US 20050074435A1

a2 Patent Application Publication o) Pub. No.: US 2005/0074435 Al

a9 United States

Casper et al.

(43) Pub. Date: Apr. 7, 2005

(54) CELLULAR COMPOSITIONS AND
METHODS OF MAKING AND USING THEM

(76) Inventors: Robert Casper, Toronto (CA); Ian
Rogers, Toronto (CA)

Correspondence Address:

MERCHANT & GOULD PC

P.O. BOX 2903

MINNEAPOLIS, MN 55402-0903 (US)
(21) Appl. No.: 10/499,849
(22) PCT Filed: Dec. 20, 2002
(86) PCT No.: PCT/CA02/01979

Related U.S. Application Data

(60) Provisional application No. 60/342,586, filed on Dec.

21, 2001.

Publication Classification

(51) It CL7 oo AGIK 45/00; AG1K 38/17;

CI2N 5/08
(52) US.Cl oo 424/93.7; 435/372; 514/12
7) ABSTRACT

The invention relates to cellular compositions comprising
hematopoietic cells with the potential or increased potential
to form non-hematopoietic cells; methods for producing
such cellular compositions; methods for differeentitation of
cells of cellular compositions of the invention into cells that
exhibit morphological, physiological, functional, and/or
immunological features of non-hematopoietic cells; and
uses of the cellular compositions. The invention also relates
to a method for the expansion of hemtopoietic stem and
progenitor cells.
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FIGURE 9
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CELLULAR COMPOSITIONS AND METHODS OF
MAKING AND USING THEM

FIELD OF THE INVENTION

[0001] The invention relates to cellular compositions com-
prising hematopoietic cells with the potential or increased
potential to form non-hematopoietic cells; methods for pro-
ducing such cellular compositions; methods for differentia-
tion of cells of cellular compositions of the invention into
cells that exhibit morphological, physiological, functional,
and/or immunological features of non-hematopoietic cells;
and

[0002] uses of the cellular compositions. The invention
also relates to a method for the expansion of hematopoietic
stem and progenitor cells.

BACKGROUND OF THE INVENTION

[0003] Organ transplantation has been successfully used
to replace or repair damaged tissues. However, transplanta-
tion is limited by the availability of donors, and the high
costs and radical nature of the surgery. It is evident that
alternative procedures to transplantation are desirable.

[0004] The grafting of healthy cells into discased tissue
has been proposed as an alternative to organ transplantation.
However, the success of such grafts is dependent upon the
developmental stage of the injected cells. Adult cells gen-
erally do not incorporate into tissue but early stage embry-
onic cells stably integrate. Embryonic cell grafts are not
preferred due to the ethical issues involved, and technical
and availability limitations. Thus, there is a need for alter-
native sources of cells capable of integration into tissues. In
particular, a need exists for cell preparations containing cells
of various tissues for transplantation in which (1) the prepa-
ration is accepted by the patient, thus avoiding the difficul-
ties associated with immunosuppression, (2) the preparation
is safe and effective, thus justifying the cost and effort
associated with treatment, and (3) the preparation is effica-
cious during and after transplantation.

[0005] Bone marrow transplantation is a common form of
therapy for a number of diseases involving dysfunction of
hematopoietic cells, or which involve treatments which
irreversibly damage hematopoietic cells (e.g. chemotherapy
and radiotherapy for cancer). The use of bone marrow
transplantation has allowed more intensive and effective
chemotherapy and radiotherapy for cancer. However, the
approach requires an adequate number of stern cells to
ensure success. Thus, there is a need for sources of hemato-
poietic stem cells that will reduce the risk of graft versus
host rejection and provide an adequate number of stem cells
for transplantation.

[0006] The citation of any reference herein is not an
admission that such reference is available as prior art to the
instant invention.

SUMMARY OF THE INVENTION

[0007] The present inventors have identified distinct cells
that can differentiate into cells of multiple tissue types in
vivo and in vitro. The cells were produced by growing
hematopoietic cells derived from umbilical cord blood under
selected proliferation conditions. The cells have properties
similar to embryonic stem cells.
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[0008] The inventors have also developed a method for the
expansion of hematopoietic stem and progenitor cells from
umbilical cord blood that provides a significant increase in
the number of hematopoietic stem cells and progenitor cells
available for transplant from a single umbilical cord. A
single umbilical cord yields enough stem cells for one bone
marrow transplant, typically for a pediatric patient. In vitro
expansion of the stem cells will increase the possible uses
for a single cord blood collection. Stem cell expansion will
allow greater accessibility to this form of treatment and
allow for the development of cord blood stem cells for gene
therapy. In addition, the degree of HLLA incompatibility that
can be tolerated is greater with cord blood than with bone
marrow (1). This is important to the establishment of cord
blood banks because it increases the donor pool.

[0009] Thus, an aspect of the present invention is directed
to methods of producing cells with potential or increased
potential to form different types of non-hematopoietic cells.
In accordance with the present invention, the method begins
with obtaining hematopoietic cells (e.g. from umbilical cord
blood) and enriching the cells for hematopoietic stem cells
and progenitor cells by positive or negative selection. The
resulting cell preparation enriched for hematopoietic stem
cells and progenitor cells is cultured under proliferation
conditions to produce cells with potential or an increased
potential to form different types of non-hematopoietic cells.
This novel process leads to the preparation of hematopoietic
cells with the potential or increased potential to form dif-
ferent types of non-hematopoietic cells in vitro and in vivo.

[0010] In an embodiment, a method is provided for con-
verting hematopoietic cells into cells with potential or
increased potential to form different types of non-hemato-
poietic cells. The method of converting hematopoietic cells
into newly created cells with potential or increased potential
to form non-hematopoietic cells involves obtaining hemato-
poietic cells (e.g. from umbilical cord blood) and enriching
the cells for hematopoietic stem cells and progenitor cells by
positive or negative selection; and culturing the resulting
cell preparation under proliferation conditions so that cells
in the preparation develop the potential or an increased
potential to form different types of non-hematopoietic cells
and tissues.

[0011] Another aspect of the invention is an enriched
hematopoietic cell preparation that is enriched for hemato-
poietic stem cells and progenitor cells that are capable of
forming cells that have the potential or increased potential to
form cells of multiple tissue types both in vitro and in vivo.
In an embodiment, the enriched hematopoietic cell prepa-
ration comprises essentially CD45*HLA-ABC™ cells (HLA-
Class 14), preferably CD45*HLA-ABC*Lin™.

[0012] In another aspect the invention relates to an iso-
lated cellular composition comprising or comprising essen-
tially cells with the potential or increased potential to form
hematopoietic and non-hematopoietic cells in vitro and in
vivo. The cells in the composition may have an altered
differentiation program enabling the cells to form non-
hematopoietic cells. The cells have the potential to differ-
entiate into cells that exhibit morphological, physiological,
functional, and/or immunological features of non-hemato-
poietic cells. The cells may be further characterized by
embryonic or early non-hematopoietic tissue markers (e.g.
carly muscle marker Desmin).
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[0013] In an embodiment, a cellular composition is pro-
vided comprising essentially cells with the potential or
increased potential to form different types of non-hemato-
poietic cells produced by a method of the invention.

[0014] In a particular aspect of the invention, a cellular
composition is provided which is produced by culturing
hematopoietic cells comprising hematopoietic stem cells
and progenitor cells, preferably an enriched hematopoietic
cell preparation comprising CD45"HLA-ABC* cells, more
preferably comprising CD45"HLA-ABC*Lin" cells, under
proliferation conditions and isolating cells in the culture that
have the potential or increased potential to form different
types of non-hematopoietic cells and hematopoietic cells
both in vitro and in vivo.

[0015] Cells with the potential or increased potential to
form non-hematopoietic cells in a cellular composition may
be induced to differentiate into cells and tissues of different
types of non-hematopoietic lineages in vitro or in vivo.
Thus, the invention relates to methods of isolating a popu-
lation of essentially non-heinatopoietic cells from hemato-
poietic cells with the potential or increased potential to form
non-hematopoietic cells produced by a method of the inven-
tion.

[0016] The invention therefore also relates to a purified
cellular composition comprising or comprising essentially
cells with potential or increased potential to form different
types of non-hematopoietic cells that have been induced to
differentiate into cells of non-hematopoietic cell lineages,
preferably cells that exhibit morphological, physiological,
functional, and/or immunological features of non-hemato-
poietic cells. A differentiated cell preparation is character-
ized by expression of genetic markers of non-hematopoietic
cell lineages (e.g. markers for muscle, neural, adipocyte,
osteoclast, osteoblast, endothelial, astrocytes, renal, retinal,
cornea, and hepatocyte lineages).

[0017] In an embodiment, a cellular composition is pro-
vided comprising cells with the potential or increased poten-
tial to form non-hematopoietio cells produced by a method
of the invention, in combination with an effective amount of
at least one differentiation factor.

[0018] In another embodiment, a cellular composition is
provided comprising mitotic or differentiated cells that are
progeny of cells with the potential or increased potential to
form non-hematopoietic cells produced by a method of the
invention.

[0019] In an aspect the invention provides a culture system
comprising cells, cell preparations, and cellular composi-
tions of the invention.

[0020] The invention also contemplates cells, cell prepa-
rations, and cellular compositions of the invention in com-
bination with a substrate or matrix, preferably a substrate or
matrix adapted for transplantation into a patient The sub-
strate may be an engineered biomaterial or porous tissue
culture insert.

[0021] The present invention also provides a method for
expanding, preferably selectively expanding, hematopoietic
stem cells and progenitor cells from umbilical cord blood.
The method comprises (a) culturing an enrichedhematopoi-
etic cell preparation from umbilical cord blood comprising
hematopoietic stem cells and progenitor cells under prolif-
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eration conditions; and (b) isolating increased numbers of
hematopoietic stem cells and progenitor cells. “Increased
numbers of hematopoietic stem cells and progenitor cells”,
refers to an increase in the number of cells by at least about
2-fold relative to the number of hematopoietic stem cells and
progenitor cells that are present in a parallel control culture
of cells that are not subjected to the same proliferation
conditions. The invention also relates to an expanded
hematopoietic stem cell and progenitor cell preparation
obtained by this method The term “expanding” or “expan-
sion” contemplates the proliferation of the hematopoietic
cells.

[0022] In an embodiment the invention provides a method
for expanding hematopoietic stem cells and progenitor cells
comprising (a) obtaining umbilical cord blood and enriching
for hematopoietic stem cells and progenitor cells by positive
or negative selection, preferably enriching for CD45*HLA-
ABC" cells, more preferably CD45*HLA-ABC*Lin~ cells;
(b) culturing the resulting enriched hematopoietic cell prepa-
ration under proliferation conditions; and (c) isolating
increased numbers of hematopoietic stem cells and progeni-
tor cells.

[0023] In an aspect the invention provides a method of
identifying the presence of cells of cell preparations and
cellular compositions of the invention in a mixed cell
population comprising: exposing the cell population to an
antibody or fragment thereof immunogenetically specific for
a marker of such cells, the occurrence of the markers being
indicative of the presence of the cells in the cell population.
The antibody may comprise a detectable label. The method
may involve a selection step involving fluorescence-acti-
vated cell sorting or magnetic bead separation. In an
embodiment, the mixed cell population is contacted with
one, two, three, four, five, six, seven, eight, nine, ten, or
eleven or more, preferably all, of the following markers
CD45, HLA-ABC, stem cell factor receptor, Flt3ligand
receptor, Fef receptor, an embryonic stem cell protein such
as Octd4, Stage Specific Embryonic Antigen-3 (SSEA3),
and/or Stage Specific EmbryonicAntigen-4 (SSEA4),
HoxB4, Flk-1, CD34, and CD38. This method of identifying
cells may have diagnostic applications in diseases or disor-
ders involving cells of the present invention. The method
may be employed in the diagnosis of early childhood
cancers, stem-cell based cancers, and endogenous stem-cell
assessment in patients. The method may also be used to
monitor a therapy for diseases or disorders associated with
or involving cells of the present invention.

[0024] Cells, cell preparations, and cellular compositions
of the invention can be used in a variety of methods (e.g.
transplantation or grafting) and they have numerous uses in
the field of medicine. Cells with the potential or increased
potential to form non-hematopoietic cells, or cells differen-
tiated there from may be used for the replacement of body
tissues, organs, components or structures which are missing
or damaged due to trauma, age, metabolic or toxic injury,
disease, idiopathic loss, or any other cause.

[0025] In an aspect of the invention, the newly created
cellular compositions comprising cells with potential or
increased potential to form non-hematopoietic cells, or non-
hematopoietic cells differentiated therefrom, can be used in
both cell therapies and gene therapies aimed at alleviating
disorders and diseases involving the non-hematopoietic
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cells. The invention obviates the need for human tissue to be
used in various medical and research applications.

[0026] The invention also provides a method of treating a
patient with a condition involving a non-hematopoietic cell,
in particular a defect in a non-hematopoietic cell, comprising
transferring or administering an effective amount of a cel-
lular composition comprising cells with the potential to form
the non-hematopoietic cells into the patient, wherein the
cells differentiate into the non-hematopoietic cells.

[0027] The invention also contemplates a cell line com-
prising cells with the potential or increased potential to form
non-hematopoietic cells produced by a method of the inven-
tion that have the ability to migrate and localize to specific
regions in a patient where they differentiate into non-
hematopoietic cells typical of the region and they integrate
into the tissue in a characteristic tissue pattern.

[0028] Expanded hematopoietic stem cell and progenitor
cell preparations of the invention may be used in both cell
therapies and gene therapies aimed at alleviating disorders
and diseases involving hematopoietic cells. The invention
contemplates a method of treating a patient with a condition
involving hematopoietic cells comprising transferring to a
patient an effective amount of a cell preparation of the
invention comprising hematopoietic stem cells and progeni-
tor cells.

[0029] Cells with the potential or increased potential to
form non-hematopoietic cells may be used to screen for
potential therapeutics that modulate development or activity
of such cells or cells differentiated therefrom.

[0030] The cells, cell preparations, and cellular composi-
tions of the invention may be used as immunogens that are
administered to a heterologous recipient The cells, cell
preparations, and cellular compositions of the invention may
be used to prepare model systems of disease. The cells, cell
preparations, and cellular compositions of the invention can
also be used to produce growth factors, hormones, etc.

[0031] The invention also contemplates a pharmaceutical
composition comprising cells, a cell preparation, or cellular
composition of the invention, and a pharmaceutically
acceptable carrier, excipient, or diluent. A pharmaceutical
composition may include a targeting agent to target cells to
particular tissues or organs.

[0032] The invention provides a method for obtaining
non-hematopoietic cells for autologous transplantation from
a patient’s own hematopoietic cells comprising (a) obtaining
a sample comprising hematopoietic cells from the patient,
preferably from fresh or cryopreserved umbilical cord
blood; (b) separating out an enriched cell preparation com-
prising hematopoietic stem cells and hematopoietic progeni-
tor cells, preferably CD45*"HLA-ABC™ cells, more prefer-
ably CD***HLA-ABC'Lin~ cells; (b) culturing the cells
under proliferation conditions to produce a cellular compo-
sition comprising cells with the potential or increased poten-
tial to form non-hematopoietic cells.

[0033] The invention also relates to a method for conduct-
ing a regenerative medicine business. Still further the inven-
tion relates to a method for conducting a stem cell business
involving identifying agents which affect the proliferation,
differentiation, function, or survival of cells that have the
potential to form hematopoietic and non-hematopoietic cells
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of the invention. An identified agent(s) can be formulated as
a pharmaceutical preparation, and manufactured, marketed,
and distributed for sale.

[0034] In another aspect, the invention contemplates
methods for influencing the proliferation, differentiation, or
survival of cells that have the potential to form hematopoi-
etic and non-hematopoietic cells by contacting cells of a
cellular composition of the invention with an agent or agents
identified by a method of the invention.

[0035] The invention also contemplates a method of treat-
ing a patient comprising administering an effective amount
of an agent-identified in accordance with a method of the
invention to a patient with a disorder affecting the prolif-
eration, differentiation, function, or survival of hematopoi-
etic or non-hematopoietic cells.

[0036] The invention also contemplates a method for
conducting a drug discovery business comprising identify-
ing factors or agents that influence the proliferation, differ-
entiation, function, or survival of cells that have the potential
to form hematopoietic and non-hematopoietic cells of the
invention, and licensing the rights for further development.

[0037] The invention further contemplates a method of
providing drug development wherein a cellular composition
of the invention or mitotic or differentiated progeny thereof
are used as a source of biological components of non-
hematopoietic or hematopoietic cells in which one or more
of these biological components are the targets of the drugs
that are being developed.

[0038] The invention also relates to methods of providing
a bioassay.

[0039] In an aspect, the invention features a kit including
cells generated using a method of the invention, or a mitotic
or differentiated cell that is the progeny of the cells.

[0040] The invention is also directed to a kit for trans-
plantation of non-hematopoietic cells comprising a flask
with medium and cells, a cell preparation, or a cellular
composition of the invention.

[0041] The invention also relates to a method of using the
cellular compositions in rational drug design.

[0042] In an aspect, the invention relates to a kit for
rational drug design comprising non-hematopoietic cells
obtained by a process of the invention. In an embodiment,
the kit comprises hepatocytes and instructions for their use
in toxicity assays. In another embodiment, the kit comprises
intestinal cells and instructions for their use in an absorption
assay.

[0043] Still another aspect of the invention is a kit for
producing cellular compositions comprising cells that have
the potential or increased potential to form cells capable of
differentiating into cells of multiple tissue types both in vitro
and in vivo, or for producing an expanded hematopoietic
stem cell and progenitor cell preparation.

DESCRIPTION OF THE DRAWINGS

[0044] The invention will now be described in relation to
the drawings in which:

[0045] FIG. 1 shows the growth and maintenance of Lin~
stem cells. There was an increase in Lin~ stem cells after 7
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days growth with different growth factors. Lin~ cells were
grown in serum free medium with combinations of FGF-4,
SCF and Flt-3 ligand. The best growth and maintenance of
stem cells occurs when all three growth factors are present.

[0046] FIG. 2 shows that the Lin~ stem cells are HLA-
ABC* and CD45. Lin~ cells were selected and analyzed by
flow cytometry for CD45 and HLA-ABC positive cells. Day
0 Lin- cells and the same cells grown for 7 days are 100%
CD45" and HLA-ABC®. Day 0 Lin~ cells contain two
populations of CD45*/HLA-ABC™ cells with one expressing
lower levels, but still clearly positive.

[0047] FIG. 3 shows the presence of human stromal cells
in engrafted NOD/SCID mice. CD45/HLA-ABC* cells
were isolated from bone marrow aspirates from NOD/SCID
mice engrafted with FGF, SCF, FLT-3 ligand cells or day 0
Lin~ cells. These cells may be stromal-like cells. This
supports the observation of stromal/mesenchymal cells in
the cultures.

