
METHODS FOR COLLECTING AND USING PLACENTA CORD BLOOD STEM  CELLS       This
application claims the benefit of U.S. Provisional Application No.
60/799,734 filed May 11, 2006. The aforementioned provisional application's
disclosure is incorporated herein by reference in its entirety. FIELD OF
THE INVENTION        The present subject matter relates to an efficient
method for collecting placenta cord blood stem cells and methods for using
the collected stem cells. BACKGROUND OF THE INVENTION  1. Field of the
Invention       The present subject matter relates to stem cell collection
from the placenta detailing a new method which is clinically feasible,
convenient, and highly efficient. Particularly, the present subject matter
describes a new finding that residual placenta cord blood cells gathered by
machine pulsatile perfusion are more enriched with primitive hematopoietic
stem cell phenotypes compared to those from conventional needle/syringe
withdrawal or gravity drainage collection and allows cord blood cells to be
used for regenerative medicine purposes. Increased stem cell numbers
obtained from a single placenta using the described method can also improve
allogenelc hematopoietic stem cell transplant outcomes and obviate the use
of double or triple cord blood grafts from different donors in order to
compensate for insufficient stem cells from a single donor graft. 



2. Description of the Background Art Cord blood collection method and cord
blood transplantation in adults       Umbilical CB cells are a promising
source of HSC to perform allogeneic HSC transplantation for hematological
malignancies and bone marrow failure syndrome (Kurtzberg at at, 1996;
Wagner etal., 1996; Gluckman at at, 1997; Rubinstein etal., 1998).
Significant advantages include a rapid access.to CB cells which are stored
in CB banks nationwide and acceptance of 1-2 human leukocyte antigen
mismatch grafts due to infrequent severe graft versus host disease (GVHD)
compared to the matched unrelated donor grafts (Barker at at, 2002). CB
cells enable patients to choose allogeneic transplant as a curative option
for hematological malignancies where otherwise no suitable match donors are
available, particularly among patients in minority groups. Despite the
above advantages, the use of CB is limited in adults due to insufficient
numbers of cells, including CD34+ cells and progenitors. CB transplant
using low levels of total nucleated cell counts leads to significant delays
in post-transplant engraftment of neutrophils and platelets or engreftment
failures (Wagner at at, 2002; Laughlin at at, 2004). Known procedures for
harvesting CB include draining the blood by gravity from the delivered
placenta, and draining the blood by venipuncture into collection bags or
syringes.       Since CB supplies are barely enough for only one time use
or more recently using double CB supplies from two non-identical donors,
adult CB transplants have been performed generally under a clinical
research basis only when suitable unrelated donors are not available. In
practice, a recovery of only 20-40 ml is not unusual and these CB cells are
therefore not even used or stored (Lasky at at, 2002; George et al., 2006).
In such cases, a significant amount of uncollected CB  cells still remain
in the placenta and are discarded since there is no standardized
supplemental method that can collect them after the initial harvest to
supplement it. To expand the future CO bank donor pool, it is important to
investigate improved CB harvesting methods including how to collect the
residual CB cells that are left after conventional CB harvesting (Harris et
at, 1994). More importantly, availability of an Increased amount of CB
cells from the same placenta may allow storing an amount of CB cells
sufficient for multiple uses including back up or graft engineering such as
an ex vivo expansion and adoptive immunotherapy. Current knowledge in I-/SC
plasticity and tissue regeneration 



Over the past decade, many types of stem cells which have the capacity to
replicate, self-renew, and differentiate, have been identified in humans.
Totipotent stem cells are capable of forming every type of body cell, and
these cells are within the early embryo and are the so called human ES
cells. Pluripotent stem cells are capable of developing into endoderm,
mesoderm, or ectoderm. Tissue specific stem cells are committed to make
certain tissues only. For example, hematopoietic stem cells (HSC) are
responsible for all types of blood cells but no other tissue types and
their continued presence in en adult allows for a repair capability.
However, investigators have found that cells like adult HSC which were
considered to be responsible for production of different types of
hematopoietic progenitor cells even gave rise to cells of different tissue
or organ such as neural cells or muscle cells.       Research studies on
transdifferentiation of adult HSC continue to be controversial and active
research investigations are on going. In contrast, a number of clinical
cases have reported evidence of honhematopoletic cell generation after
either BM transplantation or cardiac transplantation. A retrospective study
to look for BM transdifferentiation into brain after BM transplantation
showed evidence of neuropoiesis, detection of astrocytes and microglla in a
long-term setting without cell fusion (Coyle et at, 2004). Other reports
have noted detection of donor cells In osteoblasts, hepatocytes,
gastro-intestinal (GI) tract epithelia, stroma after BM transplant;
keratinocytes/ hepatocytes/GI tract/skin epithelia after peripheral blood
stern cell transplant; and cardiomyocytes with and without endothelium
after cardiac transplant with a wide range of percent amounts found (Hruban
at at, 1993; Theise et al, 2000; Korbling etal., 2002; Muller et at, 2002;
Okamoto etal., 2002; Quaini at at, 2002). Cord blood cells as a source of
adult stem cells       Although human ES cells can be differentiated and
expanded in vitro to produce different types of progenitors, its
application in patients is currently hindered by multiple ethical issues.
In addition, the purity Issue of embryonic stem cell-derived progenitor
cells has to be solved. By contrast, adult stem cell populations derived
from hematopoietic tissues including bone marrow and umbilical CB cells
were found to be capable of differentiation into ectoderm or endoderm upon
exposure to adequate stimuli (Eglitis and Mezey, 1997; Brazelton at at,
2000; Mezey at at, 2000; Sanchez-Ramos at at, 2001; Chen etal., 2005). In
particular, CB derived stern cells have further advantages compared to the
other sources since they are collected from the placenta which Is normally
discarded, thus requiring no tissue damage to the host upon harvesting the
cells. Compared to the BM cells, CB has primitive ontogeny with naive
immune status and relatively unshortened telomere length,  4 



