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UMBILICAL CORD BLOOD IN REGENERATIVE MEDICINE

Alchough the primary use of cord blood has been to restore hemaropoi-
etic function, a number of other potential applications are possible, but
these require furcher research. While there have been limited successes in
controlled laboratory sertings, it i1s unlikely that any of these studies will
translate into clinical applications in the near future, Racher, they should be
considered a guide for furure studies using carefully thoughr-our animal
maodels, Table 3-2 summarizes the present areas of nonclinical research
underway with cord blood,

One of the earliest reports that HPC might be capable of generating
other tissues was in 1998 (Goodell, 2004). In that study, researchers le-
thally irradiated rats and damaged their skeletal museles. After the rats
received a bone marrow transplant, donor nuclei were found in the skeleeal
muscles ar very low frequencies. Similar studies found thar donor-derived
cells could also be found in heart, liver, gastrointestinal, and neural tissues.
The prevalence of these ransdifferentiation events has varied widely, and
some rescarchers feel the event is actually cell fusion rather than
transdifferentiation. However, research has continued.

TABLE 3-2 Summary of Current Research

Tvpe of Rescarch  Reference Srarus
Cardiac repair Perry and Roth Capillary-like tubes are grown in culture
[20D3)

Vanclli et al. (2004 Transplants in animals have led 1o
improved cardiac function

Central nervous Newman et al. Mice with amytropic lateral sclerosis
svatem disense (20004} improved after transplantation

Spinal cord injury  Saporta er al. (2003) HPCs engrafred in the arca of injury in rars
Stroke Taguchi er al. Vascular activity in damaged area in

(2004} mice increased post-transplantation

Willing et al. (2003) Motor improvement was noted in mice
post-teansplantarion

Brain damage Jensem et al. (2003)  Hypoxic mice showed improvement
posttransplantation
Liver injury Di Campli er al. Potential for transdifferentiation was
{2004) first moted in humans posttransplantation
Gastrointestinal Ishikawa er al. Minimal transdifferentiation for

(24} intestinal tissue was noted
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Because early research focused on whole bone marrow, the next step
was to refine the marrow to ensure thar it was the HPCs and not other cells
in the bone marrow thar served as the source of the observed donor cells,
This has been achieved in several cases and the donor cells have been
observed at verv low frequencies,

Researchers have observed donor cells in nonhematopoietic tissue
among humans who have received sex-mismarched transplants. Most scien-
tists believe, however, thar this does not demonstrare transdifferentiation so
much as it demonstrates the ability of the donor cells to circulate (Goodell,
2004).

A final open question with regard to cord blood in nonhematopoietic
applications is the presence or absence of the more plastic M5Cs. MSCs are
a rare form of multipotent progenitor cells capable of supporting hemaro-
poiesis and of differentiating into osteogenic, adipogenic, myoblastic, and
chondrogenic cell lines. Several investigators (Wexler et al., 2003; Gang et
al., 2004; Bieback et al., 2004) have been able to culture MSCs from human
bone marrow, but they have been unable to do so with umbilical cord
blood. For this reason, these researchers have concluded thar given the
current level of knowledge, cord blood is unsuitable for cell therapy appli-
cations. Similarly, research by Yu er al. (2004) demonstrated the abilicy ro
isolate MSCs from cord blood collected after preterm deliveries, but not
from blood extracred afrer full-term pregnancies,

Biehack er al. (2004) have, however, been able ro isolate MSC-like cells
from cord blood, Their success, however, is relatively isolated (63 percent
of 59 units), and they were successful only under optimized isolation and
culture conditions. It is also worth noting that they were able to generate
only osteogenic and chondrogenic progenitor cell lines but were noe able to
develop adipogenic-like cells. Gang et al. {2004) were able to grow myo-
genic precursor cells; however, their abilicy to do g0 was limired and groweh
seemed to peak at day 3 after the initation of culture, indicating the need
for further research.

Some of the more specific research being conducted is summarized in
the following sections.

