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Abstract: Epithelial-to-mesenchymal transition (EMT) is a transdifferentiation process by which a fully differentiated 

epithelial cell acquires mesenchymal traits, and therefore, mesenchymal abilities such as motility and invasiveness. It is a 

pivotal physiological process involved in embryogenesis (Type 1 EMT) and in wound healing and tissue remodeling 

(Type 2 EMT), which, some authors claim, but there are still some controversies, has also been co-opted by tumor cells to 

increase their malignant potential (Type 3 EMT). Many biomarkers of Type 3 EMT have been characterized and classified 

into functional categories (i.e., extracellular proteins, cell surface molecules, cytoskeletal markers, transcriptional factors, 

and, recently, micro RNAs). The extra and intracellular signals that lead to EMT are only starting to be understood, but 

there is a consensus that Ras and TGF-beta signaling must converge with NF-kB in order to achieve a full EMT. The most 

classical experimental model is the induction of EMT by TGF-beta in cultures of epithelial cells. Other pathways involv-

ing GSK3b, and Wnt/beta-catenin, are also implicated. Ultimately, every EMT-inducing pathway will activate any of the 

E-cadherin transcriptional repressors (ZEB1, ZEB2, Twist, Snail or Slug). Although in the pre-clinical setting, EMT has 

also been related to an accelerated tumor progression and to an increased resistance to conventional chemotherapy. In this 

sense, several groups are beginning to use EMT as a predictive marker of response to treatment. Finally, two chemicals 

targeting TGF-beta are in clinical trials and many laboratories have initiated studies to use other EMT-related molecules 

as a therapeutic target for the cancer patient with some modest, but encouraging results. 
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INTRODUCTION 

What is the Epithelial-to-Mesenchymal Transition? 

 Epithelial-to-mesenchymal transition (EMT) is a transdif-
ferentiation process undergone by some specialized embry-
onic cells. It can be viewed as a cell reprogramming that 
consists in switching the epithelial transcriptional program 
off while turning a mesenchymal transcriptional program on. 
This protein shifting leads to a profound morphological 
transformation mainly characterized by a change from a 
polyhedral to a spindle-like shape. But the implications of 
EMT are not only in morphology as transitional cells also 
have a different behavior. While epithelial cells, through 
their tight cell-to-cell adhesions, remain attached to the tissue 
where they belong, mesenchymal cells have the ability to 
detach and migrate. 

 EMT is a proven phenomenon presumed by many inves-
tigators worldwide to have been co-opted by different tumor 
cells to increase their metastatic ability [1-3]. Although there 
is strong evidence supporting a role for EMT in tumor pro-
gression, the literature is not completely uniform about this 
topic because some investigators, mainly pathologists, are 
not convinced about the actual occurrence of EMT in animal 
or human tumors. They claim that cancer cells only undergo 
a partial EMT [4]. This group is led by David Tarin, who 
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even declared that the very concept of EMT in cancer is a 
“Fallacy” [5]. Although his arguments are worth listening, 
and may be true for some models and conditions, along this 
review we will present bibliography supporting the existence 
of EMT in cancer. 

Classification of EMT 

 Depending on the setting EMT takes place in, it can be 
classified into 3 subtypes [6]. Type 1 EMT, executed by 
epithelial-like embryonic cells, is associated with implanta-
tion, embryo formation and organ development and gener-
ates mesenchymal cells (primary mesenchyma) that can in-
vade contiguous structures but do not disseminate systemi-
cally [7]. Type 2 EMT, occurring during wound healing and 
tissue regeneration, is highly associated with inflammation 
and generates fibroblast-like and other related cells in order 
to reconstruct tissues following trauma and inflammatory 
injury [8]. Despite the upregulation of proteases and motility, 
this phenomenon is a local event and no dissemination is 
implicated. Finally, type 3 EMT is done by neoplastic cells 
that have previously undergone genetic and epigenetic 
changes, mainly in oncogenes and tumor suppressor genes 
[9]. Type 3 EMT is a gradual process with some cells retain-
ing many epithelial traits while acquiring some mesenchymal 
ones and other cells becoming fully mesenchymal [10]. The 
few cells, generally located in the periphery of a tumor mass 
that go through this kind of EMT gain the ability to invade 
locally and systemically, finally leading to metastasis [11]. 
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EMT is Reversible 

