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(57) ABSTRACT

Therapeutic stem cells and methods for their use and manu-
facture. Stem cells are produced under conditions in which
the stem cells are exposed to at least one environmental factor,
including decreased oxygen tension. The environmental fac-
tors and culture conditions of the invention produce stem cells
having an enhanced therapeutic ability and enhanced prolif-
eration in culture. Stem cells of the invention retain their
plasticity through a higher number of cell passages relative to
know methods of stem cell culture. The invention also con-
templates the use of such stem cells in the treatment of neu-
rodegenerative disorders including Alzheimer’s disease and
stroke.
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STEM CELLS AND STEM CELL FACTORS
FOR INHIBITING THE PROGRESSION OF
ALZHEIMER’S DISEASE

[0001] This application is a continuation-in-part of appli-
cation Ser. No. 13/847,471 filed Mar. 19, 2013 which is a
continuation in part of application Ser. No. 12/573,159 filed
Oct. 5, 2009 which claims priority from provisional patent
application Ser. No. 61/149,927 filed Feb. 4, 2009. The entire
contents of these applications are incorporated herein by ref-
erence.

BACKGROUND

[0002] Stem cells have shown great promise in treating a
wide range of medical conditions. However, stem cell therapy
often requires the administration of very large numbers of
stem cells which are produced by the in vitro expansion of
tissue explants. Because stem cells are present in tissues in
relatively small numbers, it is difficult to generate large num-
bers of stem cells for therapeutic use. This problem is com-
plicated by the loss of differentiation potential that character-
izes in vitro stem cell culture. As stem cells spend more time
in culture and are encouraged to undergo multiple cell divi-
sions, the differentiation potential of the stem cells dimin-
ishes (BMC Cell Biol. 2008 Oct. 28; 9:60; J Cell Physiol.
2005 November; 205(2):194-201). Thus, stem cells must be
harvested after only a limited number of cell divisions in
order to obtain stem cells having a desired level of differen-
tiation potential.

[0003] What is needed in the art therefore is a method for
manufacturing stem cells that extends the length of time that
stem cells can remain in culture, permits the cells to undergo
a greater number of divisions, and allows the stem cells to
retain a desired level of stem cell differentiation and thera-
peutic potential.

SUMMARY OF THE INVENTION

[0004] The invention uses environmental factors and cell
nutrient conditions to dramatically improve the speed and
yield of stem cell manufacture. The invention accomplishes
this by increasing cell proliferation and inhibiting the degra-
dation of stem cell potential that characterizes the in vitro
expansion of stem cells Inhibiting the loss of differential
potential increases stem cell yield by allowing the stem cells
to undergo a greater number of passages while retaining a
desired level of potency. The invention accomplishes this
while providing the unexpected result of producing a popu-
lation of stem cells having unique characteristics.

[0005] One objective of the invention is to enhance the
differentiation potential of an in vitro population of stem cells
comprising providing a population of stem cells, culturing the
population of stem cells under conditions suitable to expand
the population of stem cells, and exposing the population of
stem cells to at least one environmental factor, wherein the
environmental factor(s) enhances the differentiation potential
of the stem cell population relative to a control stem cell
population that is not exposed to the environmental factor(s).
[0006] A further objective of the invention is to provide
stem cells that have a unique biological activity comprising
providing stem cells, culturing the stem cells under culture
conditions suitable to expand the population of stem cells,
and exposing the stem cells to at least one environmental
factor, wherein the at least one environmental factor confers
upon the stem cells a unique biological activity.
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[0007] A further objective of the invention is to provide a
method for culturing a population of stem cells comprising
providing a population of stem cells, culturing the population
of'stem cells under conditions suitable to expand the popula-
tion of stem cells, and exposing the stem cells to at least one
environmental factor, wherein the environmental factor
enhances the proliferation and/or differentiation potential of
the stem cell population relative to a control stem cell popu-
lation that is not exposed to the environmental factor(s).
[0008] A further objective of the invention is to provide a
method for enhancing the differentiation potential of a popu-
lation of stem cells comprising providing a population of stem
cells, culturing the population of stem cells under conditions
suitable to expand the population of stem cells, and exposing
the population of stem cells to at least one environmental
factor, wherein the stem cells are selected from neural stem
cells, mesenchymal stem cells and a combination thereof, and
wherein the environmental factor enhances the differentiation
potential of the population of stem cells relative to a control
neural stem cell population.

[0009] A further objective of the invention is to provide a kit
for the treatment of a medical condition, the kit comprising a
therapeutically effective amount of oxygen modulated neural
stem cells, and a therapeutically effective amount of oxygen
modulated mesenchymal stem cells.

[0010] A further objective of the invention is to provide a kit
for treating a medical disorder comprising a therapeutically
effective amount of oxygen modulated neural stem cells, and
an effective amount of oxygen modulated mesenchymal stem
cells.

[0011] A further objective of the invention is to provide a
method for treating a medical disorder in a patient comprising
administering to the patient an effective amount of oxygen
modulated neural stem cells, and optionally administering an
effective amount of oxygen modulated mesenchymal stem
cells, wherein said method treats said medical disorder.
[0012] A further objective of the invention is to provide a
method for treating a medical disorder in a patient comprising
administering to the patient an effective amount of stem cell
factors derived from oxygen modulated neural stem cells, and
optionally administering an effective amount of stem cell
factors derived from oxygen modulated mesenchymal stem
cells, wherein said method treats said medical disorder.
[0013] A further objective of the invention is to provide a
method for culturing stem cells comprising providing stem
cells, placing the stem cells in contact with culture medium
comprising serum, and culturing the stem cells under culture
conditions comprising reduced oxygen tension, wherein the
stem cells are selected from neural stem cells, mesenchymal
stem cells and a combination thereof, and wherein the
reduced oxygen tension enhances the differentiation potential
of the stem cells during culturing.

[0014] A further objective of the invention is to provide a
composition comprising stem cells and culture medium com-
prising serum, wherein the culture medium has an oxygen
tension that is less than about 5%, and wherein the stem cells
are selected from the group consisting of mesenchymal stem
cells, ectodermal stem cells and endodermal stem cells.
[0015] A further objective of the invention is to provide a
composition comprising stem cells and culture medium com-
prising serum, wherein the stem cells are selected from neural
stem cells, mesenchymal stem cells and a combination
thereof, and wherein the culture medium has an oxygen ten-
sion level that is less than atmospheric oxygen.
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[0016] A further objective of the invention is to provide a
method for increasing the migratory and engraftment poten-
tial of stem cells comprising providing stem cells, culturing
the stem cells under suitable cell culture conditions, and
exposing the stem cell to at least one environmental factor,
wherein exposing the stem cells to the environmental factor
(s) increases the migratory and engraftment potential of the
stem cells relative to a control stem cell population that has
not been exposed to the environmental factor(s).

[0017] A further objective of the invention is to provide
neural stem cells for use in regenerative cell therapy compris-
ing providing neural stem cells, culturing the neural stem
cells under conditions suitable to expand the neural stem
cells, and exposing the neural stem cells to an environmental
factor that enhances the biological activity of the stem cells
relative to control neural stem cells which are not exposed to
the environmental factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1. Cell morphologies of neural progenitors
under various culture conditions. Neural stem cells were col-
lected from the same human fetal brain of eight weeks human
embryo. Neural stem cells were divided into six groups. Neu-
ral stem cells form neurospheres when they were cultured in
serm free conditions. However, neural progenitors become
adherent when medium containing serum. A showed the cell
morphology in serum free culture medium under 20% oxygen
and 5% CO, culture condition. B showed the cell morphology
in serum free culture medium under 5% oxygen and 5% CO,
culture condition. C showed the cell morphology in 0.1%
serum culture medium under 20% oxygen and 5% CO, cul-
ture condition. D showed the cell morphology in 0.1% serum
culture medium under 5% oxygen and 5% CO, culture con-
dition. E showed the cell morphology in 0.2% serum culture
medium under 20% oxygen and 5% CO, culture condition. F
showed the cell morphology in 0.2% serum culture medium
under 5% oxygen and 5% CO, culture conditions.

[0019] FIG. 2 Progenitor marker, nestin expression in dif-
ferent culture conditions. Neural precursor marker, nestin
was expressed in all different culture conditioned cells at
passage 4. A showed the nestin expression pattern in serum
free 20% oxygen conditioned cells. B showed the nestin
expression pattern in serum free 5% oxygen conditioned
cells. C showed the nestin expression pattern in 0.1% serum
20% oxygen conditioned cells. D showed the nestin expres-
sion pattern in serum free 5% oxygen conditioned.

[0020] FIG. 3. Tubulin-p III (Tu-p III) expression in difter-
ent culture conditioned cells after in vitro differentiation. All
conditioned cells were collected and seeded in laminin coated
cover slip under no mitogens, 10% serum, and 20% oxygen
culture condition for two weeks. Neuron marker, Tu-pIII was
used for detecting neurons after differentiation. A showed
Tu-BIII expression pattern under serum free and 20% oxygen
condition. B showed Tu-pIII expression pattern under serum
free and 5% oxygen condition. C showed Tu-pIII expression
pattern under 0.1% serum and 20% oxygen condition. D
showed Tu-BIII expression pattern under 0.1% serum and 5%
oxygen condition. E showed Tu-pIII expression pattern under
0.2% serum and 20% oxygen condition. F showed Tu-pIII
expression pattern under 0.2% serum and 5% oxygen condi-
tion. 0.2% serum under 20% oxygen showed no Tu-pIII
expression. However, Tu-f Il expression was expressed in
0.2% serum under 5% oxygen which suggests oxygen tension
rescue cells along neural lineage.
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[0021] FIG. 4. Glial fibrillary acidic protein (GFAP)
expression in different culture conditioned cells after in vitro
differentiation. All conditioned cells were collected and
seeded in laminin coated cover slip under no mitogens, 10%
serum, and 20% oxygen culture condition for two weeks.
Neuron marker, GFAP was used for detecting neurons after
differentiation. A showed GFAP expression pattern under
serum free and 20% oxygen condition. B showed GFAP
expression pattern under serum free and 5% oxygen condi-
tion. C showed GFAP expression pattern under 0.1% serum
and 20% oxygen condition. D showed GFAP expression pat-
tern under 0.1% serum and 5% oxygen condition. E showed
GFAP expression pattern under 0.2% serum and 20% oxygen
condition. F showed GFAP expression pattern under 0.2%
serum and 5% oxygen condition. 0.2% serum under 20%
oxygen showed no GFAP expression. However, GFAP
expression was expressed in 0.2% serum under 5% oxygen
which suggests oxygen tension rescue cells along neural lin-
eage.

[0022] FIG. 5. In vivo potency test: different cell migration
activities showed in chicken embryonic brain. All condi-
tioned cells were collected for transplantation in chicken
embryonic brain for potency assay. 2x10° cells were micro-
injected into the ventricle of forebrain. Brains were collected
after 6 days transplantation for immunohistochemistry.
Human specific nuclei and nestin antibodies were used for
tracing cell migration after injection in host brain. A and B
showed serum free and 20% oxygen cultured cells migrate
and incorporate into host brain from ventricle through ven-
tricular zone into striatum. C and D showed serum free and
20% oxygen cultured cells migrate into host brain from ven-
tricle through ventricular zone into striatum. E and F showed
0.1% serum and 20% oxygen cultured cells aggregate
between ventricle and ventricular zone and some cells
migrate into host brain from ventricle through ventricular
zone into striatum. G and H showed 0.1% serum and 5%
oxygen cultured cells migrate into host brain. I and J showed
0.2% serum and 20% oxygen cultured cells aggregate in
ventricle and no detection of migration. K and I showed 0.2%
serum and 5% oxygen cultured cells aggregate between ven-
tricle and some cells migrate into ventricular zone of brain.
[0023] FIG. 6. Neural progenitor marker expressions in
0.1% serum and 5% oxygen conditioned cells. Sox 2, nestin
and Vimentin were used as progenitor markers for 0.1%
serum and 5% oxygen conditioned cells on passage 4.
[0024] FIG. 7. Oxygen tension and serum conditional
medium increase cell proliferation. NSCs were cultured in 6
different culture conditions. The growth rate showed that 5%
oxygen tension increases cell proliferation as well as in serum
conditional medium.

[0025] FIG. 8. The seven point neural score for hyperten-
sive rats following administration of OM-MSC.

[0026] FIG. 9. Plaque load after administration of stem
cells in Alzheimer’s disease animal model.

[0027] FIGS. 10A-B. Quantification of Iba-1 positive cells
in Alzheimer’s disease animal model.

[0028] FIGS. 11A-D. Micrograph assay for brain morpho-
logical abnormalities following administration of stem cells.
[0029] FIGS.12A-D. Impact of chronic stem cell adminis-
tration on Abeta amyloid plaque pathology in Alzheimer’s
disease animal model.

[0030] FIGS. 12E-H. Effect of stem cell administration on
congophilic and diffuse amyloid deposition in Alzheimer’s
disease animal model.
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DEFINITIONS

[0031] The term “stem cell” refers to an undifferentiated
cell which has the ability to both self-renew (through mitotic
cell division) and undergo differentiation to form a more
specialized cell. Stem cells have varying degrees of potency.
A precursor cell is but one example of a stem cell.

[0032] Theterm “precursor cell,” “tissue precursor cell,” or
“progenitor cell” refers to an undifferentiated cell that is
committed a specific developmental pathway. Precursor cells
have limited proliferative ability. “A neural precursor,” is one
example of a precursor cell that is dedicated to the develop-
ment of a neuron, glial cell or astrocyte. Another non-limiting
example of a progenitor cell is a neuronal progenitor cell
which has the ability to differentiate to become a neuronal
cell.

[0033] The term “neural stem cell” refers to an ectodermal
stem cell having the ability to self-renew and differentiate to
form a plurality of neural cell phenotypes. As used herein,
“neural cell” refers to cells belonging to the neural cell lin-
eage, including neuronal cells (i.e. unipolar, bipolar and mul-
tipolar neurons) and glial cells (i.e. oligodendrocytes,
Schwann cells, astrocytes, and microglia). “Neural-potent,”
or “neural-potency,” refers to the ability of a stem cell to
assume a neural cell phenotype.

[0034] “Differentiation” refers to the biological process by
which a less specialized cell becomes a more specialized cell
type. For example, during embryonic development, pluripo-
tent embryonic stem cells “differentiate” to form multipotent
mesenchymal, ectodermal and endodermal stem cells, each
of'which are limited to a specific developmental pathway (i.e.
range of tissues).

[0035] “Differentiation potential,” “cell potential,” “plas-
ticity” and “potential” are used interchangeably herein to
refer to the ability of a stem cell to differentiate into one or
more specialized cell types.

[0036] “Pluripotent” or “pluripotency,” refers to a stem cell
having the potential to form specialized cells belonging to the
mesoderm, endoderm and ectoderm tissue lineages.

[0037] The term “multipotent,” or “multipotency” refers to
the ability of a stem cell to form more than one cell type
belonging to a single germ lineage (e.g. the endoderm or
ectoderm or mesoderm). For example, a cell which has the
ability to form chondrocytes, adipocytes and osteocytes is a
multipotent mesenchymal cell.

[0038] “Unipotent,” or “unipotency,” refers to the ability of
a progenitor cell to form a specific, terminal cell type. For
example, a neuronal progenitor cell is unipotent for the for-
mation of a neuron.

[0039] “Mesenchymal cells,” are mesodermal germ lineage
cells which may or may not be differentiated. The mesenchy-
mal cells of the invention include cells at all stages of differ-
entiation beginning with multipotent mesenchymal stem
cells, down to fully differentiated terminal cells.

[0040] “Ectodermal cells,” are ectodermal germ lineage
cells which may or may not be differentiated. The ectodermal
cells of the invention include cells at all stages of differentia-
tion beginning with multipotent ectodermal stem cells, down
to fully differentiated terminal cells.