Among debates concerning whether truly pluripotent somatic stem cells
exist, cells derived from the CB and placenta have been increasingly
focused on as containing interesting properties for potential clinical
exploitation. Recently, CO has been shown to contain a heterogeneous cell
population and recognized as a source of piuripotent stem cells (Goodwin at
at, 2001; Sanchez-Ramos et at, 2001; Bicknese et at, 2002; Sanchez-Ramos,
2002; Zigova et at, 2002) Others reported that adherent cell population
isolated from a week long suspension culture of CB cells after lineage
positive cell depletion were shown to express immunohistochemical evidence
of ectodennal and endodermal features (McGuckin et at, 2004). There is a
series of successful CB transplant reports on children suffering from the
neurodegenerative disorder Krabbe leukodystrophy (Escolar et at, 2005).
The present Inventor hypothesizes that these unique features found in CO
stem cells may be from a recently published emerging concept that the
gestational placenta may be a hematopoietic niche during embryo development
(Gekas at at, 2005; Ottersbach and Dzierzak, 2005). Ills a simple
assumption that a full-term placenta may also contain remnant primitive
stem cells adherent to the vascular niche, or possibly due to the stress
associated with "birth", there may be an increased number of circulating
stem cells that are released from fetal BM or liver which have migrated to
the placenta niche. Thus, the present Inventor hypothesizes that placenta
derived CO cells obtained by this innovation may contain more primitive
stem cells (ES cell-like cells) left as remnant stem cells deposited in a
placenta vascular bed niche since embryogenesis.  isolation and selection
of primitive CB cells including ES cell-like cells and primitive I-/SC
To identify common stem cell markers using comparison analysis of gene
expression patterns from embryonic, hematopoietic, and neural stem cells,
only one gene was identified (probably due to technical difficulties)
(Fortunel et at, 2003). Thus, to identify and select stem cells may still
require several markers to isolate these cells. One of the chractcristics
that can be used to distinguish stern cells is the- absence of markers of
differentiation, This approach has been used widely in HSC field to perform
enrichment of stem cells to be employed for therapy. This "Lineane negative
(Lin-)" trait is a common property of many stem cell populations (Cal et
at, 2004b). To further enrich the stem cell population from Lin- CB cells,
it has been reported that C0133-1- marker demonstrated a high proliferation
potential on growth factor stimulation (Forraz et at, 2004). Others
reported that C0133+1CD34- subset might represent more primitive stem cells
as they did not produce colony forming cells (CFC) in methylcellulose, but
exhibited the highest SC1D repopulating cells frequency (Kuci et at, 2003).
Embryonic stern cell markers such as stage-specific embryonic antigen
(SSEA)-3, SSEA-4, TRA-1-60, and TRA-1-       re expressed only on ES cells
which have been widely used in the characterization of pluripotent stern
cell and antibodies compatible to FAGS analysis (which are commercially
available). Most recently, Kueia et al. described a primitive stem cell
population called 'very small embryonic-like (VSEL) stern cells' which
carry Lin-/00454CXCR4+1CD133+1CD34+ phenotype (Kucia of at, 2006). These
cells were also positive for embryonic transcription factors Oct-4 and
Nanng.       Alternatively, the method using the presence of genera!
metabolic markers has also been used to identify and isolate stem cells,
One of the metabolic markers 



6  that has been described is aldehyde dehydrogenase (ALDH) (Takebe et at,
2001). The fluorescent substrate of ALDH, Aldefluor (StemCell), has been
used to demonstrate increased ALDH activity in neural stern cells (Cal et
at, 2004b; Corti et at, 2006) and HSC (Storms et at, 1999). Thls nontoxic,
live labeling method can be used to identify other stem cell populations as
well (Cal of at, 2004a). Furthermore, Rhodamine uptake and Hoechst dye
labeling has been used to select stem cell populations from BM, CB,
mesenchymal, muscle, and adult brain (Kim at at, 2002; Bhattacharya et al.,
2003; Migishima at al" 2003; Parmar at at, 2003). The side population (SP)
which is demonstrated by low uptake of Hoechst dye 33342 represents the
highest capability of self-renewing and pluripotency. Hoechst dye uptake Is
regulated by a membrane transporter ABCG2 and the SP population is defined
as the expression of ABCG2 protein (Zhou et al., 2001; Scharenberg et at,
2002). ABCG2 protein is also expressed specifically in neural stem cells
and decreases In expression when precursor cells differentiate (Cal at at,
2002). Evidence of ectodermal cell transdifferentlation from human
hematopoietic cell lineage.       There are Increasing reports of BM stroma
derived progenitors differentiating into neural cells since these cells
were first reported to show differentiation into muscle, Oa, and
hepatocytes In mouse (Azizi et at, 1998; Ferrari et al" 1998; Petersen et
at. 1999). In vitro evidence of neuron specific proteins inductions, such
as nestin, neuron-specific nuclear protein (NeuN), and glial acidic
fibrillary protein (GFAP) In cells derived from human and rodent BM stromal
cells were reported after  stimulation with retinal acid, epidermal growth
factor (EGF), or brain derived neurotrophic factor (BDNF) (Sanchez-Ramos et
at, 2000). Among nonmesenchymal heinatopoietic progenitors, several reports
have shown that human CB mononuclear cells including separated C0133+ cells
were induced to express neuronal and glial markers in vitro such at
beta-tublin III. GFAP after exposure to basic fibroblast growth factor
(bFC3F) and nEGe, and also Musashi-1 after retinal acid and nerve growth
factor (NGF) exposure (Sanchez-Ramos of at. 2001; Bicknese et at, 2002).
Evidence of endodermal cell transdifferentiation from hematopole tic cell
lineage 



Previously, hepatocytes were thought to be transformed from infused BM
cells in a mouse model (Lagasse of al., 2000), but it was found to be
caused by cell fusion in that particular liver regeneration model (Wang of
al, 2003b). Others also found that myelomonocytte cells from BM HSC source
were the major source of hepatocyte fusion partners (Carnargo et at, 2004).
CB cells isolated from a lineage positive cell depletion procedure followed
by a week of suspension culture formed an adherent cell population which
were found to express markers for hepatic cells after further incubation
with hepatocyte growth medium (McGuckin et al, 2005). in vivo evidence of
hepatocyte-like cell development in the liver treated with CCI4 in immune
deficient mice after CB CD34+.CD38-0D7- transplant was reported (Wang of
at, 2003a)and more recently in a non-injury model using fetal sheep, human
hepatocytes were generated through Blvl reconstitution of fetal sheep by
human FISC, including CO34+/Lin-. CD34-hen- CD34+/Lim/CO38-;
0034-/Lirt4CD38-, CD34+1Lin1C0133+, CD34+/Lin-/CD133- derived from either
BM, peripheral blood, or CB (Almeida-Porada et at, 2004). 8  SUMMARY OF THE
INVENTION        The present subject matter relates to an innovative method
of collecting cord blood (CB) derived stem cells from a placenta. In one
embodiment of the invention, the placental perfusion may be performed by
pulsatile machine placental perfusion (PMPP). PMPP can be combined with
either completion of a conventional collection method, usually venipuncture
(aspiration of umbilical cord vasculature with a needle and syringe) or
gravity drainage, or no prior collection. PMPP can be performed with an
anticoagulant containing organ perfusion solution to flush the cord biped
cells out and subsequently collect the resulting stem cell containing
perfusate. This method does not require any preparation or Injection of
anticoagulants into the placenta post delivery to prevent clotting. The
Isolated placenta can be cooled, for example, by placing on ice, prior to
perfusion. If perfusion is performed within one hour of placental
isolation, the placenta need not be cooled prior to perfusion. The
presently described method may still be performed if the placenta is
prepared or injected with an anticoagulant prior to performing perfusion.
If cord blood cells are first collected using conventional methods, the
residual cord blood cells obtained with PMPP can be added to this initial
collection. The PMPP obtained cord blood cells can also be stored as back
up cells or stored for future cell graft engineering and regenerative
medicine purposes. The convenience of not needing immediate removal of cord
blood stem cells from the placenta and the ability to ship it directly on
ice only without any further preparations to a central facility makes this
method potentially attractive to be incorporated into the currently
established cord blood cell banking system.       One embodiment comprises
a method of collecting cord blood stem cells from an isolated
non-exsangulnated or partially exsanguinated mammalian placenta.  Other
embodiments can comprise performing placenta) perfusion on a mammalian
placenta with a perfusion solution, for example, at least a first volume of
perfusion solution, to produce a perfusate comprising cord blood stem
cells; collecting the perfusata comprising cord blood stem cells; and
isolating cord blood stem cells from the perfusate to produce isolated cord
blood stem cells. Perfusing can comprise perfusing with one or more volumes
of perfusion solution, for example, from 1 to 3 volumes of perfusion
solution. 



