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Epithelial plasticity in cancer: beyond metastasis

Timothy M. Thomson and Pedro L. Fernandez

Recent evidence has challenged the notion that
multipotent stem cell progeny follow irreversible dif-
ferentiation paths along committed lineages. Thus, it
has been demonstrated that dedicated adult stem cells
that reside in a given tissue are not irreplaceable, given
that more differentiated progeny cells can revert to
perform facultative stem cell functions in response to
ablation of professional stem cells. Particularly in
response to damage, cells committed to a given lineage
can adopt differentiated profiles distinct from those
corresponding to their lineages of origin, in fate con-
version (transdifferentiation or metaplasia) processes that
require prior dedifferentiation into multipotent stem cells
[1].

Further to roles in development and adult tissue
homeostasis, lineage plasticity underlies cancer
phenotypic heterogeneity, significantly impinging upon
the clinical behavior of tumors including therapeutic
options and responses [2]. Notably, “bulk” cancer cells
have been proposed to acquire cancer stem cell (CSC)
properties upon switching to a mesenchymal gene
program [3]. Subsequent refinements of this proposal
indicate that only cancer cells endowed with the ability
to reversibly switch between epithelial and mesen-
chymal gene programs display CSC properties [2]. Cells
locked in strong and stable mesenchymal programs lack
the necessary epigenetic plasticity to display CSC
phenotypes [4].

The demonstration of cancer cell heterogeneity
associated with epithelial-mesenchymal plasticity
evokes further questions on phenotypic heterogeneity
and the cells of origin of cancers. Beyond their abilities
to invade and/or establish tumors, CSCs are multipotent
and, as such, can yield progeny that, given appropriate
environmental cues, at least partially differentiate along
permissive lineages. Different oncogenic insults affect-
ing multipotent stem cells at different stages of
commitment to different lineages may drive lineage
plasticity and phenotypic heterogeneity of breast and
other cancers. For instance, introduction of constitutive-
ly active PIK3CA mutants in the breast epithelial basal
lineage in murine models preferentially yields luminal
tumors while, when introduced in the luminal lineage, it
produces luminal A, luminal B, HER2-enriched or basal-
like phenotypes, concomitant with evidences of meta-
plasia [5]. As corollaries, untimely or abnormally
sustained signaling can drive lineage fate conversion, and
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the putative cell lineage of origin of a given cancer
should not be inferred based solely on observed
phenotypes.

Conventionally, epithelial-mesenchymal plasticity is not
considered an integral component of lineage plasticity
in epithelial tissues. As such, physiological expression
of epithelial or mesenchymal gene programs at different
stages of differentiation along a given epithelial lineage
would reflect gene program subsets inherent to a
particular stage and lineage. Exogenous forcing of a
mesenchymal gene program, e.g. in response to
environmental cues, would transiently derail the lineage
differentiation process, which would resume at the same
point in differentiation once the mesenchymal forcing
subsides. Disputing this perspective, it was recently
shown that induction of an epithelial gene program
through microRNA-200 (miR-200) in otherwise non-
committed mammary epithelial cells drives a switch to
the luminal lineage [6,7], while expression of the
mammary basal epithelial transcription factor Ap63
induces a myoepithelial differentiation [6], suggesting
that epithelial or mesenchymal gene programs directly
modulate lineage commitment and plasticity. Interes-
tingly, miR-200 also boosts self-renewal properties via
activation of the PI3K-AKT-mTOR signaling axis and
drives the growth of tumors in xenograft models that
display lineage heterogeneity, including double-lineage-
positive (luminal and basal) cells [7]. Of note, miR-200
might have a driver role in the acquisition of the
metaplastic phenotype in some breast carcinomas and
could also serve as a blood-borne tumor progression
marker in a subtype of breast neoplasms [7].

It might be timely to reconsider epithelial-mesenchymal
plasticity as a significant actor in epithelial cell lineage
plasticity The implications for cancer phenotypic
heterogeneity, beyond “mere” epithelial-mesenchymal
transition, are relevant: tumor phenotypes, including
those considered “intrinsic”, can be interpreted as the
combined result of the cell lineage of origin, the type,
strength and timing of oncogenic insults and the
engagement of epithelial or mesenchymal gene prog-
rams as readouts of environmental cues.
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