
Abstract. The phosphoprotein stathmin exerts profound
influences on cell proliferation, differentiation and in cell
motility. These phenotypic features are displayed in response to
specific signals imparted to the cell by biological response
modifiers. Stathmin functions as a focal point in co-ordinating
and directing the cellular signals into specific and defined
pathways. Two biological features that characterise cancer are
the deregulation of cell proliferation leading to tumour growth
and invasive behaviour. Stathmin is up-regulated in many
neoplasms and the modulation of its expression correlates with
invasion and metastasis and highly proliferating normal tissues.
The integrity of the transduction of extracellular signals is
essential for the normal functioning of the cellular machinery
in cell differentiation, morphogenesis and cell proliferation,
apoptosis, growth and senescence. Stathmin mediates these
pathways of signalling. Stathmin has been implicated in both
G1-S and G2-M checkpoint control of cell cycle progression by
influencing the dynamics of microtubule formation and
progression of the cell cycle. Stathmin appears to exert its

regulatory effects at both G1-S and G2-M checkpoints by
interacting with other cell cycle control proteins such as p53 and
rb and with cancer metastasis promoting or inhibiting genes as
well as other proteins such as heat shock proteins. Stathmin co-
ordinates the signalling by extracellular matrix proteins, and
defines intercellular adhesion and cell motility. Therefore, the
deregulation of stathmin function would have profound
implications in the pathogenesis and progression of cancer.

The phosphoprotein stathmin is a member of a family of

phosphoproteins that have long been recognised as playing

a major role in cell proliferation, differentiation,

development and morphogenesis. It is strongly implicated

in the pathogenesis of cancer and other conditions such as

Alzheimer’s disease and multiple sclerosis. Stathmin

participates in cell motility occurring in developing systems

as well as in cancer. Stathmin is a ubiquitous cytosolic 

19-kDa phosphoprotein. Among other members of note are

the neuron-specific RB3 and SCG10, and STMN3 (SCLIP),

which show a wide spectrum distribution in human tissues.

All the members of the stathmin family are highly conserved

phosphoproteins, which are structurally and functionally

related (1). 

The molecular organisation of stathmin in respect of its

two major functions is well established. Stathmin takes part

in microtubule (MT) dynamics, with the N-terminal region

promoting a rapid transition from elongation to shortening

at microtubule ends (a process often described using a

somewhat unsavory phrase as catastrophe promotion)

occurs in many cellular processes, whereas the C-terminal

region inhibits MT polymerisation (2). Stathmin activity can

be down-regulated by phosphorylation on its four serines

Ser 16, Ser 25, Ser 38 and Ser 63, with all residues requiring

to be phosphorylated.

Phosphorylation of the serines suppresses the inhibition of

MT polymerisation mediated by the C-terminal region of

stathmin. Steinmetz et al. (3) have shown that phosphorylation

of serine 63 produces transient changes in the molecular
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configuration of stathmin and this decimates tubulin binding

and suppresses the inhibition of MT polymerisation mediated

by the C-terminal region.

Two biological features that characterise cancer are the

deregulation of cell proliferation leading to tumour growth

and invasive behaviour. Stathmin has been implicated in both

these and for this reason its role in cancer progression has

been the subject of intensive investigation over the past few

years. Stathmin is up-regulated in many neoplasms and the

modulation of its expression correlates with invasion and

metastasis and highly proliferating normal tissues (4). The

stathmin homologue RB3 is one of several genes

differentially expressed in non-invasive and invasive cell lines

derived from human cancers (5). According to Brattsand et
al. (6), the expression of stathmin is up-regulated in many

leukaemia/lymphoma cell lines. In one cell line, the stathmin

content was ten-fold greater than a lymphoblastoid control.

Stathmin is over-expressed in malignant ovarian cancers as

compared with benign tumours and normal ovarian tissue (7).

