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Microtubules and tubulin are major dynamic and structural

cellular components that play a key role in several cell

functions, including division, signalling and intracellular

trafficking. Normal epithelial cells have a highly structured,

rigid cytoskeletal network that is compatible with cell

motility. Thus, tubulin and microtubules are compelling

cellular targets for chemotherapy. In fact, among anticancer

agents, those that target microtubules constitute one of the

most effective classes of chemotherapeutics in cancer. The

list of compounds that target either tubulin or microtubules

is extensive and consists of chemically unique compounds

that bind to the tubulin dimers and destabilize

microtubules (Vinca alkaloids) and those that bind to the

microtubule polymer and stabilize microtubules (taxanes).

Tumour-induced angiogenesis, the formation of new

capillaries from existing blood vessels, and epithelial–

mesenchymal transition are two steps that are critical for

both tumour growth and metastatic spread. Three possible

mechanisms of action are described with vinflunine, the

new-generation Vinca alkaloid to arrive in clinical practice

are as follows: it acts against tubulin and microtubules,

disrupts newly formed blood vessels and seems to be able

to reduce the metastatic process as shown in preclinical

studies. These findings support the hypothesis that

vinflunine, by blocking microtubule functions that

contribute to cell shape, polarization, migration and other

processes, might be responsible

not only for tumour-cytostatic but also for specific

antiangiogenic or antiepithelial–mesenchymal transition

effects. Anti-Cancer Drugs 23:1–11 �c 2011 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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Introduction
Microtubules are dynamic, structural cellular components

of great importance in several cell functions including

division, signalling and intracellular trafficking. Thus,

tubulin and microtubules are compelling cellular targets

for chemotherapy as these functions are often dysregulated

in many types of cancer. In fact, among anticancer drugs,

those that target microtubules constitute one of the most

effective classes of chemotherapy. Vinflunin (VFL) is one

of the extensive list of compounds that bind to tubulin or

microtubules. There are compounds that bind to the

tubulin dimers and destabilize microtubules (Vinca alka-

loids) and others that bind to the microtubule polymer and

stabilize microtubules (taxanes). Recently, two new drugs

have been added to the list of available treatment for

advanced solid tumours: cabazitaxel, which acts as a

tubulin-binding taxane drug with antitumour activity in

docetaxel-resistant cancers [1], and eribulin, which is a

nontaxane microtubule dynamics inhibitor with tubulin-

based antimitotic activity and chemotherapeutic effects in

heavily pretreated patients with breast cancer [2].

Many currently used antineoplastic agents are derived

from natural products originally isolated from plants. One

of the best-known classes of these agents is the Vinca

alkaloid, which is found in the periwinkle plant,

Catharanthus roseus [3]. Dimeric alkaloids from C. roseus
form an important class of antitumour agents widely used

in combination chemotherapy regimens for treating solid

tumours.

Vinca alkaloids have been extensively used in cancer for

over 30 years and four of them are currently available in

daily clinical practice: vinblastine, vincristine, vindesine

and vinorelbine (VRB) [4]. Vinblastine, the first alkaloid

with antiproliferative properties, was discovered in

extracts from Vinca rosea plant leaves. However, among

the numerous derivatives synthesized, only vindesine and

VRB, semisynthetic analogues of vinblastine, are in

clinical use. More recently, a new Vinca alkaloid, known

as VFL, with substitutions in the little-exploited region

of the catharanthine moiety, was obtained from the

reaction of an electrophilic agent with VRB in superacid

media (Fig. 1) [5].