[0048] FIG. 4 shows the changes in cell population with
time in culture. Initial increases in CD34* cells occur in the
first 2-3 weeks of growth but then decline. CD33* cells
increase rapidly suggesting that existing cells begin to
express this marker. A high proportion of cells is CD45".

[0049] FIG. 5 shows the results for transplanting NOD/
SCID mice with cells grown in Fgf, SCF, FLT?3 ligand for 8
days. Expansion of the cells is 3x input Transplanting the
same number of cells per mouse resulted in comparable
levels of engraftment.

[0050] FIG. 6 shows osteoclast cells. Lin~ cells grown in
Fegf, SCF, FLT3 ligand for 4-28 days produced osteoclast
cells as determined by A) TRAP positive staining and B)
resorption of a calcium citrate substrate in the presence of
serun and GM-CSF.

[0051] FIG. 7 shows Desmin positive cells. Lin~ day 0
cells are negative for the early muscle marker, Desmin. Lin™
cells grown for 7 days become desmin positive as deter-
mined by PCR These cells remain negative for mature
muscle markers.

[0052] FIG. 8 shows muscle actin (bottom panel) and
Myo-D (top panel) positive cells. Lin~ cells grown in Fgf,
SCF, FLT3 ligand for 7 days then grown under conditions
that support muscle cell growth resulted in cells positive for
Muscle specific actin and Myo-D. Fewer cells are positive
for the mature muscle marker Myo-D.

[0053] FIG. 9 shows endothelial cells. Lin~ cells are
positive for Flk-1 after growth in Fgf, SCF, FLT3 ligand
conditions. When these cells are grown in the presence of
VEGF the cells elongate and lose Flk-1 as expected for
endothelial cell development (A). The same cells placed in
a matrix will grow into a network of vessel like structures
B-F).

[0054] FIG. 10 shows CD31 positive endothelial cells.
High numbers of CD31 positive cells can be obtained from
UCB Lin- cells. Cells were grown in conditions described

herein and stained using an IgG control (A), and an anti-
CD31 antibody (B and C).

[0055] FIG. 11 shows hepatocytes from UCB cells.
CYP1A2 positive hepatocytes were found in the livers of
NOD/SCID mice engraftedwith human UCB Lin~ cells.
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Human, non-blood cells (CD457/HLA") were isolated from
engrafted mouse livers by flow cytometry (A). Both CD45%/
HLA" human blood cells and the human, non-blood cells
were tested for the presence of CYP1A2 (B&C). CYP1A2
positive cells represent a functional hepatocyte. These cells
are fewer in number than the total number of human,
non-blood cells found in the liver. None of the mouse cells
or the human blood cells express CYP1A2.

[0056] FIG. 12 shows the immunohistochemistry of
engrafted mouse livers. immunohistochemistry on liver sec-
tions with CYP1A2 antibody was done. Positive cells were
detected.

[0057] FIG. 13 shows astrocytes detected in the Lin~
population. Lin~ cells are negative for the astrocyte marker
GFAP unless first grown in Fgf, SCF, FL3 ligand. PCR was
used to detect the presence of GFAP mRNA.

[0058] FIG. 14 shows neural positive cells. Lin~ cells
grown for 7-14 days are positive for nestin mRNA by PCR

[0059] FIG. 15 shows the immunocytochemistry of neural
cells. Lin~ cells pre-grown in Fgft SCF and F1t3 ligand then
placed into DME+ serum are positive for neuroffiament and
Parkin. The addition of Retinoic acid(RA) results in first the
formation of neurospheres and with furter culturing, neu-
rofilament positive cells. RA kills off the non-neural cells in
the culture.

[0060] FIG. 16 shows adipocyte positive cells. Under the
same conditions that result in osteoclast growth, adipocytes
can be detected. Sudan IV stain was used to detect adipocyte
cells in the cell cultures.

[0061] FIG.17 Lin~ cells were grown in FGF, SCF, FLT3
ligand for 0, 4 or 8 days. Cell prolifetation of ~3x occurred
over the 8 days. 500 cells/assay were used and colonies
counted after 16 days. There is no significant difference
between the three groups. This indicated that the expanded
cells are equivalent to the untreated population.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0062] In accordance with the present invention there may
be employed conventional molecular biology, microbiology,
and recombinant DNA techniques within the skill of the art.
Such techniques are explained fully in the literature. See for
example, Sambrook, Fritsch, & Maniatis (2); DNA Cloning:
A Practical Approach, Volumes I and II (D. N. Glover ed.
1985) (3); Oligonucleotide Synthesis (M. J. Gait ed. 1984)
(4); Nucleic Acid Hybridization B. D. Hames & S. J.
Higgins eds. (1985)(5); Transcription and Translation B. D.
Hames & S. J. Higgins eds (1984) (6); Animal Cell Culture
R. 1. Freshney, ed. (1986) (7); Immnobilized Cells and
enzymes IRL Press, (1986) (8); and B. Perbal, A Practical
Guide to Molecular Cloning (1984) (9). The invention may
also employ standard methods in immunology known in the
art such as described in Stites et al.(10); and Mishell and
Shigi (11).

[0063] For convenience, certain terms employed in the
specification and claims are collected here.

[0064] “Patient” refers to an animal preferably a human, to
whom treatment, including prophylactic treatment, with the
cells, preparations, and compositions of the present inven-
tion, is provided. For treatment of those conditions or
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disease states that are specific for a specific animal such as
a human patient, the term refers to that specific animal. A
“donor” refers to an individual (animal including a human)
who or which donates hematopoietic cells, in particular
umbilical cord blood for use in a patient.

[0065] “Effective amount” refers to concentrations of
components such as growth factors, cells, preparations, or
compositions effective for producing an intended result
including proliferation of hematopoietic stem and progenitor
cells, or treating a disease or condition with cells, prepara-
tions, and compositions of the invention, or for effecting a
transplantation of cells within a patient to be treated.

[0066] The terms “administering” or “administration”
refers to the process by which cells, preparations, or com-
positions of the invention are delivered to a patient for
treatment purposes: Cells, preparations, or compositions
may be administered a number of ways including parentera-
I(e.g. intravenous and intraarterial as well as other appro-
priate parenteral routes), oral subcutaneous, inhalation, or
transdermal. Cells, preparations, and compositions of the
invention are administered in accordance with good medical
practices taking into account the patient’s clinical condition,
the site and method of administration, dosage, patient age,
sex, body weight, and other factors known to physicians.

[0067] “Transplanting”, “transplantation”, “grafting” and
“graft” are used to describe the process by which cells,
preparations, and compositions of the invention are deliv-
ered to the site within the patient where the cells are intended
to exhibit a favorable effect, such as repairing damage to a
patient’s tissues, treating a disease, injury or trauma, or
genetic damage or environmental insult to an organ or tissue
caused by, for example an accident or other activity. Cells,
preparations, and compositions may also be delivered in a
remote area of the body by any mode of administration
relying on cellular migration to the appropriate area in the
body to effect transplantation.

[0068] “Essentially” refers to a population of cells or a
method which is at least 20+%, 30+%, 40+%, 50+%, 60+%,
70+%, 80+%, 85+%, 90+%, or 95+% effective, more pref-
erably at least 98+% effective, most preferably 99+% effec-
tive. Therefore, a method that enriches for a given cell
population, enriches at least about 20+%, 30+%, 40+%,
50+%, 60+%, T0+%, 80%, 85%, 90%, or 95% of the
targeted cell population, most preferably at least about 98%
of the cell population, most preferably about 99% of the cell
population. In certain embodiments the cells in an enriched
hematopoietic cell population of the invention comprise
essentially CD45*HLA-ABC* cells, or preferably CD45*
HLA-ABC*Lin™ cells. In other embodiments, a cellular
composition of the invention comprises essentially cells
with the potential or increased potential to form non-he-
matopoietic cells.

[0069] “Isolated” or “purified” refers to altered “by the
hand of man” from the natural state i.e. anything that occurs
in nature is defined as isolated when it has been removed
from its original environment, or both. In an aspect, a
population or composition of cells is substantially free of
cells and materials with which it may be associated in
nature. By substantially free or substantially purified is
meant at least 50% of the population are the target cells,
preferably at least 70%, more preferably-at least 80%, and
even more preferably at least 90% are free of other cells.
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Purity of a population or composition of cells can be
assessed by appropriate methods that are well known in the
art.

[0070] The “fibroblast growth factor receptor” or “FGF
receptor” or “FGF-R” refers to proteins that bind to a family
of related growth factor ligands, the fibroblast growth fac-
tor(FGF) family. The term includes the four FGF transmem-
brane protein tyrosine kinases, (12, 50), and variants thereof
which may be cell bound or secreted forms. FGFR1 and
FGFR2 bind acidic FGF/FGF1 and basic FGF/FGF2 with
similar affinity (13). FGFRs bind FGF1 and FGF4 (hst/
kfgf)with moderate to high affinity, while FGFR3 binds to
only FGF1 and FGF4 (14, 15). The term also encompasses
FGFRé6, FGFR16, FGFR17, FGFR18, and FGFR19. See
Moroni E et al (51) and Goldfatb M. (52) describing
fibroblast growth factors and their receptors.

[0071] The “fit3 receptor” or “fit3” refers to proteins
belonging to a family of structurally related tyrosine kinase
receptors that contain five extracellular immunoglobulin
(1g)like domains and an intracellular tyrosine kinase domain
(Small et al., Proc. Natl. Acad. Sci. 91:459-463 (1994)). See
Gilliland D G and Griffin J D. (53) for a review of FLT3.

[0072] The stem cell factor (SCF) receptor [synonyms:
CD117 protein, SCF receptor or c-lit receptor (17)], is
localized in the plasma membrane of blood stem cells and is
encoded by the proto-onkogen c-kit (18). See Smith M A et
al (54) for a review of stem cell factor.

[0073] “Gene therapy” refers to the transfer and stable
insertion of new genetic information into cells for the
therapeutic treatment of diseases or disorders. A foreign
gene is transferred into a cell that proliferates to introduce
the transferred gene throughout the cell population. There-
fore, cells and compositions of the invention may be the
target of gene transfer, since they will produce various
lineages which will potentially express the foreign gene.

[0074] As used herein, “hematopoietic cells” refers to
cells that are related to the production of blood cells,
including cells of the lymphoid, myeloid and erythroid
lineages. Exemplary hematopoietic cells include hemato-
poictic stem cells, primordial stem cells, early progenitor-
cells, CD34* cells, early lincage cells of the mesenchymal,
myeloid, lymphoid and erythroid lineages, bone marrow
cells, blood cells, umbilical cord blood cells, stromal cells,
and other hematopoietic precursor cells that are known to
those of ordinary skill in the art. The hematopoietic cells
may be obtained from fresh blood, reconstituted cry-
operserved blood, or fresh or reconstituted fractions thereof.

[0075] The hematopoietic cells (and the cells in the prepa-
rations and compositions of the invention) are preferably
mammalian cells, more preferably, the cells are primate, pig,
rabbit, dog, or rodent (e.g. rat or mouse) in origin Most
preferably, the cells are human in origin. The hematopoietic
cells may be obtained from a fetus, a child, an adolescent, or
an adult

[0076] The most desirable source of the hematopoietic
cells is umbilical cord blood (UCB). “Umbilical cord blood”
generally refers to blood obtained from a neonate or fetus.
In a preferred embodiment, umbilical cord blood refers to
blood obtained form the umbilical cord or placenta of
newborns. Hematopoietic cells obtained from UCB offer
several advantages including less invasive collection and
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less severe graft versus host (GVH) reaction (19). The use
ofumbilical cord blood also eliminates the use of human
embryos as a source of embryonic stem cells. Cord blood
may be obtained by direct drainage from the cord and/or by
needle aspiration from the delivered placenta at the root and
at distended veins.

[0077] “Non-hematopoietic cells” include non-blood and
non-lymph cells, including but not limited to muscle cells,
neural cells, adipocytes, osecoclasts, osteoblasts, endothelial
cells, astrocytes,pancreatic cells (e.g. exocrine or endocrine
pancreatic cells),retinal cells, renal cells, connective tissue
cells, corneal cells, and hepatocytes.

[0078] “Cells with the potential or increased potential to
form non-hematopoietic cells” refers to cells, preferably
hematopoietic cells, that show at least one phenotypic char-
acteristic of an early stage non-hematopoietic cell (e.g. stem,
precursor, or progenitor non-hematopoietic cells), and pref-
erably at least one phenotypic characteristic of an embryonic
stem cell. Such phenotypic characteristic scan include
expression of one or more proteins specific for early stage
non-hematopoietic cells, or a physiological, morphological,
immunological, or functional characteristic specific for an
carly stage non-hematopoietic cell or embryonic stem cell
[e.g. Oct4, Stage Specific Embryonic Antigen-3 (SSEA3),
and/or Stage Specific Embryonic Antigen-4 (SSEA4)].

[0079] Cells with potential or increase potential to form
non-hematopoietic cells are produced by first obtaining
hematopoietic cells and enriching the cells for hematopoietic
stem cells and progenitor cells (sometimes referred to herein
as “enriched hematopoictic cell preparation”). The term
“stem cells” refers to undifferentiated cells that are capable
of essentially unlimited propagation either in vitro, in vivo
or ex vivo and capable of differentiation to other cell types.
“Progenitor cells” are cells that are derived from stem cells
by differentiation and are capable of further differentiation to
more mature cell types. Negative and positive selection
methods known in the ant can be used for enrichment of the
hematopoietic cells. For example, cells can be sorted based
on cell surface antigens using a fluorescence activated cell
sorter, or magnetic beads which bind cells with certain cell
surface antigens (e.g. CD45). Negative sclection columns
can be used to remove cells expressing lineage specific
surface antigens.

[0080] In an aspect of the invention, an enriched hemato-
poietic cell preparation is provided wherein the cells in the
preparation are characterized as follows:

[0081] (a) CD45"MA-ABC*
[0082] (b) Lin~;
[0083] (c) stem cell factor receptor+
[0084] (d) FLT3 ligand receptor+;
[0085] (c) FGF receptor+;
[0086] (f) CD34%;
[0087] (g) CD38"; and
[0088] (h) CD33".
[0089] In an embodiment, an enriched hematopoietic cell

preparation is provided comprising cells characterized by (a)
and (b); or (a), (c), (d), and (e), and optionally (b), (f), (a),
and/or (h).
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[0090] An enriched hematopoietic cell preparation may
comprise cells that are at least 70%, 80%, 90%, 95%, 98%,
or 99% CD45"HLA-ABC Lin~ cells, 70%, 80%, 90%, 95%,
98%, or 99% stem cell factor receptor+,, 70%, 80%, 90%,
95%, 98%, or 99% Flt3ligand receptor+,, 70%, 80%, 90%,
95%, 98%, or 99% FGF receptor+, and it may optionally
comprise at least 50-80% CD34" cells, at least 50-80%
CD38* cells, and/or at least 50% CD33" cells.

[0091] In an embodiment, an enriched cell population of
the invention is provided comprising the following:

[0092] (a) at least 50% CD34* cells, preferably 60 to
95%, more preferably 65% to 90%, or most prefer-
ably about 65% CD34* cells;

[0093] (b)about 5 to 50%, preferably 5 to 25%, more
preferably 5 to 15%, most preferably about 10% of
the cells in (a) are CD33™ and CD387;

[0094] (c) at least 50% CD34"; preferably 15 to 40%,
more preferably 15% to 40%, or most preferably
about 35% CD34" cells;

[0095] (d) about 5 to 50%, preferably 5 to 25%, more
preferably 5 to 15%, most preferably about 10% of
the cells in (c) are CD33* or CD38" and the remain-
ing cells are negative for all hematopoietic cell
surface antigens;

[0096] (c) about 5 to 50%, preferably 5 to 25%, more
preferably 5 to 20%, most preferably about 5% are
CD33*; and

[0097] (f) about 20 to 60%, preferably 25 to 55%,
more preferably 35 to 45%, most preferably 40% are
CD38".

[0098] The enriched hematopoietic cell preparation can be
cultured under proliferation conditions to produce cells that
have potential or increased potential to form different types
of non-hematopoietic cells and tissues. The enriched prepa-
ration of hematopoietic stem cells and progenitor cells may
be cultured in vitro or in vivo, preferably in vitro. The
proliferation conditions are those conditions that give rise to
cells that have the potential or increased potential to form
non-hematopoietic cells and tissues.

[0099] The proliferation conditions involve culturing the
cells in the presence of one or more positive growth factors
for a sufficient time to enable the cells to complete sufficient
cell cycles to develop tissue potential or increased tissue
potential. Positive growth factors are growth factors that
promote and maintain cell proliferation. Growth factors such
as TGFP and TNFa that promote differentiation are not
suitable for use in the proliferation conditions of the method
of the invention.

[0100] The positive growth factors maybe human in ori-
gin, or may be derived from other mammalian species when
active on human cells. The following are representative
examples of positive growth factors which may be employed
in the present invention: all members of the fibroblast
growth factor (FGF) family including FGF-4 and FGF-2,
epidermal growth factor (EGF), stem cell factor (SCF),
thrombopoietin (TPO), FLT-3 ligand, interleukin-3 (1I-3),
interleukin-6 (IL-6), neural growth factor (NGF), VEGF,
Granulocyte-Macrophage Growth Factor (GM-CSF), HGF,
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Hox family, and Notch In a prefered embodiment of the
invention the cells are cultured in the absence of EGF.

[0101] Preferably the positive growth factors or combina-
tion of growth factors used in the present invention are
fibroblast growth factor (FGF) (e.g. FGF-4 and FGF-2),
IL-3, stem cell factor (SCF), FLT3 ligand, thrombopoietin
(TPO), granulocyte macrophage-colony stimulating factor
(GM-CSF), and neural growth factor (NGF). In embodi-
ments of the invention, FGF (e.g. FGF-4 or FGF-2) is used
with SCF and FLT3 ligand; FGF is used with TPO; or TPO
is used with SCF and FLT3 ligand.

[0102] In an aspect of the invention the proliferation
conditions involve using FGF-4 or FGF-2, SCF and FLT3
ligand to prepare cellular compositions to produce non-
hematopoictic cells such as osteoclasts, osteoblasts, muscle
cells, endothelial cells, hepatocytes, astrocytes, neural cells,
and/or adipocytes. In another aspect the proliferation con-
ditions involve using TPO, SCF and FL'T-3 ligand to prepare
cellular compositions to produce non-hematopoietic cells
such as endothelial cells. In another aspect the proliferation
conditions involve using NGF, SCF, and FLT-3 to prepare
cellular compositions to produce non-hematopoietic cells
such as endothelial cells or others.