 All three types of EMT can revert once the transitional 
cell has accomplished the task that mesenchymal features 
were needed for. This reverse process is called mesenchy-
mal-to-epithelial transition (MET) and its failure may lead to 
pathological conditions. In type 1 EMT, after the transitional 
embryonic cells reached their target structure MET is under-
gone to generate secondary epithelia [12]. In type 2 EMT, 
once the inflammatory stimulus is attenuated, MET must 
occur, or chronic fibrosis might permanently damage the 
tissue under regeneration leading to organ fibrosis [13]. Fi-
broblast growth factor-1 was shown to be responsible for the 
MET in TGF-beta-induced lung fibrosis [14] In type 3 EMT, 
upon colonizing secondary organs, metastasizing carcinoma 
cells suffer MET generating epithelial micrometastases that 
resemble the primary tumor [15]. Obviously, the reexpres-
sion of adherent molecules such E-Cadherin and the recon-
stitution of tight junctions, as well as the downregulation of 
MMPs expression, are relevant effects to MET. 

Biomarkers of Type 3 EMT 

 Biomarkers of EMT have been classified according dif-
ferent criteria. One of the more used classifications is based 
on whether the expression of a specific marker increases or 
decreases in the transitional cell. In this review we will use 
another one that integrates both, the functional category of 
the biomarker and its regulation Fig. (1), which we find more 
suitable and informative. 

Extracellular Proteins 

 Extracellular matrix (ECM) is a protein meshwork that 
not only acts as a scaffold for cells but also establishes rele-
vant interactions with specific membrane receptors to trigger 
several pathways involved in proliferation and survival. It is 
constituted by different molecules specifically expressed by 
epithelial or mesenchymal cells and EMT is characterized by 
a shift from a basement-type ECM to a fibrillar one. Indeed, 
an increase in fibronectin, a high molecular weight glycopro-
tein that is a main constituent of fibrillar ECMs, has been 
related to the induction of EMT and a migratory and invasive 
phenotype in diffuse-type gastric carcinoma-derived cell 
lines [16]. Even though fibronectin is associated with tissue 
fibrosis and the desmoplastic stroma in tumors, the utility of 
fibronectin as a type 3 EMT biomarker is limited because it 
is produced by various cell types, including actual fibro-
blasts, mononuclear cells, and some epithelial cells [17].  

 Laminins constitute a family of closely related hetero-
trimeric (alpha, beta, gamma) glycoproteins that compose 
basement membranes (a specialized type of ECM that har-
bors epithelial cells). Laminin alpha3-beta3-gamma2 (for-
merly laminin-5) can stimulate cell migration and/or inva-
sion after having been cleaved by matrix metalloproteinases 
(MMPs) such as MMP-2 and MT1-MMP, and was found to 
be increased in ductal breast carcinomas [18], oral squamous 
cell carcinomas [19], and hepatocellular carcinoma [20]. In 
the same sense, an increase in alpha4 chain-containing 
laminins was reported in gliomas [21]. Also, in oral 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Molecular and morphological changes in EMT. EMT involves a functional transition of a polarized epithelial cell into a mesenchy-

mal cell. The epithelial and mesenchymal cell markers commonly used by EMT researchers and the redistribution of some subcellular struc-

tures are indicated. Acquired molecular markers are in bold and the attenuated ones are in grey. 
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squamous carcinomas cells that had undergone a full EMT in 
vitro, the downregulation of the isoform alpha5 and the con-
comitant upregulation of the alpha4 were detected and linked 
with a reduced adhesion to substrate that led to an increased 
invasive capacity [22]. 

