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CARDINAL FUNCTIONS OF HEMATOPOIETIC STEM CELLS
All stem cell types have two cardinal functions: self-renewal and differentiation (Fig. 89e-1). Stem cells exist to generate, maintain, and
repair tissues. They function successfully if they can replace a wide
variety of shorter-lived mature cells over prolonged periods. The process of self-renewal (see below) assures that a stem cell population can
be sustained over time. Without self-renewal, the stem cell pool would
become exhausted and tissue maintenance would not be possible. The
process of differentiation leads to production of the effectors of tissue
function: mature cells. Without proper differentiation, the integrity of
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Figure 89e-1 Signature characteristics of the stem cell. Stem cells
have two essential features: the capacity to differentiate into a variety
of mature cell types and the capacity for self-renewal. Intrinsic factors
associated with self-renewal include expression of Bmi-1, Gfi-1, PTEN,
STAT5, Tel/Atv6, p21, p18, MCL-1, Mel-18, RAE28, and HoxB4. Extrinsic
signals for self-renewal include Notch, Wnt, SHH, and Tie2/Ang-1.
Based mainly on murine studies, hematopoietic stem cells express the
following cell surface molecules: CD34, Thy-1 (CD90), c-Kit receptor
(CD117), CD133, CD164, and c-Mpl (CD110, also known as the thrombopoietin receptor).

DEVELOPMENTAL BIOLOGY OF HEMATOPOIETIC STEM CELLS
During development, blood cells are produced at different sites.
Initially, the yolk sac provides oxygen-carrying red blood cells, and
then the placenta and several sites of intraembryonic blood cell
production become involved. These intraembryonic sites engage in
sequential order, moving from the genital ridge at a site where the
aorta, gonadal tissue, and mesonephros are emerging to the fetal liver
and then, in the second trimester, to the bone marrow and spleen. As
the location of stem cells changes, the cells they produce also change.
The yolk sac provides red cells expressing embryonic hemoglobins
while intraembryonic sites of hematopoiesis generate red cells, platelets, and the cells of innate immunity. The production of the cells of
adaptive immunity occurs when the bone marrow is colonized and
the thymus forms. Stem cell proliferation remains high, even in the
bone marrow, until shortly after birth, when it appears to dramatically
decline. The cells in the bone marrow are thought to arrive by the
bloodborne transit of cells from the fetal liver after calcification of the
long bones has begun. The presence of stem cells in the circulation is
not unique to a time window in development; however, hematopoietic stem cells appear to circulate throughout life. The time that cells
spend freely circulating appears to be brief (measured in minutes in
the mouse), but the cells that do circulate are functional and can be
used for transplantation. The number of stem cells that circulate can
be increased in a number of ways to facilitate harvest and transfer to
the same or a different host.
MOBILITY OF HEMATOPOIETIC STEM CELLS
Cells entering and exiting the bone marrow do so through a series of
molecular interactions. Circulating stem cells (through CD162 and
CD44) engage the lectins (carbohydrate binding proteins) P- and
E-selectin on the endothelial surface to slow the movement of the
cells to a rolling phenotype. Stem cell integrins are then activated and
accomplish firm adhesion between the stem cell and vessel wall, with
a particularly important role for stem cell VCAM-1 engaging endothelial VLA-4. The chemokine CXCL12 (SDF1) interacting with stem
cell CXCR4 receptors and ionic calcium interacting with the calcium
sensing receptor appear to be important in the process of stem cells
getting from the circulation to where they engraft in the bone marrow.
This is particularly true in the developmental move from fetal liver to
bone marrow.
However, the role for CXCR4 in adults appears to be more related
to retention of stem cells in the bone marrow rather than the process
of getting them there. Interrupting that retention process through
either specific molecular blockers of the CXCR4/CXCL12 interaction,
cleavage of CXCL12, or downregulation of the CXCR4 receptor can
all result in the release of stem cells into the circulation. This process is an increasingly important aspect of recovering stem cells for
therapeutic use as it has permitted the harvesting process to be done
by leukapheresis rather than bone marrow punctures in the operating
room. Granulocyte colony-stimulating factor and plerixafor, a macrocyclic compound that can block CXCR4, are both used clinically to
mobilize marrow hematopoietic stem cells for transplant. Refining our
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All of the cell types in the peripheral blood and some cells in every tissue of the body are derived from hematopoietic (hemo: blood; poiesis:
creation) stem cells. If the hematopoietic stem cell is damaged and can
no longer function (e.g., due to a nuclear accident), a person would
survive 2–4 weeks in the absence of extraordinary support measures.
With the clinical use of hematopoietic stem cells, tens of thousands of
lives are saved each year (Chap. 139e). Stem cells produce hundreds of
billions of blood cells daily from a stem cell pool that is estimated to be
only in the tens of thousands. How stem cells do this, how they persist
for many decades despite the production demands, and how they may
be better used in clinical care are important issues in medicine.
The study of blood cell production has become a paradigm for how
other tissues may be organized and regulated. Basic research in hematopoiesis includes defining stepwise molecular changes accompanying
functional changes in maturing cells, aggregating cells into functional
subgroups, and demonstrating hematopoietic stem cell regulation by
a specialized microenvironment; these concepts are worked out in
hematology, but they offer models for other tissues. Moreover, these
concepts may not be restricted to normal tissue function but extend to
malignancy. Stem cells are rare cells among a heterogeneous population of cell types, and their behavior is assessed mainly in experimental
animal models involving reconstitution of hematopoiesis. Thus, much
of what we know about stem cells is imprecise and based on inferences
from genetically manipulated animals.

tissue function would be compromised and organ failure or neoplasia
would ensue.
In the blood, mature cells have variable average life spans, ranging
from 7 h for mature neutrophils to a few months for red blood cells to
many years for memory lymphocytes. However, the stem cell pool is
the central, durable source of all blood and immune cells, maintaining
a capacity to produce a broad range of cells from a single cell source,
yet keeping itself vigorous over decades of life. As an individual stem
cell divides, it has the capacity to accomplish one of three division
outcomes: two stem cells, two cells destined for differentiation, or one
stem cell and one differentiating cell. The former two outcomes are the
result of symmetric cell division, whereas the latter indicates a different
outcome for the two daughter cells—an event termed asymmetric cell
division. The relative balance for these types of outcomes may change
during development and under particular kinds of demands on the
stem cell pool.

