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Recent results have supported the cancer stem cells hypo-
thesis in which tumors originate from tissue stem cells or
their early progenitors and, as a result, produce tumors that
retain stem cell properties. These properties include self-
renewal that drives tumorigenesis and differentiation that
contributes to cellular heterogeneity. The number of these
cells is very small, and is tightly controlled by the self-renew-
al pathway and the signals of their environment (niche).
Evidence for the existence of cancer stem cells has been

reported for a number of human cancers including leukemia,
cancers of the breast, brain, and colon. Although our under-
standing of the biology of these cancer stem cells remains
rudimentary, the existence of these cells has implications for
current conceptualization of malignant transformation and
targeted therapy for the treatment of cancer.
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“The simplest view appears to me undoubtedly to be
that in an early stage of embryonic development more
cells are produced than are required for building up the
part concerned, so that there remains unappropriated a
quantity of cells—it may be very few in number—which,
owing to their embryonic character, are endowed with
a marked capacity for proliferation... The only point on
which I lay stress is that the real cause of the subse—
quent tumour is to be sought in a fault or irregularity

of the embryonic rudiment.” Julius Cohnheim, 1889,
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Fig 1. Potential models of transformation involving stem cells. (A) The organization of a
normal epithelial tissue including a stem cell and its niche. (B) Tumor initiated by a single
mutation that disrupts the regulation of asymmetric division in stem cells. These mutated
cancer stem cells differentiate into committed daughter cells that accrue other mutations,
leading to a fully transformed cell. (C) Tumor initiated by a cancer stem cell that harbors
a combination of mutations that suffice to program the malignant state. (D) Tumor initiated
by mutations in committed daughter cells that induce dedifferentiation through an epithelial-
mesenchymal transition. Such cells mimic features of normal stem cells but are not true
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Fig 2. Signaling pathways that regulate self-renewal mechanisms during normal stem cell development and during transformation. Wnt,
Shh and Notch pathways have been shown to contribute to the self-renewal of stem cells and/or progenitors in a variety of organs, in-
cluding the hematopoietic and nervous systems. When dysregulated, these pathways can contribute to oncogenesis. Mutations of
these pathways have been associated with a number of human tumors, including colon carcinoma and epidermal tumors (Wnt), me-
dulloblastoma and basal cell carcinoma (Shh), and T-cell leukemias (Notch). (Images courtesy of Eye of Science/SPL and R. Wechsler-

Reya/M. Scott/Annual reviews.)
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