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Abstract Cancer metastasis follows a sequential series of
events, and many of the critical steps are distinctly similar
to EMT-like transformations that occur during normal
embryonic development. A current area of focus is the
similarities between how cancer cells interact with the
ectopic parenchyma after metastatic spread, and secondary
developmental MET events that occur in epithelial tissues
that have re-assembled within the embryo from mesen-
chymal cells. Accumulating evidence suggests a critical
role for these secondary events, termed mesenchymal-
epithelial transitions (MET) in development and mesen-
chymal-epithelial reverting transitions (MErT) in cancer. In
this situation, metastatic seed cancer cells may inertly
become part of the ectopic tissue and therefore surmount
the metastatic inefficiencies to which most disseminated
cancer cells succumb. Just as a critical EMT event is the
downregulation or silencing of E-cadherin, we discuss the
role of E-cadherin in cancer-associated MErT at distant
metastatic sites and speculate on the implications for the
fate of micrometastases that undergo a transition to being
E-cadherin positive.
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Carcinoma dissemination follows from an epithelial-
to-mesenchymal-like transition (EMT)

The major part of cancer morbidity and mortality occurs
upon the dissemination of carcinomas from their original
sites of development. While any tissue can undergo a
neoplastic transformation, the majority of tumors derive
from the epithelial cells of tissues. These carcinomas are
distinguished from their normal counterparts by a loss of
tissue and cell organization (Fig. 1) [23].

In the normal situation, the epithelial cells are in
directed communication with the stromal compartment via
an organized structure. Epithelial cells are arranged mainly
in sheets (with the exception of skin) with adjacent cells
tightly connected via tight junctions and gap junctions.
These connections not only serve for communication and
limit both cell proliferation and migration, but also estab-
lish a cell polarity. At the apical surface in most tissues, the
epithelial cells are in contact with body fluids that are
either wholly or partly produced by these same cells. These
fluids contain biologically factors, growth factors in par-
ticular, that are usually inert to the tissue as the receptors
for such factors are sequestered on the baso-lateral sur-
faces. The tight junctions, constructed upon homotypic
binding of Epithelial-Cadherins (E-cadherin or CDHI),
limit the access of the apical fluids to the basolateral spaces
and surfaces and the underlying stromal compartment.

Upon neoplastic transformation, this orderly arrange-
ment is lost. A host of genetic and epigenetic changes
occur that lead to loosening and even loss of the tight
junctions (for reviews see: [4, 13, 16]). The consequences
of this are manifold. First, the epithelial cells are now
exposed to potential autocrine factors, as the localization of
ligand production and receptor expression are no longer
segregated. Second, the epithelial cells are released from
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Fig. 1 Carcinomagenesis and progression entails multiple pheno-
typic changes. Epithelial tissues consist of sheets of normal cells
(stippled black) linked together by homotypic binding of E-cadherin
(thick black bars). This establishes a polarity that segregates apically
secreted factors, such as EGF, from their basolaterally-presented
receptors that normally are utilized by stromally-derived factors, such
as TGFo. Due to genetic and epigenetic events, the E-cadherins are
lost during carcinoma development (lined cells), allowing for
autocrine signaling. This ‘dedifferentiation’ is the carcinoma-associ-
ated EMT. However, we propose that during metastatic seeding to
other epithelial organs E-cadherin is re-expressed enabling linkages
to, and signaling from normal parenchymal cells (gray cells). This is
concurrent with downregulation of signaling from the previous
autocrine factor/receptor loops. This characterizes the mesenchymal-
to-epithelial reverting transition (MErT). Adapted from Kim et al.
(23]