[0103] The growth factors may be used in combination
with equal molar or greater amounts of a glycosaminoglycan
such as heparin sulfate.

[0104] Growth factors may be commercially available or
can be produced by recombinant DNA techniques and
purified to various degrees. For example, growth factors are
commercially available from several vendors such as, for
example, Genzyme (Framingham, Mass.), Genentech
(South San Francisco, Calif.), Amgen (Thousand Oaks,
Calif.), R&D Systems (Minneapolis, Minn.) and Immunex
(Seattle, Wash.). Some growth factors may be purified from
culture media of cell lines by standard biochemical tech-
niques. Thus, it is intended that molecules having similar
biological activity as wild-type or purified growth factors
(e.g., recombinantly produced or mutants thereof) are
intended to be used within the spirit and scope of the
invention.

[0105] An effective amount of a positive growth factor is
used in the culture medium. Generally, the concentration of
a positive growth factor in the culture medium is between 10
and 150 ng/ml, preferably 25 to 100 ng/ml. The growth
factors are typically applied at sufficient intervals to main-
tain high proliferation levels and maintenance of a stem cell
phenotype. In an embodiment, the growth factors are applied
about 2-4 times per week, preferably 2-3 times per week.

[0106] The culture medium may comprise conditioned
medium, non-conditioned medium, or embryonic stem cell
medium. Examples of suitable conditioned medium include
IMDM, DMEM, or aMEM, conditioned with embryonic
fibroblast cells (¢.g. human embryonic fibroblast cells or
mouse embryonic fibroblast cells), or equivalent medium.
Examples of suitable non-conditioned medium include
Iscove’s Modified Delbecco’s Medium (IMDM), DMEM or
oMEM or equivalent medium. The cultare medium may
comprise serum (e.g. bovine serum, fetal bovine serum, calf
bovine serum, horse serum, human senun, or an artificial
serum substitute [e.g. 1% bovine serum albumin, 10 ug/ml
bovine pancreatic insulin, 200 ug/ml human transferrin,
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107*M p-mercaptoethanol, 2 mM L-glutamine and 40 ug/ml
LDL (Low Density Lipoproteins)], or it may be serum free.

[0107] In an embodiment, the culture medium is serum
free to provide cells with the potential or increased potential
to form non-hematopoietic cells that are free of serum
proteins or biomolecules that may bind to the surface of the
cells. Cells culured in such conditions may provide non-
hematopoietic cells that have potential exposed novel anti-
genic sites. Such cells may be useful as immunogens. Thus,
the invention provides a cellular composition or mitotic or
differentiated cells therefrom that are isolated and main-
tained in serum-free media.

[0108] The proliferation conditions entail culturing the
enriched cell preparation for a sufficient period of time so
that cells in the preparation develop potential or an increased
potential to form non-hematopoietic cells and tissues. The
cells are generally maintained so that the cells complete
about 1-100 cell cycles, preferably 5-75 cell cycles; more
preferably 2-50,2-40 or 2-20, most preferably at least about
2-10 or 4-5 cell cycles. This will typically correspond to
about 4 to 40 days in culture, preferably about 2-20 days in
culture, more preferably at least or about 2-15 days or 4-10
days in culture, and most preferably at least about 4-8 days
in culture.

[0109] The frequency of feeding the enriched hematopoi-
etic cell preparation is selected to promote the survival and
growth of cells with the potential or increased potential to
form non-hematopoietic cells. In an embodiment the cells
are fed once or twice a week. The cells may be fed by
replacing the entirety of the culture media with new media.

[0110] The cells in culture may be selected for hemato-
poietic stem and progenitor cells (e.g. CD45*HLA-ABC*
cells) at a frequency to promote the survival and growth of
cells with the potential or increased potential to form non-
hematopoietic cells. In a preferred embodiment of a method
of the invention, cells that are enriched for hematopoietic
stem and progenitor cells (e.g. CD45* HLA-ABC* cells) are
reselected at intervals, preferably weekly, through positive
or negative selection techniques known in the art and
described herein.

[0111] The methods of the invention may be conducted on
a large-scale, for example a cellular composition of the
invention may be isolated and/or expanded in a bioreactors.

[0112] The method of the present invention leads to a
newly created cellular composition comprising a population
of cells with the potential or increased potential to form
hematopoietic and non-hematopoietic cells in vitro and in
vivo. The cells may have an altered differentiation program
enabling the cells to form non-hematopoietic cells. The cells
may have the potential to differentiate into cells that exhibit
morphological, physiological, functional and/or immuno-
logical features of non-hematopoietic cells. The cells may be
further characterized by embryonic or early non-hematopoi-
etic tissue markers (e.g. the early muscle marker Desmin).

[0113] In an aspect of the invention, an isolated and
purified cellular composition is provided comprising or
comprising essentially cells characterized by one or more of
the following:

[0114] (a) CD45*HLA-ABC*
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[0115] (b) Capable of differentiating into hematopoi-
etic cells or hematopoietic progenitor cells;

[0116] (c) Capable of differentiating into one or
more, two or more, three or more, four or more, five
or more, or six or more, different non-hematopoietic
cell types, including mesenchymalstem or progenitor
cells, neural stem or progenitor cells, or endothelial
stem or progenitor cells; in particular, for example,
endothelial cells, osteoclasts, osteoblasts, adipo-
cytes, muscle cells, astocytes, and neural cells;

[0117] (d) round shape and non-adherent growth

requirements;
[0118] (e) stem cell factor receptor (KIT)+
[0119] () FLT3 ligand receptor+;
[0120] (g) FGF receptor+;

]

[0121] (h) express embryonic stem cell proteins such
as Oct4, Stage Specific Embryonic Antigen-3
(SSEA3), and/or Stage Specific Embryonic Anti-
gen-4 (SSEA4);

[0122] (i) HoxB4™;

[0123] (j) Flk-17;

[0124] (k) CD34%;

[0125] (1) non-tumorigenic, ie. the cells do not give

rise to neoplasm or tumor or are free from neoplasia
and cancer,

[0126] (m) CD38% and
[0127]

[0128] A cellular composition may comprise cells with the
characteristics (a) and (c); (a), (b), and (c); (a), (b), (c) and
(d); (2), (b); (¢), (d) and (e); (2), (b), (¢), (d), (e), (), and (g);
(a) through (e) inclusive; (a) through (f) inclusive; (a)
through (g) inclusive; (2) through (h) inclusive; (a) through
(1) inclusive; () through (j) inclusive; (a) through (j) inclu-
sive, and (k); (a) through (j) inclusive and (1) and (k); (a)
through (j) inclusive, and (1) and (m); (a) through (j)
inclusive, and (1), (m), and (n); or (a) through (i) inclusive
and (k); (a) through (i) inclusive and (k) and (1); (a) through
(1) inclusive and (k), (1), and (m); (a) through (i) inclusive
and (k), (1), (m) and (n). In a preferred embodiment, an
enriched cell preparation is provided comprising cells with
the characteristics (a), (b), (c) (d) and (e).

[0129] Cellular compositions of the invention may also be
prepared using positive or negative selection techniques
based on one or more of the characteristics of the cells of the
composition as described herein.

[0130] Cells with the potential or increased potential to
form non-hematopoietic cells may be induced to differenti-
ate into cells and tissues of non-hematopoietic lincages in
vitro or in viva. These cells may also provide hematopoietic
cells (e.g. stem andfor progenitor cells), preferably an
expanded hematopoietic cell preparation.

[0131] The cells with potential or increased potential to
form non-hematopoietic cells may be induced to differenti-
ate into cells of non-hematopoietic cell lineages, preferably
cells that exhibit morphological, physiological functional,
and/or immunological features of non-hematopoietic cells.

(n) derived from umbilical cord blood.
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Cells from a differentiated cell preparation may be charac-
terized by expression of genetic markers of non-hematopoi-
etic cell lineages (e.g. markers for muscle, neural, adipodte,
osteoclast, osteoblast, endothelial, astrocytes, pancratic
cells, retinal cells, renal cells, connective tissue cells, and
hepatocytes), or physiological, immunological or functional
characteristics of cells of non-hematopoietic lineages. For
example, non-hematopoietic cells can be screened for
expression of tissue specific markers such as Myo-D
(muscle), FLK-1 (endothelial), glial fibrillary acidic protein
(astrocytes), glucagon (alpha-a cells), insulin (islet-3 cells),
somatostatin  (islet-d), pancreatic polypeptide (islet-PP
cells), cytokeratins (CK), mucin MUCI, carbonic anyhy-
drase II, and carbohydrate antigen 19.1 (ductal cells), and
NESTIN (neural).

[0132] In an aspect of the invention, the invention pro-
vides a method for producing an isolated and purified cell
preparation comprising muscle cells, neural cells (neurons,
astrocytes, type I and type II, and oligodendrocytes), adi-
pocytes, osteoclasts, osteoblasts, endothelial cells, pancre-
atic cells (acinar, ductal, islet-a, islet-3, islet-d, and islet-
PP), kidney cells, retinal cells, corneal cells, connective
tissue cells, or hepatocytes, using a cellular composition or
method of the invention.

[0133] Differentiated cells can be used to prepare a cDNA
library relatively uncontaminated with cDNA preferentially
expressed in cells from other lineages, and they can be used
to prepare antibodies that are specific for particular markers
of non-hematopoietic cells.

[0134] In an embodiment, the cells in a cellular compo-
sition of the invention may be cultured in osteoclast differ-
entiation medium (e.g. serum containing medium with GM-
CSF) to differentiate the cells into functional osteoclasts.
Osteoclasts may be identified by the ability of the cells to
resorb calcium citrate substrate. The osteoclasts may be
converted into osteoblasts by culturing in osteoblast specific
differentiation medium. Osteoblasts may also be produced
by culturing cells or a cellular composition of the invention
on osteoblast differentiation medium (e.g. a with dexam-
ethasone, glycerolphosphate, ascorbic acid, and serum).
Osteoblasts may be identified by expression of tissue spe-
cific markers such as CBFa.

[0135] Functional neural cells may be obtained by cultur-
ing cells of a cellular composition of the invention with a
differentiation factor that induces formation of neural cells
such as neural growth factor. Neural cells may be obtained
by growing cells of a cellular composition of the invention
on media that induces differentiation of the cells to neural
cells (e.g. DMEM medium with serum and retinoic acid).
Neural cells may be identified based on expression of neural
specific markers such as neurofilament, NESTIN, and Par-
kin.

[0136] Muscle cells may be produced by culturing cells of
a cellular composition of the invention with a differentiation
factor that induces formation of muscle cells. The cells of a
cellular composition of the invention may be cultured in
specialized muscle specific cell culture media that may
comprise a differentiation factor that induces differentiation
of the cells to form muscle cells. Muscle cells may be
identified by expression of mature muscle cell markers such
as Myo-D and muscle specific actin.

[0137] Endothelial cells may be produced by culturing cell
of a cellular composition of the invention with a differen-



US 2005/0074435 Al

tiation factor that induces formation of endothelial cells. The
cells of a cellular composition of the invention may be
cultured in specialized endothelial cell cultures that may
comprise a differentiation factor that induces differentiation
of the cells to form endothelial cells. Endothelial cells may
be identified based on expression of Flk-1 and/or CD31.

[0138] Hepatocytes may be produced by culturing cells of
a cellular composition of the invention with a differentiation
factor that induces formation of hepatocytes (e.g. n-bu-
tyrate). The cells of a cellular composition of the invention
may be cultured in specialized cell cultures that may com-
prise a differentiation factor that induces differentiation of
the cells to form hepatocytes. Hepatocytes may be identified
based on expression of CYP1A2, alpha-fetoprotein, albu-
min, CK 19, and/or ICAM-I.

[0139] Astrocytes may be produced by culturing cells of a
cellular composition of the invention with a differentiation
factor that induces formation of astrocytes (e.g. G-5 astro-
cyte growth supplement). The cells of a cellular composition
of the invention may be cultured in specialized cell cultures
that may comprise a differentiation factor that induces
differentiation of the cells to form astrocytes. Astrocytes
may be identified based on expression of glial fibrillary
acidic protein (GFAP).

[0140] A dipocytes may be produced by culturing cells of
a cellular composition of the invention with a differentiation
factor that induces formation of adipocytes. The cells of a
cellular composition of the invention may be cultured in
specialized cell cultures that may comprise a differentiation
factor that induces differentiation of the cells to form adi-
pocytes. Adipocytes may be identified based on positive
staining with SudanlV or oil-o-red.

[0141] Similarly, renal cells, retinal cells, corneal cells,
and connective tissue cells may be produced by culturing
cells of a cellular composition of the invention with a
differentiation factor that induces formation of the cells, or
they may be cultured in specialized cell cultures that induce
differentiation to form the cells. The cells may be identified
based on expression of cell specific markers.

[0142] After differentiation of the cells into selected non-
hematopoietic cells as described herein, the cells may be
separated to obtain a population of cells largely consisting of
the non-hematopoietic cells. This may be accomplished by
positive selection of non-hematopoietic cells using antibod-
ies to identify tissue specific cell surface markers or negative
selection using hematopoietic cell specific markers.

[0143] Expansion of hematopoietic stem cells and pro-
genitor cells in accordance with the invention can be carried
out under proliferation conditions as described herein. In
general, the same culturing conditions that are used for
culturing cells to produce cells with potential or increased
potential to form non-hematopoietic cells may be employed.
An exemplary protocol for expanding hematopoietic stem
cells and progenitor cells is provided in the Example.

[0144] Modification of Cells

[0145] A cell preparation or cellular composition of the
invention may be derived from or comprised of cells that
have been genetically modified (transduced or transfected)
either in nature or by genetic engineering techniques in vivo
or in vitro.
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[0146] Cells in cell preparations and compositions of the
invention can be modified by introducing mutations into
genes in the cells (or the cells from which they are obtained)
or by introducing transgenes into the cells. Insertion or
deletion mutations may be introduced in a cell using stan-
dard techniques. A tansgene may be introduced into cells via
conventional techniques such as calcium phosphate or cal-
cium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofection, electroporation, or microinjection.
Suitable methods for transforming and transfecting cells can
be found in Sambrook et al (2), and other laboratory
textbooks. By way of example, a transgene may be intro-
duced into cells using an appropriate expression vector
including but not limited to cosmids, plasmids, or modified
viruses (e.g. replication defective revruees, adenoviruses
and adeno-associated viruses). Transfection is casily and
efficiently obtained using standard methods including cul-
turing the cells on a monolayer of virus-producing cells (20,
21).

[0147] A gene encoding a selectable marker may be inte-
grated into cells of a cell preparation or composition of the
invention. For example, a gene which encodes a protein such
as [-galactosidase, chloramphenicol acetyltransferase, fire-
fly luciferase, or a fluorescent protein marker may be inte-
grated into the cells. Examples of fluorescent protein mark-
ers are the Green Fluorescent Protein (GFP) from the
jellyfish A. victoria, or a variant thereof that retains its
fluorescent properties when expressed invertebrate cells.
(For example, the GFP variants described in references
22-24; and EGFP commercially available from Clontech
Palo Alto, Calif.).

[0148] Another aspect of the present invention relates to
genetically engineering the cells in the cell preparations and
compositions of the invention in such a manner that they or
cells derived therefrom produce, in vitro or in vivo, polypep-
tides, hormones and proteins not normally produced in the
cells in biologically significant amounts, or produced in
small amounts but in situations in which regulatory expres-
sion would lead to a therapeutic benefit. For example, the
cells could be engineered with a gene that expresses a
molecule that specifically inhibits bone resorption, but does
not otherwise interfere with osteoclasts binding to bone, or
the cells could be engineered with a gene that expresses
insulin at levels compatible with normal injected doses.
Alternatively the cells could be modified such that a protein
normally expressed will be expressed at much lower levels.
These products would then be secreted into the surrounding
media or purified from the cells. The cells formed in this way
can serve as continuous short term or long term production
systems of the expressed substance.

[0149] Thus, in accordance with this aspect of the inven-
tion, cells with the potential or increased potential to form
non-hematopoietic cells can be modified with genetic mate-
rial of interest. The modified cells can be cultured in vitro
under suitable conditions so that they differentiate into
specific non-hematopoietic cells. The non-hematopoietic
cells are able to express the product of the gene expression
or secrete the expression product. These modified cells can
be administered to a target tissue where the expressed
product will have a beneficial effect.

[0150] In a further embodiment, the transduced cells with
the potential or increased potential to form non-hematopoi-
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etic cells can be induced hi vivo to differentiate into non-
hematopoietic cells that will express the gene product For
example, the transduced cells may be administered to induce
production of non-hematopoieticceus having the transduced
gene. The cells may be administered in admixture with each
other or separately and maybe delivered to a targeted area.
The cells can be introduced intravenously and home to the
targeted area. Alternatively, the cells may be used alone and
caused to differentiate in vivo.

[0151] Thus, genes can be introduced into cells which are
then injected into a recipient where the expression of the
gene will have a therapeutic effect For example, osteoclasts
may be genetically engineered to have reduced activity in
viva Appropriate genes would include those that play a role
in the regulation of osteoporosis, in areas such as serum
calcium responsiveness, estrogen secretion and bone resorp-
tion. An insulin gene may be introduced into blood stem
cells to provide a constant therapeutic dose of insulin in the
bone marrow and peripheral blood.

[0152] The technology may be used to produce additional
copies of essential genes to allow augmented expression by
non-hematopoietic cells of certain gene products in viva
These genes can be, for example, hormones, matrix proteins,
cell membrane proteins, cytokines, adhesion molecules, or
“rebuilding” proteins important in tissue repair.

[0153] Applications

[0154] The cell preparations and compositions of the
invention can be used in a variety of methods (e.g. trans-
plantation) and they have numerous uses in the field of
medicine. They may be used for the replacement of body
tissues, organs, components or structures which are missing
or damaged due to trauma, age, metabolic or toxic injury,
disease, idiopathic loss, or any other cause.

[0155] Transplantation or grafting, as used herein, can
include the steps of isolating a cell preparation according to
the invention and transferring cells in the preparation into a
mammal or a patient. Transplantation can involve transfer-
ring the cells into a mammal or a patient by injection of a cell
suspension into the mammal or patient, surgical implanta-
tion of a cell mass into a tissue or organ of the mammal or
patient, or perfusion of a tissue or organ with a cell suspen-
sion. The route of transferring the cells may be determined
by the requirement for the cells to reside in a particular tissue
or organ and by the ability of the cells to find and be retained
by the desired target tissue or organ. Where the transplanted
cells are to reside in a particular location, they can be
surgically placed into a tissue or organ or simply injected
into the bloodstream if the cells have the capability to
migrate to the desired target organ.

