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Abstract

Umbilical cord blood (CB) is a clinically useful source of hematopoietic stem (HSC) and progenitor (HPC)
cells for treatment of a wide variety of malignant and non-malignant disorders. Amongst the benefits of CB,
compared to bone marrow (BM) and mobilized peripheral blood (MPB), as a source of engrafting HSC and
HPC are its ready availability through CB banks, and a relatively low level of graft vs. host disease (GVHD)
elicited after transplantation. Disadvantages of CB, compared to BM and MPB, include the low, and sometimes
limiting, number of cells collected in single donor units which can be less than optimal for engraftment of many
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adults and higher weight children, and the relatively slower speed to engraftment of neutrophils and platelets.
While limiting numbers of nucleated cells found in single units of CB can be compensated for by transplantation
of more than 1 unit of CB, this use of multiple cord blood units may be associated with increased GVHD, and
has not meaningfully reduced the time to neutrophil and platelet engraftment. Thus, means to enhance numbers
and/or potency of collected cells and their engrafting capability through ex-vivo and/or in-vivo maneuvers would
likely enhance the efficacy and applicability of CB transplantation. Such efforts require a deeper understanding
of the cell biology of HSC and HPC, the microenvironment that nurtures these cells, and greater mechanistic
insight into cell surface receptors and intracellular signaling pathways regulating HSC/HPC function. This
information could provide the means to modulate these cells for greater clinical advantage. There is also
the potential, as yet far from proven in a clinical sense for use of mature cells generated from HSC/HPC,
and for non-HSC/HPC uses of CB. Non-HSC/HPC include mesenchymal stem/stromal cells (MSC), endothelial
progenitor cells (EPC), and induced pluripotent stem cells (iPSC). Caution is clearly required for non HSC/HPC
stem/progenitor cell uses of CB, based on insufficient biological and preclinical information for MSC, EPC, and
iPSC. This review addresses current knowledge and potential future means to enhance the quantity, quality
and/or engrafting activity of CB HSC/HPC, and where the field stands in context of MSC, EPC, and iPSC
from CB.

1. Introduction

1.1. Cord blood banking and transplantation

There have now been over 20,000 cord blood (CB) transplants done to treat the same variety of malignant and non-
malignant disorders treated by bone marrow (BM) transplantation (Broxmeyer and Smith, 2009; Broxmeyer, 2010b).
Within the malignant disorders, this includes acute and chronic myeloid and lymphoid leukemias, myelodysplastic
syndromes (Broxmeyer and Smith, 2009; Hough and Rocha, 2010), and a variety of solid tumors, amongst other
malignancies. Non-malignant disorders treated with CB include, but have not been limited to bone marrow failures,
hemoglobinopathies (MacMillan et al., 2010), metabolic disorders (Prasad and Kurtzberg, 2010), leukodystrophies
(Orchard and Tolar, 2010), and primary immunodeficiencies (Smith et al., 2010). Essentially all malignant and non-
malignant disorders treated with BM transplantation have now been treated with CB transplantation. The year 2008
was the 20th Anniversary of the first CB transplant (Broxmeyer and Smith, 2009; Broxmeyer, 2010a). The recipient
of the first CB transplant was a young boy with Fanconi Anemia who received HLA-matched CB from his sister
(Gluckman et al., 1989); he is currently healthy and cured of the hematological manifestations of Fanconi Anemia.
This first transplant (Gluckman et al., 1989), and subsequent CB transplants (Broxmeyer and Smith, 2009) were made
possible by the biological laboratory studies that suggested CB as a potential source of transplantable hematopoietic
stem (HSC) and progenitor (HPC) cells (Broxmeyer et al., 1989). The background to these studies and their references
can be found in Broxmeyer and Smith, 2009. CB has been used in HLA-matched and- partially HLA-matched sibling,
as well as related and unrelated HLA-matched and- partially HLA-matched allogeneic settings. There are more than
450,000 HLA-defined CB collections stored frozen in cryopreserved form in more than 50 CB banks and more than
2,000 CB transplants are being performed world-wide per year (Rocha and Broxmeyer, 2010). The banking of CB
for related and unrelated transplantation through Public or Family/Private Banks are possible because of the ability to
cryopreserve CB HSC and HPC long-term.

