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Abstract
The switch of carcinoma cells from an epithelial to a mesenchymal-like phenotype, via a process designated ‘epithelial-to-

mesenchymal transition (EMT),’ has been recognized as a relevant step in the metastasis of solid tumors. Additionally, this

phenotypic switch of carcinoma cells has been associated with the acquisition of tumor resistance mechanisms that

reduce the antitumor effects of radiation, chemotherapy and some small-molecule-targeted therapies. As multiple

signaling pathways and transcriptional regulators that play a role in this phenotypic switch are being identified, novel

strategies can be designed to specifically target tumor cells with this metastatic and resistant phenotype. In particular, this

review focuses on the potential use of cancer vaccine strategies to target tumor cells that exhibit a mesenchymal-like

phenotype, with an emphasis on the characterization of a novel tumor antigen, Brachyury, which we have identified as a

critical regulator of EMT in human cancer cells.
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Introduction

A hallmark of malignant tumors is their ability to dissemi-
nate and to colonize sites that are distant from the location
of the primary tumor mass.1 During this process, cancer
cells undergo a sequence of events known as the metastatic
cascade, which allows them to detach from the primary
tumor mass and invade the surrounding tissue, enter into
the circulation, home in on distant organs, and survive
and proliferate at the site of metastases.1 – 3 Clinically, metas-
tases can be detected either at the time of diagnosis of the
primary tumor or they can emerge even a decade after the
removal of the primary tumor mass.2 Tumor relapse is
also frequently associated with the acquisition of resistance
to currently available antitumor therapies, including che-
motherapy4 and some novel targeted therapeutic agents.5,6

As metastasis resistant to therapy is the main cause of death
from cancer, it is essential to develop novel strategies focused
at preventing and/or treating metastatic disease by targeting
key regulators at the crossroad of metastasis and therapeutic
resistance. Multiple studies have demonstrated the role of the
acquisition of a mesenchymal-like phenotype by epithelial
tumor cells in the metastasis of carcinomas, via a process
designated as epithelial-to-mesenchymal transition (EMT).

Comprehensive reviews on the mechanisms of EMT as well
as its role in tumor progression can be found in the litera-
ture.7 – 9 This review focuses on the potential use of cancer
vaccine strategies to target tumor cells with a mesenchymal-
like, metastatic phenotype, with an emphasis on the charac-
terization of a novel tumor antigen, Brachyury, as a critical
regulator of EMT in human cancer cells.

Acquisition of a mesenchymal-like phenotype
by epithelial tumor cells

The phenotypic modulation of carcinoma cells, which
involves downregulation of epithelial markers (cytokeratins,
E-cadherin), loss of intercellular junctions and polarity, and
upregulation of mesenchymal proteins (N-cadherin,
Vimentin, Fibronectin), is designated as the EMT10,11

(Figure 1). As a consequence of the conversion from an epi-
thelial to a mesenchymal-like phenotype, tumor cells under-
going EMT can acquire motility and the ability to invade the
basal membrane and extracellular matrix (ECM), properties
that are fundamental for the initial steps of the metastatic
cascade.9,12 – 14
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Numerous observations support the involvement of an
epithelial–mesenchymal phenotypic switch in the pro-
gression of human carcinomas. For example, the loss of
E-cadherin, a protein required for the formation of
adheren junctions between epithelial cells, has been pre-
viously associated with tumor progression and metasta-
sis.15 – 18 In breast tumors, reduction of the epithelial
markers E-cadherin and cytokeratins, and upregulation of
the mesenchymal markers Vimentin and N-cadherin, have
been shown to positively correlate with a basal-like pheno-
type, high aggressiveness and a high rate of metastasis.19

Similarly, progression of cervical carcinoma correlates with
downregulation of E-cadherin and upregulation of
Vimentin.20 Thus, the EMT program, which has long been
studied for its role in embryogenesis and organogenesis,10,21

as well as during wound repair and fibrosis of adult
tissues,22,23 is now emerging as a crucial process for the
metastasis of carcinomas.8,21,24

The acquisition of mesenchymal-like characteristics by
tumor cells is postulated to be only a temporary phenom-
enon, i.e. tumor cells undergoing EMT may or may not
switch back to their epithelial phenotype once they have
reached the site of metastasis, through a process designated
as mesenchymal-to-epithelial transition (MET) (Figure 1).25

