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(57) Abstract: The invention relates to method for the separation of cord
blood endothelial cells from hematopoietic cells in a manner that preserves
the hematopoietic cells' repopulating ability and primitivity, without signific-
antly reducing the yield of hematopoietic cells. The said endothelial cells
from cord blood have a utility in cell based therapeutics. The system de-
scribed takes advantage of the endogenous adherence properties of the cells
to facilitate the separation and separate storage of the cell types.
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CELLS, METHODS AND APPARATUSES FOR UMBILICAL CORD BLOOD
COLLECTION AND ISOLATION OF CELLS

Related Application

[0001] This application claims priority to United States Provisional Patent Application
Serial No. 61/801,280, filed on March 15, 2013, the contents of which are incorporated by

reference herein.

Technical Field

[0002] In one embodiment, the invention described herein relates to obtaining biological
material, including human umbilical cord blood, including at birth, and in some aspects
relates to safe, efficient, high-yield collection of sterile umbilical cord blood and devices and
methods for the same. In another embodiment, the invention relates to cells and cultures of
cells derived from umbilical cord blood, and methods for extracting, isolating, maintaining,
expanding, reprogramming, differentiating, and storing the cells. It also relates to uses of the
cells in therapeutics, treatment, disease prevention, drug discovery, personalized medicine,
regenerative medicine, tissue generation, and universal donor banks, and related methods and

compositions.

Background

[0003] Methods for isolating cells, cell reprogramming, generating pluripotent and
multipotent cells, and tissue, organ, and stem cell therapies, are needed for a variety of
therapeutic applications, including personalized and regenerative medicine. A variety of
human stem cells and other cell types are known, including embryonic stem cells, isolated
during early embryonic development, and somatic stem cells such as mesenchymal or adult
stem cells. Some non-stem cells can be reprogrammed into more primitive stages.

[0004] Human umbilical cord blood from newborn infants has been used as a source of

hematopoietic stem cells for transplantation to patients with hematological disorders and
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malignancies for decades, due to the high proportion of blood stem cells present in the
material. As such, there are currently hundreds of thousands of cord blood samples stored
around the world in publicly and privately financed storage banks, ready to be used upon
request.

[0005] In addition to hematopoietic stem cells, other cell types (e.g., non-hematopoietic
cells), are also present in umbilical cord blood samples. Some of these cells have been
isolated and characterized for possible therapeutic applications. For example, isolated and
expanded endothelial cells from umbilical cord blood have been used in cell therapy for
cardiac tissue repair. Due to the low frequency of the endothelial cell population (less than
2% in umbilical cord blood), and the limited availability of technologies for endothelial cell
based therapeutics, isolation of endothelial cells from umbilical cord blood is not commonly
used in the clinical setting.

[0006] Available approaches and apparatuses for collecting, extracting, and isolating
biological components, including cellular material, umbilical cord blood, and cells found
therein, have not been entirely satisfactory, for example, in their safety, avoidance of
contamination (e.g., air contamination) of collected material, cell yield, efficiency, and/or
ability to avoid destruction of components.

[0007] Methods for isolating stem cells and/or generating multipotent and/or pluripotent
stem cells from more differentiated cells are needed, for example, for cell based therapeutic
applications, including regenerative medicine, and personalized medicine (individually
optimized therapy). Cell sources and isolation methods are needed in this regard. There also
is a need for source material cells that can be harvested conveniently from a large number of
donors, for example, for isolation of cells in high numbers and that are capable of being
manipulated. Provided are embodiments that address such needs.

[0008] For example, there is a need for methods and apparatuses for safe, high-yield
collection of sterile umbilical cord blood, with minimal destruction of umbilical cord blood
components, for retrieval, propagation, and differentiation of components, including cells,
and for safe and reliable methods for extracting and isolating cellular material with the
potential for reprogramming thus generating pluripotent and multipotent cells, and, without

compromising existing sources of therapeutically relevant cells.
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[0009] There is a need for methods for isolating cells, including non-blood cells, from
umbilical cord blood samples, for example, without disrupting the function of other cell types
in cord blood, such as hematopoietic stem cells. Among the embodiments provided herein
are methods, apparatuses, and compositions that address these needs.

[0010] Likewise, there is a need for cells that are abundant and capable of manipulation,
reprogramming, and differentiation, for use in regenerative medicine, treatment and disease
prevention, personalized medicine, tissue generation. Universal donor banks are also needed.
Among the provided embodiments are methods, apparatuses, cells, and compositions that

address these needs.

Summary

[0011] Provided herein is a method for isolating endothelial cells, comprising: (a) plating
an umbilical cord blood sample on a surface; and (b) allowing adhesion of cells in said cord
blood sample to said surface, wherein said adherent cells comprise said endothelial cells.

[0012] In another embodiment, a method for isolating endothelial cells and hematogenic
progenitor cells is provided. The method comprises: (a) plating an umbilical cord blood
sample on a surface; (b) allowing adhesion of cells in said cord blood sample to said surface;
(c) separating non-adherent cells from said adherent cells, wherein said adherent cells
comprise said endothelial cells, and said non-adherent cells comprise said hematogenic
progenitor cells. In one aspect, step (c¢) does not cause significant detachment of said
adherent cells from the surface. In another aspect, at least about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 85%, about 90%,
about 95%, or about 99% of said adherent cells remain attached to the surface following step
(c).

[0013] In any of the embodiments described herein or any combination thereof, the
umbilical cord blood sample can be from a human. In any of the embodiments described
herein or any combination thereof, the umbilical cord blood sample can be freshly harvested
or frozen. In any of the embodiments described herein or any combination thereof, the
umbilical cord blood sample can be processed for mononuclear cell enrichment. In other

embodiments, the umbilical cord blood sample is not processed for mononuclear cell
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enrichment. In any of the embodiments described herein or any combination thereof, the
umbilical cord blood sample can be processed for hematopoietic progenitor and/or
hematopoietic stem cell enrichment. In other aspects, the umbilical cord blood sample is not
processed for hematopoietic progenitor and/or hematopoietic stem cell enrichment.

[0014] In any of the embodiments described herein or any combination thereof, the
umbilical cord blood sample is plated at a temperature between about 0°C and about 37°C.
In one embodiment, the surface is coated with collagen I, or gelatin, or a similar extracellular
matrix component, or any combination thereof. In some aspects, cells in said cord blood
sample are allowed to adhere to said surface for about 5 minutes, about 10 minutes, about 15
minutes, about 20 minutes, about 25 minutes, about 30 minutes, about 35 minutes, about 40
minutes, about 45 minutes, about 50 minutes, about 55 minutes, or about 60 minutes or
longer.

[0015] In any of the embodiments described herein or any combination thereof, the
surface onto which a umbilical cord blood sample is plated can be a surface comprised in any
suitable plate (e.g., a tissue culture plate), dish, vessel, chamber, bag (e.g., a blood collection
bag), container or the like. In preferred embodiments, the surface is horizontally positioned
or essentially horizontally positioned.

