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Abstract

Cell cycle deregulation is a common motif in human cancer, and multiple therapeutic strategies are aimed to prevent tumor cell proliferation. Whereas 

most current therapies are designed to arrest cell cycle progression either in G1/S or in mitosis, new proposals include targeting the intrinsic 

chromosomal instability (CIN, an increased rate of gain or losses of chromosomes during cell division) or aneuploidy (a genomic composition that 

differs from diploid) that many tumor cells display. Why tumors cells are chromosomally unstable or aneuploid and what are the consequences of 

these alterations are not completely clear at present. Several mitotic regulators are overexpressed as a consequence of oncogenic alterations, and 

they are likely to alter the proper regulation of chromosome segregation in cancer cells. In this review, we propose the relevance of TPX2, a mitotic 

regulator involved in the formation of the mitotic spindle, in oncogene-induced mitotic stress. This protein, as well as its partner Aurora-A, is frequently 

overexpressed in human cancer, and its deregulation may participate not only in chromosome numeric aberrations but also in other forms of genomic 

instability in cancer cells.
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TPX2 as a Microtubule 

Regulator

TPX2 was first described in 1997 when 

Heidebrecht and colleagues1 detected a 

100 kDa protein whose expression was 

induced from the G1/S transition to 

cytokinesis. TPX2 was then reported to 

localize to the nucleus during S-phase 

and G2 and at the mitotic spindle poles 

during mitosis (Fig. 1, A, and B). In the 

following decade, different studies 

described a critical role for TPX2 in 

spindle formation and dynamics. Two 

papers in 1998 and 2000 showed that 

TPX2 was critical for spindle pole orga-

nization and the localization of the kine-

sin-like protein Xklp2 in the Xenopus 

laevis egg mitotic spindle,2,3 thus origi-

nating the current name of the protein 

(Targeting protein for Xklp2). Soon 

after, these functions were also observed 

in mammals and linked to the activity of 

the small GTPase RAN in spindle 

assembly.4,5 The RAN/TPX2 pathway 

specifically mediates the nucleation of 

microtubules from chromosomes.6,7 The 

active form of RAN (RAN-GTP) accu-

mulates at the mitotic chromatin due of 

the action of its activating nucleotide 

exchange factor RCC1. RAN-GTP dis-

places the TPX2 inhibitor importin-α,  

a nuclear import factor, allowing the 

participation of TPX2 in chromatin-

dependent microtubule nucleation 

through the activation of the kinase 

Aurora-A.5,8 The relevance of TPX2 in 

microtubule nucleation from the DNA 

has been recently corroborated using a 

conditional knockout model in the 

mouse.9 Genetic ablation of TPX2 

results in the lack of microtubule nucle-

ation from the DNA, which implies the 

formation of aberrant spindles, improper 

chromosome segregation, and defective 

maintenance of the chromosomal stabil-

ity (Fig. 1C). TPX2-null mouse embryos 

fail to form blastocysts due to the forma-

tion of collapsed spindles and lack of 

chromosome segregation. In cultured 

fibroblasts, the lack of TPX2 is associ-

ated with a delay in mitosis entry, tran-

sient arrest in prometaphase, and faulty 

division. This arrest is accompanied by 

the presence of multipolar, weak, col-

lapsed, or monopolar spindles (Fig. 1C), 

due to a specific defect in microtubule 

nucleation from the chromatin.9

In addition to its critical role in spin-

dle formation, TPX2 is thought to  

participate in other processes during 

mitosis or meiosis. TPX2 is involved in 

the reassembly of the nucleus of the 

daughter cells after mitosis in Xenopus 

egg extracts.10 In neural progenitors, 

TPX2 is involved in cell-cycle-dependent 

interkinetic nuclear migration, a process 

in which microtubules are necessary for 

apical movements of the nucleus after 

DNA replication.11 More recently, a 

novel function as a scaffold and co- 

activator protein of the chromosome 

passenger complex (CPC) has been pro-

posed.12 TPX2 interacts with the main 

members of the CPC, Aurora-B, Sur-

vivin, and INCENP in Xenopus egg 

extracts and 293T cells. Endogenous 

TPX2 may increase Aurora B activity, 

whereas TPX2 overexpression could 
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inhibit the activity of this kinase, 

although further experiments are neces-

sary to validate the relevance of these 

data. TPX2 has been shown also to gov-

ern cell cycle progression in mouse 

oocytes, suggesting specific functions 

during meiosis.13 TPX2 accumulates 

from meiosis I to meiosis II and is 

required for spindle assembly in oocytes. 