In some embodiments, the perfusing comprises subjecting the
nonexsanguinated or partially exsanguinated mammalian placenta to a
pressure-mediated flow of perfusion solution. In certain embodiments,
pressure-mediated flow of perfusion solution comprises a pulsatile flow of
perfusion solution, In some embodiments the pressure-mediated flow of
perfusion solution comprises one or more. of a positive pressure-mediated
flow of perfusion solution or a negative pressure-mediated flow of
perfusion solution.       In some embodiments, the method comprises
subjecting the nonexsanguinated or partially exsanguinated mammalian
placenta to a pressure-mediated flow of perfusate, for example, via
pulsatile perfusion; wherein perfusing is carried out under conditions
sufficient to produce a mammalian piacenta substantially free from cord
blood stem cells. In further embodiments, the placental perfusion Is
performed using a peristaltic pump.       Generally, the method involves
isolating stem cells present in the cord blood of an isolated placenta. The
isolated stem cells may comprise embryonic stem cell (ES) -like stem cells,
hematopoletic stern cells, mesenchymal stem cells or combinations thereof.
Other cord blood cells that can be obtained by this method include T-cells,
monocytes, dendritic cells, and B cells. 10        In other embodiments,
the method may further comprise: prior to perfusing, isolating a mammalian
placenta from a mammalian donor to produce an isolated mammalian placenta;
and cooling the isolated mammalian placenta to produce a cooled mammalian
placenta.       in several embodiments, the isolated placenta is cooled or
kept on ice after procurement, and before perfusing. In some embodiments,
the cooled isolated placenta is maintained at a temperature ranging from
about >0C to about 6C, or from about 1C to about 4C, provided the placenta
is not permitted to freeze, prior to performing the perfusion. In other
embodiments, the placenta is maintained at a temperature ranging from about
4C to about 10C for four hours, prior to performing the perfusion. In one
embodiment, the placenta is kept at 4C, prior to performing the perfusion.
In certain embodiments, the isolated cooled placenta is maintained for a
period of time of up to about 40 hours, after procurement and before
perfusing.       In some embodiments, the method does not require
administration or injection of an anticoagulant into the placenta prior to
perfusIng. In one embodiment, the placenta Is not administered or injected
with an anticoagulant prior to perfusing. 



In some embodiments, the perfusate solution comprises a
physiologically-compatible solution Belzer (non-human use RPMI of IMDM). In
other embodiments, the perfusate solution comprises an anticoagulant. In
certain embodiments, the perfusate solution comprises an anticoagulant
selected from heparin, creatine Phosphate dextrose (CPDA), or any
combination of two or more thereof.       In some embodiments, the placenta
is partially exsanguinated prior to performing placental perfusion.
Generally, the cord blood may be exsanguinated from the placenta using
standard methods such as venipuncture (for example, by needle and syringe)
or gravity drainage (for example, by needle and bag).  Generally, stern
cells may be isolated from the cord blood exsangurnated from the placenta
by such standard methods. In some embodiments of the invention, stern cells
isolated from the exsanguinated placenta using standard methods may be
combined with stem cells isolated using the inventive perfusion methods. In
some embodiments, the combined stem cells from both methods may be used to
derive further stem cell ontogeny.       In one embodiment, the placenta is
perfused via the umbilical arteries and umbilical vein. In some
embodiments, the placenta is perfused, and the cord blood removed
comprising viable stem cells, up to about 40 hours post-delivery. in
certain embodiments, the placenta is pertused, and the cord blood removed
comprising viable stem cells, between about 6 hours and about 40 hours
post-delivery.       In some embodiments, the PMPP of the attached placenta
is performed at a pulse setting of about 15-60 beats/ Min. In certain
embodiments, the PMPP of the attached placenta is performed at a systolic
pressure ranging from 15 to 70mmHg. In yet further embodiments, the PMPP of
the attached placenta is performed for a time ranging from 5 min to 90 min,
during which time cord blood is removed from the placenta. In some
embodiments, the PMPP of the attached placenta is performed for a time
ranging from 15 mm to 35 min. In other embodiments, the PMPP of the
attached placenta is performed for a time ranging from 20 min to 30 min. In
further embodiments, the PMPP of the attached placenta is performed for a
minimum amount of time selected from at least 10 min, at least 15 min, at
least 20 min, at least 25 min, at least 30 min, at least 40 min, at least
50 min, and at least 60 min, wherein the maximum perfusion time is not
greater than 90 minutes for the selected minimum amount of time, 12  



In certain embodiments, the isolated primitive hematopoietic stem cell
phenotypes comprise one or more of CD34+1CD38- cells, CD133+ cells,
CD133+1CD34+ cells, CD133+/CD34- cells, C0117+ cells, CD90+ cells, CO59+
cells, Thy1+ cells, Lin- cells, CXCR4+ cells, ALDHhlah cells, side
population (SP) cells, SSEA-3+ cells, SSEA-4+ cells, TRA-1-60 cells,
TRA-1-81 cells, or combinations thereof. In further embodiments, the
isolated stem cells comprise primitive hematopoietic stem cell phenotypes
that can differentiate into cells other than CD34+1CO38- cells, CD133+
cells, CD133+/CO34+ cells, or C0133+ICO34- cells.        In one embodiment,
a method of collecting cord blood stem cells is described that can comprise
or consist of providing an isolated non-exsanguinated or partially
exsanguinated mammalian placenta comprising cord blood comprising cord
blood stem cells; perfusing the an isolated non-exsanguinated or partially
exsangulnated mammalian placenta with a pressure mediated flow of a
perfusion solution to produce a perfusate comprising cord blood comprising
cord blood stem cells; collecting the perfusate; and Isolating the cord
blood stem cells from the perfusate to produce isolated cord blood stem
cells. The isolated cord blood stem cells can be cryopreserved.       In
another embodiment, a method of collecting cord blood stem cells is
described that can comprise or consist of providing an isolated
non-exsanguinated mammalian placenta comprising cord blood comprising cord
blood stem cells; partially exsanguinating the isolated non-exsanguinated
mammalian placenta to produce a partially exsancuinated placenta and a
volume of cord blood comprising cord blood stem cells; perfusing the
partially exsanguinated mammalian placenta with a pressure mediated flow of
a perfusion solution to produce a perfusate 13  comprising cord blood
comprising cord blood stem cells; collecting the perfusate; and isolating
the cord blood stern cells from the volume of cord blood and from the
perfusate to produce isolated cord blood stem cells. The isolated cord
blood stem cells can be ayopreserved.       in some embodiments, the PMPP
perfusate plus aspiration of cord blood from the umbilical vasculature With
a conventional exsanguination method, such as a needle arid syringe,
results in about a 1,6-fold increase total mononuclear cell count obtained
from one placenta compared to aspiration of cord blood from the umbilical
vasculature with a needle and syringe alone. A comparable total cell
recovery is possible if the placenta is not exsanguinated prior to
performing the inventive perfusion method.       In one embodiment, the
PMPP perfusate plus aspiration of cord blood from the umbilical vasculature
with a conventional exsanguination method, such as a needle and syringe,
results in about a 5.5 fold increased percentage of CO34+ cells obtained
compared to aspiration of cord blood from the umbilical vasoulature with a
needle and syringe alone. A comparable total cell recovery is possible if
the placenta Is not exsangutnated prior to performing the inventive
perfusion method. 