[0156] The invention may be used for autografting (cells
from an individual are used in the same individual),
allografting cells (cells from one individual are used in
another individual) and xenografting (transplantation from
one species to another). Thus, the cells, cell preparations and
cellular compositions of the invention may be used in
autologous or allogenic transplantation procedures to
improve a non-hematopoietic cell or hematopoietic cell
deficit or to repair tissue.

[0157] In an aspect of the invention, the newly created
cellular compositions comprising cells with potential or
increased potential to form non-hematopoietic cells, or non-
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hematopoietic cells differentiated therefrom, can be used in
both cell therapies and gene therapies aimed at alleviating
disorders and diseases involving the non-hematopoietic
cells. The invention obviates the need for human tissue to be
used in various medical and research applications.

[0158] The cell therapy approach involves the use of
transplantation of the newly created cellular compositions
comprising cells with the potential or increased potential to
form non-hematopoietic cells, or non-hematopoietic cells
differentiated therefrom, as a treatment for injuries and
diseases. The steps in this application include: (a) producing
a cellular composition comprising cells with the potential or
increased potential to form non-hematopoictic cells, or non-
hematopoietic cells differentiated therefrom, as described
herein; and (b) allowing the cells to form functional con-
nections either before or after a step involving transplanta-
tion of the cells. The gene therapy approach also involves
cellular compositions comprising cells with the potential or
increased potential to form non-hematopoietic cells, how-
ever, following the culturing step in proliferation conditions,
the newly created cells are transfected with an appropriate
vector containing a cDNA for a desired protein, followed by
a step where the modified cells are transplanted.

[0159] Ineither a cell or gene therapy approach, therefore,
cells with potential or increased potential to form non-
hematopoietic cells and hematopoietic cells in cellular com-
positions of the present invention, or cells or tissues differ-
entiated from the cells can be transplanted in, or grafted to,
a patient in need. Thus, the cells with potential to form
non-hematopoietic cells or differentiated cells therefrom can
be used to replace non-hematopoietic cells in a patient in a
cell therapy approach, useful in the treatment of tissue
injury, and diseases. These cells can be also used as vehicles
for the delivery of specific gene products to a patient One
example of how these newly created cells or cell differen-
tiated therefrom can be used in a gene therapy method is in
treating the effects of Parkinson’s disease. For example,
tyrosine hydrolase, a key enzyme in dopamine synthesis,
may be delivered to a patient via the transplantation of a cell
preparation of the invention comprising cells that are
capable of differentiating into neuronal cells, or transplan-
tation of neuronal cells differentiated from the cells, which
have been transfected with a vector suitable for the expres-
sion of tyrosine hydrolase.

[0160] The invention also provides a method of treating a
patient with a condition involving a non-hematopoietic cell
comprising transferring a cellular composition comprising
cells with the potential or increased potential to form non-
hematopoietic cells into the patient, wherein the cell differ-
entiates into the non-hematopoietic cells.

[0161] The invention provides a method for obtaining
non-hematopoietic cells for autologous transplantation from
a patient’s own hematopoietic cells comprising (a) obtaining
a sample comprising hematopoietic cells from the patient,
preferably from fresh or cryopreserved umbilical cord
blood; (b) separating out an enriched cell preparation com-
prising hematopoietic stem cells and hematopoietic progeni-
tor cells, preferably CD45"HLA-ABC™ cells; and (b) cul-
turing the cells under proliferation conditions to produce a
cellular composition comprising cells with the potential or
increased potential to form non-hematopoietic cells. The
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cellular composition obtained from (b) can be cultured with
a differentiating factor, or cells of the composition can be
transferred to the patient.

[0162] The invention also contemplates a pharmaceutical
composition comprising cells, a cell preparation, or cellular
composition of the invention, and a pharmaceutically
acceptable carrier, excipient, or diluent. The pharmaceutical
compositions herein can be prepared by per se known
methods for the preparation of pharmaceutically acceptable
compositions which can be administered to subjects, such
that an effective amount of the active substance is combined
in a mixture with a pharmaceutically acceptable vehicle.
Suitable vehicles are described, for example, in Remington’s
Pharmaceutical Sciences (Remington’s Pharmaceutical Sci-
ences, Mack Publishing Company, Easton, Pa., USA 1985).
On this basis, the compositions include, albeit not exclu-
sively, solutions of the cells, cell preparations, or cellular
compositions in association with one or more pharmaceuti-
cally acceptable vehicles or diluents, and contained in buff-
ered solutions with a suitable pH and iso-osmotic with the
physiological fluids.

[0163] Still another aspect of the invention is a kit for
producing cellular compositions of the invention comprising
cells that have potential or increased potential to form cells
capable of differentiating into cells of multiple tissue types
both in vitro and in vivo. The kit includes the reagents for a
method of the present invention for producing a cellular
composition. This kit preferably would include at least one
positive growth factor, and instructions for use.

[0164] In an aspect, cells, cell preparations, and cellular
compositions disclosed herein can be used for toxicity
testing for drug development testing. Toxicity testing may be
conducted by culturing cells, cell preparations, and cellular
compositions or cells differentiated therefrom in a suitable
medium and introducing a substance, such as a pharmaceu-
tical or chemical, to the culture. The cells or differentiated
cells are examined to determine if the substance has had an
adverse effect on the culture. Drug development testing may
be done by developing derivative cell lines which may be
used to test the efficacy of new drugs. Affinity assays for new
drugs may also be developed from the cells, differentiated
cells, or cell lines.

[0165] Using a method of the mvention it is possible to
identify drugs that are potentially toxic to non-hematopoietic
or hematopoietic cells.

[0166] The cellular compositions of the invention may be
used to screen for potential therapeutics that modulate
development or activity of cells with the potential to form
non-hematopoietic cells or cells differentiated there from. In
particular, the cells of a cellular composition of the invention
may be subjected to a test substance, and the effect of the test
substance may be compared to a control (e.g. in the absence
of the substance) to determine if the test substance modu-
lates development or activity of the cells with the potential
to form non-hematopoietic cells or cells differentiated there-
from.

[0167] In an aspect of the invention a method is provided
for using cells with the potential or increased potential to
form non-hematopoietic cells or cells differentiated there-
from to assay the activity of a test substance comprising the
steps of
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[0168] a) culturing cells in an enriched hematopoietic
cell preparation comprising hematopoietic stem cells
and progenitor cells under proliferation conditions to
obtain a cellular composition comprising cells which
have potential or increased potential to form non-
hematopoietic cells;

0169] b) optionally culturing the cells which have
P y g

potential or increased potential to form non-hemato-

poietic cells under differentiation conditions in vitro;

[0170] c)exposing the cultured cells in step (a) or (b)
to a test substance; and

[0171] d) detecting the presence or absence of an
effect of the test substance on the survival of the cells
or on a morphological functional, or physiological
characteristic and/or molecular biological property
of the cells, whereby an effect altering cell survival,
a morphological, functional, or physiological char-
acteristic and/or a molecular biological property of
the cells indicates the activity of the test substance.

[0172] In another aspect a method is provide for using
cells with the potential or increased potential to form non-
hematopoictic cells or cells differentiated therefrom to
screen a potential new drug to treat a disorder involving the
non-hematopoietic cells comprising the steps of:

[0173] (a) obtaining hematopoietic cells from a
sample from a patient with a disorder involving
non-hematopoietic cells;

[0174] (b) preparing from the hematopoietic cells an
enriched hematopoietic cell preparation comprising
hematopoietic stem cells and progenitor cells;

[0175] (c) culturing the enriched hematopoietic cell
preparation under proliferation conditions to obtain
cells with potential or increased potential to form the
non-hematopoietic cells;

[0176] (d) optionally culturing the cells with poten-
tial or increased potential to form the non-hemato-
poietic cells under differentiation conditions in vitro;

[0177] (c) exposing the cultured cells in (c) or (d) to
a potential new drug; and

[0178] (f) detecting the presence or absence of an
effect of the potential new drug on the survival of the
cells or on a morphological, functional, or physi-
ological characteristic and/or molecular biological
property of said cells, whereby an effect altering cell
survival a morphological, functional, or physiologi-
cal characteristic and/or a molecular biological prop-
erty of the cells indicates the activity of the potential
new drug.

[0179] The invention also relates to the use of cells, cell
preparations, and cellular compositions in drug discovery.
The invention provides methods for drug development using
the cells, cell preparations, and cellular compositions of the
invention. Cells, cell preparations, and cellular compositions
of the invention may comprise cells that secrete novel or
known biological molecules or components. In particular,
culturing in the absence of serum may provide cells that.
have minimal interference from serum molecules and thus,
may be more physiologically and topologically-accurate.
Therefore, proteins secreted by cells described herein maybe
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used as targets for drug development. In one embodiment,
drugs can be made to target specific proteins on cells that
have the potential or increased potential to form non-
hematopoietic cells. Binding of the drug may promote
differentiation of cells into specific non-hematopoietic cells.
In another embodiment, drugs specific for regulatory pro-
teins of non-hematopoietic cells may be used to arrest
growth of a particular type of cell. Any of the proteins can
be used as targets to develop antibody, protein, antisense,
aptamer, ribozymes, or small molecule drugs.

[0180] Agents, test substances, or drugs identified in
accordance with a method of the invention or used in a
method of the invention include but are not limited to
proteins, peptides such as soluble peptides including Ig-
tailed fusion peptides, members of random peptide libraries
and combinatorial chemistry-derived molecular libraries
made of D- and/or L-configuration amino acids, phospho-
peptides (including members of random or partially degen-
erate, directed phosphopeptide libraries), antibodies[e.g.
polyclonal, monoclonal, humanized, anti-idiotypic, chi-
meric, single chain antibodies, fragments, (e.g. Fab, F(ab)2,
and Fab expression library fragments, and epitope-binding
fragments thereof)], nucleic acids, ribozymes, carbohy-
drates, and small organic or inorganic molecules. An agent,
substance or drug may be an endogenous physiological
compound or it may be a natural or synthetic compound.

[0181] The cells, cell preparations, and cellular composi-
tions disclosed herein can be used in various bioassays. In an
embodiment, the cells are used to determine which biologi-
cal factors are required for proliferation or differentiation.
By using cells that have the potential or increased potential
to form non-hematopoietic cells and hematopoietic cells in
a stepwise fashion in combination with different biological
compounds (such as hormones, specific growth factors,
etc.), one or more specific biological compounds can be
found to induce differentiation to non-hematopoietic cells.
Other uses in a bioassay for the cells are differential display
(i.e. mRNA differential display) and protein-protein inter-
actions using secreted proteins from the cells. Protein-
protein interactions can be determined with techniques such
as a yeast two-hybrid system. Proteins from cells, cell
preparations and cellular compositions of the invention can
be used to identify other unknown proteins or other cell
types that interact with the cells. These unknown proteins
may be one or more of the following: growth factors,
hormones, enzymes, transcription factors, translational fac-
tors, and tumor suppressors. Bioassays involving cells, cell
preparations, and cellular compositions of the invention, and
the protein-protein interactions these cells form and the
effects of protein-protein or cell-cell contact may be used to
determine how surrounding tissue contributes to prolifera-
tion or differentiation of non-hematopoietic and hematopoi-
etic cells.

[0182] In an aspect of the invention cells with potential or
increased potential for forming non-hematopoietic cells
obtained after culturing a preparation from cord blood stem
cells maybe used to repair cell or tissue injury. They may
also be used in the treatment of genetic defects that result in
nonfunctional cells. The cord blood stem cells grown in
proliferation medium may be transplanted directly to the site
of defective cells in order to rescue the defect or delivered
via the blood stream by injecting the cells into the vein. In
addition, gene therapy vectors may be integrated into the
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cord blood stem cells followed by engraftment of these
engineered cells to their target tissues. The introduction of
gene therapy vectors requires cell proliferation. The suc-
cessful long term engraftment of the cells to the target tissue
requires they maintain a stem cell characteristic. High pro-
liferation rates of cord stem cells has been achieved without
differentiation, which should lead to successful gene
therapy.

[0183] In an embodiment, hepatocytes obtained from dif-
ferentiating cells of a cellular composition of the invention,
preferably derived from umbilical cord blood, or precursor
cells thereof, may be used to restore a degree of liver
function to a subject needing such therapy, perhaps due to an
acute, chronic, or inherited impairment of liver function.
Thus, they may be used to treat liver disease or repair liver
damage. In particular, hepatocytes obtained in accordance
with the present invention may be used to treat a number of
degenerative liver diseases. Non-functional liver cells where
there is no apparent physical damage may be treated through
partial hepatectomy, followed by therapy using hepatocytes
obtained using the present invention. The hepatocytes may
be encapsulated, or part of a bioartificial liver device.

[0184] In another embodiment, endothelial cells obtained
from differentiating cells of a cellular composition of the
invention, preferably derived from umbilical cord blood, or
precursor cells thereof may be used for vascular repair and
they can be used in cardiopulmonary bypass surgery. Endot-
helial cells may be transfected with genes which produce
angiogenic factors and used in gene therapy to stimulate
angiogenesis in patients with vascular or cardiac insuffi-
ciency.

[0185] In still another embodiment, muscle cells obtained
from differentiating cells of a cellular composition of the
invention, preferably derived from umbilical cord blood, or
precursor cells thereof, may be employed to repair muscle,
in particular striated or cardiac muscle. Thus, the present
invention may be used to treat degenerative muscle disease.
The cells may be used in treating muscular dystrophy,
cardiomyopathy, congestive heart failure; and myocardial
infarction, for example. Genetic muscle disorders and car-
diac muscle disorders may be treated using precursor muscle
cells obtained using methods of the present invention. If
muscle loss is due to the lack of neuronal connection
(neuro-muscular disease), both the neural and muscle tissues
can be replaced using cells obtained using the present
invention.

[0186] In a further embodiment, neural cells obtained
from differentiating cells of a cellular composition of the
invention, preferably derived from umbilical cord blood, or
precursor cells thereof maybe used for treating neurodegen-
erative disorders, a brain or spinal cord injury, or neurologi-
cal deficit Neurodegenerative disorders which can be treated
include for example, Parkinson’s disease, Huntington’s dis-
ease, multiple sclerosis, Alzheimer’s disease, Tay Sach’s
disease, lysosomal storage disease, brain and/or spinal cord
injury due to ischemia, stroke, head injury, cerebral palsy,
spinal cord and brain damage/injury, depression, epilepsy,
schizophrenia, and ataxia and alcoholism.

[0187] Neural cells generated in accordance with a method
of the invention may be transfected with a vector that can
express growth factors, growth factor receptors, and peptide
neurotransmitters, or express enzymes involved in the syn-
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thesis of neurotransmitters. These transfected cells may be
transplanted into regions of neurodegeneration.

[0188] In a still further embodiment, bone or cartilage
cells obtained from differentiating cells of a cellular com-
position of the invention, preferably derived from umbilical
cord blood, or precursor cells thereof, may be used to repair
bone, and in reconstructive surgery or degenerative diseases.
Artificial substrates or matrices can be used in combination
with the cells to reconstitute tissues, implanted into the joints
of patients to replace or repair damaged or deficient carti-
lage. The cartilage cells may be useful in the treatment of
diseases of the joint, for example, osteoarthritis, inflamma-
tory arthropathies, septic arthritis, and crystalline arthropa-
thies, and they can be used to enhance healing of bone
fractures when inserted into the site of a fracture. The cells
can also be used in the study and treatment of chondrodys-
plasias, and to test angiogenic factors.

[0189] Retinal cells or precursor cells thereof generated in
accordance with a method of the invention may be used to
restore vision lost when retinal cells are damaged, and they
can be used as in vivo targets for stimulation by growth
factors in order to produce healthy tissue. In particular the
cells may be used to treat conditions such as glaucoma,
macular degeneration, diabetic retinopathies, inherited reti-
nal degeneration such as retinitis pigmentosa, retinal detach-
ment or injury and retinopathies (whether inherited, induced
by surgery, trauma, a toxic compound or agent, or, photi-
cally; in particular, diabetic retinopathy).

[0190] Connective tissue cells or precursor cells thereof,
generated in accordance with a method of the invention may
be seeded onto matrices or substrates and used to repair or
regenerate damaged tissue (e.g. tendons). Thus the invention
contemplates a method for de novo formation of connective
tissue in vivo by introducing connective tissue cells pro-
duced by a method of the invention into a site for de novo
connective tissue formation in a patient in need thereof

[0191] Renal cells or precursors thereof, generated in
accordance with a method of the invention may be used to
treat kidney disorders or damage, or renal cancer. The cells,
or tissue or a functioning kidney regenerated therefrom, may
be administered to a patient to treat acute or chronic decline
in renal function. Functional renal cells or regenerated
kidney can be implanted into the donor of the hematopoietic
cells from which the renal cells are derived or into another
patient. Renal cells or precursors there of may be used to
construct an artificial kidney system (¢.g. a system based on
a hollow fiber filtration system.

[0192] Corneal cells or precursors thereof, generated in
accordance with a method of the invention may be used to
treat a variety of corneal and/or conjunctival epithelial cell
injuries, degenerations and/or abnormalities, including sub-
jects having ocular surface diseases such as Stevens-
Johnson’s Syndrome, chemical and thermal burns, ocular
surface tumors, immunological conditions, radiation injury,
inherited syndromes such as aniridia, ocular pemphigoid,
macular degeneration, and the like. The corneal cells or
precursors thereof may be particularly useful in treating
patients where the normal stem cell population of the
corneal limbus is depleted, non-functional or otherwise
inadequate to promote healing of the corneal damage.

[0193] The cells, cell preparations, and cellular composi-
tions of the invention may be used as immunogens that are
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administered to a heterologous recipient Administration of
non-hematopoietic and hematopoietic cells obtained in
accordance with the invention may be accomplished by
various methods. Methods of administering cells as immu-
nogens to a heterologous recipient include without limitation
immunization, administration to a membrane by direct con-
tact (e.g. by swabbing or scratch apparatus), administration
to mucous membranes (¢.g. by aerosol), and oral adminis-
tration. Immunization may be passive or active and may
occur via different routes including intraperitoneal injection,
intradermal injection, and local injection. The route and
schedule of immunization are in accordance with generally
established conventional methods for antibody stimulation
and production. Mammalian subjects, particularly mice, and
antibody producing cells therefrom may be manipulated to
serve as the basis for production of mammalian hybidoma
cell lines.

[0194] The cellular compositions of the invention may be
used to prepare model systems of discase. The cellular
compositions of the invention can also be used to produce
growth factors, hormones, etc.