[0016] In any of the embodiments described herein or any combination thereof, the
method further comprises providing suitable conditions for maintaining hematopoietic cell
viability, primitivity and/or repopulating ability. In other embodiments, the method further
comprises providing suitable conditions for maintaining endothelial cell viability and/or
primitivity.

[0017] Also disclosed herein is a method of generating a stem cell or progenitor cell,
comprising reprogramming the endothelial cell isolated by a method disclosed in any of the
foregoing embodiments, to a stem cell or progenitor cell. Provided herein is a method of
obtaining a stem cell or progenitor cell, comprising expanding the hematogenic progenitor
cell isolated by a method disclosed in any of the foregoing embodiments, and optionally: (1)
isolating a more primitive cell from said expanded hematogenic progenitor cell population, or

(2) reprogramming said hematogenic progenitor cell to a stem cell or progenitor cell.
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[0018] Provided herein is a method of generating a somatic cell, comprising: (a)
reprogramming the endothelial cell isolated by a method disclosed in any of the foregoing
embodiments to a stem cell or progenitor cell, and differentiating said stem cell or progenitor
cell to a somatic cell; or (b) reprogramming the endothelial cell isolated by a method
disclosed in any of the foregoing embodiments to a somatic cell directly.

[0019] Also provided herein is a dual vessel device for isolating cells from umbilical cord
blood, comprising two vessels and a tubing with stopcock flow regulation for the transfer of
cells in suspension between the vessels. In one embodiment, the dual vessel device further
comprises a media chamber attached in a closed system with stopcock flow regulation to
facilitate cell washing and cell transfer to the vessels. In one aspect, the dual vessel device
further comprises one or more auxiliary chambers to facilitate the administration of
cryoprotectant to the vessels. In one embodiment, the dual vessel device is prefilled with a

hypoxic, normoxic, or hyperoxic gas.

Brief Description of the Figure

[0020] Figure 1 illustrates cell surface marker expression of fresh CD34" cord blood cells

and adherent cells (at day 10) measured by FACS analysis.

Detailed Description

A. Definitions

[0021] Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by those of
skill in the art to which this invention pertains. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for ready reference, and the
inclusion of such definitions herein should not necessarily be construed to represent a
substantial difference over what is generally understood in the art. Many of the techniques
and procedures described or referenced herein are well understood and commonly employed
using conventional methodology by those skilled in the art.

[0022] Throughout this disclosure, various aspects of this invention are presented in a

range format. It should be understood that the description in range format is merely for
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convenience and brevity and should not be construed as an inflexible limitation on the scope
of the invention. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to 6 should be considered to
have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to
4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example,
1,2,3,4,5, and 6. In another example, a description of a range in weeks also includes
disclosure of the days between the week endpoints. This applies regardless of the breadth of
the range.

[0023] As used herein, the term “safe” can be understood to refer to any method or
apparatus which poses no significant risk of maternal and/or fetal harm.

[0024] As used herein, “isolated,” when used to describe a cell or cells, refers to a cell or
cells that have been separated from their natural environment, including by separation from
the subject from which the cell is derived, e.g., a patient, and/or by separation from one or
more other components of the natural environment, such as debris, tissue, tissue aggregates,
and other cells.

[0025] As used herein, “fetal” is used to describe the property of a cell or other material
derived from a developing mammal, such as a human, after the embryonic stage and before
birth. As used herein, “infant” is used to describe the property of a cell or other material
derived from a newborn or young mammal, from birth to one year of age, including
premature infants and newborns.

[0026] As used herein, “pluripotent” refers to the ability of a cell to differentiate into cell
types of any of the three germ layers, endoderm, mesoderm, and ectoderm. “Multipotent”
refers to the ability of a cell to differentiate into cells of a number of multiple, but a limited
number of lineages.

[0027] In the following description of certain embodiments provided here, reference is
made to the accompanying drawings which form a part hereof, and in which it is shown by
way of illustration specific embodiments in which the invention can be practiced. It is to be
understood that other embodiments can be used and structural changes can be made without

departing from the scope of the invention.
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B. Umbilical cord blood and umbilical cord blood cell separation

[0028] Among the provided embodiments are apparatuses, devices, and methods for
collection, isolation, and use of biological materials, including cell and cellular sources, such
as those obtained from umbilical cord blood, as well as cells and other materials obtained by
such methods, and uses thereof, including therapeutic and analytic uses, for example, in
regenerative medicine, including personalized and universal donor applications.

[0029] A variety of human stem cells are being used therapeutically or evaluated for use
in clinical trials, including somatic cells, such as mesenchymal stem cells, and hematopoietic
stem cells, e.g., for use in neurological and hematological disorders, respectively. Other
somatic cells of more differentiated capacities can be reprogrammed into more primitive
stages, for example reprogramming of endothelial cells into pluripotent stem cells.

[0030] Induced pluripotent stem (iPS) cells have been generated from multiple cell types,
including skin and fibroblasts. Masip et al.,, 2010, Mol Hum Reprod 16(11): 856-368;
Takahashi and Yamanaka, 2006, Cell 126(4): 663-676; Yu et al., 2007, Science 318(5858):
1917-1920.  Alternative starting materials have been chosen based on: ease of
reprogramming, including sufficient proliferation rates, genetic background for disease
modeling, ease of harvisitng sufficient numbers of vialbe cells, and genomic integrity. Hanna
et al., 2009, Nature 462(7273): 595-601; Park et al., 2008, Cell 134(5): 877-886; Ye et al.,
2009, Blood 114(27): 5473-5480; Carette et al., 2010, Blood 115(20): 4039-4042; Kumano,
et al., 2012, Blood 119(26):6234-6242; Ikehata et al., 2003, Environ Mol Mutagen 41(4):
280-292; Ikehata et al., 2004, Mutat Res 556(1-2): 11-24; Osanai and Lee, 2011, Med Mol
Morphol 44(4): 200-206.

[0031] Available methods for generating iPS cells have been associated with certain
problems. For example, adult skin fibroblasts, from which a majority of iPS cells are
generated. Nonetheless, due to epigenetic memory, the residual epigenetic state of a cell used
as a source for iPS generation can influence the differentiation capacity of derived iPS cells.
Specifically, iPS cell lines can maintain an epigenetic memory of tissue origin by continuing
to express a key set of donor cell genes. Marchetto et al., 2009, PLoS One 4(9): e7076;
Ghosh et al., 2010, PLoS One 5(2): €8975; Bar-Nur et al., 2011, Cell Stem Cell 9(1): 17-23.

Epigenetic memory can impact differentiation capacity of many cellular sources, which can
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make certain differentiated cells (such as neural progenitor cells, certain blood lineage cells,
fibroblasts, myogenic cells, pancreatic islet beta cells and other pancreatic cells) less
desirable for iPS generation. Kim et al., 2010, Nature 467(7313): 285-290; Polo et al., 2010,
Nat Biotechnol 28(8): 848-855; Bar-Nur et al., 2011, Cell Stem Cell 9(1): 17-23; Marchetto
et al., 2009, PLoS One 4(9): ¢7076; Ghosh et al., 2010, PLoS One 5(2): e8975.

