscission of the ICB that
connects the newly formed daughter cells (Figure 5). For the final abscission to occur, the sub-
sequent recruitment of the ESCRT-III-related protein IST1 enables the direct binding of the
AAA ATPase spastin, which mediates microtubule severing (Figure 5). Loss of spastin function
consequently disrupts spindle disassembly (Vietri et al., 2015).
Figure 5: A model
representing the
proposed KIF13A-
Rab11a axis-medi-
ated transport to the
Midbody abscission site at
the ICB.
In  our proposed
model, the interaction
between centrosome-
associated FYVE-
CENT and the micro-
tubule  plus-end-di-
rected motor KIF13A
drives FYVE-CENT
transport toward the
MB. Similar to this,
Rab11a-positive en-
dosomes bind to
_____ KIF13A, facilitating
S Actin their coordinated
movement along the
same route. Meanwhile, the Vps34 activity generates localised PI3P on endosomes within the ICB,
providing anchoring sites for FYVE-CENT. The recruitment of the KIF13A—-FYVE-CENT complex is

1 Upregulation "1';‘ VPS34

. Microtubules
Q-b
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therefore likely to regulate the recycling of PI3P-enriched endosomes that are essential for successful
abscission. Furthermore, the delivery of Rab11a to the MB, along with other KIF13A-associated cargo,
narrows the ICB sufficiently for activated CHMP4B, a component of the ESCRT-III complex, to initiate
a signalling cascade that also facilitates actin clearance and, through spastin activation, drives microtu-
bule severing within the ICB.

DISCUSSION

Our data show that Rab11a and KIF13A are spatially and functionally coupled at the ICB.
That perturbation of either component produces defects in late mitosis, including loss of ICB
localisation, increased multinucleation and micronuclei, elevated rates of chromatin bridges,
and a prolongation of the cytokinesis-to-abscission time. These results are consistent with prior
models, in which recycling endosome trafficking and plus-end-directed microtubule motors
jointly orchestrate membrane delivery and ESCRT activation at the MB (Montagnac and
Chavrier 2010; Sagona et al., 2010; Delevoye et al., 2014).

Consistent with prior work on Rabl1-mediated late-stage endosomal delivery

Several groups have demonstrated the requirement for Rab11-dependent recycling endo-
somes in abscission: Rabl1 and its effectors (FIP3/FIP4) concentrate at the cleavage furrow
and MB and are essential for successful abscission (Collins et al., 2012; Simon and Prekeris,
2008; Fielding et al., 2005). Our observation that near-complete Rabl1a depletion abolishes
the Rab1 1a signal at cytokinetic sites and strongly reduces Rab11a—KIF13A colocalisation di-
rectly matches these earlier studies, which concluded that Rab11 organises endosomal identity
and recruits effectors needed for membrane delivery during late cytokinesis (Wilson et al.,
2005).

KIF13A couples PI3P/FYVE-CENT signalling at the midbody

A study by Sagona et al. showed that PI3P localises to the MB and that KIF13A mediates
the recruitment of the FYVE-CENT/TTC19 complex to the MB, enabling CHMP4B/ESCRT-
IIT activity required for abscission (Sagona et al., 2010). Our finding that KIF13A depletion
reduces CHMP4B accumulation at the ICB — and that KIF13A KD produces pronounced ab-
scission delays and multinucleation — fits this mechanistic framework and supports the conclu-
sion that KIF13A-driven transport is critical for establishing a PI3P-competent environment at
the MB.

Rabl1a-KIF13A4 coupling in endosomal morphogenesis

Work by Delevoye et al. shows that KIF13A cooperates with Rab11 to generate recycling
endosome tubules and to maintain RE morphogenesis, and that KIF13A can interact preferen-
tially with GTP-bound Rab1 1a in interphase settings (Delevoye et al., 2014). Our colocalisation
data, especially the loss of KIF13A signal at cytokinetic sites after Rab11a depletion, and the
more modest reciprocal effect, support a model in which Rabl 1a marks cargo endosomes and
helps recruit KIF13A-containing transport complexes for directed delivery to the ICB. The
asymmetry in dependency (more substantial loss of KIF13A localisation after Rab11a KD than
vice versa) mirrors the concept that Rab GTPases confer membrane identity and thereby recruit
motors and adaptors.

