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Editorial
Cancer and developmental biology scientists realized over a century

ago that genes and pathways relevant to cancer overlap with
embryonic development as reflected in the reactivation of embryonic
genes during tumor progression. Consequently the question was raised
of whether tumors could arise from transformation of tissue stem cells
or “retro-differentiation” of more differentiated cells [1]. Nearly 40
years later, these ideas and questions are still hot spots in cancer
research. The “retrodifferentation” concept can be now translated as
cellular plasticity, a process by which non-stem differentiated cells can
spontaneously acquire stem cell like characteristics [2]. This
phenomenon has important implications for cancer therapy and a big
impact on our current view of the cancer stem cell hypothesis.

Most solid tumors show a hierarchical organization at the cellular
level with a small population of cancer stem-like cells responsible for
tumor initiation and maintenance. However, this model does not imply
that tumors are generated from transformed tissue stem cells. The
target of transformation could be a tissue stem cell, a progenitor, or a
differentiated cell that acquires self-renewal ability.

The process of in vitro pluripotency induction presents parallelisms
with tumor generation. The mechanisms underlying the
reprogramming process are not well understood yet; however the three
main transcription factors Oct4, Sox2 and Nanog, called master
regulators of pluripotency, have proved responsible for maintaining the
undifferentiated state. Basically both processes, reprograming and
transformation, need the expression or activation of oncogenes
(expression of Oct4, Sox2 and Nanog has been repeatedly observed in
tumors), inactivation of tumor suppressor genes, overriding the
senescence and apoptotic barriers and both processes also involve
epigenetic changes and a metabolic switch towards a glycolytic
metabolism [3,4]. The tumor suppressor p53 poses a barrier for
pluripotency induction [5]. Therefore it is tempting to speculate that
the acquisition of the self-renewal ability of cancer stem cells may arise
from a reprogramming-like mechanism in cells that harbor permissive
mutations.

The key questions that arise relate to what mechanisms shared with
pluripotency induction participate in tumor formation. This process
requires the over-expression of just 4 transcription factors, Oct4, Sox2,
Klf4 and c-Myc (the last 2 well known oncogenes) (takahashi, Tanabe
et al., 2007). The efficiency of this reprogramming process is extremely
low and remains so far as an in vitro phenomenon, since there is no
evidence that it can naturally occur in vivo although it was recently
shown to be susceptible to experimental in vivo induction [6]. Cell
reprogramming is an inefficient and stochastic process, in which the
cells must overcome many roadblocks to reach pluripotency, just like
malignant transformation. However, much of the nature of these
barriers remains unknown.

This hypothesis implies that CSCs could be any cell harboring the
right genetic changes, which undergoes an altered reprogramming-like
process. Interestingly, the process of iPSC generation is highly
inefficient and most cells become trapped into partially reprogrammed
states characterized by immortality but not full pluripotency [7]. This
mechanism may explain the generation of cancer stem cells from
committed progenitors with limited differentiation potential,
responsible for the heterogeneous subtypes observed in natural
tumors.

Sox2, one of the original Yamanaka cocktail of transcription factors
necessary to reprogram somatic adult cells into iPS cells, is a good
example of a gene involved in embryonic development whose
expression is reactivated during tumor generation. The expression of
Sox2 is critical to maintain the pluripotent phenotype in embryonic
stem cells and its expression is reactivated during tumor progression.
We and others have shown that Sox2 is expressed in the initial phases
of breast tumorigenesis and them is lost as the tumor develops [8,9].
This behavior resembles the expression of those genes in pluripotent
stem cells that are turned-off as the cells commit to specific lineages.
Recently, two seminal papers have demonstrated that Sox2+ cells serve
as the founding cells for tumor growth and heterogeneity in vivo for
medulloblastoma [10] and squamous cell carcinoma [11], thus placing
the re-expression of this pluripotency regulator at the root of cancer
initiation. This represents a unique opportunity for understanding the
onset of cancer but more importantly, points to targeting these
mechanisms that control pluripotency regulators expression as
potential avenues for novel therapeutic intervention in cancer.
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