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HSET overexpression fuels tumor progression via centrosome
clustering-independent mechanisms in breast cancer patients
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ABSTRACT
Human breast tumors harbor supernumerary centrosomes in almost 80% of
spindles resulting in death-inducing aneuploidy, cancer cells tend to cluster extra
centrosomes during mitosis. As a result cancer cells display bipolar spindle phenotypes
to maintain a tolerable level of aneuploidy, an edge to their survival. HSET/KifC1,
a kinesin-like minus-end directed microtubule motor has recently found fame as a
crucial centrosome clustering molecule. Here we show that HSET promotes tumor
progression via mechanisms independent of centrosome clustering. We found that
HSET is overexpressed in breast carcinomas wherein nuclear HSET accumulation
correlated with histological grade and predicted poor progression-free and overall
survival. In addition, deregulated HSET protein expression was associated with gene
overexpression is pro-proliferative, promotes clonogenic-survival and enhances cellcycle kinetics through G2 and M-phases. Importantly, HSET co-immunoprecipitates
with survivin, and its overexpression protects survivin from proteasome-mediated
evidence of centrosome clustering-independent activities of HSET that fuel tumor
biomarker and as a valuable cancer-selective therapeutic target.

INTRODUCTION

altered centrosome function in microtubule nucleation and

About 80% of invasive breast cancers exhibit
supernumerary centrosomes, a feature commonly referred

tumorigenesis in Drosophila
one of the primary causes of breast cancer and is not just a

harbor abnormalities in centrosome structure, function,
within a cell can pose a grave conundrum as it may lead
to the assembly of a multipolar mitotic spindle, and the

potentially cause cytoarchitectural distortion in cancer
tissues with loss of cellular differentiation (anaplasia) via
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production of nonviable progeny cells due to lethal levels
extra

centrosomes

circumvent

these

catastrophic

success, as it turns out, lies in a clever tactic that cancer

RESULTS

clustering, whereby the excess centrosomes are artfully
corralled into two polar foci to enable formation of a

HSET is overexpressed in variety of human
cancers
grade whole chromosome missegregation that could be

Given the crucial requirement of centrosome
clustering mechanisms for the viability of cancer cells

bundling and spindle pole focusing, has been recently
an in silico
available microarray data to determine the expression

been shown to be indispensable for the clustering of

microarray data for glioblastoma, leukemia, lung and
breast cancer patients with their normal sample pairs

whose production tends to be hyperactivated in cancer
centrosomes causes excess centrosomes to be scattered

were plotted to determine the difference as shown in

cells due to the presence of two centrosomes that shoulder

gene expression for cancer and normal sample groups
is indispensable for the assembly of a fusiform bipolar
lung, breast, colon and cervical tumor samples as
potential chemotherapeutic target due to its intriguing

tumor types have been shown in various studies with

with increased risk of metastatic dissemination to the
In silico

in silico results were consistent with observations from
may play a more important role in tumor progression than
in silico data corroborate immunohistochemical analysis
and mechanistic studies revealing the molecular circuitry
breast carcinomas and examined its association with
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HSET is overexpressed in human breast cancers

tumor samples and their paired adjacent normal tissues for

in silico analyses of microarray data showed

centrosomes and centrosome clustering in aggressive
breast cancer, we decided to focus our study on breast

Figure 1: HSET overexpression in human carcinomas.
versus tumor (red dots) tissues in (i) Glioblastoma, (ii) Lung carcinoma, (iii) Leukemia, (iv) breast carcinoma, (v) colon carcinoma and
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from an upregulation of transcription from the endogenous
we decided to examine the copy numbers of the locus
samples were correlated with increased expression of

HSET overexpression correlates with breast
cancer progression and aggressiveness

Using an immunohistochemical approach, we stained
in situ
various types of copy number changes associated with
immunoblotting data, our immunohistochemical analysis
breast cancers with negligible or absence of expression

Figure 2: The HSET gene is overexpressed in breast cancers.
in situ
in situ

www.impactjournals.com/oncotarget

6079

Oncotarget

types and extent of intraductal proliferation, we found a

ductal carcinoma in situ
then correlated with normal and tumor samples and also
increase in the number of positively stained nuclei per

Figure 3: HSET overexpression correlates to increased aggressiveness and poorer clinical outcomes.
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levels correlate with breast cancer development and

tumor differentiation, we next asked if there was an

Figure 4: Cell proliferation is enhanced in HeLa cells that stably overexpress HSET.
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HSET overexpression is associated with enhanced
cell proliferation

HSET overexpression leads to accelerated cell
cycle kinetics

correlation with clinical development and progression of
on the kinetics of cancer cell proliferation in vitro
in the cell cycle kinetics of cells that stably overexpress
Using immunoblotting methods, we found that levels of
but is absent in G0 cells) was substantially elevated in

with the clinical course of cancer, owing to which the
strong prognostic value for survival and tumor recurrence