Cell Surface Molecules 

 The Cadherin family comprises transmembrane calcium-
dependent homotypic adhesion molecules. Historically, one 
of the most reliable biomarker of EMT has been the down-
regulation of the expression of epithelial cadherin (E-
cadherin, aka uvomorulin) [9]. The lack of this molecule, 
normally present in the adherens junctions, was related to an 
enhanced invasion in various tumor models [23, 24]. Fur-
thermore, the loss of E-cadherin per se can induce EMT [25] 
which can be reversed by transfecting cells with its cyto-
plasmatic domain only [26]. Moreover it was reported the 
induction of a pathway related to EMT merely by blocking 
E-cadherin-mediated cell-cell contact [27]. Frequently, E-
cadherin disappearance is followed by the emergence of an-
other cadherin belonging to a different class in a process 
called cadherin-switch. Neural-cadherin (N-cadherin), ini-
tially discovered in neural tissue [28], is also normally pre-
sent in mesenchymal cells, and is now being used as an EMT 
biomarker [29]. 

 Claudins and occludins are integral membrane proteins 
localized at tight junctions that are responsible for the main-
tenance of epithelial cell polarity. The loss of their expres-
sion was found to be an event as early as the loss of E-
cadherin during EMT [30]. 

 Integrins are heterodimeric transmembrane heterotypic 
adhesion proteins involved in the anchorage to the surround-
ing tissues or the ECM. For this reason, the integrin subset 
each cell expresses is very sensitive to microenvironmental 
changes [31]. For example, alpha5beta1 integrin, the recep-
tor for fibronectin, was found to be increased in Ha-Ras-
transformed normal mammary epithelial cells EpH4 [31] and 
in hepatocellular carcinoma cells that had undergone EMT 
[32] . In the same sense, alpha(v)beta6, the receptor for vi-
tronectin, was detected to be increased in invasive colorectal 
carcinoma cells that had suffered EMT [33]. Also, the forced 
expression of beta6 integrin in poorly invasive squamous cell 
carcinoma led to a fibroblast-like shape and to an increased 
invasiveness [34]. 

 Another EMT marker that reflects adaptation to the al-
tered ECM microenvironment associated with EMT is the 
collagen-specific receptor tyrosine kinase DDR2 (discoidin 
domain receptor tyrosine kinase 2). The shift from DDR1 to 
DDR2 in cancer cells correlates with increased invasiveness, 
demonstrating its utility in identifying type 3 EMT [35]. 

 Cytoskeletal markers. Type 3 EMT is not a mechanism 
for forming fibroblasts, but a process used by tumor epithe-
lial cells for movement, invasion, and metastasis. Therefore, 
the cytoskeleton is one of the cellular components that un-
dergoes more remodeling, with changes in cortical actin and 
in actin stress fibers [36]. A prototypical fibroblast marker 
for detecting EMT in cancer is FSP1. This molecule is a 
member of the family of Ca

2+
-binding S100 proteins. In ad-

dition, in models of cancer, metastatic cells often express 
FSP1 as part of the molecular program of type 3 EMT. Ec-

topic expression of FSP1 itself facilitates EMT in adult 
epithelial cells and cancer cells [33]. Another cytoskeletal 
marker related to EMT is alpha-type smooth muscle actin 
(alpha-SMA), one of the six actin family members [37]. 

 A controversial marker of EMT is the intermediate fila-
ment vimentin, which is normally expressed in various cells, 
including fibroblasts, endothelial cells, cells of the hema-
topoietic lineages, and glial cells. However, vimentin is 
commonly used to identify cells undergoing type 3 EMT. 
This is based on a positive correlation of vimentin expression 
with increased invasiveness and metastasis [37]. 