[0195] Inan aspect the invention provides a culture system
from which genes, proteins, and other metabolites involved
in proliferation or differentiation of hematopoietic or non-
hematopoietic cells can be identified and isolated. The cells
in a culture system of the invention may be compared with
other cells (e.g. differentiated cells) to determine the mecha-
nisms and compounds that stimulate production of non-
hematopoietic and hematopoietic cells.

[0196] The cellular compositions of the invention can be
used to screen for genes expressed in or essential for
differentiation of non-hematopoietic cells. Screening meth-
ods that can be used include Representational Difference
Analysis (RDA) or gene trapping with for example SA-lacZ
(25). Gene trapping can be used to induce dominant muta-
tions (¢.g. by deleting particular domains of the gene prod-
uct) that affect differentiation or activity of non-hematopoi-
etic cells and allow the identification of genes expressed in
or essential for differentiation of these cells.

[0197] The expanded cell preparations of the invention
comprising increased numbers of hematopoietic stem cells
and progenitor cells may be used for enhancing the immune
system of a patient. The cell preparations will facilitate
enhancement or reconstitution of the patient’s immune and/
or blood forming system.

[0198] In an aspect of the invention, the cellular compo-
sitions of the invention are used in the treatment of leukemia
(e.g. acute myelogenous leukemia, chronic myelongenous
leukemia), lymphomas (e.g. non-Hodgkin’s lymphoma),
neuroblastoma, testicular cancer, multiple myeloma, mela-
nomas, breast cancer, solid tumors that have a stem cell
etiology, or other cancers in which therapy results in the
depletion of hematopoietic cells.

[0199] In another aspect of the invention, a cellular com-
position of the invention, with or without genetic modifica-
tion to provide resistance to HIV, is used to treat subjects
infected with HIV-1 that have undergone severe depletion of
their hematopoietic cell compartment resulting in a state of
immune deficiency.

[0200] The hematopoietic stem cells and progenitor cells
in the expanded cell preparation may also be transfected
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with a desired gene that can be used for treatment of genetic
discases. Hematopoietic cell-related genetic diseases can be
treated by grafting the expanded cell preparation with cells
transfected with a gene that can make up for the deficiency
or the abnormality. of the gene causing the diseases. For
example, a normal wild type gene that causes a disease such
as [-thalassemia (Mediterranean anemia), sickle cell ane-
mia, ADA deficiency, recombinase deficiency, recombinase
regulatory gene deficiency and the like, can be transferred
into the hematopoietic stem cells or progenitor cells by
homologous or random recombination and the cells can be
grafted into a patient. Further, a preparation comprising
normal hematopoietic stem cells and progenitor cells free
from abnormalities of genes (from a suitable donor) can be
used for treatment.

[0201] Another application of gene therapy permits the
use of a drug in a high concentration, which is normally
considered to be dangerous, by providing drug resistance to
normal hematopoietic stem cells by transferring a drug
resistant gene into the cells. In particular, it is possible to
carry out the treatment using an anticancer drug in high
concentration by transferring a gene having drug resistance
against the anticancer drug, e.g., a multiple drug resistant
gene into an expanded cell preparation comprising hemato-
poietic stem cells and progenitor cells.

[0202] Diseases other than those relating to the hemato-
poietic system can be treated by using the expanded cell
preparations comprising hematopoietic stem cells and pro-
genitor cells in so far as the diseases relate to a deficiency of
secretory proteins such as hormones, enzymes, cytokines,
growth factors and the like. A deficient protein can be
induced and expressed by transferring a gene encoding a
target protein into the hematopoietic stem cells or progenitor
cells under the control of a suitable promoter. The expres-
sion of the protein can be controlled to obtain the same
activity as that obtained by the natural expression in vivo.

[0203] It is also possible to insert a gene encoding a
ribozyme, an antisense nucleic acid or the like or another
suitable gene into the hematopoietic stem cells or progenitor
cells to control expression of a specific gene product in the
cells or to inhibit susceptibility to diseases. For example, the
hematopoietic stem cells and progenitor cells can be sub-
jected to gene modification to express an antisense nucleic
acid or a ribozyme, which can prevent growth of hematic
pathogens such as HIV, HTLV-I, HTLV-II and the like in
hematopoietic stem cells or cells differentiated from hemato-
poietic stem cells.

[0204] The cell preparations comprising hematopoietic
stem cells and progenitor cells can be introduced in a
vertebrate, which is a recipient of cell grafting, by, for
example, conventional intravenous administration.

[0205] The invention also relates to a method for conduct-
Ing a regenerative medicine business, comprising: (a) a
service for accepting and logging in samples from a client
comprising hematopoietic cells capable of forming cells that
have the potential to form hematopoietic and non-hemato-
poietic cells; (b) a system for culturing cells dissociated
from the samples, which system provides conditions for
producing cells that have the potential to form hematopoietic
and non-hematopoietic cells; (c) a cell preservation system
for preserving cells generated by the system in (b) for later
retrieval on behalf of the client or a third party. The method
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may further comprise a billing system for billing the client
or a medical insurance provider thereof.

[0206] The invention features a method for conducting a
stem cell business comprising identifying agents which
influence the proliferation, differentiation, or survival of
cells that have the potential to form hematopoietic and
non-hematopoietic cells. Examples of such agents are small
molecules, antibodies, and extracellular proteins. Identified
agents can be profiled and assessed for safety and efficacy in
animals. In another aspect, the invention contemplates meth-
ods for influencing the proliferation, differentiation, or sur-
vival of cells that have the potential to form hematopoietic
and non-hematopoietic cells by contacting the cells with an
agent or agents identified by the foregoing method. The
identified agents can be formulated as a pharmaceutical
preparation, and manufactured, marketed, and distributed
for sale.

[0207] Inanembodiment, the invention provides a method
for conducting a stem cell business comprising (a) identi-
fying one or more agents which affect the proliferation,
differentiation, function, or survival of cells that have the
potential to form hematopoietic and non-hematopoietic cells
of the invention; (b) conducting therapeutic profiling of
agents identified in (a); or analogs thereof for efficacy and
toxicity in animals; and (c) formulating a pharmaceutical
composition including one or more agents identified in (b) as
having an acceptable therapeutic profile. The method may
further comprise the step of establishing a distribution
system for distributing the pharmaceuctial preparation for
sale. The method may also comprise establishing a sales
group for marketing the pharmaceutical preparation. The
invention also contemplates a method for conducting a drug
discovery business comprising identifying factors that influ-
ence the proliferation, differentiation, function, or survival
of cells that have the potential to form hematopoietic and
non-hematopoietic cells of the invention, and licensing the
rights for further development.

[0208] Having now described the invention, the same will
be more readily understood through reference to the follow-
ing examples which are provided by way of illustration, and
are not intended to be limiting of the present invention.

EXAMPLE 1
[0209] Materials and Methods:
[0210] Maternal Blood Screening:
[0211] Maternal blood was screened for HIV I/II, HTLV-

I/1I, Hepatitis B (HBs Ag), Hepatitis C (anti HVC), CMV
and VDRL at the time of registration prior to 34 weeks
gestation. Written consent for collecting and processing
umbilical cord blood was obtained at the time of registration.
Qualified hospital personnel, following protocols approved
by the human ethics committee of the Toronto General
Hospital and the University of Toronto, collected the cord
blood at the time of delivery.

[0212]

[0213] The blood volume was reduced and the red blood
cells removed with either Ficoll or Pentaspan (starch) treat-
ment Samples were collected using 60 ml syringes contain-
ing the anticoagulant, Acid Citrate Dextrose (ACD) at 1 ml
per 10 ml of blood (10% v/v) or collected directly into a 250

Sample Processing:
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ml blood bag (Baxter-Fenwal, Deerfield, II, USA) and
Penicillin G was added directly to the bag. Ficoll (Histo-
paque-1077, Sigma, St. Louis, USA) gradient centrifugation
was used to obtain an enriched population of mononuclear
cells. Briefly, blood was diluted 1:1 with RPMI medium and
30 ml was overlaid on a 15 ml cushion of Ficoll (1.077). The
gradient was centrifuged at 300 g for 30 min at room
temperature and the layer of mononuclear cells (MNC) was
collected. The Ficoll layer below was also collected. The
MNC and the Ficoll layer were both resuspended in 2x
volume of wash solution (12.5 ml filtered plasma from the
donor cord blood, 120 ml Iscoves modified Dulbecco
medium, 3 ml ACD). The sample was centrifuged at 300 g
for 10 minutes at room temperature. Cell pellets were
collected and combined.

[0214] Original volumes of the umbilical cord blood
sample included the 10% v/v of ACD. Therefore a 100-ml
volume included approximately 90 ml of blood and 10 ml of
ACD.

[0215] For starch processing, 1 ml of starch (Pentaspan,
Dupont, I11. U.S.A)) is added to 5 ml of blood, mixed, then
centrifuged for 10 minutes at 50xg. The leukocyte rich upper
layer is collected and the cells are pelleted by spinning at
400xg for 10 minutes. The pellet is resuspended in 5 ml of
IDM and 6 volumes of red cell lysis buffer (Ammonium
Chloride Buffer). After 10 minutes at room temperature the
cells are pelleted and washed 1x in PBS and either cryo-
preserved or resuspended in colum buffer.

[0216]

[0217] All steps were performed on ice. The cell pellet
was resuspended in IMDM/10% autologous serum or FBS/
10% DMSO. Up to 6 aliquots were frozen per sample by
placing the sample in Nalgene cryovials (Nalgenenunc,
Rochester, N.Y.) in a -80 ° C. freezer overnight. For long
term storage, samples were moved to liquid nitrogen (-196°
C).

[0218] Isolation of an Enriched Stem Cell or Progenitor
Cell Population.

[0219] Different methods using two different columns
were used for the isolation of stem or progenitor cells.

Cryopreservation:

[0220] A.MACS column (Mitenyl Biotech., Germany).
A positive selection magnetic column using a mono-
clonal antibody (Mab) to CD34. The MADb once bound
to the cell is bound to a metal bead and is subsequently
retained on the column, which is attached to a magnet.
All of the other cells are washed of the column. The
column is removed from the magnet and the CD34+
cells are eluted.

[0221] B. Stem Sep column (Stem Cell Technologies) is
a negative selection column and is better suited for the
isolation of primitive stem cells. Since all stem cells
may not be CD34+ (26) a negative selection column
removes all known, unwanted cells, leaving behind an
enriched stem cell population. The antibody cocktail
removes all mature lymphoid and myeloid cells are
removed as well as all late progenitor stage cells. It
contains a set of lineage specific surface markers found
on mature hematopoietic cells; CD2, CD3, CD14,
CD16, CD19, CD24, CD56, CD66& GLYCOPHORIN
A.
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[0222]

[0223] A wvariety of cell culture systems were tested. A
number of media were tested and the main components areas
follows;

[0224] A. Conditioned medium: Human embryonic
fibroblasts (HEF-CM) grown in aMEM with 20%
FBS (fetal bovine serum) for 72 hours. The medium
is removed and the cells and debris is removed with
centrifugation and filtering (0.22 uM filter). The
medium is stored at -20° C.

[0225] B. Non conditioned medium/serum free:
IMDM, 1% bovine serum albumin, 10 #g/ml bovine
pancreatic insulin, 200 wpg/ml human transferrin,
10~*M p-mercaptocthanol, 2 mM L-glutamine and
40 ug/ml LDL (Low Deunsity Lipoproteins).

[0226] C. ES cell medium without LIF in the pres-
ence of mitomycin treated human embryonic fibro-
blast cells.

C. Cell Culture Systems:

[0227] Cells were grown in any one of the three media
with or without the following growth factors in any com-
binations, 25-100 ng/ml FGF-4, 25-100 ng/ml FGF-2,
25-100 ng/ml IL-3, 25-100 ng/ml SCF, 25-100 ng/ml FL.T3
ligand, 25-100 ng/ml TPO, 25-100 ng/ml GM-CSF, 25-100
ng/ml IL-6, 25-100 ng/ml NGF.

[0228] Cells were grown for 4 days to 76+ days in the
medium with medium changes and growth factor changes
either weekly, twice weekly, or thrice weekly. All cells were
grown in NUNC brand tissue culture treated 6, 12 or 24 well
plates (Becton Dickinson, N.J., USA).

[0229] Flow Cytometry Analysis: Cell Number and
Viability.
[0230] Samples were stained for various cell surface

markers (Becknan-Coulter) and subjected to flow cytometer
analysis; Coulter-Epics (Coulter. Burlington, Canada). Iso-
type controls were used in all cases. All samples were
labelled for 10-20 minutes at 4° C., washed and fixed in 10%
formalin, as per manufacturer’s instructions.

[0231]

[0232] A pre-made methyl cellulose based colony assay
medium (Stem Cell Technologies)was used. The medium is
formatted to grow primitive progenitors (cat# H4435). Cells
were plated at 500 CD34+ cells per 3 ml of medium or
1500-3000 cells per 3 ml of medium for non-selected cells.
All populations were plated in duplicate and scored at day
12, 14, 16 and 18.

[0233] LTC-IC Assays.

[0234] Cells were also grown in Long Term Culture-
Initiating Cell assays that allow for the growth of early
hematopoietic progenitor cells. This assay links the CFU-
assay and the NOD/SCID assay. Cells are grown on feeder
cells which allow for the long term growth of hematopoietic
cells.

[0235]

[0236] For some experiments the cells were re-selected
using the Stem Sep column (Stem cell Technologies). Tissue
culture cells were labeled with the appropriate antibody
cocktail and passed through the column as described above.

Colony Forming Units Plating Assay

Column Re-Selection
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Output cells were deemed to be negative for the surface
markers targeted in the cocktail and these cells were either
checked for positive surface markers by flow cytometry,
placed in CFU-assays, replated for continued tissue culture
or used to engraft NOD/SCID mice.

[0237] NOD/SCID Mouse Engraftment

[0238] Non Obese Diabetic/Severe Combined Immune
Deficient (NOD/SCID) mice were used to test the engraft-
ment potential of the human umbilical cord blood stem cells.
All experiments followed established protocols and received
animal ethics approval. NOD/SCID mice were maintained
in a clean room in isolator racks and given food and water.
The mice were irradiated 2 hours before engraftmnent at 360
Rads using a Cs**” source. The mice were then injectedby
tail vein with 200 gl of cells. Mice were given an im
injection of antibiotics and monitored daily. Survival rate
was 80+% per experiment. At 2 weeks, 4 weeks, or 6 weeks,
animals were sacrificed by cervical dislocation. Femurs
were removed and the bone marrow flushed. Cells were
washed in PBS and the cell pellet was subjected to Red Cell
Lysis Buffer for 3 minutes and washed again. Cells were
either cryopreserved for re-engraftment, analysed by flow
cytometry, or subjected to RNA isolation for PCR analysis
or DNA microarray analysis.

[0239] Liver, spleen, muscle and brain tissue were also
isolated. Tissues were divided into pieces and fixed in 4%
paraformaldehyde followed by embedding in paraffin wax.
Some of the tissue was separated into single cell suspension
using a mild trypsin treatment (27) and labeled with fluo-
rescent antibodies as described above.

[0240]

[0241] Al tissues were fixed in 4% paraformaldehyde
followed by washes in PBS. The tissue was dehydrated
followed by embedding in paraffin wax. 6um sections were
cut and placed on glass slides. Slides were dewaxed and
subjected to antibody. staining with fluorescent tagged anti-
bodies. Slides were analyzed on a deconvolution micro-
scope.

[0242]

[0243] Osteoclast formation was accomplished by cultur-
ing the cells in IMDM+10% serum+GM-CSF. Positive cell
activity was determined by plating the cells on calcium
citrate substrates and measuring loss of the substrate as
active osteoblasts absorb the bone like substrate.

[0244]

[0245] TRAP Staining was carried out as described in
Minkin Cedric (28). Cells weregrown for various periods in
either 96-well or 24-well plates under the influence of
several “factors”. Tartate resistant acid phosphatase staining
was carried out on cells as follows:

[0246] 6.4 ml of naphthol-as-Bi-phosphoric acid (12.5
mg/ml in dimethylformamide).

Immunohistochemistry and Immunocytochemistry

Osteoclast:

TRAP’Staining:

[0247] 6.4 ml acetate solution (2.5 mol/L) pH=5.2
[0248] 3.2 ml Tartrate solution (0.67 mol/L) pH=5.2
[0249] Fast Red TR (0.1 g)

[0250] 64 ml of Distilled water
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[0251] The above solutions were mixed and filtered. Cells
were then incubated for 45 minutes at 37° C.

[0252]

[0253] Cells were grown for 3 weeks under conditions that
are favourable for TRAP positive 10,000 cells were seeded
on to osteologic slides and grown for 2 weeks with media
changes every two to three days. Media consisted of IMDM
and GM-CSF with serum. At 10 and 14 days the experiment
was stopped and Von Kossa staining was carried-out.

[0254]

[0255] Cord blood cells were grown under above condi-
tions for 21 days in 24-well plates. Cells were then scraped
off and centrifiged in a microtube at 600 g for 5 minutes.
Re-suspension in 2% gluteraldehyde for 1 hour followed by
transfer to cacodylate buffer and subsequent processing for
viewing under electron microscopy.

[0256]

[0257] Cells are grown in culture dishes or chamber slides
as well as 3-D cultures which allow for the formation of
capillary networks. For cultures on chamber slides, cells are
plated in M119 medium with serum (10%), supplemented
with endothelial growth factor supplement (Sigma). Cells
are fed twice per week by the removal of medium without
the loss of cells. Capillary formation is accomplished by
placing 2,000-10,000 cells in 5 ul volumes on a 0.5 ml
matrix made by mixing 0.5 ml of 3 mg/ml fibrinogen in
M199 medium with 10 gl of thrombin (ug/ml) and then
covering the cells with a second 0.5 ml of matrix in a 24 well
plate and covering with 1 ml of M199 +5% serum. Medium
is changed once per week for 3-4 weeks until endothelial cell
networks develop.

[0258]

[0259] Sudan IV staining was carried out to determine
whether there is presence of fats in the cells grown under the
conditions described above. Briefly cells were fixed in 70%
ethanol for 5 minutes followed by incubation with a solution
of Sudan IV (2 g/ml in 50:50 acetone:ethanol) for another 5
minutes. Cells were then washed with 70% ethanol and then
viewed under a microscope.

[0260]

[0261] o-MEM with 10*M Dexamethasone, 10 mM
[-glycerolphosphate, 0.2 mM Ascorbic Acid; 10% Serum.
Cells were grown for 3-4 weeks. For Alzirin Red staining,
cells are fixed in 70% ice cold ethanol for 30 minutes, then
stained for 10 minutes with 40 mM Alzirin red (pH 4.0).