physical restraints with loss of contact inhibition, allowing
from cell movement and even proliferation. And third, the
stromal elements are now exposed to many epithelial-
derived bioactive factors promoting a stromal response.
This latter event may change the profile of signals that
derive from the stromal compartment, as the composition
and differentiation state of the stromal elements change.
The net sum of these tissue alterations are that the epi-
thelial cells are directed to assume a less differentiated
state that converges towards the mesenchymal phenotype
characterized by motility and proliferation with a more
fluid cell architecture that has limited cell-cell direct
communications. This is the so-called epithelial-to-mes-
enchymal-like transition (EMT) of carcinomas [41, 42].
This carcinoma EMT is distinguished from true EMT
situations noted in development by the fact that the cells do
not actually subsume a full or physiological role similar to
a mesenchymal-derived (usually stromal/fibroblastoid) cell
[4, 16, 41, 42]. Rather the attributes of the cells converge
on those noted in stromal cells, and the normal epithelial
markers and functions are lost. This situation is not unique
to carcinoma de-differentiation; incomplete EMT is also
noted during wound healing. During skin repair, for
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example, the basal keratinocytes bordering the missing
tissue downregulate their defining cytokeratin and E-cad-
herin structures and change their complement of adhesion
receptors to assume a mesenchymal-like phenotype that is
proliferative, migratory and synthetic for dermal matrix
components [1, 20]. Interestingly, these same cells then
‘revert’ or redifferentiate into basal keratinocytes when the
wound defect is re-epithelialized. Thus, the first steps in the
dedifferentiation process of carcinoma progression are an
EMT process not dissimilar from the post-natal wound-
related EMT.

Despite the long-standing recognition of this carcinoma
EMT and recent findings as to underlying molecular con-
trols (though these are not specific for EMT) [29], there is
no accepted molecular definition of what constitutes this
process [41, 42]. This may be due to the multitude of
pathways carcinomas may take to achieve this aggressive
phenotype. A picture is emerging of common molecular
findings that account for both the histopathological picture
and the cell biology findings. At the minimum, the carci-
noma EMT is defined by a loss of normal epithelial
architecture, namely both the physiological homogenous
asymmetry of the cell and the cell-cell contacts and
communications that anchor this. At the molecular level,
this is reflected by downregulation or loss of specific
cytokeratins and E-cadherin. The latter is of particular
importance, because it can be viewed as both a cause and
effect of the EMT.

In addition to loss of E-cadherin functionality, the
structural proteins in these tumor cells undergo a change,
with downregulation or loss of cytokeratins and emergence
of the mesenchymal marker vimentin [4, 13, 16]. Often, N-
cadherin upregulation is coincident with EMT and con-
tributes to tumor progression [5]. However, this adhesion/
attachment molecule is not a consistent marker for EMT,
also appearing on cells along side E-cadherin. Another cell
surface marker that is often linked to the EMT is ZO-1
[19], though again, this is an inconsistent marker with a
more quantitative than qualitative change. A number of
differentiation-related transcription factors contribute to
this proteome change, though these are specific neither to
EMT nor to mesenchymal cells [22, 29]. As such, in the
absence of truly specific markers for either the epitheloid or
mesenchymal phenotype, the definition of EMT is one of
overall interpretation of cell phenotype. However, for
carcinoma cells the most consistent molecular marker is E-
cadherin, and our discussion will focus on the expression
and functionality of this, though studies should examine
additional molecular and phenotypic/morphometric mark-
ers when querying EMT.

Loss of E-cadherin disrupts not only cell-cell junctions
but also allows for loss of the normal organ architecture.
The cells are now free to move both horizontally and
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vertically within the epithelial layer as they are no longer
constrained within a functional syncytium [3, 10] (Fig. 1).
This is a histopathological hallmark of neoplastic trans-
formation. Furthermore, the absence of apical-basal
barriers between the cells enables factors produced by the
cells to reach cognate receptors normally segregated on the
basolateral surfaces. This autocrine signaling often further
reinforces the EMT phenotype as stimulation of most
receptors with intrinsic tyrosine kinase activity, particularly
the ubiquitous EGF receptor system, drive E-cadherin
downregulation and epithelial dedifferentiation in them-
selves [24]. Lastly, the E-cadherin-based cell connection
can control global cell signaling, as the catenins that anchor
these plaques possess location-dependent signaling prop-
erties [14, 30] (Fig. 2). At one, albeit simplistic level,
E-cadherin-based plaques can be viewed as sequestering
f-, y- and p120-catenins for an epithelial signaling mode
and preventing their ‘transformative’ effects on the cell
transcriptome. The extent of the global control on cell
phenotype exerted by E-cadherin expression can be seen by
its designation as a tumor suppressor; forced re-expression
of E-cadherin in negative carcinoma cells can revert the
neoplastic phenotype [38]. For these reasons, E-cadherin
expression on the cell surface has emerged as a molecular
hallmark of the carcinoma EMT, and will be the focus on
this minireview.