Transcriptional Factors 

 The main transcription factors used as biomarkers of 
EMT are the transcriptional repressors of E-cadherin such as 
the bHLH protein Twist, the zinc finger proteins ZEB1 and 
ZEB2, and the Snail family of zinc finger proteins (i.e.: Snail 
and Slug) [37]. It´s interesting to note that the transcription 
factor Snail, besides being a suppressor of E-cadherin, regu-
lates various other aspects of the EMT phenotype such as the 
decreased expression of claudins, occludins and cytokeratins, 
the inhibition of proliferation through suppression of cyclin 
D and cyclin-dependent kinase 4, as well as the increased 
expression of MMP, fibronectin and vitronectin. 

 Also, it has been described that siRNA knock-down of 
the transcription factor Rb in MCF-7 breast cancer cells led 
to EMT by inducing Slug and ZEB1 and further E-cadherin 
downregulation [38]. Although controversial, CBF-A, a 
member of nuclear ribonucleoprotein A/B (hnRNPA/B) fam-
ily, can be observed in type 3 EMT associated with metas-
tatic tumor formation. However, its expression is not con-
fined to EMT because it is involved in various other cellular 
processes [39]. Finally, FOXC2 is a pleiotropic inducer of 
EMT, since when overexpressed, can per se induce EMT 
[40]. 

MicroRNAs 

 MicroRNAs (miRs) are short (~22 bases) RNA mole-
cules involved in the post-transcriptional regulation (mostly 
silencing) of several genes. The mechanism of their action 
involves binding to complementary sequences in the 3’-UTR 
of the target mRNA and recruitment of a multiprotein com-
plex that, depending on the complementarity between the 
miRs and their binding sites in the target mRNAs, leads 
mRNAs either to degradation or to translation blocking [41]. 
In a human keratinocyte cell line that had underwent TGF-
beta-1-induced EMT, Zabadil et al. described an EMT-
specific microRNA signature that involved the upregulation 
of miR-21, miR-32, miR-137 and miR-346 and the down-
regulation of miR-136, miR-192, miR-210 and miR-211 
[42]. miR-205 and all five members of the miR-200 family 
of microRNAs (i.e. miR-200a, miR-200b, miR-200c, miR-
141 and miR-429) participate in the maintenance of an 
epithelial phenotype by regulating the E-cadherin transcrip-
tional repressors ZEB1/deltaEF1 and ZEB2/SIP1 [43]. The 
loss of its expression by epigenetic mechanisms as DNA 
methylation can lead to EMT and has also been linked to an 
aggressive cancer phenotype [44]. Also, miR-9, a microRNA 
that directly targets E-cadherin was found to be induced by 
c-Myc in breast cancer [45]. Finally, Li et al. showed that 
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miR-34a, a transcriptional target of p53, targets in turn, the 
expression of Notch and c-Met oncoproteins [46]. 

 Many molecules with a wide range of functions and in-
tracellular locations have been proposed as in vitro biomark-
ers of Type-3 EMT. Most of them, described in this section 
and depicted in Fig. (1), are involved in the underlying 
mechanism of EMT through reexpression or downregulation, 
but the majority of them await validation to be able to go 
through the clinical stage. 

SIGNALING PATHWAYS LEADING TO EMT 

 Although the whole processes of EMT and MET are not 
fully understood, many extracellular signals have been char-
acterized and many molecular pathways have been dissected 
that can lead to any of those processes. 

 The most classical model of EMT induction is the treat-
ment of epithelial cells with TGF-beta. Upon factor addition, 
the receptor recruits and phosphorylates SMADs which 
translocate to the nucleus and act as transcription factors 
inducing or repressing the expression of specific genes in-
volved in the maintenance of the mesenchymal and epithelial 
phenotypes. 

 Janda et al. have clearly shown that the synergistic ef-
fects of the signaling pathways elicited by the small-G-
protein Ras and TGF-beta can lead to EMT, but each one 
individually is not sufficient to establish a full EMT and only 
leads to a reversible phenotypic change termed scattering 
that only morphologically resembles EMT [47]. At least for 
breast cancer, Huber et al. have shown that for inducing 
EMT, Ras and TGF-beta signaling must converge in NF-kB 
activation, or EMT will not be produced [48]. 