In experiments performed with mice inoculated at various
sites with bladder carcinoma cell lines carrying either epi-
thelial or mesenchymal-like characteristics, it has been
demonstrated that the epithelial phenotype of tumor cells
favors the last step of tumor metastasis (i.e. colonization),
while a mesenchymal-like phenotype favors the spreading
of tumor cells from the primary site to the metastasis site
(i.e. the initial steps of the metastatic cascade).26 In human
tissue samples, it has also been observed that epithelial
E-cadherin is re-expressed in metastatic lesions of breast
cancer patients, even when the primary tumor demon-
strated low levels of E-cadherin.27 As of yet, the relevance
of MET in the process of metastasis needs to be further
demonstrated; for example, the expression of molecules
that are able to drive the mesenchymal phenotype, such
as Twist, has been seen in metastatic lesions of prostate
cancer.28 Another point to consider regarding the involve-
ment of EMT in the progression of solid tumors is that the

switch from an epithelial to a mesenchymal-like phenotype
may just involve a few cells at the invasive front of a tumor
mass. This seems to be the case, for example, in human col-
orectal adenocarcinomas, where nuclear accumulation of
b-catenin, an indicator of EMT, is seen only at the invasive
front of the tumor.29 The reversibility of EMT, together
with the fact that only a few cells might be undergoing
this phenotypic switch, are being mentioned as potential
reasons for the small amount of data demonstrating EMT
in human tumor tissue samples. Certainly, the identification
of novel, specific markers of ‘tumor EMT’ will help to
unequivocally distinguish epithelial tumor cells undergoing
a transition to a mesenchymal-like phenotype in human
tumor samples.

Molecular control of EMT during tumor
progression

Multiple growth factors, cytokines and components of the
ECM have been shown to contribute to the induction of the
EMT phenotype in epithelial cells. In many cases, tumor
cells are responsible for the release of growth factors and
cytokines that can act in an autocrine fashion via activation
of receptor tyrosine kinase (RTK)-signaling pathways, indu-
cing and maintaining the metastatic phenotype.
Additionally, the tumor stroma or other cellular components
of the tumor microenvironment, such as fibroblasts or
immune cells, could provide the signals necessary to
trigger EMT in the adjacent tumor cells, thus reinforcing
the role of the tumor microenvironment in tumor
progression. In particular, fibroblast growth factor, epider-
mal growth factor (EGF), insulin-like growth factors,
vascular growth factor, platelet-derived growth factor
(PDGF), tumor necrosis factor-alpha, Wnt ligands, as well
as components of the ECM signaling through surface integ-
rins, have all been implicated in the induction of EMT.8,11,30

One of the most studied inducers of EMT is transforming
growth factor-beta (TGF-b), which has been shown in mul-
tiple tumor types to cooperate with RTK-signaling pathways
or other pathways to influence tumor cells towards a more
mesenchymal, metastatic phenotype.31 For example, TGF-b

Figure 1 Relevant phenotypic changes defining the epithelial-to-mesenchymal transition (EMT) and its reverse process, the mesenchymal-to-epithelial

transition (MET)
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signaling has been shown to be fundamental for the induc-
tion of EMT by oncogenic Ras32,33 or in cooperation with
PDGF,34 thus reinforcing the idea of the contribution of
several signaling pathways to the induction and maintenance
of EMT. Also, TGF-b and EGF are known to synergistically
drive the acquisition of a mesenchymal-like phenotype by
ovarian cancer cells.35 Other signal transduction pathways
that have been implicated in the induction of EMT include
Notch,36 Wnt/b-catenin37 and Hedgehog signaling.38

Recently, nuclear factor (NF)-Kb has also been identified as
a mediator of EMT in breast cancer progression, in conjunc-
tion with oncogenic Ras and TGF-b.39