1.2. Cryopreservation of CB hematopoietic stem and progenitor cells

Cord blood was originally frozen and transplanted after defrost as totally unseparated cells, which included all
nucleated cells and lysates from non-nucleated erythrocytes, without washing to ensure that all HSC/HPC collected
were infused into the recipient (Broxmeyer et al., 1989; Gluckman et al., 1989). Now CB is minimally separated
as nucleated cells, or mononuclear cells and washed before infusion. It is extremely rare that more sophisticated
separations are used.

Our laboratory has the longest experience with storing CB long-term with efficient recovery of functional HSC
and HPC, as determined by assessment of these cells post-thaw in comparison to pre-freeze numbers from the same
donor. Our last publication reported efficient recovery after 15 years storage (Broxmeyer et al., 2003), but more recent
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work has demonstrated such efficient recovery after 24 plus years (Broxmeyer, unpublished observations, April 2010).
This recovery was assessed by colony assay in vitro for granulocyte macrophage (CFU-GM), erythroid (BFU-E), and
multipotential (CFU-GEMM) progenitors and in vivo for SCID Repopulating cells (SRC). SRC are cells that engraft
sublethally irradiated mice with Non-Obese Diabetic-Severe Combined Immunodeficiency (NOD-SCID). We have
found that CD34+ cells isolated from frozen CB stored frozen for over 20 years can repopulate BM and blood of IL-2
receptor gamma chain null NOD-SCID (NSG) mice for over 6 months and that the human cells removed from BM
from these human CB cell engrafted mice can repopulate the BM and blood of secondary irradiated NGS mice. This
demonstrates that the cryopreserved CB contained HSC with long-term repopulating (as assessed in primary mice)
and self-renewal capacity (as assessed in secondary mice).

1.3. Advantages and disadvantages of CB as a source of HSC and HPC

Since our original clinical paper (Gluckman et al., 1989), there have been a number of reports documenting
the efficacy of CB transplantation for treatment of children and adults (Reviewed in: Broxmeyer and Smith, 2009;
Broxmeyer, 2010b; Rocha and Broxmeyer, 2010). The advantages of CB for HSC transplantation include, but are not
necessarily limited to ease and rapid accessibility, an important consideration when a donor source of HSC is needed
quickly, and the now well-documented lesser elicitation of acute and chronic graft vs. host disease (GVHD) when CB
is used, compared for example to BM. While these advantages are noteworthy and a reason for the more than 20,000
CB transplants performed to date, there are noted disadvantages with CB as a source of transplantable HSC. These
include the limiting numbers of cells collected in units of CB from a single donor, and the longer time to engraftment
of neutrophils and platelets compared to BM or mobilized peripheral blood (mPB) (Rocha et al., 2000; 2001; 2004;
Laughlin et al., 2004; Eapen et al., 2007; and reviewed in Broxmeyer and Smith, 2009; and Rocha and Broxmeyer,
2010). The former disadvantage means that one cannot always get enough cells from a single CB donor to be able to
successfully engraft an adult or high weight child. While a CB unit with a nucleated cell count less than 23 million per
kgbwt of the recipient has successfully engrafted adults, the success rate is less than what physicians are comfortable
with, and greater than 23 million nucleated cells per kgbwt is usually used for transplantation. However, even with
this dose of CB cells, the time to neutrophil and platelet engraftment is slow, meaning a potentially longer hospital
stay.

1.4. Enhancing the effectiveness of CB for transplantation

There are a number of means currently being investigated in the clinic to compensate for the limiting numbers
of HSC and HPC in single collections of CB. Some of these have been reviewed (Rocha and Broxmeyer, 2010; Kelly
et al., 2010; and Brunstein and Laughlin, 2010). The most successful to date is the use of more than one CB, usually
2 CBs, for transplantation (Barker et al., 2005; Brunstein et al., 2007; Ballen et al., 2007). The use of more than one
CB has resulted in many more CB transplants to treat adults, and this has been an important advance in the field of
CB transplantation.