VRB and VFL, the second generation of Vinca alkaloids,

affect microtubule dynamics in a manner very different

from vinblastine. Vinblastine suppresses the rate and

extent of microtubule shortening when tested in in-vitro

culture cells, whereas VRB and VFL suppress the rate and

extent of microtubule growth and enlargement events [6].
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The diverse actions of VFL on microtubules are likely to

exert different effects on mitotic spindle functions,

leading to modifications of cell-cycle progression and cell

killing [7]. As with other Vinca alkaloids, VFL is a specific

inhibitor of tubulin that prevents microtubule assembly

during mitosis [8] and induces apoptosis [9]. VFL also

exerts effects on microtubule dynamic instability, sup-

pressing the rate and extent of microtubule growth

events [6]. The affinity profile of VFL shows features

that suggest a greater effect on mitotic rather than axonal

tubulin [10]; this is why VFL shows a reduced rate of

neurotoxicity compared with other Vinca alkaloid agents.

VFL participates in P-glycoprotein-mediated drug resis-

tance, sharing this function with other compounds of the

same family [11].

Epithelial–mesenchymal transition (EMT) and angiogen-

esis are essential mechanisms that guide proper devel-

opment during several phases of embryogenesis and the

early stages of newborns. In both processes, cells can

change from an epithelial to a mesenchymal state by

losing their characteristic epithelial traits and gaining

mesenchymal cell properties. In adult organs, the

activation of angiogenesis may result in some physio-

logical activities but may also promote pathological

conditions. Angiogenesis and EMT are implicated in

Fig. 1
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tumour development and metastasis and are considered

critical targets for anticancer strategies.

There are several reviews related to the clinical aspects

and mode of action of VFL [12–14]. Here, we focus on a

different aspect of the drug, attempting to summarize the

knowledge behind the utility of VFL as antiangiogenic

and as an anti-EMT process agent.

Mechanisms of action
The antineoplastic properties of Vinca alkaloids arise from

their interaction with tubulin, the major component of

microtubules in mitotic spindles. These drugs diminish

microtubule dynamics and assembly, resulting in the

arrest of cell division in the metaphase [15–18]. As

antimitotic drugs, their affinity for tubulin has an impact

on drug efficacy and toxicity. The order for the overall

affinity for tubulin is vincristine > vinblastine > VRB >

VFL [19]. VRB-induced, vinblastine-induced and vincristine-

induced tubulin self-association occurs through a similar

mechanism for all three drugs [19]. Consistent with these

findings, it has been shown that VFL has a much lower

binding affinity for tubulin than VRB and, consequently,

induces smaller spirals with a more rapid relaxation time.

As shown by various pharmacological studies defining its

mitotic arresting and tubulin-interacting properties, VFL

seems to act as a specific inhibitor of tubulin, while

exhibiting quantitatively distinctive tubulin-binding

properties [8].The Vinca alkaloids as a class participate in

the classical multidrug resistance [20]. Among the tubulin-

interacting agents, Vinca alkaloids and their derivatives

have generally shown common cross-resistance patterns,

and this is especially true of PgP-mediated resistance [21].

VFL, like other Vinca alkaloids, participates in Pgp-

mediated multidrug resistance [11].

In addition to other Vinca alkaloids, the molecular

mechanisms of cell killing by VFL also include a series

of events leading to apoptotic cell death [22,23].

Apoptosis-inducing concentrations of VFL caused caspase

3/7 activation and the cleavage of one of its specific

substrates, the poly-(ADP-ribose) polymerase. VFL also

activated c-Jun N-terminal kinases, whose activation has

been shown to occur in response to diverse stress stimuli

including cellular treatment with microtubule inhibi-

tors [24]. Furthermore, several studies have proposed a

role for Bcl-2 phosphorylation in the apoptotic response

of tumour cells to microtubule-damaging agents [25].

The capacity of VFL to cause Bcl-2 phosphorylation

might depend on the cellular type. The apoptosis

mechanisms induced by VFL involve caspases 3/7 and

c-Jun N-terminal kinase 1 activation, but do not require

Bcl-2 phosphorylation.

Mitochondria play an important role in crossroads for

intracellular signalling pathways induced by microtubule-

targeting drugs (MTDs) [26–29]. Inactivation of Bcl-2,

through hyperphosphorylation [30], leads to mitochon-

drial membrane permeability and apoptosis triggered by

MTDs, including VFL [26]. A relationship has been

established between Bcl-2 overexpression and clinical

resistance to MTDs [31]. Nevertheless, there is also

contradictory evidence showing that VFL effectiveness

was largely decreased in the absence of Bcl-2, whereas

Bcl-xL and Bax expressions were unchanged [32], and

that it was in part restored by reintroducing Bcl-2 [33].