[0262]

[0263] Cells were placed into DME+10% serum and
grown for 3 weeks with twice weekly media exchanges.
Some cultures were supplemented with 10-50 nanomolar
Retinoic Acid.

[0264]

[0265] Cells were grown in FGF, SCF, FLT3Ligand in
Stem Span medium (Stem Cell Technologies) for 2-21 days.
At any time point the cells were either transferred into 20%
serum in DME (high glucose) for three weeks in order to

Resorption Studies:

Ultrastructural Studies:

Endothelial;

Adipocytes:

Osteoblast:

Neural:

Muscle:



US 2005/0074435 Al

produce mesenchymal cells or transferred directly to various
medium at 37° C. or 33° C. or 6% Oxygen (37° C.) in one
of the five listed conditions:

[0266] A: aME+10% serum+50 uM 2-mercaptoethanol

[0267] B: aMEM+10% serum+50 4M 2-mercaptoetha-
nol+5-Azacytidine

[0268] C: aMEM+10% serum+50 uM 2-mermaptoet-
hanol+10 ug/ml insulin +0.1-1 uM Dexamethasone+
0.5 uM isomethylbutylxanthine

[0269] D: aMEM+10% serum+Chick embryo extract
%)

[0270]
(5%)

[0271] Cells were cultured for 2-4 weeks and tested for
muscle specific markers by PCR and immunocytochemistry.

[0272]

[0273] Livers were isolated from mice that received cells
through tail vein injections. Upon sacrifice, the livers were
quickly removed and either fixed in 10% formalin and
processed with paraffin wax for imumunohistochemistry or
single cell suspensions were produced and cells were stained
with anti-HLA-ABC antibody and anti-CD45 antibody.

[0274]

[0275] In all experiments lised below, cells were isolated
from human umbilical cord blood. starting populations of
cells were tested 1) unfractionated leukocytes 2) lineage
minus cells (CD2, CD3, CD14, CD16, CD19, CD24, CD56,
CD66& GLYCOPHORIN A minus). Linecage minus cells are
obtained by initially removing known mature blood cells
thereby leaving behind immature cells and cells lacking any
known blood marker(unidentified cells). This population of
lineageminus cells is HLA-ABC positive, CD45* (100%),
and enriched for CD34 (50-80%), CD38 (50-80%), and
CD33 (50%), a myeloid marker and 3) Lineage positive
cells. In summary, but detailed below, the key population is
the lineage minus population because in the majority of
studies lineage positive cells failed to show any stem cell
properties, and the frequency of cells with stem cell potential
found in the unfractionated cell population suggests they are
from the lineage minus population contained within.

[0276] The Appearance of Non-Blood Cells

[0277] Non-blood cells were produced from CD45* UCB
cells. First, it was observed that a combination of prolonged
culturing with reduced feedings caused the differentiation of
these cells by letting them withdraw from the cell cycle. The
cells begin to adhere resulting in mixed colonies of elon-
gated adherent cells and loosely attached to them are round
cells. As long as FGF is present the cells can maintain these
colonies, which appear at about three weeks of culture. After
three more weeks the round cells begin to die and the
adherent cells stop dividing but remain alive. The cells
stained positive for the mesenchymal marker, vimentin.
After 6-10 weceks in culture (total time) the adherent cells
persist and show morphologies resembling endothelial cells,
adipocytes (fat), and osteoclasts. These specialized cells
occur infrequently. By altering the culture conditions (as
mentioned above and detailed below) the fate of the cells can
be better controlled. Initial studies were performed in order

E: aMEM+1% serum+Chick embryo extract

Hepatocytes:

Results:
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to determine the optimum cytokine type and concentration
required to promote stem cell growth. The goal was to
produce a proliferating population of cells that does not
require serum, conditioned medium or feeder cells in order
to maintained multi-potential cell properties as defined by
the ability of the cells to give rise to mature hematopoietic
and non-hematopoietic cells and tissues. It is important to
eliminate both the requirement for serum and conditioned
medium as this is not feasible for a clinical setting. Further-
more, reducing the dependence on serum and conditioned
medium provides us with more control over the maintenance
of cell phenotype and cell proliferation.

[0278] Mesenchymal-like cells can be directly obtained by
plating whole cord blood directly into DME or IMDM plus
10-20% serum. (See below mesenchymal cell intermediate).

[0279]

[0280] Leukocytes from umbilical cord blood cells were
depleted of all mature cells leaving an enriched stem and
progenitor cell population. These cells can be maintained in
serum free conditions with growth factor supplementation
for approximately three months, although the majority of
cell proliferation occurs in the first 28 days then tapers off.
Cultures can be maintained in a highly proliferative state by
feeding every 48 hours and separating the lincage minus
cells from the lineage positive population as done at the
beginning of the culture period every 7-10 days or on a
continuous basis. FGF-2 and FGF-4 were focused upon due
to their ability in the murine embryo to maintain prolifera-
tion of non-differentiated cells. Furthermore, FGF-2 and
FGF-4 are down regulated prior to cells undergoing differ-
entiation, thus making it an ideal candidate for stem cell
proliferation. FGF-2 and FGF-4 were tested in conjunction
with +/- serum, +/- cytokines, on different substrates . The
studies showed no difference between FGF-2 and FGF-4.
However, FGF-4 alone was used because of its use in
maintaining human embryonic cell lines. The addition of
SCF and FLT-3ligand to the FGF-4 containing medium
increased the proliferation rate. FGF, SCF or Flt-3ligand
used alone in serum free conditions resulted in reduced cell
proliferation, while combinations of these cytokines resulted
in improved yields of stem cells. SCF had a minor effect on
cell proliferation rates when added to FGF, Flt-3ligand
cultures, but was critical in blocking differentiation of the
stem cell pool (FIG. 1).

[0281] The frequency of FGF supplementation, but not the
concentration, greatly affected the outcome of the cultures.
100 ng/ml and 25 ng/ml of FGF-4 or FGF-2 were tested with
25 ng/ml of FLT-3 ligand and 25 ng/ml of SCF. There was
no differencein the cell proliferationrate, the frequency of
CD347/CD38™ cells or CFU’s when the supplementation
schedule was kept constant. This is due to the rapid degra-
dation rate of FGE. Once per week feeding for 4 weeks
resulted in maintenance of some cells with HSC character-
istics but the majority of cells differentiated and died.
Interestingly FGF-4, FLt-3L, SCF, serum free, with once/
week media changes resulted in massive cell proliferation
for three weeks, followed by the majority of cells dying with
the remainder forming mixed colonies of round, non-adher-
ent and elongated adherent cells of equal proportions. Feed-
ings of about 3 times per week are required to maintain high
proliferation levels and maintenance of the stem cell phe-
notype. Furthermore, reselection of the cells at weekly

Cytokine Supplementation:
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intervals through the same negative selection column helped
to maintain and expand the lineage minus population. By
supplementing the cultures with growth factors three times
per week the cells were maintained as round, non-adherent
cells. The cells have been maintained in this state for about
80 days before terminating the experiment

[0282] Other Cytokines:

[0283] Although some cytokine supplementation proto-
cols tested resulted in massive proliferation the rate of
differentiation was also high resulting in a decreased number
of stem cells of the total cell population. IL-3 with F1t-3 and
SCF resulted in massive cell proliferation but the lineage
minus population was lost as they differentiated rapidly.
TPO with Flt-3 and SCF resulted in a better balance of cell
proliferation and stem cell maintenance. NGF, SCF and
FLTI-3ligand also gave similar results to FGF. TPO, SCF &
FLT3ligand cultured cells were also compared to FGF, SCF,
FLT3ligand cells. Although the TPO treated cells proliferate
much better than FGF cells (12-20 fold increase vs. 4-10
fold), TPO cells have a more limited range of producing
non-hematopoietic lineages.

[0284] Formation of Non-Hematopoietic Cells is not
Dependent on a Mesenchymal Cell Intermediate.

[0285] The adherent cell population that appeared with
infrequent feedings or as a result of growing unfractionated
cord blood cells in serum conditions, is reminiscent of the
mesenchymal cell population found in bone marrow aspi-
rates. First it was investigated whether the adherent stage of
growth observed in the original population was a mesen-
chymal cell population similar to that found in bone marrow,
and 2) a mandatory step towards non-blood differentiation.
Jiang et al (29) reported a CD45™ (non-blood), mesenchymal
cell population isolated from bone marrow that is capable of
producing a wide range of cell types from a clonal cell
population. We tested 1) Lineage negative cells (stem and
progenitor cells), 2)Lineage positive cells (mature blood
cells) and 3)unfractionated UCB cells were tested.

[0286] Lincage Negative Cells:

[0287] UBC Lin- cells were grown in SCF and FLT-3
ligand with or without FGF-4. After three weeks of growth,
mixed colonies appear that consist of stromal like cells and
round hematopoietic cells. Cells grown in FGF-4, SCF,
Flt3ligand, produce a greater number of these colonies.
Furthermore, if the cells are fed at 2-3 feedings/week versus
once/week the cultures contain more non-adherent single
cells. These round, non-adherent cells are still capable of
forming mesenchymal cells once the growth factors are
reduced or the cells are placed into serum containing
medium. Growing the cells in. FGF, SCF and Flt3ligand
allows an increase in the number of cells with mesenchymal
cell properties. Since the mesenchymal like cells appear
after three weeks of growth, the round nondherent cells that
dominant the cultures in the first 2-3 weeks were tested. The
expanded, non-adherent cells contain the ability to generate
specific non-hematopoietic cell types (as described in Mate-
rials and Methods and below). Therefore with frequent
feedings the cells tend to remain non-adherent and retain
their potential for producing non-hematopoietic cells. Fur-
thermore the round, non-adherent cells remain CD45* and
HLA-class I (FIG. 2).

[0288] If the UBC lin~ cells were placed directly into
conditions which promote the growth of adherent, mesen-
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chymal-like cells (DME+20% serum) the cells would die
after one week. When the lin~ cells were grown for 8 days
in FGF-4, SCF, Flt3ligand prior to culture in serum medium,
vimentin positive cells would develop. These cells could be
maintained in serum conditions for ~6 weeks. Furthermore,
these cells lost their ability to produce positive blood form-
ing cells when tested in CFU assays and LTC-IC in vitro
assays. These cells also died when placed in cultures that
promote endothelial cell development (VEGF containing
cultures)or  osteoclasts. Interestingly, FGF-4, SCF,
Flt3ligand grown cells placed into DME+10% serum would
be 50% positive for the neural marker, neurofilament. There-
fore conditions which lead to vimentin positive cells also
give rise to neural cells. For muscle and bone, placing the
cells from FGF-4,SCF, Flt3ligand cultures, directly into
growth conditions which cause tissue specific differentia-
tion, would result in positive cells for the specific tissue
tested. UCB Lin- cells placed directly into bone or muscle
differentiating medium would die. An increase in muscle and
osteoblast precursor cells would occur when the cells were
first grown in FGF-4,SCF, Flt3ligand medium and then
DMEM or IMDM plus serum (10-20%) for 14 days. Stro-
mal/Mesenchymal like cells have also been identified from
UCB in vivo. Lineage depleted UCB cells (UBC Lin-) were
injected into NOD/SCID mice. Upon analysis of the bone
marrow of the mouse after 10 weeks, stromal and hemato-
poietic cell populations were identified. CD45 is a pan
human leukocyte marker and HLA-ABC is a pan human cell
marker. Cells that are HLA-ABC positive and CD45 nega-
tive are human, non-blood cells, and most likely stromal

cells (FIG. 3).
[0289]

[0290] These cells were grown in identical conditions as
the lin~ cells and tested for the presence of adherent cells as
well as non-blood markers. The majority of lin* cells died
(95%) within 7-10 days of culture. Surviving cells produced
in a minority of adherent cells (1/1,000,000 cells) which
failed to divide and died. Lineage positive cells grown in
tissue specific medium resulted in the death of all cells. This
indicated that the cells removed (CD2, CD3, CD14, CD16,
CD19, CD24, CD56, CD66& GLYCOPHORIN A positive
cells) are not capable of producing non-hematpoietic cells.

[0291]

[0292] Cells were placed directly into 20% serum/DME or
IMDM. The frequency of adherent cells was 10/100,000.
These cells proliferated slowly for 6 weeks then died.
Interestingly the best yield of adherent cells came when the
non-adherent, non-fractioned cells cultured in DME or
IMDW/10-20% serum for 4 days were transferred to a new
culture chamber with fresh medium. Within 24 hours of
transfer, 10% of the cells adhere. The few non-adherent cells
left in the original well died. After 46 weeks in culture the
number of live adherent cells was similar to the number
adherent cells from the Lin- cell fraction grown for the same
length of time, strongly suggesting that the active, key cell
is found in the lineage negative population. The adherent,
non-fractionated cells are vimentin positive and have iden-
tical properties to that of the Lin- adherent cells.

[0293] Lineage+ and unfractioned cells were also grown
in FSF cultures for 7 days prior to the above tests. No
differences in the results were observed when compared to
ngA pre-culturing in FGF-4,SCF, Flt3ligand medium. Any

Lineage Positive (Lin™):

Non-Fractioned:
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effect on the lineage negative cells contained within the
unfractionated cells would be masked by the large number
of non-reactive lineage positive cells. Therefore, F FGF-4,
SCF, Flt3ligand growth period has a unique effect on Lin-
eage minus cells.

[0294] It was previously reported that NGF-receptor is
expressed on mesenchymal and some blood cells in the bone
marrow. Isolation of NGF-R* cells from the bone marrow is
enriched for mesenchymal cells capable of developing into
osteoblasts and fibroblasts (30). FACS-sorting of a NGF-R*
population from human UCB did not result in cells with
mesenchymal properties. Cells were isolated and grown in
conditions that are conducive to mesenchymal cell growth.
The positive cells did not survive well in these cultures and
never adhered as expected. Although not tested, the cells are
probably the blood cell NGFR positive population.

[0295] How Early do the UBC Cells Begin to Display
Non-Hematopoietic Markers?

[0296] The observation that UCB cells grown in serum
conditions can give rise to vimentin positive cells and cells
that morphologically resemble non-blood types prompted
testing of UBC cells at different; stages of growth for the
expression of non blood markers. Day 0 lin~ cells were
negative for all non-blood. markers tested. Since adherent
cells do not appear until day 21 of culture in FSF medium,
the ability of non-adherent, early stage cells at day 2, 4, 8,
14 and 21 were tested. In these cultures after at least 4 days
(one-two cell divisions), non-hematopoietic embryonic and
carly tissue specific markers arise.

[0297] Lincage negative and positive cells as well as
non-selected cells were tested. Cells were either moved
directly into tissue-specific in vivo and in vitro assays that
enabled determination of their developmental potential for
blood and non-blood cells, or the cells were first cultured
under conditions which, depending on the growth factor
used, may allow for an increased capacity of the CD45+
population to grow into non-blood cells.

[0298] A combination of PCR analysis, antibody staining,
enzymatic assays and in vivo functional assays was used to
test the non-hematopoietic potential of UCB cells. Day 0
Lin~ cells are negative for non-blood markers but 100%
positive for HLA-ABC and the blood marker CD45. Dif-
ferentiation of cells into non-blood cells was a two-stage
process. The first stage required growing UCB lin~ cells in
FGF-4,SCF, Flt3ligand for a minimum of 4 days or in
10-20% serum in DMEM or IMDM as outlined above.

[0299] PCR analysis and protein detection with antibodies
to non-blood markers showed that day O lin~ cells are
negative for nestin (neural), Desmin, Cardiomyosin
(muscle), GFAP (astrocyte) FLK-1 (mesoderm and endot-
hellal), CBFa-1 (bone) and Oct4 (embryonic stem cell) by
PCR. The same cells are negative by antibody for FLK-1,
CD31 (endothelial), Oct-4, Neurofilament, Nestin, Parkin
(neural), GFAP (astrocyte),CyplA2 hepatocyte),CBFa-1
(osteoblast),Desmin, MyoD and muscle actin (muscle).

[0300] Cells were also negative for TRAP and calcium
citrate substrate resorption (osteoclast), negative fbr calcium
deposits by Aizirin red staining (osteoblast) and Sudan IV
staining (adipocytes). Although day 0 lin~ cells are enriched
for CD34, a surrogate marker for hematopoietic stem cells,
these observations indicate that there is no relationship
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between CD34 and the appearance of multipotent stem cells.
During the culture period in cytokine supplemented, serum
free medium, CD34 cells increase in frequency along with
the appearance of multipotential stem cells (UCB stem cells)
but the UCB stem cells are also found in the CD34~
population. The CD38 marker is lost within the first 4 days
and CD33 appears during this time. By day 8 greater then
80% of the cells are CD33™ but this exceeds the number of
UCB stem cells.

[0301] Cells were grown for 2, 4, 8, 14 and 21 days in
FGF-4, SCF, Flt3ligand fed 3x/week. Day 2 cells remained
negative for the same PCR markers while cells grown for 4
days or more expressed nestin, desmin, GFAP, Flk-1 and
Oct-4. The presence of Oct-4 is highly significant as it is
considered a marker of stem cells. To explore this further
UBC lin~ cells were grown in IL-3 with SCF and FIt-3
ligand, Neural Growth Factor with SCF and Flt-3 ligand or
TPO with SCF and Flt3-ligand. IL-3 supplemented cultures
grew rapidly but were negative for Oct-4, desmin, nestin.
NGF supplemented cultures were positive for only OCT4.
TPO-cultured cells at day 8 are negative for nestin and
FLK-1, positive for OCT4 and weak to negative for Desmin
by PCR. Thus demonstrating a reduced multipotency when
compared to FGF cells.

[0302] Thisis an important observation because OCT4* or
FLK1* cells are probably an important intermediate cell
type (eg; all mature endothelial cells grown are direct
derivatives of the FLK1* population), OCT4 or FLK1
positive cells are not found in the starting population.
Therefore, the cell population found in UCB capable of
multipotencyis a CD45"/HLA-ABC*/FLK17/0CT4~ cell.
Since UCB stem cells respond well and their appearance in
the cultures are dependent on FGFE, SCF and Flt-3 ligand the
key cells are also FLT3 receptor (member of the receptor
tyrosine kinase class III receptors), SCF receptor (c-Kit),
and FGFRII positive.

[0303] After 2-4 days of growth the cells are positive for
non-blood embryonic markers from a wide variety of tis-
sues. In order to further differentiate these cells they had to
be placed into tissue-specific cell cultures. The cells are
capable of giving rise to multiple blood and non-blood cell

types.

[0304] In summary, although lineage minus cells in cul-
ture will give rise to lineage positive (mature blood) cells,
they also give rise to a novel cell type, not found in the
original population, that will produce non-blood lincages.
These cells seem to be a product of culture conditions as
untreated, day O lineage minus cells are negative for all
non-blood indicators.