 Activated Ras-triggered signaling pathway crosstalks 
with TGF-b signaling and leads to EMT. That is the case for 
fibroblast growth factor (FGF) [49], insulin-like growth fac-
tor (IGF) [50-52], epidermal growth factor (EGF) [53] and 
platelet-derived growth factor (PDGF). The same can be 
found upon activation of non-receptor kinases as Src [54]. 

 Activation of the Wnt pathway by Frizzled agonists 
firstly results into the inhibition of Glycogen synthase kinase 
3-beta (GSK3-beta) and the cytoplasmic release of the E-
cadherin-sequestered beta-catenin and to its subsequently 
nuclear translocation which leads to the induction of several 
genes dependent of the T cell factor (TCF)/lymphocyte en-
hancer factor (LEF) transcriptional complex. The same cas-
cade occurs upon E-cadherin loss, either by proteolytic deg-
radation or transcriptional repression (e.g. by Snail): beta-
catenin is released into the cytoplasm and translocates into 
the nucleus where activates TCF/LEF complex leading to the 
induction of several EMT-related genes [55]. 

 GSK3-beta is a strong inhibitor of EMT as it targets beta-
catenin for degradation by phosphorylating a domain shared 
with IKK [56], an inhibitor of the NF-kB inhibitor. In addi-
tion it inhibits Snail function by phosphorylating two con-
served domains, one regulating Snail stability and the other 
its nuclear localization [57]. GSK3-beta can also be inhibited 
by AKT. 

 The downstream effectors of almost every EMT-related 
signaling pathway, such as TGF-b, the Wnt cascade, and 

PI3K ⁄AKT axis, are the above mentioned transcriptional 
repressors of E-cadherin (ZEB1, ZEB2, Twist, Snail and 
Slug). These E-cadherin repressors might participate in the 
process of EMT as follows. First, Snail and ZEB2 would 
initiate the downregulation of E-cadherin and then, Slug and 
ZEB1 would maintain E cadherin repressed [58]. However, 
the effect of E-cadherin repressors on mesenchymal markers 
such as vimentin and N-cadherin remains unsolved. As al-
ready described, recent studies have demonstrated that these 
transcriptional repressors are also regulated by micro-RNAs. 

 Interestingly, EMT can also be induced by anticancer 
agents, as well as stress conditions as the exposure to radia-
tion [59] and hypoxic conditions that promote HIF-1alpha 
stabilization [60]. 

EXPLOITING THE EMT IN THE CLINICAL SET-
TING 

 Several groups have looked at type 3 EMT-related mole-
cules with a translational vision and tried to answer the ques-
tion posed in the title of this review by using them as cancer 
clinical markers or therapeutic targets. 

EMT as a Marker of Prognosis 

 Yoshida et al. used an in silico approach which analyzed 
the expression profiles of all genome-wide microarray assays 
of poor prognosis epithelial ovarian carcinoma published up 
to July 2008. They found that 70% of genes upregulated or 
downregulated in those patients were also related to EMT 
[61]. 

 In colorectal cancer, alpha(v)beta6 integrin, a marker of 
EMT, was associated to a faster progression to terminal dis-
ease [33]. Finally, several transcriptional factors such as 
Snail, Slug, and Twist have been useful markers to predict 
prognosis in various human carcinomas. For example, Yang 
et al. showed that in vivo the co-expression of HIF-1alpha, 
Twist and Snail in primary tumors of patients with head and 
neck cancers correlated with metastasis and the worst prog-
nosis [62]. 

 In spite of these encouraging results, Logullo et al. exam-
ined the expression of E-cadherin, beta-catenin, Snail, TGF-
b and c-Met by immunohistochemistry in samples of breast 
carcinoma in situ and in primary invasive tumors but found 
no prognostic association [63]. 