Tumour cells derived from ovarian borderline tumours and

carcinomas have been tested. Cells derived from borderline

ovarian tumours show low levels of stathmin when compared

with carcinomas (8). This is of great interest in the context of

the molecular model proposed for ovarian cancers (9).

The expression of stathmin has been studied in relation to

certain established markers of breast cancer malignancy,

such as the expression of oestrogen receptors (ER), ploidy,

tumour size and grade, together with proliferation markers.

Stathmin expression inversely correlates with ER, but

positively with other conventional markers, and its over-

expression closely reflects the proliferation potential of

breast cancers (10, 11). Mistry and Atweh (12) state that

over-expression of stathmin is seen in immortalised cells

consistent with their higher rates of proliferation, but found

no changes in its expression between untransformed and

transformed cells, and seem to suggest, therefore, that

enhanced stathmin expression is more an attribute of cell

proliferation than neoplastic transformation. This contrasts

markedly, however, with the finding that prostate epithelial

cells transformed by exposure to ionising radiation do show

enhanced stathmin expression (13). The involvement of

stathmin in the transduction of hormonal and growth factor

signals is now well established and, therefore, whether

stathmin is related per se to cellular transformation is not

strictly relevant, indeed totally artificial, in relation to the

question of cancer progression since proliferation potential is

itself related to the invasive behaviour of cancers. Most

recent work on stathmin expression in human cancers seems

to suggest a close relationship with progression, which was

pointed out some years ago. Interestingly, metastatic disease

in lymph nodes and the primary tumour seemed to be similar

and, in a small number of human prostate cancers, stathmin

expression seemed to be related to patient survival (14).

Mediation of signal transduction by stathmin

The integrity of the transduction of extracellular signals is

essential for the normal functioning of the cellular

machinery in cell differentiation, morphogenesis and cell

proliferation, apoptosis, growth and senescence. The

deregulation of the signalling pathways has been shown to

bring in its wake major changes in cell proliferation and

cellular behaviour that characterise the neoplastic

transformation and pathogenesis of cancer. Stathmin and its

homologues seem to be implicated in the transduction of

signals and functions as a focus for the integration of

intracellular signals that influence the proliferative potential

and the invasive and metastatic behaviour of cancer

engendered by abnormalities associated with the genome. 

Stathmin in differentiation and cell proliferation

The expression of stathmin is closely related to the state

of cell proliferation and differentiation. It is found to be

reduced consonant with progression of differentiation and

expression is low in terminally-differentiated cells and,

with differentiation being inversely related to proli-

feration, stathmin expression decreases with decrease in

the rate of cell proliferation. The presence of stathmin in

an unphosphorylated form was detected in the early stages

of erythropoietic differentiation (15). 

The involvement of stathmin in growth factor signalling

is not a new notion. Hoelscher and Ascoli (16), investigating

the effects of EGF (epidermal growth factor) and HCG

(human chorionic gonadotropin) in Leydig tumour cells,

discovered the induction of a phosphoprotein, which

increased steroid production and was able to down-regulate

the expression of LH (luteinising hormone)/HCG receptor

gene transcription and of adenylyl cyclase. They identified

this as stathmin and reported that it is phosphorylated in

response to EGF/HCG.

Hummert et al. (17) demonstrated this by modulating the

differentiation and growth properties of chondrocytes using

vitamin D-3 and TGF (transforming growth factor) ‚1, which

promote differentiation and proliferation, respectively, of

chondrocytes in culture. Induction of differentiation of PC12

cells by NGF (nerve growth factor) leads to a time-dependent

increase of expression of stathmin mRNA. Of much interest

is the finding that stathmin mRNA might be localised in the

differentiating PC12 cells to the neuronal pole where

outgrowths of neurites are formed (18). Thus, stathmin

expression is closely linked with neurite differentiation.

Pellier-Monnin et al. (19) state that stathmin and SCG10 are

also up-regulated in olfactory axon regeneration.