However, of two or more CBs transplanted into one recipient it is usual for only one of those multiple CBs
infused in the patient to be present in the patient after a month or two (Barker et al., 2005; Brunstein et al., 2007; Ballen
et al., 2007). The ultimately engrafting CB unit can still not be predetermined, and it is not clear why only one unit
usually “wins out”, although it has been suggested that CB units with a low viability of CD34+ cells within the total
population of relatively unseparated cells have low probability of engraftment after double CB unit transplantation
(Scaradavou et al., 2010). The disadvantages of using multiple CB units for transplantation is that this seems to be
associated with increased GVHD (MacMillan et al., 2009), and one of the advantages of CB using a single unit is
the lowered GVHD. Also, the use of multiple CB units does not appear to have significantly accelerated the time to
engraftment of CB cells. A pre-engraftment syndrome, not associated with GVHD, has been noted after double CB
unit transplantation, but this condition responds promptly to short-term use of corticosteroids (Patel et al., 2010). It is
also not clear that the use of double CB units is more efficacious than single CB unit transplantation. It may be that
with two CB units, one has double the chance to be infusing a more potent unit. CB units are purchased from Public
banks. Use of multiple units entail a substantially increased cost compared to the use of one CB unit. In the meantime,
it is important to better understand the biology and functional capabilities of human HSCs and HPCs, to be able to
modulate these cells, especially those in CB, for enhanced clinical efficacy.
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2. HSCs and HPCs and means to enhance their efficiency of engraftment

2.1. Characterization of human HSCs and HPCs

Most of what we know about the phenotype and functional capacity of HSCs and HPCs comes from mouse
studies. The most rigorous assay for mouse HSCs is their functional capability to engraft and repopulate the blood cell
system of mice receiving what would have been a lethal dose of radiation. In the mouse system there is a very good
correlation between specific phenotype and functional activity for HSC, as well as for the different phenotyped HPCs
including: common myeloid progenitor (CMP; most akin to a CFU-GEMM), common lymphoid progenitor (CLP),
granulocyte macrophage progenitor (GMP; probably equivalent or close to that of a CFU-GM), and a myeloid erythroid
progenitor (MEP) (Weissman and Shizuru, 2008). It should be noted that phenotype does not always recapitulate
function, especially when cells have been manipulated ex-vivo prior to phenotyping. Also, the phenotypes for human
HSC are not as rigorously identified as those for mouse HSC. The mouse NOD-SCID assay is used for functional
detection of human HSC via the SRC which involves a xenogeneic transplant setting (human cells into sublethally
irradiated mice). Regardless, efforts to better define human HSC and HPC phenotypically are ongoing (Weissman
and Shizuru, 2008; Majeti et al., 2007). Phenotype is very helpful, but I myself still prefer a functional assessment of
HSCs and HPCs, where possible. Phenotype alone may not present the full functional range of activities of the HSC or
HPC. Currently, CB HSCs are phenotypically characterized as being CD34+CD38−CD90+CD45RA− and mature cell
lineage−, while candidate human multipotential progenitors are categorized as being CD34+CD38−CD90−CD45RA−
and lineage− (Majeti et al., 2007). There are a number of intracellular molecules that have been linked to functional
activities of HSCs and HPCs (Shaheen and Broxmeyer, 2009), including cell survival, self-renewal, proliferation,
differentiation, and migration (homing, mobilization, and chemotaxis (directed cell movement)). These intracellular
molecules include, but are not limited to p21cip1/waf1, p27kip1, Stat3, Stat5, Notch, Wnt, β-catenin, GSK-3, sonic
hedgehog, bone morphogenic protein, members of the Hox family (such as Hoxb4), FoxO, Pu.1, GATA-1, Sirt1 (and
other members of the sirtuin family of deacetylases), HIF-1α, Rheb2, and the rapamycin sensitive m-TOR pathway
(reviewed in Shaheen and Broxmeyer, 2009). In addition, a better understanding of the role mitochondria may play in
HSC/HPC function could be useful. We don’t yet know how to best and most efficiently manipulate these intracellular
signaling molecules and their networks for enhancement of expansion, homing and engraftment, but such knowledge
would enhance the capacity for limiting numbers of CB HSCs and HPCs to be expanded ex-vivo and/or in vivo, and
for more efficient homing. Mouse HSCs have recently been characterized at a single cell level for transcriptional
factors (Yashiro et al., 2009), cell division (Wu et al., 2007), spatio-temporal dynamics of cell cycle progression
(Sakaue-Sawano et al., 2008), and telomere length analysis (Hills et al., 2009). Advances in analysis of single defined
human cells, with direct correlations to functional activity will enhance our ability to better utilize CB HSCs.