Metastatic seeding is rate-limiting for carcinoma
progression

Key to carcinoma pathology is the ability of carcinoma
cells to survive and thrive in ectopic tissues after their
escape from the primary tumor mass (Fig. 3). As noted
above, the carcinoma EMT is critical to this initial escape
by enabling individual cell migration and invasion through
barrier matrices [43]. In order to establish metastatic foci,
some of these same properties come into play [26]. First,
the cells arrest in the dissemination conduits (lymph and
blood vessels) by size mismatch of the tumor cells being
larger than the bore of capillaries. The carcinoma cells then
must penetrate between the endothelial cells and migrate
into the ectopic tissue. This appears to be relatively effi-
cient. However, the main rate-limiting step appears to be
the ability of these cells to ‘set up house’ in this foreign
milieu.

Many years ago it was appreciated that tumor cells
disseminate preferentially to ectopic tissues based mainly
on the ability of that host tissue to support the survival and
proliferation of those cells [9]. This is referred to as the
‘seed and soil” hypothesis, first conceptualized over a
century ago [31]. The stromal component of different tis-
sues and organs produce and present overlapping but
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Fig. 2 E-cadherin sequesters catenins and controls their signaling in
addition to forming cell-cell adhesions. (a) E-cadherin sequesters f-
and p120-catenins on its intracellular catenin binding domains. In an
untransformed cell, p120 is thought to stabilize E-cadherin at the
surface, f-catenin is sequestered from forming a complex with axin
and, in this location also functions as an adaptor protein for a-catenin,
which in turn anchors E-cadherin to the cytoskeleton. (b) In many
carcinomas, E-cadherin is silenced by promoter methylation allowing
p-catenin to translocate to the nucleus and pl120 to promote an
epithelial phenotype. However the mechanisms of how these catenins
act and wether they act individually or in concert are not settled. (c)
E-cadherin dependent adhesion in itself is not a dominant stop
mechanism to inhibit invasion. In studies where the ff-catenin binding
domain was deleted from the E-cadherin intracellular domain, but E-
cadherin was still able to mediate adhesion through direct crosslink-
ing with o-catenin and therefore interaction with the actin
cytoskeleton, f-catenin was free to signal in the cell cytoplasm and
led to an invasive phenotype (though this phenotype was independent
of its TCF-mediated transcriptional activity). Therefore, cytoplasmic
localization of f-catenin is thought to contribute to the mesenchymal
nature of cells. (d) In studies of cell that had low levels of E-cadherin
and cytoplasmic localization of p120, tyrosine phosphorylation on
pl120’s amino-terminal by the pro-oncogene Src was thought to
contribute to modulate its contribution to cell migration. When p120
is knocked down, the equilibrium shift to Rho-GDP promotes actin
polymerization, stress fiber formation, a flattened morphology and
less invasive phenotype. Therefore, cytoplasmic localization of p120
is thought to contribute to the mesenchymal nature of cells. These
four scenarios provide data that show the critical role of E-cadherin as
a signal modulation molecule by sequestering catenins, primarily
p120 and f-catenin. In the absence of E-cadherin homotypic binding,
this plaque is unstable and the catenins are now free to relocalize