The differentiation promoting effects of NGF are negated

by stathmin depletion and also stathmin is phosphorylated by

the activation of the MAPK (mitogen-activated protein
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kinase) pathway by NGF (20). Also the highly-differentiated

phaeochromocytomas display a markedly greater stathmin

expression than corresponding control adrenal medullary

tissue (21). On the other hand, cell proliferation signals

imparted by hormones may also be channelled via stathmin.

For example, LHRH (luteinising hormone releasing

hormone)-induced proliferation of ·T3-1 gonadotrophe cells

is accompanied by the phosphorylation of stathmin. The

protein kinase C (PKC) activator 12-O-tetradecanoylphorbol-

13-acetate (TPA) also induces stathmin phosphorylation and

in both cases phosphorylation is inhibited by the PKC

inhibitor staurosporine, which suggests stathmin-mediated

transduction of LHRH signal activated by PKC or possibly

by some other downstream kinase (22). 

Conversely to the situation of the differentiation pathway,

it follows that stathmin would be involved in the regulation

of cell proliferation. A rapid induction of stathmin

expression was shown to accompany liver regeneration (23).

This appears to be an indication of stimulation of cell

proliferation in response to partial hepatectomy, for

changes in stathmin expression relate to the expression of

Ki67, a proliferation-related antigen, and are not detectable

in resting hepatocytes (24). Exposure of astrocytes to

endothelin-1 leads to their transition to the reactive stage.

This transition is accompanied by a differential expression

or post-translational modifications of several proteins that

can be identified with the normal functioning of the

cytoskeletal system; notable in the present context, is

stathmin and cell adhesion-mediating components such as

vinculin, which link ECM components to cytoskeletal

structures (25). 

Meyer et al. (26) demonstrated that PKC-mediated

phosphorylation and activation of stathmin occurred upon

exposure of Nb2 lymphoma to prolactin (PRL) together

with PRL-induced proliferation. As stated earlier, not only

does EGF induce the expression of stathmin (16), the

growth factor induces stathmin phosphorylation together

with proteins displaying the phosphorylation of tyrosine

residues (27). The latter, in hindsight, would be compatible

with the activation of EGF tyrosine kinase receptors by the

ligand. More recently evidence has emerged indicating the

involvement of stathmin in cell signalling pathways, leading

to proliferation and cytoskeletal organisation, via tyrosine

kinase. Mirnics et al. (28) have reported that in Lyn (a

member of the src tyrosine kinase family)-deficient DT40 B

cells, stathmin is one the genes that are down-regulated. 
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Figure 1. The stathmin-mediated pathways of signalling in cell differentiation, cell proliferation and cancer invasion and metastasis. The kinases shown
all influence and regulate cell differentiation, transformation, and proliferation and apoptosis. MAPK: mitogen activated protein kinase; MEK:
MAPK/ERK-kinase; ERK: extracellular signal regulated kinase; tsg: tumour susceptibility gene; HSP: heat shock protein; MT: microtubule; PKC: protein
kinase C; TRK: tyrosine receptor kinases. ECM: extracellular matrix



Mode of stathmin function in cell proliferation

There are two distinct signalling pathways in which stathmin

appears to be involved in the regulation of cell proliferation.

As summarised in Figure 2, stathmin has been implicated in

both G1-S and G2-M checkpoint control of cell cycle

progression. In its unphosphorylated form, stathmin is able

to interact with and form a complex [Tubulin2-Stathmin]

with soluble tubulin (29). The interaction of stathmin

analogues with tubulin occurs by virtue of specific stathmin-

like domains (30). This has the effect of sequestering

soluble tubulin, leading to the inhibition of microtubule

formation. In contrast, upon phosphorylation, the affinity of

stathmin for tubulin is reduced and this leads to a

promotion of microtubule formation and progression of the

cell cycle (Figure 3).