In these cells, TPX2 controls microtu-

bule assembly and spindle stability 

throughout the phosphorylation of 

Aurora-A-dependent phosphorylation of 

TACC3, a regulator of microtubule 

organizing centers.13-15

TPX2 Structure and Regulation
The primary sequence of the TPX2 pro-

tein is relatively well conserved through 

evolution, although a TPX2 orthologue 

is not present in yeast, and some specific 

domains are not evident in lower ani-

mals16,17 (Fig. 2A). This conservation is 

also maintained at the functional level 

since TPX2 plays similar roles in differ-

ent organisms such as plants, ascidians, 

worms, flies, and vertebrates.16-19 The 

TPX2 protein presents 2 main functional 

domains and several regulatory 

sequences (Fig. 2B). The N-terminal end 

is involved in binding to Aurora-A,20,21 

whereas the C-terminal domain is 

responsible for binding to microtu-

bules.22 The very last 35 amino acids in 

the C-terminal region are necessary for 

binding to the class 5 kinesin-like motor 

protein EG5.23 A short central sequence 

in TPX2 is involved in importin-α bind-

ing, and along the nuclear localization 

signals (NLS) these regions are impor-

tant for regulation of subcellular local-

ization during the cell cycle.24 The 43-aa 

domain at the N-terminus is sufficient 

for activation of Aurora-A. This domain 

does not provoke global conformational 

changes in the kinase, but a helical frag-

ment of TPX2 (residues 30-43; Fig. 2C) 

binds Aurora-A near helix αC. The acti-

vation segment is constrained in an 

inward conformation that is primed for 

substrate binding and that protects a crit-

ical activating residue of Aurora-A from 

dephosphorylation by PP1.20

No detailed information has been 

reported about the transcriptional regula-

tion of TPX2. The fact that this protein is 

detected in proliferating cells from S to 

mitosis is compatible with an E2F-

dependent regulation of the TPX2 gene, 

which in fact contains several E2F con-

sensus sites in its promoter region and 

binds E2F transcriptional factors in sev-

eral cell types.25 The fact that TPX2 is 

also expressed in postmitotic neurons 

(see below) suggests additional mecha-

nisms of transcriptional regulation inde-

pendent of proliferation. One of the most 

interesting aspects of the synthesis of 

TPX2 expression is the fact that this  

protein can be directly translated at the 

spindle.26 During meiotic progression, 

multiple maternal mRNAs must be trans-

lated. This process is regulated by the 

specific elements that are present in their 

3′UTRs. Among those elements, the 

cytoplasmic polyadenylation element 

(CPE) recruits the CPE-binding protein 

CPEB that dictates the timing and extent 

of translational activation.27 TPX2 is one 

of the genes whose translation is regu-

lated by this mechanism during meiosis. 

More importantly, its translation occurs 

directly at the sites where TPX2 plays a 

more critical function, the spindle. It is 
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Figure 1.  TPX2 in the mammalian cell cycle. (A) The relative localization of TPX2 (green) during 

the cell cycle is shown. TPX2 is not detected during G1, and it localizes to the nucleus during DNA 

synthesis (S-phase) and G2. During mitosis, TPX2 localizes to spindle fibers but not to polar astral 

microtubules. (B) Distribution of TPX2 (red) during the cell cycle in mouse fibroblasts. Microtubules 

(α-tubulin) are in green. (C) Mitotic alterations observed in TPX2-null cells include monopolar (i), 

weak (ii), collapsed (iii), and multipolar (iv) spindles.
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Figure 2.  TPX2 structure and regulation. (A) Phylogram tree of TPX2 proteins from different species (ClustalW2). The percentage of identity with 

the human protein is shown. (B) Schematic representation of the TPX2 protein indicating the main domains as well as their associated proteins or 

functions. (C) Molecular interactions between the N-terminus of TPX2 (purple) and Aurora-A (blue). The upstream stretch of TPX2 (residues 7-21) 

binds at the N-terminal lobe of Aurora-A, whereas the downstream stretch (residues 30-43) binds between the 2 lobes close to the Aurora-A αC helix 

and the activation domain. This pulls the Aurora-A activation domain into a buried conformation that makes it ready for substrate binding and catalysis. 