 Taken together, these findings support the idea that the 
well-characterized EMT features in vitro may be determi-
nants of tumor progression and suggest their potential use as 
clinical prognostic markers, at least for epithelial cancers of 
certain localizations. 

EMT as a Predictive Marker of Response to Treatment 

 Cells undergoing EMT have shown an acquired resis-
tance to many traditional anticancer agents. In this sense, this 
process was related to the resistance to Gemcitabine in a 
pancreatic carcinoma cell line [64]. Also, EMT was related 
to resistance to new molecularly-targeted agents such as Ge-
fitinib (Iressa), in a non-small cell lung cancer cell line [65] 
and in a hepatocellular model [66]. In the same sense, la-
patinib-resistant endometrial cell lines exhibited epithelial-
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to-mesenchymal transition features [67]. Also, a strong 
multigene signature indicative of EMT was identified in 47 
non-small cell lung cancer cell lines as a determinant of in-
sensitivity to Erlotinib [68]. 

 In hepatocellular carcinoma cells, the inhibitor of the 
vascular endothelial growth factor receptor ZD6474 could 
inhibit the growth of tumor cells, but, such effect was re-
verted by the addition of the EMT-upregulated, laminin al-
pha3-beta3-gamma2 (formerly laminin-5) but not by other 
extracellular matrix proteins[69], suggesting the participation 
of EMT in the acquisition of resistance to this compound. 
Using a panel of 17 human bladder cancer cell lines, Shrader 
et al. could correlate the presence of low levels of E-cadherin 
and high levels of vimentin with resistance to Gefitinib [70] 
but, since they found exceptions and the correlation was not 
perfect, they suggested that these markers cannot be used by 
themselves to prospectively predict EGF receptor (EGFR)-
dependent growth. In an attempt to correlate EMT-related 
markers with the in vitro resistance to EGFR-targeted tera-
phy, Frederick et al, identified the loss of E-cadherin, 
claudin 4 and claudin 7 as a signature of resistance to Gefit-
inib in cell lines derived from human non-small cell lung 
cancer and head and neck squamous cell carcinoma [71]. 

 The up-regulation of Twist was also associated with cel-
lular resistance to paclitaxel in human nasopharyngeal, blad-
der, ovarian, and prostate cancers. In colorectal cancer, sta-
ble oxaliplatin-resistant cells can acquire the ability to mi-
grate and invade with phenotypic changes resembling EMT 
(spindle-cell shape, loss of polarity, intercellular separation 
and pseudopodia formation) [72]. Stable pancreatic [73] and 
ovarian [74] cancer cell lines resistant to gemcitabine and 
paclitaxel show some features related to EMT including an 
increased expression of Snail and Twist. 

 Analyzing the expression of the epithelial marker E-
cadherin by immunohistochemistry on primary tumor sam-
ples, Yauch et al. could correlate E-cadherin positive stain-
ing with good clinical response to Erlotinib in non-small cell 
lung cancer patients [68]. 

 As seen before, EMT can lead to resistance to multiple 
drugs and allows rapid progression of the tumor, two clinical 
findings directly linked with the inherent characteristics of 
EMT. Clarifying the underlying mechanism linking EMT 
and drug resistance may help clinicians to select an optimal 
anticancer drug treatment [36]. 

EMT as a Therapeutic Target 

 Many research groups are employing in vitro and animal 
models to use some EMT-related molecules to finally 
achieve a therapeutic effect in the cancer patient. So far, with 
the exception of TGF-beta, as will be mentioned below, none 
has passed on to the clinical stage, but many encouraging 
results have come out. The following paragraphs and the 
Table 1 will summarize some of the more promising pre-
clinical attempts. 

