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Stat3 in mitosis: A new role in clustering excess centrosomes
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Microtubules are organized by 2 peripheral centrosomes and
one centrally located plate of chromosomes to create the
mitotic spindle. The function of this spindle is to faithfully seg-
regate pairs of chromosomes into 2 daughter cells. This bipolar
spindle is a universal feature of animal cells with one primary
exception: cancer cells, which frequently evolve excess centro-
somes in many types of human cancers.1 The selective advan-
tages of centrosome amplification to cancer cells are thought to
involve increasing rates of chromosomal alterations (the muta-
tor phenotype hypothesis) and enhancing cancer cell invasive-
ness through alterations in cell polarity.2

Despite these advantages of centrosome amplification to
cancer cells, excess centrosomes complicate mitosis since
the cell division machinery is adapted to manage only 2
centrosomes and form a bipolar spindle. Research has dem-
onstrated that cancer cells use a novel mechanism to divide
with excess centrosomes: they cluster their centrosomes
together into 2 foci to generate a pseudo-bipolar spindle
structure.1 Since this centrosome clustering process only
occurs in cancer cells, this could represent an “Achilles’
Heel” for highly specifically targeting cancer cells while
sparing normal cells.

Previous work has elucidated some of the factors
involved in clustering centrosomes.1,3,4 For instance, Kwon
et al.3 performed an RNAi screen in Drosophila cells and
found that cell adhesion, actin and molecular motors are all
important for centrosome clustering. In addition, several
chemical compounds have been identified as inhibitors of
centrosome clustering. Kawamura et al.4 performed a high
content screen of compound libraries for centrosome clus-
tering inhibitors and identified multiple promising drug
candidates. This demonstrates that cancer cells can be spe-
cifically targeted using centrosome clustering inhibitors.

In our recent study,5 a compound library screen for
inhibitors of centrosome clustering lead us to Stat3, an
oncogene that is primarily involved in transcriptional regu-
lation of apoptosis, inflammation and invasiveness. We
uncovered a non-transcriptional role for Stat3 in centro-
some clustering and focused on determining how Stat3
could regulate centrosome clustering.

Previous work showed that Stat3 interacts with and inhibits the
microtubule depolymerase Stathmin.6 Since microtubules are
involved in centrosome clustering, Stathmin seemed like a plausible
candidate in our pathway. Our data showed that Stathmin interacts
with Stat3 and is downstream of Stat3 but curiously, bulk changes
in microtubule depolymerisation do not affect the Stat3 centro-
some clustering pathway. This suggests that Stathmin is primarily
acting independent of its microtubule depolymerase function. To
explore what could be downstream of Stathmin, we next screened
a kinase inhibitor library for inhibitors of centrosome clustering
and cross-checked whether Stat3 inhibitors blocked activation of
these candidate kinases. We discovered that the mitosis-specific
central regulator of centrosomematuration, PLK1, is both required
for centrosome clustering and is regulated by our Stat3-Stathmin
pathway. This suggests that PLK1 is downstream of Stat3 and
Stathmin.

PLK1 has been previously implicated in centrosome cluster-
ing in endothelial cells, where it induces clustering by increas-
ing g-Tubulin levels.7 g-Tubulin nucleates microtubules at
centrosomes and helps determine the number of microtubules
per centrosome. Previous research demonstrated that total
g-Tubulin levels do not increase when centrosomes are ampli-
fied which means that each extra centrosome has less g-Tubu-
lin available to associate with. The model that these researchers
proposed is that reduced g-Tubulin levels per centrosome cause
a decrease in microtubules per centrosome and since microtu-
bules position centrosomes in the cell, cells with amplified cen-
trosomes have reduced ability to correctly position and cluster
centrosomes. We observed that Stat3 inhibition reduced
g-Tubulin levels at the centrosome as well as reduced the num-
ber of mitotic centrosomes with long astral microtubules. Our
current model is that Stat3 activates PLK1 to increase g-Tubu-
lin levels, restoring microtubule-dependent centrosome posi-
tioning in cells with centrosome amplification and allowing
centrosome clustering to occur. This suggests that part of the
function of Stat3 overexpression in cancer could be to induce
centrosome clustering (Fig. 1).

This study is the first demonstration of a function for Stat3
in mitosis and it is currently unclear how this pathway is regu-
lated upstream of Stat3. Stat3 function is largely regulated by
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nuclear-cytoplasmic shuttling and since the nucleus breaks
down during cell division and shuttling does not occur, the
upstream regulation of Stat3 during mitosis could be signifi-
cantly different from canonical Stat3 activation.

There are currently multiple clinical trials of Stat3 inhibitors.
In our recent paper, we demonstrated that Stat3 inhibitors are
significantly more effective in inhibiting cell growth in cancer
cells with centrosome amplification relative to cancer cells with
normal centrosome number. We are planning to score centro-
some amplification in human tumor samples to determine
whether patients with tumors that have amplified centrosomes
have better Stat3 inhibitor treatment outcomes. If Stat3 inhibi-
tors do block centrosome clustering in patients, this would rep-
resent the first time a centrosome clustering inhibitor has been
tested in patients, creating an important milestone in the devel-
opment of a centrosome clustering inhibitor for use in targeting
cancer.
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Figure 1. Stat3-dependent centrosome clustering pathway and a proposed model of the sequence of events that leads to centrosome clustering in cancer cells.
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