In addition, TPX2 protects a critical activating residue in Aurora-A, Thr288, from dephosphorylation by PP1 phosphatases.71,95
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interesting to point out that the localized 

translation of not only TPX2 but also 

other mitotic regulators containing CPEs 

(including BUB1, EG5, MAD2, and 

Aurora-A) is required for chromosome 

segregation and meiotic progression in 

these cells.27

Finally, the levels of TPX2 are tightly 

regulated during mitotic exit to prevent 

its activity during the following cell 

cycle. This is achieved by ubiquitin-

dependent proteasome-dependent deg-

radation. The E3-ubiquitin ligase APC/C 

(anaphase-promoting complex/cyclo-

some), bound to its coactivator CDH1, is 

responsible for targeting TPX2 with 

ubiquitin and triggering the proteasome-

dependent degradation of this protein 

during anaphase-telophase and the fol-

lowing G1 phase.28 Genetic ablation of 

CDH1 results in a significant overex-

pression of TPX2, although this does not 

have dramatic consequences, at least 

during mitotic exit.29

The relevance of the posttranslational 

modifications of TPX2 is not well 

understood. Human and Xenopus TPX2 

are phosphorylated during mitosis.1,3 

This modification may depend on 

Aurora-A kinase activity, although the 

mutation of the 3 putative serines phos-

phorylated by Aurora-A does not affect 

the activation of the TPX2 kinase part-

ner.30,31 Plx1, the Xenopus orthologue of 

PLK1, phosphorylates TPX2 at Ser204, 

and this seems to increase Aurora-A 

activity.32 Yet, the functional relevance 

of these modifications is not well estab-

lished at present.

The TPX2-Aurora-A holoenzyme. TPX2 

was identified by mass spectrometry as a 

major partner of the kinase Aurora-A in 

mitotic HeLa cell extracts.31 Aurora-A is 

a key regulator of mitosis involved in 

centrosome maturation and separation, 

mitotic entry, and spindle assembly 

[reviewed in Carmena et al.33]. In the 

mouse, lack of Aurora-A, similar to 

TPX2 ablation, results in embryonic 

lethality at the morula-blastocyst transi-

tion due to defects in mitosis.34-36 During 

the  cell cycle, Aurora A and TPX2 have 

similar expression patterns characterized 

by a progressive increase of expression 

from S/G2 to mitosis. Despite the coinci-

dence in expression, the subcellular 

localizations of Aurora-A and TPX2 are 

not identical, at least during interphase. 

Aurora-A is present on duplicated centro-

somes from late S phase until early G1 

phase, whereas interphase TPX2 is 

mostly nuclear. During mitosis, both pro-

teins co-localize at the spindle apparatus, 

although Aurora-A maintains a prefer-

ence for spindle poles and TPX2 is more 

abundant in the spindle itself.31 At the end 

of mitosis, both proteins are targeted for 

degradation by the APC/C E3-ubiquitin 

ligase.28,37,38

The mechanisms of activation of 

Aurora-A are still under deep investiga-

tion, although it is clear that TPX2 is a 

major regulator of its activity at different 

levels. TPX2 is involved in the localiza-

tion of Aurora-A at the spindle,17,31 sta-

bilization of Aurora-A protein levels,39 

and achievement of appropriate levels of 

kinase activity.20,21,40 The TPX2-Aurora-

A binding occurs between the catalytic 

C-terminal part of the kinase and the 

N-terminal part of TPX2 (Fig. 2, B and 

C). This binding is required for a proper 

localization of Aurora-A since spindle 

defects found in TPX2-deficient cells 

are accompanied by a significant reduc-

tion in the microtubule associated local-

ization of this kinase as well as the 

kinesin KIF15 (mammalian homologue 

of Xklp9,31,41,42). Aurora-A participates 

in spindle formation by regulating dif-

ferent microtubule associated proteins 

including the microtubule bundling fac-

tor HURP, the microtubule stabilizer 

XMAP215, and the microtubule desta-

bilizing protein MCAK.43-46 TPX2 can 

also regulate Aurora-A stability by 

inhibiting the APC/C-dependent degra-

dation of this kinase during G2 and 

mitosis.39 Whether this is a consequence 

of the role of TPX2 in the proper local-

ization of Aurora-A is not clear.