in another embodiment, the PMPP perfusate plus aspiration of cord blood
from the umbilical vasculature with a conventional exsanguination method,
such as a needle and syringe, results in about a 4.9-fold increased total
CO34+ cells obtained compared to aspiration of cord blood from the
umbilical vasoulature with a needle and syringe alone. A comparable total
cell recovery Is possible if the placenta is not exsanguinated prior to
performing the inventive perfusion method.       In yet another embodiment,
the PMPP perfusate plus aspiration of cord blood from the umbilical
vasculature with a conventional exsanguination method, such as a 14  needle
and syringe, results in about a 14.8-fold increased CD34+/CD38- cell
population percentage obtained compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone. A comparable
total cell recovery is possible if the placenta Is not exsangulnated prior
to performing the inventive perfusion method.       In yet another
embodiment, the PMPP perfusate plus aspiration of cord blood from the
umbilical vasculature with a conventional exsanguination method, such as a
needle and syringe, results in about an 11 times more 0034+/CD38- cells
being collected compared to aspiration of cord blood from the umbilical
vasculature with a needle and syringe alone. A comparable total cell
recovery Is possible if the placenta is not exsanguinated prior to
performing the Inventive perfusion method.       In a further embodiment,
wherein the PMPP perfusate plus aspiration of cord blood from the umbilical
vasculature with a conventional exsanguination method, such as a needle and
syringe, results in about a 5-fold enriched CD133+ cell percentage obtained
compared to aspiration of cord blood from the umbilical vasculature with a
needle and syringe alone. A comparable total cell recovery is possible if
the placenta Is not exsanguinated prior to performing the inventive
perfusion method.       In yet another embodiment, the PMPP perfusate plus
aspiration of cord blood from the umbilical vasculature with a conventional
exsanguination method, such as a needle and syringe, results in about a
7-fold higher CD133+ cell population obtained compared to aspiration of
cord blood from the umbilical vasculature with a needle and syringe alone.
A comparable total cell recovery Is possible if the placenta is not
exsanguinated prior to performing the inventive perfusion method. 



In other embodiments, the cord blood stem cells may be cryopreserved. 15
in some embodiments, the described subject matter includes a method for
treating a mammal In need of hematopoletic reconstitution comprising (a)
isolating hematopoletic stem cells derived from placental cord blood
according to a method described herein and (b) culturing in vitro the
hematopoietic stem cells isolated according to a method described herein,
thereby producing progeny stern cells. In certain embodiments, these
progeny stern cells may be used immediately or stored, for example by
cryopreservation, for future use, such as in a unit for delivery to a
patient in need thereof. In further embodiments, the method may further
comprise (c) introducing into the mammal a composition comprising a
therapeutically effective amount of the progeny stem cells, whereby
hematopoietio reconstitution is effected. In some embodiments, the mammal
is chosen from a human or a primate, for example, such as a baboon or other
primate.       In other embodiments, the described subject matter includes
a method for treating a mammal in need of hematopoietic reconstitution
comprising (a) isolating hematopoietic stem cells derived from placental
cord blood according to a method described herein and (b) introducing into
the mammal a composition comprising a therapeutically effective amount of
the isolated hematopoietic stem cells, whereby hernatopoiaic reconstitution
is effected. In some embodiments, the mammal is chosen from a human or a
primate, for example, such as a baboon or other primate.       In
additional embodiments, the method for treating a mammal in need of
hematopoietio reconstitution may further comprise cryopreserving the
isolated stem cells before they, or their derived progeny cells, are
introduced into a mammal in need thereof. In further embodiments, the
isolated stem cells, or their derived progeny cells, that are introduced
into a mammal in need thereof may be allogeneic, autologous, or a
combination thereof, to the mammal receiving the cells. In certain 16  



embodiments, the isolated stem cells from more than one placenta can be
pooled together for use In treating a mammal in need thereof. In further
embodiments, the progeny derived from Isolated stem cells of one isolated
placenta can be pooled together with progeny derived from one or more
additional isolated placentas for use in treating a mammal in need thereof.
In some embodiments, the method for treating a mammal in need of
hematopoietic reconstitution involves a mammal that has aplastic anemia, a
hematopoietic malignancy, an autoimmune disease, a genetic disorder, an
immunodeficiency, a malignant solid tumor, or a combination thereof.
In certain embodiments, the mammal in need of hematopoietic reconstitution
has a hematopoietic malignancy selected from leukemia, lymphoma, multiple
myeioma, myelodysplastic syndrome. In further embodiments, the mammal in
need of hematopoietic reconstitution has an immunodeficiency resulting from
irradiation, chemotherapy, infection by a pathogenic microorganism, or a
combination thereof.        In an embodiment, the described subject matter
includes a method for regenerating damaged tissue in a mammal in need
thereof, comprising: (a) culturing in vitro the cord blood stem cells
isolated according to claim 1, thereby producing differentiated cells or
expanded stem cells; and (b) Introducing into the mammal Intravenously or
direct Injection into the target organ a composition comprising a
therapeutically effective amount of the differentiated cells or expanded
stem cells , whereby tissue regeneration is effected. In a further
embodiment, a method is described for regenerating damaged tissue In a
mammal in need thereof, comprising introducing into the mammal
intravenously or direct injection into the target organ a composition
comprising a therapeutically effective amount of the cord blood stem cells
isolated according to claim 1, whereby tissue regeneration Is effected. 17
In other embodiments, a method is described for regenerating damaged tissue
in a mammal in need thereof, wherein the tissue comprises one or more of
cardiac tissue, muscle tissue, jiver tissue, skin, neural tissue, bone
tissue, epithelia, stroma, or endothelium. BRIEF DESCRIPTION OF THE FIGURES



In the detailed description of the invention presented below, reference is
made to the accompanying drawings in which:       Figure 1. Pulsatile
machine placenta perfusion (PMPP) enables 1.5-fold Increase total
mononuclear cell count per placenta (venipuncture fraction plus PMPP
fraction) compared to veniptincture alone. The figure represents an
analysis of 8 placenta derived CS samples obtained by venipuncture method
(solid black) followed by machine placenta perfusion method (stripe
pattern), Arabic numbers below each bar represent the sample numbers
displayed in the Table 1. (Figure 1) Raw data is presented in Table 3.
Figure 2. Percentage of CD34+ cell fraction obtained via PNIPP method
contained 4.9-fold increased percentage compared to that from the
venipuncture fraction,       Figure 3. CO34+ cell count from venipuncture
fraction and PMPP fraction was 7.4 x 10 + 5.9 x 106 (mean + 6,13.) (range
of 8 patients, 1,1-181 x 105) and 28.8 x 105 + 37 x 106 (mean + S.D.)
(range 1.6-116 x 105, respectively, indicating that MVP fraction contained
a 3.9-fold increased total CD34+ cells. IS        Figure 4. The mean
percentage of CO34+/CD38- cells in venipuncture and PMPP fractions was 0.32
+ 0.17% (mean + S.D.) (range 0.04-0.66) and 4.4 + 4.1% (mean + S.D.) (range
1.3-14), respectively demonstrating that PMPP fraction contained a
13-14-fold increased CO34+/CD38- cell population percentage compared to
venipuncture fraction.       Figure 5. The absolute number of CD34+/CD38-
cells in venlpuncture and PMPP fraction was 1.7 + 1.5 x 108 (mean + S.D.)
(range 0.12-5.2) and 17 + 22 x 108 (mean + S.D.) (range 0.86-65),
respectively (Figure 5), indicating that PMPP fraction contained 10 times
more CD34+/0D38- cells. 