Like other MTDs, VFL directly affects isolated mito-

chondria [34], leading to the release of apoptotic factors.

The antiproliferative effects of VFL in tumour cells,

either as p53-dependent, postmitotic G1 arrest or a cell-

cycle block at G2/M, converge at the mitochondria for

the induction of apoptosis (Fig. 2). A p53-dependent

transactivation of proapoptotic Bax in the mitochondria is

considered to shift the cellular fate in favour of apoptosis,

when cells are treated with low concentrations of VFL,

despite the presence of functional Bcl-2 [35].

Tubulin is detected on mitochondrial membranes and

Bcl-2 has been shown to specifically bind both mitochon-

drial tubulin and the voltage-dependent anion chan-

nel [28,32,36]. Such a protein complex could regulate the

direct initiation of the mitochondrial signalling pathway

by MTDs.

Microtubule disruption
The characteristic block of cell proliferation during

mitosis induced by all Vinca alkaloids may be attributable

to a specific action on mitotic spindle microtubules. The

mechanism of action of the Vinca alkaloids was initially

thought to be involved in the depolymerization of spindle

microtubules and induction of paracrystalline tubulin–

Vinca alkaloid arrays. At relatively high concentrations

(mmol/l levels), all these drugs inhibit microtubule

polymerization in reconstituted microtubule systems.

In cells, alternative mechanisms, involving drug–tubulin

oligomers, also exist. It is known that the Vinca alkaloids

bind to free tubulin and to tubulin spiral oligomers, as

well as to microtubules. VFL, VRB and vinblastine bind

to guanosine triphosphate (GTP)–tubulin subunits with

similar affinities. Evidence was found that VFL, like

vinblastine, vincristine and VRB, appeared to interact

with the Vinca alkaloid-binding domains on tubulin, as

judged by proteolytic cleavage patterns, and induced

tubulin structural changes favouring an inhibition of GTP

hydrolysis. However, more detailed studies revealed that

VFL expressed some distinctive features in terms of its

binding properties to free tubulin and its ability to

compete for binding with the other Vincas [37].

Tubulin

Microtubules, a major component of the cytoskeleton, are

macromolecular filaments composed of the tubulin

protein; the filaments provide structural and functional

support in vesicle/organelle transport, cell morphogenesis

and mitosis [38]. The proper assembly of tubulin
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subunits (heterodimers of a-tubulin and b-tubulin) into

microtubule protofilaments is energy dependent, requir-

ing hydrolysis of the GTP bound to the b-tubulin subunit

in the heterodimer. Polymerization of the tubulin

subunits into linear polymers occurs through a mechan-

ism of nucleation-elongation, a process initiated with a

relatively slow synthesis of a short microtubule nucleus,

followed by the rapid elongation of the microtubule at its

ends by the reversible, noncovalent addition of tubulin

dimers.

The dynamic behaviour of microtubules can be modu-

lated by the differential expression of tubulin isotypes,

posttranslational modifications and interaction with

microtubule-regulatory proteins. Spatial and temporal

regulation of microtubule functions occurs at several

levels. Differential expressions of human tubulin isotypes

(six forms of a-tubulin and seven forms of b-tubulin), in a

cell/tissue-specific manner, confer a functional diversity

to the microtubules [39,40].

Mitotic arrest

During mitosis, chromosomes that are attached in a

bipolar manner to the metaphase spindle oscillate about

the spindle equator. The kinetochores of sister chroma-

tids are under tension and are periodically stretched

(separation) apart by shortening (relaxation) of dynamic

microtubules, and then relax back together as tension is

relieved. The signal to progress from metaphase to

anaphase seems to involve the development of sufficient

tension or the attachment of an adequate number of

microtubules to kinetochores [41,42].