Aurora-A is activated through the 

autophosphorylation of a threonine resi-

due located in the catalytic domain and 

inhibited by the dephosphorylation of 

this residue by the phosphatase PP1. 

Different Aurora-A cofactors facilitate 

this autophosphorylation including 

BORA, AJUBA, and PAK1 in addition 

to TPX2.20,21 Binding of TPX2 to the 

mitotic kinase changes its 3 dimensional 

structure in such a way that (1) it facili-

tates autophosphorylation and (2) it 

shields the phosphorylated threonine 

from dephosphorylation by PP1 (Fig. 

2C).20,21,40 This activating mechanism is 

RAN-dependent since RAN-GTP stimu-

lates the TPX2-Aurora A interaction 

and, in turn, promotes the activation  

of Aurora-A at the microtubules.47  

The binding of TPX2 to Aurora-A is  

also thought to increase the binding 

affinity of both ATP and substrates and 

may decrease the accessibility to 

inhibitors.48

TPX2 in Chromosomal 

Instability and Human Cancer

Expression of TPX2 in human cancer. 

TPX2 was originally described as the 

antigen of Ki-S2, a mouse monoclonal 

antibody raised in an effort to find mark-

ers of proliferation with diagnostic and 

prognosis value.1 That antigen was later 

renamed by the same group as repp86 

(restrictedly expressed proliferation-

associated protein49). The fact that TPX2/

repp86 could serve as a proliferative 

marker in tumor samples drove different 

groups to study the expression of this 

protein in human cancer (see below). In 

addition, human TPX2 gene is located at 

20q11,50 a chromosome region frequently 

amplified in cancer.51 DNA copy number 

increase at 20q has been found associated 

with the overexpression of TPX2 in dif-

ferent tumor types including cervical, 

lung, bone, and ovarian cancers.52-55 

TPX2 is frequently overexpressed in 

many other tumor types without evi-

dences for DNA amplification, similar  

to many other mitotic regulators56,57  

(Fig. 3). Using available expression data-

bases, Asteriti et al.57 reported that up to 

27% of all comparative analyses of tumor 

versus normal tissues were characterized 

for a significant overexpression of TPX2. 

TPX2 overexpression affects a wide 
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Figure 3.  Overexpression of TPX2 and Aurora-A in human tumors. (A) The expression of TPX2 and 

Aurora-A (AURKA) mRNAs was analyzed using the Oncomine database (Compendia Bioscience). 

The number of analyses with significant (P < 0.0001, Student t test; fold change, >2; gene rank 

threshold, top 10%) overexpression of each gene is indicated. (B-E) Representative images of the 

expression of TPX2 (brown) in different human cancers. Low and high TPX2 expression in colon 

cancers is shown in (B) and (C), respectively. Intermediate levels are shown in melanoma (D) and 

lung adenocarcinoma (E). Insets in (B) and (D) show cells in metaphase and interphase (likely G2). 

Representative diploid (F) or aneuploid (G) tumor samples after fluorescence in situ hybridization 

(FISH) with chromosomes 7 (green) and 20 (red) in 2 human ovarian cancers.

Table 1.  TPX2 Overexpression in Human Cancers

Cancer Type  Overexpression Bad Prognosis Reference

Astrocytoma mRNA and protein Yes 96

Breast Protein Yes 97

Cervical mRNA n.r. 52, 83

Colon mRNA n.r. 98

Colorectal tumors protein Yes 99

Laryngeal cancer protein Yes 100

Liver mRNA and protein n.r. 86, 101

Lung mRNA and protein Yes 53, 102-104

Mantel cell lymphoma protein Yes 105

Meningiomas mRNA Yes 106

Mesothelial Protein Yes 107

Neuroblastoma protein n.r. 108

Oral squamous cell carcinoma mRNA and protein n.r. 109, 110

Ovarian mRNA n.r. 88

Pancreatic Protein n.r. 85

Prostate mRNA n.r. 84

Salivary Gland carcinoma mRNA n.r. 111

n.r. = not reported.

laryngeal, and lung cancers, as well as 

meningiomas, mantel cell lymphomas, 

and mesotheliomas (Table 1). TPX2 

expression may be also associated with 

tumor metastasis. A network analysis 

performed with a total of 5 data sets 

from 2 different species (human and 

mouse) identified a number of networks  

that were significantly associated with 

breast tumor progression.58 Specifically, 

TPX2 was included together with other 

8 mitotic regulators (BUB1, UBE2C, 

CDC20, CCNB2, KIF2C, BUB1B, 

CEP55, CENPA) in a tumor-cell autono-

mous network associated with metastatic 

progression.