2.2. Microenvironment for HSCs and HPCs

Within the body, HSCs and HPCs are nurtured for survival, self-renewal, proliferation, and differentiation in
specified niches within the BM that are still not well-defined or- understood, but that are becoming better recognized
(Kiel and Morrison, 2008). The microenvironment is composed of an interacting network of stromal cells, mesenchymal
stem/stromal cells (MSC), endothelial cells, and endothelial progenitor cells (EPC), fibroblasts, and certain blood cell
types. More in-depth knowledge of HSCs, HPCs, the environmental niche that nurture these cells at single cell-cell
interactions and the cross-feeding interaction that likely moves in both directions (niche to HSC/HPC, and HSC/HPC
to niche) are key to better manipulating the HSC engrafting process (Broxmeyer 2006). The chemokine-chemokine
receptor interaction of stromal cell derived factor-1 (SDF-1/CXCL12) and its receptor, CXCR4 are important for
chemotaxis, homing, mobilization, and survival of HSC and HPCs (Dar et al., 2006; Spiegel et al., 2008; Shaheen and
Broxmeyer, 2009). Recent studies have reported that HSCs depend on Gα-mediated signaling to engraft BM (Adams
et al., 2009), Transforming Growth Factor-β (TGF-β) (Basu and Broxmeyer, 2005), as well as the intracellular protein
phosphatase (PP) 2A which is involved in SDF-1/CXCL12 actions on human CB CD34+ HPC and SRC (Basu et al.,
2007). TGF-β (Qian et al., 2007; Yamazaki et al., 2009, and references cited within these papers) and Thrombopoietin
and its receptor, MPL (Yoshihara et al., 2007) have been identified as candidate BM signaling molecules in the niche
that induce HSCs to decrease cell cycle progression and remain in a quiescent state. Nf2/Merlin is reported to regulate
HSC function by effects on the architecture of the microenvironment (Larsson et al., 2008).

2.3. Expansion of CB HSCs and HPCs

Investigators have been trying to ex-vivo expand human HSCs for years, but have not yet succeeded in a
clinically meaningful way, even though this was accomplished decades ago for mouse HSCs, and mouse and human
HPCs (Broxmeyer, 2010a). The better such approaches include combinations of the cytokines Stem Cell Factor (SCF),
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Thrombopoietin (TPO) and Flt3 ligand (FL), collectively abbreviated STF, with various cytokines or cells added to
this combination. However, a recent publication on Notch-mediated expansion of CB HPCs capable of rapid myeloid
reconstitution (Delaney et al., 2010), may if reproduced by others be a means to ex-vivo expand cells in a clinically
useful manner. We recently demonstrated that the addition of SDF-1/CXCL12 to the STF combination doubles the
output of CB HPCs (Broxmeyer et al., 2009). Whether or not this SDF-1-STF combination acts to expand HSCs
ex-vivo remains to be determined. Expansion of human HSCs ex-vivo and/or in-vivo remains a fertile, if not yet
realistically accomplished, area of investigation.