Impact on abscission timing, ESCRT recruitment, and checkpoint activation

We observed that both Rabl1a and KIF13A depletion selectively prolong the cytokinesis-
abscission interval (control - 60.85 min, Rab11a KD - 77.28 min, and KIF13A KD - 92.38 min).
This phenotype parallels prior observations that impairing ESCRT-III recruitment or PI3P
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production delays abscission and that the abscission checkpoint (mediated by Aurora B) is en-
gaged under such conditions (Steigemann et al., 2009; Sagona et al., 2010). The elevated Au-
rora B signal and decreased PI3P levels in our KDs are therefore consistent with checkpoint
activation secondary to defective trafficking. When endosomal delivery or PI3P enrichment is
compromised, Aurora B activity persists, delaying abscission and preventing catastrophic chro-
mosome breakage. These results align with classical work describing the Aurora B-mediated
abscission checkpoint and with studies linking Vps34/PI3P, FYVE-domain proteins and
ESCRT recruitment to proper abscission (Elia et al., 2011).

Trafficking defects drive chromatin bridges and genome instability

The dramatic increase in LAP2-positive chromatin bridges (from 22.67 % in the control to
57.50-71.43 % in KDs) and the concomitant rise in micronuclei are notable because they con-
nect membrane-trafficking defects at the ICB with segregation problems that lead to genome
instability. This sequence — traffic defect, delayed abscission, persistent chromatin bridges, and
micronuclei — has been previously proposed in studies demonstrating that delayed abscission
promotes bridge persistence and subsequent nuclear abnormalities (Steigemann et al., 2009;
Pampalona et al., 2012). Our data provide experimental support that defective Rab11a-KIF13A
trafficking is sufficient to trigger this cascade in HeLa cells, reinforcing the pathological rele-
vance of this pathway in the context of cancer, where both trafficking and mitotic fidelity are
perturbed (Sadler et al., 2018; Joseph et al., 2023).

Scientific insights, outstanding questions and future directions

By integrating our observations with the established KIF13A-FYVE-CENT-PI3P-ESCRT
axis, we propose that Rab11a marks recycling endosomes that KIF13 A must transport into the
MB region to nucleate a PI3P-rich microdomain, recruit FY VE-domain effectors and enable
ESCRT-III polymerisation and spastin-mediated microtubule severing (Figure 5). Disruption
at any point in this chain produces delayed abscission and downstream genome instability.
Given the prevalence of Rab and kinesin dysregulation in cancers (Xu et al., 2024), the Rabl11a-
KIF13A module may represent a mechanistic link between altered membrane trafficking and
aneuploidy in tumours.

Although our results support the existing literature, several key scientific insights of our
work are worth highlighting. First, KIF13A KD resulted in larger delays in abscission compared
to Rabl1la KD. Several possible reasons might be proposed for this difference: 1) The shRNA
KD did not eliminate KIF13A (only a 65-76 % reduction), which could complicate how the
phenotype compares to Rab11a KD. Partial depletion might still disrupt multiple pathways; 2)
When Rabl1a is depleted, other Rab11 family members (Rab11b or Rab25) or alternative reg-
ulatory factors may partially take over its role, reducing the severity of the phenotype. These
kinds of compensatory mechanisms are common in trafficking pathways; 3) KIF13A may
transport additional cargoes that do not rely on Rabl1la, such as FYVE-CENT/TTC19 com-
plexes, which are themselves required for abscission. Losing KIF13A would therefore disrupt
multiple essential inputs into abscission, not just Rab1la-dependent trafficking. To elaborate
on the topic, prior studies have noted isoform redundancy and the existence of multiple motors
capable of supporting endosomal transport (Delevoye et al., 2014; Thankachan and Setty 2022;
Gibieza et al., 2024). Therefore, partial compensation is plausible and could explain why
Rabl11a depletion phenotypes are somewhat milder in some readouts.

In summary, our data corroborate and extend published models by showing that Rabl1a
and KIF13A are spatially and functionally interdependent at the ICB, and that their coordinated
action is required to generate a PI3P/ESCRT-competent environment that drives timely abscis-
sion. When this axis is disrupted, cells exhibit classical hallmarks of cytokinesis failure and
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genomic instability, underscoring the physiological and pathological significance of Rablla—
KIF13A-mediated trafficking in cell division. Future biochemical pull-downs and rescue ex-
periments with separation-of-function mutants (utilising KIF13A CRISPR cells or locking
Rabl1la in GTP or GDP conformation) would help resolve whether the primary defect lies in
motor recruitment, motor activation, or cargo maturation.