[0041] “Endodermal cells,” are endodermal germ lineage
cells which may or may not be differentiated. The endodermal
cells of the invention include cells at all stages of differentia-
tion beginning with multipotent endodermal stem cells, down
to fully differentiated terminal cells.
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[0042] As used herein, the term “environmental factor”
means an agent, condition, or form of energy that when
exposed to a stem cell, enhances the stem cell’s proliferation,
differentiation potential, in vivo engraftment ability, and/or in
vivo migratory ability relative to a control stem cell that is not
exposed to such agent, condition, or form of energy. Environ-
mental factors include, but are not limited to, reduced oxygen
tension, electromagnetic energy, mechanical energy, meta-
bolic deprivation, barometric variation, exposure to a chemi-
cal agent, and combinations thereof.

[0043] “Proliferation” refers to an increase in the number of
cells in a population by means of mitotic cell division.
“Increased proliferation,” or “enhanced proliferation” refers
to a measurable increase in the proliferation of a stem cell in
response to exposure to an environmental factor(s), relative
the proliferation of a control stem cell that is not exposed to
such environmental factor(s).

[0044] “Retaining stem cell potency,” “maintaining stem
cell potency,” “enhancing differentiation potential,” “inhibit-
ing the loss of stem cell differentiation potential,” and the like,
refer to the ability of an environmental factor(s) to increase, or
reduce the loss of, a stem cell’s plasticity during in vitro cell
culture over multiple cell passages, relative to a control stem
cell that is not exposed to such environmental factor(s).
[0045] “Enhanced survival” as used herein may refer to a
the delay, or decrease in, cell death (either apoptotic or non-
apoptotic cell death) that results from exposure of stem cells
to an environmental factor(s), relative to control stem cells
that are not exposed to such environment factor(s).
“Enhanced,” when used to refer to a stem cell’s proliferation,
means any measurable increase in the stem cell’s mitotic cell
division rate. When used to refer to a stem cell’s differentia-
tion potential, “enhanced” means retaining, or inhibiting the
loss of, a stem cell’s differentiation potential as the stem cell
is expanded and passaged in culture.

[0046] A stem cell grown under low oxygen conditions as
disclosed herein is referred to as an “oxygen modulated stem
cell” or “OM-SC.” In instances where the oxygen modulated
stem cell is aneural stem cell, such stem cells shall be referred
to as “oxygen modulated neural stem cells” or “OM-NSC.”
Oxygen modulated stem cells that are mesenchymal stem
cells shall be referred to as “oxygen modulated mesenchymal
stem cells” or “OM-MSC.”

[0047] The terms “prenatal” and “fetal” refer to the period
that precedes the birth of a fetus, beginning with the forma-
tion of a diploid zygote. Thus, in the context of the invention,
tissues and their associated cells derived from a fetus prior to
natural birth, or birth by cesarean section, are fetal (i.e. pre-
natal) tissues. Tissues obtained from mammalian tissue fol-
lowing the birth (e.g. live and still birth) of the mammal are
adult tissues and the cells derived therefrom are “adult cells.”
[0048] The terms “purified” and “isolated” when used to
refer to a cell population (e.g. composition of cells) means the
cells in the population are essentially free from cells of a
different type. A composition of cells is considered “purified,
” or “substantially purified,” if it contains at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at
least about 95% or at least about 100% of a desired type.
[0049] The term “patient,” or “subject,” refers to animals,
including mammals, preferably humans, who are treated with
the pharmaceutical compositions or in accordance with the
methods described herein.

[0050] The term “pharmaceutically acceptable carrier” (or
medium), which may be used interchangeably with the term

2 <
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“biologically compatible carrier” (or medium), refers to
reagents, cells, compounds, materials, compositions, and/or
dosage forms that are not only compatible with the cells and
other agents to be administered therapeutically, but also are,
within the scope of sound medical judgment, suitable for use
in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or
other complication commensurate with a reasonable benefit/
risk ratio.

[0051] A “central nervous system disorder,” or “CNS dis-
order,” refers to a condition or injury that impairs the normal
function of the mammalian central nervous system, such as,
for example, neurodegenerative disorders, traumatic injuries
(to the brain or spinal cord) and CNS dysfunctions. Neuro-
degenerative CNS disorders are generally associated with a
prolonged deterioration of CNS neural tissue including, but
not limited to, Alzheimer’s disease, Parkinson’s disease, mul-
tiple sclerosis (MS), Huntington’s disease, amyotrophic lat-
eral sclerosis, cerebral palsy, Gaucher’s disease, Tay-Sachs
disease, Niemann Pick’s disease, sphingomyelin lipidoses,
and brain tumors. CNS disorders further include traumatic
injuries, such as for example, hemorrhagic stroke, ischemic
stroke, and mechanical injuries to the brain and spinal cord.
The phrase “CNS disorder” further includes dysfunctions
such as, for example, depression, epilepsy, and schizophre-
nia.

[0052] The term “spinal cord injury” refers to a condition
occurring when a traumatic event damages cells within the
spinal cord, or when the nerve tracts that relay signals up and
down the spinal cord are severed or otherwise injured. Some
of the most common types of spinal cord injury include con-
tusion and compression. Other types of injuries include, but
are not limited to lacerations, and central cord syndrome.
[0053] The term “ischemia” refers to local anemia due to
mechanical obstruction of the blood supply. “Ischemic”
refers to a tissue that has been damaged by ischemia.

[0054] The term “stroke” refers to a condition wherein the
blood flow to the brain stops or is restricted to the point of
causing an impairment of neurological function. The term
“stroke” includes ischemic stroke, which may be caused by
an obstruction that blocks a blood vessel or artery in the brain,
and hemorrhagic stroke which may be caused when a blood
vessel in the brain ruptures and spills blood into the surround-
ing tissue.

[0055] The term “CNS ischemia,” as used herein, is
intended to refer to the partial or complete reduction of blood
flow to one or more areas of the brain or spinal cord. The
ischemia can be global, e.g. a generalized reduction in blood
flow due to systemic hypotension, or focal, e.g. due to a
disease in one or more cerebral arteries or localized trauma.
The ischemia may be the result of stenosis or occlusion of a
blood vessel, for example due to a thrombosis, an embolism,
or particle.

[0056] The term “neuronal damage,” or “neuronal injury,”
asused herein is intended to refer to the damage that occurs to
any cell type (e.g. neurons, astrocytes, glia) in the CNS as a
result of a CNS disorder or injury. For example, a lack of
blood flow results in the death of cells by necrosis and/or
apoptosis.

[0057] Asusedherein, a “therapeutically effective amount”
refers to the number of transplanted cells which are required
to produce a therapeutic effect for the disorder which is being
treated. For example, where the treatment is for Parkin-
sonism, transplantation of a therapeutically effective amount
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of cells will typically produce a reduction in the amount
and/or severity of the symptoms associated with that disorder,
e.g., rigidity, akinesia and gait disorder.

[0058] As used herein, “treating a host,” or “treatment,”
includes prophylactic, palliative, and curative intervention in
a disease process. Thus, the term “treatment” as used herein,
typically refers to therapeutic methods for, preventing, reduc-
ing or eliminating the symptoms of the particular disorder for
which treatment is sought. The term “host,” as used herein,
generally refers to any warm blooded mammal, such as
humans, non-human primates, rodents, and the like, which is
to be the recipient of the particular treatment. The terms
“host,” “patient” and “subject” are used interchangeably.

DETAILED DESCRIPTION

[0059] Insome aspects, the invention relates to the use of a
combination of environmental factors and culture conditions
to produce stem cells having enhanced proliferation and dif-
ferentiation characteristics. In very general terms, such
embodiments may be practiced by providing a population of
stem cells, culturing the population of stem cells in vitro, and
exposing the stem cell population to at least one environmen-
tal factor to produce a population of stem cells having at least
enhanced differentiation, proliferation and therapeutic char-
acteristics. Methods of using the presently disclosed stem
cells are also contemplated as embodiments of the invention.

Environmental Factors

[0060] Aspects of the invention relate to exposing stem
cells to at least one environmental factor.

[0061] Environmental factors for use with the invention
include, but are not limited to, reduced oxygen tension, elec-
tromagnetic energy, mechanical energy, metabolic depriva-
tion, barometric variation, exposure to a chemical agent, and
combinations thereof.

[0062] In some embodiments of the invention, exposing
stem cells to an environmental factor involves exposing the
stem cells to reduced oxygen tension. In general terms, this is
accomplished by contacting a composition stem cells with an
environment that has a low level of ambient oxygen. The
phrases “low ambient oxygen conditions,” “low oxygen,” and
“reduced oxygen tension” refer to any oxygen concentration
that is less than atmospheric oxygen. Low ambient oxygen
conditions generally means any oxygen concentration below
about 20%, preferably below about 15%, more preferably
below about 5-10%, at sea level. Low oxygen culture condi-
tions (i.e. hypoxic conditions) may refer to between about
20-18% oxygen, 18-16% oxygen, 16-14% oxygen, 14-12%
oxygen, 12-10% oxygen, 10-8% oxygen, 8-6% oxygen, 6-4%
oxygen, 4-2% oxygen, 3-2% oxygen, 3% oxygen, 2% oxy-
gen, or less than 5% oxygen, for example. In some aspects of
the invention, low oxygen conditions may be kept as close as
possible to the normal physiological oxygen conditions in
which a particular stem cell would be found in vivo. Thus, in
some embodiments, the conditions employed for cells will
depend on the regional origin of a particular cell; such con-
ditions are known to the skilled artisan. “Physiologic” oxygen
levels are the range of oxygen levels normally found in
healthy tissues and organs.

[0063] Inoneembodiment, the low ambient oxygen condi-
tions comprise an ambient oxygen condition of between
about 0.25% to about 18% oxygen. In another embodiment,
the ambient oxygen conditions comprise an ambient oxygen
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condition of between about 0.5% to about 15% oxygen. In
still another embodiment, the low ambient oxygen conditions
comprise an ambient oxygen condition of between about 1%
to about 10% oxygen. In further embodiments, the low ambi-
ent oxygen conditions comprise an ambient oxygen condition
of'between about 1.5% to about 6% oxygen. Of course, these
are exemplary ranges of ambient oxygen conditions to be
used in culture and it should be understood that those of skill
in the art will be able to employ oxygen conditions falling in
any of these ranges generally or oxygen conditions between
any of these ranges that mimics physiological oxygen condi-
tions for the particular cells. Thus, one of skill in the art could
set the oxygen culture conditions at 0.5%, 1%, 1.5%, 2%,
2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%,
8%, 8.5%, 9%, 9.5%, 10%, 10.5%, 11%, 11.5%, 12%, 12.5%,
13%, 13.5%, 14%, 14.5%, 15%, 15.5%, 16%, 16.5%, 17%,
17.5%, 18%, 18.5%, or any other oxygen condition between
any of these figures.

[0064] Oneaspectof the invention relates to the timing (e.g.
stage of cell culture) at which the stem cells are exposed to
low oxygen (i.e. reduced oxygen tension) conditions. One
skilled in the art will appreciate that the timing of the expo-
sure of the stem cells to reduced oxygen tension will depend
on the stem cell characteristics that are desired. Stem cells
may be exposed to reduced oxygen tension at any time during
the in vitro culture of the stem cells. Stem cells may be
exposed to reduced oxygen tension at times including, but not
limited to, after collection of the stem cells as a tissue sample,
during disaggregation of such tissue sample, during the pri-
mary culture of stem cells, during the in vitro expansion of the
stem cells (e.g. over multiple cell passages), during priming
(e.g. when stem cells are induced to assume a desired biologi-
cal activity prior to injection into a subject), and combinations
thereof.

[0065] In some embodiments of the invention, stem cells
are exposed to reduced oxygen tension during the in vitro
culture of the stem cells. One skilled in the art will appreciate
that there are various methods for culturing stem cells under
low ambient oxygen conditions (i.e. reduced oxygen tension).
For example, suitable processes, reagents and equipment for
practicing the invention are disclosed in the following refer-
ences, which are incorporated herein by reference: U.S. Pat.
No. 6,759,242; U.S. Pat. No. 6,846,641; U.S. Pat. No. 6,610,
540; J. Cereb. Blood Flow Metab. 2008 Sep. 28(9):1530-42;
Stem Cells. 2008 May 26(5):1325-36; Exp Neurol. 2008
April 210(2):656-70; Mol. Cell. Neurosci. (2007), doi:10.
1016/j.mcn.2007.04.003; Experimental Neurology 170, 317-
325 (2001); and Neurosignals 2006-July, 15:259-265.
Although these references disclose particular procedures and
reagents, any low oxygen culture condition capable of
expanding stem cells according to the invention may be used.

[0066] Stem cells can be exposed to low oxygen conditions
under any methodology that permits the stem cells to attain an
enhanced differentiation potential, proliferation rate, engraft-
ment abilty and/or in vivo migratory ability as disclosed
herein. Specialized laboratory facilities may have completely
enclosed environments in which the oxygen levels are con-
trolled throughout a dedicated, isolated room. In such spe-
cialized areas, low oxygen levels can be maintained through-
out the isolation, growth and differentiation of cells without
interruption. Physiologic or low oxygen culturing conditions
also can be maintained by using commercially-available
chambers which are flushed with a pre-determined gas mix-
ture (e.g., as available from Billups-Rothenberg, San Diego,
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Calif.). As an adjunct, medium can be flushed with the same
gas mixture prior to cell feeding. In general, it is not possible
to maintain physiologic or low oxygen conditions during cell
feeding and passaging using these smaller enclosed units, and
s0, the time for these manipulations should be minimized as
much as possible. Any sealed unit can be used for physiologic
oxygen or low oxygen level culturing provided that adequate
humidification, temperature, and carbon dioxide are pro-
vided.

[0067] In addition to oxygen, the other gases for culture
typically are about 5% carbon dioxide and the remainder is
nitrogen, but optionally may contain varying amounts of
nitric oxide (starting as low as 3 ppm), carbon monoxide and
other gases, both inert and biologically active. Carbon diox-
ide concentrations typically range around 5% as noted above,
but may vary between 2-10%. Both nitric oxide and carbon
monoxide are typically administered in very small amounts
(i.e. in the ppm range), determined empirically or from the
literature.

[0068] One aspect of the invention relates to the length of
time that the stem cells are exposed to reduced oxygen ten-
sion. Under the invention, stem cells may be exposed to
reduced oxygen tension for any amount of time that enhances
the proliferation and differentiation of the stem cells as dis-
closed herein. This may be 1 or more hours, 3 or more hours,
6 or more hours, 12 or more hours, or the time may be
continuous (e.g. the entire time that the stem cells are cultured
in vitro). The temperature during the culture is typically
reflective of core body temperature, or about 37.degree. C.,
but may vary between about 32 degrees centigrade and about
40 degrees centigrade.

Stem Cells and Culture Conditions

[0069] The invention may be used to expand any stem cell
(or combination of stem cells) the plasticity and proliferation
of' which is capable of being enhanced under the methods of
the invention. Suitable stem cells for use with the invention
include, but are not limited to, pluripotent embryonic stem
cells, mesenchymal cells, ectodermal cells, endodermal cells,
and combinations thereof.

[0070] In some embodiments, the invention is practiced
with ectodermal cells. Ectodermal cells for use with the
invention include, but are not limited to, multipotent cells
derived from the embryonic ectoderm germ layer. Suitable
methods for deriving such embryonic ectodermal cells are
readily available to one of ordinary skill in the art.

[0071] In some aspects of the invention, the ectodermal
cells for use with the invention are neural stem cells. Neural
stem cells have the ability to self-renew and differentiate to
assume a plurality of different neural cell phenotypes. Neural
stem cells for use with the invention may be derived from a
variety of tissue compartments. In some embodiments, the
neural stem cells are derived from nervous tissue. Suitable
neural tissues for providing neural stem cells include: (i) the
peripheral nervous system, such as for example, the nasal
epithelium, pigmented epithelium, non-pigmented epithe-
lium, and ciliary body, and combinations thereof; (ii) the
spinal cord, (iii) all the regions of the brain, including but not
limited to, the forebrain, basal forebrain (cholenergic neu-
rons), cerebellum, telencephalon, mesencephalon, hippoc-
ampus, olfactory bulb, cortex (e.g., motor or somatosensory
cortex), striatum, ventral mesencephalon (cells of the sub-
stantia nigra), the locus ceruleus (neuroadrenaline cells of the
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central nervous system), and combinations thereof; and (iv)
combinations of the tissues listed in (1)-(iii).