Cardiac Repair

Perry and Roth (2003) have described the present potential for recon-
seructing human cardiac cells from bone marrow, peripheral blood, and
cord blood. They described a study in which cord blood stem cells were
treated with vascular endothelial growth factor and basic fibroblast growth
factor and noted the formation of capillary-like tubes. Other research dis-
cussed by Perry and Roth isolated HPCs from cord blood, culeured ehem in
a pulse duplicaror bioreactor on a conduir artery scaffold, and found that



[iTi3 CORD BLOOD

the constructs were very similar to those of nacive tissues (Perry and Roth,
2003).

Vanelli er al. (2004) indicated thae the study of cardiac stem cell precur-
sors in human cord blood and bone marrow will lead to a berrer under-
standing of the biology of human cardiac cell differentiarion, in additon o
providing practical applications. They write that studies with animal mod-
els have shown that transplantation has led to improved cardiac funcrion.
They further note, however, thar when transplanting large populations of
unsorted marrow or unmanipulated cord blood, researchers should eake
into account the fact that only a small fraction of such cells will reach the
desired organ.

Central Nervous System Discase

Newman et al. (2004) have described some of the current research
being conducted using HPCs from cord blood to trear diseases of the cen-
tral nervous svstem. A study involving the transplantation of HPCs into
mice with amyotropic lateral sclerosis found that the mice showed improve-
ments in motor function, lost weight, and lived longer than the mice that
did nor receive the HPCs. The mice in that study received the transplane
before the onset of significant motor deficits. They were then analyzed for
evidence of donor cells. Some of the donor cells located in the central
nervous system were found ro express neural cell phenorvpes. These are the
first data ro suggest that donor HPCs are capable of both in vivo differen-
tiation and migration to the brain and spinal cord in the absence of injury.

Again, however, much more research is needed before these successes
can be considered indicative of what might happen in humans.

Spinal Cord Injury

Saporta et al. (2003) noted the ability of cord blood cells to rarger and
migrate to areas of damage and engrafe therein after intravenous infusion.
Building on this knowledge, they examined the ability of cord to target a
zone of compression injury in the spinal cord of adult male Sprague-Dawley?
rars.

The researchers compressed the spinal cords of these rats and infused
cord blood ar either 1 or § days post injury. By prelabeling the cells, the
researchers were able to demonstrare thar the cord blood engrafred in the
areas of the spinal cord injury. They postulate that the cord blood entered
the areas of damage through damaged blood vessels at the site of the injury

27 widely accepted, dependable, and general-purpose strain of rat used as a rescarch model,
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or through a compromised blood-brain barrier at sites of secondary dam-
age. The harvested cells did not, however, show evidence of differentiation.

In addition to the evidence of engraftment, the rats also showed signifi-
cant behavioral improvement compared with the behaviors of the rats that
had not received the cord blood. The number of cells transplanted, how-
ever, was not enough to restore significant motor function,

Recent reports (AFP, 2004) from Korea, however, indicare thar cord
blood transplantation may have promising applications in humans with
spinal cord injury, A 37-vear-old woman who had been paralyzed for
almost 20 vears reportedly regained the ability to walk after she received a
cord blood injection directly in the damaged part of the spinal cord. Other
researchers (Willenbring et al., 2004) caution against drawing conclusions
trom this isolated incident and believe that this research needs o be reliably
replicared before it can be regarded as a porencial cherapy.

Brain Injury

Stroke

In individuals with srroke, blockage of the blood vessels leading ro
certain areas of the brain causes focal ischemia and subsequent degenera-
tion of the tissue (Pererson, 2004). The severity of degeneration depends on
the location and the extent of the injury. In most cases, however, recovery
from stroke is not a result of the recovery of the tissue but, rather, is a result
of the development of new neural pathways in undamaged regions.

Taguchi er al. (2004) modeled stroke in genetically modified SCID
mice, Human Cl1334* cells from cord blood were adminisrered to the mice
via the tail vein wichin 48 hours afrer an induced stroke. Mice that received
the cells displayed new vascular acrivity within 24 hours of the rransplane
and had significantly enhanced cerebral blood flow (Taguchi et al., 2004),
These mice also displayed significant improvement on behavioral tests com-
pared with behaviors of control mice and mice that received CD34- cells
{Taguchi et al., 2004).

