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NUTRIENT ENRICHED MEDIA FOR hUTC GROWTH
FIELD OF THE INVENTION

[0001] This application relates to nutrient enriched culture media for the growth of

anchorage-degendent cells, such as e.g. umbilical cord tissue-derived cells.

BACKGROUND OF THE INVENTION

[0002] For an'Wlogeneic cell therapy product, cells or tissues are obtained from a donor,
which are further manipiNated before administering to patients. Generally, a manufacturing
process for non-homologoudgell therapy product includes the following steps: thawing a cell
bank vial and expanding cells {§ inoculate a production vessel; producing cells in a production
vessel; removing undesirable impiities used during production of cells such as serum and
trypsin; concentrating cells; formulatig cells into the final formulation buffer; and freezing
cells. Such manufacturing processes ca\be quite complex and expensive. For example, the
cells for cell therapy applications are genely cultivated and expanded in growth medium
supplemented with serum. The cost of produdon of cell therapy can be very high due to the
high cost of serum, medium, and other consumalXgs used in the process. Multiple factors can
limit cells from growing to high cell density, includg nutrient limitation, cell byproduct
accumulation in culture, physical cnvironment, etc. Adgordingly, it is desirable to incrcasc
volumetric cells produced from a production vessel by grdyving cells to high cell density.

[0003] Previously, it has been shown that anchorage-Nependent cells, such as e.g. human
umbilical cord tissue derived-cells (hUTCs), can be grown to hi\h cell density by exchanging
cell growth medium containing 15% Fetal Bovine Serum (FBS) on\day 3 of the run. However,
such a medium exchange is less desirable due to high serum cost, higl\serum usage for
production, and additional operational manipulations. Therefore, a procéys with medium
exchange is not commercially feasible.

[0004] What is necded is a new method for growing cells without the né¢d of exchanging

cell growth medium that is commercially feasible.
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SUMMARY OF THE INVENTION

[0083] One embodiment of the invention is a culture medium for growing anchorage-
dependdqt cells comprising: (1) the amino acids L—Arginine; L-Cystine; L-Cysteine; L-
Glutamine\Glycine; L-Histidine; L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-
Phenylalaningy L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; L-Alanine; L-
Aspargine; L-As\artic Acid; L-Glutamic Acid; L-Proline; and L-Taurine; (2) the vitamins D-
calcium pantothenal; choline chloride; folic acid; I-inositol; niacinamide; pyridoxal; riboflavin;
thiamine; d-Biotin; pyNdoxine; and Vitamin By, (cyanocobalamin); (3) the salts calcium
chloride, potassium chlorNe, magnesium sulfate, sodium chloride, and one or more sodium
phosphate salts; (4) the nucldgsides thymidine, adenosine, cytidine, uridine and guanosine; (5)
insulin; (6) transferrin; (7) lipotzacid/thioctic acid; (8) ethanolamine; (9) sodium selenite; and
(10) one or more energy sources.

[0006] In one embodiment, thy culture medium comprises:

at least about 0.05 g/L of L-ArgitNne; at least about 0.02 g/L of L-Cystine; at least about
0.2 g/L of L-Glutamine; at lcast about 0.01 WL Glycine; at Icast about 0.02 g/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least aDQut 0.09 g/L of L-Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methion¥ge; at least about 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.0 of L-Threonine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrositg; at least about 0.08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteine; at least about 0.0004 f L-Alanine; at least about 0.01 g/L
of L-Aspargine; at least about 0.006 g/L of L-Aspartic Acid; X least 0.03 g/L of L-Glutamic
Acid, at least about 0.005 g/L L-Proline; and at least about 0.000§ g/L of L-Taurine;
from about 5 x 10° g/L fo about 0.015 g/L of each of the vitamins;

at least about 0.05 g/L of Calcium Chloride, Anhydrous, at leasabout 0.1 g/L of
potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least ahput 0.08 g/L of
sodium phosphate, monobasic, H,O and at least about 0.0005 g/L of sodiumRhosphate, dibasic
heptahydrate (Na,HPO,.7H,0);

at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each ofgdenosine,

cytidine, uridine, and guanosine; and
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at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoX, acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of
sodium\gelenite.
[0007] Another embodiment of the invention is a serum-free nutrient solution for
growing anciQrage dependent cells, which comprises:

the amin acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-LysirN, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Prolinc and
L-Taurine;

the vitamins D-calcidn pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamineNJ-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

the salts sodium phosphate\monobasic and sodium phosphate, dibasic heptahydrate;

the nucleosides adenosine, cyNdine, uridine and guanosine;

insulin; transferrin; lipoic acid/tiNpctic acid; ethanolamine; and sodium selenite.
[0008] The invention also providesXits for growing anchorage-dependent cells. The kits
comprise the culture medium and/or serum-frég nutrient solution. The culture medium, serum-
free solution, and kits may be used in a method oNgrowing anchorage-dependent cells (such as
e.g. umbilical cord tissue-derived cells).
[0009] Accordingly, another embodiment of th&\jnvention is a method of culturing
isolated umbilical cord tissue-derived cells comprising:

growing umbilical cord tissue-derived cells seeded on\nicrocarriers in a culture medium
comprising amino acids, vitamins, salts, nuclcosidcs, lipoic/thioXic acid, cthanolamine, insulin,
transferrin, sodium selenium, which is supplemented with serum, f& a sufficient period of time
to allow for the cells to achieve a desired initial population density;

adding a serum-free nutrient solution, which comprises amino aciNg, vitamins, salts,
insulin, transferrin, ethanolamine, lipoic acid/thioctic acid, sodium seleniumNafter the cells have
achieved the desired initial population density; and

growing the cells for a sufficient period of time to allow for the cells to aciNgve a desired
final population density.
[0010] The method may further comprise additional steps. In one embodiment,

method further comprises seeding the cells on the microcarriers. In another embodiment, t
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ethod further comprises isolating the cells after culturing. In one embodiment, the desired

init\y] population density is achieved after 3 to 4 days. The method does not require medium
exchange. The method may be carried out in a roller bottle culture system and the microcarriers
may have§n amine treated surface.
[0011] The umbilical cord tissue-derived cells used in the method are isolated from
human umbilic\ cord tissue substantially free of blood, are capable of self-renewal and
expansion in cultuN, have the potential to differentiate, express CD13, CD90, HLA-ABC, and
do not express CD34,XCD117, and HLA-DR. In one embodiment, the cells do not express
hTERT or telomerase. TRe characteristics of the cells before and after culture are substantially
the same. In one embodimeyt, the characteristics of the cells before and after culturing are the
same,
[0012] In one embodimen\ the culture medium used in the method comprises:

the amino acids L-Arginine; N-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; L-Mgthionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanig; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid;
L-Proline; and L-Taurine;

the vitamins D-calcium pantothenate; chd\ine chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxin¥, and Vitamin Bi; (cyanocobalamin);

the salts calcium chloride, potassium chloride, Nagnesium sulfate, sodium chioride, and
one or more sodium phosphate salts;

the nucleosides thymidine, adenosine, cytidine, urididg and guanosine;

insulin; transferrin; lipoic acid/thioctic acid; cthanolamiNg; sodium selenite; and one or
more energy sources (such as e.g. D-glucose and sodium pyruvate
[0013] In another embodiment, the culture medium used in th&method comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of IN\Cystine; at least about
0.2 g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02°%/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at le¥gt about 0.09 g/L
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oX\L-Aspargine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic
Acid\at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;
om about 5 x 107 g/L to about 0.015 g/L of each of the vitamins;
at Nast about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chNride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphal, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic

at lcast about (001 g/L of thymidinc and least about 0.005 g/L of cach of adenosine,
cytidine, uridine, and guapsine; and

at least 0.003 g/L of Wsulin, at least 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoic acid/thioctic acid, at leastN}.05 g/L. of ethanolamine and at least about 0.00004 g/L of
sodium selenite.
[0014] The culture medium udgd in the method is supplemented with 2 to 20% of FBS.
In one embodiment, the culture medium\g supplemented with about 7.5%, about 10%, or about
15% of FBS.
[0015] In one embodiment, the serum-Xee nutrient solution used in the method
comprises:

the amino acids L-Arginine, L-Cystine, L-Cy\teine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, Neserine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic ANd, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; f&ic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin By, (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, Yibasic heptahydrate;

heptahydrate, (ZnSO4.7H;0);

the nucleosides adenosine, cytidine, uridine and guanosine;

insulin; transferrin; ethanolamine; lipoic acid/thioctic acid; and sodium seldyite.
[0016] The culture medium and serum-free nutrient solution may also containKurther
components. For exampie, the culture medium and/or serum-free nutrient solution may Nyrther

comprise putrescine, a stabilizer, and/or a foaming agent.
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017] Other features and advantages of the invention will be apparent from the detailed

desdiption that follows.
DETAILED DESCRIPTION

[0018] In the following detailed description of the illustrative embodiments, reference is
made to the ackpmpanying drawings that form a part hereof. These embodiments are described
in sufficient detat\to enable those skilled in the art to practice the invention, and it is understood
that other embodimegts may be utilized and that logical structural, mechanical, electrical, and
chemical changes may B¢ made without departing from the spirit or scope of the invention. To
avoid detail not necessary ¥ enable those skilled in the art to practice the embodiments described
herein, the description may oNit certain information known to those skilled in the art. The
following detailed description isNtherefore, not to be taken in a limiting sense.

[0019] In one aspect, the in¥¢ntion provides for a process for growing anchorage-
dependent cells, such as e.g. human uNbilical cord tissue-derived cells (“hUTC”), attached to
microcarriers in a serum-containing mediym to high cell density without medium exchange by
feeding culture with serum-free nutrient sohXjon in the middle of the run. The process allows for
growth of cells to high cell density without affexting the biological function of the cells. Since
the invention increases the yield from the productiyn bioreactor, the invention provides

economic and commercial benefits.

[0020] In another aspect, the invention provides Yor culture media and nutrient solutions
that are suitable for growing anchorage-dependent cells in Sginner flasks, preferably without the
need for medium exchange.

[0021] In one embodiment, the invention discloses the coNposition of an enriched
medium and a concentrated serum-free nutrient solution to grow hUXC to high density in spinner
flasks without medium exchange. This method reduces serum usage aiN increases volumetric
productivity to reduce cost of manufacturing. In particular, the method aliaws for enhanced
doubling with media exchange.

[0022] In another embodiment, the invention provides a serum-free nutrt
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t\Jarge-scale bioreactors. In yet another embodiment, the invention provides a culture medium
comyyising amino acids, vitamins, salts nucleosides, insulin, transferrin, and optionally but
preferally ethanolamine and sodium selenium. Prior to use, this culture medium may be
supplemerXed with serum.

[0023] Another aspect of the invention is a method of growing hUTCs attached to
microcarriers to Righ cell density in suspension culture in spinner flasks by enriching the serum
containing growth edium with nutrients and feeding the culture with serum-free nutrients is
also disclosed. This nthod climinates medium exchange to grow hUTCs to high density.
[0024] Various te\ns are used throughout the specification and claims. Such terms are to
be given their ordinary meang in the art unless otherwise indicated. Other specifically defined
terms are to be construed in a nnner consistent with the definition provided herein.

[0025] In one embodiment\the cells used in the present invention are generally referred
to as postpartum cells or postpartum-¥grived cells (PPDCs). These cells are more specifically
“umbilicus-derived cells” or “umbilical ¥ord-derived cells” (UDC), or “umbilical cord tissue-
derived cells” (UTC). In addition, the cclls\pnay be described as being stem or progenitor cclls,
the latter term being used in the broad sense. Wae term “derived” is used to indicate that the cells
have been obtained from their biological source ayd grown or otherwise manipulated in vitro
(e.g., cultured in a growth medium to expand the popylation and/or to produce a cell line). The
in vitro manipulations of umbilical stem cells and the uNique features of the umbilicus-derived
cells of the present invention are described in detail below)

[0026] Stem cells are undifferentiated cells defined bi\the ability of a single cell both to
sclf-rencw and to differentiate to producc progeny cells, includidg sclf-renewing progenitors,
non-renewing progenitors, and terminally differentiated cells. Sten\cells are also characterized
by their ability to differentiate in vifro into functional cells of various &ll lineages from multiple
germ layers (endoderm, mesoderm and ectoderm), as well as to give rise \ tissues of multiple
germ layers following transplantation, and to contribute substantially to mos),if not all, tissues
following injection into blastocysts.

[0027] Stem cells are classified according to their developmental potentials: (1)
totipotent; (2) pluripotent; (3) multipotent; (4) oligopotent; and (5) unipotent. TotipoXat cells
are able to give rise to all embryonic and extraembryonic cell types. Pluripotent cells ar®\able to

give rise to all embryonic cell types. Multipotent cells include those able to give rise to a siNset
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cell lineages, but all within a particular tissue, organ, or physiological system. For example,

rise to a single &ll lineage (e.g., spermatogenic stem cells).
[0028] Ste
An adult stem cell is d¢nerally a multipotent undifferentiated cell found in tissue comprising
multiple differentiated cy types. The adult stem cell can renew itself. Under normal
circumstances, it can also dXferentiate to yield the specialized cell types of the tissue from which
it originated, and possibly otheXtissue types. An embryonic stem cell is a pluripotent cell from
the inner cell mass of a blastocyst\gtage embryo. A fetal stem cell is one that originates from
fetal tissues or membranes. A postpdtum stem cell is a multipotent or pluripotent cell that
originates substantially from extraembrgnic tissue available after birth, namely, the umbilical
cord. These cells have been found to possdgs features characteristic of pluripotent stem cells,
including rapid proliferation and the potentialNor differentiation into many cell lineages.
Postpartum stem cells may be blood-derived (e.g\ as are those obtained from umbilical cord
blood) or non-blood-derived (e.g., as obtained fromXhe non-blood tissues of the umbilical cord
and placenta).
[0029] Various terms are used to describe cells inulture. “Cell culture” refers generally
to cells taken from a living organism and grown under contr®led conditions (“in culture” or
“cultured”). A “primary cell culture” is a culture of cells, tissudy, or organs taken directly from
an organism(s) before the first subculture. Cells are “expanded” itNgulture when they are placed
in a growth medium under conditions that facilitate cell growth and/oNdivision, resulting in a
larger population of the cells. When cells are expanded in culture, the ra¥ of cell proliferation is
sometimes measured by the amount of time needed for the cells to double itlNnumber. This is
referred to as “doubling time.”
[0030] The term “cell line” generally refers to a population of cells forme¥by one or
more subcultivations of a primary cell culture. Each round of subculturing is referreto as a
passage. When cells are subcultured, they are referred to as having been “passaged.”

population of cells, or a cell line, is sometimes referred to or characterized by the number

-8-



WO 2014/093598 PCT/US2013/074615

es it has been passaged. For example, a cultured cell population that has been passaged ten
timeg may be referred to as a P10 culture. The primary culture, /.e., the first culture following
the isoNtion of cells from tissue, is designated PO. Following the first subculture, the cells are
described % a secondary culture (P1 or passage 1). After the second subculture, the cells
become a terary culture (P2 or passage 2), and so on. It will be understood by those of skill in
the art that there\nay be many population doublings during the period of passaging; therefore,
the number of popiNation doublings of a culture is greater than the passage number. The
expansion of cells (Z.e\the number of population doublings) during the period between
passaging depends on mayy factors, including, but not limited to, the seeding density, substrate,
medium, growth conditions,\gnd time between passaging.
[0031}] “Differentiation\is the process by which an unspecialized (“uncommitted™) or
less specialized cell acquires the fdgtures of a specialized cell, such as e.g. anerve cellor a
muscle cell. A “differentiated” cell i3\one that has taken on a more specialized (“committed”)
position within the lineage of a cell. Th\term “committed”, when applied to the process of
diffcrentiation, refers to a cell that has procygded in the differentiation pathway to a point where,
under normal circumstances, it will continue t\differentiate into a specific cell type or subset of
cell types, and cannot, under normal circumstancdg, differentiate into a different cell type or
revert to a less differentiated cell type. “De-differen§ation” refers to the process by which a cell
reverts to a less specialized (or committed) position witRin the lineage of a cell. As used herein,
the “lineage” of a cell defines the heredity of the cell, i.e., {hich cells it came from and what
cells it can give rise to. The lineage of a cell places the cell Wthin a hereditary scheme of
development and differentiation.
[0032] In a broad sense, a “progenitor cell” is a cell that has\the capacity to create
progeny that are more differentiated than itself, and yet retains the cap¥gity to replenish the pool
of progenitors. By that definition, stem cells themselves are also progenidr cells, as are the

more immediate precursors to terminally differentiated cells. When referrin\to the cells of the
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rdgew. Accordingly, if this type of cell is referred to herein, it will be referred to as a “non-
reneYing progenitor cell” or as an “intermediate progenitor or precursor cell.”

[0033] Generally, a “trophic factor” is defined as a substance that promotes survival,
growth, piyliferation, and/or maturation of a cell, or stimulates increased activity of a cell.

[0034] The term “‘standard growth conditions,” as used herein refers to culturing of cells
at 37°C, in a staddard atmosphere comprising 5% CO; and relative humidity maintained at about
100%. While the fdegoing conditions are useful for culturing, it is to be understood that such
conditions are capable\f being varicd by the skilled artisan who will appreciate the options
available in the art for cuXuring cells.

[0035] The term “idQlate” as used herein generally refers to a cell, which has been
separated from its natural envionment. This term includes gross physical separation from its
natural environment, e.g., removaNrom the donor animal. In preferred embodiments, an isolated
cell is not present in a tissue, i.e., th\cell is separated or dissociated from the neighboring cells
with which it is normally in contact. PNferably, cells are administered as a cell suspension. As
used herein, the phrase “cell suspension” 1X¢ludes cells which are in contact with a medium and
which have been dissociated, e.g., by subjectidg a piece of tissue to gentle trituration.

[0036] One embodiment of the invention\g a method of culturing isolated anchorage-
dependent cells utilizing the culture medium and seNm-free nutrient solution of the invention.
The method for culturing isolated anchorage-dependen\gells (such as e.g. umbilical cord tissue-
derived cells) provides culturing the cells on at least one ONgrier particle, e.g., a microcarrier.

The microcarrier can be comprised of natural or synthetically\derived materials. Examples
include collagen-based microcarricrs, dextran-based microcarridgs, or cellulose-based
microcarriers, as well as glass, ceramics, polymers (such as polystygene), or metals. The
microcarrier can be protein-free or protein-coated, e.g. with collagen. \n a further aspect the
microcarrier can be comprised of, or coated with, compounds that enhand¢ binding of the cell to
the microcarrier and enhance release of the cell from the microcarrier includNag, but not limited

to, sodium hyaluronate, poly(monostearoylglyceride co-succinic acid), poly-DN-lactide-co-
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eXgctricity; or microcarriers that are paramagnetic, such as paramagnetic calcium-alginate
miccarriers. The methods may be carried out in a roller bottle system.
{0037}

reagents,

It is to be understood that this invention is not limited to particular methods,
mpounds, compositions or biological systems, which can, of course, vary. It is also
to be understdod that the terminology used herein is for the purpose of describing particular

embodiments onVy, and is not intended to be limiting. As used in this specification and the

23 46

appended claims, tB singular forms “a”, “an” and “the” include plural referents unless the
content clearly dictatcothcrwise. Thus, for example, reference to “a cell” includes a
combination of two or mde cells, and the like.

[0038] “Microcarrie

growth of anchorage-dependenNgells in culture. The microcarriers have the following

” refers to particles, beads, or pellets useful for attachment and

properties: (a) they are small enoulh to allow them to be used in suspension cultures (with a

stirring rate that does not cause signifi¢ant shear damage to the microcarriers or the cells); (b)
they are solid, or have a solid core with dporous coating on the surface; and (¢) their surfaces
(cxterior and interior surface in casc of pordys carriers) may be positively or negatively charged.
In one aspect, the microcarriers have an overaNparticle diameter between about 150 and 350
um, and have a positive charge density of betwee\about 0.8 and 2.0 meq/g. Exemplary useful
microcarriers include Cytodex® 1, Cytodex® 2, or (ytodex® 3 (GE Healthcare Life Sciences).
[0039] In another aspect, the microcarrier is a sOd carrier. Solid carriers are particularly
suitable for adhesion cells, e.g., anchorage-dependent cells\ The carrier particle can also be a
porous microcarrier. Examples further include microcarriers ¥at possess a microcurrent, such as
microcarriers with a particulate galvanic couple of zinc and copp¥y that produces low levels of
biologically relevant clectricity; or microcarriers that arc paramagnjc, such as paramagnetic
calcium-alginate microcarriers.

[0040] “Porous microcarriers” refers to particles useful for attach:

and (c) their surfaces (exterior and interior) may be positively or negatively charged. In

series of embodiments, the carriers (a) have an overall particle diameter between about 150 ¥ad
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R0 1m; (b) have pores having an average pore opening diameter of between about 15 and about
40 Xpn; and (c) have a positive charge density of between about 0.8 and 2.0 meq/g. In some
embodipents, DEAE (N, N,-diethylaminoethyl) groups provide the positive charge. Useful
porous miyocarriers include, without limitation, Cytopore 1® and Cytopore 2® (GE Healthcare
Life SciencesyPiscataway N.J.).

[0041] “Nnchorage-dependent cells” are cells, including mammalian cells, which need to
attach to a surface, X g., a tissue culture flask surface or a microcarrier particle surface, to
replicate in tissue culthge.

[0042] As used hein, the term “about” when referring to a measurable value such as an
amount, a temporal duration\and the like, is meant to encompass variations of = 20% or = 10%,
more preferably & 5%, even moge preferably = 1%, and still more preferably + 0.1% from the

specified value, as such variations\re appropriate to perform the disclosed methods.

I. Culture Media and Serum-Frge Nutrient Feed Solution

[0043] This invention provides fornriched media and concentrated nutrient feed
solutions, which are serum-free. The media ayd the serum-free nutrient solution can be used to
grow cells to high density. In a preferred embod\nent, the media and the serum-free nutrient
solution can be used to grow anchorage-dependent ¥¢lls, such as e.g. hUTC, to high density in
spinner flasks at lower serum consumption.
[0044] In one embodiment, the culture medium aiNy serum-free nutrient solution are used
for the growth of umbilical cord tissue-derived cells. In anoNer embodiment, culture medium
and serum-free nutrient solution are suitable for the growth of p¥pgenitor cells including but not
limited to mesenchymal stem cells, bone marrow derived stem cell, cells derived from placental
tissue, adherent cells derived from non-marrow tissues, such as e.g. aljpose tissue, muscle tissue,
blood vessel including internal mammary artery derived cells, cells derivgd from the dental pulp
of teeth, cells derived from amniotic fluid and fibroblasts including neonata\foreskin fibroblasts.
A. Culture Media

[0045] One aspect of the invention is a culture medium comprising amino ¥\gids;
vitamins; salts; nucleosides; insulin; transferrin; ethanolamine; sodium selenite; D-gld¢ose and

sodium pyruvate.
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Methioniny; L-Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; and
optionally L-Kysteine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid; L-Proline;
and L-Taurine. N an alternate embodiment, the culture medium comprises from about 0.0006
g/L to about 0.1
[0047] In yet agother cmbodiment, the culture medium compriscs at Icast about 0.1 g/L
t 0.05 g/L of L-Cysting; at least about 0.3 g/L of L-Glutamine; at

at least about 0.03 g/L of L-Histidine; at least about 0.08 g/L of L-

M\of each of the amino acid.

of L-Arginine; at least abd
least about 0.02 g/L. Glycine
Isoleucine; at least about 0.08 g)
0.1 g/L of L-Methionine; at least akout 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-
serine; at least about 0.08 g/L of L-Tixeonine; at least about 0.01 g/L of L-tryptophan; at least
about 0.09 g/L of L-tyrosine; at least abdyt 0.07 g/L of L-Valine; and optionally at least about
0.007 g/L L-Cystcinc; at least about 0.0005\/L of L-Alaninc; at lcast about 0.02 g/L of L-
Aspargine; at least about 0.006 g/L of L-AspaNc Acid; at least 0.03 g/L of L-Glutamic Acid; at
least about 0.01 g/L L-Proline; and at least about § 0006 g/L of L-Taurine.

[0048] In an alternate embodiment, the cultud¢ medium comprises about 0.09705 g/L of
L-Arginine; about 0.06779 g/L of L-Cystine; about 0.009224 g/L of L-Cysteine; about 0.584 g/L
of L-Glutamine; about 0.031125 g/L of Glycine; about 0.0N8288 g/L of L-Histidine; about
0.163713 g/L of L-Isoleucine; about 0.163713 g/L of L-Leuce; about 0.16807g/L of L-Lysine;
about 0.036748 g/L of L-Mcthionine; about 0.073695 g/L of L-PRenylalanine; about 0.05145 g/L
of L-serine; about 0.108609 g/I. of L-Threonine; about 0.018457 g/}
0.121813 g/L of L-tyrosine; about 0.111105 g/L of L-Valine; about 0.000668 g/L of L-Alanine;

of L-Leucine; at least about 0.1 g/L. of L-Lysine; at least about

of L-tryptophan; about

Biotin; pyridoxine; and Vitamin By, (cyanocobalamin). The media may further comprisd

Vitamin C and Vitamin A. In another embodiment, the culture medium comprises from aboyt 5
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¢ o/ to about 0.015 g/L of each of the vitamins. In one embodiment, the culture medinm
compxises about 0.004338 g/L of D-Calcium Pantothenate; about 0.006094 g/L of Choline

0.004304 g/L\f thiamine; about 3.75E-05 g/L of d-Biotin; about 1.85E-05 g/L of Pyridoxin and
about 0.000102 XL of Vitamin B, (cyanocobalamin).

[0050] The Wlture medium further comprises one or more inorganic salts. In one
embodiment, the cultulg medium comprises calcium chloride, potassium chloride, magnesium
sulfate, sodium chloride, dad one or more sodium phosphate salt. In another embodiment, the
culture medium comprises Cylcium Chloride, Anhydrous, potassium chloride, magnesium
sulfate, anhydrous, sodium phodphate, monobasic, H,O, and optionally sodium phosphate,
dibasic heptahydrate (Na,HPO4.780). Depending on the salt used, the culture medium may
comprise from at least about 0.005 g/\ to about least about 7 g/L. of the salts. In one
embodiment, the culture medium compriges at least about 0.01 g/L of Calcium Chloride,
Anhydrous, at least about 0.1 g/L of potassiym chloride; at least about 0.2 g/L of magnesium
sulfate, at least about 0.08 g/L of sodium phosghate, monobasic, H,O and optionally at least
about 0.0005 g/L of sodium phosphate, dibasic h\ptahydrate (Na,HPQO4.7H,0). In another
embodiment, the culture medium comprises about (N g/L of Calcium Chloride, Anhydrous,
about 0.4 /L. of potassium chloride; about 0.9767 g/L \f magnesium sulfate, at least about 0.13
g/L of sodium phosphate, monobasic, H,0, about 6.4 g/LXf sodium chloride and optionally at

culture medium comprises the nucleic acid derivatives (nucleosideN thymidine, adenosine,
cytidine, uridine, and guanosine. In an alternate embodiment, the medjum comprises at least
about 0.0001 g/L to at least about 0.02 g/L of the each of the nucleosides\ In one embodiment,
the medium comprises at least about 0.0001 g/L of thymidine and least abod 0.005 g/L of each
of adenosine, cytidine, uridine, and guanosine. In another embodiment, the m¥dium comprises
about 0.00045 g/L of thymidine and about 0.015 g/L of each of adenosine, cytiditg, uridine, and
guanosine,

[0052] In one embodiment, the culture medium further comprises insulin, transKrrin,

ethanolamine, and sodium selenate. In another embodiment, the culture medium compris
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st about 0.003 g/L of insulin. In another embodiment, the culture medium comprises about
of insulin. In an alternate embodiment, the culture medium comprises at least about

of transferrin. In another embodiment, the culture medium comprises about 0.055 g/L
of transfet\n. In yet another embodiment, the culture medium comprises at least about 0.01 g/L
of ethanolamige. In an alternate embodiment, the culture medium comprises about 0.02 g/L of
ethanolamine. INone embodiment, the culture medium comprises at least about 0.00004 g/L of
sodium selenite. INanother embodiment, the culture medium comprises about 0.000067g/L. of
sodium sclenitc. In yc{another embodiment, the culturc medium does not further comprise
insulin, transferrin, and eNanolamine.

[0053] One embodimgnt of the invention is a culture medium comprising:
the amino acids: L-Arg\ine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysinég L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid;
L-Proline; and L-Taurine; the vitamins: R-calcium pantothenate; choline chloride; folic acid; I-
inositol; niacinamidc; pyridoxal; riboflavin\thiamine; d-Biotin; pyridoxinc; and Vitamin B,
(cyanocobalamin); the salts: calcium chloride Npotassium chloride, magnesium sulfate, sodium
chloride, and one or more sodium phosphate salts\the nucleosides (nucleic acid derivatives):
thymidine, adenosine, cytidine, uridine and guanosing; insulin; transferrin; ethanolamine; sodium
selenite; and one or more energy sources. In one emboNiment, this culture medium comprises
from about 0.0006 g/L to about 0.1 g/L of each of the ami
culture medium comprises at least about 0.05 g/L of L-Arging; at least about 0.02 g/L of L-

g/L Glycinc; at lcast about

acids. In another embodiment, the

Cystinc; at lcast about 0.2 g/L of L-Glutamine; at Icast about 0.

0.0003 g/L of L-Taurine. In an alternate embodiment, the culture medium comprises frolg about

5 x10° g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture me
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mprises at least about 0.005 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potagsium chloride; at least about 02 g/L of magnesium sulfate, at least about 0.1 g/L of sodium
phospIte, monobasic, H,0O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydigte (Na;HPO,4.7H,0). In another embodiment, the medium comprises at least about
0.0001 g/L tdat least about 0.02 g/L of the each of the nucleosides. In one embodiment, the
medium compriNes at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of
adenosine, cytidind, uridine, and guanosine. In one embodiment, the culture medium further
comprises at least 0.085 g/L of insulin, and at lcast 0.03 g/L of transferrin, at least 0.01 g/L of
ethanolamine and at leas\about 0.00004 g/L of sodium selenite. The one or more energy sources
may be D-glucose and sodi
[0054] In another emb
Arginine; L-Cystine; L-Cysteine;

pyruvate.

iment, the culture medium comprises: (1) the amino acids L-
-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine;
ine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-
ic Acid; L-Glutamic Acid; L-Proline; and L-Taurine;

L-Lysine; L-Methionine; L-Phenyla
Valine; L-Alanine; L-Aspargine; L-As
(2) the vitamins D-calcium pantothenate; cRoline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyrNoxine; and Vitamin Bjz(cyanocobalamin); (3) the
salts calcium chloride, potassium chloride, magn{sium sulfate, sodium chloride, and one or more
sodium phosphate salts; (4) the nucleosides thymide, adenosine, cytidine, uridine and
guanosine; (5) insulin; (6) transferrin; (7) lipoic acid/tiNoctic acid; (8) ethanolamine; (9) sodium
selenite; and (10) one or more energy sources.
[0055] One embodiment of the invention is a culture\pedium comprising: the amino
acids: L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; GlyciNg; L-Histidine; L-Isoleucine; L-
Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-TNeonine; L-tryptophan; L-
tyrosine; L-Valine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glut\mic Acid; L-Proline; and

L-Taurine; the vitamins: D-calcium pantothenate; choline chloride; folid\acid; I-inositol;

this culture medium comprises from about 0.0006 g/L to about 0.1 g/L of each of the amin\acid.

-16-



WO 2014/093598 PCT/US2013/074615

another embodiment, the culture medium comprises at least about 0.05 g/L of L-Arginine; at
leashabout 0.02 g/L of L-Cystine; at least about 0.2 g/L of L-Glutamine; at least about 0.01 g/L
Glycind at least about 0.02 g/L of L-Histidine; at least about 0.09 g/L of L-Isoleucine; at least
about 0.0 of L-Leucine; at least about 0.09 g/L of L-Lysine; at least about 0.02 g/L of L-
Methionine; & least about 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-serine; at
least about 0.08'y/L of L-Threonine; at least about 0.009 g/L of L-tryptophan; at least about 0.08
g/L of L-tyrosine; & least about 0.08 g/L of L-Valine; at least about 0.005 g/L L-Cysteine; at
lcast about 0.0004 g/INof L-Alanine; at lcast about 0.01 g/L of L-Aspargine; at least about 0.006
g/L of L-Aspartic Acid; & Jeast 0.03 g/L of L-Glutamic Acid; at least about 0.005 g/L L-Proline;
and at least about 0.0003 of L-Taurine. In an alternate embodiment, the culture medium
comprises from about 5 x 10 XL to about 0.015 g/L of each of the vitamins. In one
embodiment, the culture medium dmprises at least about 0.01 g/L of Calcium Chloride,
Anhydrous, at least about 0.1g/L of pytassium chloride; at least about 0.2 g/L of magnesium
sulfate (anhydrous), at least about 0.1 of sodium phosphate, monobasic, H,O and at least
about 0.005 g/L of sodium phosphate, diba¥c heptahydrate (Na;HPO4.7H,0). In another
embodiment, the medium comprises at least aBQut 0.0001 g/L to at least about 0.02 g/L of the
each of the nucleosides. In one embodiment, the Ygedium comprises at least about 0.0001 g/L of
thymidine and least about 0.005 g/L of each of adenNgine, cytidine, uridine, and guanosine. The
one or more energy sources may be D-glucose and sod\m pyruvate.
[0056] In addition to the trace mineral sodium seleXite, in certain embodiments, the
culture medium further comprises one or more additional trac\ minerals. In one embodiment,
the medium further comprises ferric nitrate, copper sulfate, and Xnc sulfate. In onc embodiment,
the medium further comprises ferric nitrate (9H;0), copper(Il)sulfadg pentahydrate
(CuS04.5H,0) and Zinc sulfate, heptahydrate, (ZnS04.7H,0). The trage minerals may be
present in an amount ranging from about 5 x 10 g/L to about 3 x 10™ g/Mof each of the trace
minerals. In an alternate embodiment, the medium further comprises about 8001 g/L of ferric
nitrate (9H,0), about 9.33 E-08 g/L of copper(IT)sulfate pentahydrate (CuSO4.5,0) and 3.24 E-
05 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H,0).
[0057] Furthermore, the medium may further comprise lipoic acid/thioctic aciN, which
may comprise at least about 5 x 10 g/L of the solution. In one embodiment, the mediud\ further
comprises about 0.000015 g/L of lipoic acid/thioctic acid.
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AlbuMAX®R T (Gibco™ Cell Culture, Invitrogen Corporation, Carlsbad, CA), which is lipid-rich
bovine serum \bumin. In another embodiment, the medium further comprises the commercially
available stabiliz&y/anti-foaming agent Pluronic® F68 (Invitrogen Corporation, Carlsbad, CA).

[0059] Exe

below:

lary suitable embodiments of the culture medium are shown in the table

Embodiment A Embodiment B Embodiment C

Amount (g/L)

Calcium Chloride, Anhydrous 0.2 At least about 0.05 0.05-0.4
potassium chloride, USP \ 0.4 At least about 0.1 0.1-0.8
Mg sulfate, anhydrous \ 0.9767 At least about 0.2 02-1.8
sodium chloride, USP AN 6.4 At least about 5 5-8
f}’gli,“m phosphate, monobasic, H,0, \ 0.133175 At least about 0.08 0.08 0.2
f&‘:‘;{“;gh‘;sghgf’ dibasic heptahydrate \).00201 At least about 0.0005 0.0005 — 0.004

Ferric Nitrate (9 H,0) ) At least about 5 E-05 | 0.00002 — 0.0002
Copper(Il)sulfate pentahydrate \ 08 . AL
(CuSO4.5H,0) 9.33ER8 At least about SE-08 SE-08 - 2E-07
Zinc sulfate, heptahydrate, \ .
(ZnSO,.7H,0) 3.24E-05 At least about 1E-05 1E-05 - 5E-05
Sodium Selenate (Na,SeO 0.000067 At least about 4E-05 3E-05 — 1.2E-04

L-Arginine 0.09705 At least about 0.05 0.05 - 0.20
L-Cystine 0.06779 \At least about 0.02 0.02 - 0.12
L-Cysteine 0.009224 A\least about 0.005 0.005 - 0.020
L-Glutamine 0.584 AfNgast about 0.2 0.2-1.0
Glycine 0.031125 At ledgt about 0.01 0.01-0.06
L-Histidine 0.048288 At leasNabout 0.02 0.01 - 0.09
L-Isoleucine 0.163713 At least ajout 0.09 0.05-04
L-Leucine 0.163713 At least aboyt 0.09 0.05-04
L-Lysine 0.16807 At least abouN).09 0.05-04
L-Methionine 0.036748 At least about (W2 0.01 - 0.07
L-Phenylalanine (.073695 At least about 0.0§ 0.02-0.14
L-serine 0.05145 At least about 0.03 '\ 0.02-0.1
L-Threonine 0.108609 At least about 0.08 '\ 0.04-0.2
L-tryptophan 0.018457 At least about 0.009 [\ 0.005 - 0.04
L-tyrosine 0.121813 At least about (.08 \ 0.04-025
L-Valine 0.111105 At least about 0.08 .04 - 0.25
L-Alanine 0.000668 At least about 0.0004 0.0802 - 0.0013
L-Aspargine 0.031978 At least about 0.01 0.0% - 0.07
L-Aspartic Acid 0.00803 At least about 0.006 0.002N0.017
L-Glutamic Acid 0.054728 At least about 0.03 0.02 -\1
L-Proline 0.02403 At least about 0.005 0.005 - 0.0
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Embodiment A
Amount (g/L)

Embodiment B
Amount (g/L)

Embodiment C
Amount (g/L)

0.000844

0.0003 - 0.002

D-CalciNn Pantothenate 0.004338 At least about 0.001 0.001 - 0.009
Choline CNoride 0.006094 Al least about 0,002 0.002 - 0.012
Folic Acid \ 0.004302 At least about 0.001 0.001 - 0.009
I-Inositol '\, 0.009568 At least about 0.005 0.005 - 0,020
Niacinamide  \ 0.004302 At Icast about 0.001 0.001 - 0.009
Pyridoxal \ 0.004153 At least about 0.001 0.001 - 0.009
Riboflavin N\ 0.000431 At least about 0.0001 0.0001 - 0.009
thiamine N\ 0.004304 At least about 0.001 0.001 - 0.009
d-Biotin \ 3.75E-05 At least about 1E-05 1E-05 - 7E-05
Pyridoxin 1.85E-05 At Icast about 8E-06 5E-06 - 4E-05
Vitamin B,, (cyanocobalamil 0.000102 At least about 0.00002 0.00002 - 0.0002

Lipi

Lipbic Acid/Thioctic Acid

0.000015

At least about SE-06

5E-06 - 3E-05

_Ethanolamine \

0.02

At least about 0.005

0.005 - 0.04

;P10

Insulin At least about 0.003 0.003 — 0.02
hﬂg_gsfen‘in 0.055 At least about 0.03 0.63-0.12
S Enerpy Substraie

D-Glucose t least about 0. 0.5-3

Sodium Pyrmvate At least about 0.03 0.03-0.2

N pEEENC
Thymidine 0.0001 - 0.0009
Adenosine ) At least about 0.005 0.005 - 0.03
Cytidine 0.0 Al least about 0.005 0.005 - 0.03
Uridine 0.015\ At least about 0.05 0.005 - 0.03
Guanosine 0.015 \ At least about (.005 0.005 — 0.03

These media may further comprise bovine serum albu

{n (BSA), putrescine, and Pluronic®

F68. Specifically, for embodiment A, the medium may fuxther comprise 3.02 E-05 g/L of

putrescine, 2.5 g/ of BSA and 0.015 g/L of Pluronic® F68.

imilarly, for embodiment B, the

serum-free nutrient solution may further comprise at least aboutN E-05 g/L of putrescine, at 1

g/L of BSA and at least 0.005 g/L of Pluronic® F68. In one embod\

ent, the media further

comprises putrescine and Pluronic® F68, such as e.g. 3.02 E-05 g/L oNputrescine, 2.5 g/L of

BSA and 0.015 g/L of Pluronic® F68.