distinct matrix components and secreted factors that serve
to ‘feed’ the local cells. Disseminated tumor cells must find
a host environment that provides the necessary signals or
these cells must provide the missing factors in an autocrine
or induced manner. Some of these missing factors might be
replaced by genetic mutations that alleviate a particular
requirement or are provided by the autocrine signaling
inherent in the carcinoma EMT. Still these carcinoma-
inherent signals do not allow for micro-environment-
independent proliferation. As an example, aggressive
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Fig. 3 Carcinomagenesis and metastatic dissemination requires
diverse behaviors and phenotypes at different stages. Initially, the
primary tumor cells need to lose their cell-cell adhesion (mainly E-
cadherin mediated) to break from the tumor mass and enter vascular
conduits via active migration. Survival in the vascaulature through at
least one capillary bed requires distinct behaviors of architectural
malleability and resistance to anoikis. Arrest at the target organ is
usually via physical arrest, but the tumor cells must then recognize the
endothelial lining and transit this barrier. We propose that establish-
ment and longer term survival entails re-expression of E-cadherin
along with some redifferentiation at least initially. It is possible and
even likely that when the micrometastasis progress to clinically-
relevant lesions and even seed other sites, that this transient MErT
itself reverts as the metastatic lesion becomes more aggressive with
autocrine signaling reminiscent of the primary aggressive lesion

metastatic prostate carcinoma cell lines still present a
preference for growth in the presence of bone marrow- and
liver-derived fibroblasts [11], the two major sites of pros-
tate carcinoma metastasis [8, 36].

The survival of these carcinoma cells in ectopic tissue is
complicated by the question of tumor cell dormancy. While
tumor masses need to approach a billion cells (or less than
30 doublings) to be detectable as metastases, this should
occur within months if the tumor cells continue to prolif-
erate at the inherent cell-doubling rate quantifiable in most
highly aggressive primary tumors. However, in many
tumors, metastases appear only years after removal of the
primary mass. During this time, the metastatic foci must
remain minimal, being either in a state of balanced pro-
liferation-apoptosis/death or as a dormant carcinoma cell.
The key difference between these two options is that in the
former, the local milieu must present a full complement of
factors for cell proliferation plus signals for death, whereas
in the latter, only a partial complement of factors needs to
be present to enable cell survival at a lower metabolic load.
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The question of ectopic site preference, survival, and
proliferation reduces to that of metastasis micro-environ-
mental milieu factors. While there are nascent efforts to
fully catalogue tumor microenvironments components,
some hints can be gleaned from the carcinoma -cells
themselves. What has been surprising is that many meta-
static carcinomas appear less dedifferentiated than the
primary tumor from which they derive [25, 45]. This
determination is based on morphometric criteria upon
pathological examination, buttressed by molecular findings
in these biopsies. In fact, it is well established that many
breast cancer metastases to the liver seem to recreate
hepatocyte cords with carcinoma cells [39] (Fig. 4). Liver
carcinomae have long been known to form glandular ele-
ments in liver metastases even when the primary lesion
appears quite dedifferentiated; though, only recently have
attempts to demonstrate reversion of the EMT been put on
a molecular basis [19]. Further, we have found that in at
least some prostate cancer metastases to the liver, the E-
cadherin adhesion complex is re-expressed co-incident
with cytokeratin and in the absence of vimentin and other
markers of progression in the primary prostate carcinoma
site [45]. This is counter-intuitive to the prevailing view
that carcinomas continue down a dedifferentiation EMT
cascade as they get more aggressive and disseminate.
Rather these reports suggest that the actual metastatic foci
may be more epitheloid than the primary site.

Examining these metastases with immunohistochemis-
try confirmed this more differentiated phenotypes in many
carcinomas. Interestingly, a number of reports related
E-cadherin membrane staining in the metastases but not in
the primary carcinoma sites [17, 25, 32, 35]. We have
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Fig. 4 Breast cancer metastases to the liver can subsume a hepato-
cyte morphology. Not the organ morphology flows seamlessly from
the liver cords (right) through the breast cancer metastases (lef?).
From Stessels et al. [39]
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found that prostate carcinoma metastases to the liver
present a differentiated profile with cytokeratins and E-
cadherin being present and vimentin absent with down-
regulation of EGF receptor signaling [46]. Thus, at first
blush, it appears as if the metastasis did not undergo the
carcinoma-related EMT.