Figure 6. CD133+ cell percentage In venlpuncture and PMPP fraction was 0.55
+ 0.8 % (mean + S.D.) (range 042.5) and 2.4 + 2.0 % (mean + S.D.) (range
0.5- 6.8) respectively, demonstrating a 4-fold enriched CD133+ cell
percentage in PMPP fraction.       Figure 7. CD133+ cell number In
venipuncture and PMPP fraction was 0.98 + 0.8 x 108 (mean + S.D.) (range
0-2.3) and 6.3 + 0.8 x108 (mean + S.D.) (range 0.5511,2), respectively.
CD133+ cell population in PMPP fraction was significantly enriched at a
6.3-fold higher level.       Figure 8A and 8B. The mean percentage and
absolute number of CD34+/CD38+ cells in venipuncture and PMPP fractions was
1.34 + 0.6 % (mean + S.D.) (range 0.26-2), 6.1 5.1 x 108(mean 6.0.) (range
1.0-16.2), and 3.5 1.6% 19  (mean + S.D.) (range 0,82-6). 11,9 + 15 x 108
(mean + S.D.) (range 018-50), respectively, demonstrating a 2,6-fold and
1.95-fold increase CD34+/CD38+ percentage and absolute number,
respectively, favoring PMPP.       Figure 9A and 98. The mean percentage
and absolute number of CD133+/CD34- cells in venipuncture and pulsatile
machine placenta perfusion fractions was 0.37 j0.7 % (mean + S.D.) (range
0-2) , 0.36 + 0.7 x 106 (mean + SD.) (range 0-1.9) and 1.16 + t5% (mean +
S.D.) (range 0-5), 2.4 + 3.3 x 106 (mean + S.D.) (range 0-9.9),
respectively, indicating that PMPP fraction contained 3 times enriched
CD133+/CO34- and 6.6 times more CD133+/CD34- cell number.       Figure 10A
and 108. The mean percentage and absolute number of CD133+/CD34+ cells in
venipuncture and pulsatile machine placenta perfusion fractions was 0.62 +
0.5% (mean + S.D.) (range 0-0,6), 0.68 + 0.6 x 106 (mean + S.D.) (range
0-1.89) and 1.26 + 0.8% (mean + S.D.) (range 0.35-2.9), 4.0 + 5.6 x 108
(mean + S.D.) (range 0.35-16,5), respectively, demonstrating that PMPP
contained 2 times enriched CD133+/CD34+ cells and 5.9-fold Increase
C0133+/CD34+ absolute cell number. 



DETAILED DESCRIPTION OF THE INVENTION        In the following detailed
description, the methods of the present invention can be performed in a
number of different variations, and it is to be understood that other
embodiments may be utilized and logical changes may be made without
departing from the scope of the present invention. The following detailed
description, therefore, 20  is not to be taken in a limiting sense, and the
scope of the present invention is defined by the appended claims.
Although a number of discrete embodiments are described below, it is to be
understood that these are merely non-limiting examples, and that any given
embodiment of the invention may comprise some of the features of one shown
embodiment, and/or some of the features of another shown embodiment.
A method of collecting cord blood stem cells is described that can comprise
or consist of perfusing, for example pulsatile perfusIng, an isolated
non-exsanguinated or partially exsanguinated mammalian placenta with a
perfusion solution to produce a perfusate comprising cord blood stem cells;
collecting the perfusate comprising cord blood stem cells; and isolating
cord blood stem cells from the perfusate to produce isolated cord blood
stem cells.       In addition, a method Is described wherein the perfusate,
for example, resulting from pulsatile perfusion, plus aspiration of cord
blood from the umbilical vasculature with a conventional exsanguination
method results in at least a 1.5-ford increase in total mononuclear cell
count obtained from one placenta compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone. 



A further method is described, wherein the perfusate, for example,
resulting from pulsatile perfusion, plus aspiration of cord blood from the
umbilical vasculature with a conventional exsanguination method results In
at least a 2-fold Increase, a> 2-fold increase to a 10-fold Increase, a
4-fold increase to a 6-fold increase, or a 5.5-fold increased percentage of
CO34+ cells obtained compared to aspiration of cord blood from the
umbilical vasculature with a needle and syringe alone.      A method is
described, wherein the perfusate, for example, resulting from pulsatile
perfusion, plus aspiration of cord blood from the umbilical vasculature
with a 21  conventional exsanguination method results in a 4.91o1d
increased total 0D34+ cells obtained compared to aspiration of cord blood
from the umbilical vascuiature with a needle and syringe alone.       Also,
a method is described, wherein the perfusate, for example, resultin
pulsatile perfusion, plus aspiration of cord blood from the umbilical
vasculature with a conventional exsanguination method results in at least a
54o1d increase, a > 5-fold increase to a 20-fold increase, a 12-fold
increase to an 184old Increase, or a 14.8- fold increased CO34+/CD38- cell
population percentage obtained compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone,       A method
is described, wherein the perfusate, for example, resultin pulsatile
perfusion, plus aspiration of cord blood from the umbilical vasculature
with a conventional exsanguination method results in at least 5 times more,
5 times to 20 times more, 10 times to 15 times more, or 11 times more
CO34+/CO38- cells being collected compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone.       A further
method is described, wherein the perfusate, for example, resulting from
pulsatile perfusion, plus aspiration of cord blood from the umbilical
vasculature with a conventional exsanguination method results in at least a
2-fold, a 24o1d to a 10-fold, a 4-fold to an 8-fold, or a 5-fold enriched
CD133+ cell percentage obtained compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone. 



A method is described, wherein the perfusate, for example, resulting from
pulsatile perfusion, plus aspiration of cord blood from the umbilical
vasculature with a conventional exsanguination method results in at least a
Mold, a 3-fold to a 15-fold, 22  a 5-fold to an 19-fold, or a 7-fold higher
C0133+ cell population obtained compared to aspiration of cord blood from
the umbilical vasculature with a needle and syringe alone. I. Definitions
The below definitions serve to provide a clear and consistent understanding
of the specification and claims, Including the scope to be given such
terms. Perfuse.The term "psi-fuse" or "perfusion" refers to the act of
inducing a flow of a fluid over or through a non-exsanguinated or a
partially exsanguinated placenta, preferably the passage of fluid through a
non-exsanguinated or a partially exsanguinated placenta with sufficient
force or pressure to remove any residual cells, e.g., non-attached. cells
from the organ or tissue. As used herein, the term "perfusate" refers to
the fluid collected following its passage through an organ or tissue. In a
preferred embodiment, the perfusate contains one or more anticoagulants. A
flow of perfusion solution can comprise a pressure-mediated flow of
perfusion solution. A pressure-mediated flow of solution can comprise a
positive or negative pressure mediated flow of solution. A pressure
mediated flow of solution can comprise a pulsatile flow of solution. 