[0305] These cells could be further differentiated when
placed into specific culture conditions that promote the
production/growth of a specific cell type (e.g. osteoclast).
Therefore, the cells do not have to go through an adherent
phase and the production of vimentin positive cells is not a
required intermediate step but it is mandatory that the cells
grown in serum free culture in order to allow for the
development of non-hematopoietic lincages.

[0306] Blood

[0307] Despite the fact that that Fgf, Scf, Flt31 cells are
able to express non-blood markers, they still maintain their
ability to express blood markers. The cells from the umbili-
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cal cord are collected in a manner used to isolate cells
capable of reconstituting the blood lincages. Growth and
proliferation of a stem cell population capable of forming
non-blood cells should also maintain its ability to form
blood cells. Hematopoietic stem cell maintenance and pro-
liferation was tested using in vitro and in vivo assays.
Colony forming unit (CFU) assays, LTC-IC and cell surface
marker analysis were used to indicate hematopoietic stem
cells. In subsequent experiments NOD/SCID assays were
used to verify stem cell phenotype and the ability of these
cells to engraft the bone marrow.

[0308] Using the above serum free/conditioned medium-
free media outlined above that resulted in an increase of cells
expressing non-blood markers, an increase in CFU’s and
LTC-IC was also observed over the first 8 days in culture.
Surface analysis of cells grown in Fgf, SCF, Flt3ligand for
4-8 days resulted in a shift in the population from a pre-
dominantly CD34+ to a CD33+ population. There was also
an increase in CD34~, CD387, and CD33™ cells. All cells
maintained CD45*. Cells were maintained for up to 80 days
but in most cases there were few cells left to analyze. Cells
never lost their CD45 marker and in some cases where there
was CD45™ or CD45 cells in the initial population, these
cells either died or turned on CD45 by day 8 as 100% of the
population is positive (FIG. 4).

[0309] In vitro studies clearly show an increase in hemato-
poietic stem cell numbers during an 8 day+ culture period.
In order to address the engraftment potential of the in vitro
expanded stem cells, freshly isolated cord blood mononucle-
ated cells, freshly isolated Lin- cells, or in vitro grown cells,
were used to. engraft irradiated NOD/SCID mice (FIG. 5).
An increase in input cells resulted in an increase level of
engraftment Furthermore, an equal number of Lin- placed in
culture for a minimum of 8 days had the same engaftment
potential as their day 0 counterparts suggesting that more
NOD-SCID repopulating cells were produced over the 8
days.

[0310] Endothelial Cells, Bone (Osteoclastand Osteo-
blast), Adipocytes, Muscle, Astrocytes and Neural Cells
from Cord Blood Cells:

[0311] The cells were plated and maintained (with con-
stant splitting of cultures) at very low densities, which
allows single cells to be observed. Stromal like cells (adher-
ent, flat cells) were not observed in the cultures until 3-4
weeks of growth. Round cells (individual cells are pin-
pointed in a dish for repeated observation) were observed
becoming more adherent after 3 weeks of growth. The cells
flatten out and their progeny produce both round and flat
cells forming a mixed colony. Furthermore, cells maintained
in suspension for up to 12 weeks remained alive and
non-adherent Aliquots that were removed at one week
intervals and allowed to settle and became adherent Con-
versely, adherent cells could be trypsinized and returned to
suspension cultures and continue to grow as non-adherent
cells.

[0312] Adherent cultures grown for up to 12 weeks in low
growth factor serum free medium resulted in cell morpholo-
gies reminiscent of fat cells, endothelial cells and osteoblast
cells. These cells appeared at low frequencies with all three
types appearing in single cultures. In order to determine the
identity of these cells the culture conditions were optimized
1o increase the yields of these cells to the point where
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enough could be obtained for analysis. As mentioned above,
cells grown for as little as 4 days could be induced to express
non-blood tissues.

[0313] A) Osteoclast:

[0314] Days O cord blood stem cells were tested for
markers for osteoclasts (TRAP). All samples tested were
negative for this osteoclast marker. Cord blood stem cells
(lineage minus) grown for 7, 14, 21 and 28 days in FGF-4,
SCF, and FLT-3L are highly positive for TRAP (50% +), and
multinucleated, both characteristics of osteoclasts (FIG.
6A). The maximum number of TRAP positive cells appeared
at day 21 (80%) and levelled off to day 28. In order to
measure functionality of the osteoclast-like cells, cells were
placed on calcium citrate substrate and measured for absorb-
tion of the substrate. Cells grown in FGF, SCF, FLT'3ligand
were not functional osteoclasts despite being TRAP positive.
The cells had to be placed into an osteoclast differentiation
medium (serum containing medium with GM-CSF) in order
to differentiate them into functional osteoclasts as observed
by resorption of a calcium citrate substrate (FIG. 6B).
Therefore, the culture conditions strongly induced osteoclast
precusor production.

[0315]

[0316] Differentiation cultures were used to produce
osteoblast cells. Osteoblast cells have been produced from
UCB Lin~ cells cultured with growth factors for at least 14
days [proliferation medium] and then placed in bone specific
differentiation medium. The cells in the proliferation
medium are negative for mature bone markers and morphol-
ogy but have the capability to complete the differentiation
program to give rise to mature bone cells with characteristics
indicative of osteoblast cells. Prolonged culture periods with
increased or decreased amounts of growth factors do not
result in alkaline or mineralized cells. In. order to differen-
tiate the osteoblasts into more mature bone cells the cells
must be transferred to bone specific medium. Freshly iso-
lated Lin- UCB cells placed into bone medium die without
producing mature bone cells. These same cells cultured in
Fgf, Scf, Flt3ligand medium for 7 days, then transferred to
bone specific medium resulted in cells that are alkaline
phosphatase positive. Furthermore, mineralization has been
observed as the cells tested positive for Alizirin red staining.

[0317]

[0318] UBClin™ cells were grown for 7 days in either FGF
plus SCE, FLT-3L in serum free medium. The cells divided
rapidly and maintained the round morphology of hemato-
poietic cells. At the end of the 8 day culture period, cells
were tested for the embryonic/early muscle marker Desmin
by RT-PCR A positive signal was achieved (FIG. 7). Cells
were also tested for the mature muscle marker Myo-D, but
remained negative. Cells that were grown in FGF placed into
muscle specific cell culture media tested positive for myo-D
and muscle specific actin by immunocytochemistry (FIG.
8).

[0319]
[0320] Flk-1 is a marker of mesoderm cells as well as
hemangioblasts and endothelial cells. Endothelial precursors

are FLK-1 positive and this marker is lost as these cells
mature into functional endothelial cells.

B) Osteoblast:

C) Muscle:

D) Endothelial:
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[0321] Day O cord blood stem cells are negative for flk-1.
When placed into a 3D culture system, which allows for the
production of vessels, all day O cells died. This is similar to
the fate of the Lin"UBC cells placed into other specialized
mediums. This indicates that non-treated day Lin"UBC cells
do not have endothelial potential. When Lin~/UCB cells
were grown in FGF-4, SCF, FLT-3L or TPO, SCE, FLT-3L
for a minimum of 4 days and then placed in specialized
endothelial cell cultures, the cells developed into endothelial
cells.

[0322] UCB Lin~ cells were grown for 0, 7, 14, 21 and 28
days, and each cell population was placed into tissue culture
conditions specific for the formation and support of endot-
helial cells. Two different cultures were used The first
supports the growth of 3-D vessels. Cells were tested for the
embryonic endothelial cell marker Flk-1 and for the mature
endothelial marker CD31. There were no positive cells at
day 0. The number of endothelial cells increased when cells
were cultured for 7-28 days. FIG. 9A illustrates that the
Flk-1 marker is present on the round immature cells and is
lost as the cells take on the adherent, elongated endothelial
morphology characteristic of endothelial cells. UCB Lin-
cells grown in FGF, SCE, FLT-3L for at least 7 days were
capable of forming small vessels in vitro (FIG. 9 B-F).
Hypoxia can induce the production of VEGF, which induces
the production of FLK-1 positive endothelial cells. Hypoxia
plus FGF-4 gave the highest percentage of FLK-1 positive
cells. Cells were harvested and stained for CD31 expression
(FIG. 10). 80% of the cells in endothelial culture for a
minimum of 14 days were CD31™. Interestingly, cells must
be seeded at high density. After 7 days in cultures cells along
the periphery elongate and move outward. After 4-6 weeks
in culture a network of vessels is observed. The cells at the
centre of the cell mass die off leaving an outer rim of vessels.

[0323] All of the experiments were repeated with cells
sorted for FLK™ cells, CD34" and CD45*. Only Flk1+ cells
(+/- other markers) gave rise to endothelial cells.

[0324] E) Hepatocyte:

[0325] The ability of human UBC/Lin~ cells to produce
functional liver cells was tested. The cells were tested in an
in vivo model due to the lack of good in vitro hepatocyte
models. UBC/Lin~ cells either untreated or grown in FGF
for 7 days were injected via the tail vein into NOD/SCID
mice. After 6-10 weeks the livers were isolated, and a single
cell suspension was obtained. Mice that were positive for
human blood cell engraftment had liver cells that were
HLA-ABC*/CD45~ suggesting the cells are human, non-
blood cells (5/25). These cells were isolated by FACS
sorting of single cell suspensions of the livers and tested for
CYP1A2 expression. Of this sub group (2/5) few were
positive for functional liver cells as assessed by CYP1A2
positive expression. The cells were stained with the anti-
CD45 antibody, which is specific to human blood cells and
anti-HLA-ABC, which is specific to all human cells. CD45
negative-HLA-ABC positive cells were identified in the
mouse liver (FIG. 11A: arrow). Pre data suggests that the
FGF-4 treated cells contributed 3 times as many cells as
non-treated cells. This indirect approach allows identifica-
tion of only cells in the liver that are human cells but not
blood cells.

[0326] In order to identify functional human liver cells in
the mice cells that were CYP1A2 positive were identified.
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CYP1A2 is an enzyme found in human liver tissue. It is only
induced in mouse livers treated with dioxins, thus eliminat-
ing the possibility of cross-reaction with the antibody used
in the assay. Furthermore the antibody used is specific to the
human CYP1A2 and will not react with the murine CYP1A2
protein. NOD/SCID mice were not treated with any liver
damaging chemicals (such as carbon tetra chloride) in order
to maintain functionality of the newly engrafted cells. Fur-
thermore, it was preferred that new cells infiltrate and take
up residence in a liver that is not dramatically damaged. This
allows assessment of the ability of UCB cells to be used in
liver therapies for genetically defective livers where no
physical damage may occur. This also provides a non-
surgical method of treating inborn errors of metabolism.
Therefore, only low levels of liver engraftment were
expected About 10-20% of the CD45-/HLA-ABC+ cells
detected in the mouse liver are also CYP1A?2 positive. This
suggest that although engraftment levels can be high, there
are fewer functional hepatocytes (FIG. 11B, C). The same
livers were sectioned and immunosistochemestry with
CYP1A2 antibody detrected positive cells (FIG. 12).

[0327] Freshly isolated UCB cells (MNC or Lin~) were
negative for CYP1A2. UCB/Lin~ cells that were treated with
FSF for 7 days prior to tail vein injection into NOD/SCD
mice were also negative for CYP1A2 expressing cells.

[0328] E) Astrocytes:

[0329] Due to the stromal nature of the cells, the cells were
tested for the astrocytemarker Glial fibrillary acidic protein
(GFAP). As for the above experiments, UBC Lin- cells were
grown in serum free medium with growth factors for 0-7
days. The cells were then tested by PCR for the GFAP
mRNA. Day 0 cells were negative, while cells grown for 7
days were positive (FIG. 13). Cells were also tested for
GFAP protein expression by immunocytochemistry. Cells
placed into medium supplemented with G-5 astrocyte
growth supplement, used to promote astrocyte growth, were
also positive for GFAP.

[0330] F) Neural:

[0331] Human UCB lin~ cells were grown in proliferation
medium (gfg Scf, Flt3ligand) for 0-7 days and tested for the
early neural marker NESTIN. UBC/Lin™ cells at day O tested
negative for nestin. Once cells were grown for 7 days they
became positive by PCR (FIG. 14). Since these cells were
showing neural stem cell potential the cells were grown in
various medium in order to induce the expression of mature
neural markers as well as neural morphologies. It was
expected that at some point the cells might take on a neural
sphere morphology. In order to induce neural spheres the
cells were grown in FGF/EGF/heparin/DMEM/F12HAMS
medium, as published for the growth of neural stem cells
(31), with and without serum. Day 0 and day 8 cells died
after 3 days in the serum free medium, while cells survived
in serum positive cultures they failed to form neural spheres.
As for the experiments listed above, day zero cells in any of
the neural cultures failed to express any neural markers. In
order to express any neural markers or morphology the
UBC/Lin~ cells had to first be grown in the proliferation
medium described herein.

[0332] When day 7 UBC/Lin~ cells were placed into
DMEM/10% serum cultures approximately 50% of the cells
died while the remainder became elongated and adherent



US 2005/0074435 Al

after 2-3 weeks in culture. These cells resembled a fibroblast
morphology. Prolonged culture resulted in some cells (about
50%) of the adherent cells taking on a neural morphology.
These cells were tested for the expression of neural filament
protein, Parkin, nestin and Neural Specifc Enolase. Cells
with neural morphology were positive for at least one of
each of these neural markers. Neurospheres, Parkin and
Neuropositive cells are illustrated in FIG. 15.

[0333] Interestingly, selective growth/survival of neural
cells resulted when 10 um Retinoic Acid (RA) was added to
cells grown in proliferation culture for 7 days then placed
into DMEM/10% serum until adherent cells were present All
other non-neural cells died as the RA containing cultures had
more cell death present and half the number of cells versus
the non-RA cultures after 7 days. Furthermore 90+% of the
RA cells were positive for Neurofilament while only 50% of
the non-RA were positive (FIG. 15). Cells in either medium
survived for 12 weeks before cell division stops and the cells
die. This is most likely due to the cells reaching a terminally
differentiated state. If cells grown in proliferation medium
for 7 days were placed directly into RA/DMEM/10% serum,
cell clumping occurred. These cells remained alive, but do
not resemble the tightly compacted neurospheres demon-
strated previously (31). Cells could be maintained in RA
cultures and the cells are positive for neurofilament

[0334] In another experiment, the cells after 7 days of
growth in Fgf, Scf, Flt3ligand were placed into cultures with
Neural Growth Factor (NGF). In the presence of NGF and
SCF and FLT-3 ligand the cells survive and some (<2%)
neurofilament positive and Parlin positive cells were
obtained. Thus NGF has the ability to convert cord blood
stem cell into a neural stem cell. In contrast, NGF, SCF,
Flt-3L cells were negative for the endothelial marker FLK-1
marker, as expected.

[0335] G) Adipocyte:

[0336] Mouse bone marrow derived stromal cells are
capable of forming osteoclast and adipocyte cells in the
same cultures. UCB Lin~ cells were placed in proliferation
cultures and tested at the various days for adipocytes. Cells
grown for 7-28 days were positive for adipocytes at low
levels (<1%) when stained with SudanIV. Although less than
1% of the cells stained positive, this is significant as no cells
were detected in the same cultures that lacked the growth
factor GM-CSF (FIG. 16).

[0337] H) Single or Multiple Stem Cells:

[0338] Combined percentages of positive cells for at least
one tissue-specific marker indicates that at minimum, single
cells are expressing at least two unrelated markers. This
suggests that one cell can give rise to two or more tissues.
Growth of UBC/Lin™ cells in the proliferation medium for
only 7 days results: in all cells being CD45*/HLA-ABC*/
CD33", suggesting the presence of a single, multipotent,
clonal population that is responsible for all observed cell
types. In order to confirm this, single cells were placed into
96-well plates and grown in the proliferation medium. On
average only 5/96 wells contained healthy dividing cells
after 14 days of growth. Only one well continued to grow
after 21 days and continued for 10 weeks in total before
becoming quiescent and dying. The experiment was
repeated with 10 cells per well 10/96 wells contained
growing populations after 7 days.
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[0339] Although specific tissues could not be tested for,
the fact that 10% of 10 cells/well cultures had growth
properties similar to our bulk culture, suggested that the
starting population contains cells having different prolifera-
tion rates and survival rates but a single cell is responsible
for the observed results. Multipotency may be dependent on
cell-cell interaction and single cell plating may disrupt
signalling pathways that are important to the survival of
UCB multipotent cells.

[0340]

[0341] Asimple culture system is reported that allows for
the production of multipotent stem cells derived from
Umbilical Cord Blood. The availability of UCB and the ease
of banking large numbers of samples will ensure the avail-
ability of HLA matched samples. Furthermore, the simpli-
fied culture system will allow for the expanded use of cord
blood cells for tissue therapies beyond hematopoietic uses.

[0342] The mechanism by which the cells of the umbilical
cord blood are capable of differentiating into non-hemato-
poietic cells could be due to: 1) the cells being naturally
multipotent but their cell fate is determined by the surround-
ing cells or the local environment; or 2) the cell fate has been
determined but the cells are reprogrammed when they are
placed in an alternate environment (trans-differentiation).

[0343] Repopulating hematopoietic cells can be classified
as progenitor cells (CD34*, CD38*~ and Lin"), which have
limited renewal capacity, and stem cells (CD34*"~, CD38",
Lin~), which are contained within the progenitor population
and have a much greater capacity for self-renewal. In vitro
expansion of progenitor cells can lead to their proliferation
as measured by colony assays, or FACS analysis, but lim-
ited, if any, long term repopulation occurs during mouse
bone marrow reconstitution studies (32). Furthermore, the
autocrine reaction between stem cells, progenitor cells and
accessory cells (all found within the UCB) makes it difficult
to sort out whether any stem cell proliferation that does
occur is due to the direct effect of exogenous cytokines or
the indirect effect mediated by non-stem cells present in the
aintial culture (33). Furthermore in vitro culture can result in
the loss of specific cell surface markers resulting in combi-
nations of surface molecules not found in the human body.

[0344] The methods of stem cell expansion of UCB,
whether for hematopoietic or non-hematopoietic tissues, is
the same. Treatment of the UCB cell population with any
factor that stimulates the cell cycle leads to an increase in the
number of stem cells, which can give rise to both hemato-
poietic and non-hematopoietic tissues/cells. The stem cells
that give rise to non-hematopoietic tissues may be a rare
population and a minimum growth period may be required
in order for them to multiple to detectable levels. Alterna-
tively, cell division may deregulate the hematopoietic stem
cells increasing their stem cell potential so they develop
characteristics similar to embryonic stem cells (ES cells).
While not wishing to be bound to any theory, the data
suggests the latter.

