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Abstract. The centrosome is the main microtubule-
organizing center in human cells. It regulates normal cell-
cycle progression and cell division. Aberrations in the number,
structure and function of centrosomes have been found to
drive genomic instability and tumorigenesis. Pancreatic
cancer frequently displays aberrations.
Supernumerary and abnormal centrosomes are observed in
the earliest stages of pancreatic tumor development, and the
p53 pathway acts as an initial barrier to the proliferation of
cells with extra centrosomes. In this review, we summarize
recent advances in the understanding of centrosomal
aberrations in pancreatic cancer, focusing on regulatory
mechanisms and prospects for future anticancer treatment.

centrosomal

The centrosome is an organelle that was discovered by
Edouard van Beneden in 1883. The term ‘centrosome’ was
coined in 1888 by Theodor Boveri. Centrosomes are the
main microtubule-organizing centers in human cells. They
are responsible for cell polarity and balanced chromosome
segregation during mitosis in dividing cells. Increased
numbers of centrosomes can give rise to multipolar spindles
in mitosis, and thereby lead to aneuploidy and chromosomal
instability. Centrosomal amplification has been associated
with the initiation and progression of multiple malignancies
(1-3). Furthermore, it has been reported that centrosomal
amplification may be related to more aggressive tumor
biology (4, 5).
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pancreatic cancer,

Pancreatic adenocarcinoma is one of the most severe types
of cancer. The median survival is only 6 months after
diagnosis and fewer than 5% of patients survive beyond 5
years (6). The poor outcome is attributed primarily to the
lack of early diagnosis, as most patients are diagnosed with
locally advanced or metastatic disease, when the chance for
cure is minimal. Furthermore, pancreatic tumors are
characterized by a high degree of resistance to conventional
chemotherapy and radiation. Although much research has
been directed towards understanding the molecular
mechanisms behind pancreatic cancer, still little is known
regarding the drivers of tumor initiation and progression.

Pancreatic tumors frequently exhibit centrosomal
amplification and clustering, even in the earliest stages of
tumor development (7). While centrosomal alterations have
been linked to pancreatic cancer, it is still unclear whether
these centrosomal abnormalities are a cause or a
consequence of the disease. This review, discusses the
potential underlying mechanisms for centrosomal
abnormalities in pancreatic cancer and how they may be
targeted for therapeutic gain.

Centrosomal Amplification

Centrosomal amplification is frequently detected in human
cancer, mostly involved in the transition from early to
advanced tumor stages, but also being found in some pre-
neoplastic lesions. The presence of numeral alterations of
centrosomes may lead to chromosomal instability and
aneuploidy, increasing the risk for initiation of malignant
transformation, tumor progression, chemoresistance and poor
prognosis (1). Normal centrosomes form mitotic spindles
that aid in proper chromosomal segregation in order to form
stabilized daughter cells with the correct amount of DNA in
each cell. Structural or functional abnormalities occurring in
centrosomes may lead to chromosomal mis-segregation with
subsequent aneuploidy and failure of cytokinesis. However,
an excess of centrosomes does not necessarily lead to fatal
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cell division errors, but instead, may promote multipolar
mitoses resulting in viable genomically unstable cells with
phenotypic heterogeneity (1, 3, 8, 9).

Centrosomal amplification is predominantly found in
pancreatic adenomas and carcinomas. Pancreatic tumors with
centrosomal amplification are associated with worse clinical
outcomes, including rapid disease progression and metastasis
(5, 8, 10). Amplified centrosomes enhance motility and
invasiveness of pancreatic cancer cells, also contributing to
intratumoral heterogeneity (5).

Centrosomal amplifications are, however, not involved in
all types of pancreatic cancer in the same manner.
Neuroendocrine pancreatic tumors lack such alterations in
their pathogenesis. These tumor cells are usually well-
differentiated with few or no areas of atypia and display no
loss of cellular polarity (1, 7). Thus, it may be speculated
that centrosomal amplifications are partly responsible for the
different pathology of these two kinds of tumors.
p53 involvement. More recently, there have been deeper
investigations into centrosomal abnormalities and their link
to oncogenic and tumor-suppressor proteins. The importance
of p53 for centrosome activity and cell-cycle regulation must
be emphasized. p53 is described as the ‘guardian of the
genome’, because it conserves stability by preventing
genomic mutation. In the case of DNA damage, p53 initiates
cell-growth arrest or apoptosis in order to stop the
proliferation of altered cells. Alterations in p53 lead to failure
of cytokinesis, cells avoid the tetraploid checkpoint, resulting
in pleiotropic defects. Consequently, there is also a rapid
exacerbation of centrosomal amplification and aneuploidy
due to unequal segregation (1, 7, 11, 12). Mutations in p53
have been described in 75% of pancreatic cancer cases, and
have been shown to lead to centrosomal amplification and
numerical and structural chromosomal instability. Mutant p53
promotes the development of invasive and metastatic
pancreatic ductal adenocarcinoma from pre-invasive disease.
Loss of p53 regulation acts with oncogenic KRAS to drive
chromosomal instability and tumor progression (13).

The role of kinases, such as polo-like kinase 4 (PLK4), is
also important. PLK4 is a kinase that controls centrosomal
duplication during mitosis. Its overexpression promotes
pancreatic tumor formation (14). The absence of p53 allows
altered cells with centrosomal amplification to undergo
continuous division, leading to a neoplastic state. Induction
of Plk4 in p53 null mice induces tumor formation with
hyperproliferation in the pancreas. Such cells have multiple
and abnormal centrosomes due to the overexpression of
PLK4, and the absence of p53, which is a key in pancreatic
tumorigenesis (15).