The second pathway by which stathmin could be

regulating cell cycle progression is by interacting with the

checkpoint control suppressor protein p53. The progression

of the cell division cycle is monitored for DNA damage at
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Figure 2. The involvement of stathmin in G1-S and G2-M checkpoint control of cell cycle progression. The phosphorylation status of stathmin changes
during the cycle and thus its function. At G1-S and G2-M checkpoints, stathmin function might be regulated by interaction with other cell cycle control
proteins such as p53 and Rb and with cancer metastasis promoting or inhibiting genes.



discrete checkpoints at the G1-S transition, in the S-phase

and at the G2-M transition. DNA damage is identified and

repaired, DNA replication is regulated and the progression

of cells through the cell cycle is tightly controlled so that

cells with gross genomic abnormalities do not perpetuate

by the unrelenting progression of cell division. The repair

of damage takes many forms, dependent upon the type of

damage sustained, e.g. homologous recombination,

mismatch repair, maintenance of telomere integrity,

chromatin assembly, and the regulation of the assembly of

the mitotic spindle and accurate chromosome segregation.

The p53 suppressor protein monitors the G1-S and G2-M

transition together with proteins such as stathmin, detains

the cells from transition into S-phase until the damage is

repaired or induces the cells into apoptosis if damage is

extensive. The S-phase checkpoint controls the rate of

replication of DNA and the progression of cells through

this phase. The ATR and ATM kinases have been

implicated in detecting DNA damage and in the

maintenance of telomere length. Whilst ATM is activated

in response to double-strand DNA breakage (DSB), DSB

in DNA, ATR seems to be required for maintaining the

integrity of replication. These kinases in their turn activate

checkpoint kinases Chk1 and Chk2 (31, 32). The

retinoblastoma susceptibility to Rb protein is another cell

cycle regulator that functions at the G1S checkpoint and

p53 functions in conjunction with Rb.

The shared role of cell cycle regulation has led to

investigations concerning the co-ordination of p53 signalling

via stathmin. That stathmin might indeed be so involved is

indicated by several lines of evidence. One of these is the

direct correlation between the expression of stathmin and

p53 expression. Stathmin expression is down-regulated when

wild-type p53 is expressed. Not surprisingly, stathmin has

also been implicated in the regulatory function of Rb. The

latter controls the transcription of genes necessary for the

progression of the cell through the cell cycle and appears to

achieve this by interacting with E2F transcription factors.

Phosphorylation of Rb releases E2F from the Rb-E2F

complex and the transcription factor is able to mediate E2F-

responsive genes. Furthermore, the Rb-E2F complex is also

able to regulate the expression of stathmin and other

mitotic regulators in the maintenance of G2-M checkpoint

control (33). The 5' flanking region of the stathmin gene

possess four putative binding sites for E2F and, therefore,

E2F might mediate the transcription of the stathmin gene

(34). Tumour necrosis factor (TNF) seems to be able to

induce stathmin phosphorylation. Vancompernolle et al.
(35) have suggested that TNF-induced apoptosis might be a

stathmin-mediated pathway. It might well be that Rb

functions in conjunction with stathmin, but equally

apoptosis might be brought about by Rb phosphorylation

independently of stathmin.

P53 has been shown to repress the transcription of the

stathmin gene (36). Johnsen et al. (37) have shown that p53

might be inhibiting by repressing stathmin expression.