[0032] Thus, more primitive cells with multipotent differentiation capacities in some
contexts are a more appropriate starting material for iPS cell generation, with broad
differentiation capacities.

[0033] In some contexts, naive cells that have had minimal contact with the environment,
contain undamaged genome(s), and/or have the ability to proliferate and/or expand in an in
vitro culture system, are desired for cell reprogramming, e.g., for tissue, organ, and/or stem
cell based therapies. Certain cellular material derived from a term or near term fetus or
newborn child would fulfill those characteristics. At birth, cellular sources, e.g., umbilical
cord blood, contain cells having such characteristics.

[0034] Umbilical cord blood is a source typically used for hematopoetic stem cell
transplantation. Cord blood hematopoietic stem cells have a naive state with minimal
exposure to the environment (intact genome), high proliferation capacity, and differentiation
potential. Within the umbilical cord blood, there exist non-blood cell types at low frequency
numbers that are well suited for cell and regenerative medical purposes, for example, the
endothelial cell fraction of the umbilical cord blood. The availability of reprogramming
technologies, e.g., as described by Takahashi and Yamanaka, 2006, Cell 126(4): 663-676,
whereby cells of a particular lineage can be “reprogrammed” into lineages of another type or
into an embryonic-like state, increases the value of rare cell fractions present in the umbilical
cord blood, which may be used as a source for reprogramming and cell therapeutics.

[0035] Available approaches and apparatuses for collecting, extracting, and isolating
biological components, including cellular material, umbilical cord blood, and cells found
therein, have not been entirely satisfactory, for example, in their safety, avoidance of
contamination (e.g., air contamination) of collected material, cell yield, efficiency, and/or

ability to avoid destruction of components.
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[0036] With umbilical cord blood collection, certain negative consequences for the infant
can arise if the cord is clamped early. Available methods of culturing hematopoetic stem
cells (HSCs) from cord blood have failed to maintain the repopulating ability of the
hematopoetic stem cells. Most available separation procedures involve culture incubations
which have deleterious effects on the HSC pool. Use of cord blood harvested by available
methods in reprogramming applications can decrease or entirely obviate its full
hematopoietic potential (a main reason for inclusion into the donor bank system). Methods
are needed for obtaining non-blood cells from cord blood samples without disturbing the
utility of the hematopoetic stem cell fraction. Particularly because millions of cord blood
samples are stored in banks over the world, methods are needed for isolating and expanding
these cells without disturbing the function of the hematopoietic stem cell fraction, which is
commonly used for therapeutic purposes.

[0037] Takahashi and Yamanaka first described reprogramming technologies to
“reprogram” or “de-differentiate” somatic cells into a pluripotent/embryonic like state, or to
directly “reprogram” somatic cells into another cell lineage type. Takahashi and Yamanaka,
2006, Cell 126(4): 663-676. Thus, the rare endothelial cell fraction present in umbilical cord
blood can be used as a starting material for reprogramming and cell therapeutics. The
properties of these cells make them amenable to reprogramming. In one embodiment, the
cell type isolated from umbilical cord blood using the present invention is an endothelial
progenitor cell. The cord blood derived endothelial progenitor cells are suitable for
reprogramming, and the principle advantages include that they are adherent, fast dividing,
primitive (in that they are progenitor cells with corresponding proliferative/differentiation
potential and epigenetic profile), and that they are from a neonatal source. Additionally, the
cord blood derived endothelial progenitor cells experience reduced exposure to mutagens,
and therefore likely have reduced accumulation of genomic mutations in comparison to adult
patient sources of cells. In one embodiment, the endothelial cells are harvested in a manner
that does not harm the function of, or substantially reduce the numbers of hematopoietic stem
cells from the cord blood. Thus, the present invention provides added value to cord blood

samples beyond their use in hematopoietic stem cell transplantations.
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[0038] In one embodiment, the invention described herein provides a system that allows
efficient harvest of endothelial cells with minimal loss of therapeutically valuable
hematopoietic stem cells from human umbilical cord blood. In one aspect, the present
invention provides simultaneous and fast isolation of the adherent endothelial progenitor cells
from the umbilical cord blood, which possess reprogramming ability and therefore potentially
great therapeutic value. In a preferred embodiment, the ability of umbilical cord blood to
provide hematopoietic stem cells is largely maintained or unaffected.

[0039] Human umbilical cord blood endothelial progenitor cells can be isolated using
Ficoll gradient centrifugation and direct plating of mononuclear cell fractions. The isolated
cells are plated either directly onto a gelatin or collagen I coated surface, or are plated
following further purification using magnetic beads for progenitor markers such as but not
limited to CD34 and CD133. Cells are then cultured for days or weeks using an endothelial
cell culture media. At this point, an expanded adherent layer of endothelial cells/progenitors
is visible and is taken for extraction. However, this process renders the hematopoietic
progenitor and stem cells unsuitable for transplantation, as the in vifro conditions for the
endothelial progenitor cell growth do not allow the hematopoietic stem cell to be maintained.
Under such conditions, large scale differentiation of primitive progenitor cells occurs.
Moreover, with regular media changes, the hematopoietic cell fraction is removed and
discarded, as it is no longer capable of reconstituting the hematopoietic system following
transplantation.

[0040] The present invention increases the therapeutic value of human umbilical cord
blood by enabling the separation, storage and use of both hematopoietic cells and endothelial
cells. In one embodiment, the present invention does not rely on culturing the cells, or
culturing the cells for an extended period of time. In a preferred embodiment, the viability
and functionality of the traditional therapeutically valuable hematopoietic stem/progenitor
cell fraction are preserved, while at the same time, viable and functional endothelial cells are
isolated.

[0041] Prior work has shown the ability to isolate endothelial progenitor cells from
umbilical cord blood. These progenitors have the potential of large scale expansion and

replication whilst maintaining the differentiation potential for the endothelial lineage. This

10



WO 2014/140921 PCT/IB2014/001200

population is defined by its ability to form tubular-like structures of capillary morphology in
culture systems. Recently, it has been demonstrated that cord blood derived endothelial cells,
including AC133" cells and CD34" endothelial cells, can be used to efficiently generate iPS
cells. This means that these cells are capable of being efficiently reprogrammed to a
pluripotent stem cell state with properties similar to embryonic stem cells. However,
previously employed methods either harmed or impaired cell function, or reduced the
numbers of hematopoietic stem cells. For example, endothelial cells and hematopoietic
progenitor and stem cells express some common markers on their surfaces, such as CD34,
CD31, VEGFR, and AC133. Isolating endothelial cells from cord blood by targeting these
markers therefore leads to the isolation of a mixture of endothelial cells and hematopoietic
progenitor and stem cells. Targeting these common markers also results in a loss of the
hematopoietic cells. For example, the yield of hematopoietic cells by selecting for CD45*
cells using magnetic beads is at best 70%. Thus, there is approximately a 30% reduction in
hematopoietic cell yield, and it takes hours to process the cells, causing considerable risk to
the quality of the isolate cells. Although sorting based methods result in high purities of cell
fractions, they have even lower yields of approximately 50%.