2.4. Efforts at enhanced homing and engraftment of CB HSCs

2.4.1. CD26/Dipeptidylpeptidase IV (DPPIV) Inhibition

CD26/DPPIV, SDF-1/CXCL12, and one of the SDF-1/CXCL12 receptors, CXCR4, are involved in HSC/HPC chemo-
taxis and homing (reviewed in Shaheen and Broxmeyer, 2009). We recently demonstrated that the cell surface protein
CD26, which is a DPPIV with functional peptidase activity truncates SDF-1/CXCL12 into a molecule which no longer
has chemotactic activity, but which can block full length SDF-1/CXCL12 induction of human CB CD34 cell chemo-
taxis (Christopherson et al., 2002), effects prevented by inhibition of CD26/DPPIV activity with small peptides such
as Diprotin A (ILE-PRO-ILE) or the dipeptide VAL-PYR, or by deletion of CD26 in CD26 -/- mice (Christopherson
et al., 2004). Importantly, inhibition or deletion of CD26/DPPIV in mouse BM HSCs greatly enhanced the homing and
engrafting capability of limiting numbers of long-term marrow, competitive repopulating and self-renewing mouse
HSCs into lethally irradiated primary and secondary mice (Christopherson et al., 2004), effects confirmed and extended
by others using mouse BM cells (Tian et al., 2006; Peranteau et al., 2006; Wyss et al., 2009). We (Campbell et al.,
2007) and others (Christopherson et al., 2007) demonstrated that peptide inhibition of CD26/DPPIV also enhanced
engraftment of limiting numbers of CB CD34+ cells into NOD-SCID mice, while others (Kawai et al., 2007) demon-
strated the same effect with granulocyte-colony stimulating factor (G-CSF) mPB. Treatment of donor cells (Campbell
et al., 2007; Christopherson et al., 2007) or of recipient mice (Kawai et al., 2007; Broxmeyer et al., 2007) enhanced
engraftment. A clinical trial at the Indiana University School of Medicine is currently evaluating CD26/DPPIV in-
hibition for enhancement of the engrafting capability of CB cells in a clinical setting under the direction of Sherif
Farag, MD.

2.4.2. Fucosylation of CB cells

Another means to enhance engraftment of adult human CD34+ cells into NOD-SCID mice takes advantage of the
noted roles of P-selectin and E-selectin that are expressed on endothelial cells (Xia et al., 2004). It was determined that
surface fucosylation of human CB CD34+ cells increased the binding of these cells to P- and E- selectin, and in the
process enhanced engraftment of these cells in BM of NOD-SCID mice. This entailed treatment of CD34+ cells with
guanosine diphosphate fucose and exogenous α1–3 fucosyltransferase VI. This method of enhancing CB engraftment
is under preclinical and clinical assessment at the MD Anderson Tumor Hospital in Houston, TX under the direction
of Dr. E.J. Shpall.

2.4.3. Prostaglandin E2 enhancement of homing and engraftment of HSCs

Prostaglandin E2 (PGE2) is a multifunctional eicosanoid that was first shown to suppress proliferation in-vitro and
in-vivo of HPCs, especially that of macrophage progenitors (Pelus et al., 1979; 1981; Gentile et al., 1983). It also
enhanced proliferation of BFU-E (Lu et al., 1984; 1987), and had enhancing activity on a subset of HSC, that was
more closely associated with HPC, the colony forming unit-spleen (CFU-S) (Feher and Gidali, 1974). Studies by Pelus
et al., (1982) suggested indirectly that PGE might also be acting on a cell giving rise to an HPC, perhaps an HSC.
Most recently, it has been shown that PGE2 enhances the engrafting capabilities of HSCs (North et al., 2007) and that
this reflects both increases in homing and self-renewal events of HSCs (Hoggatt et al., 2009).

Since the mechanisms of action of the above HSC engrafting methods are likely different, it is possible that they
may work in additive to synergistic ways, to greatly enhance homing and engraftment of limiting numbers of HSCs,
effects that would potentially be of relevance to enhancing the engrafting capability of CB for clinical transplantation.
As other means become available to enhance homing and/or in-vivo repopulation of HSCs, we may eventually be
able to use single CBs routinely for engraftment of adults who require HSC transplantation for treatment and cure of
malignant and non-malignant disorders. There may even come a time when CB from one donor will be used to treat
more than one recipient.
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2.4.4. Other means to enhance engraftment