EMT transcription factors

At the end of the multiple, redundant signaling pathways
involved in EMT are a few transcriptional regulators desig-
nated as ‘EMT transcription factors.’ Unlike oncogenes or
tumor suppressor genes whose activation or inactivation,
respectively, results in tumor initiation, the activation of
EMT transcription factors is responsible for the acquisition
of a metastatic phenotype by tumor cells. During the
course of an EMT, the level of these transcription factors
will be enhanced and, as a consequence, the expression of
genes directly controlled by them will be either repressed
(epithelial markers) or enhanced (mesenchymal markers).
In general, the EMT transcription factors are highly
expressed in the early embryo, where they participate in
the control of developmental epithelial–mesenchymal tran-
sitions. The transcriptional repressors Snail and Slug, two
zinc-finger proteins directly involved in the repression of
E-cadherin expression, have been shown to trigger EMT in
epithelial tumor cells.40,41 High levels of Snail expression
have been shown to associate with breast or cervical
cancer progression.20,42 The expression of Twist, another
regulator of EMT that participates in the repression of
E-cadherin,14 is also increased in various types of cancer,
including breast, prostate and cervical cancer, with higher
levels of Twist protein, for example, being detected in pros-
tate cancer tissues of high Gleason score.28 Twist expression
has also been shown to correlate with poor disease outcome
in cervical cancer.43 Among the EMT transcription factors
that also directly repress E-cadherin expression are the zinc-
finger proteins ZEB1 and ZEB2,44,45 and E12/E47.46 In
addition, some EMT transcription factors have been ident-
ified that are involved in the acquisition of mesenchymal
traits by epithelial tumor cells and that do not participate
in the direct control of epithelial E-cadherin. An example
is FOXC2, which is upregulated in basal-like, aggressive
breast cancer and has been shown to induce the expression
of the mesenchymal markers N-cadherin, Vimentin and
Fibronectin.47 A list of EMT transcription factors that have
been correlated with high-grade human tumors or with
poor cancer prognosis is presented in Table 1.

Brachyury, a novel EMT transcription factor

Recently, the T-box transcription factor Brachyury has been
identified as a novel tumor antigen, highly expressed in

various human tumors of epithelial origin, including lung,
breast, colon, small intestine, stomach, kidney, bladder,
uterus, ovary and testis, and in tumor cell lines derived
from lung, colon and prostate carcinomas. The high levels
of expression of Brachyury in tumors contrasted with its
lack of expression in most normal adult tissues, with the
exception of low levels observed in testis (Table 2).54

Brachyury, a gene highly active during early embryo devel-
opment, has now been shown to induce the acquisition of a
mesenchymal-like phenotype by epithelial tumor cells in
vitro, promoting the expression of mesenchymal markers
and downregulation of epithelial markers, with a concomi-
tant increase in tumor cell migration and invasion
(Figure 2).53 Brachyury over-expression in epithelial tumor
cells was also shown to repress transcription of E-cadherin,
an effect at least partly mediated by the cooperation of
Brachyury with the transcriptional repressor Slug.53 In vivo,
Brachyury-inhibited human tumor cells demonstrated a
decreased ability to form experimental lung metastases
after intravenous injection, as well as to disseminate from
the primary, subcutaneous tumor to the site of metastases
(Figure 3). The potential role of Brachyury in human lung
cancer progression was suggested by a positive correlation
between Brachyury expression and tumor stage; 62.5% of
lung tumor tissues of stages II–IV were positive for
Brachyury compared with 37.5% of tissues from stage I
lung cancer (Figure 4).53

EMT, therapeutic resistance and tumor
‘stemness’

Numerous reports indicate a direct correlation between the
acquisition of a mesenchymal-like phenotype by carcinoma

Table 1 EMT transcription factors associated with human tumor
progression�

Transcription factor Cancer type Reference

Snail Breast, cervical 20,42,48,49

Slug Lung, ovarian, colorectal 49–51

Twist Breast, prostate, cervical 14,28,43

ZEB1/dEF1 Uterine 52

ZEB2/SIP Ovarian 49

FOXC2 Breast (basal-like subtype) 47

Brachyury Lung 53

�Only a partial list is included in this table

EMT, epithelial-to-mesenchymal transition

Table 2 Expression of Brachyury mRNA in human tumors and
normal tissues

Positive expression

Human

carcinomas53,54
Lung, breast, colon, small intestine, stomach,

kidney, bladder, uterus, ovary, testis,

prostate

Other tumors54 Chronic lymphocytic leukemia (CLL)

Normal tissues54 Testis

Negative expression

Normal tissues54 Brain, heart, kidney, liver, lung, pancreas,

placenta, skeletal muscle, colon, ovary,

leukocytes, prostate, small intestine, spleen,

thymus
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cells (i.e. EMT) and enhanced resistance to a variety of cell
death-inducing signals. For example, induction of
oxaliplatin-resistance in colorectal cancer cell lines by
chronic exposure to oxaliplatin has been reported to

induce a phenotypic change indicative of EMT.55

Similarly, paclitaxel-resistance56 and radio-resistance57 in
ovarian cancer cells, and gemcitabine-resistance in pancrea-
tic carcinoma cells58 have also been associated with a switch

Figure 3 Brachyury inhibition reduces tumor metastasis. (a) H460 cells stably transfected with con.shRNA (circle) or Br.shRNA (triangle) vectors were injected

subcutaneously in nude mice. Graph shows tumor volumes at day 15 post-tumor implantation. (b) Lungs from animals bearing subcutaneous tumors were col-

lected, homogenized and cultured in puromycin containing medium. Graph shows visible colony counts. (c) Mice were inoculated with 7.5 � 105 H460 cells trans-

fected as indicated via tail vein. Forty-five days after tumor implantation, animals were euthanized and lungs were evaluated for tumor nodules. Graph shows

results from three independent experiments. Experiments 1–3 are denoted by black, gray and white circles (con.shRNA) and triangles (Br.shRNA), respectively.