[0060]

glucose and at least 0.1 g/L of sodium pyruvate. In one embodiment, culture

The culture medium of the invention may further comprise atNeast 0.8 g/L of D-

invention further comprises about 1 g/L of D-glucose and about 0.11 g/L of sodiuy pyruvate.

[0061]

In one embodiment of the invention, the culture medium is supplemenygd with

serum, such as e.g. fetal bovine serum (FBS) or newborn calf serum (NCS). The serum $pntent

can range in concentration from 0 (a serum-free media) to 20% of the total volume of the

-19-




WO 2014/093598 PCT/US2013/074615

m&Jium. In one embodiment, the medium is supplemented with serum (such as e.g. FBS) during
the prparation of the medium. In another embodiment, the medium is supplemented
immediagly prior to use (such as e.g. via the addition of a solution comprising serum (e.g.
FBS)). In dge embodiment, the culture medium is supplemented preferably with about 2 to 15%
(v/v) of FBS, Nternatively from about 2 to about 10%, alternatively from about 3 to about 12%,
alternatively from\about 5 to about 15%, alternatively from about 4% to about 10%. In the
selected embodimerNg, the culture medium is supplemented with about 7.5%, about 10% or
about 15% (v/v) of FB

B. Serum-frex nutrient solutions

[0062] Another aspechof the invention is a serum-free nutrient solution comprising;:
amino acids; vitamins; salts; nuc\eosides; insulin; transferrin; ethanolamine; and sodium selenite.
As used herein, with reference to tB nutrient solution, the term “serum-free” means that the
nutrient solution does not contain serudq prior to addition to the culture medium. Unless
otherwise indicated, the amounts disclosd{ for the componcnts of the scrum-free nutrient
solution are based on measurements of the I\¢rease in weight of each component after the serum-
free nutrient solution has been added to a cultu

[0063] In one embodiment, the serum-fred\nutrient solution comprises the common 20 L-
amino acids. In another embodiment, the serum-fredutrient solution comprises the amino acids
L-Arginine, L-Cystine, L-Cysteine, Glycine, L-HistidirR, L-Isoleucine, L-Leucine, L-Lysine, L-
Methionine, L-Phenylalanine, L-serine, L-Threonine, L-triptophan, L-tyrosine, L-Valine, and
optionally L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutnic Acid, L-Proline and L-Taurine.
In one embodiment, the solution comprises from at least about 001 g/L to at least about 0.03
g/L of each of these amino acids. In another embodiment, the serulg-free nutrient solution
comprises at least about 0.005 g/L of L-Arginine, at least about 0.002%/L of L-Cystine, at least
about 0.0003 g/L of L-Cysteine, at least about 0.0005 g/L of Glycine, at Wast about 0.002 g/L of
L-Histidine, at least about 0.01 g/L of L-Isoleucine, at least about 0.01 g/L & L-Leucine, at least
about 0.008 g/L of L-Lysine, at least about 0.002 g/L of L-Methionine, at leastd\about 0.002g/L of
L-Phenylalanine, at least about 0.002 g/L of L-serine, at least about 0.003 g/L of \-Threonine, at
least about 0.0008 g/L of L-tryptophan, at least about 0.005 g/L of L-tyrosine, at lea% about
0.005 g/L of L-Valine, at least about 0.0001 g/L of L-Alanine, at least about 0.005 g/L &f L-
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pargine, at least about 0.002 g/L of L-Aspartic Acid, at least about 0.01 g/L of L-Glutamic
Acid)\ at least about 0.008 g/L of L-Proline and at least about 0.008 g/L of L-Taurine.
In an aNgrnate embodiment, serum-~free nutrient solution comprises about 0.013 g/L L-Arginine,
HCI; abou\0.005 g/L, L-Cystine, 2HCI; about 0.009 g/L L-Cysteine HC1 H,O; about 0.001 g/L
Glycine; abod 0.006 g/L L-Histidine, HCI, H,0; about 0.059 g/L L-Isoleucine; about 0.059 g/L
L-Leucine; abou{0.022 g/L L-Lysine, HCI; about 0.007 g/L L-Methionine; about 0.008 g/L L-
Phenylalanine; abo¢ 0.009 g/L L-serine; about 0.013 g/L L-Threonine; about 0.002 g/L L-
tryptophan; about 0.0\ g/L L-tyrosinc, 2Na, 2H,0; about 0.018 g/L. L-Valine; about 0.001 g/L
L-Alanine; about 0.032 L-Aspargine H,O; about 0.008 g/L L-Aspartic Acid; about 0.055 g/L
L-Glutamic Acid; about 0.0X g/L L-Proline; and about 0.0008 L-Taurine. The amino acids are
thought to help replenish consudzged amino acids in culture.
[0064] The serum-free nuiNent solution further comprises one or more vitamins. In one
embodiment, serum-free nutrient solIjon comprises at least the following vitamins: D-calcium
pantothenate; choline chloride; folic acid I-inositol; niacinamide; pyridoxal; riboflavin;
thiaminc; d-Biotin; pyridoxinc; and Vitami\B,, (cyanocobalamin). The solution may further
comprise Vitamin C and Vitamin A. In one elxbodiment, the solution comprises from about 5 x
107 g/L to 0.001 g/L of each of the one or more Wtamins. In one embodiment, the serum-free
nutrient solution comprises at least about 0.0001 g/INof D-calcium pantothenate; at least about
0.0008 g/L of choline chloride; at least about 0.0001 g/X, of folic acid; at least about 0.0008 g/L
of I-inositol; at least about 0.0001 g/L of niacinamide; at [dgst about 0.00005 g/L of pyridoxal; at
least about 1x 107 g/L of riboflavin; at least about 0.00001 of thiamine; at least about 1x 10°

Vitamin B12 (cyanocobalamin). In one embodiment, the serum-frégnutrient solution comprises
about 0.000338 g/ D-Calcium Pantothenate; about 0.002094 g/L. Cho\jne Chloride; about
0.000302 g/L Folic Acid; about 0.002568 g/L I-Inositol; about 0.000302 YL Niacinamide; about
0.000153 g/L Pyridoxal, HCI; about 3.11E-05 g/L Riboflavin; about 0.00030¢ g/L thiamine,
HCI; about 3.75E-05 g/L d-Biotin; about 1.85E-05 g/L Pyridoxine HCI; and abdyt 0.000102 g/L
Vitamin By, (cyanocobalamin).

[0065] Additionally, the serum-free nutrient solution comprises one or more sNts. In
another embodiment, the solution comprises from about 0.0005 g/L to about 0.001 g/L oXthe

phosphate salts. In an alternate embodiment, the solution comprises sodium phosphate suc
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Ndium phosphate, monobasic and sodium phosphate, dibasic heptahydrate. In yet another
emDQdiment, the solution comprises at least about 0.005 g/L of sodium phosphate, monobasic
and at last about 0.001 g/L of sodium phosphate, dibasic heptahydrate. In an alternate
embodimdt, the solution comprises about 0.008 g/L of sodium phosphate, monobasic and about
0.002 g/L ot \pdium phosphate, dibasic heptahydrate.

[0066] e serum-free nutrient solution further comprises nucleosides. In one
embodiment, the s&qum-{ree nutrient solution comprises the nucleic acid derivatives thymidine,
adcnosine, cytidine, uNdine, and guanosine. In an alternate embodiment, the solution comprises
at least about 0.0001 g/IXp at least about 0.005 g/L of the each of the nucleosides. In one
embodiment, the solution c&nprises at least about 0.0001 g/L of thymidine and least about 0.005
g/L of each of adenosine, cytidype, uﬁdine, and guanosine. In another embodiment, the solution
comprises about 0.0005 g/L of thi)nidine and about 0.015 g/L of each of adenosine, cytidine,
uridine, and guanosine.

[0067] The serum-free nutrient dlution further comprises insulin, transferrin,
cthanolamine, and sodium selenite. In ond\gmbodiment, the solution comprises at least 0.002
g/L, alternatively about 0.01 g/L of insulin. IN\another embodiment, the solution comprises at
least about 0.01 g/L, alternatively about 0.06 g/INof transferrin. In alternate embodiment, the
solution comprise at least about 0.005 g/L, alternati¥gly about 0.02 g/L of ethanolamine. In yet
another embodiment, the solution comprises at least abqut 2 x 10° g/L, alternatively about 7 x
107 g/L of sodium selenite.

[0068] In addition to the trace mineral sodium selenil, in certain the embodiments, the
serum-free nutrient solution further comprises onc or more addi§onal trace minerals. In one
embodiment, the solution comprises about 3 x 10 g/L to about 2 N10™ g/L of each of the one or
more additional trace minerals. In one embodiment, the solution furt®gr comprises
Copper(IT)sulfate pentahydrate (CuS04.5H,0) and Zinc sulfate, heptahyNate, (ZnS04.7H,0). In
another embodiment, the solution further comprises at least about 3 x 108 of
Copper(IDsulfate pentahydrate (CuSO4.5H,0) and at least about 5 x 10 g/L oRZinc sulfate,
heptahydrate, (ZnSO4.7H,0). In an alternate embodiment, the solution further colgprises about 9
x 10 ¢/L of Copper(Il)sulfate pentahydrate (CuSO4.5H;0) and about 3 x 10° g/L oNZinc
sulfate, heptahydrate, (ZnSO4.7H,0).
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69] Furthermore, in addition to the lipid ethanolamine, the serum-free nutrient

soluNon may further comprise lipoic acid/thioctic acid, which may comprise at least about
I x10 of the solution.
[0070] In one embodiment of the invention, the serum-free nutrient solution comprises:

the aiNno acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Ly§ine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, \-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Tauring;

the vitamins D-calium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiami\e; d-Biotin; pyridoxine; and Vitamin B), (cyanocobalamin);

the salts sodium phosphNte, monobasic and sodium phosphate, dibasic heptahydrate;

the nucleosides adenosine,\ytidine, uridine and guanosine;

insulin; transferrin; ethanolanNpe; and sodium selenite.
This serum-free solution may optionallyNurther comprise Copper(1l)sulfate pentahydrate
(CuS04.5H;0) and Zinc sulfate, heptahydrXe, (ZnS04.7H,0). Additionally, the scrum-free
solution may optionally further comprise lipot\acid/thioctic acid. In one embodiment, the
solution comprises: (1) from about 0.0001 g/L toXbout 0.03 g/L of each of the amino acids; (2)
from about 0.00001 g/L to about 0.001 g/L of each & the vitamins; (3) at least about 5 x 10 g/L
of sodium phosphate, monobasic and at least about 0.00 g/L of sodium phosphate, dibasic
heptahydrate; (4) at least about 0.0001 g/L of thymidine any least about 0.005 g/L of each of
adenosine, cytidine, uridine and guanosine; (5) at least 0.002 WL of insulin; (6) at least about
0.03 g/L of transferrin; (7) at least about 0.005 g/L of cthanolam¥e and (8) at Icast about 5 x 10
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tyIsine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taline;
vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; Npoflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

[0072] embodiment, this serum-free nutrient solution comprises at least about
0.005 g/L of L-ArginirN, at lcast about 0.002 g/L. of L-Cystine, at least about 0.0003 g/L of L~
Cysteine, at least about 0.005 g/L of Glycine, at least about 0.002 g/L of L-Histidine, at least
about 0.01 g/L of L-Isoleucidg, at least about 0.01 g/L of L-Leucine, at least about 0.008 g/L of
L-Lysine, at least about 0.002 of L-Methionine, at least about 0.002g/L of L-Phenylalanine,
at least about 0.002 g/L of L-serin¥, at least about 0.003 g/L of L-Threonine, at least about
0.0008 g/L of L-tryptophan, at least 8out 0.005 g/L of L-tyrosine, at least about 0.005 g/L of L-
Valine, at least about 0.0001 g/L of L-A¥anine, at least about 0.005 g/L of L-Aspargine, at least
about 0.002 g/L of L-Aspartic Acid, at leasqabout 0.01 g/L of L-Glutamic Acid, at least about
0.008 g/L of L-Proline and at least about 0.008 g/L of L-Taurine. . In another embodiment, this
serum-free nutrient solution further comprises at\gast about 0.0001 g/L of D-calcium
pantothenate; at least about 0.0008 g/L of choline cNoride; at least about 0.0001 g/L of folic
acid; at least about 0.0008 g/L of I-inositol; at least abdut 0.0001 g/L of niacinamide; at least
about 0.00005 g/L of pyridoxal; at least about 1x 10” g/INof riboflavin; at least about 0.00001
¢/L of thiamine; at least about 1x 107 g/L of d-Biotin; at leal about 1x 10” g/L of pyridoxine;
and at least about 1x 107 g/L of Vitamin B12 (cyanocobalaminy, In an alternate embodiment,
this solution further comprises at least about 0.0001 g/L of thymid\ge and least about 0.01 g/L of
cach of adenosine, cytidine, uridine, and guanosine. In another embd{iment, this solution further
comprises at least about 3 x 10 g/L of Copper(IT)sulfate pentahydrate duS04.5H20), about 5 x
107 g/L of Zinc sulfate, heptahydrate, (ZnSO4.7H,0) and about 2 x 10 g/ of lipoic
acid/thioctic acid.

[0073] Optionally, the serum-free nutrient solutions may further compri

4.




WO 2014/093598

PCT/US2013/074615

ther embodiment, the serum-free nutrient solution comprises the commercially available

stabNjzer/anti-foaming agent Pluronic® F68 (Invitrogen Corporation, Carlsbad, CA).

[0074]
the table bxlow:

Exemplary suitable embodiments of the serum-free nutrient solution are shown in

Embodiment A

A

t (g/L

Embodiment B

Embodiment C

sodium phosphate, wlobasic,

H,Q, USP 0.008175 At lcast about 0.001 0.001 - 0.016
sodium phosphate, diba¥¢

heptahydrate (Na,HPO.,. 0.00201 Al least about 0.0005 0.0005 - 0.004

Copper(1)sulfate pentahydraté\

{CuS04.5H,0) 9.33E-08 At least about 3E-08 3E-08 - 2E-07
Zinc sulfate, heptahydrate, N
{ZnS0,4.7H,0) 3.24E-05 At least about SE-06 SE-06 - 7E-05

i 000067 | Atleast about 0.00002 | 0.00002 - 0.00014

L-Arginine, HC]

1305 At least about 0.005 0.005 - 0.03
L-Cystine, 2HCI 0.(%622 At least about 0.002 0.002 - 0,00522
L-Cystcinc HC1 H,O 0.009)95 At lcast about 0.003 0.003 - 0.02
Glycine 0.001 125\ At least about 0.0005 0.0005 - 0,0025
L-Histidine, HCI, H,O 0.006288 \ At least about 0.002 0.002 - 0.015
L-Isoleucine 0.058913 \\ At least about 0.01 0.01-0.12
L-Leucine 0.058913 At least about 0.01 0.01-0.12
L-Lysine, HCI 0.02187 \t least about 0.008 0.008 - 0.05
L-Methionine 0.006748 Ahqast about 0.002 0.002 - 0.015
L-Phenylalanine 0.007695 At ltk about 0.002 0.002 - 0.02
L-Serine 0.00945 At least Npout 0.002 0.002 - 0.02
L-Threonine 0.013409 Atleast aN-O(B 0.003 - 0.03
L-tryptophan 0.002457 At least about R.0008 0.0008 - 0.005
L-tyrosine, 2Na, 2H,0 0.018023 At least about 005 0.005 - 0.04
L-Valinc 0.017505 At lcast about 0.00% 0.005 - 0.04
L-Alanine 0.000668 At least about 0.0001 0.0001 - 0.002
L-AspargineH-O 0.031978 At least about 0.005 0.005 - 0.07
L-Aspartic Acid 0.00803 At least about 0.002 \ 0.002 - 0.02
L-Glutamic Acid 0.054728 At least about 0.01 \.01 -0.12
L-Proline 0.02403 At least about 0.008 O.BQS - 0.05
i _0.000844 _At least about 0.0002 0.0002% 0.002

D-Calcium Pantothenate

0.000338

Al least about 0.0001

0.0001 - 0.00Q7

Choline Chloride

0.002094

At least about 0.0008

0.0008 - 0,005\
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Embodiment A Embodiment B Embodiment C
Amount (g/L) Amount (g/L) Amount (g/L)
Fo]Ncid 0.000302 At least about 0.0001 0.0001 - 0.0007
I-Inosilxl 0.002568 At least about 0.0008 0.0008 - 0.005
Niacinarmc 0.000302 At least about 0.0001 0.0001 - 0.0007
Pyridoxal, kl 0.000153 At least about 0.00005 0.00005 - 0.0004
Riboflavin \ 3.11E-05 At least about 1E-05 1E-0S - 7E-05
thiamine, HCI \ 0.000304 At least about 0.0001 0.0001 - 0.0007
d-Biotin \ 3.75E-05 At least about 1E-05 1E-05 - 8E-05
Pyridoxine, HCI] \ 1.85E-05 At least about 5SE-06 SE-06 - 4E-05

Vitamin B i 0.000102 At least about 0.00002 0.00002 - 0.00025

Lipoic Acid/Thioctic Acid 0.000015 At Jeast about 0.000005 | 0000005 - 0.00004

Ethanolamine HCI At least about 0.005 0.005 - 0.05

Insulin : At least about 0.002 0.002 — 0.025
Transferrin At least about 0.01 0.01-0.15

Thymidine 0.80045 At least about 0.0001 0.0001 - 0.001

Adenosine 0.0\ At least about 0.005 0,005 - 0.04
Cytidine 0.015\ At least about 0.005 0.005 - 0.04
Uridine 0015 \ At least about 0.005 0,005 - 0.04
Guanosine 0.015 \ At least about 0.005 0.005 - 0.04

These serum-free nutrient solutions may further compyise bovine serum albumin (BSA),
putrescine, and Pluronic® F68. Specifically, for embodyment A, the serum-free nutrient solution
may further comprise 3.02 E-05 g/L of putrescine, 2.5 g/ Xf BSA and 0.015 g/L of Pluronic®
F68. Similarly, for embodiment B, the serum-free nutrient so\gtion may further comprise at least
about 1 E-05 g/L of putrescine, at 1 g/L of BSA and at least 0.00§ g/L of Pluronic® F68. In one
preferred embodiment, the serum-free nutrient solutions further cotNprise putrescine and
Pluronic® F68.

[0075] In embodiment, the serum-free nutrient solution compriseN\sodium selenate,
ethanolamine, insulin, transferrin, thymidine, adenosine, cytidine, uridine, ghanosine, and serum
aJbumin (e.g. bovine serum albumin).

[0076] Optionally, the serum-free nutrient solution may further comprise dge or more
energy substrate such as e.g. glucose and/or pyruvate.

[0077] In one embodiment of the invention, the culture medium and/or serum-

nutrient solution do not contain exogenously added factors that promote growth of
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wdifferentiated cells. In one preferred embodiment, the culture medium and/or serum-free

nutrgnt solution do not comprise a fibroblast growth factor, such as e.g. basic FGF or FGF-4.

IL man Umbilical Cord Tissue-Derived cells (WUTC
[0078)] As discusscd above in certain embodiments of the invention, the culture medium

and serum-free Rutrient solutions may be used to grow isolated human umbilical cord tissue
derived-cells (“hUXC” or “UTC”). The UTC and UTC populations suitable for use with the
culture medium, seruty-free nutrient solution, kits and methods of the present invention are
described in detail in det\jled herein below as well as U.S. Patent Nos. 7,510,873; 7,524,489; and
U.S. Pub. App. No. 2005/00Q863, which are incorporated by reference in their entireties as they
relate to the description, isolatign and characterization of hUTC.

A. Isolation and Gro\yth of Umbilical Cord-Tissue Derived Cells

[0079] According to the methids described herein, a mammalian umbilical cord is
recovered upon or shortly after terminatign of either a full-term or a pre-term pregnancy, e.g.,
after expulsion of after birth. The postpartin tissue may be transported from the birth site to a
laboratory in a sterile container such as a flask\beaker, culture dish, or bag. The container may
have a solution or medium, including but not lim¥gd to a salt solution, such as Dulbecco’s
Modified Eagle’s Medium (DMEM) (also known asNQulbecco’s Minimal Essential Medium) or
phosphate buffered saline (PBS), or any solution used ¥ transportation of organs used for
transplantation, such as University of Wisconsin solution O perfluorochemical solution. One or
more antibiotic and/or antimycotic agents, such as but not linNged to penicillin, streptomycin,
amphotericin B, gentamicin, and nystatin, may be added to the mM¢dium or buffer. The
postpartum tissue may be rinsed with an anticoagulant solution sucM\as heparin-containing
solution. It is preferable to keep the tissue at about 4-10°C prior to extiction of UTC. It is even
more preferable that the tissue not be frozen prior to extraction of UTC.

[0080] Isolation of UTC preferably occurs in an aseptic environment\ The umbilical cord
may be separated from the placenta by means known in the art. Alteratively, the umbilical cord
and placenta arc uscd without separation. Blood and debris are preferably removedfrom the
postpartum tissue prior to isolation of UTC. For example, the postpartum tissue may ¥¢ washed

with buffer solution, including but not limited to phosphate buffered saline. The wash biXfer
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a0 may comprise one or more antimycotic and/or antibiotic agents, including but not limited to
peniyjllin, streptomycin, amphotericin B, gentamicin, and nystatin.

[0081] Postpartum tissue comprising an umbilical cord or a fragment or section thereof is
disaggregXed by mechanical force (mincing or shear forces). In a presently preferred
embodiment,Xhe isolation procedure also utilizes an enzymatic digestion process. Many
enzymes are knogn in the art to be useful for the isolation of individual cells from complex
tissue matrices to f&ilitate growth in culture. Digestion enzymes range from weakly digestive
(e.g. deoxyribonucleasgs and the neutral protease, dispase) to strongly digestive (e.g. papain and
trypsin), and are availabld\commercially. A non-exhaustive list of enzymes compatible herewith
includes mucolytic enzyme A¢tivities, metalloproteases, neutral proteases, serine proteases (such
as trypsin, chymotrypsin, or ela\tase), and deoxyribonucleases. Presently preferred are enzyme
activities selected from metalloprofgases, neutral proteases and mucolytic activities. For
example, collagenases are known to B¢ useful for isolating various cells from tissues.
Deoxyribonucleases can digest single-st\anded DNA and can minimize cell clumping during
isolation. Preferred methods involve enzyi\atic treatment with e.g. collagenase and dispase, or
collagenase, dispase, and hyaluronidase. In cégain embodiments, a mixture of collagenase and
the neutral protease dispase are used in the dissodating step. More specific embodiments
employ digestion in the presence of at least one coll\genase from Clostridium histolyticum, and
either of the protease activities, dispase, and thermolysN. Still other embodiments employ
digestion with both collagenase and dispase enzyme activjes. Also utilized are methods that
include digestion with a hyaluronidase activity in addition topllagenase and dispase activities.
The skilled artisan will appreciate that many such enzyme treattNents are known in the art for
isolating cells from various tissue sources. For example, the enzym¥¢ blends for tissue
disassociation sold under the trade name LIBERASE (Roche, IndianaPglis, Ind.) are suitable for
use in the instant methods. Other sources of enzymes are known, and th\gkilled artisan may
also obtain such enzymes directly from their natural sources. The skilled arNgan is also well-
equipped to assess new or additional enzymes or enzyme combinations for theiutility in
isolating the cells of the invention. Preferred enzyme treatments are 0.5, 1, 1.5, oN hours long
or longer. In other preferred embodiments, the tissue is incubated at 37 °C during th\¢nzyme

treatment of the dissociation step.
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R)82] In some embodiments of the invention, postpartum tissue is separated into
sectyns comprising various aspects of the tissue, such as neonatal, neonatal/maternal, and
matern¥ aspects of the placenta, for instance. The separated sections then are dissociated by
mechanic and/or enzymatic dissociation according to the methods described herein. Cells of
neonatal or nRternal lineage may be identified by any means known in the art, e.g. by karyotype
analysis or in silX hybridization for a Y chromosome.

[0083] IsolXed cells or umbilical cord tissue from which a UTC is derived may be used
to initiate, or sced, celhgulturcs. Isolated cells are transferred to sterile tissue culture vessels
either uncoated or coatedWyith extracellular matrix or ligands such as laminin, collagen (native,
denatured or cross-linked), 9¢latin, fibronectin, and other extracellular matrix proteins. In
addition to the culture media diXglosed herein, a UTC may be cultured in any culture medium
capable of sustaining growth of th\cell such as, but not limited to, DMEM (high or low
glucose), advanced DMEM, DMEMMNCDB 201, Eagle’s basal medium, Ham’s F10 medium
(F10), Ham’s F-12 medium (F12), IscoWw’s modified Dulbecco’s medium, Mesenchymal Stem
Ccll Growth Mcdium (MSCGM), DME 2, RPMI 1640, and scrum/media freec medium sold
under the trade name CELL-GRO-FREE (Me®atch, Inc., Herndon, Va.). The culture medium
may be supplemented with one or more compone\ts including, e.g., fetal bovine serum (FBS),
preferably about 2-15% (v/v); equine serum (ES); h\nan serum (HS); beta-mercaptoethanol
(BME or 2-ME), preferably about 0.001% (v/v); one otN\nore growth factors, e.g., platelet-
derived growth factor (PDGF), epidermal growth factor (PGF), fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), insulin-like growta factor-1 (IGF-1), leukocyte
inhibitory factor (LIF) and erythropoictin (EPO); amino acids, itgluding L-valinc; and onc or
more antibiotic and/or antimycotic agents to control microbial contdination, such as penicillin
G, streptomycin sulfate, amphotericin B, gentamicin, and nystatin, eitBgr alone or in
combination. The culture medium may comprise Growth Medium as defiged in the Examples.
(0084} The cells are seeded in culture vessels at a density to allow ceY growth. In a
preferred embodiment, the cells are cultured at about 0 to about 5% by volume O, in air. In
some preferred embodiments, the cells are cultured at about 2 to about 25% O, in &g, preferably
about 5 to about 20% O; in air. The cells preferably are cultured at a temperature of Jout 25 to
about 40 °C. and more preferably are cultured at 37 °C. The cells are preferably culture\n an

incubator. The medium in the culture vessel can be static or agitated, e.g., using a bioreacto
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e UTC is preferably grown under low oxidative stress (e.g., with addition of glutathione,
Vitaqin C, Catalase, Vitamin E, N-Acetylcysteine). “Low oxidative stress” refers to conditions
of no oy minimal free radical damage to the cultured cells.

[0085] Methods for the selection of the most appropriate culture medium, medium
preparation, \ad cell culture techniques are well known in the art and are described in a variety
of sources, incliling Doyle et al., (eds.), 1995, Cell & Tissue Culture: Laboratory Procedures,
John Wiley & Son)\Chichester; and Ho and Wang (eds.), 1991, Animal Cell Bioreactors,
Butterworth-Heinemaxn, Boston, which are incorporated herein by reference.

[0086] After cult\ing the isolated cells or tissue fragments for a sufficient period, a UTC
will have grown out, either Wecause of migration from the postpartum tissue or cell division, or
both. In some embodiments oNhe invention, the UTC is passaged, or removed to a separate
culture vessel containing fresh mégium of the same or a different type as that used initially,
where the population of cells can be Xitotically expanded. The cells of the invention may be
used at any point between passage 0 andsenescence. The cells preferably are passaged between
about 3 and about 25 times, more preferabl are passaged about 4 to about 12 times, and
preferably are passaged 10 or 11 times. ClonNg and/or subcloning may be performed to confirm
that a clonal population of cells has been isolate

[0087] In certain embodiments, the differenNcell types present in postpartum tissue are
fractionated into subpopulations from which the UTC ¥an be isolated. Fractionation or selection
may be accomplished using standard techniques for ceil shparation including, but not limited to,
enzymatic treatment to dissociate postpartum tissue into its mbonent cells, followed by cloning
and selection of specific cell types, including but not limited to ¥glection based on morphological
and/or biochemical markers; selective growth of desired cells (posNive selection), selective
destruction of unwanted cells (negative selection); separation based ulon differential cell
agglutinability in the mixed population such as, e.g., with soybean aggluNnin; freeze-thaw
procedures; differential adherence properties of the cells in the mixed popuNtion; filtration;
conventional and zonal centrifugation; centrifugal elutriation (counter-streamidg centrifugation);
unit gravity separation; countercurrent distribution; electrophoresis; and fluorescéyee activated
cell sorting (FACS). For a review of clonal selection and cell separation techniques,gee
Freshney, 1994, Culture of Animal Cells: A Manual of Bagsic Techniques, 3rd Ed., Wil

Inc., New York, which is incorporated herein by reference.
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88] The culture medium is changed as necessary, e.g., by carefully aspirating the
mediym from the dish, e.g., with a pipette, and replenishing with fresh medium. Incubation is
contimRd until a sufficient number or density of cells accumulates in the dish. The original
explanted Yssue sections may be removed and the remaining cells trypsinized using standard
techniques oM\ysing a cell scraper. After trypsinization, the cells are collected, removed to fresh
medium, and indybated as above. In some embodiments, the medium is changed at least once at
approximately 24 bQurs post-trypsinization to remove any floating cells. The cells remaining in
culture arc consideredNp be UTC.

[0089] The UTC Way be cryopreserved. Accordingly, UTC for autologous transfer (for
either the mother or child) be derived from appropriate postpartum tissues following the
birth of a child, then cryopreseXed so as to be available in the event they are later needed for

transplantation.
B. Characteristics of Umbilical Cord Tissue-Derived Cells

[0090] The UTC may be charactetged, e.g., by growth characteristics (e.g., population
doubling capability, doubling time, passages¥p senescence), karyotype analysis (e.g., normal
karyotype; maternal or neonatal lineage), flow cxtometry (e.g., FACS analysis),
immunohistochemistry and/or immunocytochemistyy (e.g., for detection of epitopes), gene
expression profiling (e.g., gene chip arrays; polymera¥ chain reaction (e.g., reverse transcriptase
PCR, real time PCR, and conventional PCR)), protein ari{ys, protein secretion (e.g., by plasma
clotting assay or analysis of PDC-conditioned medium, e.g2.Npy Enzyme Linked ImmunoSorbent
Assay (ELISA)), mixed lymphocyte reaction (e.g., as measure ¥f stimulation of PBMCs), and/or
other methods known in the art.

[0091] Examples of suitable UTC derived from umbilicus tisdye were deposited with the
American Type Culture Collection (10801 University Boulevard, Manadas, VA 20110) on June
10, 2004, and assigned ATCC Accession Numbers as follows: (1) strain de\gnation UMB
022803 (P7) was assigned Accession No. PTA-6067; and (2) strain designatiox UMB 022803
(P17) was assigned Accession No. PTA-6068.

[0092] In various embodiments, the UTC possesses one or more of the folloXing growth
features: (1) they require L-valine for growth in culture; (2) they are capable of growth

atmospheres containing oxygen from about 5% to at least about 20% (3) they have the po
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\r at least about 40 doublings in culture before reaching senescence; and (4) they attach and
expApd on a coated or uncoated tissue culture vessel, wherein the coated tissue culture vessel
compriNgs a coating of gelatin, laminin, collagen, polyornithine, vitronectin or fibronectin.
[0093] In certain embodiments, the UTC possesses a normal karyotype, which is
maintained a\the cells are passaged. Methods for karyotyping are available and known to those
of skill in the ark
[0094] In o¥per embodiments, the UTC may be characterized by production of certain
proteins, including (1 Nproduction of at least one of tissue factor, vimentin, and alpha-smooth
muscle actin; and (2) proYuction of at least one of CD10, CD13, CD44, CD73, CD90, PDGFr-
alpha, PD-L2 and HLA-A,B\C cell surface markers, as detected by flow cytometry. In other
embodiments, the UTC may be\gharacterized by lack of production of at least one of CD31,
CD34, CD45, CD80, CD86, CD1¥\/, CD141, CD178, B7-H2, HLA-G, and HLA-DR, DP, DQ
cell surface markers, as detected by fow cytometry. Particularly preferred are cells that produce
at least two of tissue factor, vimentin, ang alpha-smooth muscle actin. More preferred are those
cells producing all three of the proteins tissNe factor, vimentin, and alpha-smooth muscle actin.
[0095] In other embodiments, the UT may be characterized by gene expression, which
relative to a human cell that is a fibroblast, a mesgnchymal stem cell, or an iliac crest bone
marrow cell, is increased for a gene encoding at leaX one of interleukin §; reticulon 1;
chemokine (C-X-C motif) ligand 1 (melonoma growth\timulating activity, alpha); chemokine
(C-X-C motif) ligand 6 (granulocyte chemotactic protein X); chemokine (C-X-C motif) ligand 3;
and tumor necrosis factor, alpha-induced protein 3.

[0096] In yet other embodiments, the UTC may be chardg¢terized by gene expression,
which relative to a human cell that is a fibroblast, a mesenchymal S§gm cell, or an iliac crest bone
marrow cell, is reduced for a gene encoding at least one of; short statu\g homeobox 2; heat shock
27 kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal cell-deriwgd factor 1); elastin
(supravalvular aortic stenosis, Williams-Beuren syndrome); Homo sapiens IN\RNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme homeo box N growth arrest-
specific homeo box); sine oculis homeobox homolog 1 (Drosophila); crystallin, algha B;
disheveled associated activator of morphogenesis 2; DKFZP586B2420 protein; simily to
neyralin 1; tetranectin (plasminogen binding protein); src homology three (SH3) and cyXgine

rich domain; cholestero! 25-hydroxylase; runt-related transcription factor 3; interleukin 11
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eptor, alpha; procollagen C-endopeptidase enhancer; frizzled homolog 7 (Drosophila);
hypdhetical gene BCO08967; collagen, type VI, alpha 1; tenascin C (hexabrachion); iroquois

homeoWpx protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2;

1; potassium intdgmediate/small conductance calcium-activated channel, subfamily N, member
4; integrin, beta 7; Nanscriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog ZXDrosophila), KIAA1034 protein; vesicle-associatcd membrane protein 5
(myobrevin); EGF-contalging fibulin-like extracellular matrix protein 1; early growth response
3; distal-less homeo box 5; Dypothetical protein FLJ20373; aldo-keto reductase family 1,
member C3 (3-alpha hydroxystyroid dehydrogenase, type II); biglycan; transcriptional co-
activator with PDZ-binding motif YTAZ); fibronectin 1; proenkephalin; integrin, beta-like 1 (with
EGF-like repeat domains), Homo saphens mRNA full length insert cDNA clone EUROIMAGE
1968422; EphA3; KIAA0367 protein; nNriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypotitical protcin FLI14054; Homo sapiens mRNA,;
cDNA DKFZp564B222 (from clone DKFZp584B222); BCL2/adenovirus E1B 19 kDa
interacting protein 3-like; AE binding protein 1; 8d cytochrome ¢ oxidase subunit VIla
polypeptide 1 (muscle).

[0097] In other embodiments, the UTC may beNharacterized when cultured by secretion
of at least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF, NGF, HB-EGF, BDNF, TPO, MIP1b,
1309, MDC RANTES, and TIMP1. In addition, the UTC ma¥)\be characterized when cultured by
lack of secrction of at least onc of TGF-beta2, ANG2, PDGFbb,WIP1A, and VEGF, as detected
by ELISA.

[0098] In some embodiments, the UTC is derived from umbilidg! cord tissue
substantially free of blood, are capable of self-renewal and expansion in SNlture, require L-valine
for growth, can grow in at least about 5% oxygen, and comprise at least one Xf the following
characteristics: potential for at least about 40 doublings in culture; attachment aRd expansion on
a coated or uncoated tissue culture vessel that comprises a coating of gelatin, lamiNg, collagen,

polyornithine, vitronectin, or fibronectin; production of vimentin and alpha-smooth nNscle actin;
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i\ncreased for a gene encoding interleukin 8 and reticulon 1. In some embodiments, such UTC

characteristics. Ntill more preferred is a UTC comprising six, seven, eight, or more of the
characteristics. StiNmore preferred presently is a cell comprising all of above characteristics.
[0100] Among\gells that are presently preferred for use with the invention in several of
its aspects are postpa cells having the characteristics described above and more particularly
those wherein the cells have\gormal karyotypes and maintain normal karyotypes with passaging,
and further wherein the cells exXRress each of the markers CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha, and HLA-A, B,C,

proteins which correspond to the list

erein the cells produce the immunologically-detectable

markers. Still more preferred are those cells which in
addition to the foregoing do not produc\proteins corresponding to any of the markers CD31,
CD34, CD45, CD117,CD141, or HLA-D

[0101] In one embodiment, the UTC &

P,DQ, as detected by flow cytometry.

isolated from human umbilical cord tissue
substantially free of blood, are capable of self-retgwal and expansion in culture, have the
potential to differentiate, lack the production of CDN 7 or CD45, and do not express hTERT or
telomerase. These UTC optionally expréss oxidized loW density lipoprotein receptor 1,
reticulon, chemokine receptor ligand 3, and/or granulocytd\chemotactic protein; and/or do not
express CD31 or CD34; and/or express, relative to a human fproblast, mesenchymal stem cell,
or iliac crest bone marrow cell, increased levels of interlcukin &\ reticulon 1; and/or express
CD10, CD13, CD44, CD73, and CD90.

[0102] In another embodiment, the UTC are isolated from hurMan umbilical cord tissue

cells also express CD10, CD44, and CD43. In an alternate embodiment, the cells\Wso do not
express CD45 and CD31. These UTC optionally (i) express oxidized low density lipyprotein

receptor 1, reticulon, chemokine receptor ligand 3, and/or granulocyte chemotactic protiy
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or (ii) express, relative to a human fibroblast, mesenchymal stem cell, or iliac crest bone

embodiment, the cds also express CD10, CD44, and CD43. In an alternate embodiment, the
cells also do not exprchg CD45 and CD31. These UTC optionally (i) express oxidized low
density lipoprotein recepiyr 1, reticulon, chemokine receptor ligand 3, and/or granulocyte
chemotactic protein; and/or &) express, relative to a human fibroblast, mesenchymal stem cell,
or iliac crest bone marrow cell, Yacreased levels of interleukin 8 or reticulon 1.