Tension on kinetochores may also be provided by the

treadmilling of kinetochore microtubules, a process that

transports tubulin subunits along the lengths of the

microtubules from their attachment at the kinetochores

towards the spindle poles [43,44]. Vinca alkaloids affect

centromere dynamics similarly. They markedly decrease

centromere dynamicity, primarily by increasing the time

centromeres remain in a paused state. In addition,

vinblastine, vincristine and VRB suppress the relaxation

rate, decrease the stretching duration and decrease the

transition frequencies. The abnormalities mostly fall into

a series of increasingly aberrant types that are categor-

ized [6]. Abnormal spindle types I and II consist of

bipolar spindles with one or more uncondensed chromo-

somes, respectively (Fig. 3). Type III includes monopolar

spindles enclosed in chromosome balls.

Tubulin-interacting protein

The tubulin isotype composition of microtubules is one

of the factors that may modulate the action of Vinca
alkaloids against a-tubulins and b-tubulins that exist in

the form of isotopes and are distinguished by slightly

different amino acid sequences [45]. Six a-isotypes and

seven b-isotypes of tubulin have been described [46].

Several in-vitro studies have shown that b-tubulin isotype

composition affects microtubule dynamics [47], stabi-

lity [48] and sensitivity to Vinca alkaloids [49].

The tubulin isotype composition of microtubules is an

important factor, but Vinca alkaloid interactions should be

considered, and not only versus purified tubulin isotypes

as, in cells, microtubules are composed of a backbone of

tubulin dimers and microtubule-associated proteins

(MAPs) [50].

Tubulin, in addition to differential isotype expression, can

be further posttranslationally modified by polyglutamyla-

tion, polyglycylation, phosphorylation and acetylation that

regulate tubulin function [51]. Interactions with various

Fig. 2
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Vinflunine directly affects the isolated mitochondria, leading to the release of apoptotic factors. The antiproliferative effects of VFL in tumour cells,
either as p53-dependent, postmitotic G1 arrest or as a cell-cycle block at G2/M, converge at the mitochondria for the induction of apoptosis.
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microtubule-regulatory proteins such as MAP4, MCAK,

TOG, survivin and stathmin [52–55] can stabilize or

destabilize microtubules at different stages in the cell

cycle [56–58].

Microtubule dynamics

Within cells, most microtubule (+) ends are oriented

towards, and interact with, the cell cortex, whereas the

(–) ends are usually stably capped and often anchored at

the centrosome, which is the main organelle responsible

for the nucleation of new microtubules.

Microtubules display two types of unusual behaviour,

dynamic instability and treadmilling, which appear to

be important for progression through mitosis and the

cell cycle.

Dynamic instability is a stochastic switching of micro-

tubule ends between phases of relatively slow growth and

rapid shortening [59].

Dynamic instability is important for condensation of the

chromosomes to the equatorial metaphase plate during

prometaphase [60]. It also plays an important role in the

tension-associated oscillations of the chromosomes at

prometaphase and metaphase [61].

Treadmilling is the net addition of tubulin subunits at

one end of a microtubule [the (+) end] and the balanced

net loss from the opposite (–) end [62–64]. Treadmilling

has been postulated to play a role in inducing tension on

the kinetochores during mitosis [59], a condition that

may be critical to shift from metaphase to anaphase [42].

Treadmilling, or poleward tubulin flux [65], may have an

important function during metaphase by mediating the

transport of signalling molecules from the kinetochores to

the spindle poles and also by creating tension [59]. The

magnitude of the intercentromere distance may depend,

in part, on microtubule shortening and/or treadmilling

and/or motor proteins.