There are a number of other ways to enhance engraftment of CB cells. These include: increasing the collection of CB
cells at birth, perhaps by perfusing the placental vessels (Broxmeyer et al., 2009; Rocha and Broxmeyer, 2010). It is
also possible that now that the placenta itself has been identified as a source of HSCs and HPCs (Alvarez-Silva et al.,
2003; Gekas et al., 2005; Ottersbach and Dzierzak, 2005; Mikkola et al., 2005; Rhodes et al., 2008; Robin et al., 2009;
Kieusseian and Cumano, 2008; and Yoshimoto and Yoder, 2009) that one can, in addition to collection of extra cells
from the cord by perfusion, also collect cells directly from the placenta. These collection possibilities entail logistical
problems that are not insignificant, and one must be careful and certain not to collect maternal cells along with the
cord and placental cells, as this could result in enhanced, and potentially life-threatening GVHD. It is likely that such
maneuvers will have to be done in selected centers set up for such collections.

Additional means to enhance CB transplantation entail direct administration of the cells to the BM, perhaps
by-passing the homing problem, or the addition of other cell types with CB cells, such as MSC as a co-infusion (Rocha
and Broxmeyer, 2010). Such efforts are also not without potential complicating effects.

Which of the above mentioned means in section 2.3 will prove to be a clinical value, and which may be most
efficacious when used in combination, remain to be determined. These areas are clearly worthy of further laboratory
and in-vivo preclinical evaluation.

3. Other potential uses for CB

3.1. Generation of mature blood cells

There is always a need in transfusion medicine for large quantities of mature blood cell types, especially those
such as erythrocytes or platelets that are not easily stored ex-vivo for prolonged periods of time. In fact, DARPA, a
government agency interested in innovative methods to protect troops in a battlefield setting issued an announcement
a few years ago for continued production of type O red blood cells in a small apparatus that can be used near an active
military engagement. In this context, it is of interest that a number of groups have reported efforts to produce red blood
cells from a number of different stem/progenitor cell types, including CD34+ CB cells (Neildez-Nguyen et al., 2002;
Giarratana et al., 2005; Fujimi et al., 2008; Vlaski et al., 2009). A reasonable question for these studies is whether or
not one can generate enough such erythrocytes to make the effort worthwhile, and can this be done on a continuous
basis with the same starting population of cells. For example, can HSCs and HPCs in a population of CD34+ cells in a
single collected unit generate more erythrocytes than already present in that CB unit, and are the functional capacities
of these generated cells as good for in vivo use as the erythrocytes in the original collection. The state-of-the-art of
this process has recently been reviewed (Migliaccio et al., 2009). Another question in a similar vein applies to the
generation of platelets from immature subsets of CB cells.

3.2. Stem/progenitor cells in cord blood that are not HSCs or HPCs

There are a number of cells present in CB such as MSCs and EPCs, or those that may be able to be generated
from immature CB cells via production of iPSCs and then the induced differentiation of the iPSCs to a cell of choice.
Whether or not such cells are, or in the future will be, ready for clinical usage remains to be determined. These are
exciting areas of investigation, but as so often happens, patients and physicians are so anxious to find and evaluate
new treatment modalities that hype supersedes reality, and this could be very dangerous for patient safety. I recently
reviewed this area in brief as a Forum (Broxmeyer, 2010a) trying to evaluate the current state of biological and clinical
knowledge, and clinical or potential clinical use of iPSCs, MSCs, and EPCs. Some of this is mentioned in brief below,
but overall there must be caution in how and when this information is translated from in-vitro and preclinical laboratory
investigation to clinical assessment. Moving too fast without rigorous controls and safety considerations could result
in no effective treatment, or at the worst it could result in harm to the patient. Either scenario could greatly reduce
enthusiasm for future efforts in these arenas, or even stop these efforts. We all want to see the development of useful
clinical procedures, but this is not something that should be rushed into without adequate and rigorously controlled
preclinical studies.

3.2.1. MSCs

MSCs exhibit extensive proliferative capacity, and in vitro can generate bone, fat, and cartilage, and there is some evi-
dence that MSCs also have immunomodulating activity (Bianco et al., 2008; Phinney and Prockop, 2007; Chamberlain
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et al., 2007). However, MSCs are still not that well defined in terms of phenotype and function (Prockop, 2009). MSCs
are identified after culture in vitro from CB mononuclear cells, but whether or not CB will be the best source of a
potentially clinical active MSC population is not clear, because many investigators have noted decreased frequency of
MSCs in CB compared to other cellular sources of these cells, such as BM, and this reduced frequency may be why
some CB samples were found to lack MSCs (Reviewed in Broxmeyer and Smith, 2009).