[0104] In alternate embodiXgent, the UTC are isolated from human umbilical cord tissue
substantially free of blood, are capabl§of self-renewal and expansion in culture, have the
potential to differentiate, and have the fo§owing characteristics: (1) express CD10, CD13, CD44,
CD90, and HLA-ABC; (2) do not cxpress QD31, CD34, CD45, HLA-DR and CD117, and (3) do
not express hTERT or telomerase. In alternatdembodiment, the UTC are isolated from human
umbilical cord tissue substantially free of blood, &e capable of self-renewal and expansion in
culture, have the potential to differentiate, and have Ne following characteristics: (1) express
CD10, CD13, CD44, CD90, and HLA-ABC; (2) do notxpress CD31, CD34, CD45, HLA-DR
and CD117; (3) do not express hTERT or telomerase; (4) &press oxidized low density
lipoprotein receptor 1, reticulon, chemokine receptor ligand 3\and/or granulocyte chemotactic
protcin; and (4) express, rclative to a human fibroblast, mesenchymnal stem cell, or iliac crest
bone marrow cell, increased levels of interleukin 8 or reticulon 1.
[0105] In one embodiment, the hUTC are provided as a populaon of cells, which may
be homogenous. In some embodiments, the cell population may be heterdgeneous. A
heterogeneous cell population of the invention may comprise at least about 5o, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% UTC of the invention. The heterogeNeous cell
populations of the invention may further comprise stem cells or other progenitor cs, such as
myoblasts or other muscle progenitor cells, hemangioblasts, or blood vessel precursongells; or it
may further comprise fully differentiated skeletal muscle cells, smooth muscle cells, pen

blood vessel endothelial cells. In some embodiments, the population is substantially
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mogeneous, i.e., comprises substantially only the UTC (preferably at least about 96%, 97%,

characteristics (e.g. markNr profile and/or gene expression profile) as the hUTC before culturing.
In an alternate embodimentXhe hUTC after culturing have the same characteristics (e.g. marker
profile and/or gene expression Wofile) as the hUTC before culturing. In one embodiment, the

hUTC after culturing have the sa;
CD13, CD34, CD90, and CD117.

characteristics as the hUTC before culturing for at least

I11. Other Suitable Cells

[0107] As discussed above in certain Ymbodiments of the invention, the culture medium

and serum-free nutrient solutions may be used td\grow isolated human umbilical cord tissue
derived-cells (“hUTC” or “UTC”). In addition, the\¢ulture medium and serum-free nutrient
solutions may be used to grow other anchorage depend¢nt cells.

[0108] In one embodiment of the invention, the cWture medium and serum-free nutrient
solution are utilized to grow other anchorage dependent cell\such as cells derived from placenta.
The examples of other anchorage dependent cells include but a¥ not limited to bone marrow
derived mesenchymal stem cells, bone marrow derived progenitor\of mesenchymal stem cells,

cells derived from non-marrow tissues, such as adipose tissue, muscltissue, blood vessel

foreskin fibroblasts.
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Methods of Culturing

[010 Another embodiment of the invention is methods of culturing cells comprising
use of ti¢ conditioned medium and serum-free nutrient solution of the invention. The methods
may utilize\oller bottles, spinner flasks, and/or microcarriers. In preferred embodiments, the
methods are uded to culture anchorage-dependent cells, such as e.g. hUTC cells, and require
microcarriers.

[0110] In a Pxeferred cmbodiment, the method comprises culturing hUTC with the
conditioned medium anN serum-free nutrient solution of the invention without the need for serum
exchange. As discussed abpve, UTC can be grown in a variety of culture media. The methods
of the invention optimally redyce the serum usage and increase volumetric productivity to reduce
the cost of manufacturing compdgitions comprising anchorage dependent cells, e.g. hUTC.
Furthermore, the method allows foNgrowth of the cells (e.g. hUTC) without medium exchange.
[0111] Exemplary methods of Yrowing cells in roller bottles and microcarriers are
discloscd in U.S. Pub. App. Nos. 2007/0N 1700 and 2008/0166328, respectively, which arc
incorporated herein by reference in its entirédy as it relates to the description of roller bottle,
microcarriers and culturing on roller bottles andmicrocarriers. Exemplafy suitable roller bottles,
spinner flasks, microcarriers, characteristics thered and suitable culture parameters are discussed

below.

A. Roller Bottles

[0112] Roller bottle culture systcms are known in theNart of cell culturc. As uscd herein,
roller bottle culture systems comprise at least a cell line of interdgt, growth medium, roller
bottles, an apparatus for rotating the bottles, and means for harvestiyg the cells.

[0113] Roller bottle culture systems typically further comprisd\neans for controlling the
temperature during the incubation, as well as means for aseptically hand\g the cultures, e.g.
during initial seeding of the bottles with cells, or during subsequent transferd, Harvesting of the
cells may be achieved through enzymatic treatment such as with trypsin, trypsiNNEDTA, dispase,
and collagenase, or other enzymes or combinations of enzymes with or without otN\er
components. Other commercial products such as but not limited to TrypLE™ Expre¥ (Gibco,
Inc.) can be utilized. The cells be also be harvested by manual operations including, e.g\

centrifugation, or harvesting can be automated.
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14] In one embodiment, the bottles are filled about 100-300 ml of growth medium, in
othexembodiments about 100-200 ml are used. In an alternate embodiment about 100-120 ml,
or ever\l 05-115 ml are placed in the bottles. In other embodiments, the bottles are filled with
about 112%l of growth medium to achieve maximal population doublings. In one embodiment,
the bottles ar\seeded with about 2,500 to about 10,000 cells/cm® In a one embodiment, the
lower end of thawrange is used, for example seeding is with less than about 3000 cells per square
centimeter. The sedding bottles are rotated during attachment and growth. The rotational speed
may be set at betweengbout 0.5 to 1 rpm. Preferably, the rotation is between about 0.75 and 1
rpm. More preferably, thy, bottles are rotated at about 0.8 to 1 rpm.

[0115] In another empodiment, roller bottles are filled about 100-300 ml of growth
medium, preferably about 300 Wl are used. The bottles are seeded with about 2500 to about
10,000 cells per square centimeter\ In one embodiment, the lower end of that range is used, for
example seeding is with less than abdyt 3000 cells per square centimeter. Still more preferred
are embodiments where the seeding is aNabout 2500 cells/cm?. The seeded bottles are rotated
during attachment and growth. The rotatioNal speed is set at between about 0.5 to 1 rpm.
Preferably, the rotation is between about 0.75%ud 1 rpm. More preferably, the bottles are rotated

at about 0.8 to 1 rpm. Rotation near or about 0.9\1.0 rpm is presently preferred, as shown in the

figure.

[0116] The filled and seeded roller bottles are Pytated and incubated for about 5 to 7 days
to achieve maximal doublings. Presently, an incubation tige of about 5.5 to about 6.5 days is
preferred.

[0117] The roller bottles may be coated with an agent th\¢ aids in the attachment of the

cells to the inner surface of the roller bottles, such as gelatin, extrad¢llular matrix molecules
(such as gelatin, laminin, vitronectin, fibronectin, collagen types I, IV\and VI), or the like. One
example of such commercially available coated bottles are those coated Wjth CellBind (available
from Corning as catalog number 3907). It is envisioned that various coatin

acceptable for attachment and growth of cells in accordance with the methods
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B. Spinner Flasks

[011 Spinner flask culture systems are also known in the art of cell culture. As used
herein, &inner flask culture systems comprise at least a cell line of interest, growth medium, one
or more spgner flask, a means for rotating the one or more flask, and a means for harvesting the
cells.

[0119] SpNaner flask culture systems typically further comprise means for controlling the
tempcraturc during ¥e incubation, as well as means for aseptically handling the cultures, e.g.
during initial seeding oXthe flasks with cells, or during subsequent transfers. Harvesting of the
cells may be achieved throygh enzymatic treatment such as with trypsin, trypsin-EDTA, dispase,
and collagenase, or other enz¥mes or combinations of enzymes with or without other
components, Other commercial\groducts such as but not limited to TrypLE™ Express (Gibco,
Inc.) can utilized. The cells be als\be harvested by manual operations including, e.g., batch
centrifugation, or harvesting can be algmated.

[0120] In onc cmbodiment, the roXational speed is sct at between about 35 to about 65
rpm, alternatively between about 35 and 45 X\pm, alternatively from between about 40 and about
50 rpm, alternatively between about 45 rpm andabout 55 rpm, alternatively from between about
55 to about 65 rpm, alternatively from about 50 togbout 60 rpm. In preferred embodiments, a
rotational speed of about 40 rpm or 60 rpm is maintaed.

[0121] In one embodiment, 3 L spinner flasks art\used which may be filled with
approximately 3 L of growth medium, FBS, serum-free nutNent solution, microcarriers, and
cells. In that embodiment, the rotational speed may be set bet\een about 35 and 45 rpm.
Preferably, the rotation is about 40 rpm.

[0122] In another embodiment, 125 ml flasks are used. The, flasks may be filled with
approximately 100 ml of a solution comprising the growth medium, FBY, serum-free nutrient
solution, microcarriers, and cells. In one embodiment, the flasks contain agproximately 85 ml to
115 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, 8d cclls. In that
embodiment, the rotational speed may be set between about 55 and 65 rpm. PreNrably, the
rotation is about 50 rpm.

[0123] In yet another embodiment, 500 ml spinner flasks are used. These flas
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0 ml to 500 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cells.
In thy¢ embodiment, the rotational speed may be set between about 55 and 65 rpm. Preferably,
the rota§on is about 50 rpm.

[0124] In an alternate embodiment, 500 ml spinner flasks are used. These flasks may be
filled with apkroximately 500 ml of a solution comprising the growth medium, FBS, serum-free
nutrient solution\microcarriers, and cells. In one embodiment, the flasks contain approximately
450 ml to 500 ml oNgrowth medium, FBS, serum-free nutrient solution, microcarriers, and cells.
In that embodiment, i, rotational speed may be set between about 35 and 45 rpm. Preferably,
the rotation is about 40

[0125] The flasks mdy be seeded with about 2,500 to about 10,000 cells/cm®. The cells
may be seeded directly into theXlask, onto the surface of the flask or onto microcarrier placed
inside the flask. In a preferred emRodiments, the seeding is carried with about 3,000 to about
7,500, alternatively with about 3,000%¢ about 7,000, alternatively with about 4,000 to about
7,000, alternatively with about 3,000 to Zpout 5,000, alternatively with about 5,000 to about
7,000, alternatively with about 3,500 to abdyt 5,000, alternatively with about 4,500 to about
7,500, alternatively about 3,500 to about 5,50 cells/om®. The flasks are rotated during
attachment and growth. In one embodiment, to tNaximize the population doubling rate, the filled
and seeded flasks are rotated and incubated for aboi 5 to 7 days, with an incubation time of

about 5 to about 6 days preferred.

C. Microcarriers

[0126] Microcarrier culture is a technique, which makadg possible the practical high yield
culture of anchorage-dependent cells, e.g., anchorage-dependent postpartum cells. Microcarriers
have been specifically developed for the culture of cells, such as matgmalian postpartum cells, in
culture volumes ranging from a few milliliters to greater than one thous\ad liters. The
microcarrier is biologically inert and provides a strong but non-rigid substi§te for stirred
microcarrier cultures. The microcarriers may be transparent, allowing micros\ppic examination
of the attached cells. Cytodex® 3 (GE Healthcare Life Sciences, Piscataway N.N) consists of a
thin layer of denatured collagen chemically coupled to a matrix of cross-linked dex¥an. The

denatured collagen layer on Cytodex® 3 is susceptible to digestion by a variety of proiases,
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luding trypsin and collagenase, and provides the ability to remove cells from the microcarriers
whil maintaining maximum cell viability, function, and integrity.
[0127] Protein free microcarriers can be used to culture the cells. For example,
microcarryy beads for use in manufacturing and laboratory or research use sold under the
tradename HN_LEX® (SoloHill Engineering, Inc., Ann Arbor, MI) are modified polystyrene
beads with catioNc trimethyl ammonium attached to the surface to provide a positively charged
surface to the microgarrier. The bead diameter may range from about 90 to about 200 um in
diameter.
[0128] Microcarrg-based methods of cell culture provide many advantages including
ease of downstream processiyg in many applications. Microcarriers are typically roughly
spherical in shape, and can be e\her porous or solid. The use of microcarriers for cell
attachment facilitates the use of stiyyed tank and related reactors for growth of anchorage-
dependent cells. The cells attach to th¢ readily suspended microparticles. The requirement for
suspendability limits the physical param¥ers of the microcarriers. Thus, microcarriers
commonly have a mean diameter in the ran¥¢ of 50-2000 um. In somc applications solid-typc
microcarriers range from about 100 to about 280 pm whereas porous-type microcarrier beads
range from about 250 to about 2500 um. These sige ranges allow for selection of microcarriers,
which are large enough to accommodate many anchdage-dependent cells, while small enough to
form suspensions with properties suitable for use in stitkgd reactors.
[0129] Among the factors considered in using micNcarrier beads and the like are:
attachment efficiency, immunogenicity, biocompatibility, abiNy to biodegrade, time to reach
confluence, the growth paramcters of attached cells including m3imum attainable density per
unit surface area, detachment techniques where required, and the etXciency of the detachment,
scalability of the culture conditions as well as homogeneity of the cultixe under scaled-up
conditions, the ability to successfully scale-up detachment procedures, an¥ whether the beads
will be used for implantation. These considerations can be influenced by th\gurface properties
of the microcarrier beads, as well as by the porosity, diameter, density, and han®{ing properties
of the microcarrier.
[0130] For example, the density of the microcarrier particles or beads is a con\deration.
Excessive density may cause the microcarrier particles or beads to settle out of the suspeNsion, or

tend to remain completely towards the bottom of the culture vessel, and thus may result in pRor
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bWk mixing of the cells, culture medium, and gaseous phases in the reactor. On the other hand, a
dens\fy that is too low may result in excessive floating of the microcarrier. A density of 1.02 to
1.15¢g
[0131]

be added to a\eactor allows the microcarriers to contribute substantial surface area in vast excess

? is typical of many microcarrier beads.
The small diameter of microcarrier particles and the volume of particles that can
to that found in Nller bottles or other methods of growing anchorage-dependent cells, e.g. on
plates. Porous micNcarriers provide even greater surface area per unit volume or weight. These
porous microcarriers pssess large cavities that are available for the growth of anchorage-
dependent cells. These cNyities increase the surface area greatly, and may protect cells from
detrimental mechanical effes, such as shear stress, e.g. from mixing or from gas sparging.
[0132] The microcarrieNsurface may be textured to enhance cell attachment and
proliferation. The microcarrier suXace texture be achieved by techniques including, but not
limited to, molding, casting, leeching\and etching. The resolution of the features of the textured
surface may be on the nanoscale. The t&tured surface may be used to induce a specific cell
alignment on the microcarrier surface. The\gurface of the pores within the porous microcarricrs
may also be textured to enhance cell attachmeNt and proliferation. Pore surface texture be
achieved by techniques such as but not limited to\molding, casting, leeching, and etching.

[0133] The microcarrier surface may be plasxpa-coated to impart a specific charge to
microcarrier surfaces. These charges may enhance celNattachment and proliferation.

[0134] In other embodiments, the microcarriers coxaprise, or are coated with,
thermoresponsive polymers e.g. poly-N-isopropylacrylamide\or have electromechanical
properties. The microcarriers may also posscss a microcurrent, Nch as microcarriers with a
particulate galvanic couple of zinc and copper that produces low le\gls of biologically relevant
electricity. The microcarriers may be paramagnetic, such as paramagitic calcium-alginate
microcarriers.

[0135] Both porous and solid types of microparticulate carriers are

Suitable commercially available porous microcarriers include Cytoline™ and Cytopdge™ from
GE Healthcare Life Sciences, Biosilon (NUNC) and Cultispher® (Percell Biolytical).
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36] In certain embodiments, the methods and kits of the invention utilize a dextran
bead\microcarrier having an approximate particle size of about 60-90 um and a density of about
1.03 * at 25°C. In other embodiments, the methods and kits of the invention utilize a
dextran beXd microcarrier having an approximate particle size of about 114-198 pm and a
density of abdut 1.04 g/cm’ at 25°C. In yet another embodiment, the methods and kits of the
invention utilize\g dextran bead microcarrier having an approximate particle size of about 60-87
um and a density oNabout 1.04 g/cm® at 25°C. In an alternate embodiment, the methods and kits
of the invention utilizporous microcarricrs. These porous microcarricrs may have a particle
diameter of about 200-28§ um, an effective surface area of about 1.1 m*/g dry and an average
pore diameter opening of abdut 30 um. In other embodiments, the methods and kits of the
invention utilize microcarriers Dgving an amine treated surface. In preferred embodiments, the
microcarriers having an amine treXgd surface have a particle size of about 160-200 um, a
relative density range of about 1.090\,150, a surface area of about 515 cm*/g. Such
microcarriers may be provided in solutidgs contains 5.5 x 10° microcarriers/g.

[0137] The carricr particles may alsg contain a bioactive agent. The carricr particle may
also contain a bioactive agent or factor that may regulate the growth or function of cells or the
tissue milieu. Suitable factors include but are noNimited to fibroblast growth factors,
erythropoietin, vascular endothelial cell growth factdys, platelet-derived growth factors, bone
morphogenic proteins, transforming growth factors, turhr necrosis factors, epidermal growth
factors, and insulin-like growth factors. Complete factors\nimetics, or active fragments thereof

may be used.

D. Methods

[0138] Generally, the methods of the invention comprise cultuNng (e.g. expanding) cells
in a culture medium of the invention, which has been supplemented with\erum (e.g. FBS).
After the cells have been grown to a desired density (such as e.g. for a perio\of about 3-4 days),
the serum-free nutrient solution is added. The cells may be anchorage-dependéyt cells, which
may be seeded on a microcarrier. The culturing may be carried out in a roller bott¥ or spinner
flask culture system. Preferably, when the anchorage-dependent cclls are seeded on
microcarrier, a spinner flask culture system is used. The desired period of time is deterfNned by

such parameters as e.g. desired population density, desired population doubling(s) or time.

-43-




WO 2014/093598 PCT/US2013/074615

ain embodiments, the cells are cultured for 4 to 7 days with the serum-free nutrient medium
addd{ at about day 3. In other embodiments, the cells are grown for 1-2 or population doublings
or untiN desired initial population density is achieved prior to addition of the serum-free nutrient
solution. Xs discussed above, the methods allow for growth of the cells (e.g. hUTC) without
medium excignge

Methods of Culturing Isolated Anchorage-Dependent Cells

[0139] One Ymbodiment of the invention is a method for culturing (e.g. expanding)
anchorage-dependent &glls. The method comprises culturing isolated anchorage-dependent cells
seeded on tissue flask surNce or preferably microcarrier in a culture medium of the invention,
which has been supplementeN with serum, and adding a serum-free nutrient solution after the
cells have been grown for a sufNgient period of time to allow for a desired initial population
density. In one embodiment, the c\!s are grown between about 3 and about 7 days, alternatively
between about 3 and about 5 days, aliymnatively between about 4 days and about 5 days, prior to
addition of the serum-free nutrient solutiyn. In one embodiment, the cells are grown about 3
days prior to addition the serum-free nutrielX solution. In another embodiment, the cells are
grown to allow for at least one or two populati\a doublings prior to addition to the serum-free
nutrient solution. In a preferred embodiment, thegells are seeded on any of the microcarriers
disclosed herein and are grown in spinner flasks und¥ the conditions described above. In one
embodiment, the method comprises thawing a cell bank\yial containing these cells and expansion
of the cells to inoculate a production vessel. Another embddiment comprises the step of first
isolating the cells and then seeding the isolated cells.

[0140] As discussed, the medium, including the medium\sed in these methods, may be
supplemented with about 2% to about 20% of serum (e.g. FBS). In\gne embodiment, the
medium is supplemented with serum (such as e.g. FBS) during the preMaration of the medium.

In another embodiment, the medium is supplemented immediately prior thuse (such as via the
addition of a solution comprising serum (e.g. FBS)). In another embodimentythe medium is
supplemented with preferably about 2 to 15% (v/v) of FBS, alternatively from 2Qout 2 to about
10%, alternatively from about 3 to about 12%, alternatively from about 5 to about 5%,
alternatively from about 4% to about 10%. In the selected embodiments, the culture Redium is
supplemented with about 7.5%, about 10% or about 15% (v/v) of FBS.
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41] In another embodiment, the method also encompasses seeding the anchorage-
depdqdent cells. While the target seeding density may vary, in certain embodiments, from about
5,000 t\about 8,000, alternatively from about 5,500 to about 7,500, alternatively from about
6,000 to adout 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm? are seeded at
a microcarrieNconcentration of about 12 to about 30, alternatively of about 12 to 20, alternatively
of about 18 to abQut 25, alternatively of about 15 to about 23 g/L.

2, Methods of Culturing Isolated Umbilical Cord-Tissue Derived Cells

[0142] One emdpdiment of the invention is a method of culturing umbilical cord tissue-
derived cells. While this !Rethod generally comprises the steps of the method of culturing
isolated anchorage-dependenhgells discussed above, there may be some variations. Accordingly
one embodiment of the inventioNis a method of culturing isolated anchorage-dependent hUTC
attached on microcarriers to high ¢l density in suspension culture in spinner flasks by enriching
the growth medium with a serum-freeWutrient solution. This method optimally eliminates the
nced for medium cxchange (e.g. on day 3\ to consistently grow cells >20,000 cells/cm?.
Furthermore, this method improves robustndgs for passaging of hUTC. This method utilizes the
culture media and serum-free nutrient solutionN\of the invention.

[0143] The method comprises culturing is&ated hUTC seeded on a microcarrier in a
culture medium of the invention supplemented with yum (e.g. FBS) for a sufficient period of
time to allow the cells to achieve a desired initial popula§on density. In certain embodiments,
culture medium embodiment A, B or C are used. In certailfNembodiments, the cells are cultured
in a roller bottle and the culturing is carried out on a roller botNg system. In preferred
embodiment, the cells are seeded on microcarriers, cultured in spiner flasks and the culturing is
carried out in the spinner flask system. In one embodiment, cells ard\incubated at approximately
37 °C under a 10% CO, atmosphere.

[0144] In another embodiment, the flasks are rotated at a rate of frdn about 55 to about
65 rpm, altcrnativcly from about 55 rpm to about 60 rpm, alternatively from jout 58 rpm to
about 61 rpm. In another embodiment, the flasks are rotated at a rate of from abdut 35 rpm to
about 45 rpm, alternatively from about 38 rpm to about 42 rpm, alternatively from &out 40 rpm
to about 43 rpm, alternatively from about 36 rpm to about 45 rpm. In another emboditgent, the

microcarrier density in the medium is from about 11.0 to about 13.0 g/L.
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range of abotX 55 rpm to about 65 rpm (preferably about 60 rpm). In another embodiment, the
hUTC are culturgd at approximately 37 °C under a 10% CO, atmosphere in a 500 ml flask,
which is rotated at g rpm range of about 35 rpm to about 45 rpm (preferably about 40 rpm). In
another embodiment, }¢ hUTC are culturcd at approximately 37 °C under a 10% CO;
atmosphere in a 3 [ flask,\vhich is rotated at an rpm range of about 35 rpm to about 45 rpm
(preferably about 40 rpm). N these embodiments, the flasks may contain about 11.0 to about
13.0 g/L of microcarrier in the Wedium (preferably about 12 g/L).

[0146] To maximize the pdpulation density, the filled and seeded flasks or roller bottles
contain hUTC are rotated and incuba¥ed for at least about 5 to 7 days, with an incubation time of
about 5 to about 6 days preferred. At a
2.5 to about 3.5 days (preferably 3 days)) oxwhen the cells have achieved the desired initial cell
density, the serum free-nutrient solution of thé\invention is added to the hUTC culture. In certain
embodiments, serum free-nutrient solutions embddiment A, B or C are used.

[0147] In a preferred embodiment, the cells \e grown for a sufficient period of time to
allow the cells to achieve a desired initial population ddgsity prior to addition of the serum-free
nutrient solution.
[0148] Thus, in one embodiment, the method comprid¢s growing umbilical cord tissue-
derived cells seeded on microcarricrs in a culture medium of tho\nvention for a sufficient period
of time to allow for the cells to achieve a desired initial populationNensity; adding a serum-free
nutrient solution of the invention after the cells have achieved the des
density; and growing the cells for a sufficient period of time to allow fo
desired final population density.

[0149] In another embodiment, culture medium embodiment A and se

embodiment C and serum-free nutrient solution embodiment C are used.
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[0 50] In one embodiment, the method comprises seeding microcarriers with hUTC prior
to ciNturing. The microcarriers may be any one of the microcarriers mentioned above. In certain
embodiyents, the microcarriers have an amine treated surface. In preferred embodiments, the
microcarrids having an amine treated surface have a particle size of about 160-200 um, a

range of about 1.090-1.150, a surface area of about 515 cm?/g. In one

icrocarrier is Hillex® II Ultra.

[0151] Whi
5,000 to about 8,000,
6,000 to about 8,000, alteXpatively from about 6,500 to about 7,500 viable cells/cm? are seeded at

the target seeding density may vary, in certain embodiments, from about

ernatively from about 5,500 to about 7,500, alternatively from about

a microcarrier concentrationRf about 15 to about 30, alternatively of about 18 to about 25,
alternatively of about 15 to abody{ 23 g/L. The seeded cells are added to a flask. Alternatively,
the seeding is carried out in a flask\ In one embodiment, the seeding comprises thawing
cryopreserved hTUC. In one embodident, the method further comprises thawing cryopreserved
hTUC and expansion of the cells prior t\seeding the microcarrier. In one embodiment, the
cxpansion of the cells is carricd out on a mizocarrier.

[0152] In one embodiment, the cultureYpedia used in the method to grow hUTC is
supplemented with about 2% to about 20% of ser\m (e.g. FBS). In one embodiment, medium is
supplemented with serum (such as e.g. FBS) during We preparation of the medium. In another
embodiment, the medium is supplemented immediately\grior to use (such as via the addition of a
the culture medium is supplemented

about 2 to about 10%,

solution comprising serum (e.g. FBS)). In one embodime
with preferably about 2 to 15% (v/v) of FBS, alternatively fr
alternatively from about 3 to about 12%, alternatively from abou\3 to about 15%, alternatively
from about 4% to about 10%, alternatively from about 8 % to aboutN 5%, alternatively from

about 10% to about 15%. In the selected embodiments, the culture mddium is supplemented
with about 7.5%, about 10% or about 15% (v/v) of FBS.

3. Other Characteristics of Methods of the Invention

[0153] The independent variables in the methods of the invention which Yaay be used to

bottles, amount of microcarrier, time of incubation, type of culture medium, type of serum\free

nutrient solution and volume of medium placed in the bottle. The skilled artisan will apprecNte
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tAQt other values outside of the tested ranges could be routinely tested using the same
metDQdology, and these values may prove to offer incremental gains in the number of population
doublings. Maximal response of the dependent variable, here the number of population
doublings\chieved is measured as a function of these parameters and embodiments not
specifically exemplified herein are contemplated as part of this disclosure.

[0154] e cells cultured according to the methods provided (such as e.g. hRUTC) are
characterized as haWng substantially the same cell surface marker profile or gene expression
profile as the starting &lls. In one embodiment, the cells cultured according to the methods
provided are characterize¥ as having substantially the same cell surface marker profile or gene
expression profile as the staljng cells. For many applications of cell-based therapies, it is
important that the cellular chardgteristics do not change when scaling up the culture conditions to
increase quantities. For example, Xoe morphology, cell surface markers, and expression of
hallmark genes that help distinguish 3 denote the therapeutic cell should remain substantially
unchanged if not identical. The cells prdyided in accordance with the invention and the methods
taught therein are substantially unchanged,\gr preferably identical in such characteristics as the

same cells grown under laboratory conditions\\nd scale.

V. Kits Comprising the Culture Medium akd Serum-Free Nutrient Solution
[0155] Another embodiment of the invention ¥ a kit for growing cells comprising the

culture media of the invention and the serum-free nutrie’X solution. In one embodiment, the kit
further comprises the cells. In one preferred embodiment, tRe kit comprises human umbilical
cord tissue-derived cells. The kit may also further comprise itNructions of use. Optionally, the
kit further comprises a microcarriers and serum such as fetal boviRe serum. In an alternate
embodiment, the kit may also comprise a roller bottle system.

[0156] Without further description, it is believed that one of ord\pary skill in the art can,
using the preceding description and the following illustrative examples, make and utilize the
present invention and practice the claimed methods. The following working d&amples therefore,
specifically point out the preferred embodiments of the present invention, and ar\not to be

construed as limiting in any way the remainder of the disclosure.
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EXAMPLES

EXAMPLE 1
Growth and Harvest of hUTC on Microearriers in Spinner Flasks with Enriched Media

[0157] In this example the growth and harvest of hUTC on microcarriers in spinner
flasks with vaNous enriched media was investigated. For the studies in this example, umbilical
cord tissue-derivd cells were expanded from an inoculum and then grown under a variety of
different growth congitions (Conditions 1-9), each of which employed different culture media as
outlined below.
[0158] The microdqrriers used in the studies was Hillex® Ultra (Solohill Engineering,
Ann Arbor, MI), which have\g surface area of 515 cm¥/g.

[0159] As used in this eMample, the term “passage” is defined as inoculating a vessel
containing fresh microcarriers witi\onfluent microcarriers from a separate vessel. Furthermore,
as used in this example, the term “popy\lation doubling” is defined as the number of times the

population of cells has doubled over a gién time and is calculated as follows:

Population Doubling in current passage

~ (In(# of viable cells at end of passage) \In# of viable cells at start of passage))

Procedure for Cell Count
[0160] The cell count as required by the various dnditions was carried out by the
following procedure. A 10 ml sample was aseptically taken\rom the culture and transferred into
a 15 ml conical tube. The sample was then centrifuged at 160 M for 5 minutes. The
supernatant was carcfully removed making sure not to rcmove an\microcarriers, 5 to 10 ml of
TrypLE™ Select (Gibco®) pre-warmed to 37 °C was then added to {

agitated on a rotator for 15 to 30 minutes. The contents of the centrifug\tube were then

microcarriers and
transferred into a 50 ml conical tube through a 40-um filter to remove the tNcrocarriers and only
allow passage of detached cells. Two washes with 1 x PBS were performed tixough the filter.
The 50 ml conical tube was then centrifuged at 1600 RPM for 5 minutes. The sujernatant was
carefully removed without disturbing the cell pallet until about 1 to 2 ml of superna
in the tube. This leftover volume was measured using a pipette and the cell resuspend

volume. The resultant cell suspension was counted using CEDEX (Innovatis) cell countin
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eNuipment which uses the Trypan Blue exclusion method. Based on the CEDEX cell count the

(weight of microcarriers X culture vessel, gm) X (surface area per gram of microcarrier, sq. cn/gm)

Cell Culturing Procedure
[0161] Vials of frozen h were thawed and washed with fresh medium. The cell
suspension was transferred into a 125Xl glass spinner flask containing the medium and
microcarrier. These thawed cells were usgd to prepare the inoculum.

Preparation of cells for Inoculum
[0162] The inoculum was expanded ovd; multiple passages in control medium comprised
of DMEM and 15% v/v of FBS with 12 g/L conce\tration of microcarriers in glass spinner flasks
(Corning, NY) of different sizes (125 ml, 500 ml an

of the cells in the inoculum was less than 35. The criterl for passage and the culture conditions

L). The cumulative population doublings

during expansion of inoculum are tabulated in table below.\On the target day of passage, a cell
count was performed and if the target density for passage was\chieved, the cells were passaged
into a new vessel based on the target seeding density in the new ¥gssel. If the target density for
passage was not achieved, an 80% medium exchange was carried olNand the cells counted on
the next day. For medium exchange, the vessel was set aside from the Wpinner platform and the
microcarriers were allowed to settle by gravity for 5 minutes and 80% of the medium was
removed aseptically (without removing the microcarriers) and an equal amouNt of fresh medium
was added and the vessel was placed back on the spinner platform in the incubaiyr.

[0163] The growth conditions and parameters during serial passaging for i

preparation are outlincd below in Table 1-1.
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Table 1-1: Growth conditions and parameters during serial passaging for

\At Thaw, 125 ml spinner flask (viable cells/c 6000 (3000-7500
Nt Passage 1, 500 ml spinner flasks (viable cells/cm?) 5000 (3000-7000)

At\ll other passages (viable cells/cm® 6000 (4000-7000

er Neaw, 125 ml spinner flask (days)
At all otr passages from 500 ml spinner flask (days)

3L spinncw\afk (days). Always 4 days with 80% medium
cxchange on'Yay 3

261 Sa
Cell Density at EXd of Passage (viable cells/cm®)
Spifmer Fiask W Volun - Target{Range
125 mi flask working\yolume (m 100 (85-115)

500 (450-500)

Temperature (°C)
C 0,
- Spirin i
Agitation in 125 ml flask (rpm) \ 60 (55-65)
Agitation in 500 ml flask (rpm)  \ 60 (55-65)

tation i k (rpm) 40 (35-45)

— 12(11.0-13.0)

[0164] For each of Conditions 1 to 9, the day oXinoculation is considered to be Day 0.
Also for each of the conditions, a cell count was performéy on the inoculum.

[0165] Condition 1 (Control): The target seeding d¥psity of this condition was ~6000
viable cells/cm” at a microcarrier concentration of ~18 g/L. BaXd on the cell count of the
inoculums the desired volume of inoculum was added to a new aut§claved 500 ml glass spinner
flask. The microcarriers were allowed to settle by gravity. The medizn from the inoculum was
removed until ~ 100 ml was left in the flask. Fresh microcarriers were tA¢n added resulting in a
final weight of ~9g of microcarriers in the flask. Fresh medium comprised 3 DMEM and 15%
(v/v) of FBS was added to bring up the volume to 500 ml. The flask was plac on a spinner
platform at 60 RPM in a 37 °C and 10% CO; incubator. On Day 3, an 80% medilxn exchange
was carried out using DMEM + 15% FBS. Periodic cell counts were performed usiny the
procedure described above. On Day 3 and 5, 3 ml and 2.5 ml of Glucose were added toNpe flask,

respectively. 2.5 ml of 200 mM L-Glutamine was added on Day 3.
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166] Condition 2: The target seeding density of this condition was ~6000 viable
cellNem? at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculums the
desired\yolume of inoculum was added to a new autoclaved 500 mi glass spinner flask. The
microcarrRrs were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 nN was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g\f microcarriers in the flask. Fresh medium comprised of M5 basal medium and
15% (v/v) of FBS ¥as added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 6 Min a 37 °C and 10% CO; incubator. On Day 3, feed F5 was added.
No medium exchange wag performed. In addition, on Day 3, 2.5 ml of glucose was added.
Periodic cell counts were pexformed as explained in the cell counting section. On Day 5, 5 ml of
200 mM L-Glutamine was add¥d to the flask.

[0167] Condition 3: The\arget seeding density of this condition was ~7000 viable
cells/cm? at a microcarrier concentraNon of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added ¥ a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by graXjty. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh midyocarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Frdh medium comprised of M1 basal medium and
15% (v/v) of FBS was added to bring up the volumd\to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; idgubator. On Day 3, feed F1 was added.
No medium exchange was performed. Periodic cell couny were performed as explained in the
cell counting section. 2.5 ml of glucose was added on Day 3\ On Day 4, 5 ml of 200 mM L-
Glutamine was added to the flask.

[0168] Condition 4: The target seeding density of this colNition was ~7000 viable
cells/cm? at a microcarrier concentration of ~20 g/L. Based on the cel\count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glasS\gpinner flask. The

microcarriers were allowed to settle by gravity. The medium from the inocWum was removed
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cYl counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
wasydded on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.

[0169] Condition 5: The target seeding density of this condition was ~7000 viable
cells/cm® X a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired voluée of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcatriers wexe allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was ¥eft in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of midocarricrs in the flask. Fresh medium comprised of M3 basal medium and
15% (v/v) of FBS was ad¥ed to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM¥a a 37 °C and 10% CO; incubator. On Day 3, feed F3 was added.
No medium exchange was pe ed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of gihgose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 mNof 200 mM L-Glutamine was added to the flask.

[0170] Condition 6: The target \geding density of this condition was ~7000 viable
cells/cm? at a microcarricr concentration 0f\;20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a ne\y autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. "Rae medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarrRrs were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh meNjum comprised of M4 basal medium and
15% (v/v) of FBS was added to bring up the volume to 508ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubatd. On Day 3, feed F4 was added.
No medium exchange was performed. Periodic cell counts were\gerformed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was adNed to the flask.

[0171] Condition 7: The target seeding density of this condition Was ~7000 viable
cells/cm? at a microcarrier concentration of ~20 g/L. Based on the cell counNof the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinnd flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in qfinal
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M5 basal mec
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
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spNner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F5 was added.
No mkdium exchange was performed. Periodic cell counts were performed as explained in the
cell couXing section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added \n Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.
[0172] ondition 8: The target seeding density of this condition was ~7000 viable
cells/cm? at a midocarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of idQculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allofed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in Noe flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcar®¢rs in the flask. Fresh medium comprised of M6 basal medium and
15% (v/v) of FBS was added toring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 3X°C and 10% CO; incubator. On Day 3, feed F6 was added.
No medium exchange was performed\ Periodic cell counts were performed as explained in the
cell counting section. 2.5 mi of glucose Yaqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 20 mM L-Glutamine was added to the flask.
[0173] Condition 9: The target scedidg density of this condition was ~7000 viable
cells/cm? at a microcarrier concentration of ~20 L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autyclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The mydium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers wRre then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh mediumomprised of M7 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. \Jhe flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. Day 3, feed F7 was added.
No medium exchange was performed. Periodic cell counts were perfodgmed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of {extrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added

Harvest
[0174) On day 6, all the flasks were harvested. For harvest, the microcaridgrs were
allowed to settle by gravity and the medium was removed as much as possible withdNt removing
any microcarriers. 250-300ml of TrypLE™ pre-warmed at 37 °C was added to the flas\and

placed on a spinner platform in the incubator at 37 °C. After 30 minutes, the agitation wa,
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ped and a 25 ml sample was taken from the flask and filtered through a 40 um filter. The
micicarrier retained on the filter was discarded and a cell count was performed on the sample
by dire§ly running the sample on the CEDEX. Based on the TrypLE™ volume added and the
cell count'Rptained, the total cells in the vessel were calculated and the cell density (cells/cmz)
was calculatey,

ComposKion of the Cell Culture Media

[0175] D (with 1g/L glucose, 4mM L-Glutamine and 3.7g/L Sodium Bicarbonate
and without Sodium vate and Phenol Red) was the basal medium used for Condition 1 (the
control).

[0176] Several other\asal media were also tested to identify some components, which

are critical in eliminating meditdxn exchange, and thereby reduce serum consumption. One of the
components used in the formulatioys is bovine serum albumin which was provided in the form of
the commercially available AlbuMAX® I (Gibco™ Cell Culture, Invitrogen Corporation,
Carlsbad, CA), which is lipid-rich bovin\serum albumin. Table 1-2 provides the formulation of
the basal media (M1-M7). Both the basal té\¢dia and the feed media contained the commercially

available stabilizer of cell membranes and antN\oaming agent Pluronic® F68.