Although the presence of specific 

small mutations has not been especially 

studied for TPX2, a number of tumor-

associated mutations are found in the 

public repositories indicating some con-

centration of TPX2 mutations in tumors 

in the gastrointestinal tract (COSMIC 

database; http://cancer.sanger.ac.uk/cos-

mic/). Some of these mutations result in 

nonsense substitutions suggesting loss of 

function, although their functional rele-

vance has not been evaluated so far. Simi-

larly, a mutation in Aurora-A that prevents 

binding to TPX2 is known to be onco-

genic,59 suggesting that loss-of-function 

alterations in either TPX2 or Aurora-A 

may also be present in human tumors. 

Altogether, published data indicate that 

deregulation of TPX2 is a frequent fea-

ture of tumor cells and is significantly 

associated with the more advanced stages 

of human cancers of diverse origin.

TPX2 overexpression correlates with 

chromosomal instability. It was a century 

ago when an association between cancer 

and abnormal chromosome segregation 

was suggested for the first time.60 

Although still controversial, many 

authors have proposed that chromo-

somal instability (CIN) and the subse-

quent aneuploidy can promote tumor 

development.61,62 Tumor cells may 

acquire CIN due to defects in the mitotic 

checkpoint (spindle assembly check-

point or SAC) that prevents defective 

chromosome segregation.56,63 Other 

defects such as abnormal centrosome 

range of different tumor types including 

astrocytomas, oral squamous cell carci-

noma, bone, lung, colon, liver, cervical, 

salivary gland, mesothelial, ovarian, and 

pancreatic cancers (Table 1). Importantly, 

TPX2 expression is a marker of worse 

tumor prognosis in several malignancies 

including brain, breast, colorectal, 
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number64-66 of faulty chromatid cohe-

sion may also be involved.67 CIN and 

aneuploidy may have adverse effects in 

proliferating cells68 but may eventually 

lead to the selection of abnormal 

genomic compositions in which the lev-

els of specific oncogenes or tumor sup-

pressors are altered. As an example, CIN 

has been show to favor loss of heterozy-

gosity in the p53 locus leading to defec-

tive tumor suppressor activity.69,70

Cells display multiple tumor suppres-

sor pathways in response to oncogenic 

signals. These include oncogene-induced 

senescence (OIS) and oncogene-induced 

replicative stress (OIRS). During OIS, 

the hyperactivation of mitogenic path-

ways results in the activation of the pRb 

(retinoblastoma protein) and/or p53 path-

ways that prevent cell cycle progression 

and is accompanied by other features that 

result in OIS and an irreversible cell cycle 

arrest.71 In other cases, the oncogenic sig-

nals are accompanied by defective tumor 

suppressor pathways (e.g., inactivation of 

retinoblastoma), and the mitogenic sig-

nals provoke a premature or deregulated 

entry into S-phase that induces replica-

tive stress (OIRS).72 This is in part medi-

ated by hyperactivation of E2F 

transcription factors and excessive syn-

thesis of proteins involved in the G1/S 

transition or the control of replication. 

The OIRS generated in these conditions 

then triggers the activation of a DNA 

damage–like response that prevents fur-

ther cell cycle progression.

We have recently proposed the pres-

ence of an oncogene-induced mitotic 

stress (OIMS) response that may alter 

the proper regulation of mitosis in these 

conditions.73 This is based on the fact 

that multiple mitotic regulators are E2F 

targets that are induced by oncogenic 

events such as the activation of onco-

genes or inactivation of tumor suppres-

sor proteins. Loss of pRB or p53, for 

instance, results in increased levels of 

the SAC protein MAD2.74 As a conse-

quence, MAD2 is frequently overex-

pressed in tumor cells, possibly resulting 

in deregulated SAC and CIN (Fig. 4). 