A mesenchymal-to-epithelial reverting transition
(MErT) occurs during metastatic seeding

The finding of membrane-expressed E-cadherin in carci-
noma metastases leaves us with two possibilities. The first
is that the metastases formed from E-cadherin positive
carcinoma cells that escaped the primary mass. Even
though many of these primaries were ‘scored’ as E-cad-
herin-negative (or severely downregulated), this possibility
cannot be excluded as the larger primary tumors examined
show heterogeneity of expression with some nests
remaining more differentiated. Still, the clinicopathological
correlation between low to absent E-cadherin and tumor
dissemination is strong [24], and the cellular mechanisms
undergirding this model are logical and repeatedly dem-
onstrated. Carcinoma cells that present surface E-cadherin
are limited as to migration and invasiveness in vitro, and do
not form distant metastatic tumors in animal models.
However, given the rare nature of metastases despite rel-
atively frequent shedding of cells from the primary mass
[7], these metastases could arise from the unusual escape of
an E-cadherin-positive cell in the primary mass, if E-cad-
herin expression provided a survival and proliferation
advantage (see below). This question of dissemination,
therefore, cannot be addressed by human tumor surveys,
but rather requires experimental probing using clonal car-
cinoma cell populations. In what appears to be the first
report directly addressing this question, we have found that
when the highly aggressive and E-cadherin-negative MDA-
MB-231 breast carcinoma cell line forms lung metastases
from orthotropic primary tumors in the inguinal mammary
fat pads of mice, these metastases express E-cadherin [37].
While this is far from conclusive, it does present a proof a
principle that E-cadherin-expressing metastases might arise
from E-cadherin-negative cells.

Re-expression of E-cadherin in the metastatic site,
therefore, represents the second possibility (Figs. 1 and 3).
While this is consistent with the histopathological corre-
lations, E-cadherin re-expression would represent a tumor
cell plasticity, that of reverting the carcinoma-associated
EMT, that has not been demonstrated to-date. The nature of
E-cadherin downregulation mechanisms suggests how this
could be accomplished.

E-cadherin surface expression is downregulated by two
known mechanisms, functioning separately at the post-

translational and the transcriptional levels (Fig. 5). Tyro-
sine kinase signaling, noted both in response to various
growth factors and during neoplastic progression, can
downregulate E-cadherin secondary to phosphorylations of
the E-cadherin complex [15, 34]. Scatter factors (such as
HGF and EGF) are so named as they lead to epithelial
cell migration away from cohesive masses secondary to
E-cadherin downregulation [2, 3, 28]. The dissociation of
the cytoplasmic aspect of the E-cadherin plaque results in
E-cadherin internalization and degradation. This may
function in carcinomas, almost all of which have autocrine
growth factor signaling loops most often that via the EGF
receptor [43]. We have found in prostate carcinoma lines
that inhibition of this autocrine EGF receptor loop (and
likely the EGFR-induced HGF/c-met autocrine loop [27]),
either by direct disruption of the signaling loop or by
second site signaling trans-attenuation, results in E-cad-
herin re-expression and cell-cell cohesion [46, 47]. Thus,
post-translational E-cadherin downregulation represents an
available target for counter-regulation by other factors that
might be present in the metastatic microenvironment.