Table 1-2 Formulation of Basal Media

\Basal Medium
M4 M5 M6 M7

M1 M2 M3 \
(g/L) L) | (/L) ]

Inorganic Salfs

Calcium Chloride,

Anhydrous 0.2 0.2 0.2 0. 0.2 0.2 0.2
Calcium Chloride

(CaCl».2H,0) 0 0 0 0 0 0 0
potassium chloride, USP 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Mg sulfate, anhydrous 0.9767 0.9767 09767 0.9767 Bmm 0.9767 09767
sodium chloride, USP 6.4 6.4 6.4 6.4 6\ 6.4 6.4
sodium phosphate,

monobasic, HO, USP 0.133175 0.125 0.133175 ] 0.133175 | 0.13317 0.125 0.125
sodium phosphate, dibasic

heptahydrate

20

Ferric Nitrate (9 H,0) 0.0001 0.0001 0.0001 0.0001 0.0001 0.000N 0.0001
Copper(II)sulfate

pentahydrate

(CuS0,.5H:0) 9.33E-08 0 9.33E-08 | 9.33E-08 | 9.33E-08 0 0
Zinc sulfate, heptahydrate, | 3.24E-05 0 3.24E-05 | 3.24E-05 | 3.24E-05 0 m
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T¥ble 1-2 Formulation of Basal Media

Basal Medium
M1 M2 M3 M4 M5 Mé M7
(g/L) (g/L) (g/L) (/L) (g/L) (g/L) (g/L)
(ZnSO4.7]-BQ)
Sodium Selende
0.000067 | 0.000067 0.000067 | 0.000067 | 0.000067

HACIC
ine, HCI 0.09705 0.084 0.09705 | 0.09705 [ 0.09705 0.084 0.084

L-Argin

L-Cystine, 2HCL ___ \__| 0.06779 | 0.06257 | 0.06779 | 0.06779 | 0.06779 | 0.06257 | 0.06257
L-Cysteine HOIH,0  \| 0009224 | 0 [ 0.009224 | 0.009224 | 0.009224 | 0 0

L-Glutamine N ossa | o584 | o584 | 0584 | 0584 | 0584 | 0584
Glycine ON31125 | 003 | 0.031125 | 0.031125 | 0.031125 | 0.03 0.03
L-Histidine, HCL H,0 0.0%288 | 0.042 [ 0.048288 | 0.048288 | 0.048288 | 0.042 | 0.042
L-Tsoleucine 0.163N3 | 0.1048 | 0.163713 | 0.163713 | 0.163713 | 0.1048 | 0.1048
L-Leucine 0.16371N 0.1048 | 0.163713 | 0.163713 | 0.163713 | o0.1048 | 0.1048
L Lysine, HCI 0.16807 [\0.1462 | 0.16807 | 0.16807 | 0.16807 | 0.1462 | 0.1462
L-Methionine 0036748 | .03 | 0.036748 | 0.036748 | 0.036748 |  0.03 0.03
L-Phenylalanine 0073695 | 0.6 | 0.073695 | 0.073695 | 0.073695 | 0.066 | 0.066
L-serine 005145 | 0.04N\ | 0.05145 | 0.05145 | 0.05145 | 0.042 | 0.042
L-Threonine 0.108609 | 0.0952 \ 0.108609 | 0.108609 | 0.108609 | 0.0952 | 0.0952
L-tryptophan 0.018457 | 0.016 | N018457 | 0.018457 | 0.018457 | 0016 | 0.016
L-tyrosine, 2Na, 2H,0 | 0.121813 | 0.10379 | 01813 | 0.121813 | 0.121813 | 0.10379 | 0.10379
L-Valine 0111105 | 0.0936 | 0.11N05 | 0.111105 | 0.111105 | 0.0936 | 0.0936
L-Alanine 0000668 | 0 | 0.00068% | 0.000668 | 0.000668 | 0 0

L-Aspargine H:0 0031978 | 0 | 0.031978 \0.031978 | 0.031978 | 0 0

L-Aspartic Acid 0.00803 0 0.00803 | \00803 | 0.00803 0 0

L-Glutamic Acid 0054728 | 0 | 0.054728 | 0.0%728 [ 0.054728 | 0 0

L-Proline 0.02403 0 0.02403 | 0.02N3 | 0.02403 0 0

D-Calcium Pantothenate 0.004338 0.004 0.004338 | 0.004338

Choline Chloride 0.006094 0.004 0.006094 | 0.006094 0.0@94 0.004
Folic Acid 0.004302 0.004 0.004302 | 0.004302 0.0043& 0.004
I-Inositol 0.009568 0.007 0.009568 | 0.009568 0'009565N\ 0.007
Niacinamide 0.004302 0.004 0.004302 | 0.004302 | 0.004302 \0.004
Pyridoxal, HCI 0.004153 0.004 0.004153 | 0.004153 | 0.004153 MO4
Riboflavin 0.000431 | 0.0004 | 0.000431 | 0.000431 | 0.000431 0.0N4
thiamine, HCI 0.004304 0.004 0.004304 | 0.004304 | 0.004304 0.00‘\
d-Biotin 3.75E-05 0 3.75E-05 | 3.75E-05 | 3.75E-05 0
Pyridoxine. HCI 1.85E-05 0 1.85E-05 | 1.85E-05 | 1.85E-05 0
Vitamin B, 0.000102 0 0.000102 | 0.000102 | 0.000102 0
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ble 1-2 Formulation of Basal Media

Basal Medium
Mi M2 M3 M4 M5 M6 M7
(g/L) (g/L) (s/L) (g/L) (g/L) (g/L) (g/L)

(cyanocobamin)

tic Acid | 0.000015 0 0.000015 | 0.000015 | 0.000015

Lipoic Acid/Thi
i 0.02 0 0 02

Insulin \ 0.01 0.01 0 0.01 0.01 0.01
0 0.055 0.055 0.055

ransferrin

E¥:D!
ucose

D-GI

Thymidine 0.00045

0.00045 0.00045

Adenosine 0.015 0.015 0.015
Cytidine 0.015 0.015 0.015
Uridine 0.015 0.015 0.015

S|lo|ciolo
ololocjlo|io
S| |0 ||

0.015

Guanosine

Putrescine.2H,O 3.02E-05 0 N2E-05 | 3.02E-05 | 3.02E-05 0

Pluronic® F68 0.015 0 ONIS 0.015 0.015 0 0
Bovine Serum Albumin n

(AlbuMAX® I) 2.5 2.5 2.5\ 2.5 0 2.5 2.5

[0177] As outlined above, on Day 3, an 80% medi

Condition 1. For the remaining conditions, a feed was added\Xp eliminate the medium exchange.

exchange was carried out in
The different feed formulations are shown in Table 1-3. The andunts shown Table 1-3 presents
the increase in weight (g) of the component per liter (L) of the cultdge volume when the feed is

added.

Table 1-3: Feed Formulations

Feed Formulations \
F3 F4 F5

F1

sodium phosphate, 0.008175 0 0.008175 | 0.008175 | 0.008175 0

monobasic, H,0, USP \ °
sodium phosphate, dibasic

heptahydrate 0.00201 0 0.00201 [ 0.00201 | 0.00201 0
(Na,HPO..7TH,0)
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Feed Formulations

Copper(ID)suXate

F3 F4
|_&/L) |

F5
(g/L)

Fo

pentahydrate 9.33E-08 0 9.33E-08 | 9.33E-08 | 9.33E-08 0 0
(CuSQ4.5H,0)

Zinc sulfate, heptalydrate,

(ZaSOLTHO) 3.24E-05 0 3.24E-05 | 3.24E-05 | 3.24E-05 0 0
Sodium Selenate 0.000067 | 0.000067 0 0.000067 | 0.000067 | 0.000067 0
(Na,ScOs)

$111 Cl
L-Arginine, HCI 01305 0 0.01305 | 0.01305 | 0.01305 0 0
L-Cystine, 2HCI 00522 0 0.00522 | 0.00522 | 0.00522 0 0
L-Cysteine HCl H,0 0.00924 0 0.009224 | 0.009224 | 0.009224 0 0
Glycine 0.0011% 0 0.001125 | 0.001125 | 0.001125 0 0
L-Histidine, HCI, H,O 0.006288Y, 0 0.006288 | 0.006288 | 0.006288 0 0
L-Isoleucine 0.058913 [\ 0 0.058913 | 0.058913 | 0.058913 0 0
L-Leiicine 0058913 | '\ 0.058913 | 0.058913 | 0.058913 0 0
I-Lysine, HC 0.02187 0\ | 002187 | 002187 | 0.02187 0 0
L-Methionine 0.006748 0 \] 0.006748 | 0.006748 | 0.006748 0 0
L-Phenylalanine 0.007695 0 IN.007695 | 0.007695 | 0.007695 0 0
L-serine 0.00945 0 000945 | 0.00945 | 0.00945 0 0
L-Threonine 0.013409 0 0.018409 | 0.013409 | 0.013409 0 0
L-tryptophan 0.002457 0 0.002N7 | 0.002457 | 0.002457 0 0
L-tyrosine, 2Na, 2 H,O 0.018023 0 0.018023\ 0.018023 | 0.018023 0 0
L-Valine 0.017505 0 0.017505 | 017505 | 0.017505 0 0
L-Alanine 0.000668 0 0.000668 | 0.DQ0668 | 0.000668 0 0
L-Aspareine H;0 0.031978 0 0.031978 | 0.031Q78 | 0.031978 0 0
L-Aspartic Acid 0.00803 0 0.00803 | 0.0080\ | 0.00803 0 0
L-Glutamic Acid 0.054728 0 0.054728 | 0.054728 \0.054728 0 0
L-Proline 0.02403 0 0.02403 | 0.02403 | W\02403 0 0
L-Taurine 0.000844 0 0.000844 | 0.000844 0

£

D-Calcium Pantothenate | 0.000338 0 0.000338 | 0.000338 | 0.00033 0
Choline Chloride 0.002094 0 0.002094 | 0.002094 | 0.002094 \ 0 0
Folic Acid 0.000302 0 0.000302 | 0.000302 | 0.000302 | "\ 0 0
I-Inositol 0.002568 0 0.002568 | 0.002568 | 0.002568 | N\ 0
Niacinamide 0.000302 0 0.000302 | 0.000302 | 0.000302 0\ 0
Pyridoxal, HCI 0.000153 0 0.000153 | 0.000153 | 0.000153 0 0
Riboflavin 3.11E-05 0 3,11E-05 | 3.11E-05 | 3.11E-05 0 \ 0
thiamine, HCI 0.000304 0 0.000304 | 0.000304 | 0.000304 0 \0
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ble 1-3: Feed Formulations

Feed Formulations

F1 F2 F3 F4 F5 F6 F7

(g/L) (gL) (g/L) (g/L) (g/L) (g/L) (g/L)
d-Biotin \ 3.75E-05 0 3.75E-05 | 3.75E-05 | 3.75E-05 0 0
Pyridoxine. NCI 1.85E-05 0 1.85E-05 | 1.85E-05 | 1.85E-05 0 0
Vitamin By, 0.000102 0 0.000102 | 0.000102 | 0.000102 0 0

Lipoic Acid/Thioctic 0000015 | 0 | 0.000015 | 0.000015 | 0.000015 | 0 0
Ethanolamine HCI '\ |  0.02 0

Thymidine

0.00045 0 0.00045 0 0

Adenosine 0.015 0 0.015 0 0
Cylidine 0.015 0 0.015 0 0
Uridine 0.015 0 0 0
i 0.015 0 0 0

Putrescine.2H,O 3.02E-05 0 .02E-05 | 3.02E-05 | 3.02E-05 0 0

Pluronic® F638 0.015 0 \015 0.015 0.015

Bovine Serum Albumin 5

(AIbuMAX® I) 2.5 25 2\\ 2.5 0 2.5 2.5
[0178] The media used in Conditions 1 to 9 all INd FBS added to them. The components

of FBS are shown below:

Table 1-4: Profile of Fetal Bovine Sera (see Price et al,, In Vit?g, 18:576-584 (1982))

Description Average Range N
Endotoxin 0.356 ng/ml V.OOS—I 0.0 39
AR0-7.60 A0

Calcium (Ca*") 13.6/100 ml 12.6-N4.3 43
Chloride (C1) 103 meg/L 98-10% 43
Inorganic Phosphorous 9.8 mg/100 ml 43-11.0 43
Potassium (K" 11.2 meq/L 10.0-14.0 \, 43
Selenium 0.026 pg/ml 0.014-0.038 ‘\ 25
Sodium (Na*) 137 meg/L 125-143

255 mU/ml

Blood Urca Nitrogen 16 mg/100 mi 14-20
Creatine 3.1 mg/100 ml 1.6-4.3 43 '\
Direct Bilirubin 0.2 mg/100 ml 0.0-0.5 43\
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Table 1-4; Profile of Fetal Bovine Sera (see Price et al., In Vitro, 18:576-584 (1982))

lucose 125 mg/100 ml 85-247
H\moglobin 11,3 mg/100 ml 24-18.1
Lackte Dehydrogenase 864 mU/ml 260-1,215
Serum\Glutamate Oxalacetate Transaminase 130 mU/ml 20-201
Total BNjrubin 0.4 mg/100 ml 0.3-1.1

Cholesterol \, 31 mg/100 ml 12--63 43
Cortisol 0.5 pg/ml <0.1-2.3 43
Follicle Stimu]atiﬁ\l-lormone 9.5 ng/ml <2-33.8 34
Growth Hormone 39.0 ng/ml 18.7-51.6 40
Leutinizing Hormone \ 0.79 ng/ml 0.12-1.8 38
Parathyroid Hormone "\ 1,718 pg/ml 85-6,180 41
Progesterone 8 ng/100 ml <0.3-36 42
Prolactin \ 17.6 ng/ml 2.00-49.55 40
Prostaglandin B \ 5.91 ng/ml 0.5-30.48 37
Prostaglandin F N\ 12.33 ng/ml 3.77-42.00 38
T3 \ 119 ng/100 ml 56-233 41
T4 \ 12.1 ng/100 ml 7.8-15.6 42
Testosterone \ 40 ng/100 ml 21-99 42

Thyroid Stimulating Hormone

Total Protein

1.22 ng/ml

3.8 ¢/100 ml

<0.2-4.5

Albumin 2.3 g/100 ml 2.0-3.6 43

Insulin 10 mU/ml 6-14 40
Results
[0179] The cell counts from the different cdqgditions are shown in Table 1-5 below. The

results can be analyzed in two parts. By comparing

ditions 1 and 2, it is evident that the

combination of M5 medium and F5 feed on Day3 elimindes medium exchange. This is
important, as this will drastically reduce the serum concentr{ion by over 44%. By comparing

itions have the lowest

conditions 3 through 9, it is evident that the following three co
performance in comparison to others: Condition 6, M4 basal medN\m + 15% FBS with F4 feed
on Day 3; Condition 8, M6 basal medium + 15% FBS with F6 feed o Day 3; and Condition 9,
M7 basal medium + 15% FBS with F7 feed on Day 3. A closer look at Na¢ formulations
indicates that none of these three conditions have nucleic acid derivatives I\the media or feed.
Hence, it can also be inferred that nucleic acid derivatives are critical for h growth. This
example demonstrates that hUTC can be grown for 6 days without medium exchdgge by
enriching the culture medium and supplementing additional medium components otNDay 3 and

nucleic acid derivatives are critical in order to maintain comparable cell growth.

| Table 1-5; Viable Cells counts, cells/em’ for hUTC cultures grown under Conditions 1-9—|
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Condition
Day 1 2 3 4 5 6 7 8 9
0 5690 6061 7030 | 7030 | 7030 | 7030 | 7030 ] 7030 | 7030
\3 11942 - 28747 | 32633 | 21431 | 21810 | 19506 | 21320 | 25037
‘}\ - 20035 31976 | 38891 | 25825 | 21256 | 20134 | 17146 | 17569
5 \\ 32035 34329 40470 | 49787 | 46249 | 32827 | 36203 | 26921 | 27699
6 \9757 53418 69408 | 71271 | 64602 | 38443 | 65313 | 38982 | 39718

Conditioah DMEM + 15% FBS and 80% medium exchange on Day 3
Condition 2\45 + 15% FBS and addition of F5 on Day 3
Condition 3: I\}\+ 15% FBS and addition of F1 on Day 3
Condition 4; M2 )\15% FBS and addition of F2 on Day 3
Condition 5;: M3 + 136 FBS and addition of F3 on Day 3
Condition 6;: M4 + lS‘V&BS and addition of F4 on Day 3
Condition 7: M5 +15% F& and addition of F5 on Day 3
Condition 8: M6 +15% FBS\pd addition of F6 on Day 3
Condition 9: M7 + 15% FI3S ahaddition of F7 on Day 3

MPLE 2

Growth and Serial passaging & HUTCs on Microcarriers and in

[0180] Serial passaging of Human umbilicaljssue cells (nUTCs) attached on
microcarriers 1n suspension culture in spinner flasks redyires medium exchange if cells do not
reach a predetermined optimal cell density of >20,000 celN\/cm? on day 3. This medium
exchange adds additional manipulations to the process and m¥kes it difficult to predict cell
passaging schedule. Therefore, this procedure to passage cells i\not commercially desirable.
hUTC can be grown to high cell density by exchanging cell growth\nedium containing 15%
Fetal Bovine Serum. This example investigated an alternate more comnercially desirable
method for passaging hUTC. hUTC attached on microcarrier were growi\to high cell density in
m-free nutrients.

0,000 cells/cm?.

suspension culture in spinner flasks by enriching the growth medium with s
This method eliminates medium exchange on day 3 to consistently grow cells
This method improves process robustness for passaging of hUTCs,

[0181] The following were used in this study: DMEM (with 2g/L glucose, 4

Glutamine and 3.7g/L Sodium Bicarbonate and without Sodium Pyruvate and Phenol R
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vine Serum (15% v/v); M5 Basal medium (see Example 1 above); F5 feed (see Example 1
abowg); and Hillex® Ultra (Solohill Engineering, Ann Arbor, MI) microcarriers were used.
urface Marker Analysis. method:

[0182] 3% FBS in Dulbecco’s Phosphate Buffer Saline (DPBS) without Ca or Mg was
used as the st\ining buffer. Six antibodies were used to identify the surface markers and two
antibodies were Wsed as controls. The list of antibodies and their dilutions in staining buffer for

the assay are showi\in Table 2-1 below.

Table 2-1 List of AnﬁNdies and Dilutions
Antibody ManufactuX\ Cﬁ;\t;l‘og xzﬁgiﬁgﬁ}; S tz?i::iunt;)]l;l:ger Comments
N Control for CD13, CD90,
IeGl BD Biosciences \55749 1 pg/20 uL 1:10 HLA-ABC, CD34
1:2 Control for CD117
1oG2 BD Bioscicnces | 559574 | 11g/20 uL 1:8 Control for HLA-DR
CDI3 BD Biosciences | 5553\ | 2 ue/20 uL 1:20
CD34 BD Biosciences | 555822 \ 0.06 ug/20 ul. none
CD9%0 BD Biogciences | 555596 1pg/20 uL 1:10
CD117 BD Biosciences | 340529 \) pg /ml none
HLA-ABC | BD Biosciences | 555533 0.03\4_3/20 uL none
HLA-DR | BD Biosciences | 555812 [ 0.125 u&zo ul none

[0183] Methodology: A cell count was perf&med on the sample and 2.5 x 10° cells were
resuspended in 10 ml of DMEM + 15% FBS medium. Yhe cells were then centrifuged, the
btain a cell concentration of 1 x 10°

t tubes such that each tube

supernatant removed and resuspended in staining buffer t
cells/ml. This cell suspension was then distributed into diffe
receives 20000 cells. Appropriate amounts of diluted antibody ad staining buffcr were then

added as shown in Table 2-1 above. The samples were then incubasgd for 30 minutes at 2-8 °C.
After incubation, 3 ml of DPBS was added and the samples were centNfuged. The supernatant
was removed and the cell pallet was re-suspended in 500 pl of DPBS. T samples were then
run on Guava® PCA™ instrument, Millipore, MD, USA. Of the six surfac
positive markers (CD13, CD90, HLA-ABC) and three are negative markers (CR34, CD117,
HLA-DR).

Culture Conditions

arkers, three are

[0184] The methods of culturing and serial passaging of hUTCs were explained
Example 1. As mentioned, this serial passaging used DMEM with 15% FBS as the culture
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dium and frequently required medium exchange to meet the passaging criterion. In this

Seeding. ' )
At Thaw: 125 ml splﬁqer ﬂask(v1able cells/cm®) 6000 (3000-7500)
At Passagc 1: from 125\l to 500 ml spinner flask (viable cells/em?) 5000 (3200-7000)

000-8000) _

125 ml flask working volume (ml)
500 ml flask working

100 (85-115)
y volume (ml)  \ 500 (450-500)

53 4 1 C Al
Agltatlon in ]25 ml flask (rpm) 60 (55 65)
Agitation_in 500 m! flask (rpm) _ \ 40 (35-45)

Den51ty of mlcrocamer in medium \ 12 (11.0-13.0)

[0185] The cells had a robust growth over six passa¥gs as shown in Table 2-3 below. In
a process with only DMEM + 15% FBS the cells frequently re§uired a medium exchange on the
day before the passage in order to achieve a population doubling 8 1.5, thereby extending the
duration of passage by an extra day. With the enriched medium, theNells had at least over 1.5
population doublings consistently within 3 days (4 days from vial thawand did not require any
medium exchange. The cells retained their identity after seven passages if\this medium and then
growing these cells for 6 days in this medium with F5 feed on day 3 of the 6-

surface markers analysis of these cells is shown in Table 2-4 below.
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Table 2-3: Results
Viable cell density, Population doublings within
\ Passage # Day # cells/cm? § P passage ©
0
Xﬂer Vial Thaw) 4 31890 23
\ | 3 34311 2.5
N\ 2 3 40464 2.5
\3 3 19398 1.5
N 3 30816 2.2
5\ 3 22100 1.7
6 \ 3 35607 2.3

N\

Table 2-4: Surface marke\}l;gzults of cells passaged in M5 medium + 15% FBS for 7 passages,
followed by 6 day culture i 5 medium + 15% FBS and F5 feed on Day 3 of the 6 day culture
Surface MarkeND Result
cDI3  \ *)
CD90 &)
HLA ABC \ (+)
CD34 \ ()
CD117 \ O
HLA DR \ 0

Growth of hUTCs on microcarriers in a réduced serum medium in spinner flasks

[0186]

exchanging cell growth medium containing 15% FBS on\jay 3 of the run. High serum

Human umbilical tissuc cells (WUTCs)\an be grown to high cell density by
concentration in medium and medium exchange is not desit\ble from commercial perspective
because of high serum cost, high serum usage for production, 3d additional operational

manipulations. This example discloses a method to grow hUTCs\¢tached on microcarriers in

day of inoculation is considered to be Day 0. Furthermore, Hillex® Ultra (Solohill Ef}ineering,

Ann Arbor, MI) microcarriers were used in each condition.
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88] Condition 1 (15% FBS): A cell count was performed on the inoculum. The
targ seeding density of this condition was ~6000 viable cells/cm” at a microcarrier
concenNation of ~20 g/L. Based on the cell count of the inoculums the desired volume of
inoculum ¥Was added to a new autoclaved 500 ml glass spinner flask. The microcarriers were
allowed to seX]e by gravity. The medium from the inoculum was removed until ~ 100 ml was
left in the flask. \{resh microcarriers were then added resulting in a final weight of ~10 g of
microcarriers in th\{lask. Fresh medium comprised of M5 basal medium and 15% (v/v) of FBS
was added to bring uppe volume to 500 ml. The flask was placed on a spinner platform at 60
RPM in a 37 °C and 10%NCO; incubator. On Day 3, feed F5 was added. No medium exchange
was performed. Periodic ceNcounts were performed as explained in the cell counting section.
2.5 ml of glucose was added otNDay 3 and Day 5. On Day 4, 5 ml of 200 mM L-Glutamine was
added to the flask.

[0189] Condition 2 (10% FBR): A cell count was performed on the inoculum. The
target seeding density of this condition Was ~6000 viable cells/cm® at a microcarrier
concentration of ~20 g/L.. Based on the ccINcount of the inoculums the desired volume of
inoculum was added to a new autoclaved 500 Nl glass spinner flask. The microcarriers were
allowed to settle by gravity. The medium from tB inoculum was removed until ~ 100 ml was
left in the flask. Fresh microcarriers were then addeX resulting in a final weight of ~10 g of
microcarriers in the flask. Fresh medium comprised ot W5 basal medium and 10% (v/v) of FBS
was added to bring up the volume to 500 ml. The flask wag placed on a spinner platform at 60
RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F5 Was added. No medium exchange
was performed. Periodic cell counts were performed as cxplaindy in the cell counting scction.
2.5 ml of glucose was added on Day 3 and Day 5. On Day 4, 5 ml 8 200 mM L-Glutamine was
added to the flask.

[0190] Condition 3 (7.5% FBS): A cell count was performed on Xge inoculum. The

target seeding density of this condition was ~6000 viable cells/cm? at a micrd¢arrier
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whg added to bring up the volume to 500 ml. The flask was placed on a spinner platform at 60
RPMNn a 37 °C and 10% CO, incubator. On Day 3, feed F5 was added. No medium exchange
was performed. Periodic cell counts were performed as explained in the cell counting section.
2.5 ml of glycose was added on Day 3 and Day 5. On Day 4, 5 ml of 200 mM L-Glutamine was
added to the figsk.

[0191] rvest: On day 6, both the flasks were harvested. For harvest, the
microcarriers were lowed to settle by gravity and the medium was removed as much as
possible without remo¥ng any microcarricrs. 300ml of TrypLE™ pre warmed at 37 °C was
added to the flask and pla\gd on a spinner platform in the incubator at 37 °C. After 30 minutes,
the agitation was stopped anX a 25 ml sample was taken from the flask and filtered through a 40-
um filter. The microcarrier ret&ped on the filter was discarded and a cell count was performed
on the sample by directly running \ae sample on the CEDEX. Based on the TrypLE™ volume
added and the cell count obtained, th\total cells in the vessel were calculated and the cell density
(cells/cm®) was calculated.

[0192] Results: The cell counts frog the three conditions with different concentration of
FBS in each are shown in Table below. In addtion to the results from this example the results
from Example 1, Condition 1 (DMEM +15% FBY, with Medium exchange on Day3) are included
for comparison. Thus, the enriched media not only Yliminate medium exchange but can also
reduce the serum concentration in the medium, thereby\further minimizing the amount of serum

used in culture.

Table 3-1 Cell counts, viable cells/cm’ \
Day Condition 1 Condition 2 Conditibu 3 Control
0 5652 5652 5652 \ 5690
4 30839 25182 26802\ }
5 42358 34827 28889  \ 32035
6 58252 59841 54369 \ 49757

Condition 1: M5 + 15% FBS & F5 on Day 3
Condition 2: M5 + 10% FBS & F5 on Day 3
Condition 3: M5 + 7.5% FBS & F5 on Day 3
Control: 15% FBS with Medium Exchange on Day 3 (Data Shown in Example 1 2gove)
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EXAMPLE 4
Isolation of Cells

[0193] Umbilical cell isolation. Umbilical cords were obtained from National Discase
Rescarch Wterchange (NDRI, Philadelphia, PA). The tissues were obtained following normal
deliveries. TXe cell isolation protocols were performed aseptically in 4 laminar flow hood. To
remove blood any debris, the cord was washed in phosphate buffered saline (PBS; Invitrogen,
Carlsbad, CA) in tIN presence of penicillin at 100 U/ml, streptomycin at 100 mg/ml and
amphotericin B at 0.23pg/ml (Invitrogen Carlsbad, CA). The tissues were then mechanically
dissociated in 150 cm” tiuc culture plates in the presence of 50 ml of medium (DMEM-low
glucose or DMEM-high gludgse; Invitrogen) until the tissue was minced into a fine pulp. The
chopped tissues were transferrdd to SO ml conical tubes (approximately 5 g of tissue per tube).
[0194] The tissue was themNdigested in either DMEM-low glucose medium or DMEM-
high glucose medium, each containinX penicillin at 100 U/ml, streptomycin at 100 mg/ml,
amphotericin B at 0.25 pg/ml and the di¥gstion enzymes. In some experiments an enzyme
mixture of collagenase and dispase was us (“C:D”) (collagenase (Sigma, St Louis, MO), 500
U/ml; and dispase (Invitrogen), 50 U/ml, in DNJEM-Low glucose medium). In other
experiments a mixture of collagenase, dispase an¥hyaluronidase (“C:D:H”) was used (C:D:H =
collagenase, 500 U/ml; dispase, 50 U/ml; and hyaluNnidase (Sigma), 5 U/ml, in DMEM-Low
glucose). The conical tubes containing the tissue, medi\m and digestion enzymes were
incubated at 37°C in an orbital shaker (Environ, Brooklyn\NY) at 225 rpm for 2 hours.

[0195] After digestion, the tissues were centrifuged aN 50 x g for 5 minutes, the
supernatant was aspirated. The pellet was resuspended in 20 mINf growth medium
(DMEM:Low glucosc (Invitrogen), 15% (v/v) fetal bovine scrum (NBS; defined fetal bovine
serum; Lot #AND18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercagtoethanol (Sigma),
penicillin at 100 U/ml, streptomycin at 100 pug/ ml, and amphotericin B aN0.25 pg/ml (each from
Invitrogen, Carlsbad, CA)). The cell suspension was filtered through a 70 uN nylon BD
FALCON Cell Strainer (BD Biosciences, San Jose, CA). An additional 5 ml riNse comprising
growth medium was passed through the strainer. The cell suspension was then pa¥ed through a
40-pm nylon cell strainer (BD Biosciences, San Jose, CA) and chased with a rinse o

additional 5 ml of growth medium.
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[01R6] The filtrate was resuspended in growth medium (total volume 50 ml) and
centriNged at 150 x g for 5 minutes. The supernatant was aspirated and the cells were
resuspended in 50 ml of fresh growth medium. This process was repeated twice more.

[0197] After the final centrifugation, supernatant was aspirated and the cell pellet was
resuspended in\ ml of fresh growth medium. The number of viable cells was determined using
trypan blue staining. Cells were then cultured under standard conditions.

[0198] The c\Is isolated from umbilical cord tissues were seeded at 5,000 cells/cm? onto
gelatin-coated T-75 flasks (Corning Inc., Corning, NY) in growth medium. After two days,
spent medium and unadheiRd cells were aspirated from the flasks. Adherent cells were washed
with PBS three times to remo¥g debris and blood-derived cells. Cells were then replenished with
growth medium and allowed to gxow to confluence (about 10 days from passage 0 to passage 1).
On subsequent passages (from passige 1 to 2 etc.), cells reached sub-confluence (75-85%
confluence) in 4-5 days. For these subkequent passages, cells were seeded at 5,000 cells/cm?.
Cells were grown in & humidified incubal{r with 5% carbon dioxide at 37°C.

[0199] In some experiments, cells wige isolated from postpartum tissucs in DMEM-low
glucose medium after digestion with LIBERASE (2.5 mg/ml, Blendzyme 3; Roche Applied
Sciences, Indianapolis, IN) and hyaluronidase (5 Wml, Sigma). Digestion of the tissue and
isolation of the cells was as described for other protedge digestions above, however, the
LIBERASE/hyaluronidase mixture was used instead of Ne C:D or C:D:H enzyme mixture.
Tissue digestion with LIBERASE resulted in the isolation 8§ cell populations from postpartum
tissues that expanded readily.

[0200] Procedures were compared for isolating cells frot\the umbilical cord using
differing enzyme combinations. Enzymes compared for digestion ié¢luded: i) collagenase; ii)
dispase; 1ii) hyaluronidase; iv) collagenase : dispase mixture (C:D); v) Yollagenase:hyaluronidase
mixture (C:H); vi) dispase:hyaluronidase mixture (D:H); and vii)
collagenase:dispase:hyaluronidase mixture (C:D:H). Differences in cell isoldion utilizing these
different enzyme digestion conditions were observed (see Table 4-1).

[0201] Other attempts were made to isolate pools of cells from umbilical cN\gd by
different approaches. In one instance, umbilical cord was sliced and washed with grozgth
medinm to dislodge the blood clots and gelatinous material. The mixture of blood, gelat\gous

material and growth medium was collected and centrifuged at 150 x g. The peliet was
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rduspended and seeded onto gelatin coated flasks in growth medium. From these experiments a

potassium bicarbonjte, 0.1 mM EDTA buffered to pH 7.2 (all components from Sigma, St.

Louis, MO)). Cells wie lysed at a ratio of 1:20 cord blood to lysis buffer. The resulting cell
suspension was vortexed ¥or 5 seconds, and incubated for 2 minutes at ambient temperature. The
lysate was centrifuged (10 nNputes at 200 x g). The cell pellet was resuspended in Complete
Minimal Essential Medium (G1
Logan UT), 4 mM glutamine (Me&atech Herndon, VA), penicillin at 100 U/ml and streptomycin
at 100 pg/ml (Gibco, Carlsbad, CA).
X g), the supernatant was aspirated, and Ne cell pellet was washed in complete medium. Cells
were secded dircetly into either T75 flasks ¥Corning, NY), T75 laminin-coated flasks, or T175

fibronectin-coated flasks (both Becton Dickindgn, Bedford, MA).

0, Carlsbad CA) containing 10% fetal bovine serum (Hyclone,

he resuspended cells were centrifuged (10 minutes at 200

[0203] To determine whether cell populations could be isolated under different
conditions and expanded under a variety of conditiodg immediately after isolation, cells were
digested in growth medium with or without 0.001% (v/W 2-mercaptoethanol (Sigma, St. Louis,
MO), using the enzyme combination of C:D:H, according ¥ the procedures provided above. All
cells were grown in the presence of penicillin at 100 U/ml an&streptomycin at 100 pg/ml.
Under all tested conditions cells attached and expanded well bet\cen passage 0 and 1 (Table 4-
2). Cells in conditions 5-8 and 13-16 were demonstrated to prolifeNte well up to 4 passages
after seeding, at which point they were cryopreserved.
[0204] The combination of C:D:H, provided the best cell yield foNowing isolation, and
generated cells that expanded for many more generations in culture than the £ther conditions
(Table 4-1). An expandable cell population was not attained using collagenase ¥\ hyaluronidase
alone. No attempt was made to determine if this result is specific to the collagena

tested.
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Table 4-1: Isolation of cells from umbilical cord tissuc using varying enzyme combinations
Enzyme Digest Cells Isolated Cell Expansion
ollagenase X X
%pase + (>]0 h) +
HyNuronidase X X
Colla%:ase:Dispase +(<3h) +
Collageyase:Hyaluronidase ++ (<3 h) +
Dispase:Myaluronidase +(>10 h) +
Collagenas&Dispase:Hyaluronidase ++ (<3 h) +H++
Key: + = goo, ++ = very good, +++ = excellent, X = no success

[0205] Cells aXached and expanded well between passage 0 and 1 under all conditions
tested for enzyme digestiNn and growth (Table 4-2). Cells in experimental conditions 5-8 and
13-16 proliferated well up t four passages after seeding, at which point they were

cryopreserved. All cells were Xyopreserved for further analysis.

Table 4-2: Isolation and culture\xpansion of postpartum cells under varying conditions
Condition Medium 15% FBS \ | BME Gelatin 20% O, Growth Factors
1 DMEM-Lg Y \ Y Y Y N
2 DMEM-Lg Y \Y" Y N (5%) N
3 DMEM-Lg Y Y N Y N
4 DMEM-Leg Y Y\ N N (5%) N
5 DMEM-Lg N (2%) Y N (Laminin) Y EGF/FGF (20 ng/ml)
6 DMEM-Lg N (2%) Y N (Laminin) N (5%) EGF/FGF (20 ng/ml)
7 DMEM-Lg N (2%) Y | N(Fibronectin) Y PDGF/VEGF
8 DMEM-Lg N (2%) Y | NNibronectin) | N (5%) PDGF/VEGF
9 DMEM-Lg Y N \Y Y N
10 DMEM-Lg Y N X N (5%) N
11 DMEM-Lg Y N N\ Y N
12 DMEM-Lg Y N N \ N (5%) N
13 DMEM-Lg N (2%) N N (Laminity Y EGF/FGF (20 ng/ml)
14 DMEM-Lg N (2%) N N (Laminin) \| N (5%) EGF/FGF (20 ng/ml)
15 DMEM-Lg N (2%) N | N (Fibronectin) \ Y PDGF/VEGF
16 DMEM-Lg N (2%) N | N (Fibronectin) | \N (5%) PDGF/VEGF

[0206] Nucleated cells attached and grew rapidly. These &lls were analyzed by flow
cytometry and were similar to cells obtained by enzyme digestion.
[0207] The preparations contained red blood cells and platelets. N§nucleated cells

attached and divided during the first 3 weeks. The medium was changed 3 wegks after seeding
and no cells were observed to attach and grow.
[0208] Populations of cells could be isolated from umbilical tissue efficientl} using the
enzyme combination collagenase (a metalloprotease), dispase (neutral protease) and

hyaluronidase (mucolytic enzyme which breaks down hyaluronic acid). LIBERASE, whi
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b¥nd of collagenase and a neutral protease, may also be used. Blendzyme 3, which is
collagenase (4 Wunsch U/g) and thermolysin (1714 casein U/g), was also used together with
hyaluroxidase to isolate cells. These cells expanded readily over many passages when cultured
in growth \pansion medium on gelatin coated plastic.

[0209] Cells were also isolated from residual blood in the cords, but not cord blood. The
presence of cellsNn blood clots washed from the tissue, which adhere and grow under the

conditions used, may be due to cells being released during the dissection process.

EXAMPLE 5
Karyotype Analysis of Cells

[0210] Cell lines used\a cell therapy are preferably homogeneous and free from any
contaminating cell type. Human\ells used in cell therapy should have a normal number (46) of
chromosomes with normal structure\ To identify umbilicus-derived cell lines that are
homogeneous and free from cells of noy-umbilical tissue origin, karyotypes of cell samples were
analyzed.

[0211] UTC from postpartum tissue & a male neonate were cultured in growth media.
Postpartum tissue from a male neonate (X,Y) wig selected to allow distinction between neonatal-
derived cells and maternal derived cells (X,X). CeNg were seeded at 5,000 cells per square
centimeter in growth medium in a T25 flask (Corning\Corning, NY) and cxpanded to 80%
confluence. A T25 flask containing cells was filled to th\neck with growth media. Samples
were delivered to a clinical cytogenetics lab by courier (estiNated lab to ]ab transport time is one
hour). Chromosome analysis was performed by the Center forJuman & Molecular Genetics at
the New Jersey Medical School, Newark, NJ. Cells were analyzedduring metaphase when the
chromosomes are best visualized. Of twenty cells in metaphase couNgd, five were analyzed for
normal homogeneous karyotype number (two). A cell sample was charagterized as
homogeneous if two karyotypes were observed. A cell sample was characiygized as
heterogeneous if more than two karyotypes were observed. Additional metapMgse cells were
counted and analyzed when a heterogeneous karyotype number (four) was identiNed.

f0212] All cell samples sent for chromosome analysis were interpreted by th
cytogenetics laboratory staff as exhibiting a normal appearance. Three of the sixteen cq! lines

analyzed exhibited a heterogeneous phenotype (XX and XY) indicating the presence of ce
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deWved from both neonatal and maternal origins (Table 5-1). Each of the cell samples was

chara\terized as homogeneous. (Table 5-1).