CONCLUSIONS

Our results identify Rabl1a and KIF13A as essential and functionally linked regulators of
late mitosis, with a critical role in cytokinesis and abscission. Depletion of either protein dis-
rupts their localisation at the ICB, delays abscission, and leads to increased multinucleation,
chromatin bridges, and micronuclei formation, indicating defective cell division and compro-
mised genomic stability. Live-cell imaging confirms that loss of Rab11a or KIF13 A specifically
prolongs the cytokinesis-to-abscission transition, extending overall mitotic duration. At the mo-
lecular level, mislocalisation of CHMP4B, reduced PI3P, and elevated Aurora B signalling
support a model in which the Rabl1a—KIF13A axis coordinates endosomal trafficking and
ESCRT-III activation to ensure timely and faithful abscission. Together, these findings propose
the Rab11a—KIF13A pathway as an additional regulatory mechanism that compensates existing

pathways by linking membrane trafficking to the successful completion of cell division.

Artificial Intelligence (AI) — assisted
technology

We confirm that we have not used artifi-
cial intelligence tools in the preparation of the
manuscript or in any part of the production
process.

Conflict of interest
The authors declare that they have no con-
flict of interest.

Funding

This project was funded by the European
Union (project No [S-PD-24-71]) under the
agreement with the Research Council of Lith-
uania (LMTLT).

Author's contributions

Conceptualisation, P.G.; Methodology,
P.G.; Live-cell imaging conditions, S.R.C.;
Validation, P.G.; Formal analysis, P.G.; In-
vestigation, P.G.; Data curation, P.G.; Writ-
ing - original draft preparation, P.G.; Writing
- review and editing, P.G., S.R.C. and V.P;
Visualisation, V.P.; Supervision, P.G. and
V.P.; Project administration, P.G.; Funding
acquisition, P.G. and V.P. All authors have
read and agreed to the published version of
the manuscript.

Availability of data and materials

The datasets used and/or analysed during
the current study are available from the corre-
sponding author on reasonable request.

REFERENCES

Adams DJ, Barlas B, McIntyre RE, Salguero I, van der
Weyden L, Barros A, et al. Genetic determinants of mi-

cronucleus formation in vivo. Nature. 2024;627: 130—
6.

Advedissian T, Frémont S, Echard A. Cytokinetic ab-
scission requires actin-dependent microtubule sever-
ing. Nat Commun. 2024;15:1949.

Boudreau RL, Martins I, Davidson BL. Artificial Mi-
croRNAs as siRNA Shuttles: Improved Safety as Com-
pared to shRNAs In vitro and In vivo. Mol Ther J Am
Soc Gene Ther. 2009;17:169-75.

Brill JA, Wong R, Wilde A. Phosphoinositide function
in cytokinesis. Curr Biol CB. 2011;21:R930-934.

Cahill AL, Moore JM, Sabar FI, Harkins AB. Variabil-
ity in RNA interference in neuroendocrine PC12 cell
lines stably transfected with an shRNA plasmid. J Neu-
rosci Methods. 2007;166:236—40.

Carlton JG, Martin-Serrano J. Parallels Between Cyto-
kinesis and Retroviral Budding: A Role for the ESCRT
Machinery. Science. 2007;316:1908-12.

843



EXCLI Journal 2026,25:824-845 — ISSN 1611-2156

Received: March 05, 2026, accepted: May 22, 2026, published: June 19, 2026

Carlton JG, Caballe A, Agromayor M, Kloc M, Martin-
Serrano J. ESCRT-III Governs the Aurora B-Mediated
Abscission Checkpoint Through CHMP4C. Science.
2012;336:220-5.

Collins LL, Simon G, Matheson J, Wu C, Miller MC,
Otani T, et al. Rab11-FIP3 is a cell cycle-regulated
phosphoprotein. BMC Cell Biol. 2012;13:4.

Crasta K, Ganem NJ, Dagher R, Lantermann AB,
Ivanova EV, Pan Y, et al. DNA breaks and chromo-
some pulverization from errors in mitosis. Nature.
2012;482:53-8.

D’Avino PP, Savoian MS, Glover DM. Cleavage fur-
row formation and ingression during animal cytokine-
sis: a microtubule legacy. J Cell Sci. 2005; 118:1549—
58.

Delevoye C, Hurbain I, Tenza D, Sibarita J-B, Uzan-
Gafsou S, Ohno H, et al. AP-1 and KIF13A coordinate
endosomal sorting and positioning during melanosome
biogenesis. J Cell Biol. 2009;187:247-64.

