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% Divergent acentrosomal pathways ensure spindle bipolarity in human cancer cells

Takumi CHINEN and Daiju KITAGAWA
Division of Centrosome Biology, National Institute of Genetics

Summary

Here we uncovered that the divergent mitotic machineries ensure establishment of
acentrosomal spindles. Cells with one centrosome form asymmetric bipolar spindles
by splitting of pericentriolar materials of the centrosomal pole. In contrast, spindles
without centrosomes assemble microtubule near chromosome, like human oocyte,
and results in short bipolar spindles by coordination of kinetochore-microtubule
attachment, y-tubulin-dependent microtubule nucleation and Eg5-dynein-dependent
force balance. Furthermore, chemical perturbation of acentrosomal spindle formation
upon centrosome elimination prevented proliferation of various cancer cell lines.
These findings provide insight into how the spindle bipolarity establishes
independently of centrosome number, and suggest the dual inhibition of both
centrosomal and acentrosomal spindle pathways as an attractive drug target.

Introduction

Centrosomes are not absolutely essential for
cell division; cancer cells in which
centrosomes are removed can divide'.
Furthermore, PLK4 haploinsufficiency
causes carcinogenesis?, and cancer-related
mutations in the Cep752 gene locus impair
Cep152-PLK4 interaction, resulting in
procentriole  assembly  defects  and
chromosomal instability>. These findings
indicate that cancer cells can drive
acentrosomal spindle pathways that are not
yet identified, and also that acentrosomal
cell division may promote carcinogenesis.

0 min

Centrosomes

Result 1: Acentrosomal spindle formation in cancer celis

To understand the mechanisms of acentrosomal spindle formation in cancer cells,
we induced the formation of acentrosomal spindles which have 1 or 0 centrosomes by

treatment of cells with a PLK4 inhibitor centrinone B (CentB).
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(Left) Spindle assembly patterns. Two-way arrows represent a bipolar state of spindle. Arrowheads denote monopolar

spindles in 1-centrosome cells, and disorganized state of microtubules in O-centrosome cells. Scale bar, 10 pm. Time
zero corresponds to the beginning of mitotic cell rounding. (Right) Two patterns of spindle structures in 1-centrosome
and O-centrosome cells. Scale bars, 5 pm.

Cells with one centrosome first form centrosome-mediated monopolar spindles, and
subsequently assemble asymmetric bipolar spindles. In contrast, spindles without
centrosomes assemble microtubules near chromosomes, like human oocytes, and result in
short bipolar spindles.

Result 2: Splitting of PCM ensures spindle bipolarity

in 1-centrosome cells

Previous studies indicated that the meiotic spindle poles of mouse oocytes without
centrosomes contain pericentriolar material (PCM) components at the spindle poles* whereas

human oocytes lack these PCM-pole5. We conducted localization-based screening with
known centrosomal proteins to see whether they localize at acentrosomal spindle poles.
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(A) Spindle poles were observed in proTAME-arrested metaphase cells. Scale bar, 5 pm. (B) Quantification of pole
patterns in (A). Values are mean percentages * s.d. from three independent experiments (N = 50 for each experiments).

(C) Schematic illustration of acentrosomal pole components in 1-centrosome cells.

Acentrosomal spindle poles of 1-centrosome cells contains PCM. On the other hand, most of
0-centrosome cells lack these components like human oocytes, suggesting that acentrosomal
somatic cells could be a useful model system to understand meiotic properties of human
oocytes.

To understand the assembly mechanisms of the acentrosomal spindle poles of 1-centrosome
cells, we tracked the localization and dynamics of endogenous pericentrin tagged with
mCherry by time-lapse fluorescence microscopy. This strategy revealed that 1-centrosome
cells form an acentrosmal pole by ‘pole splitting’ from the centrosomal pole
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Time-lapse observation of spindle pole formation. HeLa cells expressing EGFP-centrin] and pericentrin-mCherry were
observed with a x63 ub ective. Magenta and green represent pericentrin and centrin, respectively. Arrowheads indicate
the split acentrosmal po e. Scale bar, 10 um. Time zero corresponds to the beginning of mitotic cell rounding.

Result 3: kinetochore-microtubule attachment, y-tubulin-dependent
microtubule nucleation and Eg5-dynein-dependent force balance
promotes the spindle bipolarity in 0-centrosome cells

Mitotic spindle formation is supported by several key machineries®'?. To understand the
molecular properties which are specific for acentrosomal spindle assembly in human cancer
cells, we next performed a functional screening with an array of mitotic inhibitors upon CentB
treatment and showed that kinetochore-microtubule attachment, y-tubulin-dependent

microtubule nucleation and Eg5-dynein-dependent force balance promotes spindle bipolarity
in O-centrosome cells.
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(Left) Cell-growth screening with mitotic inhibitors to identify regulators for acentrosomal spindle formation. The ratio
between ICy, values (+CenzB) is shown below the heat map. (Right) Mitotic spindle structures of 2- or (-centrosome
cells upon gatastatin, monastrol, siDHC1 or siNDC80 treatment were observed with x63 objective. Scale bars, 5 pm.

Result 4: Dual inhibition of PLK1 and PLK4 as
a promising drug target for cancer chemotherapy

Mitotic spindle formation is a target for anti-cancer drugs. Since the dual inhibition of PLK1
and PLK4 (PLK1+4i) prevented the growth of Hela cells efficiently, we further tested the
potential of PLK1+4i as an alternative anticancer strategy. PLK1+4i prevented the growth of
wide-variety of cancer cell lines efficiently suggesting that the inhibition of both centrosomal
and acentrosomal spindle pathways as an attractive drug target for anticancer strategy.
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Dual inhibition of both centrosomal and acentrosomal spindle pathways in various cancer cell lines. After 4 days
treatment with 500 nM of CentB and various concentrations of BI2536 (0, 0.1, 0.5, 1, 2, 5. 10 or 20 nM). cell viability
(% of DMSO control) was determined and shown as a heat map. The ratio between ICy, values (+CentB) are shown
below the heat map.

Conclusions

1-centrosome cells: Assemble asymmetric bipolar spindles by splitting of the PCM of
the centrosomal pole (left in model)

0-centrosome cells: Assemble short bipolar spindles by the coordination of
kinetochore-microtubule attachment, y-tubulin-dependent microtubule nucleation and
Eg5-dynein-dependent force balance (right in model)

Dual inhibition of PLK1 and PLK4: Prevented proliferation of various cancer cell lines
efficiently
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