[0345] Studies using mouse bone marrow cells have dem-
onstrated that these cells have the potential to become
non-hematopoietic tissues. The ability of cells to trans-
differentiate becomes a powerful tool for tissue therapy. It
was illustrated herein that human umbilical cord blood stern
cells can give rise, in vivo, and in vitro to some non-blood

Discussion:
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tissues. Here a 2-step culture system is reported. UBC cells
can be induced to develop multipotent embryonic stem cell
characteristics if placed into specialized proliferation
medium, prior to exposure to specialized differentiation
cultures (tissue specific). Freshly isolated UCB stem cells
will not produce specialized cells. The cells have to be
pre-cultured/grown in a proliferation culture in order to
increase their tissue potential. The pre-culture acts to
increase cell division, probably disrupting normal gene
regulation resulting in a ‘blank slate’ phenotype. Cells
grown for a minimum of one week are positive for a number
of non-blood markers as detected by PCR, enzyme analysis,
FACS or immunohistochemistry. Cells grown in prolifera-
tion medium are positive for embryonic or early non-blood
tissue markers, such as the early muscle marker Desmin, but
negative for the mature marker Myo-D. As shown for
osteoclasts and endothelial cells, after growing in the pro-
liferation medium for at least 7 days the cells can be further
differentiated into mature and functional cell types by grow-
ing them in specialized, differentiation medium. These are
identical characteristics to that of embryonic stem cells.

[0346]

[0347] Growth Factors are involved either directly or
indirectly in the proliferation, induction and patterning of
tissue. Cell proliferation is controlled by extracellular sig-
nals (hormones, growth factors, and cytomines) during G1
phase of the cell cycle. The cells respond to these signals,
both stimulatory and inhibitory by way of a distinet set of
serine/threoninekinases, termed cdk for cyclin dependent
kinases due to their association with short lived regulatory
proteins referred to as cyclins. Four mammalian G1 cyclins
have been characterized D1, D2, D3, and E. Each of the D
cyclins is able to associate with one or more kinases cdk2,
cdk4 and cdk 6 (34). Furthermore, the D cyclins seem
unique as they respond directly to growth factor stimulation
and less to normal endogenous cell cycle signals (35). The
critical response period for the D cyclins is in G1, at START,
as defined in yeast. Past this point the cell is no longer
dependent on growth factors to continue the cell cycle (36).

[0348] Although the transition from G1 to S can be
induced by various growth factors, stem cells whether neural
or hematopoietic, reside mainly in Go, not G1 (37). CD34+
cells induced to enter G1 using cytokines were less likely to
contribute to the repopulation cohort when compared to
CD34+ cells treated with cytokines but remaining in Go
(38). This result emphasizes the fact that entrance into the
cell cycle can lead to differentiation. The addition of growth
promoters (eg, FGF-4 or SCF (stem cell factor) & others)
may prevent differentiation by keeping stem cells cycling.
Additionally, both FGF and SCF have been implicated as
direct blockers of apoptosis (39,40). Fibroblast growth fac-
tor (FGF), epidermal growth factor (EGF) and activin, are
potent growth stimulators, which can alter D cyclin levels
and promote proliferation (41, 42). Withdrawal of growth
factors leads to reduced cyclin levels and differentiation.
Thus, growth factors are regulators of proliferation and
differentiation.

[0349] Cells will respond to a variety of cytokines and
studies show that some have stronger mitogenic properties
than others. In the Ladd et al., study (43) SCF, Flt3, 11-3 and
IL-6 all have the capacity to stimulate cell proliferation but
only IL-3 had the ability to maintain high proliferationrates.

Growth Factors:
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Other studies have indicated that specific cytokines such as
SCF, although they are not strong mitogens, can prevent
differentiation. SCF has the ability to increase CFU numbers
alone or synergistically with other Growth factors. In vitro
SCF is capable of maintaining a population (increased
survival)of progenitors but did not cause cell proliferation.
Used in combination with IL-3 or G-CSF, SCF had an
additive effect on progenitor cell numbers over time (44).
FLT13 ligand has been implicated in the maintenance of the
CD34 positive cell population in the presence of the strong
mitogenic activity of IL-3 (45). In contrast to SCF or FLT-3
ligand, it is clear that other factors such as BMP4, retinoic
acid or TGF-p are strong differentiation factors. The TGF-f3
family member, BMP, is important as inducers of cell
differentiation. In the mouse embryo, BMP’s are important
in the initiation of neural differentiation. Although the
mechanism is not clearly understood, BMP’s have a nega-
tive effect on the cell cycle resulting in longer cell cycle
times and increased gene activation resulting in differentia-
tion. For example, BMP-6 induces mesenchymal cells to
differentiate into osteoblasts and in bone marrow, BMP-6
reduces the stromal derived levels of IL-6 (46). IL-3 causes
an increase in overall cell numbers but a decrease in stem/
progenitor cells as measured by CD34 surface markers,
TNFa causes a decrease in the number of LTC-1C’s (47) and
TGF-f reduces mouse BM engraftment (48). Although IL-3
in some conditions has a positive effect on progenitor cell
proliferation, IL-3 may inhibit the ability of HSC to home to
the bone marrow. Thus an increase in cell numbers in vitro
is not accompanied by an increase in bone marrow engraft-
ment (49).

[0350]

[0351] A proliferation system is described that allows for
the development and subsequent expansion of a human
umbilical cord derived stem cell that has the ability to give
rise to hematopoietic and non-hematopoietic tissues.

Conclusion:

EXAMPLE 2
[0352] Hematopoietic Stem Cell Expansion:
[0353] The experiments discussed in this Example were

designed to produce more hematpoietic tissues from a single
UCB sample in order to obtain enough cells to carry out
successful bone marrow transplants on single adults or
multiple adult patients. It is important to eliminate both the
requirement for serum and conditioned medium as this is not
feasible for a clinical setting. Furthermore, reducing the
dependence on serum and conditioned medium provides
more control over maintenance of stem cell phenotype and
cell proliferation. To this end the ability of various growth
factors to maintain UCB-HSC in the presence of conditioned
medium from a human embryonic fibroblast cell line (CM-
HEF) were tested. Cells were then tested in serum free/
conditioned medium free media Stem cell maintenance and
proliferation was tested using colony forming unit (CFU)
assays and cell surface marker analysis as an initial indicator
of stem cell proliferation (FIG. 17) In subsequent experi-
ments, LTC-IC and NOD/SCID assays were used to verify
stem cell phenotype and the ability of these cells to engraft
(FIG. 3).

[0354] The serum free conditioned medium plus FGF-4
aided cell proliferation but was not as proficient as serum+
conditioned medium+FGF4. Cultures where also set up
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where the conditioned medium was eliminated, using
medium with 10% serum and FGF-4. Two mediums
(DMEM and IMDM) were tested. The addition of SCF to the
FGF-4 containing medium increased the proliferation rate.
The serum was removed from the conditioned medium by
replacing both with a combination of TPO, or FGF-4+/-
IL-3, SCF, FLT-3 ligand. Note that IT.-3 may affect stem cell
homing to the bone marrow.

[0355] Equivalent stem cell expansion results were
obtained using non-conditioned, serum free IMDM with the
addition of 25 ng/ml each of TPO or FGF-4, +[SCF, and
FLT-3 ligand] to that of serum+conditioned medium. Feed-
ings of 2-3 times per week are required to maintain high
proliferation levels and maintenance of the stem cell phe-
notype. Addition of 100 ng/ml of each growth factor at the
same frequency did not have an effect.

[0356] Using the above serum free/conditioned medium-
free media resulted in an increase in CFU’s and LTC-IC over
the first 8 days over day O cells as anaylzed by LTC-IC, flow
cytometry for CD34+/CD38-cells, Lincage depletion (Lin-
), and NOD/SCID mouse studies. Although overall cell
numbers increased when cells were allowed to grow for an
additional 8 days (day 8-16) the hematopoietic stem cell
population was depleted.

[0357] While the present invention has been described
with reference to what is presently considered to be a
preferred embodiment, it is to be understood that the inven-
tion is not limited to the disclosed embodiment. To the
contrary, the invention is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

[0358] All publications, patents and patent applications
are herein incorporated by reference in their entirety to the
same extent as if each individual publication, patent or
patent application was specifically and individually indi-
cated to be incorporated by reference in its entirety.
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1. A method for producing an isolated cellular composi-
tion comprising or comprising essentially cells with poten-
tial or increased potential to form different types of non-
hematopoietic cells comprising:

(a) obtaining hematopoietic cells;

(b) enriching the hematopoietic ells for hematopoictic
stem cells and progenitor cells by positive or negative
selection to obtain an enriched hematopoietic cell
preparation.

(c) culturing the enriched hematopoietic stem cells and
progenitor cells under proliferation conditions so that
cells in the preparation develop the potential or an
increased potential to form different types of non-
hematopoietic cells.

2. A method as claimed in claim 1 wherein the hemato-
poietic cells in step (a) are obtained from umbilical cord
blood.

3. A method as claimed in claim 1 wherein the prolifera-
tion conditions in step (c) comprise culturing the cells in the
presence of one or more positive growth factors for a
sufficient time to enable cells in the enriched hematopoietic
cell preparation to complete sufficient cell cycles to obtain
cells with the potential or increased potential to form non-
hematopoictic cells and tissues.

4. A method as claimed in claim 3 wherein the positive
growth factor is a member of the fibroblast growth factor
(FGF) family including FGF-4 and FGF-2, epidermal
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growth factor (EGF), stem cell factor (SCF), thrombopoietin
(TPO), FLT-3 ligand, interleukin-3 (11-3), interleukin-6
(IL-6), neural growth factor (NGF), VEGF, Granulocyte-
Macrophage Growth Factor (GM-CSF), HGF, or Notch.

5. A method as claimed in claim 4 wherein the positive
growth factors are one or more of FGF-4, FGF-3, IL-3, SCF,
FLT3 ligand, TPO, GM-CSF, and NGF.

6. A method as claimed in claim 1 wherein the prolifera-
tion conditions in step (c) comprise culturing the cells in the
presence of

(1) FGF-2 or FGF-4, FLT3ligand, and SCF;
(i) TPO, FLT-3ligand, and SCF; or
(ii1) NGF, SCF and FLT-3ligand,

for a sufficient time to enable cells in the enriched
hematopoietic cell preparation to complete sufficient
cell cycles to obtain cells with the potential or increased
potential to form non-hematopoietic cells.

7. A method as claimed in claim 1 wherein the enriched
hematopoietic cell preparation comprises essentially CD45*
HLA-ABC'Lin.

8. A method as claimed in claim 1 wherein the non-
hematopoietic cells are endothelial cells, osteoclasts, adipo-
cytes, muscle cells, astocytes, renal cells, pancreatic cells,
hepatocytes, retinal cells, corneal cells, connective tissue
cells, or neural cells.

9. A method as claimed in claim 1 which further com-
prises inducing cells with potential or increased potential to
form non-hematopoietic cells to differentiate into cells and
tissues of non-hematopoietic lineages in vitro or in vivo.

10. A cellular composition produced by a method of claim
1.

11. A cellullar composition as claimed in claim 10
wherein the cells wherein the cells in the cellular composi-
tion have the potential to differentiate into cells that exhibit
morphological, physiological and/or immunological fea-
tures of non-hematopoietic cells.

12. A cellular composition as claimed in claim 10 wherein
the cells in the cellular composition express embryonic or
early non-hematopoietic tissue markers.

13. An isolated and purified cellular composition com-
prising cells characterized by the following:

(2) CD45"HLA-ABC*;

(b) Capable of differentiating into hematopoietic cells or
progenitor cells;

(c) Capable of differentiating into one or more, two or
more, three or more, four or more, five or more, or six
or more, different non-hematopoietic cell types;

(d) round shape and non-adherent growth requirements;
and

(¢) stem cell factor receptor (KIT)™.
14. An isolated and purified cellular composition com-
prising cells characterized by the following:

(a) DC45*HLA-ABC*;

(b) Capable of differentiating into hematopoietic cells or
progenitor cells;

(c) Capable of differentiating into one or more, two or
more, three or more, four or more, five or more, or six
or more, different non-hematopoietic cell types;
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(d) round shape and non-adherent growth requirements;
(e) stem cell factor receptor (KIT)*

(f) FLT3ligand receptor™;

(g) FGF receptor™;

(h) express embryonic stem cell proteins;

(i) HoxB4*;

(i) Flk-1%;

(k) CD34x;

(l) non-tumorigenic;

(m) CD38%; and

(n) derived from umbilical cord blood.

15. A cellular composition of claim 1 wherein the cells in
the cellular composition have been genetically modified.

16. A method of using a cellular composition as claimed
in for replacing body tissues, organs, components or struc-
tures which are missing or damaged due to trauma, age,
metabolic or toxic injury, disease, or idiopathic loss.

17. A method of using a cellular composition as claimed
in claim 1 in cell therapies and gene therapies aimed at
alleviating disorders and diseases involving hematopoietic
or immune system cells.

18. A method of using a cellular composition as claimed
in claim 1 in cell therapies and gene therapies aimed at
alleviating disorders and diseases involving non-hematopoi-
etic cells.

19. A method of treating a patient with a condition
involving a non-hematopoietic cell comprising transferring
a cellular composition of claim 1 comprising cells with the
potential to form non-hematopoietic cells into the patient,
wherein the cell differentiates into the non-hematopoietic
cells.

20. A method of using a cellular composition as claimed
in claim 1 to screen for potential therapeutics that modulate
development or activity of cells with the potential to form
non-hematopoietic cells, or cells differentiated therefrom.

21. A method of using a cellular composition of claim 1
to prepare model systems of disease or to produce growth
factors or hormones.

22. A method for expanding hematopoietic stem cells and
progenitor cells from umbilical cord blood comprising (a)
obtaining hematopoietic stem cells and progenitor cells from
umbilical cord blood; (b) culturing the hematopoietic stem
cells and progenitor cells under proliferation conditions; and
(c) isolating increased numbers of hematopoietic stem cells
and progenitor cells.

23. A method as claimed in claim 22 wherein the number
of hematopoietic stem cells and progenitor cells is increased
by at least about 2-fold.

24. Amethod as claimed in claim 22 wherein the hemato-
poietic stem cells and progenitor cellsare CD45HLA-
ABC", preferably CD45"HLA-ABC*Lin".

25. A method as claimed in claim 22 wherein the resulting
cultured cells in (b) are characterized as follows:

(a) CD45"HLA-ABC*;

(b) Capable of differentiating into hematopoietic cells or
progenitor cells;
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(c) Capable of differentiating into one or more, two or
more, three or more, four or more, five or more, or six
or more, different non-hematopoietic cell types;

(d) round shape and non-adherent growth requirements;
and

(¢) stem cell factor receptor (KIT)+.

26. A method as claimed in claim 22 which further
comprises administering the expanded hematopoietic stem
cells and progenitor cells to a patient to alleviate a disorder
or disease involving hematopoietic or immune system cells.

27. A method of identifying the presence of cells of a
cellular composition as claimed in claim 13 in a mixed cell
population comprising: exposing the cell population to an
antibody or fragment thereof immunogenetically specific for
markers (a) or (e) in claim 13, the occurrence of the markers
being indicative of the presence of the cells in the cell
population.

28. A pharaceutical composition comprising a cellular
composition of claim 1 and a pharmaceutically acceptable
carrier, excipient, or diluent.

29. A method for obtaining non-hematopoietic cells for
autologous transplantation from a patient’s own hematopoi-
etic cells comprising (a) obtaining a sample comprising
hematopoietic cells from the patient; (b) separating out an
enriched cell preparation comprising hematopoietic stem
cells and hematopoietic progenitor cells, preferably CD45*
HLA-ABC™* cells, more preferably CD45*HLA-ABC*Lin~
cells; (b) culturing the cells under proliferation conditions to
produce a cellular composition comprising cells with the
potential or increased potential to form non-hematopoietic
cells.

30. A method for assaying the activity of a test substance
comprising the steps of:

(a) culturing cells in an enriched hematopoietic cell
preparation comprising hematopoietic stem cells and
progenitor cells under proliferation conditions to obtain
a cellular composition comprising cells which have
potential or increased potential to form non-hemato-
poietic cells;

(b) optionally culturing the cells which have potential or
increased potential to form non-hematopoietic cells
under differentiation conditions in vitro;

(c) exposing the cultured cells in step (a) or (b) to test a
substance; and

(d) detecting the presence of absence of an effect of the
test substance on the survival of the cells or on a
morphological, functional, or physiological character-
istic and/or molecular biological property of the cells,
whereby an effect altering cell survival a morphologi-
cal, functional, or physiological characteristic and/or a
molecular biological property of the cells indicates the
activity of the test substance.

31. A method to screen a potential new drug to treat a

disorder involving non-hematopoietic cells comprising the
steps of:

(2) obtaining hematopoietic cells from a sample from a
patient with a disorder involving non-hematopoietic
cells;

(b) preparing from the hematopoietic cells an enriched
hematopoietic cell preparation comprising hematopoi-
etic stem cells and progenitor cells;
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(c) culturing the enriched hematopoietic cell preparation
under proliferation conditions to obtain a cellular com-
position comprising cells with potential or increased
potential to form the non-hematopoietic cells;

(d) optionally culturing the cells with potential or
increased potential to form the non-hematopoietic cells
under differentiation conditions in vitro;

(¢) exposing the cultured cells in (c) or (d) to a potential
new drug; and

(f) detecting the presence or absence of an effect of the
potential new drug on the survival of the cells or on a
morphological, functional, or physiological character-
istic and/or molecular biological property of said cells,
whereby an effect altering a cell survival, a morpho-
logical, functional or physiological characteristic and/
or a molecular biological property of the cells indicates
the activity of the potential new drug.

32. A method as claimed in claim 29 wherein the cellular
composition is as defined in an isolated and purified cellular
composition comprising cells characterized by the follow-
ing:

(a) CD45"HLA-ABCY;

(b) Capable of differentiating into hematopoietic cells or
progenitor cells;
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(c) Capable of differentiating into one or more, two or
more, three or more, four or more, five or more, or six
or more, different non-hematopoietic cell types;

(d) round shape and non-adherent growth requirements;
and

(e) stem cell factor receptor (KIT)™.

33. A kit for producing a cellular composition in claim 1
for for carrying out a method of an isolated and purified
cellular composition comprising cells characterized by the
following:

(2) CD45*HLA-ABC*;

(b) Capable of differentiating into hematopoietic cells or
progenitor cells;

(c) Capable of differentiating into one or more, two or
more, three or more, four or more, five or more, or six
or more, different non-hematopoietic cell types;

(d) round shape and non-adherent growth requirements;
and

(e) stem cell factor receptor (KIT)™.
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