[0072] Instructions for deriving neural stem cells from ner-
vous tissue, and culture conditions for expanding such neural
stem cells, are readily available in the art as shown by the
following publications which are incorporated herein by ref-
erence: U.S. Pat. Nos. 5,750,376, 6,497,872, and 6,777,233,
U.S. Pat. Nos. 5,196,315; 5,766,948, 5,968,829; 6,468,794,
6,638,763, 6,680,198, 6,767,738, 6,852,532, 6,897,061,
7,037,719, U.S. Patent Publication Nos. 20050112109,
20040048373, 20020039789, 20020039789, 20030095956,
20050118143, 20060148083, 20050074880, 20020086422,
20040253719, 20050003531, 20050125848, 20050142569,
20060099192 and 20060134280.

[0073] Neural stem cells for expansion under the methods
disclosed herein may also be derived from non-neural (e.g.
non-ectodermal) tissue sources. For example, neural stem
cells may be derived from mesenchymal stem cells. In some
embodiments, the source of mesenchymal cells is the bone
marrow. Such cells, in their undifferentiated state, can be
induced to assume a neural phenotype under in vitro condi-
tions, or when introduced to the neural tissue of an animal.
Amniotic fluid provides another source of mesenchymal stem
cells which can be differentiated into neural precursors.
Instructions for deriving neural-potent bone marrow stem
cells for use with the invention may be obtained from the
following publications, which are incorporated by reference:
U.S. Pat. Nos. 6,673,606 and 7,015,037; U.S. Patent Publi-
cation Nos. 20020164794, 20030003090, 20030039639,
20030059414, 20030203484, 20040151701, 20040208858,
20050282276, 20050249708, 20060105457, 20060177928;
and Mareschi et al. Exp Hematol. 2006 November; 34(11):
1563-72. In other embodiments, neural-potent mesenchymal
cells are derived from umbilical cord blood. Suitable umbili-
cal cord-derived cells, and their methods of isolation, are
disclosed in U.S. Patent Publication Nos. 20020028510,
20050249708, 20040115804, 20050142118 and
20050074435, the disclosures of which are incorporated by
reference. Neural-potent mesenchymal cells may also be
derived from the scalp (i.e. skin) (see e.g. U.S. Patent Publi-
cation Nos. 20030003574, 20040253718 and 20040033597,
and Shih etal. Stem Cells 2005 August; 23(7) 1012-1020), the
peripheral blood (see e.g. U.S. Patent Publication Nos.
20040136973 and 20050221483), the placenta (see e.g. U.S.
Patent Publication Nos. 20050089513 and 20060030039)
and the amniotic layer (see e.g. U.S. Patent Publication No.
20030044977).

[0074] Neural stem cells for use with the inventive method
may be made using purified or non-purified cells, as well as
combinations of purified and non-purified cells. Non-purified
compositions of neural stem cells may be obtained in a num-
ber of ways. In some embodiments, the neural stem cell
composition is made by combining separate, purified (i.e.
isolated) neural stem cell populations. In other embodiments,
the neural stem cell composition is obtained by culturing a
mixed population of cells, such as a primary culture obtained
from a tissue explant and expanded cell populations obtained
therefrom. In still other embodiments, a non-purified compo-
sition of neural stem cells is obtained by combining one or
more purified cell compositions, with a composition of mixed
cell types such as a primary cell culture. Typically, primary
cell cultures contain a mixture of cells as a variety of cells are
able to grow in culture after being collected from an animal.
Thus, primary cultures generally contain a combination of the
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different cell types which are able to proliferate in vivo. These
cell types may have varying phenotypes (e.g. cellular mark-
ers) and varying levels of differentiation.

[0075] When the method is practiced using a primary cul-
ture of neural stem cells, the method generally involves the
removal of a nervous tissue from an animal, disaggregation of
the neural cells within the sample, and expansion of the cells
in a suitable media under appropriate in vitro conditions. In
general, three types of cultures can be produced, enriched
either in neurons, astrocytes, or oligodendrocytes. Methods
for producing primary cultures of neural stem cells are widely
available in the art. One such method is disclosed in U.S. Pat.
No. 5,753,491, which describes the preparation of a neural
stem cell composition from fetal neural tissue. In general, this
process involves the collection of fetal brain tissue from
fetuses between about 7-11 weeks of gestational age. Follow-
ing extraction, brain tissue is disassociated to produce a cell
suspension which is subsequently plated on culture dishes
and expanded under suitable conditions. Although the prepa-
ration of human fetal neural tissue is specifically called out
here, one skilled in the art will appreciate that fetal neural
stem cells may also be derived from both human and non-
human post-natal nervous tissue. The teachings of U.S. Pat.
No. 5,753,491, and all other publications referred to in this
publication are incorporated by reference in their entirety.

[0076] Other methods suitable for producing a primary cul-
ture of neural cells are readily available in the art. The fol-
lowing publications, which are incorporated by reference,
provide the teachings necessary to enable one skilled in the art
to prepare a primary culture of neural stem cells for use with
the invention: U.S. Pat. Nos. 5,750,376, 6,497,872, and
6,777,233, U.S. Patent Publication Nos. 20050112109,
20040048373, 20020039789, 20020039789, 20030095956,
20050118143, 20060148083, and 20050074880, Isolation,
Characterization and Use of Stem Cells from the CNS, 18
Ann. Rev. Neurosci. 159-92 (1995); M. Marvin & R. McKay,
Multipotential Stem Cells in the Vertebrate CNS, 3 Semin.
Cell. Biol. 401-11 (1992); R. P. Skoff, The Lineages of Neu-
roglial Cells, 2 The Neuroscientist 335-44 (1996). A. A. Davis
& S. Temple, A Self-Renewing Multipotential Stem Cell in
Embryonic Rat Cerebral Cortex, 362 Nature 363-72 (1994);
A. G. Gritti et al., Multipotential Stem Cells from the Adult
Mouse Brain Proliferate and Self-Renew in Response to
Basic Fibroblast Growth Factor, 16 J. Neurosci. 1091-1100
(1996); B. A. Reynolds et al., A Multipotent EGF-Responsive
Striatal Embryonic Progenitor Cell Produces Neurons and
Astrocytes, 12 J. Neurosci. 4565-74 (1992); B. A. Reynolds
& S. Weiss, Clonal and Population Analyses Demonstrate
that an EGF-Responsive Mammalian Embryonic CNS Pre-
cursor is a Stem Cell, 175 Developmental Biol. 1-13 (1996);
Cattaneo et al., Mol. Brain Res., 42, pp. 161-66 (1996); and B.
P. Williams et al., The Generation of Neurons and Oligoden-
drocytes from a Common Precursor Cell, 7 Neuron 685-93
(1991).

[0077] Although fetal neural stem cell compositions are
called out above, the inventive method may also be practiced
with compositions derived from adult neural tissue. Such
adult neural stem cells, and methods of deriving them, are
taught in the following publications, the disclosures of which
are incorporated by reference: U.S. Pat. Nos. 5,356,807,
5,851,832, 6,638,763 and 6,812,027, and U.S. Patent Publi-
cation Nos. 20030049234, 20030095956, 20030118566,
20040253719, 20050112109 and 20050118143.
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[0078] In addition to the use of primary cultures of neural
stem cells, the method of the invention further contemplates
compositions of purified neural stem cells. In the context of
the invention, a cell composition is “purified,” or “isolated,” if
the cells in the composition are essentially free from cells of
a different type. A composition of cells is considered “puri-
fied,” or “substantially purified,” if it contains at least about
75%, at least about 80%, at least about 85%, at least about
90%, at least about 95% or at least about 100% of a desired
cell type. Neural stem cells for use with the invention may be
purified according to methods well known in the art, such as
for example, FACS, magnetic sorting, serial passaging, clon-
ing, and affinity chromatography. Such neural stem cells may
be purified from a tissue explant or a mixed population of cells
grown in culture. Suitable purified cells for practicing the
invention, and the methods for making them, are disclosed in
the following publications, the disclosures of which are incor-
porated by reference: U.S. Pat. Nos. 5,196,315, 5,766,948,
5,968,829, 6,468,794, 6,638,763, 6,680,198, 6,767,738,
6,852,532, 6,897,061 and 7,037,719; and U.S. Patent Publi-
cation Nos. 20020086422, 20040253719, 20050003531,
20050125848, 20050142569 and 20060099192.

[0079] Neural stem cells for use with the invention may
also be derived from neural-potent bone marrow mesenchy-
mal stem cells. Such cells, in their undifferentiated state,
assume a neural phenotype under suitable in vitro conditions.
Amniotic fluid is another source of mesenchymal stem cells
which can be trans-differentiated to neural precursors for use
with the invention. Instructions for deriving neural-potent
bone marrow stem cells for use with the invention are pro-
vided by the following publications which are incorporated
by reference: U.S. Pat. Nos. 6,673,606 and 7,015,037; U.S.
Patent Publication Nos. 20020164794, 20030003090,
20030039639, 20030059414, 20030203484, 20040151701,
20040208858, 20050282276, 20050249708, 20060105457,
20060177928; and Mareschi et al. Exp Hematol. 2006
November; 34(11):1563-72.

[0080] Neural-potent mesenchymal cells for use with the
invention are may be derived from umbilical cord blood. Such
umbilical cord-derived cells, and their methods of isolation,
are disclosed in U.S. Patent Publication Nos. 20020028510,
20050249708, 20040115804, 20050142118 and
20050074435, the disclosures of which are incorporated by
reference. Neural-potent mesenchymal cells may also be
derived from the skin (see e.g. U.S. Patent Publication Nos.
20030003574, 20040253718 and 20040033597, and Shih et
al. Stem Cells 2005 August; 23(7) 1012-1020), the peripheral
blood (see e.g. U.S. Patent Publication Nos. 20040136973
and 20050221483), the placenta (see e.g. U.S. Patent Publi-
cation Nos. 20050089513 and 20060030039) and the amni-
otic layer (see e.g. U.S. Patent Publication No.
20030044977). The disclosures of these references are incor-
porated herein by reference.

[0081] Neural stem cells for use with the invention may be
derived from human heterologous sources including fetal
tissue following elective abortion, or from a post-natal, juve-
nile or adult organ donor. Autologous neural tissue can be
obtained by biopsy, or from patients undergoing neurosur-
gery in which neural tissue is removed, for example, during
epilepsy surgery, temporal lobectomies and hippocampalec-
tomies. Neural stem cells have been isolated from a variety of
adult CNS ventricular regions, including the frontal lobe,
conus medullaris, thoracic spinal cord, brain stem, and hypo-
thalamus, and proliferated in vitro using the methods detailed

May 26, 2016

herein. In each of these cases, the neural stem cell exhibits
self-maintenance and generates a large number of progeny
which include neurons, astrocytes and oligodendrocytes.
[0082] The invention may also be used to expand a purified
population of neural stem cells. Methods for providing a
purified population of neural stem cells include, but are not
limited to, FACS, magnetic sorting, serial passaging, cloning,
and affinity chromatography. These methods may be used to
purity cells from a tissue explant or a mixed population of
cells grown that has been grown in culture. Suitable purified
cells for practicing the invention, and the methods for making
them, are disclosed in the following publications, the disclo-
sures of which are incorporated by reference: U.S. Pat. Nos.
5,196,315, 5,766,948, 5,968,829, 6,468,794, 6,638,763,
6,680,198, 6,767,738, 6,852,532, 6,897,061 and 7,037,719;
and U.S. Patent Publication Nos. 20020086422,
20040253719, 20050003531, 20050125848, 20050142569
and 20060099192.

[0083] The invention may also be practiced with mesen-
chymal stem cells. That is, the invention’s combination of
environmental factors and cell culture conditions can be used
to produce a population of mesenchymal stem cells having
enhanced proliferation, enhanced differentiation potential
and enhanced therapeutic potential. As noted above,
“enhanced,” when used to refer to a stem cell’s proliferation,
means any measurable increase in the stem cell’s mitotic cell
division rate that results from a condition (e.g. environmental
factor), relative to a control stem cell that lacks the condition.
When used to refer to a stem cell’s differentiation potential,
“enhanced” means retaining, or inhibiting the loss of, a stem
cell’s differentiation potential as the stem cell is expanded
and passaged in the presence of an environmental factor,
relative to a control stem cell that the environmental factor.
[0084] Mesenchymal stem cells for use with the invention
may be derived from any human or non-human tissue that
provides stem cells capable of being expanded according to
the methods disclosed herein. Suitable tissue sources include
prenatal sources, postnatal sources, and combinations
thereof. Tissues for deriving a suitable source of mesenchy-
mal stem cells include, but are not limited to, bone marrow,
blood (peripheral blood), dermis, periosteum, synovium,
peripheral blood, skin, hair root, muscle, uterine
endometrium, adipose, placenta, menstrual discharge, chori-
onic villus, amniotic fluid and umbilical cord blood. Mese-
chymal stem cells may be derived from these sources indi-
vidually, or the sources may be combined (before or after
enrichment) to produce a mixed population of mesenchymal
stem cells from different tissue sources.

[0085] Mesenchymal stem cell compositions for use with
the invention may comprise purified or non-purified mesen-
chymal stem cells. Mesenchymal stem cells for use with the
invention include those disclosed in the following references,
the disclosures of which are incorporated herein by reference:
U.S. Pat. No. 5,215,927; U.S. Pat. No. 5,225,353; U.S. Pat.
No. 5,262,334; U.S. Pat. No. 5,240,856; U.S. Pat. No. 5,486,
359; U.S. Pat. No. 5,759,793; U.S. Pat. No. 5,827,735; U.S.
Pat. No. 5,811,094; U.S. Pat. No. 5,736,396, U.S. Pat. No.
5,837,539, U.S. Pat. No. 5,837,670; U.S. Pat. No. 5,827,740,
U.S. Pat. No. 6,087,113; U.S. Pat. No. 6,387,367; U.S. Pat.
No. 7,060,494; Jaiswal, N., et al., J. Cell Biochem. (1997)
64(2): 295312; Cassiede P, etal., J. Bone Miner. Res. (1996)
11(9): 1264 1273; Johnstone, B., et al., (1998) 238(1): 265
272;Yoo, et al., J. Bone Joint Sure. Am. (1998) 80(12): 1745
1757; Gronthos, S., Blood (1994) 84(12): 41644173; Basch,
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et al., J. Immunol. Methods (1983) 56: 269; Wysocki and
Sato, Proc. Natl. Acad. Sci. (USA) (1978) 75: 2844; and
Makino, S., et al., J. Clin. Invest. (1999) 103(5): 697 705.

[0086] The invention can be practiced using any culture
conditions suitable for expanding a population of stem cells
as disclosed herein. That is, the invention can be practiced
using any cell culture conditions that, when combined with an
environmental factor(s) as disclosed herein, produce a popu-
lation of stem cells having enhanced proliferation, differen-
tiation, engraftment and/or in vivo migration characteristics
relative to a population of stem cells grown in the absence of
such environmental factor(s). As used herein, the phrase “cell
culture conditions” includes, but is not limited to, medium
formulations, cell culture (e.g. incubator) temperature, cell
seeding density, number of passages permitted before the
stem cells are harvested for use, maximum cell density (i.e.
the maximum density of stem cells that is permitted before the
cells are passaged), and combinations thereof. One skilled in
the art will appreciate that suitable cell culture conditions will
vary with the type of stem cells being cultured and the level of
differentiation potential desired.