The treadmilling inhibition rate of VRB was four-fold

higher than that produced by VFL, whereas the inhibition

rate of vinblastine was seven-fold higher. These potency

differences in treadmilling may be an important determi-

nant of antitumour activity. Using sedimentation velo-

city [19], it was found that VFL had a three-fold to

16-fold lower overall affinity for tubulin than VRB,

whereas VRB had a lower overall affinity than vinblas-

tine [19]. This behaviour suggested that the lower

affinity of VFL for tubulin, might, at least in part, explain

the high concentrations of drug required to block mitosis

and cell proliferation [10].

Vinblastine has been shown to stabilize microtubule (+)

ends and to destabilize (–) ends [64].

The dynamics of microtubules are coordinated with the

actions of an undefined number of molecular motors to

induce the equipartitioning of chromosomes to the two

daughter cells by the mitotic spindle.

Antiangiogenesis
Considering drug-based approaches to vascular targeting,

it is the tubulin-binding agents that have emerged as

major players. Previously, Vinca alkaloid members, such as

vincristine and vinblastine, had been shown to mediate

their antitumour activities through an antivascular me-

chanism [66]. Novel derivatives of these compounds, VRB

and VFL, have been shown to display significant

antitumour activity [23,34,67,68]. As a member of the

Vinca alkaloid family, VFL was at least as active as

vincristine, with antivascular effects seen at doses much

lower than the maximum tolerated dose. Their antitu-

mour effects can be attributed to shutting down the

tumour vasculature [34]. It has also been hypothesized

that the effect of VFL on the tumour vasculature is due to

the presence of dividing endothelial cells in newly formed

tumour blood vessels [23]. VFL exerts an antitumour

effect, and is at least as effective as vincristine and VRB

when administered as single-dose schedules [34]. Endo-

thelial cell shape change, rather than apoptosis, may be

the primary event resulting in the rapid vascular shutdown

seen in in-vivo tumours after treatment with VFL. In

summary, VFL could act by the following antivascular

mechanisms: vascular-disrupting effects, endothelial cell

morphology changes, newly formed deficient capillary-like

structures, inhibition of endothelial cell motility and

proliferation and preventing endothelial cells from cor-

rectly aligning to form capillary-like structures.

A series of studies [69,70] also identified a dose-

dependent inhibitory effect of VFL on fibroblast growth

factor (bFGF)-induced angiogenesis.

Antimetastatic activity
VFL demonstrated in-vitro antiproliferative effects in several

murine and human tumour cell lines [71], and important

in-vivo antitumour activities against subcutaneous tumour

Fig. 3
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xenografts. In general, mice treated systemically with

VFL showed significantly lower tumour growth and

longer survival than those treated with VRB [8,68]. Using

an orthotopic murine model of transitional cell carcinoma

of the bladder, VFL demonstrated greater superiority

than VRB. The number of mitotic figures in biopsies

obtained from mice treated with VFL was significantly

lower than that in controls. A tendency towards a higher

apoptotic index could be seen as the doses of each drug

increased [72]. Lower doses of VFL also reduce the

number of experimental liver metastases by colon cancer

cells [70].

Although this inhibitory effect could be explained, at

least in part, on the basis of the reduced cell motility

generated in cancer cells after treatment with VFL, other

mechanisms involved in tumour invasion, such as EMT,

were also shown to be affected.

With respect to the angiogenic process, VFL inhibited

bFGF-induced angiogenesis in matrigel implants [72] at

subtherapeutic doses considerably (20–40-fold) lower

than its maximum tolerated dose. Fibroblast growth

factor receptor 3 is somatically mutated in approximately

50% of bladder cancers [73,74]. These are oncogenic

gain-of-function mutations.

In the clinical setting, VFL was approved by the

European Medicines Agency in September 2009 for the

treatment of adult patients with advanced or metastatic

transitional cell carcinoma of the urothelial (TCCU) tract

after the failure of a prior platinum-containing regimen.