Willing et al. {2003} have found that mononuclear cells in cord blood
function similarly to MSCs in bone marrow. These investigators also trans-
planted cord blood into rats with stroke, and alehough the number of rats
was small, they also noted significant improvements in moror skills and
behavior compared with those of the rars thar did nor receive cord blood.

Non-Stroke-Related Brain Damage

Jensen e al. (2003) researched the potential of cord blood transplanta-
tion as a reatment for children who were brain damaged because of hy-
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poxic incidents during birth, They note thar the central nervous system,
unlike other tissues, has a limited regenerartive potential. The transplanta-
tion of cord blood, they argue, could be a new therapy.

They reproduced the hypoxic injuries in rats and afrer transplaneation
noted markedly improved behavior in the rars char received cord blood
transplants compared with the behavior of unereared conerol rats,

Toxic Liver Injury

Di Campli et al. (2004) compared several studies using both animal
models and humans and have highlighted the potential of HPCs to trans-
differentiate into nonhematopoietic cells. Marrow-derived hepatocytes were
tirst noted in a rar model that showed male cells in female recipients. Those
cells not only had the physical characreristics of liver cells, bur also demon-
strated the appropriate synchetic and metabolic functions.

Di Campli et al. (2004) noted, however, that the time course of the
transdifferentiation process has never been fully explored. They also noted
that the number of cells present is well below the therapeuric level needed
for the effective treatment of some disorders.

Gastromntestinal Disorders

Inflammarory bowel disorders, such as Crohn's disease and ulcerarive
colitis, often require novel treatments. Ishikawa et al. (2004) analyzed the
capacity of human bone marrow- and cord blood-derived progenitor cells
to generate gastrointestinal epithelial cells. To do this, they analvzed gas-
trointestinal specimens from pediacric and juvenile recipients of allogeneic
sex-mismatched progenitor cell transplants and looked for evidence of do-
nor-derived cells (Ishikawa er al., 2004). None of the human parienes exhib-
ited any chimerism. However, upon closer inspection under an electron
microscope, donor-derived cells could be found ar frequencies berween 0.4
and 1.9 percent.

The researchers then performed similar experiments with mice and T-
cell-depleted human bone marrow and cord blood mononuclear cells. They
injected these cells into newborn mice after the mice were subjected to
total body irradiation. Afrer determining that the mice exhibited hemato-
logical chimerism, the researchers harvested gasrroinresrinal tissues from
the mice. The resules of this experiment indicared rhar xenogenic rrans-
plantation can regenerate epithelial cells in intestinal tissue as well as
reconstitute lymphocyres,
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Gene Therapy

Newman et al. (2004) postulated that HPCs are promising targets for
gene therapy, In theory, the progenitor cells within the mononuclear cell
population of cord blood can be used as cell-based gene therapy.

DEVELOPING RESEARCH PRIORITIES

The general consensus is that HPCs can be incorporated into non-
hematopoietic tissue, but with very low efficiency. Whether cord blood will
be the optimal source for the regeneration of nonhematopoietic tissues is
unknown (Goodell, 2004). However, strategies are being developed to im-
prove the efficiency of ransdifferentiation with the long-term aim of using
HPCs in therapies for nonhemaropoietic diseases. Further research, includ-
ing adequare animal studies, is clearly needed to betrer understand the
nonhematopoietic potential of cord blood. Furthermore, given the limiced
availability of cord blood for research purposes it is important that non-
clinical units not be discarded or destroved,

Recommendation 3.1: Federally funded umbilical cord blood banks
should have a mechanism by which they can make available for re-
search use units not appropriate for clinical use according to the prior-
ity standards developed by the National Cord Blood Policy Board
proposed by the committee (see Chaprer 7).

The committee suggests that the proposed National Cord Blood Policy
Board consider that the following tvpes of rescarch be given priority for
nonelinical use of cord blood:

research funded by the Nadonal Insticures of Health,
peer-reviewed research receiving other government funding,
other peer-reviewed research, and

other unfunded bur innovarive research proposals,
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