role in physiologic regulation of stem cell self-renewal is still poorly
understood.
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Figure 89e-3 Relative function of cells in the hematopoietic hierarchy. The boxes represent distinct functional features of cells in the
myeloid (upper box) versus lymphoid (lower box) lineages.
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incidence of graft-versus-host disease when compared with similarly
mismatched stem cells from other sources. If stem cell expansion by
self-renewal could be achieved, the number of cells available might be
sufficient for use in larger adults. An alternative approach to this problem is to improve the efficiency of engraftment of donor stem cells.
Graft engineering is exploring methods of adding cell components that
may enhance engraftment. Furthermore, at least some data suggest
that depletion of host NK (natural killer) cells may lower the number
of stem cells necessary to reconstitute hematopoiesis.
Some limited understanding of self-renewal exists and, intriguingly, implicates gene products that are associated with the chromatin
state, a high-order organization of chromosomal DNA that influences
transcription. These include members of the polycomb family, a group
of zinc finger–containing transcriptional regulators that interact with
the chromatin structure, contributing to the accessibility of groups
of genes for transcription. One member, Bmi-1, is important in
enabling hematopoietic stem cell self-renewal through modification
of cell cycle regulators such as the cyclin-dependent kinase inhibitors. In the absence of Bmi-1 or of the transcriptional regulator, Gfi-1,
hematopoietic stem cells decline in number and function. In contrast,
dysregulation of Bmi-1 has been associated with leukemia; it may
promote leukemic stem cell self-renewal when it is overexpressed.
Other transcription regulators have also been associated with selfrenewal, particularly homeobox, or “hox,” genes. These transcription
factors are named for their ability to govern large numbers of genes,
including those determining body patterning in invertebrates. HoxB4
is capable of inducing extensive self-renewal of stem cells through its
DNA-binding motif. Other members of the hox family of genes have
been noted to affect normal stem cells, but they are also associated with
leukemia. External signals that may influence the relative self-renewal
versus differentiation outcomes of stem cell cycling include specific
Wnt ligands. Intracellular signal transducing intermediates are also
implicated in regulating self-renewal. They include PTEN, an inhibitor of the AKT pathway, and STAT5, both of which are downstream
of activated growth factor receptors and necessary for normal stem
cell functions including self-renewal, at least in mouse models. The
connections between these molecules remain to be defined, and their

The relationship of stem cells to cancer is an important evolving
dimension of adult stem cell biology. Cancer may share principles
of organization with normal tissues. Cancer cells are heterogeneous
even within a given patient and may have a hierarchical organization
of cells with a base of stem-like cells capable of the signature stem cell
features: self-renewal and differentiation. These stem-like cells might
be the basis for perpetuation of the tumor and represent a slowly dividing, rare population with distinct regulatory mechanisms, including a
relationship with a specialized microenvironment. A subpopulation
of self-renewing cells has been defined for some, but not all, cancers.
A more sophisticated understanding of the stem cell organization of
cancers may lead to improved strategies for developing new therapies
for the many common and difficult-to-treat types of malignancies that
have been relatively refractory to interventions aimed at dividing cells.
Does the concept of cancer stem cells provide insight into the cellular origin of cancer? The fact that some cells within a cancer have stem
cell–like properties does not necessarily mean that the cancer arose in
the stem cell itself. Rather, more mature cells could have acquired the
self-renewal characteristics of stem cells. Any single genetic event is
unlikely to be sufficient to enable full transformation of a normal cell
to a frankly malignant one. Rather, cancer is a multistep process, and
for the multiple steps to accumulate, the cell of origin must be able to
persist for prolonged periods. It must also be able to generate large
numbers of daughter cells. The normal stem cell has these properties
and, by virtue of its having intrinsic self-renewal capability, may be
more readily converted to a malignant phenotype. This hypothesis has
been tested experimentally in the hematopoietic system. Taking advantage of the cell-surface markers that distinguish hematopoietic cells of
varying maturity, stem cells, progenitors, precursors, and mature cells
can be isolated. Powerful transforming gene constructs were placed
in these cells, and it was found that the cell with the greatest potential
to produce a malignancy was dependent on the transforming gene.
In some cases, it was the stem cell, but in others, the progenitor cell
functioned to initiate and perpetuate the cancer. This shows that cells
can acquire stem cell–like properties in malignancy.

WHAT ELSE CAN HEMATOPOIETIC STEM CELLS DO?
Some experimental data have suggested that hematopoietic stem cells
or other cells mobilized into the circulation by the same factors that
mobilize hematopoietic stem cells are capable of playing a role in healing the vascular and tissue damage associated with stroke and myocardial infarction. These data are controversial, and the applicability of a
stem cell approach to nonhematopoietic conditions remains experimental. However, reprogramming technology offers the potential for
using the readily obtained hematopoietic stem cell as a source for cells
with other capabilities.
The stem cell, therefore, represents a true dual-edged sword. It has
tremendous healing capacity and is essential for life. Uncontrolled, it
can threaten the life it maintains. Understanding how stem cells function, the signals that modify their behavior, and the tissue niches that
modulate stem cell responses to injury and disease are critical for more
effectively developing stem cell–based medicine. That aspect of medicine will include the use of the stem cells and the use of drugs to target
stem cells to enhance repair of damaged tissues. It will also include the
careful balance of interventions to control stem cells where they may
be dysfunctional or malignant.