Three consecutive trials were the basis for approval. First,

a multicentre phase II trial demonstrated the feasibility

and promising efficacy of VFL as a second-line therapy in

patients with advanced bladder cancer [75]. In this study,

VFL therapy yielded an overall response rate of 18%, and

67% of patients achieved disease control (partial response

and stable disease). The median duration of tumour

response was 9.1 months (long-duration responses ran-

ging from 4.2 to 15.0 months). The median overall

survival was 6.6 months and the median progression-free

survival was 3.0 months. Similar results were obtained in a

later phase II study including patients with all types of

advanced TCCU at this time [76]. Finally, a pivotal phase

III trial compared VFL with the best supportive care as a

second-line therapy conducted in patients with meta-

static TCCU demonstrated a better objective response

rate (8.6 vs. 0%), disease control rate (41.1 vs. 24.8%) and

a median progression-free survival (3.0 vs. 1.5 months),

which implied a significant clinical and statistical benefit

for those patients treated with VFL [77]. Therefore, VFL

was the first agent to show a survival advantage after the

failure of a prior platinum-containing chemotherapeutic

regimen in TCCU.

Clinical development of VFL did not stop in TCCU

tumours and a broad clinical development was followed.

VFL has shown activity in patients with refractory non-

small-cell lung cancer (NSCLC) both as a combination

with cisplatin [78] and as a single agent in the platinum-

resistance setting [79,80]. When VFL was combined with

cisplatin for the treatment of 62 advanced patients with

NSCLC for their first-line treatment, the combination

seemed to be feasible and partial response was observed

in five patients (8%) with a 1-year survival rate of 43.4%.

A noninferiority designed phase III trial of VFL compared

with docetaxel in patients with NSCLC previously

treated with platinum-containing chemotherapy showed

that no significant differences were found in terms of

efficacy, patient benefit and quality of life according to

the Functional Assessment of Cancer-Therapy Lung

questionnaire between both chemotherapeutic drugs.

VFL has also been demonstrated to have potential

clinical activity in two prospective nonrandomized trials

in patients with metastatic breast cancer after failure to

anthracycline and taxanes previous regimens [81,82]. In

both trials, conducted in more than a hundred women,

VFL given as a single agent achieved a clinical control of

the disease in 51.2% of the patients and a progression-

free survival longer than 2.6 months. VFL has also been

combined with trastuzumab in patients with metastatic

breast cancer with a human epidermal growth factor

receptor-2-positive status. Unfortunately, the results did

not appear to be as good as expected and no clear

significant activity was observed compared with the

activity expected for trastuzumab alone [83].

VFL also failed to demonstrate significant clinical activity in

prostate [84], malignant pleural mesothelioma [85], mela-

noma [86] and renal cell carcinoma [87], among others.

Epithelial–mesenchymal transition
EMT is an essential mechanism that guides proper

development during several phases of embryogenesis [88]

but within the adult organism, it promotes pathological

conditions such as tumour metastases [89]. During the

EMT process, cells can change from an epithelial to a

mesenchymal state. In this process, tumour cells lose

their characteristic epithelial traits and gain the proper-

ties of mesenchymal cells instead. The molecular

correlation of this transition consists in the loss of

epithelial markers, such as E-cadherin, certain cytoker-

atins, occludin and claudin, and the gain of mesenchymal

markers, such as N-cadherin, vimentin and fibronectin

(Fig. 4). After the transition to a mesenchymal state, cells

can also revert back to an epithelial state in a process

known as mesenchymal–epithelial transition [90].

Tumour cell migration

Cell migration can be viewed as a periodically repeating

sequence of events that include the formation of

pseudopodial protrusions, attachment and translocation

of the cell body in the direction of new adhesion

sites [91]. Microtubules and actin filaments play a critical
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role in intracellular trafficking, cell polarity and motility.

