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Chromosome instability (CIN) is the process when cells 
display chromosome mis-segregation during mitosis 

and leads to karyotype change and abnormal DNA con-
tent.[1, 2] CIN engender cell aneuploidy, with different chro-
mosomes copy number in daughter cells.[3] Tetraploidy, an 
intermediate stage of CIN, is the accumulation of two sets 
of chromosomes, and tetraploid cells can be generated by 
mitotic slippage (endocycling or endoreplication), or by 
aborted mitosis (endomitosis or cytokinesis failure), or by 
cell-cell membrane fusion.[4, 5]

Excluding some physiological context such as hepato-
cytes, differentiating megakaryocytes or in the syncytio-
trophoblast, striated muscle cells and osteoclasts with an 
irreversible tetraploid arrested G1 phase, normal cells do 
not live with chromosomes number perturbation.[6] Robust 
intrinsic programmed death pathways[7] or immunologi-
cal surveillance mechanism normally prevents tetraploidy.
[8] However, CIN and aneuploidization has been associated 
with cancer progression and aggressiveness,[9] therapeutic 
resistance,[10] metastasis[11] and poor patient prognosis.[12] Il-
licit tetraploidization is a major mechanism through which 
aneuploid cancer cells are generated.[3]

Due to the clear involvement of CIN and aneuploidy, and 
de facto tetraploidization, in oncogenesis and cancer pro-
gression, several strategies were developed to selectively 
eradicate tetraploid cancer sub-population. One of the 
main strategies was targeting several key mitotic effectors 
and exacerbating the chromosomal instability to death.

This review summarizes the studies that reported a higher 
sensitivity in tetraploid cells when mitotic effectors were 
inhibited.

A. Inhibition of the Centrosome Apparatus

Centrosomes are the main microtubule nucleating struc-
tures in the cells. They undergo duplication and maturation 
during the cell cycle and form the mitotic bipolar spindle 
assembly.[13] The deregulation of the mitotic bipolar spin-
dle showed a highly toxicity in cancer cells.[14] Moreover, as 
most tetraploid cells have extra centrosomes, targeting the 
centrosomes associated molecules showed a selective ef-
fect on tetraploid cells. Figure 1 shows the different fates 
that could happen once a key centrosome kinase or kinesin 
is inhibited. 

Tetraploidy constitutes a genomically metastable state that drives oncogenesis by leading aneuploidy. Tetraploid 
sub-population is frequently found in pre-neoplastic lesions. This particular population is relatively more resistant 
against DNA damaging agents and in consequence, it is important to selectively target tetraploid cancer cells. Here, 
we listed all the studies that targeted preferentially tetraploid tumors cells focusing on mitosis machinery, essentially 
the spindle pole apparatus and the spindle assembly checkpoint pathways.
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A.1. Eg5

The kinesin Eg5, also called kinesin spindle protein (KSP) or 
KIF11, is a molecular motor that separates the microtubules 
that are attached to the two centrosomes and thus contrib-
ute to the arrangement of the bipolar arrangement of the 
spindle.[15] The knockdown or the pharmacological inhibi-
tion of Eg5 provokes a non-separation of the centrosomes 
and mono-astral mitosis figures and consequent blockage 
in mitosis. 

The mitotic blockage is followed by a reversion from the 
metaphase to the prophase G1-state in diploid cells. How-
ever, in tetraploid cancer cells it has been shown that the 
metaphase arrest was significantly shortened and cells un-
dergo karyokinesis and illicit cell division, and ultimately, 
mitotic catastrophe. Tetraploid cells reduced the meta-
phase arrest by nearly 50% and advanced to karyokinesis 
and aneuploid daughter cells while diploid cells reverse to 
G1 mainly. This difference in cell cycle fate kills preferen-
tially the tetraploid cancer cells.[6]

A.2. HSET

The kinesin-like protein HSET or KIFC1 is a minus end-
directed motor protein that promotes microtubule cross-
linking, sliding, bundling and spindle pole focusing. HSET 
and Eg5 act antagonistically and the simultaneous inhibi-
tion of HSET and Eg5 restores centrosome separation. In 
diploid cells, HSET is non-essential protein, however; in 
tetraploid cancer cells, HSET drives supernumerary centro-
somes clustering. Disruption of such a mechanism selec-
tively kills tetraploid cancer cells. Indeed, HSET inhibition 
induces multipolar anaphases figures and consequent ab-
normal mitosis and non-viable daughter cells due to the 
activation of mitotic catastrophe.[16]

A.3. PLK1

The Polo-like kinase 1 PLK1 is a serine/threonine protein 
kinase that plays essential roles during the cell cycle. PLK1 
kinase has a variety of functions including in the early mi-
tosis stage where PLK1 is localized at the centrosome and 
facilitates γ-tubulin recruitment and centrosome matura-
tion and separation.[17] The depletion or inhibition of PLK1 
blocks the cells in G2/M cell cycle phase and while the dip-
loid cells reverse to G1 phase, +/- 25% of the tetraploid cells 
undergo mitotic slippage and acquire extended ploidy and 
become more unstable. This leads to the activation of the 
mitotic catastrophe preferentially in tetraploid cells. This 
particular fate can be explained by the important role of 
PLK1 in the Spindle Assembly Checkpoint (SAC). Indeed, 
PLK1 is located at the kinetochores during the metaphase 
and regulates the chromosome segregation at the spindle 

midzone. This function could introduce the SAC as thera-
peutic target for tetraploid cancer cells.[18]