Indeed, p53 appears to be capable of repressing the

stathmin promoter. Also, when constitutively over-

expressed, stathmin is able to overcome the G2-M block

instigated by p53. Ahn et al. (38) had reached similar

conclusions with their demonstration that stathmin

expression was down-regulated when p53 expression was

induced by DNA damage. These findings clearly lend much

weight to the argument that stathmin is involved together

with p53 in the G2-M checkpoint control. On the other

hand, it is possible that p53 can modulate the ability of

stathmin to alter MT dynamics. MT depolymerisation

induces the accumulation of p53 leading to cell cycle arrest

at G1-S (39). We know that p53 localises to the

microtubules. This might merely indicate its intracellular

transport (40). On the other hand, specific localisation of

p53 in the mitotic spindle might be crucial in its function

(41, 42). The Rb protein might be similarly linked with the

structural integrity of microtubules (43). There is little

doubt that MT integrity can be closely linked with p53-

mediated cell cycle control.
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Figure 3. Stathmin produces G2-M block by interacting and forming a
complex with soluble tubulin, effectively sequestering tubulin and inhibiting
the formation of microtubules. Upon phosphorylation, however, the
affinity of stathmin for tubulin is reduced and this leads to a promotion of
microtubule formation and progression of the cell cycle. Site-specific
phosphorylation regulates the activity of stathmin during the transition of
cells from interphase to metaphase. Phosphatases might be involved in the
dephosphorylation of stathmin at the completion of mitosis and entry of
cells into a new cycle. Phosphorylation produces transient changes in the
molecular configuration of stathmin and this results in the decimation of
tubulin binding and suppresses the inhibition of MT polymersiation
mediated by the C-terminal region.



A comparison of the regulation of MT dynamics in breast

cancer cell lines has revealed a differential effect of the

wild-type and mutated p53 (44). The metastasis promoter

protein S100A4 affects MT dynamics, so also does stathmin,

which, as we have discussed, can destabilise the

cytoskeleton, sequester free tubulin and inhibit tubulin

polymerisation. Thus, S100A4 and stathmin share several

properties; most prominently, the influence which they exert

on cell proliferation, and the postulated interaction with

p53. The possibility has also therefore to be considered that

S100A4 and p53 might function in collusion to influence the

stathmin-mediated inhibition of MT formation. Parker et al.
(45) found that S100A4 expression parallels that of p53 in

murine melanoma cells and suggested further that S100A4

might be interacting with p53 and in this way regulate G1-S

transition. That p53 is one of the targets of S100A4 has

been confirmed subsequently (46). Cajone and Sherbet (47)

have proposed that S100A4 might be involved in both G1-S

and G2-M transition by sequestering p53, on basis of the

establishment of the down-regulation of stathmin by wild-

type 53 and the demonstration that stathmin expression

parallel that of S100A4. This pathway, thus, postulates p53

functioning by modulating MT dynamics. It is conceivable

that mutated p53 is unable to interact in this way with

S100A4 and alter stathmin function. The p53-S100A4

interaction can be viewed in another light, viz. as a means

by which p53 can counteract S100A4-induced MT

depolymerisation. 

Heat shock proteins and microtubule dynamics

A family of proteins called heat shock proteins (HSP) has

been identified. HSPs are developmentally-regulated

proteins and show cell cycle-related expression. HSPs are

stress-related proteins, induced by environmental stress

imposed by heat shock, viral agents, heavy metals, toxins

and oxidants. Some HSPs like HSP70 have been associated

with the promotion of cell proliferation, whilst others such

as HSP28 have been found to inhibit proliferation. HSP70

seems to interact with p53 and Rb and thus is implicated in

cell cycle regulation. Wild-type p53 seems to down-regulate

HSP70 promoter whereas, in contrast, mutant p53

transactivates it (48, 49). Furthermore, the p53–/–

phenotype shows more marked enhancement of HSP70 than

the p53+/+ (50). The small molecular weight HSP, HSP28,

possesses growth inhibitory property (51). It has been shown

that enhanced expression of HSP28 is associated with

marked reductions in the size of the S-phase fraction

together with the down-regulation of S100A4 (52, 53). This

suggests HSPs might be functioning by interacting with

p53/S100A4 in influencing cell cycle progression. Many

HSPs are associated with microtubules as, for instance,

HSP105a (54). HSP40 binds to the keratins 18 (K8/18)

component of intermediate filaments (55). The microtubule

binding protein Mip-90 bears marked sequence homology

to HSP90 (56). HSP70 seems not only to bind to

microtubules, but also to maintain the integrity of

microtubules (57). HSPs are known to interact with tubulin

dimers (58) and in this way they might affect cell cycle

progression. More relevant in terms of cell cycle regulation

is the demonstration that the binding of HSPs to tubulin

modulates the dynamics of microtubule formation. Garnier

et al. (59) showed that HSP90 binds in vitro to tubulin dimer

and inhibits tubulin polymerisation. This would be expected

to promote cell cycle progression. 