(indicating mitotic phase) were followed in synchronized
cells, which is indicative of a larger proportion of cells

higher number of colonies as compared to cells transfected

containing medium and stained with “Cell-Clock” dye

together, these data demonstrate that cells overexpressing
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nuclear envelope localization compared with parental

Figure 5: HSET overexpression accelerates cell cycle kinetics.
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observed in the expression levels of these proteins as

the cell cycle rapidly in the presence of compromised
checkpoints, which precipitates a greater likelihood of
generating aneuploidy and, thus, may accelerate the

immunohistochemical data from clinical tumor samples
and survival signaling in cancer cells into an “overdrive”
order to obtain a deeper understanding of how elevated
that faster kinetic progression through the cell cycle
both proliferation as well as survival of cancer cells and
perhaps fuels tumor progression by providing cancer cells
provide evidence that cancer cells may employ auxiliary
Xenopus

HSET overexpression
signaling in cancer cells

upregulates

survival

, cells were placed in the incubator for
(an early marker for apoptosis induction) and cell viability

a function of rate of cell proliferation but are also crucially
proliferation in tumors, we wanted to investigate whether

levels as compared to cells transfected with control
enhanced survival signaling as evidenced by notably high

HSET
overexpression
increases
steadystate survivin levels by decreasing its polyubiquitination

impinge on cell proliferation, or cell survival in breast
cancer cells, we compared levels of some key proliferation,
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was able to pull down survivin in all the three cases,
with an increased survivin pull down in the cell lysates
association by immunoprecipitating survivin and in turn

Figure 6: HSET overexpression upregulates survival proteins and disrupts balance of checkpoint proteins. (A)

showing the expression of proteins associated with cell survival, cell cycle regulation, spindle assembly checkpoint and adaptation to
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strongly regulated by its degradation via ubiquitination
interphase cells within high grade tumors as revealed
aggressive tumors or plausibly lead to more aggressive
we immunoprecipitated survivin and immunoblotted
cells, even though survivin protein levels were extensively

cells to rapidly traverse mitosis in the presence of

to control, even though the survivin protein levels
observations, in sum, uncover a previously unrecognized

upregulates the signaling pathways that lie downstream

DISCUSSION

in cancer cells with supernumerary centrosomes, has
independent of its motor activity have been suggested such
survival and proliferation, we assessed the effects

of largely correlative and circumstantial evidence have

anecdotal evidence with experimental data to show
with aggressiveness of the disease, (ii) is attributable,
for this gene, and (iii) promotes tumor cell proliferation

both as a biomarker of tumor progression and as an

possible explanation for the speedier execution of mitosis

Four critical observations lead us to believe that

yielded several novel mechanistic insights regarding the
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are implicated in many aspects of cancer development

for the existence of a causative link between nuclear

expression of survivin, which performs a dual function:

reaching clinical implications, including unlocking

passenger protein involved in chromosome segregation,

selective therapeutic target for the design and preclinical

been linked with aggressive metastasis and poor prognosis

MATERIALS AND METHODS
In silico analysis of HSET gene expression

for each of the glioblastoma, lung, breast, colon cervical
cancer and leukemia patients compared with their normal

dependent proteolysis of survivin in the interphase

Clinical tissue samples

biospecimens) with information on clinical outcomes
cell cycle regulated genes) as a transcriptional target of
is known to drive cell proliferation by expediting entry

Immunohistochemistry, scoring and statistics

these insights, we are unable to rule out the possibility that
levels are a mere consequence of an upstream regulation
cell proliferation axis thus demands further exploration in
polyclonal antibody which was a generous gift from

the nuclear and cytoplasmic localization as an intensity
multiple mechanisms that include (i) enhancement of
tumor cell proliferation rates, (ii) increasing aneuploidy
represented as the percentage of cell nuclei or cytoplasms
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Statistical methods

Cell culture and transfection

Kinase activity assay

respective primary antibodies were used to selectively

of
in vitro, the extent of which was

Fluorescence in situ hybridization
Cellular protein preparation, western blotting,

hybridized with nuclei from cell lines or tumor tissue
corresponding to the respective primary antibodies

were expressed as a ratio of the number of copies of the
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Flow cytometry
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spindle organization renders cancer cells dependent on the
abnormalities and chromosome instability occur together

and structural centrosome aberrations are an early and stable

mechanistic study of a small molecule inhibitor for motor

aneuploid, but not in diploid colorectal cancer cell lines, and

chronic myeloid leukemia correlate with stage of disease

formation and genomic stability in the primary human

between the Arabidopsis orthologs of spindle assembly
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withdrawal by nuclear export failure as a physiological

expression and its correlation with cell proliferation and
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