 The approach selected by some authors was to restore the 
cellular expression of different molecules lost in EMT. For 
instance, Witta et al. found that the re-expression of E-
Cadherin by transfection or by pretreating gefitinib-resistant 
non-small cell lung cancer cells with the histone deacetylases 

inhibitor, MS-275 increased its in vitro sensitivity to gefit-
inib [75]. Moreover, Kent et al. demonstrated that the re-
expression of miR-34a in pancreatic ductal adenocarcinoma 
cell lines presented anti-proliferative activity for this malig-
nancy [76]. Also trying to induce the reexpression of mIRs, 
Li et al. using natural agents (3,3'-diindolylmethane and 
isoflavone) induced the re-expression of miR-200b and miR-
200c, which led to MET and abrogated in vitro the Gemcit-
abine resistance of pancreatic cancer cells [77]. 

 On the other hand, others tried to inhibit in vitro some 
molecules upregulated during EMT. For example, the treat-
ment with Dasatinib, a Src and Abl kinase inhibitor could 
prevent the in vitro growth of a basal-type "triple-negative" 
breast cancer cell lines with EMT-related features [78]. Also. 
the inhibition of hedgehog signaling using Cyclopamine 
could prevent human pancreatic cancer cells from undergo-
ing EMT in vitro, and also diminished its metastatic potential 
in an orthotopic xenograft model [79]. Finally, Yang et al. 
using siRNA against Twist in HIF-1alpha-overexpressing or 
in hypoxic cells managed to reverse EMT and the metastastic 
phenotype [60]. 

 In addition, a group of papers has showed that targeting 
EMT-related molecules can lead to a reduced malignancy in 
vitro which correlated with the in vivo behavior in xenograft 
models. Such is the case for Olmeda et al. who showed that 
silencing Snail by shRNA induced MET in vitro and a reduc-
tion of tumor growth and invasiveness of two carcinoma cell 
lines in vivo [80]. And for Fuchs et al. who demonstrated 
that the inhibition of integrin-linked kinase (ILK) restored 
the sensitivity of erlotinib- gefitinib- and cetuximab-resistant 
hepatocarcinoma cells that had undergone EMT to EGFR-
targeted therapy both in vitro and in an in vivo xenograft 
model [81]. 

 Finally, Moore et al. using a siRNA targeted at stroma-
derived TGF-b could reduce metastasis in an in vivo model 
of breast cancer [82]. 

 Although not intentionally aiming to the EMT, two com-
pounds that target the TGF-beta signaling are now in clinical 
trials [83]. GC1008 is a human IgG4 kappa monoclonal 
antibody capable of neutralizing all mammalian isoforms of 
TGFbeta (i.e., beta1, beta 2 and beta 3). It has just finished a 
still unpublished Phase I clinical trial for renal cell 
carcinoma and malignant melanoma patients with encourag-
ing results [83]. 

 LY2157299, the first clinical selective chemical TGF-
beta type I receptor kinase inhibitor, has just finished a still 
unpublished multi-center phase I trial for colon cancer, pros-
tate cancer, adrenocortical carcinoma, breast cancer and ma-
lignant melanoma patients. Using a daily oral administration, 
LY2157299 was well tolerated and no drug-related grade 
three or four toxicities were observed [83] 

CONCLUSION 

 The concept of EMT, as developed in the field of embry-
ology has, with divided opinions, been extended to cancer 
progression and metastasis. Accordingly, molecular analyses 
based on EMT in embryology have been applied to cancer 
progression and data from in vitro and experimental animal 
models now support for an actual role of EMT as a metasta-
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Table 1. Preclinical Experimental Approaches to use EMT as a Therapeutical Target 

Molecular Target Therapeutic Approach Model Outcome Ref 

E-Cadherin 
Reexpression by transfection or by treatment with 

the histone deacetylases inhibitor MS-275 

Gefitinib-resistant non-small 

cell lung cancer cell lines 

Increased  in vitro sensitivity to 

gefitinib 
[75] 

miR-200b  

and miR-200c 

Reexpression by treatment with 3,3'-

diindolylmethane or isoflavone 

Gemcitabine-resistant pancre-

atic cancer cells 

Increased  in vitro sensitivity to  

gemcitabine 
[77] 

miR-34a Reexpression by transfection 
Pancreatic ductal adenocarci-

noma cell lines 
In vitro cell growth inhibition [76] 