[0042] Extended culturing of the total umbilical cord cells is another method used for
separating endothelial cells from the hematopoietic cell fraction. These cell culture
procedures typically take 7-14 days. Endothelial cells are seeded to form colonies and they
eventually form adherent layers on the plates, whereas the hematopoietic fraction will remain
in suspension or only become weakly adherent. Such lengthy cell culture of hematopoietic
stem cells, or even short-term exposure to in vitro incubations, have been shown to seriously
alter transcriptional profiles of hematopoietic stem cells (HSCs), and more importantly, to
reduce functional repopulating efficiencies of the HSCs. As such, there is need for an
alternative method for separating the endothelial cell fraction and the hematopoietic stem cell
fraction.

[0043] An alternative method of obtaining relatively pure endothelial cells from the
umbilical cord is the procedure to isolate human umbilical vein endothelial cells (HUVECs).
However, the procedure to isolate HUVECs must be done at the time of the cord blood

harvest, prior to the cord being discarded, because the cells are derived from the endothelium

11



WO 2014/140921 PCT/IB2014/001200

of the cord itself and not from the cord blood located within the vessels of the cord. Because
the procedure of harvesting HUVECs is complicated by the necessity for cord tissue
processing, which includes manual isolation and desiccation of the cord tissue, as well as an
enzyme-based cellular disassociation step (for example, by trypsinization), all under
clinically approved cell-processing laboratories, this procedure is not possible in most
hospitals worldwide. As such, most cord blood samples currently stored in biobanks do not
include HUVECs. Moreover, the procedure to harvest HUVECs takes days to weeks before
significant numbers of the endothelial cells can be harvested for freezing and storage.
However, the procedure of harvesting blood from the human umbilical cord into a sterile
vessel is routine in many clinics worldwide. In one embodiment, provided herein is a method
to separate cell types present in cord blood. Thus, the present invention addresses the
requirements of ease of use, sterility, and preservation of cellular material, without
significantly affecting the procedure of cord blood harvesting performed by these clinics.

[0044] Typical harvesting of cord blood in labor wards is performed by first clamping
and cutting the umbilical cord, followed by extracting the blood usually either through a
needle which punctures the cord vein and arteries, with attached closed system catheter into a
sterile collection bag, or simply by draining the cord blood from the cord cut site opening into
a collection vessel. Gravity or physical manipulation of the cord aids in the extraction of
blood from the cord into the collection vessel. The collection vessel usually contains an anti-
coagulant (e.g., heparin sulfate, citric acid, or EDTA). If the cord blood sample is to be
frozen for storage, it may contain a cryoprotectant such as DMSO. In some aspects, cord
blood is processed for progenitor/stem cell enrichment, for example, as outlined above using
clinical grade antibody bound magnetic beads.

[0045] In one aspect, an embodiment of the present invention is to provide a rapid and
clinically applicable system for the separation of endothelial progenitor cells from
hematopoietic cells from human umbilical cord blood in order to obtain a clinically valuable
endothelial cell type, while preserving the yield and repopulating ability of the hematopoietic
stem cells. This embodiment allows for additional use of cord blood samples. In one
embodiment, newly harvested cord blood samples are used. In other embodiments,

previously processed and stored frozen samples are used. In one aspect, samples of total or

12



WO 2014/140921 PCT/IB2014/001200

mononuclear cell fractions of cord blood are used. In another aspect, samples processed for
progenitor enrichment are used. In one aspect, the present invention takes advantage of the
differences in cell surface adhesive properties between the hematopoietic cell fraction and the
endothelial cell fraction, thereby enabling the separation of the two cell types. In one
embodiment, the cord blood sample is plated on a coated plate. The separation procedure is
performed following a short incubation of the cells on the plate, and is capable of being
performed at the bedside. The present invention overcomes limitations of current
technologies that result in reduced viability, yield and quality of the hematopoietic cells.

[0046] The proper use of the different and specific binding characteristics of cord blood
hematopoietic cells and endothelial cells, with regard to ligand affinity and time dependent
binding, may be employed for separating these two cell types. For example endothelial cells
express V-CAM, VE-cadherin, E-selectin, and VILA-1 (integrin ¢.131), which are cell binding
factors that promote signaling between these cells and their niche cells. Accordingly, these
and other endothelial cell markers can be specifically exploited for the separation of these
cells from the hematopoietic cells, which do not express these markers or only weakly adhere
to the endothelial receptors. While the hematopoietic fraction is considered a suspension cell
type, there are weak adhesion ligands expressed on these cells, such as CXCR4. CXCR4
binds the chemokine SDF-1 which is bound to the extracellular matrix component
fibronectin. Moreover, integrins such as VLLA-1 and VLLA-4 are also expressed on
hematopoietic cells, and VLLA-1 and VLLA-4 bind to collagen and VCAM 1, respectively.
There are additional weak adherence factors in non-tissue damaged hematopoietic cell types.
The present invention provides a cell collection device, vessel, or culture chamber coated
with the ligands or epitopes of the above mentioned endothelial adherence factors, for
hematopoietic cell and endothelial cell separation.

[0047] In the present invention, recently thawed or freshly obtained cord blood or the
progenitor enriched cell fractions can be separated following exposure to specific adherence
factors in a sterile, pre-coated vessel. The specific coating can be achieved by a specific
polymer/protein mixture. In addition, coatings that resemble the extracellular matrix or its
components (e.g. gelatin, or collagen I) may be employed. The coating is covered by a

minimal supportive media (clinical use grade) for maintaining cellular viability during the
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procedure. In some embodiments, mononuclear cell enriched cord blood sample, or
progenitor or stem cell enriched cord blood sample, can be plated at approximate 10 million
cells per 100 cm’in a plate or dish. In some embodiments, cord blood sample not processed
for cellular subtype enrichment, or cord blood sample not processed for erythrocyte
reduction, is plated at approximate 100 million cells per 100 cm?in a plate or dish. In one
embodiment, the total volume of media is at least 10 mL per 100 cm?. In one aspect, upon
plating, the vessel containing the cells and the media is placed onto a solid surface to allow
for the cells to attach to the surface of the vessel. In some aspects, the cells are incubated at
room temperature, in a 4 degrees Celsius refrigerator, or in a 37 degree Celsius incubator,
depending on the binding affinity and property of the specific coating used in the separation
vessel. In some embodiments, within 5 minutes the majority of endothelial cells are loosely
attached to the coated surface. In other embodiments, by 15 minutes the cells are sufficiently
attached, so that the surface can be washed to remove the non-adherent hematopoietic cell
fractions, for example, with 3 rounds of washing with media. The hematopoietic cells in
suspension from the wash can be processed for freezing using a cryoprotectant.
Simultaneously, the remaining adherent endothelial cell fraction on the coated surface is
resubmerged in media with cryoprotectant for freezing and storage. In another embodiment,
the remaining adherent endothelial cell fraction on the coated surface is processed by mild
trypsinization to disassociate the cells from the coating, so that the cells can be further
cultured in a suitable endothelial cell medium for extended culture and expansion of the
endothelial cells.