Two representative lungs from each group are shown for comparison. White outlines and black arrowheads point to tumor masses. (Reproduced with permission

from the American Society for Clinical Investigation; see reference 53)

Figure 2 Brachyury-inhibition reduces expression of mesenchymal markers, migration and invasion of human lung carcinoma cells. (a) Bright field images of

H460 lung cancer cells stably transfected with a control (con.shRNA) or a Brachyury-specific shRNA (Br.shRNA) grown on plastic surface (top, �10 magnification)

and immunofluorescent analysis of EMT markers (bottom, �20 magnification); merged images with DAPI-stained nuclei are shown. (b) In vitro cell migration and

ECM invasion assays. Error bar ¼ SEM of triplicate measurements. �P , 0.05, ��P , 0.001, for con.shRNA versus Br.shRNA. (Reproduced with permission from

the American Society for Clinical Investigation; see reference 53). EMT, epithelial-to-mesenchymal transition; DAPI, 4’-6-diamidino-2-phenylindole
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from an epithelial to a mesenchymal-like phenotype. In
these studies, cell lines have been exposed to the various
chemotherapeutic agents or radiation to select for a popu-
lation of cells ‘resistant’ to each agent. The opposite exper-
iments were also conducted in which, for example, breast
cancer cells were induced into EMT by downregulation of
epithelial E-cadherin or over-expression of Twist;59 the
resulting mesenchymal-like tumor cells were evaluated for
their sensitivity to a variety of chemotherapeutic agents,
demonstrating that EMT induces resistance to a broad
range of drugs. Interestingly, some of the transcriptional
regulators of EMT, including Snail60 and Brachyury,53

have been shown not only to trigger the acquisition of
mesenchymal traits by epithelial tumor cells but also to
negatively regulate cell cycle progression. Therefore, a
lower proliferation rate of mesenchymal-like tumor cells
may protect them from various stressful conditions, such
as nutrient deprivation and genotoxic injuries like the
ones induced by radiation or certain chemotherapies.

Recently, the induction of EMT in neoplastic epithelial cells
has also been shown to result in the enrichment of a population
of cells with stem cell-like properties.61,62 It has been reported
that the induction of EMT in human mammary epithelial cells
resulted in the acquisition of a mesenchymal-like phenotype
by those cells and concomitantly increased the proportion of
stem-like cells, characterized by a CD44high/CD24low pheno-
type.61 The clinical significance of this association was recently
proposed by the demonstration that residual breast tumor cell
populations surviving post-conventional treatments were
enriched in CD44þ/CD242/low cells that also exhibited
mesenchymal features.63

Targeting of EMT as a means to reduce
metastasis

Because of the relevant role of EMT in the development of
carcinoma metastasis, novel anticancer strategies can be

designed for specifically targeting tumor cells that exhibit
a mesenchymal-like phenotype. It can be hypothesized
that, if employed at early stages of disease, strategies target-
ing EMT might be effective at preventing tumor dissemina-
tion; once the tumor cells have disseminated, however,
targeting of EMT might be beneficial to alleviate tumor
resistance and to improve the efficacy of conventional anti-
tumor therapies, such as radiation and chemotherapy.

Three general strategies can be proposed for eliminating
tumor cells undergoing EMT: (a) the reversal of EMT by
blocking of relevant signaling pathways that trigger and
sustain the mesenchymal-like phenotype of carcinoma
cells; (b) the elimination of tumor cells undergoing EMT
by cancer vaccine approaches that target essential regulators
of the EMT process, such as the EMT transcription factors;
and (c) the use of selective inhibitors of tumor cells that
have undergone an EMT transition.