[0087] In some embodiments of the invention, stem cells
are grown under conditions that incorporate the use of a
culture media that comprises serum. The invention may be
practiced with serum from any mammal including, but not
limited to, human, bovine, goat, pig, horse, rabbit, rat, and
combinations thereof. The amount of serum used may vary
according to the intended use of the stem cells being cultured.
In some embodiments of the invention, the stem cells are
grown in media comprising less than about 5% serum. Suit-
able serum concentrations include, but are not limited to,
between about 4-5%, 3-4%, 3-2%, 2-1%, less than 4%, less
than 3%, less than 2%, less than 1%, and less than 0.5%. In
some embodiments of the invention stem cells are cultured in
medium containing between about 0.1% and 0.2% serum.
[0088] In a non-limiting embodiment of the invention,
human bone marrow is used for the production of oxygen
modulated mesenchymal stem cells (OM-MSC). A human
bone marrow aspirate is collected from a suitable donor and
used to prepare a primary cell culture. The primary cell cul-
ture is expanded in culture medium. In some aspects, the
culture medium may comprise serum (e.g. between about
0.05 and 2% fetal bovine serum). The primary culture is
expanded in culture under low oxygen conditions of between
about 0.5 and 2% oxygen. The mesenchymal stem cells may
be expanded under low oxygen beginning with the primary
culture from bone marrow aspirate. In other aspects, the mes-
enchymal stem cells are expanded under such low oxygen
conditions after passaging of the cells, such as for example,
after the first, second, third or subsequent passage.

[0089] Insome aspects ofthe invention, mesenchymal stem
cells having a desired proliferative, regenerative and/or plas-
ticity phenotype are selected based a surface marker expres-
sion profile. Methods for selecting mesenchymal stem cells
based on a surface marker expression profile are known in the
art and include, for example, FACS, magnetic sorting, affinity
chromatography, fixed supports, and combinations thereof.
Suitable cell separation procedures for isolating mesenchy-
mal stem cells having the marker profile disclosed herein,
include, but are in no way limited to, magnetic separation,
using antibody-coated magnetic beads, affinity chromatogra-
phy, cytotoxic agents, either joined to a monoclonal antibody
or used in conjunction with complement, and “panning,”
which utilizes a monoclonal antibody attached to a solid
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matrix, or another convenient technique. Antibodies attached
to magnetic beads and other solid matrices, such as agarose
beads, polystyrene beads, hollow fiber membranes and plas-
tic petri dishes, allow for direct separation. Cells that are
bound by the antibody can be removed from the cell suspen-
sion by simply physically separating the solid support from
the cell suspension. The exact conditions and duration of
incubation of the cells with the solid phase-linked antibodies
will depend upon several factors specific to the system
employed. The selection of appropriate conditions, however,
is well within the skill in the art.

[0090] The foregoing, and other methods of cell surface
expression selection, may be used to select cells from tissue
explants, primary cultures, expanded cell cultures, and com-
binations thereof. Mesenchymal stem cells grown under low
oxygen conditions are but one example of mesenchymal stem
cells that may be selected based a surface marker expression
profile. In one aspect of the invention, mesenchymal stem
cells are selected based on a cell surface marker expression
profile, wherein the cells are positive for at least one of CD13,
CD29, CD73, CD81, CD90, CD105, CD164, CD166, and
negative for at least one of CD14, CD19, CD34, CD45,
CD122, and HLA-DR. Mesenchymal stem cells, and meth-
ods for their isolation, with the following cell marker profile
are also contemplated: CD13+, CD29+, CD73+, CD81+,
CD90+, CD105+, CD164+, CDI166+, CD14-, CDI19-,
CD34-, CD45-, CD122-, and HLA-DR-.

Stem Cell Factors

[0091] The invention further contemplates the production
and use of stem cell factors for the treatment of medical
conditions, alone or in combination with stem cells (e.g.
OM-MSC and/or OM-NSC). As used herein, the term “stem
cell factor” refers to any biologically active substance that is
produced through the metabolic activity of a stem cell. Such
substances include, but are not limited to, cytokines, chemok-
ines, peptides, proteins, amino acids, polynucleotides (i.e.
RNA or DNA), and combinations thereof. The stem cell
factors of the invention have the ability to impart a therapeutic
effect when administered according to the methods of the
invention disclosed herein, as well as the ability to affect the
proliferation, differentiation, engraftment and migration of
stem cells, either in vitro or in vivo.

[0092] The stem cell factors of the invention may be
derived from a number of sources including cultured medium
(e.g. from stem cells), stem cell homogenates, or preparations
of lyophilized stem cells. Such stem cells include, but are not
limited to, mesenchymal stem cells and neural stem cells. In
some aspects of the invention, such stem cell factors are
obtained from oxygen modulated stem cells, including OM-
MSC and OM-NSC. Factors that are derived from OM-MSC,
are referred to as oxygen modulated mesenchymal stem cell
factors, or “OM-MSCEF.”. Similarly, stem cell factors derived
from OM-NSC may be referred to as oxygen modulated
neural stem cell factors or “OM-NSCE.”

[0093] Innon-limiting embodiments of the invention, stem
cell factors are produced by obtaining a population of stem
cells, and culturing the stem cells under in vitro conditions
that incorporate contacting the stem cells with at least one
environmental factor, such as culturing the stem cells under
reduced oxygen tension, for example. Stem cell factors pro-
duced by the stem cells during culture may then be collected
by methods readily available in the art. For example, stem cell
factors may be obtained from conditioned culture medium
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produced from the stem cells, or by using the stem cells to
create a stem cell lysate. The invention contemplates factors
produced from OM-MSC as well as OM-NSC. The invention
further contemplates culturing stem cells for the production
of stem cell factors in culture medium that is serum free, orin
culture medium that comprises serum.

Utility

[0094] In some aspects, the invention is used to accelerate
the manufacture of stem cells. Thus, the invention decreases
the amount of time that is required to obtain a desired number
of stem cells. The invention also improves the yield of stem
cell manufacture by enabling the stem cells to undergo an
increased number of cell passages, while retaining a desired
level of differentiation potential.

[0095] In some aspects, the invention is used to modulate
(i.e. increase or enhance) the therapeutic potential of stem
cells. In such embodiments, a stem cell having a first thera-
peutic potential is grown under suitable conditions and
exposed to at least one environmental factor to produce a stem
cell having a second therapeutic potential, the second thera-
peutic potential being greater than the first therapeutic poten-
tial. As used herein, a stem cell is considered to have greater
therapeutic potential if the stem cell has an increased prolif-
eration rate, increased in vivo migratory ability, increased
differentiation potential and/or increased terminal cell activ-
ity (i.e. function), relative to a control cell that was not grown
under the method of the invention. An increase in stem activ-
ity may be observed through an increase in the stem cell’s in
vivo migration, proliferation and/or engraftment characteris-
tics.

[0096] Inother aspects, the invention is used to enhance the
in vivo migration and/or engraftment potential of a stem cell.
When used in reference to “in vivo migration” or “migration,”
the term “enhance” means that the invention produces a mea-
surable increase in the speed and/or distance that an
implanted (e.g. transplanted) stem cell can migrate in vivo,
compared to a control stem cell that has not been treated (e.g.
cultured) according to the method of the invention. When
used in reference to “in vivo engraftment” or “engraftment,”
the term “enhance” means that the invention produces a mea-
surable increase in the ability of the stem cell to be accepted
and nourished by the body of a subject and assume the func-
tion of the cells that are in contact with the implanted stem
cell.

[0097] The invention also provides stem cells and stem cell
factors for therapeutic use. In some embodiments, the inven-
tion produces stem cells (e.g. neural stem cells) for use in a
variety of central nervous system disorders. As used herein,
the term “central nervous system disorder,” or “CNS disor-
der,” refers to a condition or injury that impairs the normal
function of the mammalian central nervous system, such as,
for example, neurodegenerative disorders, traumatic injuries
(to the brain or spinal cord) and CNS dysfunctions. Neuro-
degenerative disorders are generally associated with a pro-
longed deterioration of CNS neural tissue including, but not
limited to, Alzheimer’s disease, Parkinson’s disease, multiple
sclerosis (MS), Huntington’s disease, amyotrophic lateral
sclerosis, cerebral palsy, Gaucher’s disease, Tay-Sachs dis-
ease, Niemann Pick’s disease, sphingomyelin lipidoses, and
brain tumors. CNS disorders further include traumatic inju-
ries, such as for example, hemorrhagic stroke, ischemic
stroke, and mechanical injuries to the brain and spinal cord.
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The phrase “CNS disorder” further includes dysfunctions
such as, for example, depression, epilepsy, and schizophre-
nia.

[0098] Insome aspects, the invention’s stem cell composi-
tions are made by suspending an appropriate amount of cells
in a pharmaceutically acceptable carrier. As used herein the
phrase “pharmaceutically acceptable” means the carrier, or
vehicle, does not cause an adverse reaction when adminis-
tered to a mammal. Such carriers are non-toxic and do not
create an inflammatory or anergic response in the body. Phar-
maceutically acceptable carriers for practicing the invention
include any of the well known components useful for immu-
nization such as, for example, culture media and phosphate
buffered saline. Additional physiologically acceptable carri-
ers and their formulations are well-known and generally
described in, for example, Remington’s Pharmaceutical Sci-
ence (18.sup.th Ed., ed. Gennaro, Mack Publishing Co., Eas-
ton, Pa., 1990) and the Handbook of Pharmaceutical Excipi-
ents (4.sup.th ed., Ed. Rowe et al. Pharmaceutical Press,
Washington, D.C.), each of which is incorporated by refer-
ence.

[0099] One aspect of the invention relates to the concentra-
tion of cells that are administered to a subject. In this regard,
stem cells and/or stem cell factors, may be administered at
any concentration that provides a therapeutic effect when
administered according to the methods disclosed herein. Suit-
able stem cell concentrations range between about 10* to
about 107 cells/ml. The concentration of cells used for a
particular treatment takes into consideration such factors as
viscosity restrictions imposed by the diameter of the needle
used for injection, as well as the volume of the compositions
that are used for treatment. Stem cells and/or stem cell factors
may be administered in a single injection, multiple simulta-
neous injections or multiple sequential injections at the same
or different injection sites.

[0100] Whentheinventionis practiced using a composition
of oxygen modulated neural stem cells (OM-NSC) and/or
oxygen modulated stem cell factors (OM-NSCF), such com-
position(s) may be administered (e.g. injected) to any site
within the neural parenchyma (i.e. any region that is located
on the neural side of the blood brain barrier of a subject).
Accordingly, the OM-NSC and/or OM-NSCFC may be
administered to or near the brain, to or the near spinal cord,
and combinations thereof.

[0101] In some embodiments of the invention, a composi-
tion of OM-NSC and/or OM-NSCFC is administered to the
subject intrathecally. As used herein, the term “intrathecal
administration,” or “intrathecally,” is intended to include
delivering a neural stem cell composition directly into the
cerebrospinal fluid of a subject, by techniques including lat-
eral cerebroventricular injection through a burrhole or cister-
nal or lumbar puncture or the like (described in Lazorthes et
al. Advances in Drug Delivery Systems and Applications in
Neurosurgery, 143-192 and Omayaet al., Cancer Drug Deliv-
ery, 1: 169-179, and U.S. Pat. No. 7,011,827, the contents of
which are incorporated herein by reference). The term “lum-
bar region” is intended to include the area between the third
and fourth lumbar (lower back) vertebrae. The term “cisterna
magna” is intended to include the area where the skull ends
and the spinal cord begins at the back of the head. The term
“cerebral ventricle” is intended to include the cavities in the
brain that are continuous with the central canal of the spinal
cord. Administration of the OM-NSC and/or OM-NSCFC
composition to any of the above mentioned sites can be
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achieved by direct injection, or deposition, of the neural stem
cell composition. The injection, or deposition, can be, for
example, in the form of a bolus injection or continuous infu-
sion.

Ischemic Stroke and Other Neurological Conditions

[0102] In some aspects, the invention is used to treat
ischemic stroke. For example, OM-MSC and/or OM-MSCF
can be administered alone or in combination with—OM-NSC
and OM-NSCEF. In preferred embodiments, OM-MSC and/or
OM-MSCF are administered intravenously, and OM-NSC
and/or OM-NSCF are administered on the central nervous
system side of the blood brain barrier. Administration may
also take on other forms including, but not limited to, intra-
arterial, intramuscular, intraperitoneal, subcutaneous, intra-
muscular, intra-abdominal, intraocular, retrobulbar and com-
binations thereof.

[0103] Inexemplary, non-limiting embodiments, the inven-
tion treats ischemic stroke through the use of OM-MSC
derived from human bone marrow. In general terms, these
embodiments may be practiced by creating a cell suspension
from a bone marrow explant collected from a human donor.
The cell suspension may then be used to seed a culture
medium, containing serum for example, and expanded under
reduced oxygen tension for a desired number of passages to
produce a population of OM-MSC. An effective amount of
OM-MSC may then be suspended in a pharmaceutical carrier
and administered intravenously to a subject that has experi-
enced an ischemic stroke. In similar embodiments,
OM-MSCEF are substituted for, or combined with, OM-MSC.
[0104] In some aspects of the invention, cells (e.g. neural
stem cells and/or mesenchymal stem cells) that have been
contacted with an environmental factor may be used to treat
Alzhiemer’s disease. For example, OM-MSC, OM-NSC or
combinations thereof, may be used in the treatment of Alzhe-
imer’s disease. It is also contemplated that cells (e.g. neural
and/or mesenchymal stem cells) may not be contacted with an
environmental factor prior to their use (e.g. administration) in
the treatment of Alzhiemer’s disease. When used in connec-
tion with Alzheimer’s disease, the terms “treat,” “treating,”
“treats” and “treatment” refer to, for example, decreasing,
correcting, preventing, or delaying the onset of symptoms
and/or causes of Alzheimer’s disease. Such terms include
preventing, arresting, altering, and/or reversing formation of
neurofibrillary tangles and/or senile plaques (e.g. beta amy-
loid plaques) within the brain, and may be performed on
subjects “in need of such treatment,” i.e., a subject that exhib-
its symptoms of Alzheimer’s disease, a subject susceptible to
or otherwise at increased risk for Alzheimer’s disease, or a
subject not exhibiting symptoms of Alzheimer’s disease, but
for whom it is desired to decrease the risk of Alzheimer’s
disease (e.g., a vaccination or a prophylactic treatment).
[0105] In some aspect of the invention, stem cell factors
derived from neural stem cells, mesenchymal stem cells, OM-
MSC, OM-NSC or a combination thereof, may be used in the
treatment of neurological conditions, including Alzheimer’s
disease, as disclosed herein. In addition, such factors may be
combined with neural stem cells, mesenchymal stem cells,
OM-MSC, OM-NSC, or a combination thereof. Such stem
cells, and/or stem cell factors, may be administered as dis-
closed intravenously, intracerebrally, or intranasally. In one
non-limiting embodiment of the invention, OM-MSC cellular
factors are administered intranasally in the treatment of
Alzheimer’s disease.

May 26, 2016

[0106] Insome aspects of the invention, a patient (i.e. sub-
ject) for treatment for is selected based on one or more mark-
ers for Alzheimer’s disease. Such markers may be used to
select the patient before or after cognitive impairment occurs.
Suitable markers for use with the invention include, but are
not limited to, amyloid beta (Af), a-synuclein, tau protein
(MCT and Alz-50 positive tau), neuroinflammatory markers
(e.g.IL-1p and TNF-), retinal ganglion cell dendritic degen-
eration, ApoE €4 allele(s), positron emission tomography
(PET), and single photon emission computed tomography
(SPECT), cereberal atrophy, and combinations thereof. Other
markers for Alzheimer’s disease (including early or pre-
symptomatic Alzheimer’s disease) include those discussed in
Fisher et al. Progress in Alzheimer’s and Parkinson’s Dis-
eases (1998), the disclosure of which is incorporated herein
by reference in its entirety. In aspects where ApoE €4 allele(s)
are used in selection of the subject, the inventive method and
its associated compositions can be used to prevent the devel-
opment or progression of Alzheimer’s disease in a subject
that is genetically predisposed to the disease.

[0107] Although specific uses for the invention may be
called out here, one skilled in the art will appreciate that the
invention lends itself to any utility that benefits from the
enhancement of stem cell proliferation and/or differentiation.