Table X1: Karyotype results of hUTC
Tissu Passage | Metaphase cells | Metaphase cells | Number of ISCN
counted analyzed karyotypes Karyotype
Umbilical N 23 20 5 2 46, XX
Umbilical 6 20 5 2 46, XY
Umbilical N\ 3 20 5 2 46, XX

[0213] Chromoyome analysis identified umbilicus-derived UTC whose karyotypes
appear normal as interpreid by a clinical cytogenetic laboratory. Karyotype analysis also

identified cell lines free fromNmaternal cells, as determined by homogeneous karyotype.

EXAMPLE 6
Flow Cvtometxic Evaluation of Cell Surface Markers

[0214] Characterization of cell Yurface proteins or “markers” by flow cytometry can be

used to determine a cell line’s identity. TN consistency of expression can be determined from
multiple donors, and in cells exposed to diffsent processing and culturing conditions.
Postpartum cell lines isolated from the umbilici\ were characterized by flow cytometry,

lines.

in plasma-treated T75, T150, and T225
tissue culture flasks (Corning, Corning, NY) until conflugnt. The growth surfaces of the flasks

a, St. Louis, MO) for 20 minutes

providing a profile for the identification of these ¢

[0215] Cells were cultured in growth medium

were coated with gelatin by incubating 2% (w/v) gelatin (S
at room temperature.

[0216] Adherent cells in flasks were washed in phosphateNyuffered saline (PBS); (Gibco,
Carlsbad, MO) and detached with trypsin/EDTA (Gibco). Cells wer§ harvested, centrifuged, and
resuspended in 3% (v/v) FBS in PBS at a cell concentration of 1x107/ ™\, In accordance with the

manufacture’s specifications, antibody to the cell surface marker of intereX(see below) was

[0217] The following antibodies to cell surface markers were used.
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Table 6-1: Antibodies used in characterizing cell surface markers of UDCs.
Antibody Manufacturer Catalog Number
10 BD Pharmingen (San Diego, CA) 555375
Cb{3 BD Pharmingen 555394
CD3\ BD Pharmingen 555446
cp34 \ BD Pharmingen 555821
cpas \ BD Pharmingen 555478
CD45RA \ BD Pharmingen 555489
CD73 \ BD Pharmingen 550257
CD9%0 \ BD Pharmingen 555596
CcD117 \/BD Pharmingen 340529
CD141 RD Pharmingen 559781
PDGFr-alpha Bb\Pharmingcn 556002
HLA-A, B.C BD Pharmingen 555553
HLA-DR, DP,DQ __|BD Pha\ingen 555558
1gG-FITC Sigma (St.\(ouis, MQO) F-6522
IsG- PE Sigma ___\ P-4685
[0218] Umbilicus-derived cells were 3galyzed at passages 8, 15, and 20.
[0219] To compare differences among ddgors, umbilical cord tissue-derived cells from

different donors were compared to each other. UmMNlicus-derived cells cultured on gelatin-
coated flasks were also compared to umbilicus-derived\gells cultured on uncoated flasks.

[0220] Four treatments used for isolation and prepgration of cells were compared. Cells
derived from postpartum tissue by treatment with: 1) collageRase; 2) collagenase/dispase; 3)
collagenase/hyaluronidase; and 4) collagenase/hyaluronidase/d\pase were compared.

[0221] Umbilical cord-derived cells at passage 8, 15, and 2Q analyzed by flow cytometry
all expressed CD10, CD13, CD44, CD73, CD 90, PDGFr-alpha and NLA-A, B, C, indicated by
increased fluorescence relative to the IgG control. These cells were negdive for CD31, CD34,
CD45, CD117, CD141, and HLA-DR, DP, DQ, indicated by fluorescence Wlues consistent with
the IgG control.

[0222] Umbilical cord-derived cells isolated from separate donors analyzey by flow
cytometry each showed positive for the production of CD10, CD13, CD44, CD73, 90,
PDGFr-alpha and HLA-A, B, C, reflected in the increased values of fluorescence relatidg to the
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Ig§ control. These cells were negative for the production of CD31, CD34, CD45, CD117,
CD14], and HLA-DR, DP, DQ with fluorescence values consistent with the IgG control.

[0223] The umbilical cord-derived cells expanded on gelatin-coated and uncoated flasks
analyzed b)\flow cytometry were all positive for the production of CD10, CD13, CD44, CD73,
CD 90, PDGFxalpha and HLA-A, B, C, with increased values of fluorescence relative to the IgG
control. These cs were negative for the production of CD31, CD34, CD45, CD117, CD141,
and HLA-DR, DP, INQ, with fludrescence values consistent with the IgG control.

[0224] Analysi\of umbilical cord-derived cells by flow cytometry has established an
identity of these cell lines\These umbilical cord-derived cells are positive for CD10, CD13,
CD44, CD73, CD90, PDGFr\lpha, and HLA-A,B,C; and negative for CD31, CD34, CD45,
CD117,CD141 and HLA-DR, NP, DQ. This identity was consistent between variations in
variables including the donor, pass\ge, culture vessel surface coating, digestion enzymes, and
placental layer. Some variation in ind\yidual fluorescence value histogram curve means and
ranges were observed, but all positive culyes under all conditions tested were normal and
expressed fluorescence values greater than |e IgG control, thus confirming that the cells

comprise a4 homogeneous population, which ha§ positive expression of the markers.

EXAMPNE 7

Analysis of Cells by Oligoqucleotide Arra
[0225] Oligonucleotide arrays were used to compyre gene expression profiles of
umbilicus-derived and placenta-derived cells with fibroblas?§, human mesenchymal stem cells,
and another cell line derived from human bone marrow. This agalysis provided a
characterization of the postpartum-derived cells and identified uniNue molecular markers for
these cells.
[0226] Postpartum tissue-derived cells. Human umbilical cords\gnd placenta were
obtained from National Disease Research Interchange (NDRI, Philadelphiy PA) from normal
full term deliveries with patient consent. The tissues were received and cells ¥ere isolated as
described in Example 5 after digestion with a C:D:H mixture. The cells were cuNared in growth
medium on gelatin-coated plastic tissue culture flasks. The cultures were incubated\gt 37° C with
5% COa.
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27] Fibroblasts. Human dermal fibroblasts were purchased from Cambrex
Incoyporated (Walkersville, MD; Lot number 9F0844) and ATCC CRL-1501 (CCD39SK). Both
lines wie cultured in DMEM/F12 medium (Invitrogen, Carlsbad, CA) with 10% (v/v) fetal
bovine serym (Hyclone) and penicillin/streptomycin (Invitrogen)). The cells were grown on
standard tissug-treated plastic.

[0228] man Mesenchymal Stem Cells (hMSC). hMSCs were purchased from Cambrex

according to the manuXacturcr’s specifications in MSCGM Media (Cambrex). The cclls were
grown on standard tissue Nultured plastic at 37 °C with 5% CO,.

[0229] Human Iliac §rest Bone Marrow Cells (ICBM). Human iliac crest bone marrow
was received from NDRI with Patient consent. The marrow was processed according to the
method outlined by Ho, ef al. (WOQ3/025149). The marrow was mixed with lysis buffer (155
mM NH;Cl, 10 mM KHCOs3, and 0.1%aM EDTA, pH 7.2) at a ratio of 1 part bone marrow to 20
parts lysis buffer. The cell suspension wWgs vortexed, incubated for 2 minutes at ambient
temperature, and centrifuged for 10 minute\at 500 x g. The supernatant was discarded and the
cell pellet was resuspended in Minimal Essentil Medium-alpha (Invitrogen) supplemented with
10% (v/v) fetal bovine serum and 4 mM glutamif, The cells were centrifuged again and the cell
pellet was resuspended in fresh medium. The viable\nononuclear cells were counted using
trypan blue exclusion (Sigma, St. Louis, MO). The moNpnuclear cells were seeded in plastic
ubated at 37 °C with 5% CO; at

either standard atmospheric O, or at 5% O,. Cells were cultuded for 5 days without a media

tissue culture flasks at 5 x 10% cells/em?. The cells were i

change. Mcdia and non-adherent cclls were removed after 5 dayy of culturing. The adherent
cells were maintained in culture.
[0230] Actively growing cultures of cells were removed from ke flasks with a cell

scraper in cold phosphate buffered saline (PBS). The cells were centrifugd for 5 minutes at 300

Affymetrix GENECHIP HG-U133A oligonucleotide arrays (Affymetrix, Santa Clara, C

hybridizations and data collection were performed according to the manufacturer’s

-75-



WO 2014/093598 PCT/US2013/074615

cifications. Data analysis was performed using “Significance Analysis of Microarrays”
(SAN)) version 1.21 computer software (Tusher, V.G. ef al., 2001, Proc. Natl. Acad. Sci. USA

98: 511¢-5121). Licenses for the analysis software are available through the Office of

Technology Licensing, Stanford University, and more information is available on the World
Wide Web atWrofessor Tibshirani’s web site in the Dep’t of Statistics, Stanford University.
[0231] urteen different populations of cells were analyzed in this study. The cells,

along with passageYaformation, culture substrate, and culture media are listed in Table 7-1. The
cells lines are listed by\their identification code along with passage at the time of analysis, cell

growth substrate, and gro\yth media.

Table 7-1: Cells agalyzed by the microarray study.

Cell Population \ | Passage | Substrate Media
Umbilical (022803) 2 Gelatin | DMEM, 15% FBS, 2-BME
Umnbilical (042103) 3 Gelatin | DMEM, 15% FBS, 2-BME
Umbilical (071003) \ 4 Gelatin | DMEM, 15% FBS, 2-BME
Placenta (042203) X Gelatin | DMEM, 15% FBS, 2-BME
Placenta (042903) 4\ Gelatin | DMEM, 15% FBS, 2-BME
Placenta (071003) 3 \| Gelatin | DMEM, 15% FBS, 2-BME

ICBM (070203) (5% O5) 3\ Plastic | MEM 10% FBS
ICBM (062703) (std. O,) \Plastic | MEM 10% FBS

5
ICBM (062703 )(5% 05) 5 Nastic | MEM 10% FBS
hMSC (Lot 2F1655) 3 Pidtic [ MSCGM
hMSC (Lot 2F1656) 3 PlasN¢ [ MSCGM
hMSC (Lot 2F1657) 3 Plastic\ | MSCGM
hFibroblast (9F0844) 9 Plastic N DMEM-F12, 10% FBS
4

hFibroblast (CCD39SK) Plastic MEM-F12, 10% FBS

[0232] The data were evaluated by principle component\gnalysis with SAM software as
described above. The analysis revealed 290 genes that were expreded in different relative
amounts in the cells tested. This analysis provided relative comparisoxs between the
populations.
[0233] Table 7-2 shows the Euclidean distances that were calculated\for the comparison
of the cell pairs. The Euclidean distances were based on the comparison of the\gells based on the
290 genes that were differentially expressed among the cell types. The EuclideanVistance is
inversely proportional to similarity between the expression of the 290 genes. The EiNlidean
distance was calculated for the cell types using these 290 genes expressed differentiallyQetween

the cell types. Similarity between the cells is inversely proportional to the Euclidean distange.
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Table 7-2. The Euclidean Distances for the Cell Pairs,

Cell Pair Euclidean Distance
ICBM-hMSC 2471
Placenta-umbilical 25.52
ICBM-Fibroblast 36.44
ICBM-placenta 37.09
Fibroblast-MSC 39.63
ICBM-Umbilical 40.15
Fibroblast-Umbilical 41.59
SC-Placenta 42.84
C-Umbilical 46.36
-placenta 48.41

[0234] Tables 7-3\]-4, and 7-5 show the expression of genes increased in placenta-
derived cells (Table 7-3), inch¢ased in umbilical cord-derived cells (Table 7-4), and reduced in

umbilical cord and placenta-derNed cells (Table 7-5).

Table 7-3: Genes which are speciﬁc)%increased in expression in the placenta-derived cells as
compared to the other cell lines assayey.

Probe Set ID bﬂle Name I
Number
C-type (calcium dependent, cehg(;hydrate-recognition domain)
209732 at lectin, superfamily member 2 (alivation-induced) AF070642
206067 s at  |Wilms tumor 1 \ NM_024426
207016_s_at [aldehyde dehydrogenase 1 family, m\nber A2 AB015228
206367 at  |Renin \ NM_000537
210004 _at oxidized low density lipoprotein (lcctin—lﬁ@) receptor 1 AF035776
214993 at Homo sapiens, clone IMAGE:4179671, mI&{A, partial cds AF070642
202178 at protein kinase C, zeta N\ NM_002744
209780_at hypothetical protein DKFZp564F013 \ AL136883
204135 _at dowmregulated in ovarian cancer 1 \ NM_014890
Homo sapiens mRNA; cDNA DKFZp547K 1113 (frol clone

213542 _at DKFZp547K1113) Al246730

Table 7-4. Genes which are specifically increased in expression in umb\\’cal cord -

derived cells as compared to the other cell lines assayed.

Probe Set ID Gene Name NCﬁ\Accession Number

202859 x_at | Interleukin 8 NM_000%g4

211506 s at | Interleukin 8 AF043337 \,

210222 s at | reticulon 1 BC000314 \

chemokine (C-X-C motif) ligand 1 (melanoma \
204470_at growth stimulating activity NM_001511
chemokine (C-X-C motif) ligand 6 (granulocyte \
206336_at chemotactic protein 2) NM_002993
207850 at Chemokine (C-X-C motif) ligand 3 NM_ 002090 \
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able 7-4. Genes which are specifically increased in expression in umbilical cord -
ived cells as compared to the other cell lines assayed.
Pere Set ID Gene Name NCBI Accession Number
203488 at | reticulon 1 NM 021136
202644_X_at tumor necrosis factor, alpha-induced protein 3 NM 006290

\

Table 7-5: Geges which were decreased in expression in the umbilical cord and placenta cells as
compared to thepther cell lines assayed.

Probe SetID | Okpe name NCBI Accession #
210135_s at sho}\giaturc homeobox 2 AF022654.1
205824 _at heat si\ck 27kDa protein 2 NM_001541.1
209687 _at chemoki}g(C-X-C molif) ligand 12 (stromal cell-derived factor 1) U19495.1
203666_at chemokinek—X-C motif) ligand 12 (stromal cell-derived factor 1) NM_000609.1
212670_at elastin (supranular aortic stenosis, Williams-Beuren syndrome) - AA4T79278
213381 at g?('g% ;gglg\qu gggI\A; cDNA DKFZp586M2022 (from clone N91149
206201 _s_at mesenchyme homeoqu 2 {(growth arrest-specific homeobox) NM_005924.1
205817 _at Sine oculis homeobox Nmolog 1 (Drosophila) NM_005982.1
209283 _at crystallin, alpha B \ AF007162.1
212793 _at dishevelled associated activa\qr of morphogenesis 2 BF513244
213488 _at DKFZP586B2420 protein \ AL050143.1
209763 _at similar to neuralin 1 \ AL049176
205200 _at Tetranectin (plasminogen binding p}([ein) NM_003278.1
205743 _at src homology three (SH3) and cysteine\ich domain NM_003149.1
200921 _s at B-cell translocation gene 1, anti—prolifoerrc NM_001731.1
206932 _at cholesterol 25-hydroxylase \ NM_003956.1
204198_s_at | runt-related transcription factor 3 \ AA541630
219747 _at hypothetical protein FLJ23191 \ NM_024574.1
204773 _at Interleukin 11 receptor, alpha \ NM_004512.1
202465 _at Procollagen C-endopeptidase enhancer \ NM_002593.2
203706 _s_at Frizzled homolog 7 (Drosophila) \ NM_003507.1
212736_at hypothetical gene BCO08967 \ BE299456
214587 _at Collagen, type VIII, alpha 1 \ BE877796
201645_at Tenascin C (hexabrachion) \ NM_002160.1
210239 _at iroquois homeobox protein 5 \ U9%0304.1
203903 s at Hephaestin N\ NM_014799.1
205816_at integrin, beta 8 \ NM_002214.1
203069 _at synaptic vesicle glycoprotein 2 ‘\ NM_014849.1
213909 at Homo supiens cDNA FLJ12280 fis, clone MAMMAI1001744 \ AU147799
206315 _at cytokine receptor-like factor 1 W_004750.1
204401 at 5::&::;13; ;\Ill’tiirél;?)il:i/small conductance calcium-activated channel, N NOZZ 50.1
216331 _at integrin, alpha 7 AK02N48.1
209663 _s_at intcgrin, alpha 7 AF072 13{.1
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ble 7-5: Genes which were decreased in expression in the umbilical cord and placenta cells as
comypared to the other cell lines assayed.

ProbNet 1D Gene name NCBI Accession #
213 125_\ DKFZP586L151 protcin AW007573
202 133_at\ transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
20651 l_s_at\ Sine oculis homeobox homolog 2 (Drosophila) NM_016932.1
213435 at  \ KIAA1034 protein AB028957.1
206115_at ly growth response 3 NM_004430.1
213707_s at | didal-less homeobox 5 NM_005221.3
218181 s _at hypoKgetical protein FLJ20373 NM_017792.1
209160_at ggf};ix;igt?;;ef?gi]y 1, member C3 (3-alpha hydroxysteroid ABO0I18580.1
213905_x_at Biglycan AAB45258
201261 x at | Biglycan  \ BC002416.1
202132_at transcriptional c&pctivator with PDZ-binding motif (TAZ) AA081084
214701 s at | fibronectinl _ \| AJ276395.1
213791 _at Proenkephalin \ NM_006211.1
205422 _s_at Integrin, beta-like 1 (WitNEGF-like repeat domains) NM_004791.1
214927 at 11{90(::;3 ;gpiens mRNA fu]lwth insert cDNA clone EURCIMAGE AL359052.1
206070_s_al EphA3 \ AF213459.1
212805_at KIAA0367 protein AB002365.1

219789 at natriuretic peptide receptor C/guanﬁ? cyclase C (atrionatriuretic AT628360

- peptide receptor C)

219054 _at hypothetical protein FLJ14054 \ NM_024563.1
213429 at gﬂ% ;g;&egggl)zNA; cDNA DKFZp564D\22 (from clone AW025579
204929_s_at vesicle-associated membrane protein 5 (myobrb\'in) NM_006634.1
201843_s_at EGF-containing fibulin-like extracellular matrix ayqtein 1 NM_004105.2
221478 _at BCL2/adenovirus E1B 19kDa interacting protein 3-?%(: AL132665.1
201792_at AE binding profein 1 NM_001129.2
204570_at cytochrome ¢ oxidase subunit VIIa polypeptide 1 (muscl& NM_001864.1
201621 _at neuroblastoma, suppression of tumorigenicity 1 \ NM_005380.1
202718 _at Insulin-like growth factor binding protein 2, 36kDa \ NM_000597.1
[0235] Tables 7-6, 7-7, and 7-8 show the expression of genes inckeased in human

fibroblasts (Table 7-6), ICBM cells (Table 7-7), and MSCs (Table 7-8).

lines assayed.

Table 7-6: Genes which were increased in expression in fibroblasts as compared\\the other cell

dual specificity phosphatase 2

N\

KIAAQ0527 protein

Homo sapiens cDNA: F1.J23224 fis, clone ADSU02206

N\

dynein, cytoplasmic, intermediate polypeptide 1

AN

ankyrin 3, node of Ranvier (ankyrin G)

N\

inhibin, beta A (activin A, activin AB alpha polypeptide)

AN
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‘Fﬁzlc 7-6: Genes which were increased in expression in fibroblasts as compared to the other cell
lirgs assayed.

ectodcleotide pyrophosphatase/phosphodiesterase 4 (putative function)

KIAAN)53 protein

microtublle-associated protein 1A

zinc finger\rotein 41

HSPCO019 pri¥ein

Homo sapiens \DNA: FLI23564 fis, clone LNG10773

Homo sapiens mNNA; cDNA DKFZp564A072 (from clone DKFZp564A072)

LIM protein (simil to rat protein kinase C-binding enigma)

inhibitor of kappa ligN polypeptide gene enhancer in B-cells, kinase complex-associated protein

hypothetical protein FIXZ2004

Human (clone CTG-A4) RRNA sequence

ESTs, Moderately similar t&\eytokine receptor-like factor 2; cytokine receptor CRL2 precursor [Homo sapiens]

transforming growth factor, bia 2

hypothetical protein MGC2964\

antigen identified by monoclonal \atibody MRC OX-2

putative X-linked retinopathy protely

Table 7-7: Genes which were incr(&d in expression in the ICBM-derived cells as compared to
the other cell lines assayed.

scardiac ankyrin repeat protein

*MHC class I region ORF \
sintegrin, alpha 10 N\
*hypothetical protein FLI22362 N\

*UDP-N-acetyl-alpha-D-galactosamine: polypeptide N\acetylgalactosaminyltransferase 3 (GalNA¢-T3)

sinterferon-induced protein 44

*SRY (sex determining region Y)-box 9 (campomelic dysasia, autosomal sex-reversal)

+keratin associated protein 1-1

*hippocalcin-like 1 AN
sjagged 1 (Alagille syndrome) AN
sproteoglycan 1, secretory granule \

N\

Table 7-8: Genes which were increased in )g{l;ession in the

MSC cells as compared to the other cell lines ¥ssayed.
sinterleukin 26

*maltase-glucoamylase (a-glucosidase) \
*nuclear receptor subfamily 4, group A, member 2 N\

+y-fos FBJ murine osteosarcoma viral oncogene homolog  \
shypothetical protein DC42

snuclear receptor subfamily 4, group A, member 2 \

*FBJ murine osteosarcoma viral oncogene homolog B N\
*WNT1 inducible signaling pathway protein | N\
*MCF.2 cell line derived transforming sequence N\
spotassium channel, subfamily K, member 15 \
scartilage paired-class homeoprotein 1 N
+Homo sapiens cDNA FLJ12232 fis, clone MAMMA 1001206
*Homo sapiens cDNA FLJ34668 fis, clone LIVER2000775
*jun B proto-oncogene

*B-cell CLL/lymphoma 6 (zinc finger protein 51)

«zin¢ finger protein 36, C3H type, homolog (mouse)
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[0Q36] This example was performed to provide a molecular characterization of the cells
derided from umbilical cord and placenta. This analysis included cells derived from three

differetX umbilical cords and three different placentas. The study also included two different
lines of de\nal fibroblasts, three lines of mesenchymal stem cells, and three lines of iliac crest
bone marrow {ells. The mRNA that was expressed by these cells was analyzed on a GENECHIP
oligonucleotide &ray that contained oligonucleotide probes for 22,000 genes.

[0237] The Wpalysis revealed that transcripts for 290 genes were present in different
amounts in these five &fferent cell types. These genes include ten genes that are specifically
increased in the placenta-Nerived cells and seven genes specifically increased in the umbilical
cord-derived cells. Fifty-fouxgenes were found to have specifically lower expression levels in

placenta-derived and umbilical ¥ord tissue-derived cells.

EXAMPLE 8
ImmunohistochemicaNCharacterization of Cellular Phenotypes

[0238] The phenotypes of cells fould within human umbilical cord tissue were analyzed
by immunohistochemistry.

[0239] Human umbilical cord tissue was Narvested and immersion fixed in 4% (w/v)
paraformaldehyde overnight at 4°C. ImmunohistocNgmistry was performed using antibodies
directed against the following epitopes (see Table 8-1)Nyimentin (1:500; Sigma, St. Louis, MO),
desmin (1:150, raised against rabbit; Sigma; or 1:300, raishd against mouse; Chemicon,
Temecula, CA), alpha-smooth muscle actin (SMA; 1:400; Siyma), cytokeratin 18 (CK18; 1:400;
Sigma), von Willebrand Factor (vWF; 1:200; Sigma), and CD3Nhuman CD34 Class III; 1:100;
DAKOQCytomation, Carpinteria, CA). In addition, the following m\kers were tested: anti-
human GROQalpha-PE (1:100; Becton Dickinson, Franklin Lakes, NJ),\Rnti-human GCP-2
(1:100; Santa Cruz Biotech, Santa Cruz, CA), anti-human oxidized LDL ¥ceptor 1 (ox-LDL R1;
1:100; Santa Cruz Biotech), and anti-human NOGO-A (1:100; Santa Cruz B¥ptech). Fixed
specimens were trimmed with a scalpel and placed within OCT embedding comypound (Tissue-
Tek OCT; Sakura, Torrance, CA) on a dry ice bath containing ethanol. Frozen bidgks were then
sectioned (10 pm thick) using a standard cryostat (Leica Microsystems) and mountea\nto glass

slides for staining.
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Immunohistochemistry was performed similar to previous studies. (£.g., Messina
et al\Exper. Neurol., 2003; 184: 816-829). Tissue sections were washed with phosphate-
bufferedsaline (PBS) and exposed to a protein blocking solution containing PBS, 4% (v/v) goat
serum (Chymicon, Temecula, CA), and 0.3% (v/v) Triton (Triton X-100; Sigma) for 1 hour to
access intracedlular antigens. In instances where the epitope of interest would be located on the
cell surface (CDSd, ox-LDL R1), triton was omitted in all steps of the procedure in order to
prevent epitope los\ Furthermore, in instances where the primary antibody was raised against
goat (GCP-2, ox-LDL\R 1, NOGO-A), 3% (v/v) donkey serum was used in place of goat serum
throughout the procedure\ Primary antibodies, diluted in blocking solution, were then applied to
the sections for a period of Npours at room temperature. Primary antibody solutions were
removed, and cultures washed Xith PBS prior to application of secondary antibody solutions (1
hour at room temperature) contain¥gg block along with goat anti-mouse IgG-Texas Red (1:250;
Molecular Probes, Eugene, OR) and/d goat anti-rabbit IgG-Alexa 488 (1:250; Molecular
Probes) or donkey anti-goat IgG-FITC (\;150; Santa Cruz Biotech). Cultures were washed, and
10 micromolar DAPI (Molecular Probes) wgs applied for 10 minutes to visualize cell nuclei.
[0241] Following immune-staining, fldgrescence was visualized using the appropriate
fluorescence filter on an Olympus inverted epifluNrescent microscope (Olympus, Melville, NY).
Positive staining was represented by fluorescence siypal above control staining. Representative
images were captured using a digital color video camery and ImagePro software (Media
Cybernetics, Carlsbad, CA). For triple-stained samples, eA¢h image was taken using only one
emission filter at a time. Layered montages were then prepaRd using Adobe Photoshop software
(Adobe, San Jose, CA).

Table 8-1: Summary of Primary Antibodies Used \
Antibody Concentration Vendor  \
Vimentin 1:500 Sigma, St. Louiy, MO
Desmin (1b) 1:150 Sigma

Desmin (m) 1:300 Chemicon, Temecu
alpha-smooth muscle actin 1:400 Sigma

(SMA)

Cytokeratin 18 (CK18) 1:400 Sigma

von Willebrand factor (vWF) 1:200 Sigma

CD34 11T 1:100 DakoCytomation, Carpinteria
GROalpha-PE 1:100 BD, Franklin Lakes, NJ
GCP-2 1:100 Santa Cruz Biotech
Ox-LDL R1 1:100 Santa Cruz Biotech
NOGO-A 1:100 Santa Cruz Biotech
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18242] Vimentin, desmin, SMA, CK18, vWF, and CD34 markers were expressed in a
subs\¢ of the cells found within umbilical cord (data not shown). In particular, vWF and CD34
expresion were restricted to blood vessels contained within the cord. CD34+ cells were on the
innermost¥ayer (lumen side). Vimentin expression was found throughout the matrix and blood
vessels of the\cord. SMA was limited to the matrix and outer walls of the artery and vein, but
not contained wiXuin the vessels themselves. CK18 and desmin were observed within the vessels
only, desmin being¥gstricted to the middle and outer layers.

[0243] None oNthese markers were observed within umbilical cord (data not shown).
[0244] Vimentin, \esmin, alpha-smooth muscle actin, cytokeratin 18, von Willebrand
Factor, and CD 34 are expredged in cells within human umbilical cord. Based on in vitro
characterization studies showinX that only vimentin and alpha-smooth muscle actin are
expressed, the data suggests that ti current process of umbilical cord-derived cell isolation
harvests a subpopulation of cells or tigt the cells isolated change expression of markers to

express vimentin and alpha-smooth mus¥e actin.

EX\MPLE 9
Secretion of Xrophic Factors

[0245] The secretion of selected trophic faXgrs from UTC was measured. Factors were
sclected that have angiogenic activity e.g., hepatocytegrowth factor (HGF) (Rosen et al., Ciba
Found. Symp., 1997; 212:215-26); monocyte chemotacti®d\protein 1 (MCP-1) (Salcedo et al.,
Blood, 2000; 96;34-40); interleukin-8 (IL-8) (Li et al., J. ImNunol., 2003; 170:3369-76);
keratinocyte growth factor (KGF); basic fibroblast growth factd (bFGF); vascular endothelial
growth factor (VEGF) (Hughes et al., Ann. Thorac. Surg. 2004; TX\812-8); tissue inhibitor of
matrix metalloproteinase 1 (TIMP1); angiopoietin 2 (ANG2); plateleNderived growth factor
(PDGFbb); thrombopoietin (TPO); heparin-binding epidermal growth fagor (HB-EGF); stromal-
derived factor lalpha (SDF-1alpha), neurotrophic/neuroprotective activity \rain-derived
neurotrophic factor (BDNF) (Cheng ez al., Dev. Biol., 2003; 258;319-33); inteNeukin-6 (IL-6);
granulocyte chemotactic protein-2 (GCP-2); transforming growth factor beta2 (T&Fbeta2)); or
chemokine activity (macrophage inflammatory protein lalpha (MIP1alpha); macrop\age
inflammatory protein 1 beta (MIP1beta); monocyte chemoattractant-1 (MCP-1); Rante
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lated on activation, normal T cell expressed and secreted); 1309; thymus and activation-
regu¥ated chemokine (TARC); Eotaxin; macrophage-derived chemokine (MDC); and (IL-8).
[0246] Cells derived from umbilical cord, as well as human fibroblasts derived from
human nedyatal foreskin, were cultured in growth medium on gelatin-coated T75 flasks. Cells
were cryoprederved at passage 11 and stored in liquid nitrogen. After thawing, growth medium
was added to thd\gells, followed by transfer to a 15 ml centrifuge tube and centrifugation of the
cells at 150 x g for { minutes. The cell pellet was resuspended in 4 ml growth medium, and the
cells were counted. Is were seeded at 5,000 cells/cm? in T75 flasks each containing 15 ml of
growth medium, and cultged for 24 hours. The medium was changed to a serum-free medium
(DMEM-low glucose (Gibcd, 0.1% (w/v) bovine serum albumin (Sigma), penicillin (50 U/ml)
and streptomycin (50 pg/ml, GRco)) for 8 hours. Conditioned serum-free medium was collected
at the end of incubation by centrithgation at 14,000 x g for 5 minutes and stored at -20°C.
[0247] To estimate the numb¥ of cells in each flask, the cells were washed with
phosphate-buffered saline (PBS) and deWched using 2 ml trypsin/EDTA (Gibco). Trypsin
activity was inhibited by addition of 8 ml g\pwth medium. The cells were centrifuged at 150 x g
for 5 minutes. The supernatant was removed,gnd the cells were resuspended in 1 ml Growth
Medium. The cell number was estimated with a \emocytometer.
[0248] Cells were grown at 37°C in 5% COXNand atmospheric oxygen. The amount of
MCP-1, IL-6, VEGF, SDF-1alpha, GCP-2 , IL-8, and 'NGF-beta2 produced by each cell sample
was determined by ELISA (R&D Systems, Minneapolis, Njn.). All assays were performed
according to the manufacturer’s instructions. Values preseniyd are picograms per ml per million
cells (n=2, sem),
[0249] Chemokines (MIP1alpha, MIP1beta, MCP-1, Rantey, 1309, TARC, Eotaxin,
MDC, IL8), BDNF, and angiogenic factors (HGF, KGF, bFGF, VEGN, TIMP1, ANG2,
PDGFbb, TPO, HB-EGF were measured using SearchLight Proteome ANays (Pierce
Biotechnology Inc.). The Proteome Arrays are multiplexed sandwich ELISKs for the
quantitative measurement of two to sixteen proteins per well. The arrays are p\duced by
spotting a 2 x 2, 3 x 3, or 4 x 4 pattern of four to sixteen different capture antibodis into each
well of a 96-well plate. Following a sandwich ELISA procedure, the entire plate is iaged to

capture the chemiluminescent signal generated at each spot within each well of the platd The
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al generated at each spot is proportional to the amount of target protein in the original
standqrd or sample.

[0250) MCP-1 and IL-6 were secreted by umbilicus-derived PPDCs and dermal
fibroblastsXTable 9-1). SDF-lalpha and GCP-2 were secreted by fibroblasts. GCP-2 and IL-8

were secreted\Qy umbilicus-derived PPDCs. TGF-beta2 was not detected from either cell type

by ELISA.

Table 9-1. ELISA R\sults: Detection of Trophic Factors

NCP-1 IL-6 | VEGF | SDF-1q. | GCP-2 IL-8 | TGF-beta2
Fibroblast 1X%+1 6143 2942 19+1 21+1 ND ND
Umbilical (022803) 1150}%1 4234+289 | ND ND 160+11 | 2058+145 ND
Umbilical (071003) | 2794+ 1356+43 | ND ND | 2184498 | 2369+23 ND

Key: ND: Not Detected., =/- set\,

[0251] Searchlight™ Multiglexed ELISA assay. TIMP1, TPO, KGF, HGF, FGF,
HBEGF, BDNF, MIP1bcta, MCP1, TES, 1309, TARC, MDC, and IL-8 were sccreted from
umbilicus-derived PPDCs (Tables 9-2 aiN 9-3). No Ang2, VEGF, or PDGFbb were detected.

Table 9-2. Searchlight™ Multiplexed ELISA\assay results

TIMP1 | ANG2 | PDGFbb | TPO KGF HGF | FGF | VEGF | HBEGF | BDNF
hFB [ 193063 | ND ND 2305 | Y | ND | ND | 27.9 1.3 ND
Ul [577184| ND ND  }1240.0 | 5.8\ | 559.3 | 148.7 | ND 9.3 165.7
U3 21850.0 | ND ND 11345 ] 9.0 \195.6 | 30.8 ND 5.4 388.6
Key: hFB (human fibroblasts), Ul (umbilicus-derived PP¥(022803)), U3 (umbilicus-derived PPDC
(071003)), ND: Not Detected. \

Table 9-3. Searchlight™ Multiplexed ELISA assay results \

MIPla | MIP1b | MCP1 | RANTES {1309 | TARC [ Eotaxin { MDC | IL8
hFB ND ND 39.6 ND ND 0.1\ | ND ND 204.9
U1 ND 8.0 [ 1694.2 ND 224 | 376 \. ND 18.9 |51930.1
U3 ND 52 | 20187 415 11.6 | 21.4 [\ ND 4.8 1105159

Key: hFB (human fibroblasts), Ul (umbilicus-derived PPDC (022803)), ui(umbilicus-derived
PPDC (071003)), ND: Not Detected

[0252] Umbilicus-derived cells secreted a number of trophic factors\Some of these
trophic factors, such as HGF, bFGF, MCP-1 and IL-8, play important roles in aggiogenesis.

Other trophic factors, such as BDNF and IL-6, have important rolcs in ncural regeNeration or

protection.
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EXAMPLE 10
Assay for Telomerase Activity

[0253] Telomerase functions to synthesize telomere repeats that serve to protect the
integrity of \hromosomes and to prolong the replicative life span of cells (Liu, K, et al., PNAS,
1999; 96:51478\3152). Telomerase consists of two components, telomerase RNA template
(hTER) and telonkrase reverse transcriptase (WTERT). Regulation of telomerase is determined
by transcription of AN{ERT but not hTER. Real-time polymerase chain reaction (PCR) for
hTERT mRNA thus is & accepted method for determining telomerase activity of cells.

Cell Isolation
[0254] Real-time PCR\experiments were performed to determine telomerase production
of human umbilical cord tissue-0grived cells. Human umbilical cord tissue-derived cells were
prepared in accordance with the abdye Examples and the examples set forth in U.S. Patent No.
7,510,873. Generally, umbilical cords\gbtained from National Disease Research Interchange
(Philadelphia, Pa.) following a normal deyvery were washed to remove blood and debris and
mechanically dissociated. The tissue was th¥g incubated with digestion enzymes including
collagenase, dispase, and hyaluronidase in cultde medium at 37°C. Human um‘tﬁlical cord
tissue-derived cells were cultured according to theNnethods set forth in the examples of the ‘012
application. Mesenchymal stem cells and normal dedgal skin fibroblasts (cc-2509 lot # 9F0844)
were obtained from Cambrex, Walkersville, Md. A pluNpotent human testicular embryonal
carcinoma (teratoma) cell line nTera-2 cells NTERA-2 cl.R]) (See, Plaia et al., Stem Cells,
2006; 24(3):531-546) was purchased from ATCC (Manassas, \a.) and was cultured according to
the methods set forth in U.S. Patent No. 7,510,873.

Total RNA Isolation
[0255] RNA was extracted from the cells using RNeasy® kit (Qjagen, Valencia, Ca.).
RNA was eluted with 50 ul DEPC-treated water and stored at -80°C. RNA was reverse

transcribed using random hexamers with the TaqMan® reverse transcription ¥agents (Applied
Biosystems, Foster City, Ca.) at 25°C for 10 minutes, 37°C for 60 minutes and
minutes. Samples were stored at -20°C.

Real-time PCR
[0256] PCR was performed on cDNA samples using the Applied Biosystems Ass
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cifications (Applied Biosystems). This commercial kit is widely used to assay for telomerase

cycles of 95°C f& 15 seconds and 60°C for 1 minute. PCR data was analyzed according to the

manufacturer’s spedfications.

[0257] Human\ymbilical cord tissuc-derived cells (ATCC Accession No. PTA-6067),
fibroblasts, and mesenchyypal stem cells were assayed for hTert and 188 RNA. As shown in
Table 10-1, hTert, and henc&Nelomerase, was not detected in human umbilical cord tissue-

derived cells.

Table 10\\

\ hTert | 185 RNA
Umbilical cells\022803) | ND +
Fibroblasts '\ ND +

ND- not detected; + s¥gnal detected

[0258] Human umbilical cord tissue-derived cWIs (isolate 022803, ATCC Accession No.
PTA-6067) and nTera-2 cells were assayed and the resuil§ showed no expression of the
telomerase in two lots of human umbilical cord tissue-derivdd cells while the teratoma cell line

revealed high level of expression (Table 10-2).

Table 10-2 \

Cell type hTert GAPDH
hTert\gorm
Exp. 1| Exp.2{ Exp.1| Exp.2

nTera2 25.85 | 27.31 16.41 16.31 0.61 \
022803 - - 2297 | 22.79 -
[0259] Therefore, it can be concluded that the human umbilical tissuc-derivdd cclls of the

present invention do not express telomerase.
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EXAMPLE 11
Growth of UTC on Microcarriers in Impeller Spinner Flask Reactor

MateryIs and Methods

[0260] Cells. Cells from CBAT lot# 050604B passagc 8 cclls were thawed and expanded
in a T225 flad for one passage.

[0261] icrocarriers. Cytodex® 3 (GE Healthcare Life Sciences, cat. no, 17-0485)
microcarrier beads\yere hydrated in PBS for at least 3 hours and autoclaved.

[0262] SpinneNFlasks. Spinner Flask with Internal Overhead Bearing Impeller
Assembly, 100 ml and 23Q ml (Bellco, Inc.).

[0263] Confluence. Qonfluence is defined as approximately 90% of the microcarriers

observed in a representative mroscopy field to have greater than approximately 60% of their
surface area covered with cells.