Many other mitotic regulators are co-

overexpressed with MAD2 in CIN 

tumors. Carter et al.75 reported a signa-

ture of 70 genes deregulated in chromo-

some unstable tumors. Seven of the first 

10 genes with the strongest correlation 

with instability regulate mitosis (TPX2, 

PRC1, FOXM1, CDK1, TOP2A, PCNA, 

and UBE2C), and 33 (47%; including 

Aurora-A) of the 70 genes in the com-

plete signature regulate mitosis to some 

extent. Of all these genes, TPX2 dis-

plays the highest correlation with chro-

mosomal instability.75 Cancers such as 

breast cancer, and anaplastic thyroid car-

cinoma are among the tumor types that 

frequently show TPX2 overexpression 

and aneuploid phenotypes (Fig. 3).

The involvement of some overex-

pressed genes such as HEC1 or MAD2 

in CIN is likely to be associated with 

their essential role as regulators of 

microtubule-kinetochore attachments 

and the SAC. But what is the contribu-

tion of other overexpressed proteins 

such as TPX2? Although it has not been 

analyzed in detail, overexpression of 

TPX2, and the probable hyperactivation 

of Aurora-A usually co-expressed in 

these tumors, are likely to disrupt the 

normal dynamics of the mitotic spindle, 

leading to defective chromosome segre-

gation (Fig. 4). Yet the evidence for this 

proposal mostly comes from loss-of-

function studies and not from gain-of-

function models. During the last few 

years, different groups have demon-

strated that lack of 1 of the 2 alleles of 

some mitotic regulators provokes a can-

cer-prone phenotype. This is the case for 

the murine MAD2,76 Aurora-A,36 and 

TPX2.9 TPX2 is haploinsufficient to 

maintain genomic instability, as TPX2-

heterozygous mice develop tumors in 

significantly higher ratio that their wild-

type counterparts.9 As expected, these 

Figure 4.  Oncogene-induced mitotic stress and TPX2. The activation of oncogenes or loss of 

tumor suppressor such as pRB or p53 frequently results in the overexpression of E2F transcriptional 

targets such as MAD2 and possibly TPX2. We propose here that overexpression of TPX2 is likely 

to result in abnormal Aurora-A activity and deregulated spindle dynamics. These defects occur 

in the presence of abnormally high levels of MAD2, known to disrupt the normal regulation of 

the spindle assembly checkpoint. These alterations are possibly involved in the chromosomal 

instability observed in tumors that overexpress these mitotic regulators. Since TPX2 and Aurora-A 

may play distinct roles in the DNA damage checkpoint or in the recovery from this checkpoint (see 

main text), its overexpression may also disturb the regulation of the DNA damage response or the 

efficacy of specific drugs used in chemotherapy.
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tumors are highly aneuploidy, suggest-

ing a causal connection between deregu-

lated expression of TPX2, aneuploidy, 

and cancer. As demonstrated for other 

models such as MAD2,76,77 it is likely 

that the overexpression of TPX2 may 

result in similar defects in spindle 

dynamics and chromosome segregation, 

although this has not been properly 

addressed in vivo. The concomitant 

overexpression of MAD2 in the same 

tumors is likely to disrupt a normal func-

tion of the SAC, thus facilitating CIN in 

these conditions (Fig. 4).