PeifusIng can comprise perfusing with at least a first volume of perfusion
solution for a period of time of from about 10 minutes to about 1 hour from
about 15 minutes to about 45 minutes; or from about 20 minutes to about 30
minutes.       PerfusIng can comprise perfusing a non-exsanguinated or a
partially exsanguinated placenta in an open or closed rigid or deformable
container. The 23  container can comprise a volume of perfusion solution
such that the nonexsanguinated or a partially exsanguinated isolated
placenta is submerged in the perfusion solution contained in the container
during perfusing, whereby the volume of perfusion solution and the
perfusion solution contained in the container are combined prior to
isolating cord blood stem cells there from. The , submerged isolated
placenta and surrounding perfusion solution can be at ambient pressure or
can be subjected to a positive and/or negative pressure.       Perfusing
can comprise subjecting a non-exsanguinated or a partially exsanguinated
placenta to a pulsatile flow of perfusion solution using a pulsatile or
peristaltic pump, for example, at from about 15 to about 90 beats/ min and
at a systolic pressure of from about 15 to about 90 mmHg; or at about 60
treats/ min and at a systolic pressure of from about 30 to about 70mmHg.
The pressure source used to push or pull perfusion solution through the
mammalian placenta will be sufficient to generate a flow of solution from a
pressurized system, for example, a peristaltic or pulsatile pump or device.
The use of peristaltic pumping systems facilitates retention of sterility
In the solutions being induced to flow through the placenta. The actual
pressure level or pumping rate is adjusted to optimize removal of cord
blood from a partially exsanguinated or nonexsanguinated placenta.
Perfusion solution.The term "perfusion solution" means any 



physiologically compatible solution or media comprising an anticoagulant
sufficient to sustain viability of cord blood cells comprising stem cells
Suitable perfusion 24  solutions can comprise of consist of a RPM' (Roswell
Park Memorial Institute) media, optionally comprising gluconate and/or
heparin, for example 1000U heparin for a total volume of 1 liter; and
Belzer MPS optionally comprising heparin, for example 2000U heparin for a
total volume of 600-750 ml. Other suitable perfusion solutions are known
and can be readily selected and employed by one of ordinary skill in the
art. Perfusing can comprise perfusing with at least a first volume of
perfusion solution. Perfusing can be carried out at a temperature of from
about 4C to about 27C, for example, at room temperature. First Volume.The
term "first volume" means a volume of a perfusion solution for perfusing a
non-exsanguinated or partially exsanguinated isolated mammalian placenta,
The first volume of perfusing solution can comprise or consist of from
about 250 ml perfusion solution to about 2 liters, from about 400 ml to
about 1.5 liters; from about 500 ml to about 1.2 liters, from about 600 ml
to about 1 liter; and from about 600 ml to about 750 ml perfusion solution.
Pressure Mediated Flow. The term "pressure mediated flow" means a flow of
perfusion solution induced by positive or negative pressure. 



Negative Pressure.The term "negative pressure" means a pressure below
atmospheric pressure, i.e., less than one atmosphere. Positive Pressure.The
term "positive pressure" means a pressure at or above one atmosphere, i.e.,
greater than or equal to one atmosphere. 25        Exsanguinated Placenta.
The term Exsanguinated Placenta" means an isolated placenta from which all
circulating blood has been removed or withdrawn, i.e., to make bloodless.
Non-Exsanguinated. The term "Non-Exsanguinated Placenta" means an isolated
placenta from which no circulating blood has been removed or withdrawn. 



Partially-Exsanguinated. The term "Partially-Exsanguinated Placenta" means
an isolated placenta from which a portion of the circulating blood has been
removed or withdrawn. Stem Cell.As used herein, the term "stern cell"
refers to a master cell that can reproduce indefinitely to form the
specialized cells of tissues and organs. A stem cell is a developmentally
pluripotent or multipotent cell. A stem cell can divide to produce two
daughter stem cells, or one daughter stem cell and one progenitor
("transit") cell, which then proliferates into the tissue's mature, fully
formed cells. The "stem cell" used herein Includes "progenitor cells"
unless otherwise noted.       Hematopoietic stem cells are rare primitive
blood cell progenitors that have the capacity to self-replicate, so as to
maintain a continuous source of regenerative cells, and to differentiate,
so as to give rise to various morphologically recognizable precursors of
blood cell lineages. These precursors are immature blood cells that cannot
self-replioate and must differentiate into mature blood cells Including the
erythroid, lymphoid and myeloid cells. Within the bone marrow
mIcroenvironment, 26  the stem cells self-proliferate and actively maintain
continuous production of all mature blood cell lineages throughout life.
CD34+ cells are defined as the earliest hematopoietic stem cell
identifiable in bone marrow, peripheral blood or neonatal cord blood. The
supplement and the medium of the present invention are particularly suited
for supporting the expansion of CD34+ cells and cells of myeloid lineage,
including BFU-E cells, erythrocytes, CFU-MEG cells, megakaryocytes, CFU-GM
cells, monocytes, macrophages, neutrophils eosinophils, and basophils. In
earlier stages of development, cells of myeloid lineage express the CD34+
marker protein. In later stages of development, cells of myeloid lineage do
not express detectable levels of the CD34+ marker protein. 



Whether a cord blood stem cell expresses the CO34+ marker protein can be
determined by one of ordinary skill in the art using well-known techniques,
such as fluorescence activated cell sorting.       CO34+ hematopoietic
cells" or "CD34+ cells" are hematopoietic cells which express the CO34+
surface marker protein. Such cells include but are not limited to
hematopoietic stem cells, myeloid progenitor or precursor cells, erythroid
progenitor or precursor cells, and lymphoid progenitor or precursor cells,
CD34+ cells can be isolated from collected cord blood and/or perfusate to
produce isolated cord blood stem cells using methods that are well known by
those of ordinary skill in the art. Various systems are available to those
of ordinary skill In 27  art. For example, the MicroCELLeotor Systern.RTIVI
(Applied Immune Sciences), the MiniMacs System (Miltenvi Biotec), the
SternSep.TM. system (Stemeell Technologies) can be used can be used to
isolate CD344 cells. To prepare a preparation of cells enriched for CO34+
cells on a larger scale, systems marketed by Baxter Healthcare and CePro
are available to those of ordinary skill in the art.       The terms
"hematopoielic stein cell' and "pluripotent hematopoietic stern cell" refer
to a cell which can give rise to any type at hematopoietic progenitor or
precursor cell, including myeloid progenitor or precursor cells, erythroid
progenitor or precursor cells, and lymphoid progenitor or precursor cells.
Hematopoietic stem cells display a CD34+ /CO33- /CO38- phenotype or a CD34+
(FILD-DR.- /CD38- phenotype (Daley, J. P. et al., Focus 18:82-87 (1998);
Pimentel, E., Ed., Handbook of Growth Factors Vol. Hematopoietic Growth
Factors and Cytokines, pp. 1-2, CRC Press, Boca Raton, Fla., 1994).
1.Method of collecting placenta CB cells with or without prior 