[0048] In the case where cord blood is harvested in a sterile manner using a needle and
catheter system to collect the blood directly, the invention also provides a cell-separation
procedure that can be performed at the bedside of patients. In one embodiment, such beside
separation procedure is performed with a catheter draining into the sterile pre-coated
separation vessel directly, followed by incubation of the collected cord blood and washing of
the hematopoietic fraction into a new non-coated vessel. In one aspect, the present invention
provides a dual vessel linked closed collection system for direct freezing and storage. In one
preferred embodiment, the present invention obliterates the need for culturing or processing

of cells in a laboratory setting.
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[0049] Also provided are methods for expanding, reprogramming, and differentiating the
isolated cells and cellular fractions, and methods for use of the same, e.g., for cellular and
tissue generation, regenerative and personal medicine, disease treatment, and other processes.

[0050] Also provided are methods for optimizing use of cord-blood samples. In some
aspects, such methods allow the use of a medically relevant cell fraction constituent
otherwise not available for use. In one aspect, such methods and cell fractions are useful for
enhancing the value of already established cord-blood donor banks, by permitting a dual use:
(1) use of the cells for haematopoietic reconstitution in a patient and (2) use of other cells

present in the cord blood for regenerative medicinal purposes.

C. Device for Cord Blood Collection and Cell Separation

[0051] The invention also relates to a device for the efficient harvesting and separation of
the cellular components of the cord blood material employing the principal workings of the
method outlined above. One such embodiment comprises a sterile dual-vessel closed
collection system, where one of the vessels is pre-coated for endothelial cell attachment.
When the cord blood sample is ready for processing, either having been freshly harvested in a
separate collection vessel, or having been processed for progenitor cell enrichment and
placed in separate temporary storage vessel, or having been recently thawed in a storage
vessel, the umbilical cord blood or enriched cells are transferred to the vessel with the
endothelial cell adherence coating (vessel 1). The transfer of the cord blood material to
vessel 1 can be performed by directly connecting vessel 1 to the collection/storage vessel
containing blood or cells via a needle and catheter tubing from the vessel and into the coated
vessel 1. Following transfer to vessel 1, cells are incubated for the appropriate time and at
the appropriate temperature depending on the adherence factors used in the coating on a flat
horizontal surface. Following the cell-adherence incubation step, the non-adherent fraction
of cells in suspension is transferred to the hematopoietic cell collection vessel (vessel 2)
which is connected to the coated bag via a sterile tubing. Wash medium stored in one or
more separate sealed storage chambers attached to the vessel 1 can then be transferred into
vessel 1, in three separate wash steps (25-100 mL each). In one embodiment, a stopcock

valve or equivalent structure is located on the tubing between the medium chamber and
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vessel 1. The wash media with suspension of hematopoietic cells is then transferred to the
hematopoietic collection vessel (vessel 2) via a closed tubing. Again, a stopcock valve
system or equivalent may be employed in this structure. After the transfer, the adherent
fraction in vessel 1 is re-submerged in media and an auxiliary chamber with cryoprotectant is
opened to release an appropriate volume of cryoprotectant, and the adherent cells are directly
frozen. Vessel 2 also has an auxiliary cryoprotectant buffer chamber, thus hematopoietic
suspension can be frozen directly.

[0052] The pre-coated vessel 1 with attached needle and catheter tubing can be used to
harvest cord blood directly from the umbilical cord. This allows the separation to proceed
directly following the harvest. The separation of hematopoietic cells and endothelial cells
occurs as detailed above. This system allows for a quick and simple processing of cord blood

cell fractions in a closed system that can be performed with sterility at the bedside.

D. Isolation, culture, sub-culture, reprogramming and differentiation of cells

derived from cord blood

[0053] Also provided are methods for isolation of cells from cord blood, e.g., collected
using the methods and apparatuses provided herein.

[0054] Cells can be counted to determine yield. In one embodiment, the procedure yields
at least at or about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% viable cells. In
preferred embodiments, the procedure yields at least at or about 50% viable cells.

[0055] In some embodiments, the isolated cells are cultured, for example, to expand the
cells. In one example, the cells are transferred to a culture receptacle, e.g., flask, containing a
growth medium appropriate for the desired cell-type. In one embodiment, a fibroblast growth
medium is used. In one embodiment, a mesenchymal stem cell growth medium is used. In
one embodiment, an endothelial cell growth medium is used. In one embodiment, a small-
airway epithelial growth medium is used. Without being bound by any theory, other cell
culture medium may be used in certain embodiments. In one aspect, the isolated cells are
cultured in the medium for at least or about one week, two weeks, three weeks, four weeks,
or five weeks. In certain aspects, the isolated cells are cultured in the medium for at least or

about 11, 12, 13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days. Flow
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cytometry, microscopy, and other known procedures may be used to assess the behavior and
phenotype of the cultured cells.

[0056] In one embodiment, the cells are propagated, e.g., in sub-cultures. In one
example, the cells are propagated for at least at or about 10, 20, 30, 40, 50, 60, or 70 days, or
for 30 population-doublings, or until the cells have expanded at least 10,000-, 100,000-,
200,000-, 300,000-, 400,000-, 500,000-, or 1 million-, 2 million-, or 3 million-fold, or until
the cells have reached senescence or until just before the cells reach senescence.

[0057] In one embodiment, high expression of Oct-4 is maintained by secondary culture
in hypoxic conditions, corresponding to the low oxygen tension in-utero.

[0058] Also provided are methods for reprogramming and differentiating the cells, for
example, to generate desired types of cells or tissues, such as for regenerative therapeutic
applications. In certain embodiments, the cells are reprogrammed to a less-differentiated
stage, such as to a pluripotent or multipotent stage. Reprogramming methods, such as
induction of pluripotent stem cells (iPSC) are well-known and may be used to revert the
differentiation of the cells to generate pluripotent or multipotent cells. Exemplary methods
are described in Takahashi and Yamanaka, 2006, Cell 126(4): 663-676, and in Yu et al.,
2007, Science 318(5858): 1917-1920.

