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The emerging field of stem cell-based therapy continues
to receive attention as one of the most promising frontiers
of medical science. Building on previous work in which he
identified bone marrow-derived endothelial progenitor cells
(EPCs) and demonstrated their role in the generation of
new blood vessels, Takayuki Asahara seeks to characterize
adult stem and progenitor cells with even greater differ-
entiative potential, and simultaneously to translate that
research into clinically relevant advances.

Blood vessels are formed by two distinct physiological
processes in the adult body. In angiogenesis, new blood
vessels are generated from pre-existing, differentiated en-
dothelial cells. Vasculogenesis, on the other hand, involves
the recruitment and differentiation of previously undiffer-
entiated EPCs at the site of new blood vessel growth.
These EPCs are themselves the progeny of adult stem cells
known as hemangioblasts, which can be induced to demon-
strate true pluripotency under the right culture conditions.
The vascularization of regenerating tissue is a critical com-
ponent of the natural healing process as well as funda-
mental to the recovery of blood vessels that have been
damaged, blocked or lost, and the ability to promote and
regulate the growth of new blood vessels using EPCs will
provide impetus and new areas to explore for researchers
and clinicians working to develop treatments for disorders
of the cardiovascular and other systems.

Stimulating EPC accumulation

Researchers in the Asahara lab found that EPCs taken
from human subjects and expanded ex vivo contributed
to the vascularization of the damaged limbs of mice at
higher efficiencies if the limbs were first injected with a
factor known as SDF-1 (stromal cell-derived factor-1), a
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chemokine originally identified in mouse bone marrow and
whose only known receptor is expressed in hematopoietic
stem cells. The CXCR4 transmembrane receptor, present
in CD344 hematopoietic cells, shows a strong attraction
to SDF-1 and is believed to help recruit stem cells to sites
in need of vascular replacement or repair.

This belief was borne out by the EPC transplantation
study, in which the researchers first isolated large numbers
of human EPCs for transplantation into mouse models of
limb ischemia - localized oxygen starvation of tissue result-
ing in damage to blood vessels. The transplanted human
EPCs were found to improve neovascularization in the is-
chemic mouse limbs, as well as to reduce the secondary
effects of prolonged ischemia, which include necrosis and
autoamputation. The incorporation of the transplanted
EPCs at ischemic sites was determined by measuring the
uptake of labeled human progenitor cells in tissue sections
from the SDF-1 and uninjected groups, which showed that
the EPCs accumulated at nearly two times the rate in the
limbs which had been injected with SDF-1 compared to
that in the control group. This represents an important
first proof-of-principle demonstration that the homing of
EPCs to a damaged area can be augmented by an extrinsic
factor.

Targeted and autologous transplantation

EPCs represent an extremely promising new mode of
promoting the therapeutic growth of blood vessels, but sig-
nificant obstacles must be overcome before that promise
can be realized. Previous studies in rats have used quan-
tities of EPCs that would require impracticably large sup-
plies of peripheral blood to derive equivalent amounts of
EPCs for use in humans, and the possibility of rejection of
blood from non-self sources by the immune system remains
another important potential barrier. Members of the Asa-
hara team sought to address these questions by develop-
ing a system for the local, rather than systemic, trans-
plantation of EPCs freshly isolated from the host. These
studies were conducted using a swine model of myocar-
dial (heart muscle) ischemia, from which small quantities
of blood were drawn to allow the isolation and expansion
of EPCs, identified by the presence of the marker molecule
CD31. Catheters were used to inject similar quantities of
either CD314 or CD31— cells, or of a control solution con-
taining no cells, directly into ischemic sites in the hearts
of pigs, to test the effects of the concentrated delivery of
autologous EPCs. The results showed that the targeted
transplantation of CD314 hematopoietic cells reduced is-
chemic damage and promoted neovascularization, resulting
in improved cardiac function, while pigs receiving CD31—
or control solutions experienced no such benefits. A com-
plementary study involving the targeted transplantation
of human CD34+4 cells into ischemic rat hearts showed
that non-autologous cells can also incorporate into dam-
age sites and differentiate into functioning endothelial cells,
even when the transplanted quantities are one-twentieth
the amounts used in similar previous experiments.

Research Subjects

1. To identify post-natal pluripotent stem cells from
adult tissues

2. To define cellular and molecular mechanisms of stem
cell commitment into vascular lineage cells

3. To elucidate the contribution of stem cell vascular de-
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velopment during organogenesis, and transfer the find-
ings to therapeutic applications
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