conventional CB harvesting       A proof of concept pilot test for a method
for CB harvesting using a pulsatile perfusion technology using Waters' RM3
pulsative perfusion device (Waters Medical Systems, Rochester, MN) widely
used for renal preservation was successful. The device was originally
designed to improve the immediate function of the kidneys which are stored
prior to transplant. The perfusion solution consisted of RPM, (Roswell Park
Memorial Institute) media with gluconate and 1000U heparin for a total of 1
liter or Belzer MPS plus 1000-2000U heparin (600-750m1 Belzer MPS with
2000U heparin sodium), Presently, it has been shown using a baboon
placenta, the feasibility of this method and successful perfusion and
removal of the entire 28  remaining placenta CB. The collection of an
absolute total mononuclear cell count, colony forming cell (CFC) count,
CD34+ and CD34+/CD38- percentage and count was approximately 2-fold higher
when machine perfusion was added to the conventional venipuncture method
compared to venipuncture method alone.       Based on the promising baboon
CB collection by pulsatile machine perfusion, this method was tested on
human placentas. Eight CB collections were performed on 36-41 week
placentas from 7 normal vaginal deliveries and one caesarian section under
the clinical protocol approved by the University of Maryland Institutional
Review Board. Partial CB collection was first done by venlpuncture with
needle/syringe to aspirate the maximal quantity possible as soon as the
umbilical cord was clamped and the baby was delivered while the placenta
was still in uterus. This method Is used for both trans-vaginal and
caesarian section to maximize the yield of CB collection and it is one of
several methods used widely for routine CB collection. The 18 gauge needle
was attached to 30 or 60 ml syringes and the aspirated CB material was
immediately transferred to a 50 ml conical tube containing 5000U of heparin
solution. The collected CB was immediately mixed with heparin to prevent
clotting and stored In an Ice chest. The mean CB volume collected by this
procedure was 59+18m1 (mean + S.D.) (range 40-90m1). Next, the placenta was
delivered routinely and placed directly into a sterile Isolation bag (3M
Health Care St. Paul, MN). If the placenta required visual examination, it
was placed on a sterile tray and transferred into a sterile isolation bag
at the time of completion of the examination. The placenta was weighed
within the sterile bag as well. The sterile bag was tightly closed and
placed into triple bag isolation and kept in an ice chest without any
manipulations until the placenta perfusion was initiated. The placentas 29



were perfused between 6.25 and 39 hours after delivery. 'A placenta can be
cooled after isolation at a temperature of from about -3C to about 15C from
about -6C to about 10C, from about -2C to about 6C, or from about 0C to
about 6C, provided the placenta is not permitted to freeze. The cooled
placenta can be maintained prior to perfusing at a temperature above
freezing, for example, at from about >0C to about 15C, at about >0C to
about 10C, or at about 2C to about 6C, for a period of time of from about
30 minutes to about 60 hours, from about 1 hour to about 50 hours; from
about 6 hours to about 40 hours; from about 10 hours to about 40 hours;
from about 15 hours to about 40 hours; or from about 20 hours to about 40
hours.       To perform pulsatile machine placental perfusion (PIVIPP), the
placenta was placed on a sterile field and examined to determine whether
Mere were any lacerations or tears in the placenta. Then, the umbilical
cord was examined to look for 2 umbilical arteries and 1 umbilical cord
vein. One or more of the two umbilical arteries and the umbilical vein were
be etiolated to facilitate perfusing. First, a 6mm straight annuls was
insetted Into an umbilical cord vein and tied In place with o-silk tie,
then; both arteries were each inserted with 2 mm straight cannulas and tied
in place with o-slik ties. The placenta was placed onto the perfusion
circuit (Waters Rtv13 kidney perfusion pump) which was primed with Belzer
MPS plus 1000-2000U heparin (600-750mIBeizer MPS with 20001) heparin
sodium) at a temperature of 1C to 27C. Belzer MPS is a FDA approved organ
periusate used for preservation of cadaver donated organs for
transplantation (Gage et et, 1997). Pulsatile Machine perfusion was
performed at 60 beats! min and the systolic pressure was at between
30-70mmlig. The average time to complete perfusion was 26 minutes (range
20-30 min), To determine the completion of placental perfusion, we used the
placenta 30  tissue color change from a dusky blue color into a clear white
color as a marker for a total evacuation of the vascular content In the
placenta. "       Eight CB samples were collected using venipuncture and
machine placenta perfusion method from the same subject and their
quantitative descriptions are summarized in Table I. The mean CB volume
collected by venipuncture was as described above. The mean CB volume from
the pulsatile machine placenta perfusion method was not measurable since
the perfusate and CB was mixed at the end. The mean gestation of the
harvested placenta was 38.6 weeks (range 36-41 weeks) and the mean placenta
size for diameter and thickness was 20 x 1 cm (17-22 x 1 cm). The placentas
were obtained from one caesarian section (sample 1) and 7 vaginal
deliveries (sample 2-8). Mean time from placenta delivery to the initiation
of perfusion was 17 hours (mean) (8.25-39 hours), and the duration time of
placenta perfusion procedure was less than 30 min per placenta (mean 26
minutes, range 20- 30 min) (Table I). There was thrombosis found In 3
placentas (samples 3, 5, and 6) and it was approximately 5%, 10%, and 7% of
the total placenta area but not seen in other subjects. These placentas
were packed in Ice at a temperature of 4C in a thermally insulated chest
between 19 and 39 hours until the initiation of perfusion. Overall, there
was no difficulty in performing machine perfusion for every placenta we
tested including those with thrombosis and no barotrauma was observed due
to pulsatile machine perfusion.  2.Analysis of collected solution from PMPP
in comparison to conventional cord 



blood harvesting method. CB Mononuclear Cell Isolation       CB cells
obtained from venipuncture of the placental vasculature were first diluted
with iscove's modified Dulbecco's media (IMDtv1) at 1:5 and mononuclear
cells were isolated by Ficoll-Hypaque (Sigma Diagnostic, St Louis, MO)
density gradient centrifugation as described previously (Takebe et at,
2002). The layer containing mononuclear cells was gently aspirated, the
cells washed twice with PBS solution and enumerated by cytometer. Cell
viability was confirmed by hyper/ blue exclusion method. CB cells obtained
via PMPP were processed similarly to the CB cells from venipuncture.
However, these cells were mixed In a large volume of perfusate (650 to
600m1 total volume). This perfusate was aliquoted among several dozen or so
50m1 conical tubes which were centrifuged together at 1600rpm for 20
minutes to obtain the buffy coat layer. Then, the cells were further
separated for  mononuclear cells with Ficoll-Hypaque density gradient
centrifugation. CB cells were washed and enumerated as described above.
Flow Cytometry Analysis       Mononuclear cells were stained with
monoclonal antibodies including antihuman CD38- FITC, CO34-APC (BD
Pharmingen, San Jose, CA), AC133-PE (MiItenyl Biotech, Auburn, CA) and
analyzed by Facstar-plus (Becton Dickinson) per manufacturer's
Instructions. lsotype controls were performed using appropriate antibodies
in parallel for each sample. CD34+ Cell Selection 



The aliquot of CB mononuclear cells obtained from Ficoll-Hypaque density
gradient centrifugation were further isolated to enrich CD34+ cell
population by magnetic cell separation method using the CD34 progenitor
Cell Isolation Kit (Miltenyi Biotec) per manufacture's instructions.
Purified cell number and viability was determined by cytometer and trypan
blue exclusion test. Enrichment for CD34+ cells was confirmed by flow
cytometry analysis, and each isolation batch showed greater than 90% CD34+
cell purity with viability above 95% by trypan blue exclusion method.
Methylcellulose Colony Forming Unit Assays.       Purified CB CD34+ cells
(3 x 103 per plate) were seeded Into the 35-mm culture dishes as described
previously (Takebe at al., 2002). Cells were cultured In the commercially
available culture media, MethoCult (StemCell Technology, Vancouver,
Canada), consisted of 1m1 IMDM, 1% methylcellulose, BSA, 2- 33
mercaptoethanol, L-glutamine, insulin, tran ferrin, SCF, GM-CSF, IL-3,
IL-6, G-CSF, and erythropoietin per manufacturers instructions. At day 14,
the colonies (larger than 50 cells) were enumerated from duplicated culture
dishes. Table ILSummary of colony forming units from 3 CB samples
containing a matched pair sample from venipunature method and machine
placenta perfusion method. 