Example 1
In Vivo Transplantation

Tissue Collection and Cell Cultures

[0108] Human neural stem cells were collected from 8-10
week-old fetal brain. Brain tissue was freshly dissected and
dissociated in Accutase (Sigma Aldrich) for 30 min at 37° C.
The cells were seeded in different oxygen tensions and con-
dition medium including 20% or 5% oxygen, with serum-free
medium, 0.1% serum condition medium, or 0.2% serum con-
dition medium in 100 mm cell culture dish. Neurobasal
medium was used for basal medium to maintain NSCs. The
components included: Neurobasal (96%; Gibco/Invitrogen,
Grand Island, N.Y.); GlutaMAX (1%; Gibco/Invitrogen);
Heparin (8 mg/ml; Sigma-Aldrich, St. Louis, Mo.) (26). To
this added the following factors were added: basic Fibroblast
Growth Factor and Epidermal growth factor (bFGF; 20
ng/ml; EGF; 20 ng/ml; human, recombinant; Chemicon Inter-
national, Temecula, Calif.) with 0.1% or 0.2% FBS (Hy-
clone). For routine passaging, TrypLE was used as the disso-
ciating agent (Invitrogen).

Chicken Embryos

[0109] Pathogen-free fertilized chicken embryos were
obtained from SPEFAS (North franklin, CT) and staged
according to Hamburger and Hamilton (H&H) (1951).

Transplantation of Neural Stem Cells in Chicken Embryos.

[0110] NSCs were subcultured 72 hr prior to transplanta-
tion. Undifferentiated NSCs and differentiated NSCs were
collected and a cell sample of 2x10° cells was prepared for
each of the differentiated NSCs and undifferentiated NSCs.
The cell samples were injected, i.e. transplanted into telen-
cephalon lateral ventricle of chicken embryos at H&H stage
26. Transplanted chicken embryos were incubated at 37° C.
for 6 days. Chicken embryo brains were collected and embed-
ded with OCT Cryo Tech for cryosection.
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Immunohistochemistry

[0111] Cryosection slides were placed at room temperature
for 30 min. Slides were fixed by pre-cooled acetone for 5-10
min at room temperature and treated with 0.3% H,O, in 100%
methanol for 10 min to quench endogenous peroxidase activ-
ity. Slides were washed 3 times with PBS for 5 min each.
Chicken brains were incubated with anti-human nestin
(1:3000, chemicon international Inc.) and nuclei (1:500,
Chemicon International Inc.) for one hour at room tempera-
ture. Slides were washed in PBS 3 times, 5 min for each, and
exposed to secondary antibodies Alexa fluor 488-conjugated
goat anti-mouse IgG (1:400) and Alexa Fluro 647-conjugated
goat anti-rabbit IgG (1:400) for 30 min at room temperature.
Slides were washed with PBS 3 times, 5 min each, and coun-
terstained with DAPI for 10 min at room temperature. Slides
were washed in PBS 3 times, 5 min for each, and mounted
with immunofluorescence mounting media from Sigma-Al-
drich.
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MRI, the brains were cryoprotected, frozen on liquid nitrogen
and stored at —-80° C. for possible further analysis.
[0115] Animals were grouped as follows:
[0116] Group 1: 15 rats treated with Vehicle, (PBS, 2
ml/kg, 1.v.) at 24 hours post-occlusion
[0117] Group 2: 15 rats treated with Vehicle, (PBS, 150
uwl/kg, i.t.) at 24 hours post-occlusion
[0118] Group 3: 15 rats treated with Vehicle, (PBS, 2
ml/150 pl per kg, 1.v./i.t.) at 24 hours post-occlusion
[0119] Group 4: 15 rats treated with HBMSC (2.0 M
cells, 2 ml/kg, i.v.) at 24 hours post-occlusion
[0120] Group 5: 15 rats treated with HBMSC-LO2 (2.0
M cells, 2 ml/kg, i.v.) at 24 hours post-occlusion
[0121] Group 6: 15 rats treated with serum HFNSC-L.O2
(2.0 M cells, 150 pl/kg, i.t.) at 24 hours post-occlusion
[0122] Group 7: 15 rats treated with HBMSC-LO2 (2.0
M cells, 2 ml/kg, i.v.) combined with serum HFNSC-
LO2 (2.0 M cells, 150 pl/kg, i.t.) at 24 hours post-

occlusion
Results .. .
[0123] Group 8: 15 naive rats as controls for behavioral
[0112] The results showed in FIGS. 1-5 and table 1. testing
Serum-free, 0.1% serum, 0.2% serum,
Serum-free 0.1% Serum 0.2% Serum low oxygen low oxygen low oxygen
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
6.8 x 10° cells 6.8 x 10° cells 6.8 x 10° cells 6.8 x 10° cells 6.8 x 10° cells 6.8 x 10° cells
14 days 22 days 21 days 9 days 22 days 21 days
34x10% cells  63x10% cells  7.5x10% cells  3.4x10° cells  6.24 x 10° cells  9.36 x 10° cells
9 days 11 days 7 days 14 days 8 days 7 days
1.26 x 10% cells  3.64x 107 cells  2.03 x 107 cells 1.6x 10% cells  2.88x 107 cells  4.20x 107 cells
10 days 13 days 5 days 10 days 10 days 5 days
224 % 10% cells  2.44x 107 cells  6.86x 10° cells  6.72x 10% cells 296 x 107 cells  8.52x 10° cells
8 days 14 days 10 days 9 days 10 days 6 days
1.06 x 107 cells  1.91x 107 cells  3.16 x 107 cells  3.54x 107 cells  3.36 x 107 cells  1.92x 107 cells
10 days 10 days 8 days 10 days 8 days
3.56 x 107 cells 247 x 107 cells  2.94x 107 cells  2.38x 107 cells  2.06x 107 cells
11 days 8 days 8 days
6.4 x 10° cells 7.46 x 10° cells 2.79x 107 cells
Total 5.26 x 107 7.99 x 107 8.35 x 107 7.23 x 107 11.58 x 107 11.826 x 107
Passage 6 4 5 6 5 6
Example 2 Transient MCAO
Cell Transplantation to Mammalian Host [0124] Transient focal cerebral ischemia was produced by
[0113] The objectives of this study were as follows: 1) to MCA occlusion in male SHR rats according to Koizumi with

investigate whether intravenous treatment with human adult
bone marrow stem cells (HBMSC) alone or in combination
with intrathecal treatment with human fetal neural stem cells
(HFNSC) 1 day after occlusion provides sensory-motor and
cognitive recovery and affect infarct volume in spontaneously
hypertensive rats (SHR) subjected to 60 min middle cerebral
artery occlusion (tMCAO), 2) to compare the functional
recovery following intravenous injections of HBMSC
expanded under normal and low O2 tissue culture conditions
(HBMSC-LO2).

[0114] Seven and 28-point Neuroscore tests were per-
formed to study sensory-motor deficits and general condition
ondays 1, 3,7, 14,21, 28, 35 and 42 post-ischemia. Cylinder
test was performed on days 7, 21 and 35 post-ischemia. Cog-
nitive deficits were evaluated by Morris water maze test on
days 28-29 post-stroke. Skilled paw function was tested with
Montoya’s staircase test (pellet reaching and eating) on days
35-39 post-ischemia. Infarct volume and incidence of hem-
orrhage was evaluated by ex vivo MRI at day 42. After ex vivo

modifications (Koizumi et al. Jpn. J. Stroke 8:1-8, 1986). The
rats were anesthetized with 5% isoflurane (in 70% N20 and
30% 02; flow 300 ml/min). During the operation the concen-
tration of anesthetic is reduced to 1.0-1.5%. The rectal tem-
perature is maintained at 37.0+1.5° C. with a homeothermic
blanket system. After midline skin incision, the right common
carotid artery (CCA) was exposed, and the external carotid
artery (ECA) was ligated distal from the carotid bifurcation.
A 0.25-mm diameter monofilament nylon thread, with tip
blunted, was inserted 22-23 mm into the internal carotid
artery (ICA) up to the origin of MCA. After 60 min of
ischemia, the MCA blood flow was restored by removal of the
thread. The wound is closed, disinfected, and the animals are
allowed to recover from anesthesia. The rats were carefully
monitored for possible post-surgical complications after the
tMCAOQO. The rats were fed with standard laboratory diet
suspended in tap water on days 0-7 after the tIMCAO. To
prevent dehydration all rats were given an i.p. injection of
saline (4 ml per rat) once-a-day for 7 days.
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[0125] Animals expressing O-lesion (no detectable infarct)
were excluded from the data and analysis.

HBMSC/HFNSC Storage and Preparation for the Study

[0126] HBMSC and HFNSC were delivered to Cerebricon
by the sponsor as a frozen stock suspension and with instruc-
tions how to prepare the cells/solutions for i.v./i.t. injection.
The cell suspensions were made fresh each day and stored at
room temperature (RT) when not in use. Vehicle was provided
by the sponsor. Both HFNSC and HBMSC were tested for the
expression of appropriate stem cell markers and for the ability
to differentiate into various mature cell types.

Mesenchymal Stem Cells (HBMSC)

[0127] MSC were derived from the bone marrow of 24
years old healthy woman. The mononuclear cells were iso-
lated from fresh specimen using Histopague and seeded into
Petri dishes. The cells were expanded in HBMSC growth
medium [DMEM/F12 medium containing FGF-2 and 10%
fetal bovine serum (FBS)]. The cells were tested for human
pathogens and further expanded up to passage 5. The
expanded cells were harvested and frozen at 15x10° cells per
vial in the freezing medium containing 10% DMSO and 10%
FBS using controlled rate freezer. The frozen cells were
stored in liquid nitrogen until shipment. The cells were
shipped to Cerebricon on dry ice.

[0128] Low oxygen grown MSCs were expanded under 5%
oxygen condition beginning from passage 2.

Neural Stem Cells (HFNSC)

[0129] Neural stem cells were derived from the forebrain of
an eight week old human fetus. The cells were isolated by
mechanical digestion and plated into Petri dishes. The cells
were expanded under 5% oxygen condition in neural basal
medium containing FGF-2, EGF, and 0.1% Fetal Clone II
serum. The cells were tested for human pathogens and further
expanded up to passage 4. The expanded cells were harvested
and frozen at 15x10° cells per vial in the serum-free freezing
medium containing 10% DMSO (Cryostor 10) using con-
trolled rate freezer. The frozen cells were stored in liquid
nitrogen until shipment. The cells were shipped to Cerebricon
on dry ice.

HBMSC (Regular and Low O,) Processing for Infusion

[0130] A sterile S0 mL centrifuge tube was placed under the
hood and pre-opened. Six (6) vials (each containing 15x10°
cells in 1 mL freezing medium) of frozen cells were thawed in
37° C. water bath. Vials were kept in the bath until small ice
crystals (~2-3 mm) were seen. Contents of the vials was
transferred into the 50 mL centrifuge tube after which 6 mL. of
pre-warmed (37'C) fresh Ca®*-free Hank’s balanced salt
solution (HBSS) was slowly added and the cell suspension
was gently mixed. While adding, the tube was gently shaken
to ensure homogenous cell suspension. Added further 28 mL.
fresh HBSS and mixed the contents of the tube carefully
without vortexin. After mixing HBMSCs were centrifuged at
450 g for 5 min at RT. Supernatant was discarded and the
pellet was re-suspended in 20 mL of fresh HBSS. Cell viabil-
ity was determined with Trypan blue and hemocytometer.
Dilutions 1:2 and 1:4 from the cell suspension were used for
evaluation of viability. Before applying cells to the chamber,
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suspension was mixed carefully. Altogether 3 fields (1x1
mm) were counted and averaged. Optimal count was 20-40
cells/mm”.

[0131] The number of viable cells in the mixture was:

( (Number of cells counted) ]
(Proportion of chamber counted)(Volume of chamber

( (Volume of sample dilution) ]
(Volume of original mixture in the sample)

After cell viability assay, 30 mL. HBSS was added to cell
suspension after which HBMSCs were centrifuged at 450 g
for 5 min at RT. After supernatant removal, cells were re-
suspended in Ca**-free 0.01 M PBS to obtain desired 2.0x10°
cells/0.5 ml.

HFNSC Processing for Infusion

[0132] A sterile S0 mL centrifuge tube was placed under the
hood and pre-opened. Six (6) vials (each containing 15x10°
cells in 1 mL freezing medium) of frozen cells were thawed in
37° C. water bath. Vials were kept in the bath until small ice
crystals (~2-3 mm) were seen. Contents of the vials was
transferred into the 50 mL centrifuge tube after which 6 mL. of
pre-warmed (37'C) fresh Ca®*-free Hank’s balanced salt
solution (HBSS) was added as described above. Added fur-
ther 28 mL of fresh HBSS and mixed the contents of the tube
carefully without vortexin. Determined cell viability as
described for HBMSCs. HFNSCs were centrifuged at 130 g
for 5 min at RT and supernatant discarded. Cells were re-
suspended in Ca®*-free 0.01 M PBS to obtain 2.0x10° cells/
50 uL.. Homogenous suspension was obtained by slowly mix-
ing cell suspension with a 1000 pl. pipette with suitable
pipette tip 20-25 times.

Cell Delivery

[0133] Twenty-four hours after occlusion the rats were
shortly anesthetized by isoflurane and HBMSC and/or
HFNSC or vehicle was infused either into femoral vein or
intrathecal space.

[0134] Forintrathecal delivery of HFNSCs, an anesthetized
rat was subjected to laminectomy at 1.-3 level and stereotac-
tical infusion of cells was performed. Briefly, rat was anes-
thetized, placed in a stereotactic apparatus skin and area
surrounding injection site was shaved and disinfected prior
surgical laminectomy. After laminectomy and dura being
exposed, a 50 ul gas tight syringe containing the HFNSCs was
connected to microlitre infusion pump (TSE Systems Ger-
many). The needle (26G) was guided into the intrathecal
space by using stereotactic apparatus. Following needle pen-
etration into intrathecal space CSF was allowed to leak (~20
ul) through the dura opening before starting cell infusion.
Vehicle or HFNSCs were infused for 10 min (5 pL./min for 10
min, totaling 50 uL, containing 2.0x10% HFNSCs). After 10
min stabilization period, the needle was carefully withdrawn
from intrathecal space. Immediately after needle withdraw,
the opening of the dura was sealed with tissue sealant adhe-
sive (Tisseel® Duo Quick, Baxter). Muscles and connective
tissue was then sutured in layers before closing the wound.
After procedure, rats were placed in a clean recovery cage,
after which they were returned to the homecage.
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Body Weight

[0135] The body weight of each animal was measured
before the tMCAO and at days 1, 3, 7, 21, 28, 35 and 42.

Behavioral Testing

[0136] A 28-point neuroscore test was used to assess post-
ischemic motor and behavioral deficits. The neurological test
was conducted by a blinded investigator at: pre-MCAO (base-
line) and 1, 3, 7, 14, 21, 28, 35 and 42 d after tMCAO.

[0137] The following parameters were analyzed:
[0138] Paw placement (max. score 4)
[0139] Righting reflex (max. score 1)
[0140] Behavior on a horizontal bar (max. score 3)
[0141] Behavior on an inclined platform (max. score 3)
[0142] Contralateral rotation (max. score 2)
[0143] Visual forepaw reaching (max. score 2)
[0144] Circling (max. score 4)
[0145] Contralateral reflex (max. score 1)
[0146] Grip strength (max. score 2)
[0147] Motility (max. score 3)
[0148] General condition (max. score 3)
[0149] The maximum score for a normal rat was 28 points.
[0150] A seven-point neuroscore test was used to assess

post-ischemic motor and behavioral deficits (modified from
Zausinger et al., 2000. Brain Res. 863:94-105). The neuro-
logical test was conducted by blinded investigator at: pre-
MCAO (baseline) and 1, 3, 7, 14, 21, 28, 35 and 42 d after
tMCAO.
[0151] Grade 6: Normal extension of both forelimbs
towards the floor when lifted gently by the tail
[0152] Grade 5: Consistent flexion of the forelimb con-
tralateral to the injured hemisphere, varying from mild
wrist flexion and shoulder adduction to severe posturing
with full flexion of wrist, elbow, and adduction with
internal rotation of the shoulder.