Reversal of EMT

The blockade of the multiple cytokine, growth factors and
integrin-initiated signaling pathways that are responsible
for the initiation and maintenance of EMT constitutes one
approach to revert the mesenchymal phenotype of tumor
cells and to alleviate resistance to cell death. For example,
inhibition of the EGFR signaling pathway by using the
EGFR tyrosine kinase inhibitor, erlotinib, has been shown
to revert the mesenchymal phenotype and to inhibit moti-
lity and invasiveness of breast metastatic cancer cells
in vitro, as well as to inhibit spontaneous lung metastasis
in a xenograft model of breast cancer.64 Another strategy
to revert the mesenchymal-like phenotype of carcinoma
cells is that of blocking TGF-b signaling via anti-TGF-b
monoclonal antibodies, TGF-b antisense oligonucleotides
or by using TGF-b receptor I (TGF-bRI) kinase inhibitors.
For example, it has been demonstrated that various
TGF-bRI inhibitors are able to revert the TGF-b-induced
EMT in murine mammary epithelial cells65 or human
cancer cell lines, in vitro.66 As EMT initiation and mainten-
ance in various tumor types may depend on the cooperation
of multiple pathways, reversal to a fully epithelial pheno-
type might not be achieved by blockade of individual path-
ways. Instead, it might be necessary to develop novel
combinatorial strategies aimed at simultaneously targeting
multiple signaling pathways that contribute to the meta-
static phenotype.

Cancer vaccines

The goal of vaccine-based cancer immunotherapy
approaches is to induce a long-lasting, tumor-specific
T-cell mediated immune response in the patient that ulti-
mately will reduce tumor burden. Among the various
types of vaccines, a common modality consists of the
active immunization of the patient against a specific mol-
ecule (designated as a ‘tumor antigen’) that is either exclu-
sively expressed in the tumor cells or that is
over-expressed in cancerous versus normal tissues. As a
result, an immune response could be elicited against the

Figure 4 Brachyury expression in human lung tumor tissues. Realtime poly-

merase chain reaction was performed for Brachyury on lung tumor tissue

cDNA from 80 lung cancer patients of the indicated stages of disease. The

Stage II, III and IV cDNA samples are further represented by the symbols B,

O and 3 , respectively. As controls, 16 samples of normal lung cDNA were

also analyzed, each obtained from a pathologically normal section of lung

from a cancer patient. All values and the medians for each group are

expressed as a ratio to the endogenous control GAPDH. (Reproduced with

permission from the American Society for Clinical Investigation; see reference

53). GAPDH, glyceraldehyde 3-phosphate dehydrogenase
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antigen that will lead to tumor elimination and cure or that
will limit tumor growth, therefore prolonging patient
survival.

Tumor antigens fall into one of two major categories. The
first category corresponds to ‘tumor-specific antigens,’
which are molecules expressed de novo by the tumor cells,
such as virally derived products in tumors driven by infec-
tious agents, or mutated proteins like the proto-oncogene
ras67 and the tumor suppressor p53.68 The second category
corresponds to ‘tumor-associated antigens,’ constituted by
proteins that are over-expressed in tumor cells but show
low levels of expression among normal tissues. Most
tumor antigens so far identified belong to the latter cat-
egory; the immune system is normally tolerant to these ‘self-
proteins’ and different strategies must be employed to
enhance antigen recognition and establish an effective
immune response against them. A comprehensive review
of the various cancer vaccine modalities and their current
status in the clinic can be found in the literature.69 – 72

Cancer cells acquire several mechanisms that allow them
to evade immune recognition or to negatively affect the
functionality of effector T-cells,73 a fact that would limit
the efficiency of cancer vaccine approaches. For example, a
strategy used by tumors to escape immune recognition
and destruction is the complete or partial loss of an anti-
gen(s).74 Both in experimental animal models75 and in
human cancer74 it has been shown that ‘antigen-negative
tumor variants,’ characterized by the loss of the targeted
antigen, can appear subsequent to an immune intervention.
Cancer vaccines may be able to overcome this antigenic loss
by initiating an antigen cascade. This phenomenon, which
has been documented both in preclinical76 and clinical
studies,77 involves the establishment of an immune response
against antigens in the tumor that are not included in the
vaccine formulation, as a result of tumor cell lysis and cross-
priming of T-cells. Another way to overcome this problem is
the targeting of ‘functionally relevant antigens,’ defined as
proteins with an essential role during tumor initiation,
growth, survival or metastasis.78 It can be hypothesized

that an immune intervention against a ‘functioning’ tumor
antigen would greatly reduce the emergence of antigen-
negative variants, since cells that have lost the antigen will
fail to grow, survive or metastasize.