It has been suggested that centrosomal abnormalities may
be sufficient to drive tumorigenesis in multiple tissues (16).
The presence of extra centrosomes has been found to activate
the p53-induced protein with a death domain (PIDDosome),

1242

a multiprotein complex, leading to caspase-2-mediated
cleavage of murine double minute-2 (MDM2) and p53
accumulation (16).

CEP70 involvement. Other mechanisms involve centrosomal
protein of 70 kDa (CEP70). This protein is located in the
centrosome throughout the cell cycle and interacts with
gamma tubulin. CEP70 has a critical role in regulation of
microtubule dynamics, mitotic spindle formation, cell
migration and ciliogenesis and its overexpression results in
centrosome abnormality (17, 18). CEP70 is overexpressed in
pancreatic cancer and has an important correlation with
centrosomal amplification and clinical parameters (e.g.
histological grade, TNM stage) (11).

Centrosomal Regulation

Further support for the concept that different proteins and
routes affect centrosomal regulation, leading to pancreatic
cancer, comes from experimental studies carried out on the
pathways controlling the cell cycle. Some of these pathways
involve proteins such as protein phosphatase 4 (PP4) or
CEP55 that are clearly related to centrosomal maturation and
microtubule growth. PP4 has been found to be overexpressed
in pancreatic cancer and is considered as a prognostic factor
in patients with pancreatic cancer. It plays an important role
in the organization of the centrosome, as well as its
maturation in mitosis and meiosis (19). CEP55 functions as
a microtubule-binding protein that participates in cell
mitosis. CEP55 is overexpressed in pancreatic cancer,
promoting the growth and invasion of cancer cells (20).
Factors connected to coordination of the cell cycle play an
important role in centrosomal regulation. Any alteration in
this process may lead to centrosomal abnormalities and
consequently initiate pancreatic cancer (21-24).

Another important group of kinases that contribute to the
correct functioning of centrosomes is the Aurora family.
Aurora serine/threonine kinases regulate chromosomal
segregation and cytokinesis, and are necessary for completing
mitotic events such as centrosomal separation and bipolar
spindle assembly. The role of Aurora kinases in pancreatic
cancer evolution and their relation to centrosomal
abnormalities has been widely studied. It has been shown that
abnormal Aurora expression induces transition of altered
pancreatic cells into the cell cycle, and leads to centrosomal
amplification and chromosomal instability. The affected cells
survive apoptosis and their aneuploidy drives tumor
progression by enhancing genomic instability, which results
in massive alterations of cellular phenotypes (25-27). There
is a strong correlation between the degree of chromosomal
instability in cells with altered AURORA kinases and
pancreatic tumor behavior. Pancreatic cells possessing
minimal deviations in the chromosome copy number were
found to be clinically less aggressive than those with major
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Figure 1. The role of centrosomes in pancreatic cancer development and progression. CEP70: Centrosomal protein of 70 kDa; PLK4: polo-like

kinase 4; PP4: protein phosphatase 4.

increases in their total nuclear DNA content. These alterations
are clearly due to the defects in the mitotic spindles and in
the centrosomes, caused by mutation of kinases (28-30).

Diagnosis and Treatment

Centrosomal amplification and clustering occur in the early
stages of tumorigenesis. Identification of these abnormalities
would be attractive for early detection of pancreatic cancer.
However, the concept of using centrosomal alterations as
diagnostic biomarkers for pancreatic cancer is not well
established and there is no relevant literature in this area as
far as we are aware.

On the other hand, the concept of centrosomes as
therapeutic targets is more developed. Centrosome
declustering drugs (such as antifungals) disaggregate the
centrosome clusters and force the mitotic spindle to adopt a
persistently high grade multipolar configuration, which is
incompatible with cell survival. In pancreatic cancer, there
are pseudobipolar spindle configurations where these drugs
could be useful (5).

Pancreatic cancer is known not only for its aggressiveness,
but also for its lack of response to chemotherapy. The Aurora
kinase family have an important role in this process, and it has
been found that specific knockdown of these kinases in
cultured pancreatic cancer cells strongly suppressed cell growth

and tumorigenesis by inducing apoptosis. When used in
combination with taxanes, pancreatic cancer cell
chemosensitivity was enhanced (31). Other studies also
reported that inhibition of Aurora kinases is useful for inducing
chemosensitivity and leads to cell-cycle arrest, making them a
potential target for drug development (9, 26, 27).

Other treatment approaches include radiation and serum
depletion. Radiation induces death in solid tumors normally
by mitotic cell death. The irradiation causes centrosomal
overduplication and multipolar spindles. Irradiated pancreatic
cancer cells treated with serum depletion exhibited an
increase in the number of centrosomal abnormalities, which
promoted nuclear fragmentation and cell death (32).

Conclusion

Centrosomal amplification has been found to cause
chromosomal instability and aneuploidy, contributing to
pancreatic tumor development (Figure 1). Centrosomal
amplification is likely an early event in pancreatic
tumorigenesis and also correlates with an aggressive disease
phenotype. The p53 pathway appears to be compromised in
pancreatic tumors that arise following centrosomal
amplification. Cancer cells, unlike normal cells, rely on
centrosome clustering for survival. In the future, analysis of
intratumoral centrosomal aberrations may aid in risk
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stratifying patients with pancreatic tumors, and tumor-
specific treatment may be possible through use of
centrosome declustering drugs or substances that target
centrosomal proteins (e.g. PLKs, Aurora kinase family).
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