In an alternative pathway, stathmin could be viewed as a

downstream effector of this pathway of signalling, which

might also explain the differences between the larger

HSP70/90s and the smaller HSPs. Stathmin is induced in

Jurkat cells exposed to heat shock (60). Although the

functional significance is yet to be demonstrated, heat shock

and chemical stress do indeed induce phosphorylation of

stathmin on serine 25 (61). Serine 25 and serine 38 are

cyclin-dependent kinase phosphorylation targets and serines

16 and 63 are phosphorylated by other kinases. The

phosphorylation of serines 25 and 38 alone are insufficient,

but phosphorylation of serines 16 and 23 seems to depend

upon serines 25 and 38 being phosphorylated. Thus, the

phosphorylation of all four serines might be required for

regulating stathmin function (62). The heat shock cognate

protein HSC70 (HSP70 family) does interact with stathmin

and its interaction is dependent upon the phosphorylation

state of stathmin (63). In contrast, using a mouse model of

familial amyotrophic lateral sclerosis, Strey et al. (64) have

shown that deregulation of stathmin and a decrease of its

expression as phosphorylated isoform was associated with an

up regulation of expression of HSP25 and 27. It would be

expected that reduction of phosphorylation would result in

inhibition of microtubule formation and therefore inhibit cell

cycle progression (Figures 1 and 3). This would explain the

growth inhibitory properties of HSP28 mentioned earlier.

Stathmin in cancer invasion and metastasis

A distinctive phase of cancer progression is the acquisition by

cancer cells of the ability to invade host tissue stroma and the

invasion and dissemination into the vascular and lymphatic

compartment. These faculties are a composite effect of a

number of cellular changes, which include unregulated cell

proliferation, induction of neovascularisation and

remodelling of the ECM, resulting in alterations of

intercellular adhesion and ECM-mediated signalling. The

latter alters the cytoskeletal dynamics, thus producing not

only changes in the physical features of the cells that are

conducive to invasive behaviour, but also altering the

signalling pathway itself. With cytoskeletal dynamics figuring
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so prominently in all these aspects of aberrant cell behaviour,

it is hardly surprising that stathmin forms an important

component of the pathway of the flow of information. 

The remodelling of the ECM is a dynamic process and

includes the excision, regeneration and spatial redistribution of

ECM components and the expression of enzyme systems that

participate in the release of tumour cells and enables them to

invade the newly-formed vessels surrounding the tumour.

ECM components participate in cell signalling required in cell

migration. For example, directional migration of neuronal

growth cones is guided by ECM components. For instance,

laminin and fibronectin markedly alter growth cone behaviour,

which is effected by filopodial contact with the substratum.

This suggests that ECM components direct axon outgrowth by

intracellular signalling through growth cone filopodia (65). 

Another example is provided by the demonstration that

retinal growth cone behaviour and cell axonal directional

responses can not only be modulated by ECM components

but the changes in behaviour result from signalling

involving microtubule dynamics co-ordinated by stathmin

(66). It would be worth reiterating in the context of cancer

progression that stathmin expression and its modulation

correlate with invasive and metastasis potential of many

human neoplasms. Stathmin is up-regulated in highly

proliferating normal tissues (4). Differential expression of a

stathmin homologue has been encountered in non-invasive

and invasive cell lines derived from human cancers (5). 

The invasive behaviour of cancer cells is attributable to the

expression or loss of intercellular adhesion molecules. A prime

example is the expression of cadherins, which are

transmembrane glycoproteins. These are linked with the

cytoskeletal structure. The modulation of adhesive and invasive

behaviour seems to result from abnormalities associated with

cadherin/cytoskeletal linkage. Loss of cadherins and

abnormalities in the linking proteins, vinculin and catenin,

invariably result in changes in the biological behaviour of cells.