Cancer vaccines against Brachyury

With a critical role in the establishment of a metastatic phe-
notype, EMT transcription factors could be explored as
novel ‘functionally relevant tumor antigens’ for the target-
ing of metastatic tumor cells. Because of their intracellular
localization, transcription factors cannot be targeted by
modalities that depend on the recognition of
surface-expressed proteins, such as therapeutic antibodies.
Additionally, in the drug discovery field, transcription
factors are currently regarded as ‘undruggable’ targets for
classical small molecule drug modalities. In contrast,
T-cells are able to recognize short peptide fragments of an
antigen that, following intracellular processing, are pre-
sented on the cell surface in the form of complexes with
the major histocompatibility complex (MHC) class I and II
molecules. Thus, T-cells induced by cancer vaccines may
be a suitable means to specifically target transcriptional reg-
ulators of the EMT process.

Tumor specificity is a first condition for a molecule to be
used as a cancer vaccine target, i.e. the molecule should be
over-expressed in tumor cells but its levels must be rela-
tively low among all normal adult tissues. A second requi-
site is that pre-existing immune tolerance against the
molecule could be overcome and that an effective T-cell
immune response could be generated against it. This latter
point may be of great importance with EMT transcription
factors, as they are molecules normally expressed during
embryo development (‘self antigens’) and it is expected
that the immune system would be tolerant against them.

An example of a functionally relevant tumor antigen cri-
tically involved in the acquisition of a mesenchymal-like
phenotype by human cancer cells is Brachyury. This EMT
transcription factor has been demonstrated to be tumor

Figure 5 Cytotoxic activity of Brachyury-specific cytotoxic T lymphocytes (CTLs) against tumor targets. (a) Brachyury-specific CTLs from a normal donor were

used as effectors against various tumor targets in an 111In 16-hour release assay, as indicated. The following tumor cell lines were used: H441 (HLA-A2þ/

Brachyuryþ), NCI-H460 (HLA-A2-/Brachyuryþ), SW1463 (HLA-A2 þ /Brachyury2) and ASPC-1 (HLA-A2-/Brachyury2). (b) T-cells derived from peripheral

blood mononuclear cells of a cancer patient were used as effectors against various HLA-A2þ tumor targets, as indicated. Also shown is the expression of

Brachyury and b-actin mRNA by reverse transcription polymerase chain reaction in each tumor cell line. (Reproduced with permission from the American

Association for Cancer Research; see reference 54)
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specific, highly expressed in various human carcinomas but
absent in most human normal adult tissues tested.53,54

Moreover, Brachyury has been shown to be immunogenic.
A CD8 T-cell epitope of Brachyury was recently identified
that was successfully used to expand Brachyury-specific
T-cells from the peripheral blood of cancer patients.54 The
Brachyury-specific T-cells have been used to efficiently
lyse, in vitro, human tumor cells that naturally express
Brachyury (Figure 5).

Potentially, other transcription factors critically involved
in the control of EMT during human tumor progression
could be explored as novel tumor antigens for the targeting
of metastatic disease, provided that they also meet the cri-
teria of tumor specificity and immunogenicity described
above. Because T-cells recognize a target in the form of
short peptides presented in the context of the MHC, T-cell
mediated immunotherapy can be used to target molecules
irrespective of their cellular localization, and thus poses an
advantage over other forms of targeted modalities, such
as therapeutic antibodies that depend on the recognition
of surface-expressed molecules.

Future perspectives

Progress in understanding the molecular mechanisms that
govern the process of metastasis, including a full under-
standing of the role of EMT (and its reverse process, MET)
in the progression of human carcinomas, will help in
designing therapies aimed at preventing and/or treating
metastatic disease. Cancer vaccines able to specifically
target metastatic tumor cells constitute a very attractive
methodology. Recently, cancer immunotherapy has demon-
strated encouraging results in preclinical as well as in clini-
cal studies,79,80 and the field has entered a new era with the
approval of the first therapeutic cancer vaccine for the treat-
ment of metastatic prostate cancer (Provenge, sipuleucel-T,
Dendreon Corporation, Seattle, WA, USA).81 Unlike other
modalities, cancer vaccines may be able to generate a long-
lasting antitumor response, and so far they have demon-
strated no associated toxicities. As multiple preclinical and
clinical studies are demonstrating the feasibility and advan-
tage of employing combinatorial therapies for the treatment
of cancer, it can be envisioned that the elimination of meta-
static tumor cells via targeting of EMT may rely on the com-
bination of the various approaches described above.
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