[0059] In some embodiments, the cells, e.g., pluripotent or multipotent cells, are
differentiated into desired cell- or tissue-types. In one aspect, the cells are cultured under
conditions for generation of a desired cell type or tissue type, for example, endodermal,
ectodermal, or mesodermal-derived tissues, such as liver cells or tissue, endocrine tissue, lung
cells or tissue, blood cells, bone marrow cells, neuronal cells, astroglial cells, heart cells or
tissue, e.g., cardiomyocytes, ocular cells or tissue, nerve cells or tissue, brain cells or tissue,
muscle cells or tissue, skin cells or tissue, pancreatic cells or tissue, e.g., beta cells,
adipogenic cells, chondrogenic cells, osteogenic cells, and neural cells. In certain
embodiments, the cells are differentiated into neurons, hepatocytes, pancreatic islet cells,
kidney cells, and hematopoietic cells, among other cell types. In some embodiments, the
cells are differentiated into cell types representing all three germ layers. In some
embodiments, the cells maintain an efficient differentiation capacity across germ layers

following reprogramming. In one aspect, the cells possess a higher blood generation capacity
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compared to human embryonic stem cells or cell lines. One such human embryonic stem cell
line is H9. In another aspect, the cells possess near 100% neuronal cell differentiation
capacity. In some embodiments, the cells are differentiated to osteoblasts or adipocytes.
[0060] Differentiation methods are well-known. Any of a number of known methods
may be used in connection with this embodiment, for example, the methods described in U.S.
Patent No. 7,596,385, U.S. Patent Publication Numbers US 2005/0054093 and US
2005/0042595, all to Haas, and in U.S. Patent Publication Number US 2005/0124003 and
International Patent Application No. WO 03/042405, to Atala et al., and methods described in
“Teratocarcinomas and embryonic stem cells: A practical approach,” E. J. Robertson, ed.,
IRL Press Ltd. 1987; “Guide to Techniques in Mouse Development,” P. M. Wasserman et al.
eds., Academic Press 1993; “Embryonic Stem Cell Differentiation in vitro, M. V. Wiles,
Meth. Enzymol. 225: 900, 1993; “Properties and uses of Embryonic Stem Cells Prospects for
Application to Human Biology and Gene Therapy,” P. D. Rathjen et al., Reprod. Fertil. Dev.
10: 31, 1998; and in “Stem cell biology,” L. M. Reid, Curr. Opinion Cell Biol. 2: 121, 1990.
[0061] Differentiation-inducing agents, maturation agents, and maturation factors also are
well-known for differentiation to particular cell types, such as agents described in U.S. Pat.
No. 6,506,574, to Rambhatla et al., e.g., N-butyrate, for differentiation into liver cells, and
other maturation agents, maturation factors, growth factors, peptide hormones, cytokines,
ligand receptor complexes, corticosteroids, retinoic acid, and organic solvents, such as
DMSO, glucocorticoid with cAMP-elevating agents, methyl-isobutylxanthine, and
indomethacin. Choice of differentiation agent(s) will depend on desired cell or tissue type.
[0062] The cells, compositions, and tissues provided herein, such as differentiated cells,
are useful for the treatment of diseases, such as, but not limited to, infertility, cirrhosis of the
liver, pancreatitis, diabetes, Parkinson's disease, spinal cord injury, stroke, burns, heart
disease, osteoarthritis, rheumatoid arthritis, cancers, such as leukemia, e.g., Acute
Lymphoblastic Leukemia, Acute Myelogenous Leukemia, Acute Biphenotypic Leukemia,
and Acute Undifferentiated Leukemia; Chronic Myelogenous Leukemia, Chronic
Lymphocytic Leukemia, Juvenile Chronic Myelogenous Leukemia, Juvenile
Myelomonocytic Leukemia, lymphoma, e.g., Non-Hodgkin's Lymphoma, Hodgkin's Disease,

Multiple Myeloma, Plasma Cell Leukemia, Breast Cancer, Ewing Sarcoma, Neuroblastoma,

18



WO 2014/140921 PCT/IB2014/001200

Renal Cell Carcinoma, genetic blood disorders, brain disorders such as Alzheimer's disease,
Refractory Anemia, Refractory Anemia with Ringed Sideroblasts, Refractory Anemia with
Excess Blasts, Refractory Anemia with Excess Blasts in Transformation, Aplastic Anemia,
Fanconi Anemia, Paroxysmal Nocturnal Hemoglobinuria, Pure Red Cell Aplasia, Acute
Myelofibrosis, Agnogenic Myeloid Metaplasia, myelofibrosis, Polycythemia Vera, Essential
Thrombocythemia, Chediak-Higashi Syndrome, Chronic Granulomatous Disease, Neutrophil
Actin Deficiency, Reticular Dysgenesis, Mucopolysaccharidoses, Hurler's Syndrome, Scheie
Syndrome, Hunter's Syndrome, Sanfilippo Syndrome, Morquio Syndrome, Maroteaux-Lamy
Syndrome, Sly Syndrome, Beta-Glucuronidase Deficiency, Adrenoleukodystrophy,
Mucolipidosis I, Krabbe Disease, Gaucher's Disease, Niemann-Pick Disease, Wolman
Disease, Metachromatic Leukodystrophy, Familial Erythrophagocytic Lymphohistiocytosis,
Histiocytosis-X, Hemophagocytosis, Inherited Erythrocyte Abnormalities, Beta Thalassemia
Major, Sickle Cell Disease, Inherited Immune System Disorders, Ataxia-Telangiectasia,
Kostmann Syndrome, Leukocyte Adhesion Deficiency, DiGeorge Syndrome, Bare
Lymphocyte Syndrome, Omenn’s Syndrome, Severe Combined Immunodeficiency, Common
Variable Immunodeficiency, Wiskott-Aldrich Syndrome, X-Linked Lymphoproliferative
Disorder, Other Inherited Disorders, Lesch-Nyhan Syndrome, Cartilage-Hair Hypoplasia,
Glanzmann Thrombasthenia, Osteopetrosis, Inherited Platelet Abnormalities,
Amegakaryocytosis, Congenital Thrombocytopenia, Plasma Cell Disorders, and
Waldenstrom's Macroglobulinemia.

[0063] In certain embodiments, the cells are used in autologous/heterologous tissue
regeneration/replacement therapy, including treatment of corneal epithelial defects, cartilage
repair, facial dermabrasion, burn and wound dressing for traumatic injuries of skin, mucosal
membranes, tympanic membranes, intestinal linings, and neurological structures. For
example, augmentation of myocardial performance can be achieved by the transplantation of
cells into damaged myocardium (cellular cardiomyoplasty (CCM)), to enhance myocardial
performance and treat end-stage cardiac disease. The cells may also be used for repair of a
number of CNS disorders, for example, as described by Cao et al., 2002, “Stem cell repair of
central nervous system injury,” J Neuroscience Res 68: 501-510. The cells may also be used

in reconstructive treatment of damaged tissue by surgical implantation of cell sheets,

19



WO 2014/140921 PCT/IB2014/001200

disaggregated cells, and cells embedded in carriers for regeneration of tissues for which
differentiated cells have been produced. The cells may also be used in tissue engineered
constructs. Such constructs comprise a biocompatible polymer formed into a scaffold
suitable for cell growth. The scaffold can be shaped into a heat valve, vessel (tubular), planar
construct or any other suitable shape. Such constructs are well known, such as those
described in W002/035992, and in U.S. Pat. Nos. 6,479,064, 6,461,628.