Src and  

Abl kinase 
Inhibition by desatinib 

Basal-type "triple-negative" 

breast cancer cell lines  with 

EMT-related features 

In vitro growth inhibition [78] 

hedgehog Inhibition by ciclopamine 
EMT-prone  human pancreatic 

cancer cells 

EMT prevention  In vitro and 

metastatic diminishing in an  

orthotopic xenograft model 

[79] 

Twist Inhibition by siRNA 
HIF-1alpha-overexpressing or 

hypoxic cells 
In vitro EMT prevention [58] 

Snail Silencing by shRNA Carcinoma cell lines 

In vitro MET induction and in 

vivo reduced tumor growth and 

invasiveness 

[80] 

Integrin-linked 

kinase (ILK) 
Transfection with kinase-inactive ILK 

Human hepatoma cell lines 

insensitive to anti-EGFR ther-

apy 

Increased sensitivity to EGFR 

inhibitors both, in vitro and  in 

nude mice xenografts 

[81] 

Stroma-derived 

TGF-b 
In vivo silencing by siRNA Human MDA-MB-435 cell line 

Reduction of metastasis in nude 

mice xenografts 
[82] 

 

sis-promoting mechanism. This concept is also supported by 
the worst prognosis of the patients bearing tumors with 
EMT-related traits. In fact, cancer cells undergoing type 3 
EMT can acquire invasive properties and enter the surround-
ing stroma, resulting in the creation of a favorable microen-
vironment for cancer progression and metastasis. The biol-
ogy of EMT has been clarified in tumor samples through the 
use of EMT-associated markers, such as mesenchymal spe-
cific markers (e.g. vimentin and fibronectin), epithelial spe-
cific markers (e.g. E-cadherin and cytokeratins), and tran-
scription factors (e.g. Snail and Slug). Studying the EMT 
signaling pathways in tumors may make it possible to iden-
tify novel pathways specific to cancer progression and to 
suggest new therapeutic strategies in cancer therapy. Also, 
since EMT features are so strongly related to acquire resis-
tance to conventional and molecularly-targeted therapies, 
any treatment intended to preventing or reducing EMT, or 
directly to inducing MET would be very beneficial for the 
cancer patient. 

 Finally, to try to answer the question that triggered the 
writing of this review, we can conclude that we are only at 
the dawn of the era of the clinical management of EMT in 
the cancer patient. Although there are many basic papers in 
this area, with the exception of TGF-beta, most of the genes 
and pathways mentioned in this article are not currently part 
of any clinical trial nor have specific drugs targeting them. 
Nevertheless, some alternatives to specifically drug EMT  
 

can be proposed. Some possible and still unexplored oppor-
tunities could be targeting the ECM, the Wnt pathway or re-
expressing EMT-downregulated microRNAs (as the miR-
200 family). Another possibility would be blocking EMT-
inducing microRNAs (as miR-21 or miR-346) with new 
pharmacological agents such as naked [84], or lentivirus-
delivered antagomirs [85]. We envision that this new drugs 
will come up, hopefully, sooner than later. 

ABBREVIATIONS 

EMT = Epithelial-to-mesenchymal transition 

MET = Mesenchymal-to-epithelial transition 

ECM = Extracellular matrix 

E-cadherin = Epithelial cadherin 

N-cadherin = Neural-cadherin 

miR = microRNA 

FGF = Fibroblast growth factor 

IGF = Insulin-like growth factor 

EGF = Epidermal growth factor 

EGFR = Epidermal growth factor receptor 

PDGF = Platelet-derived growth factor 

alpha-SMA = Alpha-type smooth muscle actin 
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