[0153] Grade 4: Dysfunctional rats with a consistently
reduced resistance to lateral push towards the paretic
side.

[0154] Grade 3: Rats circling towards the paretic side if

pulled and lifted by the tail.

[0155] Grade 2: Rats circling towards the paretic side if

pulled by the tail.

[0156] Grade 1: Rats circling spontaneously towards the

paretic side.

[0157] Grade O: Rats with no spontaneous motion
[0158] The cylinder test (modified from Schallert and
Tillerson in Innovative models of CNS disease: from mol-
ecule to therapy. Clifton, N.J., Humana, 1999) was used to
quantify the forelimb use asymmetry, while the animal was
rearing against the wall of the home cage. The test was per-
formed on days 7, 21, and 35 after tMCAQO. The rats were
monitored as they move freely in their home cage. Contacts
made by each forepaw with the cage wall while rearing were
scored by a blinded observer. A total of 15-20 contacts were
recorded for each animal, and the number of impaired (left)
and non-impaired forelimb contacts as percentage of total
contacts was calculated.

[0159] Cognitive testing was conducted using the water
maze task originally designed by Morris et al (J Neurosci
Methods. 1984; 11: 47-60). On day 28 post-stroke, the rats
were given a series of 5 trials, 1 hour apart in a large dark-
colored tank (200 cm in diameter) filled with clear water at a
temperature of 25.0£1.5° C. A submerged platform (square
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platform: 10x10 cm; 1.5 cm below water surface) was placed
in the northwest (NW) quadrant of the pool. The release point
was always the southern end of the pool. The rats were low-
ered into the pool facing the wall and then released. Each rat
was given a maximum of 90 seconds to find the submerged
platform. Ifit did not find the platform within that time, the rat
was physically guided onto it. After remaining on the plat-
form for 20 seconds, the rat was removed from the pool and
placed in a dry cage. One hour later, each rat was given the
second trial, using the same release position and platform
position, to measure retention of platform location. This pro-
cess was repeated a total of 5 times for each rat, each trial 1
hour apart. These 5 trials were then followed by a retention
trial 24 hours later.

[0160] The swim paths of the rats were recorded with a
computer-interfaced camera tracking system and the data
analyzed using HVS Image software. For trials 1-5 and reten-
tion trial 6 the following parameters were analyzed: 1) time to
find the hidden platform (latency), 2) length of path to the
hidden platform (these two parameters measure animals’
ability to learn and remember the exact location of the plat-
form), 3) swim speed (to assess rats’ physical ability to
swim), 4) thigmotaxis, “wall hugging” defined as the percent-
age of swim path limited to outer annulus (swimming in the
outermost 15 cm of the pool rather than searching for the
hidden platform).

[0161] The Montoya’s staircase test measures independent
forelimb reaching and grasping ability (general and fine coor-
dination and motorics). The test consists of a 15-min trial per
day for 5 days on days 35-39 post-tMCAO. The rat was put in
a staircase apparatus, where it laid on a central platform
reaching for the pellets from staircase on both sides. The
staircase has 6 steps baited with a sucrose-flavored pellet (45
mg, Bioserv, UK). The number of pellets reached but dropped
(=reached), as well as the successfully retrieved ones
(=eaten), was calculated. All rats are food deprived (to 85% of
free body weight) 2 days before testing. Rats were tested
once-a-day for 5 days.

Brain Processing and Ex Vivo Imaging of Infarct Volume and
Incidence of Hemorrhage by T2- and T2*-MRI

[0162] At endpoint, day 42, the rats were deeply anesthe-
tized with pentobarbital (60 mg/kg Mebunat, Orion Pharma,
Finland) and perfused transcardially with heparinized (2.5
1U/ml) saline followed by 4% formaldehyde in 0.1M PB
(phosphate buffer). Thereafter the brains were immersed in
4% formaldehyde in 0.1M PB for 24 hours before rinsed with
PBS. The brain was embedded in perfluoropolyether (FOM-
BLIN).

[0163] T2 and T2*-weighted MRI was performed with the
use of a Varian DirectDrive™ console interfaced to a Varian
7.0T horizontal magnet equipped with actively shielded gra-
dient coils. A half-volume coil, driven in quadrature mode,
was used for signal transmission and reception. For determi-
nation of infarct volume, T2-weighted multislice (12-14 con-
tinuous slices) images were acquired using double spin-echo
sequence with adiabatic refocusing pulses TR=3 s, TE=80
ms, matrix size of 256x128, FOV of 35%35 mm?, and a slice
thickness of 1 mm.

[0164] For detection of the hemorrhage, T2* weighted
images were obtained using standard gradient echo imaging

sequence from the same slices with identical resolution and
TR=700 ms, TE=15 ms, flip angle ~50 degree. T2 and T2*
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weighted images were analyzed for infarct volumes and pres-
ence of hemorrhage, respectively, using in-house written soft-
ware.

[0165] After ex vivo imaging the brains were washed with
PBS and cut into two 6-mm-thick coronal brain blocks (stri-
atal and hippocampal block) in a brain tissue precision slicer.
After cryoprotection in 30% sucrose for 2 days at +4° C., the
brain blocks were frozen on liquid nitrogen, and stored at
-80° C. for possible future histological and immunohis-
tochemical analysis.

Statistical Analysis

[0166] All values are presented as meanzstandard devia-
tion (SD) or standard error of mean (SEM), and differences
are considered to be statistically significant at the P<0.05
level. Statistical analysis was performed using StatsDirect
statistical software. Differences between group means were
analyzed by using 1-way-ANOVA followed by Dunnet’s test
(comparison to the control (=vehicle) group). Within group
comparison to the baseline was done by two-way ANOVA
followed by Dunnet’s test. Non-parametric data was analyzed
with Kruskal-Wallis ANOVA or Friedman ANOVA, respec-
tively. The animals that expressed no infarct at all (0-infarcts)
were excluded from the study.

Results

[0167] The Seven Point Neuroscore (FIG. 8) demonstrates
the efficacy of the HBMSC, HBMSC-LO2, HFNSC-LO2,
HBMSC-LO2 and HBMSC-LO2/HFNSC-LO2 cell compo-
sitions.

Example 3

MSC Expansion

[0168] Mesenchymal stem cells (MSC) were isolated from
human bone marrow (BM). BM specimen (BMS) was
obtained from 18-25 year old healthy adults and provided by
Lonza (Lonza Walkersville, Inc., Walkersville, Md.). The
mononuclear fraction was obtained using Ficoll-Paque™
Premium (Ficoll-Paque, GE Healthcare, Piscataway, N.J.)
separation protocol. The BMS was slowly overlaid onto the
Ficoll-Paque and centrifuged at 500xg for 30 minutes. The
upper layer (plasma) was discarded via pipet to within 1 cm of
the mononuclear cell layer. The mononuclear cells (yellow
portion of bumpy cord) were transferred into a centrifuge
tube. A volume of Hank’s Balanced Salt Solution (HBSS,
Gibceo, Invitrogen Corporation, Carlsbad, Calif.) HBSS was
added to the tube. The cells were aspirated and centrifuged at
600xg for 10 minutes at room temperature. The supernatant
was removed and discarded. The cells were resuspended in a
small volume of mesenchymal stem cell growth media
(MSCGM) consisting of DMEM/F12+GlutaMAX-I (Gibco,
Invitrogen Corporation, Carlsbad, Calif)), 15% bovine
growth serum (BGS, Fetal+, Atlas Biologicals, Fort Collins,
Colo.) insulin-transferrin-selenium acid (ITS) solution, 100x
(ITS, Mediatech CellGro (now Corning), Corning, N.Y.),
heparin sodium injection, USP (heparin, APP Pharmaceuti-
cals, LLC, Schaumburg, I11.), fibroblast growth factor (FGF)
(PeproTech, Inc, Rocky Hill, N.J.). The cells were mixed by
gentle aspiration to ensure a homogeneous suspension. A cell
count was performed using a hemacytometer; the cells were
counted using trypan blue and 5% acetic acid.
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[0169] P, Tissue Culture—

[0170] The cell suspension was diluted to a target concen-
tration with MSCGM to provide a seeding density of 6.8x10*
cells/cm?. A small volume of cell suspension was transferred
to each vessel with a pipet. After seeding was complete, the
vessels were transferred and grown in a humidified 37° C.,
5% O, (hypoxic), 5% CO, Binder incubator (Binder Inc.,
Bohemia, N.Y.). The media was removed and discarded 24
hours post seeding and replaced with fresh growth media. The
adherent cells were harvested after 10-12 days in culture
using TrypLE Express Stable Trypsin Replacement (TrypLE,
Gibco, Invitrogen Corporation, Carlsbad, Calif.) and frozen
in liquid nitrogen (LN2).

[0171] P, Tissue Culture—

[0172] Thethawed PO cells were diluted to a target concen-
tration with MSCGM to provide the seeding density of 5
cells/cm?. Cell suspension was transferred to each vessel with
apipet. The cells were incubated as described above for 9-11
days and harvested using TrypLE Express. P, cells demon-
strated a doubling time of 20 hours in culture.

[0173] P, Tissue Culture—

[0174] Theharvested cell suspension was diluted to a target
concentration with MSCGM to provide a seeding density of
1x103 cells/cm?. Cell suspension was transferred to each ves-
sel with a pipet. The cells were incubated as described above
for 4-6 days, harvested using TrypLE Express and frozen in
LN2. P, cells demonstrated a doubling time of about 40 hours
in culture.

[0175] P, Tissue Culture—

[0176] Thethawed P2 cells were diluted to a target concen-
tration with MSCGM to provide a seeding density of 700
cells/cm?. Cell su*spension was transferred to culture vessels
with a pipet. The cells were incubated as described above for
3-5 days and harvested using TrypL.E Express. P, cells dem-
onstrated a doubling time of about 40 hours in culture.
[0177] P, Tissue Culture—

[0178] Theharvested cell suspension was diluted to a target
concentration with MSCGM to provide a seeding density of
280 cells/cm?. Cell suspension was transferred to each vessel
with a pipet. The cells were incubated as described above for
6-8 days, harvested using TrypLE Express and frozen in LN2.
P, cells demonstrated a doubling time of about 27 hours in
culture.

[0179] Cells were grown under hypoxic conditions (5%
oxygen) from P, through P,. Observed cell growth character-
istics are set forth in the following table.

hMSC Average Population Doubling Times

Seed Yield Fold Population Capture Doubling

Time
(x107%)  (x107%) Increase Doublings Hours (hours)
DS-PO N/A N/A N/A N/A N/A N/A
PO-P1 0.012 40.7 3,333 11.7 236.0 20
P1-P2 40 340.0 8 3 122.0 39.51
P2-P3 2 11 5 2.5 97.0 39.44
P3-P4 11 750 68 6 165.0 27

Example 4

OM-MSC Selection

[0180] According to the present example, flow cytometry is
used to select OM-MSC which express CD13, CD29, CD73,
CD81, CD90, CD105, CD164, and CD166, and do not
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express CD14, CD19, CD34, CD45, CD122, or HLA-DR
(“selected OM-MSC” or “SOM-MSC”). Expanded
OM-MSC grown according to Example 3 are centrifuged at
400 RCF for 2 minutes and supernatant removed. The cell
pelletis resuspended in 0.2% BSA (BD, Franklin Lakes, N.J.,
USA) to block non-specific antibody binding and cells
washed. PE conjugated antibody (see below) is added and
cells incubated at 4° C. for 30 minutes in dark. Cells are
washed twice as above and brought separated by flow cytom-
etry using a BD Accuri C6 Cytometer and the antibodies
described below.

[0181] The following antibodies are diluted as per manu-
facturer’s instructions: CD13 (BD, Franklin Lakes, N.J.,
USA), CD14 (eBiosciences, San Diego, Calif., USA), CD19
(eBiosciences, San Diego, Calif., USA), CD29 (BD, Franklin
Lakes, N.J., USA), CD34 (BD, Franklin Lakes, N.J., USA),
CD45 (eBiosciences, San Diego, Calif., USA), CD73 (BD,
Franklin Lakes, N.J., USA), CD81 (BD, Franklin Lakes, N.J.,
USA), CD90 (BD, Franklin Lakes, N.J., USA), CD105 (BD,
Franklin Lakes, N.J., USA), CD122 (Biolegend, San Diego,
Calif., USA), CD164 (Biolegend, San Diego, Calif., USA),
CD166 (BD, Franklin Lakes, N.J., USA), and HLA-DR
(R&D Systems, Minneapolis, Minn., USA). Cell flow cytom-
etry is then conducted according to the manufacturer’s
instructions.

Example 5

Differentiation Assay

[0182] The differentiation assay was used to determine
identity of OM-MSC based on adipogenic, osteogenic, and
chrondrogenic differentiation capability.

[0183] For adiopogenic differentiation, 170,000 cells were
added to a well of a 6-well plate. OM-MSC were grown in 2
ml, HBMSC growth medium at 37° C. and 5% CO, for 2 days
to allow cells to adhere to plate. Media is changed to 2 mL
Adipogenic Differentiation Medium (Invitrogen, Carlsbad,
Calif., USA). Differentiation media is changed every 3-4 days
until cells are approximately 70-80% confluent (approxi-
mately 1 week). Fat droplets could be observed visually at
20x. Wells were also stained by the following technique:
Wells were washed twice with Phosphate Buffered Saline
(PBS, Invitrogen, Carlsbad, Calif., USA). Wells were fixed
with 4% paraformaldehyde with 40 mM HEPES (4:1 PBS:
20% paraformaldehyde (Electron Microscopy Sciences, Hat-
field, Pa., USA) with 50 mM 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (Sigma Aldrich, Saint Louis, Mo.,
USA). Wells were washed twice with PBS and twice with
distilled water. Wells were incubated with 70% isopropyl
alcohol (Fisher, Waltham, Mass., USA) for 5 minutes. Wells
were incubated with Oil Red O solution (3:2 Oil Red O stock
solution: 2 deionized water; where Oil Red O stock solution
equals 300 mg Oil Red O (Sigma Aldrich, Saint Louis, Mo.,
USA) in 100 mL of isopropyl alcohol (Sigma Aldrich, Saint
Louis, Mo., USA)). Wells were rinsed with Deionized water.
Fat droplets (stained red) were observed at 20x.

[0184] For osteogenic differentiation, 170,000 OM-MSC
were added to a well of a 6-well plate and grown in HBMSC
growth medium at 37° C. and 5% CO, for 2 days to allow cells
to adhere to plate. Media was changed to 2 ml Osteogenic
Differentiation Medium (Invitrogen, Carlsbad, Calif., USA).
Differentiation media was changed every 3-4 days until cells
were approximately 70-80% confluent (approximately 2
weeks). Wells were stained by the following technique: Wells

May 26, 2016

were washed twice with Phosphate Buffered Saline (PBS,
Invitrogen, Carlsbad, Calif., USA). Wells were fixed with 4%
paraformaldehyde with 40 mM HEPES (4:1 PBS:20%
paraformaldehyde (Electron Microscopy Sciences, Hatfield,
Pa., USA) with 50 mM 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (Sigma Aldrich, Saint Louis, Mo.,
USA). Wells were washed three times with PBS. Wells were
incubated with Alizarin Red solution (50 mg Alizarin Red
(Sigma Aldrich, Saint Louis, Mo., USA in 25 mL. of deionized
water) for 20 minutes. Wash wells with PBS (Invitrogen,
Carlsbad, Calif., USA) three times. Calcium deposits/matrix
mineralization (stained red) was observed at 10x.