CFU-GM: colony-forming unit-granulocyte macrophage CFU-GEMM: colony-forming
unit-granulocyte, erythrocyte, monocyte BFU-E: burst forming unit-erythroid
a and b : paired t-test showed statistically significant (p<0.05)
differences between venipuncture and machine placenta perfusion.
venipuncture method "PL: PMPP method  :34  



Phenotype characteristics of CB stem cells collected via venipuncture or
PMPP method     35   
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48  CLAIMS What is claimed is 1. A method of isolating cord blood stem
cells, comprising: providing an isolated mammalian placenta comprising cord
blood comprising cord blood stem cells, wherein said isolated mammalian
placenta is non-exsanguinated; performing machine perfusion of the isolated
mammalian placenta with a pressure mediated pulsatile flow of a perfusion
solution to produce a perfusate comprising cord blood comprising cord blood
stem cells; collecting the perfusate; and 



isolating the cord blood stem cells from the perfusate to produce isolated
cord blood stem cells. 2. A method of isolating cord blood stem cells,
comprising, providing an isolated mammalian placenta comprising cord blood
comprising cord blood stem cells, wherein said isolated mammalian placenta
is partially exsanguinated to produce a volume of cord blood comprising a
first population of isolated cord blood stem cells; conducting machine
perfusion of the isolated mammalian placenta with pressure mediated
perfusion solution to produce a perfusate comprising cord blood comprising
cord blood stem cells, wherein said machine perfusion is performed using a
pump; collecting the perfusate; and isolating the cord blood stem cell from
the perfusate to produce a second population of isolated cord blood stem
cells, wherein said second population of isolated cord blood cells has a
greater percentage of CD133+ cells than said first population of isolated
cord blood cells. 



3. The method according to claim 2, wherein said isolated mammalian
placenta has been partially exsanguinated by venipuncture. 4The method
according to claim 2, wherein said isolated mammalian placenta has been
partially exsanguinated by gravity drainage. 5,The method according to
claim 1, wherein performing machine perfusion is carried out under
conditions sufficient to produce a mammalian placenta substantially free
from cord blood stem cells.  6. The method according to claim 1, further
comprising: cooling the isolated mammalian placenta to produce a cooled
mammalian placenta; said cooling the isolated mammalian placenta being
performed prior to said performing machine perfusion. 



7. The method accord to claim 6, further comprising: maintaining the cooled
isolated mammalian placenta at a temperature of about >Q0 to ab 15 C. prior
to said performing machine perfusion. The method according to claim 6,
further maintaining Moled isolated mam.n placenta at a temperature of from
about 0 C. to about 6 C. 9. The method according to claim 6, further
comprising: maintaining the cooled isolated mammalian placenta at a
temperature of from about >0 C. to about 15 C. for a period of time of up
to about 40 hours. 10. The method according to claim 6, further comprising:



maintaining the cooled isolated mammalian placenta at a temperature of from
about >0 C. to about 15C. for a period of time of from 6 to 40 hours. 11.
The method according to claim 6, further comprising: maintaining the cooled
isolated mammalian placenta at a temperature of from about >0 C. to about
15' C. for a period of time of from 10 to 40 hours. 12. The method
according to claim 6, further comprising: maintaining the cooled isolated
mammalian placenta at a temperature of from about >0 C. to about 15 C. for
a period of time of from 20 to 40 hours, The method according to claim 6,
wherein said cooling comprises placing said isolated mammalian placenta in
ice. 14.The method according to claim 1, wherein the placenta is not
administered or injected with an anticoagulant prior to said performing
machine perfusion. 



The method according to claim 1, wherein the perfusion solution comprises a
physiologically-compatible solution comprising an anticoagulant.  16,The
method according to claim 1, wherein the perfusion solution comprises one
or more anticoagulants selected from the group consisting of heparin,
creatine phosphate dextrose (CPDA), or a combination thereof. 17. The
method according to claim 1, wherein said machine perfusion comprises
perFusing via one or more of the umbilical arteries and the umbilical vein.
18. The method according to claim 17, wherein said perfusing further
comprises cannulating one or more of the umbilical arteries and the
umbilical vein to produce a cannulated placenta; and placing the cannulated
placenta in a closed perfusion circuit. 19. The method according to claim
18, wherein said perfusing is carried out at a pulse setting of from about
15 beats/min to about 60 beats/min. 20. The method according to claim 18,
wherein said perfusing is carried out at a pulse setting of about 60
beats/min. 



21. The method according to claim 19, wherein said perFusing is carried out
at a systolic pressure of from about 30 min Hg to about 70 mm Hg. 22. The
method according to claim 21, wherein said perfusing is carried out for a
period of time of from about 15 mm. to about 35 min. 23. The method
according to claim 1, wherein: said isolated cord blood stem cells from the
perfusate comprise a percentage of 0D133+ cells which exceeds a percentage
of CD133+ cells from a control sample, wherein said control sample
comprises isolated cord blood stem cells isolated by partially
exsanguinating a control non-exsanguinated mammalian placenta without
performing machine perfusion on said control non-exsanguinated mammalian
placenta. 24. The method according to claim 23, wherein the isolated cord
blood stem cells from the perfusate further comprise cells selected from
the group consisting of CO34+/CD38- cells, CD133+/CD34+ cells, CD133+/CD34-
cells, CD117+ cells, CD90+ cells, CO59+ cells, Thy1+ cells, Lin- cells,
CXCR4+ cells, ALDHhigh cells, side population (SP) cells, SSEA-3+ cells,
SSEA-4+ cells, TRA-1-60 cells, TRA-1-81 cells, and combinations thereof.
25. The method according to claim 23, wherein the isolated cord blood stem
cells from the perFusate further comprise stem cells that can differentiate
into cells other than CO34+/CD38- cells, CD133+ cells, CD133+/CD34+ cells,
C0133+1CO34- cells, C0117+ cells, CD90+ cells, CD59+ cells, Thy1+ cells,
Lin- cells, CXCR4+ cells, ALDHbl(ib cells, side population (SP) cells,
SSEA-3+ cells, SSEA-4+ cells, TRA-1-60 cells, or TRA-1-81 cells. 26. The
method according to claim 23, wherein said isolated cord blood stem cells
comprise a percentage of CD133+ cells which exceeds said control percentage
by a factor of between 2 and 10.  



27,The method according to claim 23, wherein the isolated cord blood stern
cells further comprise cells other than CD133+ cells, wherein said cells
other than CD133+ cells are selected from the group consisting of stem
cells from a placenta vascular bed niche, hernatopoietic stem cells,
mesenchymal stem cells, and combination thereof. 