f_ E-cadherin

MErT

effector

transcriptional SNAIL/SLUG

epigenetic

Fig. 5 E-cadherin expression is regulated on multiple levels. The
plastic nature of these controls allows for EMT defined and enabled
by loss of E-cadherin and MErT when E-cadherin is re-expressed.
Methylation is reported to be responsible for E-cadherin silencing in
the majority of aggressive and metastatic carcinomas. These epige-
netic changes are at the base of the pyramid, as access to the gene in
the first place is necessary for its ultimate expression. On the
transcriptional level, overexpression of SLUG/SNAIL is responsible
for for transcription downregulation of E-cadherin, and is noted in a
large subset of cancers. On the effector level, receptor tyrosine kinase
phosphorylation causes internalization of E-cadherin from the cell-
surface by phosphorylation of E-cadherin effector catenins and
modulation of the ubiquitinase Hakai, resulting in either trafficking of
E-cadherin for endosomal recycling or degredation. As all of these
mechanisms are prevalent in invasive cancers, the pathway to MErT
may be diverse as each suppression mechanism is controlled
individually
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In most other carcinomas, distinct from prostate car-
cinomas, E-cadherin appears to be shut off at the
translational level by promoter hypermethylation [18,
40]. This mode of generating a null phenotype differs
from other tumor suppressors that are usually negated by
deletions or mutations of the coding DNA. While these
latter mechanisms are irreversible by their nature, pro-
moter hypermethylation is readily reversible if only by
proliferation-linked failure to maintain methylation. One
distinction between the normally irreversible tumor sup-
pressors from E-cadherin is that loss of the former often
occurs early in neoplastic transformation whereas E-
cadherin is related to tumor progression to dissemination.
Still, this mode of transcriptional shutoff is reversible. In
fact, it has been noted that E-cadherin promoter meth-
ylation is unstable [12]. Recently, we have found that
E-cadherin promoter methylation can be selectively loss
in breast carcinoma cells when proliferating in the
presence of normal hepatocytes [37]. Thus, there exist
signals in microenvironment of metastasis target organs
that may undo both mechanisms of E-cadherin
downregulation.

All the above beg the question of why metastatic carci-
noma cells would express E-cadherin; basically, what is the
selective advantage. The short answer is that this unknown
is the subject of nascent investigations. However, we can
speculate that this provides a survival advantage for these
cells in a challenging ectopic environment. E-cadherin
binding not only constructs a barrier between cells but also
initiates intracellular signaling in the cognate cells. Two key
pathways activated upon E-cadherin binding are the sur-
vival-associated ERK MAP kinase and Akt/PKB cascades
[6, 33]. Building upon the seed and soil hypothesis, this
E-cadherin binding would provide some signals lost when
the carcinoma cells dissociate from their original orthotro-
pic ‘home’. Initially at the start of metastatic seeding, this
requires cell-heterotypic E-cadherin binding, which has not
been directly reported; later as the metastatic cell prolifer-
ates, this E-cadherin binding may be between the carcinoma
cells. To support the possibility of carcinoma-parenchyma
binding via E-cadherins, histopathological analyses of
many tumors suggest close associations between metastatic
carcinoma cells and the neighboring parenchyma cells [17,
25, 32, 35]. Furthermore in an ex vivo model of carcinoma
metastasis to the liver, we find ultrastructural evidence for
close connections [44]. Lastly, we have found that when
prostate carcinoma cells are induced to re-express E-cad-
herin, both DU-145 and PC3 cells can form heterotypic
adhesions with rat hepatocytes [46]. These data provide
proof of principle that carcinoma cells may re-express
E-cadherin in response to the ectopic organ microenviron-
ment so as to establish connections with the resident, non-
neoplastic epithelial cells.
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A model for carcinoma mesenchymal-to-epithelial
reverting transition

The preceding provides for a model of tumor cell plasticity
that results in differentiation modulation with E-cadherin
playing a cell role in the phenotypic alterations noted in
both the primary and metastatic sites. In brief, at the pri-
mary site, ill-defined genetic and epigenetic changes lead
to E-cadherin downregulation, via receptor tyrosine kinase
signaling and/or, more often, promoter hypermethylation.
This loss of junctional barriers in a subset of carcinoma
cells provides a selective advantage likely due to both the
physical freedom to move and reorganize and the biolog-
ical signals derived from autocrine signaling. It is unknown
whether the loss of the epithelial barrier further alters the
cancer field stroma in a manner that furthers this carci-
noma-related Epithelial-to-Mesenchymal-like Transition.
However, the loss of E-cadherin comes at the cost of
lacking survival signals transmitted via E-cadherin link-
ages. This appears not to be limiting as the orthotropic site
presents the appropriate panoply of factors and signals to
support carcinoma proliferation even in the absence of E-
cadherin.