Differentiation inducing agents such as retinoic acid also up

regulate cadherin expression (51). Indeed for these reasons,

cadherins are regarded as tumour suppressors. There is an

obvious link-up of cadherins with cytoskeletal structures and

the function of this assembly in bringing about changes in

phenotypic behaviour. It is of considerable interest therefore

that stathmin is involved in a density-dependent manner in cell

cultures that typify cell to cell contacts and contact inhibition of

proliferation. E-cadherin antibodies have been found to

interfere with intercellular contacts and also in parallel down-

regulate stathmin expression (67). Stathmin appears to be

phosphorylated by Rac1 and p21-activated kinases (68). In the

absence of any clear migration assays, this evidence can be

seen as circumstantial in nature. Nonetheless, the association

of these kinases in the microtubule dynamics at the leading

edge of invading cells is another line of evidence linking

stathmin activation with invasion.

Stathmin and angiogenesis

The successful metastatic spread of cancer requires cancer

cells not only to acquire the ability of local invasion, but also

the ability to cross the endothelial barrier into the vascular

system. At the present time, there is very little information

about the relevance of stathmin in the process of

angiogenesis or neovascularisation. Certain angiogenic

agents appear to have the ability to induce changes in gene

expression and among them is stathmin. Zhou et al. (69)

found that inhibition of angiotensin-1 receptor (of

angiotensin II) down-regulates the expression of stathmin

and FGF receptor genes, together with the down-regulation

of the tyrosine kinase gene. This seems to happen

independently of the normal physiological function of

angiotensin and its receptor. Several other growth factors,

such as TGF and TFN and steroid hormones oestrogen and

progesterone, possess angiogenic properties and also

influence the expression of stathmin. However, one should

reiterate that, as yet, there is no direct evidence linking

stathmin with angiogenesis. 

Some findings relating to stathmin expression in cells

exposed to stress factors (47) have drawn attention to the

possibility of the involvement of stathmin in angiogenesis.

TPA and 4-hydroxy-2-nonenal (HNE) are capable of inducing

hemeoxygenase (HO)-1. HO-1 possesses regulatory sequences

for many transcription factors that are associated with cell

proliferation, endothelial cell differentiation and, therefore, it

is identifiable with angiogenesis (70). Furthermore, both TPA

and HNE modulate stathmin function. Although this does not

constitute direct incontrovertible evidence, it might be

worthwhile drawing attention to these so that some interest

might be generated in the area of stathmin function, which has

received very little attention to date.

Miyashita et al. (71) have recently shown that VEZF1

(vascular endothelial zinc finger 1) regulates angiogenesis

in mouse embryos. Using antisense strategy, they showed

that down-regulation of VEZF1 resulted in the inhibition of

proliferation, migration and formation of an angiogenic

network of endothelial cells, but transfection of VEZF1

cDNA had the opposite effect. The down-regulation of

VEZF1 also down-regulated stathmin expression and in

VEZF1 cDNA-transfected cells stathmin expression was up-

regulated. These findings might implicate stathmin in

angiogenesis, albeit in murine embryos. 

Therapeutic implication of stathmin function and
its deregulation

The extensive involvement of stathmin in signalling

mechanisms and the consequences of its deregulation has

inevitably suggested the use of stathmin as an aid in cancer

treatment and patient management. Several avenues of
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approach might be considered. One useful approach would

be to determine whether one could glean useful information

about disease progression and prognosis, drug resistance

from the modulation of stathmin expression and for

determining treatment modality. 

As discussed previously, stathmin can differentiate

between borderline and malignant ovarian tumours.

Furthermore, Chen et al. (72) found that high stathmin

expression was associated with poorly-differentiated lung

adenocarcinomas. Therefore, it would be reasonable to

expect stathmin levels to relate to tumour progression.

