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Abstract It is now believed that most epithelial tumors are
maintained by a subpopulation of cells called cancer stem
cells (CSCs) or tumor initiating cells (TICs) with stem cell-
like properties, including self-renewal and multilineage
differentiation capacity. Recently new insights into this
population have emerged in certain epithelial tumor types,
including their Claudinlow phenotype and its importance to
the epithelial-mesenchymal transition (EMT) process. Taken
together, CSCs, EMT and Claudins appear to constitute an
axis-of-evil in cancer, for which better understanding may
lead to new therapeutic platforms.
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There’s something happening here
What it is ain’t exactly clear
Buffalo Springfield

The concept of cancer stem cells (CSCs) or tumor
initiating cells (TICs) as a subpopulation of cells with self-
renewal and multilineage differentiation capacity as well as
ability to give rise to tumors has gained acceptance during
the last several years as data from both in vitro and in vivo
approaches accumulate [1–5]. Understanding the biology of
this subpopulation of cells will provide improvements to
cancer therapeutics.

Amongst the best-studied and better understood CSCs are
those of epithelial-based tissues such as those seen in breast
cancer. The presence and enrichment of triple-negative breast
cancer (TNBC) cells - defined by the lack of protein
expression of estrogen receptor (ER), progesterone receptor
(PR) and the absence of HER2 protein overexpression - in
breast cancer patients after common treatments, indicates their
intrinsic therapeutic resistance [6–9]. Importantly, global
gene expression analysis of these cells indicates a transcrip-
tion “signature” with a non-basal cell expression profile, or
the recently identified “Claudinlow” subtypes [10].

Claudins are integral membrane proteins, identified first
approximately 13 years ago, and now known to be crucial
for formation of tight junctions [11, 12]. The Claudin
family comprises 27 members [13], ranging in size from 22
to 27 kD and topologically categorized into the four
transmembrane protein class with the carboxyl-terminus in
the cytoplasm and two extracellular loops [14]. The
expression pattern of the Claudin proteins is developmentally-
regulated and tissue-specific, imparting tissue-specific hetero-
geneity to tight junction function, i.e., ion selectivity, and
strength and tightness of the junction [15]. However, most
tissues express multiple Claudins that can interact in either a
homotypic or heterotypic fashion to form the tight junction
strand [16]. Concomitant with differentiation, cells acquire
functional tight junctions and such features as polarization
[14]. Although the full Claudin expression profile in tissues is
still not well characterized due to lack of specific antibodies for
every known Claudin, nevertheless it is now clear that changes
in their expression occur in various tumors, and notably
coincide with changes in solid tumor initiation and progression
[17–19]. Accumulating data support the view that Claudins are
important markers - if not functionally important harbingers - of
the changes and reflective of both the biochemical and
functional changes that are occurring in the epithelium.
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It is notable that a differentiation hierarchy exists across
all breast cancers and the Claudin profile is distinctly
different from normal epithelia [18, 20–22]. Claudinlow

tumors are characterized by the low to absent expression of
luminal differentiation markers, high enrichment for EMT
markers, expression of immune response genes and most
closely resembles the mammary epithelial stem cell
suggesting that Claudinlow cells may arise from more
immature stem or progenitor cells and comprise the CSC
[10, 22, 23]. These observations have been complimented
by data from a panel of breast cancer cell lines and
genetically engineered mouse models [22].

Thus, the Claudinlow phenotype may be of particular
significance. That breast CSCs exhibit a distinct Claudin
profile different from the normal mature epithelia and more
like mammary epithelial stem cells is interesting not just
from a stem cells biology point of view but in considering
how to target these cells for effective therapies. What do we
know about regulation of the EMT switch or the develop-
mental switch to a Claudinlow phenotype? Known inducers
of the EMT include several transcription factors (TFs), such
as Goosecoid, Snail, and Twist, as well as secreted TGF-
beta1 [21, 24, 25]. Each of these factors is capable, on its
own, of inducing an EMT in the human mammary
epithelial (HMLE) cell line, accompanied by upregulation
of expression of stem cell markers, suggesting that there
may be a direct link between the EMT and the gain of CSC
properties [21, 22]. Notably, it is also emerging that EMT-
inducing molecules also control the expression of Claudins,
suggesting that Claudins are the missing link in the EMT
and acquisition of the CSC phenotype [26]. A critical issue
from a therapy point of view is that the expression of stem
and EMT markers in CSCs is associated with resistance to
conventional anti-cancer therapies and treatment failure,
highlighting the urgency of improving tools for detecting
and eliminating minimal residual disease. Thus, platforms
to screen for and generate better understanding of the link
between regulation and dysregulation of expression of
Claudins and EMT are required.
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