[0264] Passage. Passage is Rfined as inoculating a spinner flask containing fresh
microcarriers with an aliquot of conflueNt microcarriers obtained from a separate spinner flask
culture.

[0265] Inoculation and Culture. Cell\were harvested from T225 flask by trypsin and
4.0E+06 cell aliquots were added to 330 mg of n¥Ncrocarrier beads in 100 ml impeller or glass
rod spinner flask containing 40 ml media. Flasks w\ye flushed with 5% CO, gas for 1 minute
prior to incubation. The inoculum speed-frequency wag 30 rpm for 2 minutes every 30 minutes
for 8 hours. At eight hours, media volume was increased ¥ 100 ml and the spinner speed was
set to 45-rpm continuous rotation and incubated at 37°C.

[0266] Passage. Passage 1- (100 ml to 250 ml flask) CN|s were cultured for eight days.
All microcarriers from the 100 ml flask are collected and allowed 1§ separate from media by
gravity. Media was aspirated and microcarriers were re-suspended inN0 ml fresh media. After
pipetting to ensure an even distribution, 5ml of media with microcarriers\vere removed and
delivered into a 250 ml spinner flask. Approximately 660 mg of fresh hydr&ed and autoclaved
Cytodex® 3 microcarriers and media were also added to the flask. The media\plume was
increased to 200 ml and the flasks were flushed with 5% CO; gas for 1 minute prigy to
incubation. The spinner speed was set to 45-rpm continuous rotation and incubated ¥ 37°C.
Remaining cells were harvested by trypsinization and counted by using a Guava PCA iNtrument

(Guava Technologies, Hayward, CA).
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microcarriers andmedia were also added to the flask. The media volume was increased to 200
ml and the flasks wige flushed with 5% CO; gas for 1 minute prior to incubation. The spinner
spced was sct to 45-rpig continuous rotation and incubated at 37°C. Remaining cells were
harvested by trypsinizatioy and counted by using a Guava PCA instrument.

[0268] Media ExchaNge. Spinner flasks were removed from culture and the
microcarriers were allowed to s\{tle by gravity to the bottom of the flask. Approximately half the
media volume was removed by aspyration and replaced with an equal volume of fresh media.
The flasks were flushed with 5% CONgas for 1 minute and returned to culture. Media exchange
was performed on day 1, and day 4.
[0269] Viability Staining. A 1 ml abguot was removed from flask and microcarricrs were
allowed to settle by gravity. Media was remowd by aspiration and replaced with 1ml Live/Dead
staining solution (Molecular Probes cat. no. L322%) and incubated for 15 minutes at 37° C. After
incubation a 20-microliter aliquot was applied to a giss microscope slide and observed by
fluorescent microscopy. Live cells stain green, dead ceNg stain red. Microscopic fields were
manually analyzed to evaluate the distribution and ratio of\yve and dead cells adhered to the
microcarriers. At least three microscopic fields were evaluatdy and the approximate percentage
of viable cclls was counted.
(0270} Cell Harvest. Microcarriers were collected from the\pinner flask, washed three
times in PBS, and evenly distributed between two 50 ml conical tubes.\Each tube was incubated
with 25 ml trypsin for 10 minutes at 37° C. Tubes were brought to 50 ml\polume with PBS and
as collected by

iclding a 5%

microcarriers were allowed to settle by gravity. Supernatant containing cell
aspiration and transferred to 50 ml conical tubes pre-filled with 2.5 ml of FBS
FBS solution to inactivate trypsin). This process was repeated four times with eacN\fraction
collected separately. All harvested cells were centrifuged, re-suspended in serum con\gining

growth media, and cells were counted by using a Guava PCA instrument.
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71] Static T-Flask Culture. An aliquot of cells harvested from the T225 flask are used
to sejd two T225 flasks and incubated for four days using methods stated in U.S. Patent
ApplicXion No. 10/877012. The cells were harvested and analyzed by flow cytometry

[0272]

Becton-Dickiyson FACSCalibur™ instrument (Becton Dickinson, San Jose, CA) to determine

Flow Cytometry. Cells harvested were analyzed by flow cytometry using a

the cell surface Narker profile. All antibodies purchased from BD PharMingen (San Diego,
CA).
Results
[0273]
passage from UTC cell line

. Table 11-1 shows the harvest fractions, cell yields and viability per
0604B expanded from passage nine to passage eleven on

Cytodex® 3 microcarriers in spner flask cultures.

Table 11-1: Cell Harvest
Passage Fractions \ Total Cells Avg, Viability (%)
Inoculation 4\ |2.85x10’ 99.7 + (.19
1 8 9.34 x10° 99,2 +2.65
2 4 .80 x107 04.4+1.92

[0274] Cell Kinetics. Table 11-2 showsthe growth kinetics from UTC cell line 050604B
expanded from passage nine to passage eleven on Qytodex® 3 microcarriers in spinner flask
cultures. The table shows that the total doublings wa

was 69.53 (& 17.52) hours.

48, and the average hours per doubling

Table 11-2: Cell Kinetic \
Passage Seeded | Yield Days | Expansion | D\abling | Hours/Doubling
2.00x10° | 0 1
Inoculation | 2.00x10° | 2.85x10" [ 8 14.3 3.8\ 50.09
1 2.85x10" [ 9.34x10" | 6 3.28 171\ 84.12
2 2.30x10" | 8.80x10" [ 6 3.83 1.94 '\ 74.39
[0275] Live/Dead Staining. Analysis of the live/dead stained micrdgarrier aliquot shows

the majority of the microcarrier surfaces covered with green stained (viable) cNlIs with scant foci
of red stained nuclei (dead). The cells exhibit morphology similar to the morpho¥Qgy of the cells
cultured in static conditions.

[0276] Flow Cytometry Analysis. Table 11-3 shows the results (“+ positive” or

negative™) for cell surface markers expressed by human Umbilical Tissue-derived Cells (INTCs)
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ested microcarrier beads in spinner flasks versus hUTCs harvested from culture in static T
flasky

were coxsistent.

_ The table shows that the markers expressed by the cells produced by the two methods

Table 1%-3: Comparison of cell surface proteins expression by Umb 050604B cells expanded in static T
flasks or ox Cylodex® 3 microcarriers in spinner flask systems and analyzed by flow cytometry.

C&Surfacc Marker Static T Flasks Cytodex 3® Microcarriers
\CD 10 () (+)
EQ 13 (+) (+)
cDN (-) (-)
CD 34\ (-) ()
cpaa \ (+) (+)
CD 45 \ () )
B\ (+) (+)
CD 90 \ (+) (+)
CD 117 \ (=) (-)
CD 141 N &) ()
PDGFr-o \ (+) (+)
HLA-A,B,C \ (+) (+)
HLA-DR,DP,DQ \ ) (-)

[0277] Conclusion: Human Umbilical Tissd¢-derived Cells (WUTCs) were cultured on
Cytodex® 3 microcarricrs in impeller spinner flask bidggactors. The cclls achicved 7.48
population doublings over twenty days and had an averagy population doubling time of 69 hours.
Cell viability per passage ranged from 94.4% to 99.7%. AnNysis for expression of thirteen cell
surface markers on hUTCs cultured on microcarriers was consi¥Xgnt with the cell surface marker
expression by hUTCs cultured in cell culture T flasks. This exampg indicates that microcarriers

can be used to seed, expand, and harvest hUTCs in bioreactor system

EXAMPLE 12

were sceded onto collagen-coated or uncoated poly-(D,L-lactide-co-glycolide) (PLGA) an.
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ly(monostearoylglyceride co-succinic acid) (MGSA) microcarriers. The microcarriers with
cell\were cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded into

static cNJtures.

Materials\and Methods
Table 12-1 MiXocarriers

Microcartier Manufacturer Process Method Avg. Size (pm)
PLGA (50/50) IV (M3 Alkermes (Willington, OH) SCF 158
MGSA 1 \ Ethicon (Somerville, NJ) SCF 195

[0279] Microce
MGSA and PLGA microcNriers were aseptically suspended in 25 ml 70% ethanol for 30

ier Preparation. Microcarrier Wetting- Approximately 1g each of

minutes to wet the microcarriyrs. The ethanol was removed by aspiration and the microcarriers
were then rinsed three times witNPBS and re-suspended 25 ml of in Dulbecco’s phosphate
buffered saline (PBS).
[0280] Collagen coating. Wetld microcarriers (PBS) were pelletized by centrifugation,
the PBS removed by aspiration, and the t\crocarriers were re-suspended in a 2.9% collagen
solution (Vitrogen 1000, Cohesion, Inc. Pal§ Alto, CA). The microcarriers were incubated in
collagen for 30 minutes. The residual collagenyas removed by aspiration and the collagen

coated microparticles were washed three times wilg PBS.

Table 12-2 Microcarrier Quantities\Used.
Microcarrier Milligrams \ No. cells Seeded
PLGA (50/50) uncoated 260\ 3.50 x 10°
PLGA (50/50) coated 260\ 3.50 x 10°
MGSA I uncoated 330 3.50 x 10°
MGSA I coated 330 3.50 x 10°
[0281] Inoculation and Culture The materials, cell type, griwth media, spinner flask,

inoculation and culture conditions, media exchange, viability staining\nd cell harvest methods

used in Example 11 were used in this example.
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sults

Table 12-3 Cell Harvest
Microcarrier Total Cells Viability (%)
PLGA (50/50) uncoated 1.20 x 10° 98.6
PLGA (50/50) coated 1.15 x 10° 97.6
MGSA I uncoated 1.82 x 10° 99.0

NMGSA I coated 2.39 x 10° 97.8

[0282] HaXyest Cell Re-Seed. Cells harvested from the coated and uncoated MGSA and

PLGA microcarriers \yere re-seeded into T225 at approximately 5,000 cells/cm®. Four days after
rc-sceding the cells harwsted from both materials proliferated to over 50% confluence.

[0283] Expanded hNTCs were seeded onto collagen coated PLGA and MGSA
microcarrier, cultured in spintr flasks for five days, harvested by trypsinization, and re-seeded
into static cultures. The cells thawwere harvested from the synthetic microcarriers were over
90% viable. The re-seed cells expaNded in static culture within four days demonstrating
retention of their proliferative capacity\ This example demonstrates the ability of synthetic

biomaterials to be used as microcarriers f& spinner flasks culture.

Exaxple 13
Expansion of hUTC on MicrocarriersNn Continuous Spinner Flask Culture

[0284] The goal of this study was to continudysty culture expanded hUTC adherent to
commercial microcarriers in spinner flasks over multipK population doublings. The ability to
expand hUTC on microcarriers over multiple population dublings will serve a mode! system to
be scale-up for large-scale production of hUTC for cell therapy applications. Two hUTC
isolates, 120304- isolated, expanded and cryopreserved under red¢arch conditions, and CNTO
2476- isolated, expanded and cryopreserved under GMP conditions\were evaluated. The
commercial microcarriers Cytodex® 1 or Hillex® IT were evaluated alyg. The cryopreserved
cells were thawed and used to immediately inoculate spinner flask culturdy, The cells were
continuously cultured over multiple passages until the cell reached approxinNtely population-
doubling 30. hUTCs were also cultured statically in T225 flasks as a control.

[0285] hUTC isolate 120304 cryopreserved at population doubling 12.8 wag able to be
thawed, and expanded on Cytodex® 1 and Hillex® II microcarriers to population dougling 28.6
and 28.7, respectively. The hours per population doubling was consistent from passage

passage, indicating stable logarithmic growth and was consistent with the T flask growth
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etics. hUTC isolate CNTO 2476 cryopreserved at population doubling 22.6 was able to be

ple demonstrate the ability of hUTC to be expanded to approximately
30 population doublings & microcarriers in a stable, consistent manner that maintains the cell’s
surface protein phenotype.
Materials and Methods
[0287] Cells. Cryopreserwd expanded hUTC isolate 12034 population doubling (PD) 12
and hUTC isolate CNTO 2476 lot 25426078 PD 22 were used.

[0288] Growth Media. Dulbeccd's Modified Eagles Media (DMEM)-low glucose
(Gibco- Grand Island, NY), 15% FBS (Hy§one- Logan UT), penicillin/streptomycin (P/S)
(Gibco- Grand Island, NY), Betamercaptoethdgol (BME) (Sigma- St. Louis, MO)

[0289] Microcarriers. Cytodex® 1 (GE
were hydrated in PBS for at least 3 hours and autoclyed. Cytodex® 1 microcarriers were used
ata concentré.tion of 3 g/L. Hillex® II (SoloHill Engt

microcarriers were hydrated in deionized water for at leas\30 minutes autoclaved. Hillex® II

alth Sciences- Piscataway, NJ) microcarriers
ering, Inc., Ann Arbor, MI)
microcarriers were used at a concentration of 12 g/L.

[0290] ' Spinner Flask. 100 ml and 500 ml single-use, di

Inc.~ Corning, NY) were used.

osable spinner flasks (Corning,

[0291] Inoculation and Culture in 100 ml Spinner Flask. Cryoygreserved vials of hUTC
were thawed, washed and resuspended in growth media. 6.6 x 10° hUTC\were added to 3000mg

of Cytodex® 1 (5.0 x 10%cells per cm?) in a 100 ml spinner flask containingN00 ml media and

set to 60-rpm continuous rotation. Spinner plates placed in 5% COs,.
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[0Q92] Passage of Culture From One 100 ml Spinner Flask to One 500 ml Spinner Flask.
100

settle.

spinner flask was removed from spinner plate and the microcarriers were allowed to

¢ media supernatant is removed by aspiration. The remaining microcarrier pack with
adherent cWIs was resuspended in 20 ml fresh growth media. The microcarriers with adherent
cells were they aseptically transferred by pipette to a 500 ml spinner flask containing 480ml
fresh growth meNja and 4.8 g Hillex® II (6g final microcarrier content) or 1.2 g Cytodex® 1
(1.5g final microcaNjer content). The spinner flask was then placed on a spinner plate set to 60-
rpm continuous rotatio. Spinner plates placed in 5% CO,, 37°C tissue culture incubators and
incubated for three to fouNdays.

[0293] Passage of ¢

500 ml spinner flask was remowd from spinner plate and the microcarriers were allowed to

ure from one 500 ml spinner flask to five 500 mi spinner flasks.
settle. The media supernatant is rquoved by aspiration. The remaining microcarrier pack with
adherent cells was resuspended in 50\l fresh growth media. Five separate 10 ml aliquots of the
microcarriers with adherent ceils were tiRn aseptically transferred by pipette to five separate 500
ml spinncr flasks cach containing 490 mi frixgh growth media and 4.8g Hillex® II (6g final

microcarrier content) or 1.2 g Cytodex® 1 (1.3¢ final microcarrier content). The spinner flasks
were then placed on a spinner plate set to 60-rpm\gontinuous rotation. Spinner plates placed in
5% CO», 37°C tissue culture incubators and incubatey for three to four days.
[0294] Harvest of cells adherent to Cytodex® [Nyicrocarriers. The 500 ml spinner flask
was removed from spinner plate and the microcarriers witt\adherent cells were allowed to settle
500 ml of PBS was added to the

spinncr flask and the microcarricrs were allowed to scttle by graNty. The PBS supcrnatant was

by gravity. The media supernatant was removed by aspiratio

removed by aspiration. 500 ml of DMEM- low glucose was added ¥ the spinner flask. The

spinner flask was then incubated on spinner plate for 20 minutes at 60 ¥pm. The spinner flask

was removed from spinner plate and the microcarriers were allowed to seX]e by gravity. The

rpm. The spinner flask was removed from spinner plate and the microcarriers were allowedNo

-05-



WO 2014/093598 PCT/US2013/074615

S\itle by gravity. Using a 50 ml serological pipette, the microcarriers-TrypLE™ select solution

to settle bi\gravity. The cell containing supernatant is collect by repeated pipetting and transfer
to multiple cOgical tubes pre-loaded with 5ml FBS and a 100um filter unit inserted in the tube
opening. The tdQes were centrifuged for 5 minutes at 300rcf, the supernatant decanted, and the
cells re-suspended W growth media.

[0295] Harves\of cells adherent to Hillex® II microcarriers. The 500 ml spinner flask
was removed from spinnd plate and the microcarriers with adherent cells were allowed to settle
by gravity. The media supeNatant was removed by aspiration. 500 m! of PBS was added to the
spinner flask and the microcarrigrs were allowed to settle by gravity. 100 ml TrypLE™ select
was added to the spinner flask. Th¢ spinner flask was then incubated on spinner plate for 10
minutes at 60 rpm. The spinner flask\was removed from spinner plate and the microcarriers
were allowed to settle by gravity. Usind\a 25 ml serological pipette, the microcarriers-TrypLE™
select solution was agitated by pipctting up\and down ~10 times to dissociate residual adherent
cells from the microcarriers. The cell containlgg supernatant is collect by repeated pipetting and
transfer to multiple conical tubes pre-loaded wittNSml FBS and a 100-pm filter unit inserted in
the tube opening. The tubes were centrifuged for 5Xginutes at 300rcf, the supernatant decanted,
and the cells re-suspended in growth media.

[0296] Viability Staining. A 1 ml aliquot of medid\and microcarriers were transferred to
a 15 ml conical tube and the microcarriers were allowed to sdparate by gravity. Media was
removed by aspiration and replaced with 1ml Live/Dead stainink solution (Molecular Probes cat.
no. L.3224) and incubated from 15 minutes at 37° C. After incubatin, a 20-pl aliquot was
applied to a glass microscope slide and observed by fluorescent microxgopy. Live cells stain
green. Microscopic fields were manually analyzed to evaluate the distribytion of viable cells
adhered to the microcarriers. At least three microscopic fields were evaluatdd and the
approximate percentage of viable cells was counted.

[0297] In culture cell counts- Nuclei release assay. A 5 ml (100 ml spinndy flask) or 10
ml (500 ml spinner flask) aliquot of homogenous microcarrier suspension was obtaird from
spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed toYravity

separate and the supernatant was removed by aspiration. The microcarriers were washed oxge
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{h 10 ml PBS, the microcarriers allowed to gravity separate, and the PBS supernatant removed

(500 ml spinner flask) Rliquot of homogenous microcarricr suspension was obtained from
spinner flask vessel and tignsferred to a 15 ml tube. The microcarriers were allowed to gravity
separate and the supernatant\yas removed by aspiration. The microcarriers were washed once
with 10 ml PBS, the microcarrids allowed to gravity separate, and the PBS supernatant removed
by aspiration. The microcarriers wre incubated for ten minutes at 37°C in TrypLE™ select.
After incubation, 5 ml of PBS is adde¥ and the microcarriers are allowed to gravity separate.
The cell containing supernatant is collecNoy repeated pipetting and transfer to multiple conical
tubces pre-loaded with 1 ml FBS. The tubes\vere centrifuged for 5 minutes at 300 rcf, the
supernatant decanted, the cells re-suspended iNgrowth media, and an aliquot is used determine
cell count using a Guava PCA instrument (Guava\J echnologies, Haywood, CA).

[0299] Static T-Flask Culture. CryopreserveN, vials of hUTC were thawed, washed and
resuspended in growth media. The cells were cultured Xatically in T225 over multiple passages
using methods stated in US2004877012A.
[0300] Flow Cytometry. Harvested hUTC were anal
Becton-Dickinson FACSCalibur™ instrument (Becton DickinsoN San Jose, CA) to determine
the cell surface marker profile using methods stated in US20048770N2A.. All antibodies
purchased from BD PharMingen (San Diego, CA).

Results

d by flow cytometry using a

Table 13-1: Continuous culture of hUTC isolate 120304 on Cytodex® 1 midgocarriers.

Passage | Seeded Yield Doubling | Total Doublings | Time (days) ours/doub

6 (seed) 5.32E+06 | 2.03E+00 1.28E+01
6 5.32E+06 4.71E+07 | 3.15E-+00 1.59E+01 4.00 \ 30.51
7 8.96E+06 7.30L+07 | 3.03C+00 1.89E+)1 3.00 \ 23.79
8 6.60E+06 3.30E+07 | 2.32E+00 2.12E+01 3.00 N 31.01
9 6.60E+06 3.90E+07 | 2.56E+00 2.38E+01 3.00 X%.09
10 3.90E+07 2.17E+08 | 2.48E+00 2.63E+01 4.00 3&7
11 2.17E+08 1.10E+09 | 2.34E+00 2.86E+01 4.00 41,0
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TaRle 13-2: Continuous culture of hUTC isolate 120304 on Hillex® II microcarriers.

Pass\§ Seeded Yield Doubling | Total Doublings | time (days) | Hours/doubling

6 (see 532E+06 | 2.03E+00 1.28E+01
6 N\ 5.32E+06 4.71E+07 | 3.1S5E+00 1.59E+01 4.00 30.51
7 \| 8.96E+06 7.30E-+07 | 3.03E+00 1.89E+01 3.00 23.79
8 \3.00E+06 1.90E+07 | 2.66E+00 2.16E+01 3.00 27.04
9 3R0E+06 2.30E+07 | 2.60E+00 2.42E+01 3.00 27.72
10 2.306+07 2.64E+08 | 3.52E+00 2.77E+01 4.00 27.27
11 2.11EN08 4.16E+08 | 9.79E-01 2.87E+01 3.00 73.52

AN

Table 13-3. Continuo¥s culture of hUTC isolate CNTO 2476 on Cytodex® 1 microcarriers

Passage | Seeded Y}qd doubling Total Doublings | time (days) | Hours/doubling

6 (seed) 6.QE+05 2.26E+01
6 6.30E+05 | 3.44N06 | 2.45E+00 2.50E+01 3.00 29.40
7 3.44E+06 | 5.20GN7 | 3.92E+00 2.90E+01 4.00 24.50
8 4.00E+07 1.60E+0 2.00E+00 3.10E+01 3.00 36.00
8 1.60E+08 | 7.67E+08 N\ 2.26E+00 3.32E+01 4.00 42,46

\

Table 13-4. Continuous culture of hUXC isolate CNTO 2476 on Hillex® II microcarriers

Passage | Seeded Yield doublihg\ Total Doublings | time (days) | hours/doubling
6 (seed) 1.68E+06 2.26E+01
6 | 1.68E+06 | 1.29E+07 | 2.94E+00 2.55E+01 4.00 32.64
7 | 1.29E+07 | 5.30E+07 | 2.04E+00 2.76E+01 3.00 35.32
8 | S530E+07 | 5.60E+08 | 3.40E+00 | \  3.10E+01 5.00 35.28
Table 13-5: Continuous culture of hWUTC isolate 1203¢4 in T225 flasks.
Passage | Seeded Yield doubling Total Do\)lings time (days) | hours/doubling
6 (seed) LI26+07 | 2.03G+00 1.28%01
6 1.12E+07 | 3.05E+07 1.45E+00 1.42EN1 2.00 33.21
7 | 2.20E+06 | 2.03G+07 | 3.21E+00 1.74E+0N, 4.00 29.94
8 3.75E+05 | 1.50E+06 2.00E+00 1.94E+01 N\ 3.00 36.00
9 | 3.75E+05 | 1.858+06 | 2.30E+00 2.17E+01 | \ 4.00 41.69
10 3.75E+05 | 2.39E+06 2.67E+00 2.44E+01 \ 3.00 26.95
11 7.50E+05 | 3.14E+06 2.07E+00 2.64E+01 \ 4.00 46.47
12 3.14E+06 | 2.02E+07 2.69E+00 2.91E+01 \3.00 26.81
13 2.02E+07 | 1.14E4H08 2.50E+00 3.16E+01 N)O 38.45

\

Table 13-6 Comparison of cell surface proteins expression by hUTC exyanded on
microcarrier and T-flasks and analyzed by flow cytometry.

Cell Surface 120304 120304 120304 CNTO 2476 0 2476
Marker T225 flask Cytodex® 1§ Hillex® 1I | Cytodex® 1 HiNex® II
CD 10 (1 (4 (+) (+) (
CD 13 (H (+ () (4 (D
CD31 () () (-) (-) )
CD34 () ) (-) (-) ()

-98-




WO 2014/093598

PCT/US2013/074615

Table 13-6 Comparison of cell surface proteins expression by hUTC expanded on
microcarrier and T-flasks and analyzed by flow cytometry.
Cell Surflace 120304 120304 120304 CNTO 2476 | CNTO 2476
N Marker T225 flask Cytodex® 1] Hillex®II | Cytodex® 1 Hillex® I
N\ __Ch44 () (4 () (H )
\ _CD 45 () () () (-) ()
XCD73 (9 (4 (9 () ()
R 90 () (4 ) (9 ()
CD N7 () ) () () (=)
CD 14\ (-) () (-) () ()
PDGFr-a \ ) ) (+) () (9
HLA-ABC \ (H () (H () (+)
HLA-DRDPDQ Y, () (-) (-) (-) ()

[0301]
thawed, and expanded on Cytddex® 1 and Hillex® II microcarriers to population doubling 28.6

hUTC isolat§ 120304 cryopreserved at population doubling 12.8 was able to be
and 28.7, respectively. The hour\per population doubling was consistent from passage to
passage, indicating stablc logarithm)g growth and was consistent with the T flask growth

kinetics. hUTC isolate CNTO 2476 ¢
thawed, and expanded on Cytodex® 1 an

preserved at population doubling 22.6 was able to be
illex® II microcarriers to population doubling 33.2
and 31.0 respectively. The hours per populaldon doubling was consistent from passage to
passage, indicating stable logarithmic growth aiN was also consistent with the T flask growth
kinctics. Statistical analysis by onc-way ANOA o\l hours per population doubling data points
show no significant difference the hUTC growth kineNgs for all conditions tested. (p=0.988). In
addition, the cell surface protein expression remained congistent at final harvest for all conditions
tested. This data demonstrated the ability of hUTC to be exdanded to approximately 30
population doublings on microcarriers in a stable, consistent mdaner that maintains the cell’s
surface protein phenotype.

[0302]

various specific materials, procedures and examples, it is understood tha{the invention is not

While the invention has been described and illustratedN\perein by references to
restricted to the particular combinations of material and procedures selectedfor that purpose.
Numerous variations of such details can be implied as will be appreciated by thpse skilled in the
art. It is intended that the specification and examples be considered as exemplargyonly, with the
true scope and spirit of the invention being indicated by the following claims. Allr
patents, and patent applications referred to in this application are herein incorporated b

reference in their entirety.
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CLAIMS
What ¥ claimed is:

1. A cNlture medium for growing anchorage-dependent cells comprising:

the amiNpo acids L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-LXucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L~
tryptophan; L-tyrosidg; L-Valine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid,;

L-Proline; and L-Tauri

the vitamins D-calcNm pantothenate; choline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamineyd-Biotin; pyridoxine; and Vitamin B;, (cyanocobalamin);

the salts calcium chloride, Notassium chloride, magnesium sulfate, sodium chloride, and

one or more sodium phosphate salts;
the nucleosides thymidine, adenoXpe, cytidine, uridine and guanosine;

insulin; transferrin; lipoic acid/thiocti\acid; ethanolamine; sodium selenite; and one or

MOre energy Sources.

2. The culture medium of claim 1, wherein the dylture medium comprises:

at least about 0.05 g/L of L-Arginine; at least aboyt 0.02 g/L of L-Cystine; at least about
0.2 g/L of L-Glutaming; at least about 0.01 g/L Glycine; at Xast about 0.02 g/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of X\ -Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methionine; at least aboW 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Thredgine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least aboulN).08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteinc; at Icast about 0.0004 g/L of L-Alanine; X least about 0.01 g/L
of L-Aspargine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L\f L-Glutamic
Acid; at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taur\ge;

from about 5 x 10° g/L to about 0.015 g/L of each of the vitamins;
at least about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L o

potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
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ium phosphate, monobasic, H>0 and at least about 0.0005 g/L of sodium phosphate, dibasic
heptdaydrate (Na;HPO4.7H,0);

a\]east about 0.0001 g/L of thymidine and least about 0.005 g/L of each of adenosine,

cytidine, urNine, and guanosine; and

at least 003 g/L of insulin, at Ieast 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoic acid/thioctio\icid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of

sodium selenite.

3. A serum-free nutrizat solution for growing anchorage dependent cells comprising:

the amino acids L-ArgWine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionle, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-AsRargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and

L-Taurine;

the vitamins D-calcium pantothena®; choline chioride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamine; d-Biotin; pyriNpxine; and Vitamin B, (cyanocobalamin);
the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;
the nucleosides adenosine, cytidine, uridine atN guanosine; and

insulin; transferrin; lipoic acid/thioctic acid; ethanglamine; and sodium selenite.
4, A kit for growing anchorage dependent cells comprisinyg the culture medium of claim 1.

5. The kit of claim 4, further comprising a serum-free nutrient§olution, wherein the serum-
free nutrient solution comprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-HNidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonind\L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid\L-Proline and

L-Taurine;

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin),
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the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;
the nucleosides adenosine, cytidine, uridine and guanosine; and

inzulin, transferrin; lipoic acid/thioctic acid; ethanolamine; and sodium selenite.

6. A metdd of culturing isolated umbilical cord tissue-derived cells comprising:

supplemented Wth serum, for a sufficient period of time to allow for the cells to

achieve a desired iNitial population density;

b. adding a serum-free n\rient solution after the cells have achieved the desired initial
population density, wherdn the serum-free nutrient solution comprises amino acids,
vitamins, salts, insulin, trangrrin, ethanolamine, lipoic acid/thioctic acid, sodium

selenium; and

c. growing the cells for a sufficient p&iod of time to allow for the cells to achieve a

desired final population density;

wherein the umbilical cord tissue-derived cell§ are isolated from human umbilical cord
tissue substantially free of blood, are capable of self-ren§wal and expansion in culture, have the
potential to differentiate, express CD13, CD90, HLA-ABC\and do not cxprcss CD34, CD117
and HLA-DR.

7. The method of claim 6 wherein the method further comprisgs seeding the cells on the

microcarriers.

8. The method of claim 6, wherein the method further comprises isoldting the cells after

step c.
9. The method of claim 6, wherein the method does not require medium exciNnge.

10.  The method of claim 6, wherein the method is carried out in a spinner flask cu

system.

-102-



WO 2014/093598 PCT/US2013/074615

The method of claim 6, wherein the characteristics of the cells before and after culturing

are sybstantially the same.

12. method of claim 11, wherein the characteristics of the cells before and after culturing

are the same)

13.  The meth¥d of claim 6, wherein the desired initial population density is achieved after 3

to 4 days.
14. The method of cIN\m 6, wherein the microcatriers have an amine treated surface.

15.  The method of claim & wherein the culture medium comprises:

the amino acids L-Argining; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; \-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-AlNine; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid;

L-Proline; and L-Taurine;

the vitamins D-calcium pantothenate; dwoline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamine; d-Biotin; pyrNJoxine; and Vitamin B, (cyanocobalamin);

the salts calcium chloride, potassium chlorideymagnesium sulfate, sodium chloride, and

one or more sodium phosphate salts;
the nucleosides thymidine, adenosine, cytidine, uridge and guanosing; and
insulin; transferrin; lipoic acid/thioctic acid; ethanolamidg; sodium selenite; and one or

MOre CNCrgy sources.

16.  The method of claim 15, wherein the one or more energy source\are D-glucose and

sodium pyruvate.

17.  The method of claim 15, wherein the culture medium comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-Cystine; at leNst about 0.2
g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02 g/L of L-Histi\jne; at
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aNeast about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Threonine; at least about 0.009
g/L & L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at
least abRut 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L
of L-AspaNgine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic
Acid; at least{bout 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;:

from aboX 5 x 10°® g/L to about 0.015 g/L of each of the vitamins;

at least about\Q.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chloride; at 18gst about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphate, monobaic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydrate (Na,HPO4.7H; l

at least about 0.0001 g/L o thymidine and least about 0.005 g/L of each of adenosine,
cytidine, uridine, and guanosing; an

at least 0.003 g/L of insulin, at le\st 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoic acid/thioctic acid, at lcast 0.05 g/L oi\¢thanolamine and at least about 0.00004 g/L of

sodium selenite.

18.  The method of claim 15, wherein the cultur©\medium is supplemented with 2 to 20% of
FBS.

19.  The method of claim 15, wherein the culture mediuNg is supplemented with about 7.5%,
about 10%, or about 15% of FBS.

20.  The method of claim 15, wherein the culture medium furthd comprises putrescine, a

stabilizer, and/or a foaming agent.

21.  The method of claim 6, wherein in the serum-free nutricnt solution\¢gomprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidige, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-
tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-

L-Taurine;
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the vitamins D-calcium pantothenate; choline chloride; folic acid; [-inositol; niacinamide;

pyrNoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B,, (cyanocobalamin),
e salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the Wace minerals Copper(IDsulfate pentahydrate (CuS04.5H,0), Zinc sulfate,
heptahydrate, §nS04.7H,0);,

the nucleo)des adenosine, cytidine, uridine and guanosine; and

insulin; transfexrin; ethanolamine; lipoic acid/thioctic acid; and sodium selenite.

22.  The method of claix 21, wherein the serum-free solution further comprises putrescine, a

stabilizer, and/or a foaming a¥ent.




NUTRIENT ENRICHED MEDIA FOR hUTC GROWTH
FIELD OF THE INVENTION

[0001] This application relates to nutrient enriched culture media for the growth of

anchorage-dependent cells, such as e.g. umbilical cord tissue-derived cells.

BACKGROUND OF THE INVENTION

[0002] For an allogeneic cell therapy product, cells or tissues are obtained from a donor,
which are further manipulated before administering to patients. Generally, a manufacturing
process for non-homologous cell therapy product includes the following steps: thawing a cell
bank vial and expanding cells to inoculate a production vessel; producing cells in a production
vessel; removing undesirable impurities used during production of cells such as serum and
trypsin; concentrating cells; formulating cells into the final formulation buffer; and freezing
cells. Such manufacturing processes can be quite complex and expensive. For example, the
cells for cell therapy applications are generally cultivated and expanded in growth medium
supplemented with serum. The cost of production of cell therapy can be very high due to the
high cost of serum, medium, and other consumables used in the process. Multiple factors can
limit cells from growing to high cell density, including nutrient limitation, cell byproduct
accumulation in culture, physical environment, etc. Accordingly, it is desirable to increase
volumetric cells produced from a production vessel by growing cells to high cell density.

[0003]) Previously, it has been shown that anchorage-dependent cells, such as e.g. human
umbilical cord tissue derived-cells (hWUTCs), can be grown to high cell density by exchanging
cell growth medium containing 15% Fetal Bovine Serum (FBS) on day 3 of the run. However,
such a medium exchange is less desirable due to high serum cost, high serum usage for
production, and additional operational manipulations. Therefore, a process with medium
exchange is not commercially feasible.

[0004] What is needed is a new method for growing cells without the need of exchanging

cell growth medium that is commercially feasible.




SUMMARY OF THE INVENTION

[0005] One embodiment of the invention is a culture medium for growing anchorage-
dependent cells comprising: (1) the amino acids L-Arginine; L-Cystine; L-Cysteine; L-
Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-
Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; L-Alanine; L-
Asparagine; L-Aspartic Acid; L-Glutamic Acid; L-Proline; and L-Taurine; (2) the vitamins D-
calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide; pyridoxal; riboflavin;
thiamine; d-Biotin; pyridoxine; and Vitamin By, (cyanocobalamin); (3) the salts calcium
chloride, potassium chloride, magnesium sulfate, sodium chloride, and one or more sodium
phosphate salts; (4) the nucleosides thymidine, adenosine, cytidine, uridine and guanosine; (5)
insulin; (6) transferrin; (7) lipoic acid/thioctic acid; (8) ethanolamine; (9) sodium selenite; and
(10) one or more energy sources.

[0006] In one embodiment, the culture medium comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-Cystine; at least about
0.2 g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02 g/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Threonine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L
of L-Asparagine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic
Acid; at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;
from about 5 x 10°® g/L to about 0.015 g/L of each of the vitamins;

at least about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphate, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydrate (Na,HPO4.7H,0);

at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of adenosine,

cytidine, uridine, and guanosine; and




at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10° g/L of
lipoic acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of
sodium selenite.
[0007] Another embodiment of the invention is a serum-free nutrient solution for
growing anchorage dependent cells, which comprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin By, (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the nucleosides adenosine, cytidine, uridine and guanosine;

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; and sodium selenite.
[0008) The invention also provides kits for growing anchorage-dependent cells. The kits
comprise the culture medium and/or serum-free nutrient solution. The culture medium, serum-
free solution, and kits may be used in a method of growing anchorage-dependent cells (such as
e.g. umbilical cord tissue-derived cells).
[0009] Accordingly, another embodiment of the invention is a method of culturing
isolated umbilical cord tissue-derived cells comprising:

growing umbilical cord tissue-derived cells seeded on microcarriers in a culture medium
comprising amino acids, vitamins, salts, nucleosides, lipoic/thioctic acid, ethanolamine, insulin,
transferrin, sodium selenium, which is supplemented with serum, for a sufficient period of time
to allow for the cells to achieve a desired initial population density;

adding a serum-free nutrient solution, which comprises amino acids, vitamins, salts,
insulin, transferrin, ethanolamine, lipoic acid/thioctic acid, sodium selenium, after the cells have
achieved the desired initial population density; and

growing the cells for a sufficient period of time to allow for the cells to achieve a desired
final population density.
[0010] The method may further comprise additional steps. In one embodiment, the

method further comprises seeding the cells on the microcarriers. In another embodiment, the

-3-




method further comprises isolating the cells after culturing. In one embodiment, the desired
initial population density is achieved after 3 to 4 days. The method does not require medium
exchange. The method may be carried out in a roller bottle culture system and the microcarriers
may have an amine treated surface.
[0011] The umbilical cord tissue-derived cells used in the method are isolated from
human umbilical cord tissue substantially free of blood, are capable of self-renewal and
expansion in culture, have the potential to differentiate, express CD13, CD90, HLA-ABC, and
do not express CD34, CD117, and HLA-DR. In one embodiment, the cells do not express
hTERT or telomerase. The characteristics of the cells before and after culture are substantially
the same. In one embodiment, the characteristics of the cells before and after culturing are the
same.
[0012] In one embodiment, the culture medium used in the method comprises:

the amino acids L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid;
L-Proline; and L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

the salts calcium chloride, potassium chloride, magnesium sulfate, sodium chloride, and
one or more sodium phosphate salts;

the nucleosides thymidine, adenosine, cytidine, uridine and guanosine;

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; sodium selenite; and one or
more energy sources (such as e.g. D-glucose and sodium pyruvate).
[0013] In another embodiment, the culture medium used in the method comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-Cystine; at least about
0.2 g/L of L-Glutamine; at least about 0.01 g/L. Glycine; at least about 0.02 g/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Threonine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L
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of L-Asparagine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic
Acid; at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;

from about 5 x 10°° g/L to about 0.015 g/L of each of the vitamins;

at least about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphate, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydrate (Na,HPO4.7H,0);

at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of adenosine,
cytidine, uridine, and guanosine; and

at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoic acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of
sodium selenite.
[0014] The culture medium used in the method is supplemented with 2 to 20% of FBS.
In one embodiment, the culture medium is supplemented with about 7.5%, about 10%, or about
15% of FBS.
[0015] In one embodiment, the serum-free nutrient solution used in the method
comprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B;; (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the trace minerals Copper(II)sulfate pentahydrate (CuSO4.5H;0), Zinc sulfate,
heptahydrate, (ZnS0,4.7H,0);

the nucleosides adenosine, cytidine, uridine and guanosine;

insulin; transferrin; ethanolamine; lipoic acid/thioctic acid; and sodium selenite.
[0016] The culture medium and serum-free nutrient solution may also contain further
components. For example, the culture medium and/or serum-free nutrient solution may further

comprise putrescine, a stabilizer, and/or a foaming agent.
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[0017] Other features and advantages of the invention will be apparent from the detailed

description that follows.
DETAILED DESCRIPTION

[0018] In the following detailed description of the illustrative embodiments, reference is
made to the accompanying drawings that form a part hereof. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the invention, and it is understood
that other embodiments may be utilized and that logical structural, mechanical, electrical, and
chemical changes may be made without departing from the spirit or scope of the invention. To
avoid detail not necessary to enable those skilled in the art to practice the embodiments described
herein, the description may omit certain information known to those skilled in the art. The
following detailed description is, therefore, not to be taken in a limiting sense.