Future Perspectives

Aurora-A-independent or nonmitotic 

roles of TPX2. Despite the central func-

tion of TPX2 in the activation of Aurora-

A and formation of the mitotic spindle, 

some evidence calls for additional 

Aurora-A-independent or nonmitotic 

functions of TPX2. Conditional genetic 

ablation of TPX2, but not Aurora A, 

results in a significant induction of apop-

tosis in primary fibroblasts.9 Whereas 

monopolar spindles are rare in TPX2-

null cells, these figures are frequently 

observed in Aurora A–deficient fibro-

blasts,34-36 suggesting that this kinase 

may also play a role in centrosome  

maturation and separation in a TPX2-

independent manner. An Aurora-A–inde-

pendent function of TPX2 is required to 

bipolarize spindles since a TPX2 mutant 

that does not bind to Aurora-A is able to 

form bipolar spindles.8 TPX2, but not 

Aurora-A, is thought to be necessary for 

the noncentrosomal microtubule assem-

bly that assists in the peripheral redistri-

bution of nuclear fragments in apoptotic 

cells.78 Finally, TPX2 may play specific 

and previously unexpected roles in the 

DNA damage response.79,80 Upon ioniz-

ing radiation, TPX2 accumulates at DNA 

double strand breaks and associates with 

2 regulators of the DNA damage 

response, MDC1 and ATM.81 Overex-

pression of TPX2 results in decreased 

ionizing radiation-dependent γ-H2AX 

levels, whereas the opposite phenotype 

is observed upon TPX2 knockdown by 

RNA interference. This function is not 

associated with the mitotic roles of 

TPX2, since it is also observed in post-

mitotic neurons.81 Whether Aurora-A is 

involved in this phenotype remains 

unknown. These data suggest that dereg-

ulation of TPX2 may be involved not 

only in chromosomal instability but also 

in genomic instability mediated by 

abnormal DNA damage response (Fig. 

4).

It is also worth noting that TPX2 may 

have critical roles in postmitotic cells 

such as neurons. Both TPX2 and Aurora-

A are expressed in postmitotic neurons, 

and TPX2 facilitates activation of 

Aurora-A at the neurite hillock resulting 

in phosphorylation of NDEL1 and 

recruitment of this protein to microtu-

bules. Suppression of TPX2, Aurora-A, 

or NDEL1 results in severe impairment 

of neurite extension, suggesting a criti-

cal role for this pathway in microtubule 

remodeling in neurites.82 Although the 

physiological relevance of some of these 

observations is not well established, 

these functions may have important 

implications in genomic instability, can-

cer, and, perhaps, cancer therapy.

TPX2 and cancer therapy. Because of 

its essential role in mitosis, elimination of 

TPX2 prevents proliferation of cancer 

cells. Target validation studies using short 

interfering RNAs (siRNA) in cancer cell 

lines have shown the potential of TPX2 

in cancer therapy. Specifically, TPX2 

knockdown induces cell cycle arrest, 

apoptosis, and the inhibition of cell pro-

liferation and invasion in cervical, pros-

tate, hepatocellular, and pancreatic cancer 

cell lines.83-86 siRNA-mediated knock-

down of TPX2 inhibits the proliferation 

and growth of hepatocellular and pancre-

atic cancer cell xenografts transplanted 

into immunodeficient mice.85,86 Further-

more, TPX2 downregulation has been 

shown to sensitize pancreatic cancer  

cells to paclitaxel treatment.85 Whereas 

the use of low doses of paclitaxel or the 

partial elimination of TPX2 has no sig-

nificant effects on the viability of pancre-

atic cancer cells, the combination of these 

treatments reduces the viability in a dra-

matic manner. Interestingly, this effect is 

not observed when other antitumoral 

drugs such as gemcitabine are used,85 and 

this suggests that inhibition of some com-

ponents of the mitotic machinery, as also 

reported for Aurora-A, may synergize 

with microtubule poisons.87,88 These 

examples suggest that targeted inactiva-

tion of TPX2 may have therapeutic ben-

efits. However, TPX2 does not display 

any enzymatic activity, and most current 

therapies are designed to inhibit its part-

ner Aurora-A using small-molecule ATP 

competitors.89,90 Recently, the TPX2-

Aurora-A complex has been proposed as 

the target of withanone,91 a purified com-

ponent of the leaf extract Ashwagadha 

with antitumoral properties.92,93 Treat-

ment of cancer cells with withanone 

results in the dissociation of TPX2-

Aurora-A complexes in an ATP-indepen-

dent manner. Yet, the mechanism behind 

these results and their therapeutic rele-

vance requires further studies.

It is now clear that deregulation of 

multiple oncogenic pathways provokes 

the alteration of many cell cycle regula-

tors resulting in unscheduled prolifera-

tion as well as genomic and chromosomal 

instability.94 Overexpression of TPX2 is 

among the most frequent markers for 

chromosomal instability, and this is 

likely linked to the critical function of 

this protein in microtubule dynamics 

and chromosome segregation. However, 

other new functions for this protein are 

now emerging, and further understand-

ing of the functional relevance of TPX2 

may facilitate the design of therapeutic 

approaches in the near future.
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