Over-expression of stathmin in breast cancer seems to

correlate with loss of ER and PgR, which indicates more

aggressive disease. Stathmin expression also correlated with

tumour grade and proliferative state (11). The question

arises as to how stathmin expression relates to prognosis. A

preliminary study of prostate cancer patients showed a

significant correlation between stathmin positivity and

patient survival (14). Neben et al. (73) noticed that high

expression of stathmin and Aurora kinase STK15, among

other markers, was associated with poor overall survival in

patients with medulloblastoma. The over-expression of

Aurora kinase in association with stathmin is of more than

mere passing interest, for Aurora kinases are centrosome-

associated serine/threonine kinases, and themselves appear

to play an important part in cell division as well as in

tumour development (32). However, no functional link has

been established between stathmin and the kinase.

Some effort has been expended to determine if stathmin

expression can be used as a guide for the use of microtubule-

targeting drugs in cancer treatment. The microtubule-

binding drug Paclitaxel (Taxol) inhibits depolymerisation and

a consequence of this is that the dissolution of the mitotic

spindle is inhibited, leading to a block of cell division. In

contrast, vinca alkaloids bind to beta-tubulin in the 

·/‚-tubulin heterodimer and disrupt microtubule dynamics,

which inhibits the formation of the mitotic spindle.

Paclitaxel-resistant ovarian cancer cell lines show over-

expression of stathmin (74). Breast cancer cell lines differing

in stathmin expression and cell lines forced to over-express

stathmin showed decreased sensitivity to paclitaxel and

vinblastine. In contrast, sensitivity to drugs that do not affect

MT dynamics bore no relationship to stathmin content (75).

Human carcinoma cells stably transfected with stathmin

cDNA are highly sensitive to vindesine and vincristine (76).

Rosell et al. (77) have tested the expression of stathmin and

‚-tubulin III for predicting response to chemotherapy in a

randomised trial of non-small cell lung cancer patients. They

found time for progression of the disease was related to the

expression of both ‚-tubulin III and stathmin in vinorelbine

(vinca alkaloid)/cisplatin and to a lesser extent in the

paclitaxel/ carboplatin arm of the trial. Rosell et al. (77) have

therefore strongly advocated a prospective study. 

Another approach would be to check if stathmin might itself

be a therapeutic target of cancer therapy. Mistry et al. (78)

have suggested this approach as an anti-angiogenesis therapy.

Antisense strategy offered a useful mode of targeting stathmin

in leukaemic cells, thus achieving growth inhibition (79). Mistry

et al. (80) also demonstrated the potential efficacy of

employing the ribozyme strategy for targeting stathmin. Anti-

stathmin ribozyme cleaved stathmin RNA with high selectivity

and at the rate of several RNA molecules per ribozyme

molecule. This approach does offer some promise. However,

the efficacy of directly targeting stathmin depends upon the

pattern and topography of its distribution, especially with

regard to the heterogeneity of distribution in the tumour.

Concluding remarks

Stathmin exerts profound influences on cell proliferation,

differentiation and in cell motility. Most of these effects are

a phenotypic display of properties generated in response to

specific signals imparted to the cell by biological response

modifiers. The body of evidence presented here underscores

the importance of stathmin as a focal point in co-ordinating

and directing the cellular signals into specific and defined

pathways. Thus, in the scenario presented here, not only are

the opposing features of proliferation and differentiation

co-ordinated, but also co-ordinated are the pathways of

signalling used by cell cycle regulator genes and metastasis

suppressor and promoter genes, together with pathways of

signalling adopted by ECM proteins to defining intercellular

adhesion and cell motility. Therefore, deregulation of

stathmin function would have serious implications for the

biological behaviour of the cell that could lead to the

pathogenesis and progression of cancer. The use of stathmin

in tailoring cancer treatment and as an aid in patient

management is a potential area of application that has not

received the degree of attention it deserves and the

currently available data is best described as meagre. It is

hoped that future research will focus attention on this highly

constructive and beneficial feature of cancer management.
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