[0019] In one aspect, the invention provides for a process for growing anchorage-
dependent cells, such as e.g. human umbilical cord tissue-derived cells (“hUTC”), attached to
microcarriers in a serum-containing medium to high cell density without medium exchange by
feeding culture with serum-free nutrient solution in the middle of the run. The process allows for
growth of cells to high cell density without affecting the biological function of the cells. Since
the invention increases the yield from the production bioreactor, the invention provides

economic and commercial benefits.

[0020] In another aspect, the invention provides for culture media and nutrient solutions
that are suitable for growing anchorage-dependent cells in spinner flasks, preferably without the
need for medium exchange.

[0021] In one embodiment, the invention discloses the composition of an enriched
medium and a concentrated serum-free nutrient solution to grow hUTC to high density in spinner
flasks without medium exchange. This method reduces serum usage and increases volumetric
productivity to reduce cost of manufacturing. In particular, the method allows for enhanced
doubling with media exchange.

[0022] In another embodiment, the invention provides a serum-free nutrient solution
comprising: amino acids (to replenish consumed amino acids in culture); vitamins; salts (to
maintain osmotic balance in culture); nucleosides; insulin; transferrin; and optionally but
preferably ethanolamine; and sodium selenium. This invention allows scalability of the process

to large-scale bioreactors. In yet another embodiment, the invention provides a culture medium
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comprising amino acids, vitamins, salts nucleosides, insulin, transferrin, and optionally but
preferably ethanolamine and sodium selenium. Prior to use, this culture medium may be
supplemented with serum.

[0023] Another aspect of the invention is a method of growing hUTCs attached to
microcarriers to high cell density in suspension culture in spinner flasks by enriching the serum
containing growth medium with nutrients and feeding the culture with serum-free nutrients is
also disclosed. This method eliminates medium exchange to grow hUTCs to high density.
[0024] Various terms are used throughout the specification and claims. Such terms are to
be given their ordinary meaning in the art unless otherwise indicated. Other specifically defined
terms are to be construed in a manner consistent with the definition provided herein.

[0025] In one embodiment, the cells used in the present invention are generally referred
to as postpartum cells or postpartum-derived cells (PPDCs). These cells are more specifically
“umbilicus-derived cells” or “umbilical cord-derived cells” (UDC), or “umbilical cord tissue-
derived cells” (UTC). In addition, the cells may be described as being stem or progenitor cells,
the latter term being used in the broad sense. The term “derived” is used to indicate that the cells
have been obtained from their biological source and grown or otherwise manipulated in vitro
(e.g., cultured in a growth medium to expand the population and/or to produce a cell line). The
in vitro manipulations of umbilical stem cells and the unique features of the umbilicus-derived
cells of the present invention are described in detail below.

[0026] Stem cells are undifferentiated cells defined by the ability of a single cell both to
self-renew and to differentiate to produce progeny cells, including self-renewing progenitors,
non-renewing progenitors, and terminally differentiated cells. Stem cells are also characterized
by their ability to differentiate in vitro into functional cells of various cell lineages from multiple
germ layers (endoderm, mesoderm and ectoderm), as well as to give rise to tissues of multiple
germ layers following transplantation, and to contribute substantially to most, if not all, tissues
following injection into blastocysts.

[0027] Stem cells are classified according to their developmental potential as: (1)
totipotent; (2) pluripotent; (3) multipotent; (4) oligopotent; and (5) unipotent. Totipotent cells
are able to give rise to all embryonic and extraembryonic cell types. Pluripotent cells are able to
give rise to all embryonic cell types. Multipotent cells include those able to give rise to a subset

of cell lineages, but all within a particular tissue, organ, or physiological system. For example,
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hematopoietic stem cells (HSC) can produce progeny that include HSC (self-renewal), blood
cell-restricted oligopotent progenitors, and all cell types and elements (e.g., platelets) that are
normal components of the blood. Cells that are oligopotent can give rise to a more restricted
subset of cell lineages than multipotent stem cells. Cells, which are unipotent, are able to give
rise to a single cell lineage (e.g., spermatogenic stem cells).

[0028] Stem cells are also categorized based on the source from which they are obtained.
An adult stem cell is generally a multipotent undifferentiated cell found in tissue comprising
multiple differentiated cell types. The adult stem cell can renew itself. Under normal
circumstances, it can also differentiate to yield the specialized cell types of the tissue from which
it originated, and possibly other tissue types. An embryonic stem cell is a pluripotent cell from
the inner cell mass of a blastocyst-stage embryo. A fetal stem cell is one that originates from
fetal tissues or membranes. A postpartum stem cell is a multipotent or pluripotent cell that
originates substantially from extraembryonic tissue available after birth, namely, the umbilical
cord. These cells have been found to possess features characteristic of pluripotent stem cells,
including rapid proliferation and the potential for differentiation into many cell lineages.
Postpartum stem cells may be blood-derived (e.g., as are those obtained from umbilical cord
blood) or non-blood-derived (e.g., as obtained from the non-blood tissues of the umbilical cord
and placenta).

[0029] Various terms are used to describe cells in culture. “Cell culture” refers generally
to cells taken from a living organism and grown under controlled conditions (“in culture” or
“cultured”). A “primary cell culture” is a culture of cells, tissues, or organs taken directly from
an organism(s) before the first subculture. Cells are “expanded” in culture when they are placed
in a growth medium under conditions that facilitate cell growth and/or division, resulting in a
larger population of the cells. When cells are expanded in culture, the rate of cell proliferation is
sometimes measured by the amount of time needed for the cells to double in number. This is
referred to as “doubling time.”

[0030] The term “cell line” generally refers to a population of cells formed by one or
more subcultivations of a primary cell culture. Each round of subculturing is referred to as a
passage. When cells are subcultured, they are referred to as having been “passaged.” A specific
population of cells, or a cell line, is sometimes referred to or characterized by the number of

times it has been passaged. For example, a cultured cell population that has been passaged ten
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times may be refeired to as a P10 culture. The primary culture, i.e., the first culture following
the isolation of cells from tissue, is designated P0. Following the first subculture, the cells are
described as a secondary culture (P1 or passage 1). After the second subculture, the cells
become a tertiary culture (P2 or passage 2), and so on. It will be understood by those of skill in
the art that there may be many population doublings during the period of passaging; therefore,
the number of population doublings of a culture is greater than the passage number, The
expansion of cells (i.e., the number of population doublings) during the period between
passaging depends on many factors, including, but not limited to, the seeding density, substrate,
medium, growth conditions, and time between passaging.

[0031] “Differentiation” is the process by which an unspecialized (“uncommitted”) or
less specialized cell acquires the features of a specialized cell, such as e.g. a nerve cell or a
muscle cell. A “differentiated” cell is one that has taken on a more specialized (“committed”)
position within the lineage of a cell. The term “committed”, when applied to the process of
differentiation, refers to a cell that has proceeded in the differentiation pathway to a point where,
under normal circumstances, it will continue to differentiate into a specific cell type or subset of
cell types, and cannot, under normal circumstances, differentiate into a different cell type or
revert to a less differentiated cell type. “De-differentiation” refers to the process by which a cell
reverts to a less specialized (or committed) position within the lineage of a cell. As used herein,
the “lineage” of a cell defines the heredity of the cell, i.e., which cells it came from and what
cells it can give rise to. The lineage of a cell places the cell within a hereditary scheme of
development and differentiation.

[0032] In a broad sense, a “progenitor cell” is a cell that has the capacity to create
progeny that are more differentiated than itself, and yet retains the capacity to replenish the pool
of progenitors. By that definition, stem cells themselves are also progenitor cells, as are the
more immediate precursors to terminally differentiated cells. When referring to the cells of the
present invention, as described in more detail below, this broad definition of progenitor cell may
be used. In a narrower sense, a progenitor cell is often defined as a cell that is intermediate in the
differentiation pathway, i.e., it arises from a stem cell and is intermediate in the production of a
mature cell type or subset of cell types. This type of progenitor cell is generally not able to self-
renew. Accordingly, if this type of cell is referred to herein, it will be referred to as a “non-

renewing progenitor cell” or as an “intermediate progentitor or precursor cell.”
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[0033] Generally, a “trophic factor” is defined as a substance that promotes survival,
growth, proliferation, and/or maturation of a cell, or stimulates increased activity of a cell.

[0034] The term “standard growth conditions,” as used herein refers to culturing of cells
at 37°C, in a standard atmosphere comprising 5% CO; and relative humidity maintained at about
100%. While the foregoing conditions are useful for culturing, it is to be understood that such
conditions are capable of being varied by the skilled artisan who will appreciate the options
available in the art for culturing cells.

[0035] The term “isolate” as used herein generally refers to a cell, which has been
separated from its natural environment. This term includes gross physical separation from its
~ natural environment, e.g., removal from the donor animal. In preferred embodiments, an isolated
cell is not present in a tissue, i.e., the cell is separated or dissociated from the neighboring cells
with which it is normally in contact. Preferably, cells are administered as a cell suspension. As
used herein, the phrase “cell suspension” includes cells which are in contact with a medium and
which have been dissociated, e.g., by subjecting a piece of tissue to gentle trituration.

[0036] One embodiment of the invention is a method of culturing isolated anchorage-
dependent cells utilizing the culture medium and serum-free nutrient solution of the invention.
The method for culturing isolated anchorage-dependent cells (such as e.g. umbilical cord tissue-
derived cells) provides culturing the cells on at least one carrier particle, e.g., a microcarrier.

The microcarrier can be comprised of natural or synthetically-derived materials. Examples
include collagen-based microcarriers, dextran-based microcarriers, or cellulose-based
microcarriers, as well as glass, ceramics, polymers (such as polystyrene), or metals. The
microcarrier can be protein-free or protein-coated, e.g. with collagen. In a further aspect the
microcarrier can be comprised of, or coated with, compounds that enhance binding of the cell to
the microcarrier and enhance release of the cell from the microcarrier including, but not limited
to, sodium hyaluronate, poly(monostearoylglyceride co-succinic acid), poly-D,L-lactide-co-
glycolide, fibronectin, laminin, elastin, lysine, n-isopropyl acrylamide, vitronectin, and collagen.
Examples further include microcarriers that possess a microcurrent, such as microcarriers with a
particulate galvanic couple of zinc and copper that produces low levels of biologically relevant
electricity; or microcarriers that are paramagnetic, such as paramagnetic calcium-alginate

microcarriers. The methods may be carried out in a roller bottle system.

-10-




[0037] It is to be understood that this invention is not limited to particular methods,
reagents, compounds, compositions or biological systems, which can, of course, vary. Itis also
to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting. As used in this specification and the
appended claims, the singular forms “a”, “an” and “the” include plural referents unless the
content clearly dictates otherwise. Thus, for example, reference to “a cell” includes a
combination of two or more cells, and the like.

[0038] “Microcarriers” refers to particles, beads, or pellets useful for attachment and
growth of anchorage-dependent cells in culture. The microcarriers have the following
properties: (a) they are small enough to allow them to be used in suspension cultures (with a
stirring rate that does not cause significant shear damage to the microcarriers or the cells); (b)
they are solid, or have a solid core with a porous coating on the surface; and (c) their surfaces
(exterior and interior surface in case of porous carriers) may be positively or negatively charged.
In one aspect, the microcarriers have an overall particle diameter between about 150 and 350
pm, and have a positive charge density of between about 0.8 and 2.0 meq/g. Exemplary useful
microcarriers include Cytodex® 1, Cytodex® 2, or Cytodex® 3 (GE Healthcare Life Sciences).
[0039] In another aspect, the microcarrier is a solid carrier. Solid carriers are particularly
suitable for adhesion cells, e.g., anchorage-dependent cells. The carrier particle can also be a
porous microcarrier. Examples further include microcarriers that possess a microcurrent, such as
microcarriers with a particulate galvanic couple of zinc and copper that produces low levels of
biologically relevant electricity; or microcarriers that are paramagnetic, such as paramagnetic
calcium-alginate microcarriers.

[0040] “Porous microcarriers” refers to particles useful for attachment and growth of
anchorage- dependent cells in culture. The porous microcarriers have the following properties:
(a) they are small enough to allow them to be used in suspension cultures (with a stirring rate that
does not cause significant shear damage to the microcarriers or the cells); (b) they have pores and
interior spaces of sufficient size to allow cells to migrate into the interior spaces of the particle;
and (c) their surfaces (exterior and interior) may be positively or negatively charged. In one
series of embodiments, the carriers (a) have an overall particle diameter between about 150 and

350 um; (b) have pores having an average pore opening diameter of between about 15 and about

40 um; and (c) have a positive charge density of between about 0.8 and 2.0 meq/g. In some
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embodiments, DEAE (N, N,-diethylaminoethyl) groups provide the positive charge. Useful
porous microcarriers include, without limitation, Cytopore 1® and Cytopore 2® (GE Healthcare
Life Sciences, Piscataway N.J.).

[0041] “Anchorage-dependent cells” are cells, including mammalian cells, which need to
attach to a surface, e.g., a tissue culture flask surface or a microcarrier particle surface, to
replicate in tissue culture.

[0042] As used herein, the term “about” when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of + 20% or = 10%,
more preferably + 5%, even more preferably + 1%, and still more preferably = 0.1% from the

specified value, as such variations are appropriate to perform the disclosed methods.

1. Culture Media and Serum-Free Nutrient Feed Solution

[0043] This invention provides for enriched media and concentrated nutrient feed
solutions, which are serum-free. The media and the serum-free nutrient solution can be used to
grow cells to high density. In a preferred embodiment, the media and the serum-free nutrient
solution can be used to grow anchorage-dependent cells, such as e.g. hUTC, to high density in
spinner flasks at lower serum consumption.

[0044] In one embodiment, the culture medium and serum-free nutrient solution are used
for the growth of umbilical cord tissue-derived cells. In another embodiment, culture medium
and serum-free nutrient solution are suitable for the growth of progenitor cells including but not
limited to mesenchymal stem cells, bone marrow derived stem cells, cells derived from placental
tissue, adherent cells derived from non-marrow tissues, such as e.g. adipose tissue, muscle tissue,
blood vessel including internal mammary artery derived cells, cells derived from the dental pulp
of teeth, cells derived from amniotic fluid and fibroblasts including neonatal foreskin fibroblasts.

A. Culture Media

[0045] One aspect of the invention is a culture medium comprising amino acids;
vitamins; salts; nucleosides; insulin; transferrin; ethanolamine; sodium selenite; D-glucose and
sodium pyruvate.

[0046] In one embodiment, the culture medium comprises the common L-amino acids.
In another embodiment, the culture medium comprises the following amino acids: L-Arginine;

L-Cystine; L-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine; L-Lysine; L-

-12-




Methionine; L-Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; and
optionally L-Cysteine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid; L-Proline;
and L-Taurine. In an alternate embodiment, the culture medium comprises from about 0.0006
g/L to about 0.1 g/L of each of the amino acid.

[0047] In yet another embodiment, the culture medium comprises at least about 0.1 g/L
of L-Arginine; at least about 0.05 g/L of L-Cystine; at least about 0.3 g/L of L-Glutamine; at
least about 0.02 g/L Glycine; at least about 0.03 g/L of L-Histidine; at least about 0.08 g/L of L-
Isoleucine; at least about 0.08 g/L of L-Leucine; at least about 0.1 g/L of L-Lysine; at least about
0.1 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-
serine; at least about 0.08 g/L of L-Threonine; at least about 0.01 g/L of L-tryptophan; at least
about 0.09 g/L of L-tyrosine; at least about 0.07 g/L. of L-Valine; and optionally at least about
0.007 g/L L-Cysteine; at least about 0.0005 g/L of L-Alanine; at least about 0.02 g/L of L-
Asparagine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid; at
least about 0.01 g/L L-Proline; and at least about 0.0006 g/L of L-Taurine.

[0048] In an alternate embodiment, the culture medium comprises about 0.09705 g/L of
L-Arginine; about 0.06779 g/L of L-Cystine; about 0.009224 g/L of L-Cysteine; about 0.584 g/L
of L-Glutamine; about 0.031125 g/L of Glycine; about 0.048288 g/L of L-Histidine; about
0.163713 g/L of L-Isoleucine; about 0.163713 g/L of L-Leucine; about 0.16807g/L of L-Lysine;
about 0.036748 g/L of L-Methionine; about 0.073695 g/L of L-Phenylalanine; about 0.05145 g/L
of L-serine; about 0.108609 g/L of L-Threonine; about 0.018457 g/L of L-tryptophan; about
0.121813 g/L of L-tyrosine; about 0.111105 g/L of L-Valine; about 0.000668 g/L of L-Alanine;
about 0.031978 g/L of L-Asparagine; about 0.0080 g/L of L-Aspartic Acid about 0.054728 g/L
of L-Glutamic Acid; about 0.02403 g/L of L-Proline; and about 0.000844 g/L of L-Taurine.
[0049] The culture medium further comprises one or more vitamins. In one embodiment,
culture medium comprises at least the following vitamins: D-calcium pantothenate; choline
chloride; folic acid; I-inositol; niacinamide; pyridoxal; riboflavin; thiamine; and optionally d-
Biotin; pyridoxine; and Vitamin B2 (cyanocobalamin). The media may further comprise
Vitamin C and Vitamin A. In another embodiment, the culture medium comprises from about 5
x 107 g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture medium
compnses about 0.004338 g/L of D-Calcium Pantothenate; about 0.006094 g/L of Choline
Chloride; about 0.004302¢/L of Folic Acid; about 0.009568 g/L of I-Inositol; about 0.004302
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g/L of Niacinamide; about 0.004153 g/L of Pyridoxal; about 0.000431 g/L of Riboflavin; about
0.004304 g/L of thiamine; about 3.75E-05 g/L of d-Biotin; about 1.85E-05 g/L of Pyridoxin and
about 0.000102 g/L of Vitamin B, (cyanocobalamin).

[0050] The culture medium further comprises one or more inorganic salts. In one
embodiment, the culture medium comprises calcium chloride, potassium chloride, magnesium
sulfate, sodium chloride, and one or more sodium phosphate salt. In another embodiment, the
culture medium comprises Calcium Chloride, Anhydrous, potassium chloride, magnesium
sulfate, anhydrous, sodium phosphate, monobasic, H,O, and optionally sodium phosphate,
dibasic heptahydrate (Na,HPQO4.7H,0). Depending on the salt used, the culture medium may
comprise from at least about 0.005 g/L to about least about 7 g/L of the salts. In one
embodiment, the culture medium comprises at least about 0.01 g/L of Calcium Chloride,
Anhydrous, at least about 0.1 g/L of potassium chloride; at least about 0.2 g/LL of magnesium
sulfate, at least about 0.08 g/L of sodium phosphate, monobasic, H>O and optionally at least
about 0.0005 g/L of sodium phosphate, dibasic heptahydrate (Na;HPO4.7H,0). In another
embodiment, the culture medium comprises about 0.2 g/ of Calcium Chloride, Anhydrous,
about 0.4 g/L of potassium chloride; about 0.9767 g/L of magnesium sulfate, at least about 0.13
g/L of sodium phosphate, monobasic, H,O, about 6.4 g/L of sodium chloride and optionally at
least about 0.002 g/L of sodium phosphate, dibasic heptahydrate (Na,HPO4.7H,0).

[0051] The culture medium further comprises nucleosides. In one embodiment, the
culture medium comprises the nucleic acid derivatives (nucleosides) thymidine, adenosine,
cytidine, uridine, and guanosine. In an alternate embodiment, the medium comprises at least
about 0.0001 g/L to at least about 0.02 g/L of the each of the nucleosides. In one embodiment,
the medium comprises at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each
of adenosine, cytidine, uridine, and guanosine. In another embodiment, the medium comprises
about 0.00045 g/L of thymidine and about 0.015 g/L of each of adenosine, cytidine, uridine, and
guanosine.

[0052] In one embodiment, the culture medium further comprises insulin, transferrin,
ethanolamine, and sodium selenate. In another embodiment, the culture medium comprises at
least about 0.003 g/L of insulin. In another embodiment, the culture medium comprises about
0.01 g/L of insulin. In an alternate embodiment, the culture medium comprises at least about

0.05 g/L of transferrin. In another embodiment, the culture medium comprises about 0.055 g/L
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of transferrin. In yet another embodiment, the culture medium comprises at least about 0.01 g/L
of ethanolamine. In an alternate embodiment, the culture medium comprises about 0.02 g/L of
ethanolamine. In one embodiment, the culture medium comprises at least about 0.00004 g/L of
sodium selenite. In another embodiment, the culture medium comprises about 0.000067g/L of
sodium selenite. In yet another embodiment, the culture medium does not further comprise
insulin, transferrin, and ethanolamine.
[0053] One embodiment of the invention is a culture medium comprising:

the amino acids: L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid;
L-Proline; and L-Taurine; the vitamins: D-calcium pantothenate; choline chloride; folic acid; I-
inositol; niacinamide; pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B,
(cyanocobalamin); the salts: calcium chloride, potassium chloride, magnesium sulfate, sodium
chloride, and one or more sodium phosphate salts; the nucleosides (nucleic acid derivatives):
thymidine, adenosine, cytidine, uridine and guanosine; insulin; transferrin; ethanolamine; sodium
selenite; and one or more energy sources. In one embodiment, this culture medium comprises
from about 0.0006 g/L to about 0.1 g/L of each of the amino acids. In another embodiment, the
culture medium comprises at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-
Cystine; at least about 0.2 g/L. of L-Glutamine; at least about 0.01 g/L Glycine; at least about
0.02 g/L of L-Histidine; at least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-
Leucine; at least about 0.09 g/L of L-Lysine; at least about 0.02 g/L of L-Methionine; at least
about 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-serine; at least about 0.08 g/L of
L-Threonine; at least about 0.009 g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at
least about 0.08 g/L of L-Valine; at least about 0.005 g/ L-Cysteine; at least about 0.0004 g/L
of L-Alanine; at least about 0.01 g/L of L-Asparagine; at least about 0.006 g/L of L-Aspartic
Acid; at least 0.03 g/L of L-Glutamic Acid; at least about 0.005 g/L. L-Proline; and at least about
0.0003 g/L of L-Taurine. In an alternate embodiment, the culture medium comprises from about
5 x10® g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture medium
comprises at least about 0.005 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chloride; at least about 02 g/L of magnesium sulfate, at least about 0.1 g/L of sodium

phosphate, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
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heptahydrate (Na,HPO4.7H,0). In another embodiment, the medium comprises at least about
0.0001 g/L to at least about 0.02 g/L of the each of the nucleosides. In one embodiment, the
medium comprises at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of
adenosine, cytidine, uridine, and guanosine. In one embodiment, the culture medium further
comprises at least 0.005 g/L of insulin, and at least 0.03 g/L of transferrin, at least 0.01 g/L of
ethanolamine and at least about 0.00004 g/L of sodium selenite. The one or more energy sources
may be D-glucose and sodium pyruvate.

[0054] In another embodiment, the culture medium comprises: (1) the amino acids L~
Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine;
L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-
Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid; L-Proline; and L-Taurine;
(2) the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B,(cyanocobalamin); (3) the
salts calcium chloride, potassium chloride, magnesium sulfate, sodium chloride, and one or more
sodium phosphate salts; (4) the nucleosides thymidine, adenosine, cytidine, uridine and
guanosine; (5) insulin; (6) transferrin; (7) lipoic acid/thioctic acid; (8) ethanolamine; (9) sodium
selenite; and (10) one or more energy sources.

[0055] One embodiment of the invention is a culture medium comprising: the amino
acids: L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-
Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-
tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid; L-Proline; and
L-Taurine; the vitamins: D-calcium pantothenate; choline chloride; folic acid; I-inositol;
niacinamide; pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B
(cyanocobalamin); the salts: calcium chloride, potassium chloride, magnesium sulfate, sodium
chloride, and one or more sodium phosphate salts; the nucleosides (nucleic acid derivatives):
thymidine, adenosine, cytidine, uridine and guanosine; lipoic/thoictic acid; the trace minerals
ferric nitrate, copper sulfate, zinc sulfate; and one or more energy sources. In one embodiment,
this culture medium comprises from about 0.0006 g/L to about 0.1 g/L of each of the amino acid.
In another embodiment, the culture medium comprises at least about 0.05 g/L of L-Arginine; at
least about 0.02 g/L of L-Cystine; at least about 0.2 g/L of L-Glutamine; at least about 0.01 g/L
Glycine; at least about 0.02 g/L of L-Histidine; at least about 0.09 g/L of L-Isoleucine; at least
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about 0.09 g/L of L-Leucine; at least about 0.09 g/L of L-Lysine; at least about 0.02 g/L. of L-
Methionine; at least about 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-serine; at
least about 0.08 g/L of L-Threonine; at least about 0.009 g/L of L-tryptophan; at least about 0.08
g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at least about 0.005 g/L L-Cysteine; at
least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L of L-Asparagine; at least about 0.006
g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid; at least about 0.005 g/L L-Proline;
and at least about 0.0003 g/L of L-Taurine. In an alternate embodiment, the culture medium
comprises from about 5 x 10 g/L to about 0.015 g/L of each of the vitamins. In one
embodiment, the culture medium comprises at least about 0.01 g/L of Calcium Chloride,
Anhydrous, at least about 0.1g/L of potassium chloride; at least about 0.2 g/L of magnesium
sulfate (anhydrous), at least about 0.1 g/L of sodium phosphate, monobasic, H,O and at least
about 0.005 g/L of sodium phosphate, dibasic heptahydrate (Na,HPO4.7H,0). In another
embodiment, the medium comprises at least about 0.0001 g/L to at least about 0.02 g/L of the
each of the nucleosides. In one embodiment, the medium comprises at least about 0.0001 g/L of
thymidine and least about 0.005 g/L of each of adenosine, cytidine, uridine, and guanosine. The
one or more energy sources may be D-glucose and sodium pyruvate.

[0056] In addition to the trace mineral sodium selenite, in certain embodiments, the
culture medium further comprises one or more additional trace minerals. In one embodiment,
the medium further comprises ferric nitrate, copper sulfate, and zinc sulfate. In one embodiment,
the medium further comprises ferric nitrate (9H,O), copper(II)sulfate pentahydrate
(CuS04.5H,0) and Zinc sulfate, heptahydrate, (ZnS04.7H,0). The trace minerals may be
present in an amount ranging from about 5 x 10° g/L to about 3 x 10 g/L of each of the trace
minerals. In an alternate embodiment, the medium further comprises about 0.001 g/L of ferric
nitrate (9H,0), about 9.33 E-08 g/L of copper(II)sulfate pentahydrate (CuSQO4.5H,0) and 3.24 E-
05 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H,0).

[0057] Furthermore, the medium may further comprise lipoic acid/thioctic acid, which
may comprise at least about 5 x 10 g/L of the solution. In one embodiment, the medium further
comprises about 0.000015 g/L of lipoic acid/thioctic acid.

[0058] Optionally, the medium may further comprise putrescine, albumin, a stabilizer,
and/or foaming agent. In one embodiment, the albumin is bovine serum albumin. In one

embodiment, bovine serum albumin is provided in the form of the commercially availabie
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AlbuMAX® I (Gibco™ Cell Culture, Invitrogen Corporation, Carlsbad, CA), which is lipid-rich

bovine serum albumin. In another embodiment, the medium further comprises the commercially

available stabilizer/anti-foaming agent Pluronic® F68 (Invitrogen Corporation, Carlsbad, CA).

[0059] Exemplary suitable embodiments of the culture medium are shown in the table
below:
Embodiment A Embodiment B Embodiment C
Amount (g/L) Amount (g/L) Amount (gIL) _

‘Inorganic Salts 57

Calcium Chloride, Anhydrous T

02

) At least about 0 05

0.05-04

potassium chloride, USP 0.4 At least about 0.1 0.1 -0.8
Mg sulfate, anhydrous 0.9767 At least about 0.2 02-1.8
sodium chloride, USP 6.4 At least about 5 5-8
sodium phosphate, monobasic, H,0, 0.133175 Atl
USP . east about 0.08 0.08-0.2
a‘;‘i‘;‘l‘;g:‘;?{’:g‘f dibasic heptahydrate 0.00201 At least about 0.0005 |  0.0005 — 0.004
.Trace Minerals’ R O N SRR R
Ferric Nitrate (9 H,0) 0.0001 At least about 5 E-05 0.00002 — 0.0002
fgfgg‘;‘ggf&’;&‘e pentahydrate 9.33E-08 At least about SE-08 5E-08 - 2E-07
(Zé‘;‘é g‘%‘ibh)epmhydme’ 3.24E-05 At least about 1E-05 1E-05 - SE-05
Sodium Selenate (N azseO3) 0. 000067 At least about 4E-05 3E-05 l 2E—04
CAminoiAeids Do e i 2 & N R
L-Arginine 0 09705 At least about 0.05 0 05 0 20
L-Cystine 0.06779 At least about 0.02 0.02-0.12
L-Cysteine 0.009224 At least about 0.005 0.005 - 0.020
L-Glutamine 0.584 At least about 0.2 02-1.0
Glycine 0.031125 At least about 0.01 0.01-0.06
L-Histidine 0.048288 At least about 0.02 0.01 - 0.09
L-Isoleucine 0.163713 At least about 0.09 0.05-04
L-Leucine 0.163713 At least about 0.09 0.05-0.4
L-Lysine 0.16807 At least about 0.09 0.05-04
L-Methionine 0.036748 At least about 0.02 0.01 - 0.07
L-Phenylalanine 0.073695 At least about 0.05 0.02-0.14
L-serine 0.05145 At least about 0.03 0.02 -0.1
L-Threonine 0.108609 At least about 0.08 0.04-0.2
L-tryptophan 0.018457 At least about 0.009 0.005 - 0.04
L-tyrosine 0.121813 At least about 0.08 0.04 - 0.25
L-Valine 0.111105 At least about 0.08 0.04 - 0.25
L-Alanine 0.000668 At least about 0.0004 0.0002 - 0.0013
L-Asparagine 0.031978 At least about 0.01 0.01 - 0.07
L-Aspartic Acid 0.00803 At least about 0.006 0.002 - 0.017
L-Glutamic Acid 0.054728 At least about 0.03 0.02-0.1
L-Proline 0.02403 At least about 0.005 0.005 - 0.05
L-Taurine 0 000844 At least about 0 0006 0 0003 0 002
Vitamins - . <0k L : B ' L
D-Calcium Pantothenate 0. 004338 At least about 0. 001 0 001 0 009
Choline Chloride 0.006094 At least about 0.002 0.002 - 0.012
Folic Acid 0.004302 At least about 0.001 0.001 - 0.009
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Embodiment A Embodiment B Embodiment C
Amount (g/L) Amount (g/L) Amount (g/L)

I-Inositol 0.009568 At least about 0.005 0.005 - 0.020
Niacinamide 0.004302 At least about 0.001 0.001 - 0.009
Pyridoxal 0.004153 At least about 0.001 0.001 - 0.009
Riboflavin 0.000431 At least about 0.0001 0.0001 - 0.009
thiamine 0.004304 At least about 0.001 0.001 - 0.009
d-Biotin 3.75E-05 At least about 1E-05 1E-05 - 7E-05
Pyridoxin 1.85E-05 At least about 8E-06 5E-06 - 4E-05
Vitamin B,; (cyanocobalamin) 0.000102 At least about 0.00002 0.00002 - 0.0002
Lipids
Lipoic Acid/Thioctic Acid 0.000015 At least about SE-06 SE-06 - 3E-05
Ethanolamine 0.02 At least about 0.005 0.005 - 0.04
Proteins
Insulin 0.01 At least about 0.003 0.003 -0.02
Transferrin 0.055 At least about 0.03 0.03-0.12
Energy Substrates
D-Glucose 1 At least about 0.5 0.5-3
Sodium Pyruvate 0.11 At least about 0.03 0.03-0.2
Nucleic Acid Derivatives
Thymidine 0.00045 At least about 0.0001 0.0001 - 0.0009
Adenosine 0.015 At least about 0.005 0.005 - 0.03
Cytidine 0.015 At least about 0.005 0.005 - 0.03
Uridine 0.015 At least about 0.05 0.005-0.03
Guanosine 0.015 At least about 0.005 0.005-0.03

These media may further comprise bovine serum albumin (BSA), putrescine, and Pluronic®

F68. Specifically, for embodiment A, the medium may further comprise 3.02 E-05 g/L of
putrescine, 2.5 g/l of BSA and 0.015 g/L of Pluronic® F68. Similarly, for embodiment B, the

serum-free nutrient solution may further comprise at least about 1 E-05 g/L of putrescine, at 1

g/L of BSA and at least 0.005 g/L of Pluronic® F68. In one embodiment, the media further

comprises putrescine and Pluronic® F68, such as e.g. 3.02 E-05 g/L of putrescine, 2.5 g/L of

BSA and 0.015 g/L of Pluronic® F68.

[0060] The culture medium of the invention may further comprise at least 0.8 g/L of D-

glucose and at least 0.1 g/L of sodium pyruvate. In one embodiment, culture medium of the

invention further comprises about 1 g/L of D-glucose and about 0.11 g/L of sodium pyruvate.

[0061] In one embodiment of the invention, the culture medium is supplemented with

serum, such as e.g. fetal bovine serum (FBS) or newborn calf serum (NCS). The serum content

can range in concentration from 0 (a serum-free media) to 20% of the total volume of the

medium. In one embodiment, the medium is supplemented with serum (such as e.g. FBS) during

the preparation of the medium. In another embodiment, the medium is supplemented

immediately prior to use (such as e.g. via the addition of a solution comprising serum (e.g.
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FBS)). In one embodiment, the culture medium is supplemented preferably with about 2 to 15%
(v/v) of FBS, alternatively from about 2 to about 10%, alternatively from about 3 to about 12%,
alternatively from about 5 to about 15%, alternatively from about 4% to about 10%. In the
selected embodiments, the culture medium is supplemented with about 7.5%, about 10% or
about 15% (v/v) of FBS.

B. Serum-free nutrient solutions

[0062] Another aspect of the invention is a serum-free nutrient solution comprising:
amino acids; vitamins; salts; nucleosides; insulin; transferrin; ethanolamine; and sodium selenite.
As used herein, with reference to the nutrient solution, the term “’serum-free” means that the
nutrient solution does not contain serum prior to addition to the culture medium. Unless
otherwise indicated, the amounts disclosed for the components of the serum-free nutrient
solution are based on measurements of the increase in weight of each component after the serum-
free nutrient solution has been added to a culture.

[0063] In one embodiment, the serum-free nutrient solution comprises the common 20 L-
amino acids. In another embodiment, the serum-free nutrient solution comprises the amino acids
L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine, L-Leucine, L-Lysine, L-
Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-tyrosine, L-Valine, and
optionally L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and L-
Taurine. In one embodiment, the solution comprises from at least about 0.0001 g/L to at least
about 0.03 g/L of each of these amino acids. In another embodiment, the serum-free nutrient
solution comprises at least about 0.005 g/L of L-Arginine, at least about 0.002 g/L of L-Cystine,
at least about 0.0003 g/L of L-Cysteine, at least about 0.0005 g/L of Glycine, at least about 0.002
g/L of L-Histidine, at least about 0.01 g/L of L-Isoleucine, at least about 0.01 g/L of L-Leucine,
at least about 0.008 g/L of L-Lysine, at least about 0.002 g/L of L-Methionine, at least about
0.002g/L of L-Phenylalanine, at least about 0.002 g/L of L-serine, at least about 0.003 g/L of L-
Threonine, at least about 0.0008 g/L of L-tryptophan, at least about 0.005 g/L of L-tyrosine, at
least about 0.005 g/L of L-Valine, at least about 0.0001 g/L of L-Alanine, at least about 0.005
g/L of L-Asparagine, at least about 0.002 g/L of L-Aspartic Acid, at least about 0.01 g/L of L-
Glutamic Acid, at least about 0.008 g/L. of L-Proline and at least about 0.008 g/L of L-Taurine.
In an alternate embodiment, serum-free nutrient solution comprises about 0.013 g/L L-Arginine,
HCI; about 0.005 g/L L-Cystine, 2HCI; about 0.009 g/L L-Cysteine HC] H,0O; about 0.001 g/L
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Glycine; about 0.006 g/L L-Histidine, HCI, H,O; about 0.059 g/L. L-Isoleucine; about 0.059 g/L.
L-Leucine; about 0.022 g/L L-Lysine, HCI; about 0.007 g/L L-Methionine; about 0.008 g/L L-
Phenylalanine; about 0.009 g/L L-serine; about 0.013 g/L L-Threonine; about 0.002 g/L L-
tryptophan; about 0.018 g/L. L-tyrosine, 2Na, 2H,0; about 0.018 g/L L-Valine; about 0.001 g/L.
L-Alanine; about 0.032 g/L L-Asparagine H,O; about 0.008 g/L L-Aspartic Acid; about 0.055
¢/L L-Glutamic Acid; about 0.024 g/L L-Proline; and about 0.0008 L-Taurine. The amino acids
are thought to help replenish consumed amino acids in culture.

[0064] The serum-free nutrient solution further comprises one or more vitamins. In one
embodiment, serum-free nutrient solution comprises at least the following vitamins: D-calcium
pantothenate; choline chloride; folic acid; I-inositol; niacinamide; pyridoxal; riboflavin;
thiamine; d-Biotin; pyridoxine; and Vitamin By, (cyanocobalamin). The solution may further
comprise Vitamin C and Vitamin A. In one embodiment, the solution comprises from about 5 x
10 g/L to 0.001 g/L of each of the one or more vitamins. In one embodiment, the serum-free
nutrient solution comprises at least about 0.0001 g/L of D-calcium pantothenate; at least about
0.0008 g/L of choline chloride; at least about 0.0001 g/L of folic acid; at least about 0.0008 g/L
of I-inositol; at least about 0.0001 g/L of niacinamide; at least about 0.00005 g/L of pyridoxal; at
least about 1x 107 g/L of riboflavin; at least about 0.00001 g/L of thiamine; at least about 1x 107
g/L of d-Biotin; at least about 1x 10° g/L of pyridoxine; and at least about 1x 10 g/L of
Vitamin B12 (cyanocobalamin). In one embodiment, the serum-free nutrient solution comprises
about 0.000338 g/L D-Calcium Pantothenate; about 0.002094 g/L. Choline Chloride; about
0.000302 g/L Folic Acid; about 0.002568 g/L I-Inositol; about 0.000302 g/L Niacinamide; about
0.000153 g/L Pyridoxal, HCI; about 3.11E-05 g/L Riboflavin; about 0.000304 g/L thiamine,
HCI; about 3.75E-05 g/L d-Biotin; about 1.85E-05 g/L Pyridoxine HCI; and about 0.000102 g/L
Vitamin B, (cyanocobalamin).