3.2.2. EPCs

EPCs are detected in CB (Ingram et al., 2004; Broxmeyer et al., 2010) only after culture in vitro of CB mononuclear
or CD34+ cells, and their proliferative capacity is extensive. However, there is not a definitive phenotype for these
cells and there are still controversies as to what defines an EPC and the role of these cells in neoangiogenesis and
cardiovascular cell-based therapies (Yoder and Ingram, 2009; Mund et al., 2009).

3.3.3. iPSCs

Since the original studies of Yamanaka’s group (reviewed in Yamanaka, 2009), iPSCs have been generated from
many different somatic cell types (reviewed in Maherali and Hochedlinger, 2008) including from differently isolated
immature subsets of mPB (Loh et al., 2009), and CB cells (Haase et al., 2009; Giorgetti et al., 2009; Ye et al., 2009). The
excitement with this relatively new technology is the capacity to start with mature or immature adult cell populations
and generate an embryonic-like, or close to embryonic-like cell state, and from these cells generate cells, tissues, and
perhaps organs of need. There has been proof for direct reprogramming of hematopoietic cells to pluripotency (Okabe
et al., 2009), a mouse model of sickle cell anemia has been treated with iPSCs generated from autologous skin (Hanna
et al., 2007), and iPSCs have been used to produce viable mice through tetraploid complementation (Zhao et al., 2009).
However, this technology is not without serious potential problems (reviewed in Kaufman, 2009; Broxmeyer, 2010a),
including the possibility of disease causing cells present in cell preparations generated from iPSCs (Saha and Jaenisch,
2009). This entails the inability yet to be able to produce pure populations of lineage restricted cells of choice, inherent
in which is the possibility that some, even very limited numbers of the cell population may contain embryonic-like
cells that could generate teratomas. Also of consideration is whether enough cells can be generated for a therapeutic
dose.

4. Perspective/Concluding thoughts

CB has proven to be a legitimate source of clinically useful HSCs and HPCs, with a number of already noted
advantages that have resulted in over 20,000 CB transplants. Last year was the first in which the number of CB
transplants exceeded the number of BM transplants. However, there is much experimental work to be done to make
CB transplantation more efficacious.

CB contains non-HSC/HPC stem/progenitor cell types, including MSCs and EPCs, and iPSCs can be generated
from immature subsets of CB. Whether or not these other stem/progenitor cell types will be of clinical utility needs to
be further evaluated. Also, to be determined is whether or not the methods used to freeze and cryopreserve CB HSCs
and HPCs are optimal for the cryopreservation of MSCs, EPCs and iPSCs. In fact, freezing techniques for HSCs and
HPCs may not be optimal for these cells.

In addition to being able to eventually use a single CB unit for transplantation for all adults, an event I would
very much like to see in the future in order to keep GVHD and purchase cost of CB lower, greater insight into
why CB HSC/HPC engraft more slowly than similar cells from BM and MPB, and how to accelerate engraftment
with CB is an important clinically relevant area of investigation. CB has been used in both myeloablative, and in
reduced-intensity conditioning situations, and a recent paper has suggested the impact of HLA disparity in the graft vs.
host direction (Matsuno et al., 2009). Whether all effects are entirely immune-related or can be accounted for by other
cell-cytokine effects would be important information to know and use for clinical advantage (Matsuno et al., 2009).
A recent example of improving transplant outcome from a clinical perspective, has suggested that re-exposure of CB
to non-inherited maternal HLA antigens results in improved outcome for transplants of hematological malignancies
(van Rood et al., 2009). Advancements in CB translation will be best served by close interactions in utilizing both
laboratory and clinical findings.

The future of CB transplantation will be bright if we are smart, but cautious, enough to use the new knowledge
in a responsible fashion.
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