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Figure 89e-2 Hierarchy of hematopoietic differentiation. Stem cells are multipotent cells that are the source of all descendant cells and
have the capacity to provide either long-term (measured in years) or short-term (measured in months) cell production. Progenitor cells have a
more limited spectrum of cells they can produce and are generally a short-lived, highly proliferative population also known as transient amplifying cells. Precursor cells are cells committed to a single blood cell lineage but with a continued ability to proliferate; they do not have all the features of a fully mature cell. Mature cells are the terminally differentiated product of the differentiation process and are the effector cells of specific activities of the blood and immune system. Progress through the pathways is mediated by alterations in gene expression. The regulation
of the differentiation by soluble factors and cell-cell communications within the bone marrow niche are still being defined. The transcription
factors that characterize particular cell transitions are illustrated on the arrows; the soluble factors that contribute to the differentiation process
are in blue. This picture is a simplification of the process. Active research is revealing multiple discrete cell types in the maturation of B cells and
T cells and has identified cells that are biased toward one lineage or another (rather than uncommitted) in their differentiation. EPO, erythropoietin; RBC, red blood cell; SCF, stem cell factor; TPO, thrombopoietin.
cells. The process may be controlled by particularly high levels of
cyclin-dependent kinase inhibitors like p57 or CDKN1c that restrict
entry of stem cells into the cell cycle, blocking the G1-S transition.
Exogenous signals from the niche also appear to enforce quiescence,
including the activation of the tyrosine kinase receptor Tie2 on stem
cells by angiopoietin 1 on niche cells.
The regulation of stem cell proliferation also appears to change with
age. In mice, the cyclin-dependent kinase inhibitor p16INK4a accumulates in stem cells in older animals and is associated with a change
in five different stem cell functions, including cell cycling. Lowering
expression of p16INK4a in older animals improves stem cell cycling
and capacity to reconstitute hematopoiesis in adoptive hosts, making
them similar to younger animals. Mature cell numbers are unaffected.
Therefore, molecular events governing the specific functions of stem
cells are being gradually made clear and offer the potential of new
approaches to changing stem cell function for therapy. One critical
stem cell function that remains poorly defined is the molecular regulation of self-renewal.

For medicine, self-renewal is perhaps the most important function
of stem cells because it is critical in regulating the number of stem cells.
Stem cell number is a key limiting parameter for both autologous and
allogeneic stem cell transplantation. Were we to have the ability to
use fewer stem cells or expand limited numbers of stem cells ex vivo,
it might be possible to reduce the morbidity and expense of stem cell
harvests and enable use of other stem cell sources. Specifically, umbilical cord blood is a rich source of stem cells. However, the volume of
cord blood units is extremely small, and therefore, the total number
of hematopoietic stem cells that can be obtained in any single cord
blood unit is generally only sufficient to transplant an individual of
<40 kg. This limitation restricts what would otherwise be an extremely
promising source of stem cells. Two features of cord blood stem cells
are particularly important. (1) They are derived from a diversity of
individuals that far exceeds the adult donor pool and therefore can
overcome the majority of immunologic cross-matching obstacles. (2)
Cord blood stem cells have a large number of T cells associated with
them, but (paradoxically) they appear to be associated with a lower
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