B. Abrogation of the Spindle Assembly Checkpoint SAC

The SAC controls the correct attachment between kineto-
chores and microtubules during prometaphase. It moni-
tors the metaphase-to-anaphase transition until all chro-
mosomes are completely attached and bioriented at the 
metaphase plate. This ensures correct segregation of sister 
chromatids, which is conditio sine qua non for normal cell 
division.[19, 20] The abrogation of the SAC provokes a mitotic 
defaults accumulation, a cascade of polyploidy/aneuploidy 
and eventually cell death.[21] The inhibition of several key 
components of the SAC showed a high selectivity to tetra-
ploid cancer cells. Figure 1 shows the various cell fates that 
might undergo after SAC kinases inhibition.

B.1. MPS1

MPS1 is an essential dual-specificity protein kinase that 
phosphorylates serines/threonines and tyrosines. MPS1 
kinase is evolutionarily conserved and has multiple roles 
essentially in mitosis, and its most important function is 
ensuring proper biorientation of sister chromatids on the 
mitotic spindle at kinetochores.[22] During mitosis, PLK1 and 
MPS1 cooperatively regulate the SAC.[23] Similar to the inhi-
bition of PLK1, the abrogation of MPS1 kills preferentially 

Figure 1. Different fates possibilities leading to mitotic catastrophe 
when inhibiting the centrosome apparatus or the spindle assembly 
checkpoint in tetraploid cancer cells.
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tetraploid cancer cells. The MPS1 inhibition abolishes the 
SAC function, shortened the mitosis and induced a poly-
ploidization/aneuploidization program and daughter cells 
executed mitotic catastrophe both during mitosis or the 
interphase. The preferential cytotoxic effect on tetraploid 
cells came from the elevated dependency of polyploid cells 
to the SAC activity for their survival and thus it becomes 
an Achilles’s heel when abrogated. This effect is even more 
present when the polyploid status is increased in absence 
of SAC functions.[24, 25]

B.2. MAD2 & BUBR1

MAD2 and BUBR1 are one of the main effectors of the spin-
dle assembly checkpoint.[19] The inhibition or the deple-
tion of MAD2 or BUBR1 engenders severe chromosome 
missegregation that induce cell toxicity. Moreover, both 
MAD2 and BUBR1 are required for centrosome clustering 
and their inhibition enhances multipolar mitosis. Target-
ing these kinases showed a preferential cytotoxic effect in 
polyploid and tetraploid cancer cells.[16]

B.3. Aurora B

Aurora B is a member of the Aurora family of serine/threo-
nine kinases. Aurora B forms the chromosomal passenger 
complex (CPC) in association with the centromere protein 
INCENP, the Survivin and the Borealin. The Aurora B controls 
the chromosome segregation and the SAC in upstream.[20] 
Indeed, when inhibited, Aurora B prevents kinetochore re-
cruitment of all other SAC components. This leads to a mi-
totic slippage and excessive genome reduplication that, at 
term, provokes mitotic catastrophe preferentially in tetra-
ploid cells.[26] We should however signal that the inhibition 
of Aurora A, the other main kinase of the Aurora family and 
an important kinase for centrosome maturation, mitotic 
spindle formation and cytokinesis doesn’t kill preferentially 
tetraploid carcinoma cells.[26, 27]

B.4. CHK1

The checkpoint kinase-1 CHK1 is a conserved protein ki-
nase involved in the DNA damage response (DDR) and 
the cell cycle checkpoints to preserve genome integrity.
[28] The CHK1 delays the entry of cells with damaged DNA 
into mitosis. CHK1 is not a component of the Spindle 
Assembly Checkpoint, however, CHK1 phosphorylate 
a number of SAC components and is required for meta-
phase arrest. The pharmacological inhibition of CHK1, use 
of dominant-negative mutant or silencing with siRNA, 
kills preferentially the tetraploid cancer cells. This cytotox-
icity occurs after a SAC delay, P53 activation and mitotic 
catastrophe.[29]

Concluding Remarks

As an intermediate and unstable karyotype status between 
diploid and aneuploid cancer cells, Tetraploidy was correlat-
ed with oncogenesis and found at early stages of multiple 
cancer cell types. Targeting this particular sub-population 
is a highly relevant strategy in cancer treatment and may 
be an approach to achieve a significantly improved clini-
cal outcome and also to overcome resistance. In this short 
review, we summarized the published studies that demon-
strated a preferential effect on tetraploid cells compared to 
diploid when targeting the mitotic apparatus. One of the 
challenges for future studies will be the identification of 
efficient synergistic co-treatment that target microtubules 
during mitosis and increase the treatment efficiency with 
lowest dose and side effect. The co-treatment of the tet-
raploid cells in vitro with MPS1 inhibitors and microtubule 
depolymerization inhibitor paclitaxel,[24] or the PLK1 inhibi-
tor and the microtubule polymerization inhibitor vincris-
tine or colchicine[18] showed already interesting synergy. 
This effort needs to be largely conducted with the other 
mitotic effectors listed in this review and confirmed with 
suitable in vivo and preclinical models as well as in clinical 
trials.
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