These functions involve the ability of these polarized

polymers to assemble and disassemble rapidly and to

interact with proteins that regulate their dynamic

properties, both temporally and spatially. Although the

central role of the actin cytoskeleton in migration is

largely known, more recent data support a significant role

for microtubules in this process [92]. In fact, coordinated

regulation of microtubules, actin cytoskeleton and adhe-

sion sites are likely to be essential throughout the

migration process [93]. Several putative mechanisms by

which MTDs could inhibit cell migration have been

proposed (Fig. 5). These include (a) impairment of

microtubule-organizing centre reorientation towards the

leading edge; (b) inhibition of Rho GTPases and their

downstream effectors by altering the cycle of microtubule

polymerization and depolymerization; (c) blockade of

lamellipodia formation and cell polarization as a conse-

quence of the inhibition of intracellular protein traffick-

ing and vesicle transport; (d) inhibition of microtubule-

mediated integrin clustering and increased integrin

avidity; and (e) HSP90 degradation [94–96].

Cytoskeleton and epithelial–mesenchymal transition

Despite the importance of cytoskeletal dynamics during

both EMTand metastasis, few studies have examined the

cytoskeleton of detached and circulating tumour cells.

Specific posttranslational a-tubulin modifications are

critical for adherent cell motility and implicated in cancer

spread. It is known that EMT induced through the

ectopic expression of twist or snail promotes a-tubulin

detyrosination and the formation of tubulin-based micro-

tentacles [97]. Mechanistically, EMT downregulates the

tubulin tyrosine ligase enzyme, increasing a-tubulin

detyrosination and promoting microtentacles that could

enhance tumour cell dissemination.

It is now evident that microtubule involvement in cell

migration requires interactions with both adhesion sites

and actin cytoskeleton [93]. From this perspective, a

growing list of proteins that interact with the microtubule

(+) ends, called plus-end-tracking proteins (+TIPs), are

critically important for many microtubule-regulated

processes including cell migration. Among them, EB1

Fig. 4
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regulates microtubule dynamic instability [98], the

guidance of microtubule–actin cross-linkers and the

selective microtubule stabilization at the cell cortex

during cell migration [99].

Other specialized proteins that stabilize microtubules are

the stable tubule only polypeptide (STOP) family that

prevent microtubule disassembly [100,101] and play a

key role in mitosis [102,103]. Moreover, calmodulin

(CaM) is known to bind STOP proteins in a calcium-

dependent manner and to regulate their microtubule-

stabilizing function [104,105]. The colocalization of CaM

with different STOP proteins has been demonstrated in

the mitotic spindle [106,107]. This observation has led to

the hypothesis that the Ca2+-CaM-STOP complex plays

a physiological role in numerous cell phenomena

[102,103,108]. Its inactivation by Ca2+-CaM enhances

the microtubule dynamics and thus allows mitosis

completion [6,107].

VFL inhibits adhesion site dynamics and induces stress

fibre formation [109]. In VFL-treated cells, the cortical

actin network and membrane ruffles disappear, and many

thick and long-lived stress fibres are formed between

static focal adhesions. The VFL effect demonstrated on

CaM-STOP complex formation [110] suggests that the

drug influences the microtubule dynamics not only

through direct contacts with tubulin but also through

other proteins involved in the network of microtubule

stability regulation.

Discussion
VFL, a new bifluorinated microtubule inhibitor, is an

innovative chemotherapeutic drug whose activity is

directly linked to the disturbance of microtubular

dynamics resulting from tubulin-binding affinity with

free tubulin molecules and microtubule treadmilling

inhibition.

Normal epithelial cells have a highly structured, rigid

cytoskeletal network that is incompatible with cell

motility. The dynamic cytoskeletal properties and greater

deformability of transformed cells support successful

metastases. Specific posttranslational a-tubulin modifica-

tions are critical for adherent cell motility. Stabilization of

microtubules induces detyrosination that can inhibit

microtubule disassembly, and contrary microtubule-

destabilizing compounds prevent adhesion of circulating

tumour cells.

Metastatic cancer cells express microtubule-stabilizing

proteins, for example, MAP protein Tau, which induces

increased reattachment of tumour cells and retention of

circulating tumour cells in blood capillaries.

Perturbation with tubulin-depolymerizing agents, or

MTDs, reduces both the frequency of micrometastasis

and cellular reattachment to the extracellular matrix.