Once free of the physical tethering and cell architectural
restraints imposed by E-cadherin binding, the mesenchy-
mal-like carcinoma cells can actively migrate through
barriers and enter vascular conduits for dissemination to
distant sites. While the cell faces numerous challenges
during this dissemination process, the major impediment to
metastatic growth appears to be the survival and growth
(albeit often delayed or slow) in the ectopic site. This is
likely due to the incomplete match of factors and signals in
different tissues. Interestingly, it appears that many meta-
static carcinoma foci do express E-cadherin, whose
downregulation is considered critical if not required for
dissemination. This suggests that a very minor subset of the
disseminated carcinoma cells receive signals from the
metastatic target organ to revert the dedifferentiation pro-
cess at least partly to enable E-cadherin re-expression. As
E-cadherin binding elicits canonical survival signals and
prevents anoikis [6, 21, 33], even when the binding is cell
heterotypal [37], the selective advantage is obvious. It is
this process that we propose as the carcinoma-associated
mesenchymal-to-epithelial reverting transition or MErT.

Further investigations are required to establish this
reverting transition that we have shown can occur in ex
vivo and in vitro model systems, as important for de novo
disseminating cancers. These would include interventions
that would prevent E-cadherin re-expression as limiting
metastatic seeding and those that promote E-cadherin re-
expression as increasing metastatic efficiency.

Still, the advantages of E-cadherin re-expression and
seeming redifferentiation must be explored. The reversion
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of the general carcinoma cell phenotype to a less aggres-
sive, less proliferative cell seems counterintuitive
particularly in regards to the picture that emerges at the
primary site. While activation of ERK MAP kinase and
Akt/PKB signaling pathways are positives for survival,
these pathways are even more strongly elicited by other
factors and external signals, without the suppression of
proliferation that ensues from E-cadherin adhesions [38].
Answers are not present, but one can speculate that the
combination of survival signals with limited proliferation
and lowered metabolic requirements are precisely the keys
to metastatic seeding. By and large, fast growing cells are
most susceptible to death signals whether due to DNA
damage, limited nutrients, absent pro-survival signals, or
apoptotic signals. This is well recognized in cancer, as the
slowest growing tumors generally are the most resistant to
standard chemotherapies. In the ectopic metastatic envi-
ronment, tumor cells not only carry damaged DNA but face
an absence of external factors as reflected in the seed and
soil hypothesis [9]. It is also possible that entry of these
foreign cells will elicit a localized inflammatory reaction,
with the production of prodeath signals. Thus, not only
would activation of the prosurvival ERK MAP kinase and
Akt/PKB pathways protect the carcinoma cell, but also
proliferation and metabolic suppression would provide
added survival advantages. This speculation can be tested
in models of chemotherapeutic and apoptotic challenge.

Lastly, one must consider the implications of this pro-
posed carcinoma-related MErT. Currently, E-cadherin is
categorized as a tumor suppressor due to its protective role
against the carcinoma-related EMT at the primary site.
However, interventions to prevent E-cadherin downregu-
lation may perversely promote seeding of disseminated
cells, as the re-expression phenomenon appears to be
highly inefficient in the natural course of cancer. Thus, any
E-cadherin-target therapies must be highly cognizant of
carcinoma progression dynamics. Second, the formation of
cell heterotypic E-cadherin adhesions in the metastatic
target organ may result in dormancy at the micrometastasis
stage. This would result not only in resistance to chemo-
therapy with tumor re-emergence despite long courses of
chemotherapy, but also have implications for what may
lead to delayed relapses. It is tempting to speculate that if
the proposed MErT leads to dormancy of early microme-
tastases, then a secondary insult, independent of carcinoma
per se, to the local environment may be what induces
renewed carcinoma cell proliferation and escape from E-
cadherin-mediated contact inhibition. This, along with
other many questions raised by this proposed MErT, awaits
further experimentation.
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