[0064] It will be appreciated that, for clarity purposes, the above description has
described embodiments of the invention with reference to different functional units and/or
modules of the cell collection device. However, it will be apparent that any suitable
distribution of functionality between different functional units, modules or domains may be
used without detracting from the invention. For example, functionality illustrated to be
performed by separate modules may be performed by the same module. Hence, references to
specific functional units are only to be seen as references to suitable means for providing the
described functionality, rather than indicative of a strict logical or physical structure or
organization.

[0065] Terms and phrases used in this document, and variations thereof, unless otherwise
expressly stated, should be construed as open ended as opposed to limiting. As examples of
the foregoing: the term “including” should be read as meaning “including, without limitation™
or the like; the term “example” is used to provide exemplary instances of the item in
discussion, not an exhaustive or limiting list thereof; and adjectives such as “conventional,”
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“traditional,” “normal,” “standard,” “known”, and terms of similar meaning, should not be
construed as limiting the item described to a given time period, or to an item available as of a
given time. But instead these terms should be read to encompass conventional, traditional,
normal, or standard technologies that may be available, known now, or at any time in the
future. Likewise, a group of items linked with the conjunction “and” should not be read as
requiring that each and every one of those items be present in the grouping, but rather should
be read as “and/or” unless expressly stated otherwise. Similarly, a group of items linked with
the conjunction “or” should not be read as requiring mutual exclusivity among that group, but

rather should also be read as “and/or” unless expressly stated otherwise. Furthermore,

although items, elements or components of the disclosure may be described or claimed in the

20



WO 2014/140921 PCT/IB2014/001200

singular, the plural is contemplated to be within the scope thereof unless limitation to the
singular is explicitly stated. For example, “a” device includes one or more devices. The

219

presence of broadening words and phrases such as “one or more,” “at least,” “but not limited
to”, or other like phrases in some instances shall not be read to mean that the narrower case is
intended or required in instances where such broadening phrases may be absent.

[0066] While various embodiments of the invention have been described above, it should
be understood that they have been presented by way of example only, and not by way of
limitation. Likewise, the various diagrams may depict an example architectural or other
configuration for the disclosure, which is done to aid in understanding the features and
functionality that can be included in the disclosure. The disclosure is not restricted to the
illustrated example architectures or configurations, but can be implemented using a variety of
alternative architectures and configurations. Additionally, although the disclosure is
described above in terms of various exemplary embodiments and implementations, it should
be understood that the various features and functionality described in one or more of the
individual embodiments are not limited in their applicability to the particular embodiment
with which they are described. They instead can, be applied, alone or in some combination,
to one or more of the other embodiments of the disclosure, whether or not such embodiments
are described, and whether or not such features are presented as being a part of a described
embodiment. Thus the breadth and scope of the present disclosure should not be limited by

any of the above-described exemplary embodiments.

EXAMPLES
[0067] The following examples are intended to further describe and illustrate various
aspects of the invention, but not to limit, the scope of the invention in any manner, shape, or

form, either explicitly or implicitly.

EXAMPLE 1: Isolation of cells from freshly harvested umbilical cord blood

[0068] Freshly harvested umbilical cord blood was processed for mononuclear cell or
CD34" cell isolation. Prior to freezing and liquid nitrogen storage for future applications, the

endothelial progenitor cells were isolated from within the mononuclear and CD34"

21



WO 2014/140921 PCT/IB2014/001200

population for separate cell expansion, freezing, storage, and reprogramming purposes. The
total cord blood mononuclear cells, or magnetic bead isolated CD34" hematopoietic stem and
progenitor cells, were plated in a tissue culture dish coated with vitronectin, gelatin or
collagen I. Following approximately 5-10 minutes incubation to allow cell adhesion, the
hematopoietic cell fraction (which comprises the non-adherent cell fraction of the cord blood)
was washed away with three washes of saline solution or similar medium. The hematopoietic
cell fraction was processed via centrifugation at 350 RCF to obtain a pellet for resuspension
in an appropriate freezing media for subsequent freezing and storage.

[0069] The remaining adherent endothelial cell progenitors were then cultured at 37°C in
commercially available endothelial cell medium until endothelial cell colonies formed or
until plate confluency was reached following the initial plated cell expansion. The
endothelial cell fraction was then frozen and stored in liquid nitrogen for future
reprogramming uses. As shown in Figure 1, the fresh cord blood cells contain both the
endothelial cell fraction (CD45 CD34"CD31%) and the hematopoietic fraction (CD45").
Following total cell culturing for 10 days the endothelial cell fraction became the majority
with an adherent CD34"CD31" phenotype. Fresh cord blood cells also contain CD133" and
negative cells with a low number of cells expressing the endothelial cell markers VE-
cadherin and VEGIR2. Following 10 days of endothelial cell culture, the percentage of
endothelia cells expressing VE-cadherin and VEGFR?2 increases significantly.

[0070] Upon thawing of the endothelial cell fraction and plating, cells were cultured in
endothelial cell media on a gelatin or collagen I coated tissue culture plate until 70% plate
confluency. The cells were then transduced with lentiviral vectors of the reprogramming
factors OCT4, SOX2, KLF4, C-MYC, and LIN28. The cells were reprogrammed to a
pluripotent stem cell state, as validated by in vivo teratoma formation assays. The cells were
transplanted into immune compromised mice, and the presence of all three germ layers was
identified. Q-PCR for markers of pluripotency were also performed to confirm the
pluripotent stem cell state of the reprogrammed endothelial cells isolated from cord blood.
Pluripotent stem cells could then be differentiated into neuronal and hematopoietic cell

lineages using the appropriate differentiation systems.
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EXAMPLE 2: Isolation of cells from frozen umbilical cord blood

[0071] A frozen sample of mononuclear or CD34" cells isolated from cord blood was
thawed and plated in a tissue culture dish coated with gelatin or collagen I. Following
approximately 5-10 minutes incubation to allow cell adhesion, the hematopoietic cell fraction
(which comprises the non-adherent cell fraction of the cord blood) was washed away with
three washes of saline solution or similar medium. The hematopoietic cell fraction was
processed via centrifugation at 350 RCF to obtain a pellet for resuspension in an appropriate
freezing media for subsequent freezing and storage. The remaining adherent endothelial cell
progenitors were then cultured at 37°C in commercially available endothelial cell medium
until endothelial cell colonies formed or until plate confluency was reached following the
initial plated cell expansion. The endothelial cell fraction was then frozen and stored in

liquid nitrogen for future reprogramming uses.