Activation of the EMT program, through the expression

of diverse genes, significantly increases a-tubulin detyr-

osination by downregulating tubulin tyrosine ligase and

alters microtubule stability and organization to promote

plasma microtentacles in detached cells. Microtentacles

are supported by the mesenchymal-associated intermedi-

ate filament protein, vimentin and also detyrosinated a-

tubulin. This mechanism extends to metastatic human

tumour cells, where the detyrosination and reorganization

of microtubules depend on endogenous gene expression.

Cancer cells exploit the EMT-mediated microtubule

stabilization during escape from the primary tumour

and subsequent invasion through the surrounding stroma.

The above rationale could provide evidence for an

intricate mechanism by which VFL could stop the

transition from epithelial cells to the invasive mesench-

ymal phenotype. We hypothesize that VFL exerts these

effects through tubulin instability, which is one of the

leading intracellular molecular process that drives EMT.

In addition, VFL may induce upregulation in the

expression levels of the E-cadherin repressors snail and

slug. Both snail and slug cause a b-catenin/TCF-4-

induced upregulation of TGFb, which in turn is

responsible for increases in LEF-1 expression. Initial

E-cadherin repression through snail and slug reduces the

level of substrate for b-catenin in the cell membrane.

These b-catenin–LEF-1 transcription complexes then

cause increased expression of target genes (vimentin,

fibronectin, a-SMA) that drive the formation of the

mesenchymal phenotype.

The most prominent effects of VFL on microtubule

instability include a reduction of microtubule growth rate,

an increase in the mean duration of a growth event and an

increase in the percentage of time that microtubules

spend in growth.

In addition to the suppression of microtubule dynamicity

and mitotic spindle function, VFL leads to apoptosis at

even lower concentrations through postmitotic G1 arrest;

this is related to p53 and p21 upregulation and nuclear

translocation. The antiproliferative effects of VFL con-

verge at the mitochondria for the induction of apoptosis.

In addition, VFL showed antiangiogenic and vascular-

disrupting activities at subcytotoxic doses and induced

marked effects against experimental metastasis probably

through EMT alteration. This can be attributed to the

impairment of microtubule function at noncytotoxic

concentrations.

Antiangiogenic approaches to cancer treatment are

standard in many tumour types both as a combination

with chemotherapeutic agents as it occurs in colorectal

cancer or NSCLC with bevacizumab or as single agents as

it occurs in renal cell cancer or hepatocellular carcinomas.

The potency as an antiangiogenic inhibitor that VFL

may display is probably less than the one obtained
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with selective new antivascular growth factor receptor-

targeted agents. However, the reduction in blood vessel

density that VFL induces may influence the overall

tumour outcome and relapse of resistance.

EMT is universally accepted as one of the most important

tumour stages and is believed to be critical in the process

of metastasis. However, although there is an increasing

amount of evidence describing the molecular pathways

that drive this process of EMT, there is also a lack of data

showing activity in the interruption of the process with

drugs. A deeper understanding of the role that tubulin

may play in the EMT process would allow determination

of the clinical implication of VFL in the break of EMT

induced by advanced tumours.

Currently, there is a potential basic rationale behind the

utility of VFL in angiogenic and EMT field but

translational trials showing this hypothesis in the clinic

are lacking. Clinical combinations of VFL with other

antiangiogenic agents like bevacizumab and tyrosine

kinase inhibitors or with anti-EMT agents like new

c-mesenchymal–epithelial transition inhibitors may

offer, from a basic rationale perspective, a synergistic

combination.

VFL has a solid clinical programme that supports its role as

an antitumoral agent in different solid tumours. Cur-

rently, VFL is only approved for the treatment of patients

with advanced or metastatic TCCU tract after failure of a

prior platinum-containing regimen but further random-

ized trials in other solid tumour types like breast cancer

are awaited. More in-depth research in any of the

different cellular routes that VFL acts against would

allow prospective trials to be carried out in an attempt to

maximize the clinical activity of this drug to molecularly

selected subgroups of patients.
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