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Asymmetric Cell Division (ACD): involved in cell differentiation, tissue

morphogenesis and maintenance
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Mechanics of asymmetric cell
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ACD requires proper spindle
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The Centrosome: a Multi-functional C

Non cycling cells:
Basal body/cilia

Interphase microtubule
network




The Centrosome
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The Centrosome dug

Centriole

Centrosome maturation
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The Centrosome duplication

Human cells
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The Centrosome and bipolar spindle assembly

Centrosomes help focusing spindle poles and are important for timely and

errorless mitosis
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The Centrosome and bipolar spindle assembly

Centrosomes help focusing spindle poles and are important for timely and
errorless mitosis
Plk4 /1 centro. : Plk4 depletion/inhibition
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Non transformed human cells w/o centrosomes stop proliferating
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Centrosome and ACD:

- In Celltissues with normal homeostasis:

a- Drosophila neuroblasts
b- C. elegans first embryonic division
c- Mice neocortex development

- In Cellltissues with perturbed homeostasis

a- Centrosome amplification and cancer in Fly
b- Centrosome amplification, microcephaly and cancer in mice
c- Contribution of IFT proteins to centrosome clustering



Centrosome and germ cells d
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Centrosomes and germ cells differentiation .

What will determine spindle orlentation in Drosophila Germ Stem Cells (GSC)?
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Centrosomes and germ cells differentiation -

Centrosomes age influences MTs aster formation and centrosome attachment.
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Centrosomes asymmetry is an integral part of ACD. 15



Centrosomes and C. elegans c

a C elegans
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Centrosomes and C. elegans development
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Centrosome and mice neocortex ¢

Mouse neocortex progenitor cells
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Centrosome and mice neocortex development
Asymmetric centrosomes segregation is necessary for mice neocortex

development I —
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Centrosomes abnormalities and diseases

Abnormal centrosome number is extremely rare in normal tissue but very frequent
n tumors (>90 % in solid tumors).
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Perturbation of centrosome
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Assess the consequences of centrosome amplification
Plk4 overexpression to generate extra centrosomes

Human cells

P x ‘/\\J " 807 Skin Fibroblast
CEP192 S O
o kS < £ 604
Y v % = 8
G @D 9 S 40
/N S =
EASD—EIL 5 (i Q 20
< 2 _
@G E ol i [
1 g Dox: - - L)
Microtubules ) P|k4 rtTA P|k4 rtTA




Assess the consequences of centrosome amplification
Extra centrosomes give rise to chromosome «coregation errors and ancuploidy.

2 centrosomes, Bipolar > 2 centrosomes, Bipolar > 2 centrosomes, Multipolar
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Extra centrosome and drosophila neuroblasts
Sxtra centrosomes perturb ACD in fly neuroblasts
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Extra centrosome can drive cancer in drosophila
Brain transplantation leads to tumor development
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Extra centrosome and brain development in mice
Extra centrosomes lead ‘o microcephaly but not through spindie miss-orientation
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Extra centrosome and brain development in mice
Extra centrosomes generate aneuploidy, cell cycle arrest and apoptosis through

p53 activation.

Marthiens et al, NCB. 2013
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Cells with extra centrosomes =0 proliferating
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Extra centrosome and cancer in mice .

Centrosome amplification can drive tumor development depending on context:
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Extra centrosome and cancer in
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Perturbation of centrosome

Mitotic delay
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Preventing clustering could be used as a strategy to selectively kill cancer cells
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IFT machinery is required for efficient
clustering in mitosis.

Centrosome, Cilia and Pathologies Team, CRBM
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IFT machinery basics
~ liscentraltoc .« formation and function.
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Non ciliary functions of IFT

Delaval et al, 2011; Taulet, Douanier et al, 2019; Vitre at al, 2020: Taulet et al, 2017 43



Centrosome amplification and centrosome C

' Multipolar mitosis: Pseudo-bipolar mitosis:
Hiah aneuploidy. cell death Low aneuploidy, cell survival

Quintyne et al, Science, 2005; Kwon et al, G&D, 2008; Ganem et al, Nature 2009

Cancer cells are particularly dependent on centrosome clustering
for survival




Molecular Mechanisms of centrosome clu
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- Additional interactions identified in proteomics screening: Mklp1/IFT27 Dynein/IFT20 HSET/IFT70
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IFT proteins and centrosome clustering

- Does IF T machinery proteins contribute to centrosome clustering?
- Is this effect mediated through mitotic motors?
- Does cancer cells relies on |- Ts for clustering and survival?

Microtubule cluster Centrosome
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Effects of various depletion on cells with ntrosomes

Centrosome amolification is induced in 1271 usmg Doxycycline inducible Plk4 overexpression (-90%
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Analysis of IFT effects on clustering in association with mitotic motors

Combination of acute, auxin induce, degradation of |~ T2% in mitosis vt small molecules motor inhinition in DLD-1
cells
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Analysis of IFTs / HSET interactions
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Effects of IFT88 depletion cancer cell lines naturally harboring extra centrosomes
Centrosome clustering is analyzed in cancer call lines following |7 122 deplation.
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Effects of IFT88 depletion cancer cell lines naturally harboring extra centrosomes
Centrosome clustering is analyzed in cancer call lines following (= T22 deplation.
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Effects of IFT88 depletion cancer cell lines naturally harboring
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IFT88 depletion in cancer cell lines with natural centrosome
amplification results in reduce proliferation and clonogenic
capabilities




Take Home message

- ACD polarity axis is mechanically determined by centrosome positioning and mitotic
spindle axis

- Centrosome can directly contribute to ACD by breaking the symmetry of cell division
- Extra centrosomes are common in cancer and microcephaly

- Forcing cells to asymmetric division can be a strategy to impair proliferative
disorder such as cancer

- Targeting IFT88 could be use as a strategy to force multipolar division of cancer cells
with extra centrosomes
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