EXAMPLE 3: A device for harvesting and separation of cells from cord blood

[0072] The invention also relates to a device for the efficient harvesting and separation of
the cellular components of the cord blood material employing the principal workings of the
method outlined above. One such embodiment comprises a sterile dual-vessel closed
collection system, where one of the vessels is pre-coated for endothelial cell attachment.
When the cord blood sample is ready for processing, either having been freshly harvested in a
separate collection vessel, or having been processed for progenitor cell enrichment and
placed in separate temporary storage vessel, or having been recently thawed in a storage
vessel, the umbilical cord blood or enriched cells are transferred to the vessel with the
endothelial cell adherence coating (vessel 1). The transfer of the cord blood material to
vessel 1 can be performed by directly connecting vessel 1 to the collection/storage vessel
containing blood or cells via a needle and catheter tubing from the vessel and into the coated
vessel 1. Following transfer to vessel 1, cells are incubated for the appropriate time and at
the appropriate temperature depending on the adherence factors used in the coating on a flat
horizontal surface. Following the cell-adherence incubation step, the non-adherent fraction

of cells in suspension is transferred to the hematopoietic cell collection vessel (vessel 2)
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which is connected to the coated bag via a sterile tubing. Wash medium stored in a separate
sealed storage chamber attached to the vessel 1 can then be transferred into vessel 1, in three
separate wash steps (25-100 mL each), using a stopcock valve or equivalent structure located
on the tubing between the medium chamber and vessel 1. The wash media with suspension
of hematopoietic cells is then transferred to the hematopoietic collection vessel (vessel 2) via
a closed tubing also with a stopcock valve or other equivalent system. After the transfer, the
adherent fraction in vessel 1 is re-submerged in media and an auxiliary chamber with
cryoprotectant is opened to release an appropriate volume of cryoprotectant, and the adherent
cells are directly frozen. Vessel 2 also has an auxiliary cryoprotectant buffer chamber, thus
hematopoietic suspension can be frozen directly.

[0073] The pre-coated vessel 1 with attached needle and catheter tubing can be used to
harvest cord blood directly from the cord. This allows the separation to proceed directly
following the harvest. The separation of hematopoietic cells and endothelial cells occurs as
detailed above. 'This system allows for a quick and simple processing of cord blood cell
fractions in a closed system that can be performed with sterility at the bedside.

[0074] Throughout this application, various website data content, publications, patent
applications and patents are referenced. (Websites are referenced by their Uniform Resource
Locator, or URL, addresses on the World Wide Web.) The disclosure of each of these
references is hereby incorporated by reference herein in its entirety.

[0075] The present invention is not to be limited in scope by the embodiments disclosed
herein, which are intended as single illustrations of individual aspects of the invention, and
any that are functionally equivalent are within the scope of the invention. Various
modifications to the models and methods of the invention, in addition to those described
herein, will become apparent to those skilled in the art from the foregoing description and
teachings, and are similarly intended to fall within the scope of the invention. Such
modifications or other embodiments can be practiced without departing from the true scope

and spirit of the invention.
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CLAIMS

The following exemplary claims are provided to further illustrate some embodiments
of the present invention and should not be understood to limit the scope of what the

Applicants regard as their invention.

We claim:

1. A method for isolating an endothelial cell, comprising:
(a) plating an umbilical cord blood sample on a surface; and
(b) allowing adhesion of cells in said cord blood sample to said surface,

wherein said adherent cells comprise said endothelial cell.

2. A method for isolating an endothelial cell and a hematogenic progenitor cell,
comprising:
(a) plating an umbilical cord blood sample on a surface;
(b) allowing adhesion of cells in said cord blood sample to said surface;
(©) separating non-adherent cells from said adherent cells,
wherein said adherent cells comprise said endothelial cell and said non-adherent cells

comprise said hematogenic progenitor cell.

3. The method of claim 2, wherein step (c) does not cause significant detachment of said

adherent cells from the surface.
4. The method of claim 2, wherein at least about 10%, about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, or about 90% of said adherent cells

remain attached to the surface following step (c).

5. The method of any one of claims 1-4, wherein said umbilical cord blood sample is

from a human.
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6. The method of any one of claims 1-5, wherein said umbilical cord blood sample is

freshly harvested.

7. The method of any one of claims 1-5, wherein said umbilical cord blood sample is

frozen.

8. The method of any one of claims 1-7, wherein said umbilical cord blood sample is

processed for mononuclear cell enrichment.

0. The method of any one of claims 1-7, wherein said umbilical cord blood sample is not

processed for mononuclear cell enrichment.

10. The method of any one of claims 1-9, wherein said umbilical cord blood sample is

processed for hematopoietic progenitor and/or hematopoietic stem cell enrichment.

11. The method of any one of claims 1-9, wherein said umbilical cord blood sample is not

processed for hematopoietic progenitor and/or hematopoietic stem cell enrichment.

12. The method of any one of claims 1-11, wherein the said umbilical cord blood sample

is plated at a temperature between about 0°C and about 37°C.

13. The method of any one of claims 1-12, wherein the surface is coated with collagen I,

or gelatin, or a similar extracellular matrix component, or any combination thereof.

14. The method of any one of claims 1-13, wherein cells in said cord blood sample are
allowed to adhere to said surface for about 5 minutes, about 10 minutes, about 15 minutes,
about 20 minutes, about 25 minutes, about 30 minutes, about 35 minutes, about 40 minutes,

about 45 minutes, about 50 minutes, about 55 minutes, about 60 minutes or longer.
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15. The method of any one of claims 1-14, further comprising providing suitable
conditions for maintaining hematopoietic cell viability, primitivity and/or repopulating

ability.

16. The method of any one of claims 1-15, further comprising providing suitable

conditions for maintaining endothelial cell viability and/or primitivity.

17. A method of generating a stem cell or progenitor cell, comprising reprogramming the

endothelial cell isolated in any of claims 1-16 to a stem cell or progenitor cell.

18. A method of obtaining a stem cell or progenitor cell, comprising expanding the
hematogenic progenitor cell isolated in any of claims 2-16, and optionally: (1) isolating a
more primitive cell from said expanded hematogenic progenitor cell population, or (2)

reprogramming said hematogenic progenitor cell to a stem cell or progenitor cell.

19. A method of generating a somatic cell, comprising:

(a) reprogramming the endothelial cell isolated in any of claims 1-16 to a stem cell or
progenitor cell, and differentiating said stem cell or progenitor cell to a somatic cell; or

(b) reprogramming the endothelial cell isolated in any of claims 1-16 to a somatic cell

directly.

20. A dual vessel device for isolating cells from umbilical cord blood, comprising two
vessels and a sterile tubing with stopcock flow regulation for the transfer of cells in

suspension between the vessels.
21. The dual vessel device of claim 20, further comprising a media chamber attached in a

closed system with stopcock flow regulation to facilitate wash steps and cell transfer to the

vessels.
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22. The dual vessel device of claim 20 or 21, further comprising one or more auxiliary

chambers to facilitate the administration of cryoprotectant to the vessels.

23. The dual vessel device of any one of claims 20-22, wherein the device is prefilled

with a hypoxic, normoxic, or hyperoxic gas.
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