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Perspective
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The cancer stem cell hypothesis is an evolving concept of onco-
genesis that has recently gained wide acceptance. In its simplest form
this hypothesis suggests that many if not all tumors arise by consecu-
tive genetic changes in a small subpopulation of cells termed cancer
stem cells. These cells have the capacity to sustain tumor growth and
are defined by three features: self-renewal, differentiation into the cell
types of the original cancer and potent tumor formation. The defini-
tion of a cancer stem cell does not necessarily imply its origin from
a stem, progenitor or differentiated cell. Hence, the term tumor or
cancer initiating cell is often used instead to avoid any implications.
Here, we propose a model suggesting that tumor cells progressively
acquire stem cell properties as a consequence of oncogene-induced
plasticity. The basis of our proposal are data from several experi-
mental in vitro and in vivo models demonstrating reprogramming
events triggered by specific combinations of oncogenes. These
oncogene combinations not only induce cell lineage switches but
also drive the reversal of ontogeny within cell lineages during tumor
progression to metastasis. In this perspective article we will summa-
rize the experimental evidence that illustrates our concept and discuss
its implications for tumor formation and tumor therapy.

Introduction

Ever since the discovery of retroviral oncogenes and the finding of
frequent mutations in their cellular counterparts in human tumors,
cancer was thought to be predominantly a genetic disease.> Oncogenes
which were activated by mutations at an early stage of the transforma-
tion process were generally thought to increase the genetic instability
not only by the induction of continuous proliferation but also by
interference with DNA repair or chromosome segregation processes.2-#
Growing evidence now suggests that cancer is indeed not only a genetic
disease but the result of both genetic and epigenetic alterations.>8

A unifying concept such as the cancer stem cell hypothesis has
to incorporate many different aspects of tumor initiation and tumor
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progression including latency, heterogeneity, relapse and the origin of
a target cell population for selection of oncogenic mutations. With
regard to cellular turnover rates and pool size of target cells for muta-
tion it has been argued that the target cells for cancer initiation have to
be stem and not progenitor or differentiated cells, as initially proposed
for leukemic stem cells in acute myeloid leukemia.” In favor of this
view is the fact that the life-long accumulation of multiple mutations
and clonal successions observed in many human tumors seems not
to be compatible with the short life-span of more differentiated or
mature cells.89 But there is also ongoing debate why tumor growth
needs to be driven by rare cancer stem cells at all.1> Moreover, it was
recently shown for mixed lineage leukemia that committed myeloid
progenitor cells acquire properties of leukemia stem cells without
changing their overall identity. These cells do not become stem cells
but rather develop stem cell like behaviour by re-activating a sub-set
of genes highly expressed in normal hematopoietic stem cells.!

In addition, there are many other tissues, where the differenti-
ated cells are long-lived or where these cells can re-enter into the
regenerative cell pool.1213 Moreover, if the population of target cells
for mutational events leading to tumor formation is reduced to the
organ-specific stem cell compartment, the total target size is reduced
by a factor of 1000 and more of the number of cells making up adult
organs.14 Such a small target size may not be sufficient to explain the
observed mutational rates and frequencies of tumor formation except
if we assume that the majority of initiating mutations occurs during
the gestational period when organs consist primarily of precursor
cells.1>16 Therefore we propose an alternative view: especially in
tissues with slow turnover rates tumor initiating mutations may
occur in functionally mature progenitor or even terminally differen-
tiated cells. These cells subsequently become unstable with respect
to their phenotypes and acquire features of progenitor or stem
cells corresponding to organ-specific or even embryonic stem cells.
Dedifferentiation of tumor initiating cells by oncogenes presumably
also occurs in tumors arising in tissues with rapid turnover. This is
for example the case when the first mutations hit progenitor cells and
may constitute the critical step in progression to generalized disease
and metastasis, if it extends beyond the stage of organ specific stem
cells (see Fig. 1). As cancer stem cells and their relevance for tumor
progression and tumor therapy have been extensively discussed in a
series of excellent recent reviews,17-20 we focus here on oncogene-
induced plasticity in functionally mature cells.
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