[0185] For chondrogenic differentiation, 500,000 SOM-
MSC were added to a 15 mL centrifuge tube. Tube was
centrifuged at 1500 rpm for 5 minutes and supernatant was
removed. 2 mL of 37° C. chondrogenic differentiation media
was overlayed over pellet. Without disturbing pellet, differ-
entiation media was changed every 3-4 days for 24 weeks.
The pellet was put into a cryo-mold which is filled with
Optimum Cutting Temperature compound, (Tissue-Tek, Tor-
rance, Calif., USA) and frozen over liquid nitrogen and stored
at-80° C. until time of sectioning. 10 uL. sections were placed
on slides and allowed to air dry for 1 hour. Slides were stained
with Alcain Blue solution (1 g Alcain Blue8GX (Sigma Ald-
rich, Saint Louis, Mo., USA)in 100 mL of 0.1 M HCL (Sigma
Aldrich, Saint Louis, Mo., USA). Sulfated proteoglycans
(stained blue) were observed at 10x.

Example 6

Treatment and Prevention of Alzheimer’s Disease

[0186] The effect of a single dose mesenchymal stem cells
on the treatment of Alzheimer’s disease was evaluated using
transgenic C57BL/6J mice (APPPS1 mice) that co-express
KM670/671NL. mutated amyloid precursor protein and
L166P mutated presenilin 1 under the control of a neuron-
specific Thyl promoter element (Radde et al. EMBO report
2006: 7, 9; 940-6). This transgenic Alzheimer’s disease
mouse model begins expressing cerebral amyloidosis at 6-8
weeks.

[0187] P, OM-MSC grown according to Example 3 were
administered to APPPS1 mice by injecting -2 million cells in
50 ul of LRS (lactated Ringer solution) in the tail vein in
groups of 4-5 animals. Experimental groups included adult
APPPS1 mice (6 months) and young APPPS1 mice (1.5
month old). Control animals of the same age as in respective
experimental group were similarly injected with lactated
LRS. Brain sections encompassing the hippocampus and
overlying cortex were stained with an anti-Abeta antibody
(Radde et al. EMBO report 2006: 7, 9; 940-6) and Abeta
amyloid plaques were subsequently observed under a light
microscope. Adult APPPS1 mice were evaluated 1 week and
4 weeks post-injection. Young APPPS1 mice were evaluated
4 weeks post-injection.

[0188] Qualitative evaluation of amyloid pathology
revealed no significant difference after an acute MSC injec-
tion in adult animals, both at 1 and 4 weeks post-injection.
These results were confirmed by two-dimensional quantifi-
cation of amyloid load in brains of injected animals. Photo-
graphs of immunohistochemical slides were digitized using
Imagel] program available at NIH website. The amyloid
plaque load was expressed in percentage of the area covered
by plaques. Young animals (pre-depositing age or no plaques
yet) injected with MSC revealed a significantly decreased
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plaque load at 4 weeks post injection (S=0.13%) compared to
a control group of animals injected with buffer (LRS, S=0.
63%). The difference in plaque load between treated and
control group was statistically significant estimated by two
ways analysis of variance. (p=0.03). The data is plotted in
FIG. 9 showing that the plaque onset and development is
delayed (brown square) as compared to the control group
(blue diamond) and plaque development baseline (solid black
line).

Example 7

Serial Administration of MSC in the Treatement of
Alzheimer’s Disease

[0189] The impact of a repeated intravenous administration
of adult ischemic-tolerant mesenchymal stem cells (OM-
MSC) on Abeta amyloid pathology was investigated in a
mouse model of Alzheimer’s disease. Ten weeks of MSC
treatment safely reduced cerebral Abeta amyloid plaques in
both adult and aged Alzheimeric mice. Notably, the benefit of
MSC on reducing amyloid pathology was ~4 times greater in
aged compared to adult animals. Our pre-clinical results indi-
cate that adult ischemic-tolerant MSC lower amyloid pathol-
ogy in a mouse model of Alzheimer’s disease, paving the way
for a next clinical trial in patients.

Materials and Methods
[0190] Mice:
[0191] For the injection of MSC, APPPSI1 transgenic mice

were obtained from Prof. M. Jucker (HIH, Tiibingen) and
maintained at the EPFL. animal core facility. The mice co-
express under the control of the Thy-1 promoter the KM670/
671NL Swedish mutation of human amyloid precursor pro-
tein (APP) and the L166P mutation of human presenilin 1
(PS1), and show the first amyloid plaques in the cortex by 6
weeks of age. Minimal vascular Abeta-amyloid is observed
and is predominantly restricted to the pial vessels (Radde,
Bolmont et al., 2006). APPPS1 mice were generated on a
C57BL/6 background and both male and female APPPS1
mice as well as aged-matched control non-transgenic litter-
mates were used. Mice were housed in groups of 5 in patho-
gen-free conditions until the beginning of the injection
experiments, after which they were singly housed.

[0192] Experimental Design for In Vivo Experiments:
[0193] All animal procedures were performed according to
the guidelines of the local authorities and Swiss animal pro-
tection law. APPPS1 mice received a weekly intravenous
MSC injection (500'000 cells/injection) for a total of 10
weeks. The animals were sacrificed one week after the last
injection. To facilitate the administration procedure, the ani-
mals were accommodated into a restraining box and the tail
vein revealed by trans-illumination with an optical fibre.
[0194] Preparation of MSC for Injection:

[0195] The required number of vials of frozen cells (P,
OM-MSC grown according to Example 3) were thawed in a
37° C. water bath (1 vial contains 15x10° cells in 1 ml of
freeze media with 10% DMSO). Vials were kept in the water
bath until a small (~2-3 mm) ice crystal remained. The con-
tent of the vials (1 ml) was transferred into the 225 mL
centrifuge tube. 20 ml of pre-warmed Lactated Ringers Solu-
tion was gently added (drop wise) and gently mixed. Then,
pre-warmed Lactated Ringers Solution was slowly added to a
volume of 180 ml. and mixed until homogenous. The tube
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was centrifuged at 600xg for 5 min at room temperature
(100% acceleration, 50% brake). The pellet was then
decanted in the 225 mL tube down as close to the pellet as
possible and the supernatant discarded. Subsequently, 20 ml
of pre-warmed Lactated Ringers Solution was gently added
and mixed. Pre-warmed Lactated Ringers Solution was
slowly added to a volume of 180 m[ and mixed until homog-
enous. The tube was centrifuged at 600xg for 5 min at room
temperature (100% acceleration, 50% brake). The pellet was
decanted in the 225 mL tube down as close to the pellet as
possible and the supernatant again discarded. Then 20 ml of
chilled Lactated Ringers Solution was slowly added to the
225 mL tube and mixed until homogenous. Additional chilled
Lactated Ringers Solution was slowly added to the 225 mL
tube to a volume less than the required cell dose. For cell
count, 100 ul was set aside. The cells were counted as to
determine yield and viability. The required volume of chilled
(2-8 C) Lactated Ringers Solution was slowly added to a
concentration of 5x10° cells/ml based on the cell count.
[0196] Histology and Immunohistochemisty:

[0197] One week after the last MSC delivery, mice were
deeply anesthetized and perfused transcardially with ice-cold
PBS (pH 7.4, 2 minutes) followed by 4% paraformaldehyde
in ice-cold PBS (8 minutes). Brains were removed and post-
fixed overnight in the same fixative followed by 48 hours
incubation in 30% sucrose at the temperature of 4° C. Brains
were then frozen in 2-propanol (Merck, Darmstadt, Ger-
many) and subsequently sectioned on a freezing-sliding
microtome to collect 25 um free-floating coronal sections.
Sections were immunostained to visualize Abeta deposits
using a mouse monoclonal antibody (6E10, 1:500; Covance,
Emeryville, Calif.) and a rabbit polyclonal antibody (DW6,
1:500; kindly provided by Prof. D. Walsh). These anti-Abeta
antibodies bind to both diffuse and compact amyloid. Sec-
ondary antibodies for peroxidase staining were obtained from
Vector Laboratories (ImmPRESS Ig Polymer Detection Kit)
and revelation was performed using Vector SG Substrate kit
(Vector Laboratories, Burlingame, Calif.). Additionally the
dye Thioflavin T (ThT 1% w/v of 50% Ethanol; Sigma Ald-
rich, St. Louis, Mo.) was used to specifically assess congo-
philic amyloid. The slides were then coversliped using
Vectashield Mounting Media (Vector Laboratories, Burlin-
game, Calif.) with and without DAPI counterstaining to con-
firm cell integrity.

[0198] Microglial reaction was assessed using a rabbit
polyclonal antibody to Iba-1 (1:1000; Wako, Neuss, Ger-
many) and neurofibrillary pathology evaluated using a mouse
monoclonal anti-human antibody against hyperphsphory-
lated tau (Thermo Scientific). MSC were localized by immu-
nohistochemistry using anti-Human antibody. The impact of
MSC treatment on the vasculature was performed by immu-
nohistochemistry with a CD31. To confirm that peripherally
injected MSC do not negatively affect the native brain cytoar-
chitecture, brain sections were stained with the histological
dye Cresyl violet (1% w/v; Sigma Aldrich, St. Louis, Mo.).
[0199] Quantification of Amyloid Plaque Load Following
MSC Treatment:

[0200] To acquire images of the cortex and hippocampus
used for quantifying the Abeta amyloid plaque load, stained
brain sections were imaged with an x10 objective using a
Zeiss Axiovert 200M/ApoTome microscope (Zeiss, Ger-
many) coupled with a Zeiss Axiocam HR camera (Zeiss,
Germany). For each of the 27 animals involved in this study,
10«2 stained brain sections with a thickness of 25 um and
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spaced from each other by 24 slices were available for imag-
ing. Among these, four sections were selected based on the
following criteria: one section encompassing the cortex (be-
tween position AP 0.74 mm and AP 0.38 mm from Bregma),
one section with the striatum (between the position AP —-0.46
mm and AP -0.70 mm from Bregma), one section showing
the dorsal hippocampus (between position AP —1.82 mm and
AP -2.18 mm from Bregma) and one section encompassing
the ventral hippocampus (between position AP -2.70 mm and
AP -3.08 mm from Bregma). For each selected section,
1300x1030 contiguous images (with less than 5% overlap-
ping) were captured for the cortex region (60+15 images per
animal), and in the hippocampus region when present (13+7
images per animal). This generated 5619 images taken from
both hemispheres and readily available for quantification of
amyloid load, among them 2733 for the Thioflavin T-stained
sections (2241 of the cortex and 492 of the hippocampus) and
2886 for the 6E10 stained sections (2386 of the cortex and
500 of the hippocampus). Coronal brain sections (25 um
thickness) were analysed with Image J. Area analysed was
adjusted manually so that each measurement was accurately
measuring only the region of interest and adjusted to exclude
brains regions other than cortex and hippocampus. Brain
sections encompassing the cortex and hippocampus, and
stained for Thioflavin T or 6E10, were quantified for amyloid
load. Forthe Thioflavin T analysis the image was inverted and
then a threshold of approximately 180 (with a 5% variance to
best adjust tissues for analysis) was applied in the default
setting. For 6el10 analysis a threshold of 140 (with a 5%
variance to best adjust tissues for analysis) was applied in the
default setting. The number was determined by looking at
multiple randomly selected tissues to find the best range that
accurately displays the plaques without background noise
from varying conditions. Thioflavin T-stained brain sections
were analysed with the parameters of larger than 5x5 pixels
and with a circularity of 0.15. 6E10-stained brain sections
were analyzed with the parameters of larger than 5x5 pixels
and with a circularity of 0.07.

[0201] Quantification of Iba-1-Positive Cells in Amyloid
Plaques:
[0202] The number of number of Iba-1-positive cells asso-

ciated with amyloid plaques following MSC treatment was
detected using bromodeoxyuridine incorporation and dou-
blecortin staining (Radde et al., Neurogenesis and alterations
of'neural stem cells in mouse models of cerebral amyloidosis.
Am J Pathol. 2008 June; 172(6): 1520-8). Mice were tran-
scardially perfused with ice-cold 4% paraformaldehyde in
PBS, and the brains were removed, postfixed overnight in the
same fixative, cryoprotected in increasing concentrations of
glycerol (10-20%) in phosphate buffer, frozen in 2-propanol
(Merck, Darmstadt, Germany), and stored at —80° C. until
sectioning on a freezing-sliding microtome (25 um sections).
Sections were either observed after washing without addi-
tional manipulation or were immunostained using antibodies
to visualize microglia (rabbit polyclonal 1:1000; Wako,
Neuss, Germany (Paganetti et al., 1996; Sturchler-Pierrat et
al., 1997, Pfeifer et al., 2002). Unbiased quantification of
microglia activation averaged over the total group and differ-
ent parts of the brain using ImagelJ software and two-dimen-
sional evaluation of the density of microglia revealed a quan-
titative increase of microglia of about 8% (p=0.09). Microglia
activation are compared in control (FIG. 10A) relative to
treated mice (FIG. 10B).
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[0203] Safety of Repeated Intravenous MSC Delivery in
Non-Transgenic Animals:

[0204] To evaluate for the presence of morphological
abnormalities or lesion(s) following the delivery of MSC,
adult (16 month-old, n=4) and aged (26 month-old, n=2)
non-transgenic animals received a weekly intravenous injec-
tion of MSC for 10 weeks (FIG. 11). One injection consisted
of'a delivery through the tail vein of 500'000 cells in 100 ul of
Lactated Ringers Solution (LRS) (FIG. 11A). As control,
adult (n=2) and aged (n=4) non-transgenic mice were evalu-
ated following weekly injections of the same volume of LRS
(100 ul) for 10 weeks. Uninjected adult (n=2) and aged (n=2)
wild-type animals were also used as controls. One week after
the last injection, brains of chronically injected wild-type
mice were evaluated for the presence of morphological
abnormalities or lesion(s) following MSC delivery. The injec-
tion appeared very safe, as Cresyl violet coloration failed to
evidence any advert effect on the cerebral architecture or the
appearance of injury in any of the injected animals (FIG.
11B). This observation that the brain environment did not
suffer from the MSC delivery was confirmed by DAPI stain-
ing (FIG. 11C). Furthermore, staining could not reveal any
increase in cerebral bleeding between the animals injected
with MSC and these injected with LRS (FIG. 11D). Regular
observation of the animals during the experiment revealed no
overt behavioural change.

[0205] ImpactofChronic MSC Delivery on Abeta Amyloid
Pathology in Alzheimer Mice:

[0206] To determine whether a chronic administration of
adult ischemic-tolerant MSC reduce Abeta amyloid pathol-
ogy in vivo, amyloid-depositing adult (16 month-old, n=6)
and aged (26 month-old, n=7) APPPS1 mice received a
weekly intravenous MSC injection for 10 weeks (FIG. 2. B,
D). One injection consisted of a delivery through the tail vein
01'500,000 cells in 100 ul of LRS. Repeated control injections
of the same volume of LRS (100 ul) were performed weekly
in adult (n=8) and aged (n=6) APPPS1 mice (FIGS. 12A and
12C). One week after the last injection, the brains of the
animals were collected and immmunostained with a mouse
monoclonal anti-Abeta antibody (6E10) (see materials and
methods for further details). This antibody was chosen to
allow for the immunohistochemical detection of both types of
amyloid plaques (diffuse and compact) in the cortex and
hippocampus of the injected APPPS1 animals. Quantification
of'amyloid load on 6E10-stained sections revealed that cere-
bral Abeta amyloidosis was significantly reduced following
MSC treatment (-29.3%, p<0.0001), as compared to control
APPPS1 mice intravenously injected with LRS (FIG. 12E).
Although both adult and aged APPPS1 animals globally ben-
eficiated from the MSC delivery, the impact of MSC on
reducing amyloid pathology was much greater in aged mice
(-45.8%, p<0.00001) in comparison to adult mice (-12.6%,
p<0.01) (FIG. 12F). In fact, post hoc analyses revealed that in
adult APPPS1 mice, reduction of amyloid load was weak but
significant in the hippocampus (-18.2%, p=0.0165), and not
statistically significant for the cortex (-7.0%, p=0.17034)
(FIG.12H). In contrast, aged APPPS1 mice treated with MSC
showed a robust decease in amyloid load for both the cortex
(-39.5%, p<0.0001) and hippocampus (-52.2%, p<0.00001)
(FIG. 12G). There results were confirmed qualitatively fol-
lowing visual inspection of amyloid plaques staining with a
rabbit polyclonal anti-Abeta antibody (DW6). In sharp con-
trast to the repeated MSC delivery, an acute administration of
the same MSC preparation in adult or aged APPPS1 mice was
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not sufficient to benefit on amyloid pathology at one week
after the intravenous injection.