Delevoye C, Miserey-Lenkei S, Montagnac G, Gilles-
Marsens F, Paul-Gilloteaux P, Giordano F, et al. Recy-
cling endosome tubule morphogenesis from sorting en-
dosomes requires the kinesin motor KIF13A. Cell Rep.
2014;6:445-54.

Elia N, Sougrat R, Spurlin TA, Hurley JH, Lippincott-
Schwartz J. Dynamics of endosomal sorting complex
required for transport (ESCRT) machinery during cy-
tokinesis and its role in abscission. Proc Natl Acad Sci
US A.2011;108:4846-51.

Fenech M, Kirsch-Volders M, Natarajan AT, Surralles
J, Crott JW, Parry J, et al. Molecular mechanisms of
micronucleus, nucleoplasmic bridge and nuclear bud
formation in mammalian and human cells. Mutagene-
sis. 2011;26:125-32.

Fielding AB, Schonteich E, Matheson J, Wilson G, Yu
X, Hickson GRX, et al. Rab11-FIP3 and FIP4 interact
with Arf6 and the Exocyst to control membrane traffic
in cytokinesis. EMBO J. 2005;24:3389-99.

Gibieza P, Ratkeviéiaité E, Dabkevic¢iuté G, Petrikaité
V. The unique contributions of Rab11 and Rab35 to the
completion of cell division. Biol Res. 2025;58(1):59.

Green RA, Paluch E, Oegema K. Cytokinesis in Ani-
mal Cells. Annu Rev Cell Dev Biol. 2012;28:29-58.

Grosshans BL, Ortiz D, Novick P. Rabs and their ef-
fectors: achieving specificity in membrane traffic. Proc
Natl Acad Sci U S A. 2006;103:11821-7.

Guadagno NA, Progida C. Rab GTPases: Switching to
Human Diseases. Cells. 2019;8(8):909.

Hanson PI, Roth R, Lin Y, Heuser JE. Plasma mem-
brane deformation by circular arrays of ESCRT-III
protein filaments. J Cell Biol. 2008;180:389-402.

Hehnly H, Doxsey S. Rab11 Endosomes Contribute to
Mitotic Spindle Organization and Orientation. Dev
Cell. 2014;28:497-507.

Homma Y, Hiragi S, Fukuda M. Rab family of small
GTPases: an updated view on their regulation and
functions. Febs J. 2021;288:36-55.

Hutagalung AH, Novick PJ. Role of Rab GTPases in
membrane traffic and cell physiology. Physiol Rev.
2011;91(1):119-49.

lannantuono NVG, Emery G. Rabl11FIP1 maintains
Rab35 at the intercellular bridge to promote actin re-
moval and abscission. J Cell Sci. 2021;134:jcs244384.

Joseph I, Flores J, Farrell V, Davis J, Bianchi-Smak J,
Feng Q, et al. RAB11A and RAB11B control mitotic
spindle function in intestinal epithelial progenitor cells.
EMBO Rep. 2023;24:EMBR202256240.

Klaasen SJ, Truong MA, van Jaarsveld RH, Koprivec
I, Stimac V, de Vries SG, et al. Nuclear chromosome
locations dictate segregation error frequencies. Nature.
2022;607:604-9.

Lens SMA, Medema RH. Cytokinesis defects and can-
cer. Nat Rev Cancer. 2019;19:32-45.

Li G, Marlin MC. Rab Family of GTPases. Methods
Mol Biol Clifton NJ. 2015;1298:1-15.

Li R, Sonik A, Stindl R, Rasnick D, Duesberg P. An-
euploidy vs. gene mutation hypothesis of cancer: Re-
cent study claims mutation but is found to support an-
euploidy. Proc Natl Acad Sci U S A. 2000;97:3236—
41.

Ly P, Teitz LS, Kim DH, Shoshani O, Skaletsky H, Fa-
chinetti D, et al. Selective Y centromere inactivation
triggers chromosome shattering in micronuclei and re-
pair by canonical NHEJ. Nat Cell Biol. 2017;19:68-75.

Montagnac G, Chavrier P. Abscission accomplished by
PtdIns(3)P. Nat Cell Biol. 2010;12:308-10.

Morita E, Sandrin V, Chung H-Y, Morham SG, Gygi
SP, Rodesch CK, et al. Human ESCRT and ALIX pro-
teins interact with proteins of the midbody and function
in cytokinesis. EMBO J. 2007;26:4215-27.

Nakagawa T, Setou M, Seog D-H, Ogasawara K,
Dohmae N, Takio K, et al. A Novel Motor, KIF13A,
Transports Mannose-6-Phosphate Receptor to Plasma
Membrane through Direct Interaction with AP-1 Com-
plex. Cell. 2000;103:569-81.

844



EXCLI Journal 2026,25:824-845 — ISSN 1611-2156

Received: March 05, 2026, accepted: May 22, 2026, published: June 19, 2026

Novick P. Regulation of membrane traffic by Rab GEF
and GAP cascades. Small GTPases. 2016;7:252-6.

Pampalona J, Frias C, Genesca A, Tusell L. Progres-
sive Telomere Dysfunction Causes Cytokinesis Failure
and Leads to the Accumulation of Polyploid Cells.
PLoS Genet. 2012;8:¢1002679.

Ramos-Nascimento A, Kellen B, Ferreira F, Alenquer
M, Vale-Costa S, Raposo G, et al. KIF13A mediates
trafficking of influenza A virus ribonucleoproteins. J
Cell Sci. 2017;130:4038-50.

Sadler JBA, Wenzel DM, Strohacker LK, Guindo-
Martinez M, Alam SL, Mercader JM, et al. A cancer-
associated polymorphism in ESCRT-III disrupts the
abscission checkpoint and promotes genome instabil-
ity. Proc Natl Acad Sci U S A. 2018;115:E8900-8.

Sagona AP, Nezis IP, Pedersen NM, Liestel K, Poulton
J, Rusten TE, et al. PtdIns(3)P controls cytokinesis
through KIF13A-mediated recruitment of FYVE-
CENT to the midbody. Nat Cell Biol. 2010;12:362—71.

Simon GC, Prekeris R. The role of FIP3-dependent en-
dosome transport during cytokinesis. Commun Integr
Biol. 2008;1:132-3.

Soto M, Garcia-Santisteban I, Krenning L, Medema
RH, Raaijmakers JA. Chromosomes trapped in micro-
nuclei are liable to segregation errors. J Cell Sci. 2018;
131:jcs214742.

Steigemann P, Wurzenberger C, Schmitz MHA, Held
M, Guizetti J, Maar S, et al. Aurora B-Mediated Ab-
scission Checkpoint Protects against Tetraploidization.
Cell. 2009;136:473-84.

Stenmark H. Rab GTPases as coordinators of vesicle
traffic. Nat Rev Mol Cell Biol. 2009;10:513-25.

Thankachan JM, Setty SRG. KIF13A-A Key Regulator
of Recycling Endosome Dynamics. Front Cell Dev
Biol. 2022;10:877532.

Thoresen SB, Campsteijn C, Vietri M, Schink KO,
Liestal K, Andersen JS, et al. ANCHR mediates Au-
rora-B-dependent abscission checkpoint control
through retention of VPS4. Nat Cell Biol. 2014;16:
550-60.

Tipton AR, Gorbsky GJ. More than two populations of
microtubules comprise the dynamic mitotic spindle. J
Cell Sci. 2022;135:jcs258745.

Utani K, Kohno Y, Okamoto A, Shimizu N. Emer-
gence of Micronuclei and Their Effects on the Fate of
Cells under Replication Stress. PLoS ONE. 2010;5:
¢100809.

Vietri M, Schink KO, Campsteijn C, Wegner CS,
Schultz SW, Christ L, et al. Spastin and ESCRT-III co-
ordinate mitotic spindle disassembly and nuclear enve-
lope sealing. Nature. 2015;522:231-5.

Wilmerding A, Richard A, Macagno N, Hirsinger E,
Gharsalli T, Bellenger L, et al. RIPOR2 promotes mul-
tinucleation of melanoma cells downstream of the
RAS/ERK oncogenic pathway. iScience. 2026;29(5):
115734,

Wilson GM, Fielding AB, Simon GC, Yu X, Andrews
PD, Hames RS, et al. The FIP3-Rab11 Protein Com-
plex Regulates Recycling Endosome Targeting to the
Cleavage Furrow during Late Cytokinesis. Mol Biol
Cell. 2005;16:849-60.

Xu S, Cao B, Xuan G, Xu S, An Z, Zhu C, et al. Func-
tion and regulation of Rab GTPases in cancers. Cell
Biol Toxicol. 2024;40:28.

Zeng K, Bastos RN, Barr FA, Gruneberg U. Protein
phosphatase 6 regulates mitotic spindle formation by
controlling the T-loop phosphorylation state of Aurora
A bound to its activator TPX2. J Cell Biol. 2010;
191:1315-32.

845