[0207] Reduction of Congophilic Versus Diffuse Amyloid:

[0208] In the Alzheimeric mouse model studied, the vast
majority of amyloid plaques in young animals are small and
100% congophilic, with virtually no diffuse amyloid. As the
animals become older, the number and size of compact amy-
loid plaques increase and diffuse amyloid develops at the
periphery of compact plaques. In aged APPPS1 animals
thereafter, significant diffuse amyloid is observed throughout
the cortex. Quantification of amyloid load by 6E10 immuno-
histochemistry (for detection of both types of amyloid) does
not allow to determinate the relative impact of MSC on dif-
fuse versus compact amyloid. To investigate whether com-
pact amyloid was lowered to the same extend as diffuse
amyloid following MSC administration, brains sections were
stained only for congophilic amyloid (i.e., with Thioflavin T
histological dye) (FIG. 3, A-D). The reduction in compact
amyloid load was subsequently quantified (FIG. 3, E-H) and
compared to the reduction in amyloid load on brains sections
stained for both types of amyloid (i.e., following immun-
ostaining with anti-Abeta antibody 6E10). Quantification of
compact amyloid load on Thioflavin T-stained brain sections
revealed a significant reduction following MSC treatment
(-27.1%, p<0.0001), as compared to control APPPS1 mice
intravenously injected with LRS (FIG. 3. E). The impact of
MSC on reducing amyloid pathology was much greater in
aged mice (-31.6%, p<0.00001) in comparison to adult mice
(-17.6%, p<0.05) (FIG. 3. F). In fact, post hoc analyses
revealed in aged APPPS1 mice treated with MSC a robust
decease in amyloid load for both the cortex (-26.7%, p<0.
00001) and hippocampus (-38.1%, p<0.0001) (FIG. 3. G). In
contrast in adult APPPS1 mice, and although reduction of
amyloid load was significant in the hippocampus (-30.0%,
p<0.01), it was not statistically significant for the cortex (-6.
5%, p=0.6845) (FIG. 3. H). These results demonstrate that not
only diffuse but also congophilic amyloid in the Alzheimer
mouse model studied is amenable to peripheral MSC deliv-

ery.
[0209]

[0210] We have investigated the impact of a repeated intra-
venous administration of adult ischemic-tolerant mesenchy-
mal stem cells (MSC) on cerebral Abeta amyloid pathology in
the APPPS1 mouse model of Alzheimer’s disease. Our work
demonstrates that a chronic MSC treatment safely reduced
cerebral Abeta amyloid plaques in both adult and aged
APPPS1 mice. Importantly, the impact of MSC on reducing
amyloid pathology was ~4 times greater in aged compared to
adult mice.

Conclusion:

Example 8

Stem Cell Factors in the Treatment of Alzheimer’s
Disease

Stem Cell Culture for Collection of Cell Factors

[0211] Mesenchymal stromal cells were isolated from the
bone marrow of young adult volunteers. Cells were expanded
for 3 passages in nutrient media containing 15% fetal bovine
serum. Cells were maintained in the atmosphere containing
5% oxygen, 5% CO, and 90% nitrogen through all passages.
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[0212] At passage 4, mesenchymal cells were seeded into
Corning S-stack culture chambers (one chamber has 3180
cm? area). The seeding density was ~300 cells per square
centimeter (300 cells/cm?).

[0213] Dividing mesenchymal stromal cells covered 80%
of growth area on day 6 after seeding. On day 6, cellular
monolayers were washed twice with warm Hanks’ salt solu-
tion to remove bovine serum proteins. Immediately after the
last wash, Corning 5-stack culture chambers were filled with
warm serum-free nutrient medium (1 L/chamber). This
medium contained DMEM/F12 medium with 15 mM HEPES
and phenol red (Life Sciences)+0.5 g/I. recombinant human
albumin (Invitria)+25 mg/L. recombinant human transferrin
(Invitria)+2 mM GlutaMAX-1. Filled culture chambers were
returned to the incubators and left there for 55 hours. Incuba-
tors were set to maintain a reduced oxygen atmosphere (5%
oxygen, 5% CO, and 90% nitrogen).

Concentrating MSC-Conditioned Medium by Tangential
Flow Filtration.

[0214] After 55 hours, serum-free MSC-conditioned
medium was collected into sterile vessels, and then cooled on
melting ice for 2 hours. Cooled MSC-conditioned medium
was cleared from cells and debris by pre-filtering it through a
capsule filter with pore size of 0.5-um (PALL Mini Profile
capsule filters). The pump speed was adjusted to apply 0.5 bar
pressure to the filter. Cleared medium (10 L) was collected
into a sterile process bag. The MSC-conditioned medium was
concentrated 50x times using two ultrafiltration cassettes
sandwiched together (PALL Centramate T-series cassettes
with 5 kD MWCO). The pump speed was set to 1 L/minute.
Feed and retentate pressure were maintained around 12-14
psi. MSC-conditioned medium was kept on melting ice dur-
ing ultrafiltration.

[0215] Concentrated MSC-conditioned medium was col-
lected, and then filter-sterilized (Nalgene vacuum filtration
unit, 0.2 pm pore size). Sterile concentrated MSC-condi-
tioned medium was mixed with 60% sucrose/isomaltitol
solution: 200 g of MSC medium plus 100 g of 60% sucrose/
isomaltitol solution. Sucrose/protein solution was left over-
night on melting ice. Recipe of 60% sucrose/isomaltitol solu-
tion: 800 g sucrose (www.Ferro.com S-124-2-MC, low
endotoxin, USP grade); 400 g isomaltitol (www.beneo-pala-
tinit.com, galenlQ™ 720, USP grade), 800 g water (SIGMA,
cell culture grade). Sucrose and isomaltitol were dissolved in
hot water (+60° C.) and filter-sterilized while hot using a
Nalgene vacuum filtration unit (0.2 um pore size).

Stabilization of MSC-Conditioned Medium by Foam-Drying
in Vacuum.

[0216] Sterile sucrose/protein solution was pipetted into
sterile glass bottles (2 ml/bottle). The bottles (20 ml) and
silicon rubber stoppers for freeze-drying were purchased
from Wheaton. Bottles and stoppers were sterilized by auto-
claving. Sterile sucrose/protein solution was pipetted into the
bottles under a laminar flow hood. The solution was distrib-
uted using electronic pipette (Eppendorf Repeater) equipped
with sterile, entotoxin-free tips (Eppendorf BioPur Com-
bitips, 50 ml). The bottles were placed on a tray and then
covered with silicon stoppers. The tray was transferred into a
chamber of a freeze-dryer controlled by VirTis Maestro™
software. A typical foam-drying cycles is disclosed in the
U.S. patent application EP2567708 A3. After completion of
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drying cycle, the bottles were sealed while still under
vacuum. Then, pressure was elevated to normal. The bottles
were crimped with aluminum caps. The bottles were steril-
ized by 25 kGy dose of electron beam radiation.

[0217] Concentration of human proteins was measured
using Raybiotech Q-2000 Quantibody array that quantifies
120 human proteins. Thirty seven MSC-derived human pro-
teins (n=37) were found in quantities greater than 0.5 nano-
gram per bottle. The composition of stabilized MSC-condi-
tioned medium is shown in the Table 1.

TABLE 1
C
A B Nanogram D E
No.: MSC-secreted proteins  per bottle ng/ml ng/20 pul (daily dose)
1 IGFBP-4 14274  713.70 14.274
2 TIMP-2 1,148.0  574.00 11.480
3 IGFBP-6 8524  426.20 8.524
4 IGFBP-2 239.2  119.60 2.392
5 Insulin 195.6 97.80 1.956
6 IGFBP-3 194.9 97.45 1.949
7 TIMP-1 116.8 58.40 1.168
8 FGF-4 57.0 28.50 0.570
9 VEGF-A 49.8 24.90 0.498
10 HGF 35.9 17.95 0.359
11 MCP-1 25.2 12.60 0.252
12 MIF 25.0 12.50 0.250
13 1IL-6 21.0 10.50 0.210
14 Osteoprotegerin 10.3 5.15 0.103
15 FGF-7 (KGF-1) 8.2 4.10 0.082
16 FGF-2 7.3 3.65 0.073
17 CXCL-16 6.7 3.35 0.067
18 GRO 5.9 295 0.059
19 EGF-Receptor 4.9 2.45 0.049
20 ENA-78 4.3 2.15 0.043
21 TNF-Receptor I 4.1 2.05 0.041
22 Axl 2.6 1.30 0.026
23 PF4 2.3 1.15 0.023
24 BMP-5 1.9 0.95 0.019
25 ICAM-1 1.5 0.75 0.015
26 MCF-Receptor 1.4 0.70 0.014
27 IGFBP-1 1.1 0.55 0.011
28 OPN 1.0 0.50 0.010
29 IGF-1 1.0 0.50 0.010
30 IL-16 0.9 0.45 0.009
31 SCF 0.8 0.40 0.008
32 IL-8 0.8 0.40 0.008
33 IL-15 0.6 0.30 0.006
34 M-CSF 0.6 0.30 0.006
35 MDC 0.5 0.25 0.005
36 IL-29 0.5 0.25 0.005
37 GCP-2 0.5 0.25 0.005

Column “A” lists protein growth factors and cytokines in descending order.
Column “B” shows growth factor name.

Column “C” shows the amount of a growth factor in one bottle containing anhydrous
sugar-protein foam (ng/bottle).

Column “D” shows growth factor concentration (ng/ml) after a bottle is reconstituted with
2 ml of water.

Column “E” shows quantity of a growth factor in a 20-pl drop of reconstituted MSC-
conditioned medium. One 20-pl drop represents a daily dose of MSC-secreted growth
factors administered to one mouse intranasally (a 10-ul droplet was pipetted into each nare
of the mouse, 20 pl total). For example, one daily dose of MSC-derived growth factors
contains 14.274 ng IGFBP-4, 11.480 ng TIMP-2, 0.498 ng VEGF-A, 0.359 ng HGF, 0.073
ng FGF-2, etc. (see column “E” for the rest).

Intranasal Administration of Stem Cell Factors

[0218] 2 ml of LRS was added into the sterile bottle with a
syringe. Preserved factors were all dissolved. The solution
was separated in about 20 vials (about 100 ul/per vial) and
was kept at —20 C. For the injection the vial was thawed. For
the intranasal injection mice (n=5) were anesthetized by isof-
lurane and 10 ul was injected in each nostril daily for two 6
day consecutive periods for 2 weeks (13 injections) first
series, then (2" series) for 4 weeks (24 injections).

19
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[0219] Animals were terminated in 1 day after last injec-
tion. Brains were extracted for 6E10 staining and CD31.
Animals were terminated in 2 day after last injection. Brains
were extracted for 6E10 staining as described under Example
7 above. Eyebowl evaluations showed amyloid removal
based on 6E10 staining

We claim:

1. A method for preventing Alzheimer’ disease in a subject
comprising:

a) identifying a subject at risk for developing Alzheimer’s

disease; and

b) administering to said subject a composition comprising

an effective amount of mesenchymal stem cells;

¢) wherein said administering prevents Alzheimer’s dis-

ease in said subject.

2. The method of claim 1, wherein said mesenchymal stem
cells are grown under normoxic conditions, hypoxic condi-
tions, or a combination thereof.

3. The method of claim 2, wherein said hypoxic conditions
comprise culturing said mesenchymal stem cells under low
oxygen for at least four passages.

4. The method of claim 1, wherein said mesenchymal stem
cells are obtained from bone marrow, peripheral blood,
umbilical cord blood, dermis, muscle, or a combination
thereof.

5. The method of claim 1, wherein said mesenchymal stem
cells are CD13(+) and CD122(-).

6. The method of claim 1, wherein identifying comprises
detecting at least one ApoE €4 allele in said subject.

7. The method of claim 1, wherein said mesenchymal stem
cells are administered intracerebrally, intranasally, intravas-
cularly, or a combination thereof.

8. A method for inhibiting the progression of Alzheimer’
disease in a subject comprising:

a) identifying a subject having early stage Alzheimer’s

disease; and

b) administering to said subject a composition comprising

an effective amount of mesenchymal stem cells;

¢) wherein said administering inhibits the progression of

Alzheimer’s disease in said subject.

9. The method of claim 8, wherein said mesenchymal stem
cells are grown under normoxic conditions, hypoxic condi-
tions, or a combination thereof.

10. The method of claim 9, wherein said hypoxic condi-
tions comprise culturing said mesenchymal stem cells under
low oxygen for at least four passages.

11. The method of claim 8, wherein said mesenchymal
stem cells are obtained from bone marrow, peripheral blood,
umbilical cord blood, dermis, muscle, or a combination
thereof.

12. The method of claim 8, wherein said mesenchymal
stem cells are CD13(+) and CD122(-).

13. The method of claim 8, wherein said identitying com-
prises detecting in said subject the presence of amyloid beta
plaques, a-synuclein, tau protein, at least one neuroinflam-
matory markers, retinal ganglion cell dendritic degeneration,
at least one ApoE e4 allele, cereberal atrophy, or a combina-
tion thereof.

14. The method of claim 8, wherein said mesenchymal
stem cells are administered intracerebrally, intranasally,
intravascularly, or a combination thereof.
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15. A method for inhibiting the progression of Alzheimer’
disease in a subject comprising:

a) identifying a subject having early stage Alzheimer’s
disease; and

b) administering to said subject a composition comprising
an effective amount of mesenchymal stem cell factors;

¢) wherein said administering inhibits the progression of
Alzheimer’s disease in said subject.

16. The method of claim 15, wherein said mesenchymal
stem cell factors are obtained from mesenchymal stem cells
that are cultured under normoxic conditions, hypoxic condi-
tions, or a combination thereof.

17. The method of claim 16, wherein said hypoxic condi-
tions comprise culturing said mesenchymal stem cells under
low oxygen for at least four passages.

18. The method of claim 15, wherein said mesenchymal
stem cells are obtained from bone marrow, peripheral blood,
umbilical cord blood, dermis, muscle, or a combination
thereof.

19. The method of claim 15, wherein said mesenchymal
stem cells are CD13(+) and CD122(-).

20. The method of claim 15, wherein said identifying com-
prises detecting in said subject the presence of amyloid beta
plaques, a-synuclein, tau protein, at least one neuroinflam-
matory markers, retinal ganglion cell dendritic degeneration,
at least one ApoE e4 allele, cereberal atrophy, or a combina-
tion thereof.
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21. The method of claim 15, wherein said mesenchymal
stem cells are administered intracerebrally, intranasally,
intravascularly, or a combination thereof.

22. A method for manufacturing mesenchymal stem cells
comprising:

a) obtaining mesenchymal cells from a donor source;

b) providing a culture vessel having culture medium

therein;

¢) seeding said culture vessel with said mesenchymal cells
at a density of about 6.8x10% cells/cm?;

d) culturing said seeded mesenchymal cells for a first pas-
sage under low oxygen;

e) passaging said cultured mesenchymal cells for at least
three passages under low oxygen, wherein said at least
three passages are seeded at a density of between about
5-1,000 cells/cm?;

f) wherein said passaging produces a population of mes-
enchymal stem cells.

23. The method of claim 22, wherein said donor source is
selected from bone marrow, dermis, peripheral blood, adi-
pose, cord blood, placenta, or a combination thereof.

24. The method of claim 22, wherein said low oxygen is 5%
oxygen.

25. The method of claim 22, wherein said mesenchymal
stem cells are CD13(+) and CD122(-).

26. A composition for inhibiting or preventing the progres-
sion of Alzheimer’s disease, said composition comprising an
effective amount of purified mesenchymal stem cells that are
CD13(+) and CD122(-).
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