[0065] Additionally, the serum-free nutrient solution comprises one or more salts. In
another embodiment, the solution comprises from about 0.0005 g/L to about 0.001 g/L of the
phosphate salts. In an alternate embodiment, the solution comprises sodium phosphate such as
sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate. In yet another
embodiment, the solution comprises at least about 0.005 g/L of sodium phosphate, monobasic

and at least about 0.001 g/L of sodium phosphate, dibasic heptahydrate. In an alternate
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embodiment, the solution comprises about 0.008 g/L of sodium phosphate, monobasic and about
0.002 g/L of sodium phosphate, dibasic heptahydrate.

[0066] The serum-free nutrient solution further comprises nucleosides. In one
embodiment, the serum-free nutrient solution comprises the nucleic acid derivatives thymidine,
adenosine, cytidine, uridine, and guanosine. In an alternate embodiment, the solution comprises
at least about 0.0001 g/L to at least about 0.005 g/L of the each of the nucleosides. In one
embodiment, the solution comprises at least about 0.0001 g/L of thymidine and least about 0.005
¢/L of each of adenosine, cytidine, uridine, and guanosine. In another embodiment, the solution
comprises about 0.0005 g/L of thymidine and about 0.015 g/L of each of adenosine, cytidine,
uridine, and guanosine,

[0067] The serum-free nutrient solution further comprises insulin, transferrin,
ethanolamine, and sodium selenite. In one embodiment, the solution comprises at least 0.002
g/L, alternatively about 0.01 g/L of insulin. In another embodiment, the solution comprises at
least about 0.01 g/L, alternatively about 0.06 g/L of transferrin. In alternate embodiment, the
solution comprise at least about 0.005 g/L, alternatively about 0.02 g/L of ethanolamine. In yet
another embodiment, the solution comprises at least about 2 x 10” g/L, alternatively about 7 x
107 g/L of sodium selenite.

[0068] In addition to the trace mineral sodium selenite, in certain the embodiments, the
serum-free nutrient solution further comprises one or more additional trace minerals. In one
embodiment, the solution comprises about 3 x 107 g/L to about 2 x 10™ g/L of each of the one or
more additional trace minerals. In one embodiment, the solution further comprises
Copper(Il)sulfate pentahydrate (CuSO4.5H>0) and Zinc sulfate, heptahydrate, (ZnS0O4.7H,0). In
another embodiment, the solution further comprises at least about 3 x 10® g/L of
Copper(I)sulfate pentahydrate (CuSO4.5H,0) and at least about 5 x 10 g/L of Zinc sulfate,
heptahydrate, (ZnSO4.7H,0). In an alternate embodiment, the solution further comprises about 9
x 10® g/L of Copper(il)sulfate pentahydrate (CuSO4.5H,0) and about 3 x 10° g/L of Zinc
sulfate, heptahydrate, (ZnSO,.7H,0).

[0069] Furthermore, in addition to the lipid ethanolamine, the serum-free nutrient
solution may further comprise lipoic acid/thioctic acid, which may comprise at least about

1 x 10° g/L of the solution.

[0070] In one embodiment of the invention, the serum-free nutrient solution comprises:
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the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the nucleosides adenosine, cytidine, uridine and guanosine;

insulin; transferrin; ethanolamine; and sodium selenite.
This serum-free solution may optionally further comprise Copper(II)sulfate pentahydrate
(CuS0,4.5H,;0) and Zinc sulfate, heptahydrate, (ZnS0O4.7H,0). Additionally, the serum-free
solution may optionally further comprise lipoic acid/thioctic acid. In one embodiment, the
solution comprises: (1) from about 0.0001 g/L to about 0.03 g/L of each of the amino acids; (2)
from about 0.00001 g/L to about 0.001 g/L of each of the vitamins; (3) at least about 5 x 10 g/L
of sodium phosphate, monobasic and at least about 0.001 g/L of sodium phosphate, dibasic
heptahydrate; (4) at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of
adenosine, cytidine, uridine and guanosine; (5) at least 0.002 g/L of insulin; (6) at least about
0.03 g/L of transferrin; (7) at least about 0.005 g/L of ethanolamine and (8) at least about 5 x 107
g/L of sodium selenite. Optionally, this solution further comprises (9) at least about 7 x 10% g/L
of Copper(I)sulfate pentahydrate (CuSO4.5H,0); (10) at least about 5 x 10°° g/L of Zinc sulfate,
heptahydrate, (ZnSO4.7H,0); and (11) at least about 1 x 10 g/L of lipoic acid/thioctic acid.
[0071] In another embodiment of the invention, the serum-free nutrient solution
comprises amino acids, vitamins, salts, nucleosides, Copper(Il)sulfate pentahydrate
(CuS04.5H,0), zinc sulfate, heptahydrate, (ZnS0O4.7H,0) and lipoic/thioctic acid. In that
embodiment, the solution comprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B;; (cyanocobalamin);
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the salts sodium phosphate, monobasic and sodium phosphate, dibasic hei)tahydrate; and

the nucleosides thymidine, adenosine, cytidine, uridine and guanosine.
[0072]} In one embodiment, this serum-free nutrient solution comprises at least about
0.005 g/L of L-Arginine, at least about 0.002 g/L of L-Cystine, at least about 0.0003 g/L of L-
Cysteine, at least about 0.0005 g/L of Glycine, at least about 0.002 g/L of L-Histidine, at least
about 0.01 g/L of L-Isoleucine, at least about 0.01 g/L of L-Leucine, at least about 0.008 g/L of
L-Lysine, at least about 0.002 g/L of L-Methionine, at least about 0.002g/L of L-Phenylalanine,
at least about 0.002 g/L of L-serine, at least about 0.003 g/L of L-Threonine, at least about
0.0008 g/L of L-tryptophan, at least about 0.005 g/L of L-tyrosine, at least about 0.005 g/L of L-
Valine, at least about 0.0001 g/L of L-Alanine, at least about 0.005 g/L of L-Asparagine, at least
about 0.002 g/L of L-Aspartic Acid, at least about 0.01 g/L. of L-Glutamic Acid, at least about
0.008 g/L of L-Proline and at least about 0.008 g/L of L-Taurine. . In another embodiment, this
serum-free nutrient solution further comprises at least about 0.0001 g/L of D-calcium
pantothenate; at least about 0.0008 g/L of choline chloride; at least about 0.0001 g/L of folic
acid; at least about 0.0008 g/L of I-inositol; at least about 0.0001 g/L of niacinamide; at least
about 0.00005 g/L of pyridoxal; at least about 1x 10 g/L of riboflavin; at least about 0.00001
g/L of thiamine; at least about 1x 107 g/L of d-Biotin; at least about 1x 10" g/L of pyridoxine;
and at least about 1x 10” g/L of Vitamin B12 (cyanocobalamin). In an alternate embodiment,
this solution further comprises at least about 0.0001 g/L of thymidine and least about 0.01 g/L of
each of adenosine, cytidine, uridine, and guanosine. In another embodiment, this solution further
comprises at least about 3 x 10 g/L of Copper(Il)sulfate pentahydrate (CuSO4.5H,0), about 5 x
10° g/L of Zinc sulfate, heptahydrate, (ZnSO4.7H,0) and about 2 x 10 g/L of lipoic
acid/thioctic acid.
[0073] Optionally, the serum-free nutrient solutions may further comprise putrescine,
bovine serum albumin, a stabilizer, and/or foaming agent. In one embodiment, bovine serum
albumin is provided in the form of the commercially available AlbuMAX® I (Gibco™ Cell
Culture, Invitrogen Corporation, Carlsbad, CA), which is lipid-rich bovine serum albumin. In
another embodiment, the serum-free nutrient solution comprises the commercially available
stabilizer/anti-foaming agent Pluronic® F68 (Invitrogen Corporation, Carlsbad, CA).
[0074] Exemplary suitable embodiments of the serum-free nutrieni solution are shown in

the table below:
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Embodiment A Embodiment B Embodiment C
Amount (g/L) Amount (g/L) Amount (g/L)

Inorganic Salts
sodium phosphate, monobasic,
H,0, USP 0.008175 At least about 0.001 0.001 - 0.016
sodium phosphate, dibasic
heptahydrate (Na,HPO,.7H,0) 0.00201 At least about 0.0005 0.0005 - 0.004
Trace Minerals
Copper(I)sulfate pentahydrate .
{CuS0,.5H,0) 9.33E-08 At least about 3E-08 3E-08 - 2E-07
Zinc sulfate, heptahydrate,
(ZnS0,.7TH,0) 3.24E-05 At least about 5E-06 SE-06 - 7E-05
Sodium Selenate Na,SeQ; 0.000067 At least about 0.00002 0.00002 - 0.00014
Amino Acids
L-Arginine, HCI 0.01305 At least about 0.005 0.005 - 0.03
L-Cystine, 2HCI 0.00522 At least about 0.002 0.002 - 0.00522
L-Cysteine HCl H,0 0.009224 At least about 0.003 0.003 - 0.02
Glycine 0.001125 At least about 0.0005 0.0005 - 0.0025
L-Histidine, HCI, H,O 0.006288 At least about 0.002 0.002 - 0.015
L-Isoleucine 0.058913 At least about 0.01 0.01-0.12
L-Leucine 0.058913 At least about 0.01 0.01-0.12
L-Lysine, HCI 0.02187 At least about 0.008 0.008 - 0.05
L-Methionine 0.006748 At least about 0.002 0.002 - 0.015
L-Phenylalanine 0.007695 At least about 0.002 0.002 - 0.02
L-Serine 0.00945 At least about 0.002 0.002 - 0.02
L-Threonine 0.013409 At least about 0.003 0.003 - 0.03
L-tryptophan 0.002457 At least about 0.0008 0.0008 - 0.005
L-tyrosine, 2Na, 2H,0 0.018023 At least about 0.005 0.005 - 0.04
L-Valine 0.017505 At least about 0.005 0.005 - 0.04
L-Alanine 0.000668 At least about 0.0001 0.0001 - 0.002
L-AsparagineH,O 0.031978 At least about 0.005 0.005 - 0.07
L-Aspartic Acid 0.00803 At least about 0.002 0.002 - 0.02
L-Glutamic Acid 0.054728 At least about 0.01 0.01-0.12
L-Proline 0.02403 At least about 0.008 0.008 - 0.05
L-Taurine 0.000844 At least about 0.0002 0.0002 - 0.002
Vitamins
D-Calcium Pantothenate 0.000338 At least about 0.0001 0.0001 - 0.0007
Choline Chloride 0.002094 At least about 0.0008 0.0008 - 0.005
Folic Acid 0.000302 At least about 0.0001 0.0001 - 0.0007
I-Inositol 0.002568 At least about 0.0008 0.0008 - 0.005
Niacinamide 0.000302 At least about 0.0001 0.0001 - 0.0007
Pyridoxal, HCI 0.000153 At least about 0.00005 0.00005 - 0.0004
Riboflavin 3.11E-05 At least about 1E-05 1E-05 - 7E-05
thiamine, HCl 0.000304 At least about 0.0001 0.0001 - 0.0007
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Embodiment A Embodiment B Embodiment C

Amount (g/L) Amount (g/L) Amount (g/L)
d-Biotin 3.75E-05 At least about 1E-05 1E-05 - 8E-05
Pyridoxine. HCI 1.85E-05 At least about 5SE-06 SE-06 - 4E-05
Vitamin B, (cyanocobalamin) 0.000102 At least about 0.00002 02 -~0.00025

le L R oL
Lipoic Acid/Thioctic Acid 0.000015 At least about 0.000005 0.000005 - 0.00004
Ethanp}amine HCI 0.02 At least about 0.005 0.005-0.0

Insulin 0.01 At least about 0.002 0.002 —0.025
Transferrin At least about 0.01 0.01-0.15
Nucleic Acid Derivatives’ WU IEEETT R

Thymidine 0.00045 At least about 0.0001 0.0001 - 0.001
Adenosine 0.015 At least about 0.005 0.005 - 0.04
Cytidine 0.015 At least about 0.005 0.005 - 0.04
Uridine 0.015 At least about 0.005 0.005 - 0.04
Guanosine 0.015 At least about 0.005 0.005 - 0.04

These serum-free nutrient solutions may further comprise bovine serum albumin (BSA),
putrescine, and Pluronic® F68. Specifically, for embodiment A, the serum-free nutrient solution
may further comprise 3.02 E-05 g/L of putrescine, 2.5 g/L of BSA and 0.015 g/L of Pluronic®
F68. Similarly, for embodiment B, the serum-free nutrient solution may further comprise at least
about 1 E-05 g/L of putrescine, at 1 g/L of BSA and at least 0.005 g/L of Pluronic® F68. In one
preferred embodiment, the serum-free nutrient solutions further comprise putrescine and
Pluronic® F68.

[0075] In embodiment, the serum-free nutrient solution comprises sodium selenate,
ethanolamine, insulin, transferrin, thymidine, adenosine, cytidine, uridine, guanosine, and serum
albumin (e.g. bovine serum albumin).

[0076] Optionally, the serum-free nutrient solution may further comprise one or more
energy substrate such as e.g. glucose and/or pyruvate.

[0077] In one embodiment of the invention, the culture medium and/or serum-free
nutrient solution do not contain exogenously added factors that promote growth of
undifferentiated cells. In one preferred embodiment, the culture medium and/or serum-free

nutrient solution do not comprise a fibroblast growth factor, such as e.g. basic FGF or FGF-4.
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1L Human Umbilical Cord Tissue-Derived cells (hUTC)

[0078] As discussed above in certain embodiments of the invention, the culture medium
and serum-free nutrient solutions may be used to grow isolated human umbilical cord tissue
derived-cells (“hUTC” or “UTC”). The UTC and UTC populations suitable for use with the
culture medium, serum-free nutrient solution, kits and methods of the present invention are
described in detail in detailed herein below as well as U.S. Patent Nos. 7,510,873; 7,524,489; and
U.S. Pub. App. No. 2005/005863, which are incorporated by reference in their entireties as they
relate to the description, isolation and characterization of hUTC.

A. Isolation and Growth of Umbilical Cord-Tissue Derived Cells

[0079] According to the methods described herein, a mammalian umbilical cord is
recovered upon or shortly after termination of either a full-term or a pre-term pregnancy, e.g.,
after expulsion of after birth. The postpartum tissue may be transported from the birth site to a
laboratory in a sterile container such as a flask, beaker, culture dish, or bag. The container may
have a solution or medium, including but not limited to a salt solution, such as Dulbecco’s
Modified Eagle’s Medium (DMEM) (also known as Dulbecco’s Minimal Essential Medium) or
phosphate buffered saline (PBS), or any solution used for transportation of organs used for
transplantation, such as University of Wisconsin solution or perfluorochemical solution. One or
more antibiotic and/or antimycotic agents, such as but not limited to penicillin, streptomycin,
amphotericin B, gentamicin, and nystatin, may be added to the medium or buffer. The
postpartum tissue may be rinsed with an anticoagulant solution such as heparin-containing
solution. It is preferable to keep the tissue at about 4-10°C prior to extraction of UTC. It is even
more preferable that the tissue not be frozen prior to extraction of UTC.

[0080] Isolation of UTC preferably occurs in an aseptic environment. The umbilical cord
may be separated from the placenta by means known in the art. Alternatively, the umbilical cord
and placenta are used without separation. Blood and debris are preferably removed from the
postpartum tissue prior to isolation of UTC. For example, the postpartum tissue may be washed
with buffer solution, including but not limited to phosphate buffered saline. The wash buffer
also may comprise one or more antimycotic and/or antibiotic agents, including but not limited to
penicillin, streptomycin, amphotericin B, gentamicin, and nystatin.

[0081] Postpartum tissue comprising an umbilical cord or a fragment or section thereof is

disaggregated by mechanical force (mincing or shear forces). In a presently preferred
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embodiment, the isolation procedure also utilizes an enzymatic digestion process. Many
enzymes are known in the art to be useful for the isolation of individual cells from complex
tissue matrices to facilitate growth in culture. Digestion enzymes range from weakly digestive
(e.g. deoxyribonucleases and the neutral protease, dispase) to strongly digestive (e.g. papain and
trypsin), and are available commercially. A non-exhaustive list of enzymes compatible herewith
includes mucolytic enzyme activities, metalloproteases, neutral proteases, serine proteases (such
as trypsin, chymotrypsin, or elastase), and deoxyribonucleases. Presently preferred are enzyme
activities selected from metalloproteases, neutral proteases and mucolytic activities. For
example, collagenases are known to be useful for isolating various cells from tissues.
Deoxyribonucleases can digest single-stranded DNA and can minimize cell clumping during
isolation. Preferred methods involve enzymatic treatment with e.g. collagenase and dispase, or
collagenase, dispase, and hyaluronidase. In certain embodiments, a mixture of collagenase and
the neutral protease dispase are used in the dissociating step. More specific embodiments
employ digestion in the presence of at least one collagenase from Clostridium histolyticum, and
either of the protease activities, dispase, and thermolysin. Still other embodiments employ
digestion with both collagenase and dispase enzyme activities. Also utilized are methods that
include digestion with a hyaluronidase activity in addition to collagenase and dispase activities.
The skilled artisan will appreciate that many such enzyme treatments are known in the art for
isolating cells from various tissue sources. For example, the enzyme blends for tissue
disassociation sold under the trade name LIBERASE (Roche, Indianapolis, Ind.) are suitable for
use in the instant methods. Other sources of enzymes are known, and the skilled artisan may
also obtain such enzymes directly from their natural sources. The skilled artisan is also well-
equipped to assess new or additional enzymes or enzyme combinations for their utility in
isolating the cells of the invention. Preferred enzyme treatments are 0.5, 1, 1.5, or 2 hours long
or longer. In other preferred embodiments, the tissue is incubated at 37 °C during the enzyme
treatment of the dissociation step.

[0082] In some embodiments of the invention, postpartum tissue is separated into
sections comprising various aspects of the tissue, such as neonatal, neonatal/maternal, and
maternal aspects of the placenta, for instance. The separated sections then are dissociated by

mechanical and/or enzymatic dissociation according to the methods described herein. Cells of
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neonatal or maternal lineage may be identified by any means known in the art, e.g. by karyotype
analysis or in situ hybridization for a Y chromosome.

[0083] Isolated cells or umbilical cord tissue from which a UTC is derived may be used
to initiate, or seed, cell cultures. Isolated cells are transferred to sterile tissue culture vessels
either uncoated or coated with extracellular matrix or ligands such as laminin, collagen (native,
denatured or cross-linked), gelatin, fibronectin, and other extracellular matrix proteins. In
addition to the culture media disclosed herein, a UTC may be cultured in any culture medium
capable of sustaining growth of the cell such as, but not limited to, DMEM (high or low
glucose), advanced DMEM, DMEM/MCDB 201, Eagle’s basal medium, Ham’s F10 medium
(F10), Ham’s F-12 medium (F12), Iscove’s modified Dulbecco’s medium, Mesenchymal Stem
Cell Growth Medium (MSCGM), DMEM/F12, RPMI 1640, and serum/media free medium sold
under the trade name CELL-GRO-FREE (Mediatch, Inc., Herndon, Va.). The culture medium
may be supplemented with one or more components including, e.g., fetal bovine serum (FBS),
preferably about 2-15% (v/v); equine serum (ES); human serum (HS); beta-mercaptoethanol
(BME or 2-ME), preferably about 0.001% (v/v); one or more growth factors, e.g., platelet-
derived growth factor (PDGF), epidermal growth factor (EGF), fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), insulin-like growth factor-1 (IGF-1), leukocyte
inhibitory factor (LIF) and erythropoietin (EPQ); amino acids, including L-valine; and one or
more antibiotic and/or antimycotic agents to control microbial contamination, such as penicillin
G, streptomycin sulfate, amphotericin B, gentamicin, and nystatin, either alone or in
combination. The culture medium may comprise Growth Medium as defined in the Examples.
[0084] The cells are seeded in culture vessels at a density to allow cell growth. Ina
preferred embodiment, the cells are cultured at about 0 to about 5% by volume CO; in air. In
some preferred embodiments, the cells are cultured at about 2 to about 25% O, in air, preferably
about 5 to about 20% O in air. The cells preferably are cultured at a temperature of about 25 to
about 40 °C. and more preferably are cultured at 37 °C. The cells are preferably cultured in an
incubator. The medium in the culture vessel can be static or agitated, e.g., using a bioreactor.
The UTC is preferably grown under low oxidative stress (e.g., with addition of glutathione,
Vitamin C, Catalase, Vitamin E, N-Acetylcysteine). “Low oxidative stress” refers to conditions

of no or minimal free radical damage to the cultured cells.
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[0085] Methods for the selection of the most appropriate culture meéiium, medium
preparation, and cell culture techniques are well known in the art and are described in a variety
of sources, including Doyle et al., (eds.), 1995, Cell & Tissue Culture: Laboratory Procedures,
John Wiley & Sons, Chichester; and Ho and Wang (eds.), 1991, Animal Cell Bioreactors,
Butterworth-Heinemann, Boston, which are incorporated herein by reference.

[0086] After culturing the isolated cells or tissue fragments for a sufficient period, a UTC
will have grown out, either because of migration from the postpartum tissue or cell division, or
both. In some embodiments of the mvention, the UTC is passaged, or removed to a separate
culture vessel containing fresh medium of the same or a different type as that used initially,
where the population of cells can be mitotically expanded. The cells of the invention may be
used at any point between passage 0 and senescence. The cells preferably are passaged between
about 3 and about 25 times, more preferably are passaged about 4 to about 12 times, and
preferably are passaged 10 or 11 times. Cloning and/or subcloning may be performed to confirm
that a clonal population of cells has been isolated.

[0087] In certain embodiments, the different cell types present in postpartum tissue are
fractionated into subpopulations from which the UTC can be isolated. Fractionation or selection
may be accomplished using standard techniques for cell separation including, but not limited to,
enzymatic treatment to dissociate postpartum tissue into its component cells, followed by cloning
and selection of specific cell types, including but not limited to selection based on morphological
and/or biochemical markers; selective growth of desired cells (positive selection), selective
destruction of unwanted cells (negative selection); separation based upon differential cell
agglutinability in the mixed population such as, e.g., with soybean agglutinin; freeze-thaw
procedures; differential adherence properties of the cells in the mixed population; filtration;
conventional and zonal centrifugation; centrifugal elutriation (counter-streaming centrifugation);
unit gravity separation; countercurrent distribution; electrophoresis; and fluorescence activated
cell sorting (FACS). For a review of clonal selection and cell separation techniques, see
Freshney, 1994, Culture of Animal Cells: A Manual of Basic Techniques, 3rd Ed., Wiley-Liss,
Inc., New York, which is incorporated herein by reference.

[0088] The culture medium is changed as necessary, e.g., by carefully aspirating the
medium from the dish, e.g., with a pipette, and replenishing with fresh medium. Incubation is

continued until a sufficient number or density of cells accumulates in the dish. The original
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explanted tissue sections may be removed and the remaining cells trypsinized using standard
techniques or using a cell scraper. After trypsinization, the cells are collected, removed to fresh
medium, and incubated as above. In some embodiments, the medium is changed at least once at
approximately 24 hours post-trypsinization to remove any floating cells. The cells remaining in
culture are considered to be UTC.

[0089] The UTC may be cryopreserved. Accordingly, UTC for autologous transfer (for
either the mother or child) may be derived from appropriate postpartum tissues following the
birth of a child, then cryopreserved so as to be available in the event they are later needed for

transplantation.
B. Characteristics of Umbilical Cord Tissue-Derived Cells

[0090] The UTC may be characterized, e.g., by growth characteristics (e.g., population
doubling capability, doubling time, passages to senescence), karyotype analysis (e.g., normal
karyotype; maternal or neonatal lineage), flow cytometry (e.g., FACS analysis),
immunohistochemistry and/or immunocytochemistry (e.g., for detection of epitopes), gene
expression profiling (e.g., gene chip arrays; polymerase chain reaction (e.g., reverse transcriptase
PCR, real time PCR, and conventional PCR)), protein arrays, protein secretion (e.g., by plasma
clotting assay or analysis of PDC-conditioned medium, e.g., by Enzyme Linked ImmunoSorbent
Assay (ELISA)), mixed lymphocyte reaction (e.g., as measure of stimulation of PBMCs), and/or
other methods known in the art.

[0091] Examples of suitable UTC derived from umbilicus tissue were deposited with the
American Type Culture Collection (10801 University Boulevard, Manassas, VA 20110) on June
10, 2004, and assigned ATCC Accession Numbers as follows: (1) strain designation UMB
022803 (P7) was assigned Accession No. PTA-6067; and (2) strain designation UMB 022803
(P17) was assigned Accession No. PTA-6068.

[0092] In various embodiments, the UTC possesses one or more of the following growth
features: (1) they require L-valine for growth in culture; (2) they are capable of growth in
atmospheres containing oxygen from about 5% to at least about 20% (3) they have the potential
for at least about 40 doublings in culture before reaching senescence; and (4) they attach and
expand on a coated or uncoated tissue culture vessel, wherein the coated tissue culture vessel

comprises a coating of gelatin, laminin, collagen, polyornithine, vitronectin or fibronectin.
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[0093] In certain embodiments, the UTC possesses a normal karyotype, which is
maintained as the cells are passaged. Methods for karyotyping are available and known to those
of skill in the art.

[0094] In other embodiments, the UTC may be characterized by production of certain
proteins, including (1) production of at least one of tissue factor, vimentin, and alpha-smooth
muscle actin; and (2) production of at least one of CD10, CD13, CD44, CD73, CD90, PDGFr-
alpha, PD-L2 and HLA-A,B,C cell surface markers, as detected by flow cytometry. In other
embodiments, the UTC may be characterized by lack of production of at least one of CD31,
CD34, CD45, CD80, CD86, CD117, CD141, CD178, B7-H2, HLA-G, and HLA-DR, DP, DQ
cell surface markers, as detected by flow cytometry. Particularly preferred are cells that produce
at least two of tissue factor, vimentin, and alpha-smooth muscle actin. More preferred are those
cells producing all three of the proteins tissue factor, vimentin, and alpha-smooth muscle actin.
[0095] In other embodiments, the UTC may be characterized by gene expression, which
relative to a human cell that is a fibroblast, a mesenchymal stem cell, or an iliac crest bone
marrow cell, is increased for a gene encoding at least one of interleukin 8; reticulon 1;
chemokine (C-X-C motif) ligand 1 (melonoma growth stimulating activity, alpha); chemokine
(C-X-C motif) ligand 6 (granulocyte chemotactic protein 2); chemokine (C-X-C motif) ligand 3;
and tumor necrosis factor, alpha-induced protein 3.

[0096] In yet other embodiments, the UTC may be characterized by gene expression,
which relative to a human cell that is a fibroblast, a mesenchymal stem cell, or an iliac crest bone
marrow cell, is reduced for a gene encoding at least one of: short stature homeobox 2; heat shock
27 kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1); elastin
(supravalvular aortic stenosis, Williams-Beuren syndrome); Homo sapiens mRNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme homeo box 2 (growth arrest-
specific homeo box); sine oculis homeobox homolog 1 (Drosophila); crystallin, alpha B;
disheveled associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to
neuralin 1; tetranectin (plasminogen binding protein); src homology three (SH3) and cysteine
rich domain; cholesterol 25-hydroxylase; runt-related transcription factor 3; interleukin 11
receptor, alpha; procollagen C-endopeptidase enhancer; frizzled homolog 7 (Drosophila);
hypothetical gene BC008967; collagen, type VIII, alpha 1; tenascin C (hexabrachion); iroquois

homeobox protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2;
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neuroblastoma, suppression of tumorigenicity 1; insulin-like growth factor binding protein 2, 36
kDa; Homo sapiens cDNA FLJ12280 fis, clone MAMMA1001744; cytokine receptor-like factor
1; potassium intermediate/small conductance calcium-activated channel, subfamily N, member
4; integrin, beta 7; transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis
homeobox homolog 2 (Drosophila); KIAA1034 protein; vesicle-associated membrane protein 5
(myobrevin); EGF-containing fibulin-like extracellular matrix protein 1; early growth response
3; distal-less homeo box 5; hypothetical protein FLJ20373; aldo-keto reductase family 1,
member C3 (3-alpha hydroxysteroid dehydrogenase, type II}; biglycan; transcriptional co-
activator with PDZ-binding motif (TAZ); fibronectin 1; proenkephalin; integrin, beta-like 1 (with
EGF-like repeat domains); Homo sapiens mRNA full length insert cDNA clone EUROIMAGE
1968422; EphA3; KIAA0367 protein; natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical protein FLI14054; Homo sapiens mRNA;
cDNA DKFZp564B222 (from clone DKFZp564B222); BCL2/adenovirus E1B 19 kDa
interacting protein 3-like; AE binding protein 1; and cytochrome ¢ oxidase subunit VIia
polypeptide 1 (muscle).

[0097] In other embodiments, the UTC may be characterized when cultured by secretion
of at least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF, FGF, HB-EGF, BDNF, TPO, MIP1b,
1309, MDC RANTES, and TIMP1. In addition, the UTC may be characterized when cultured by
lack of secretion of at least one of TGF-beta2, ANG2, PDGFbb, MIP1A, and VEGF, as detected
by ELISA.

[0098] In some embodiments, the UTC is derived from umbilical cord tissue
substantially free of blood, are capable of self-renewal and expansion in culture, require L-valine
for growth, can grow in at least about 5% oxygen, and comprise at least one of the following
characteristics: potential for at least about 40 doublings in culture; attachment and expansion on
a coated or uncoated tissue culture vessel that comprises a coating of gelatin, laminin, collagen,
polyornithine, vitronectin, or fibronectin; production of vimentin and alpha-smooth muscle actin;
production of CD10, CD13, CD44, CD73, and CD90; and, expression of a gene, which relative
to a human cell that is a fibroblast, a mesenchymal stem cell, or an iliac crest bone marrow cell,
is increased for a gene encoding interleukin & and reticulon 1. In some embodiments, such UTC

does not produce CD45 and CD117.
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[0099] In preferred embodiments, the cell comprises two or more of the above-listed
growth, protein/surface marker production, gene expression, or substance-secretion
characteristics. More preferred is a cell comprising three, four, five, or more of the
characteristics. Still more preferred is a UTC comprising six, seven, eight, or more of the
characteristics. Still more preferred presently is a cell comprising all of above characteristics.
[0100] Among cells that are presently preferred for use with the invention in several of
its aspects are postpartum cells having the characteristics described above and more particularly
those wherein the cells have normal karyotypes and maintain normal karyotypes with passaging,
and further wherein the cells express each of the markers CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha, and HLA-A, B,C, wherein the cells produce the immunologically-detectable
proteins which correspond to the listed markers. Still more preferred are those cells which in
addition to the foregoing do not produce proteins corresponding to any of the markers CD31,
CD34, CD45, CD117, CD141, or HLA-DR,DP,DQ, as detected by flow cytometry.

[0101] In one embodiment, the UTC are isolated from human umbilical cord tissue
substantially free of blood, are capable of self-renewal and expansion in culture, have the
potential to differentiate, lack the production of CD117 or CD45, and do not express hTERT or
telomerase. These UTC optionally express oxidized low density lipoprotein receptor 1,
reticulon, chemokine receptor ligand 3, and/or granulocyte chemotactic protein; and/or do not
express CD31 or CD34; and/or express, relative to a human fibroblast, mesenchymal stem cell,
or iliac crest bone marrow cell, increased levels of interleukin 8 or reticulon 1; and/or express
CD10, CD13, CD44, CD73, and CD90.

[0102] In another embodiment, the UTC are isolated from human umbilical cord tissue
substantially free of blood, are capable of self-renewal and expansion in culture, have the
potential to differentiate, express CD13 and CD90, and do not express CD34 and CD117.
Optionally, these cells do not express hTERT or telomerase. In yet another embodiment, the
cells also express CD10, CD44, and CD43. In an alternate embodiment, the cells also do not
express CD45 and CD31. These UTC optionally (i) express oxidized low density lipoprotein
receptor 1, reticulon, chemokine receptor ligand 3, and/or granulocyte chemotactic protein;
and/or (ii) express, relative to a human fibroblast, mesenchymal stem cell, or iliac crest bone

marrow cell, increased levels of interleukin 8 or reticulon 1.
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[0103] In another embodiment, the UTC are isolated from human umbilical cord tissue
substantially free of blood, are capable of self-renewal and expansion in culture, have the
potential to differentiate, express CD13, CD90, and HLA-ABC, and do not express CD34,
CD117, and HLA-DR. Optionally, these cells also do not express hTERT or telomerase. In one
embodiment, the cells also express CD10, CD44, and CD43. In an alternate embodiment, the
cells also do not express CD45 and CD31. These UTC optionally (i) express oxidized low
density lipoprotein receptor 1, reticulon, chemokine receptor ligand 3, and/or granulocyte
chemotactic protein; and/or (ii) express, relative to a human fibroblast, mesenchymal stem cell,
or iliac crest bone marrow cell, increased levels of interleukin 8 or reticulon 1.

[0104] In alternate embodiment, the UTC are isolated from human umbilical cord tissue
substantially free of blood, are capable of self-renewal and expansion in culture, have the
potential to differentiate, and have the following characteristics: (1) express CD10, CD13, CD44,
CD90, and HLA-ABC; (2) do not express CD31, CD34, CD45, HLA-DR and CD117, and (3) do
not express hTERT or telomerase. In alternate embodiment, the UTC are isolated from human
umbilical cord tissue substantially free of blood, are capable of self-renewal and expansion in
culture, have the potential to differentiate, and have the following characteristics: (1) express
CD10, CD13, CD44, CD90, and HLA-ABC; (2) do not express CD31, CD34, CD45, HLA-DR
and CD117; (3) do not express hTERT or telomerase; (4) express oxidized low density
lipoprotein receptor 1, reticulon, chemokine receptor ligand 3, and/or granulocyte chemotactic
protein; and (4) express, relative to a human fibroblast, mesenchymal stem cell, or iliac crest
bone marrow cell, increased levels of interleukin 8 or reticulon 1.

[0105] In one embodiment, the hUTC are provided as a population of cells, which may
be homogenous. In some embodiments, the cell population may be heterogeneous. A
heterogeneous cell population of the invention may comprise at least about 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% UTC of the invention. The heterogeneous cell
populations of the invention may further comprise stem cells or other progenitor cells, such as
myoblasts or other muscle progenitor cells, hemangioblasts, or blood vessel precursor cells; or it
may further comprise fully differentiated skeletal muscle cells, smooth muscle cells, pericytes, or
blood vessel endothelial cells. In some embodiments, the population is substantially
homogeneous, i.e., comprises substantially only the UTC (preferably at least about 96%, 97%,

98%, 99% or more UTC). The homogeneous cell populations of the invention are comprised of
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umbilicus-derived cells. Homogeneous populations of umbilicus-derived cells are preferably
free of cells of maternal lineage. Homogeneity of a cell population may be achieved by any
method known in the art, e.g., by cell sorting (e.g., flow cytometry) or by clonal expansion in
accordance with known methods. Homogeneous UTC populations may comprise a clonal cell
line of postpartum-derived cells.

[0106] In one embodiment, the hUTC after culturing have substantially the same
characteristics (e.g. marker profile and/or gene expression profile) as the hUTC before culturing.
In an alternate embodiment, the hUTC after culturing have the same characteristics (e.g. marker
profile and/or gene expression profile) as the hUTC before culturing. In one embodiment, the
hUTC after culturing have the same characteristics as the hUTC before culturing for at least
CD13, CD34, CD90, and CD117.

111 Other Suitable Cells

[0107] As discussed above in certain embodiments of the invention, the culture medium
and serum-free nutrient solutions may be used to grow isolated human umbilical cord tissue
derived-cells (“hUTC” or “UTC”). In addition, the culture medium and serum-free nutrient
solutions may be used to grow other anchorage dependent cells.

[0108] In one embodiment of the invention, the culture medium and serum-free nutrient
solution are utilized to grow other anchorage dependent cells such as cells derived from placenta.
The examples of other anchorage dependent cells include but are not limited to bone marrow
derived mesenchymal stem cells, bone marrow derived progenitors of mesenchymal stem cells,
cells derived from non-marrow tissues, such as adipose tissue, muscle tissue, blood vessel
including internal mammary artery derived cells, cells derived from the dental pulp of teeth.
Additionally, amniotic fluid has been shown to be a very rich source of anchorage dependent
stem cells. Another example of anchorage dependent cells are fibroblasts including neonatal

foreskin fibroblasts.
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IV. Methods of Culturing

[0109] Another embodiment of the invention is methods of culturing cells comprising
use of the conditioned medium and serum-free nutrient solution of the invention. The methods
may utilize roller bottles, spinner flasks, and/or microcarriers. In preferred embodiments, the
methods are used to culture anchorage-dependent cells, such as e.g. hUTC cells, and require
microcarriers.

[0110] In a preferred embodiment, the method comprises culturing hUTC with the
conditioned medium and serum-free nutrient solution of the invention without the need for serum
exchange. As discussed above, UTC can be grown in a variety of culture media. The methods
of the invention optimally reduce the serum usage and increase volumetric productivity to reduce
the cost of manufacturing compositions comprising anchorage dependent cells, e.g. hUTC.
Furthermore, the method allows for growth of the cells (e.g. hUTC) without medium exchange.
[0111] Exemplary methods of growing cells in roller bottles and microcarriers are
disclosed in U.S. Pub. App. Nos. 2007/0141700 and 2008/0166328, respectively, which are
incorporated herein by reference in its entirety as it relates to the description of roller bottle,
microcarriers and culturing on roller bottles and microcarriers. Exemplary suitable roller bottles,
spinner flasks, microcarriers, characteristics thereof and suitable culture parameters are discussed

below.
A. Roller Bottles

[0112] Roller bottle culture systems are known in the art of cell culture. As used herein,
roller bottle culture systems comprise at least a cell line of interest, growth medium, roller
bottles, an apparatus for rotating the bottles, and means for harvesting the cells.

[0113] Roller bottle culture systems typically further comprise means for controlling the
temperature during the incubation, as well as means for aseptically handling the cultures, e.g.
during initial seeding of the bottles with cells, or during subsequent transfers. Harvesting of the
cells may be achieved through enzymatic treatment such as with trypsin, trypsin-EDTA, dispase,
and collagenase, or other enzymes or combinations of enzymes with or without other
components. Other commercial products such as but not limited to TrypLE™ Express (Gibco,
Inc.) can be utilized. The cells be also be harvested by manual operations including, e.g., batch

centrifugation, or harvesting can be automated.
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[0114] In one embodiment, the bottles are filled about 100-300 ml of growth medium, in
other embodiments about 100-200 ml are used. In an alternate embodiment about 100-120 ml,
or even 105-115 ml are placed in the bottles. In other embodiments, the bottles are filled with
about 112 ml of growth medium to achieve maximal population doublings. In one embodiment,
the bottles are seeded with about 2,500 to about 10,000 cells/cm®. In a one embodiment, the
lower end of that range is used, for example seeding is with less than about 3000 cells per square
centimeter. The seeding bottles are rotated during attachment and growth. The rotational speed
may be set at between about 0.5 to 1 rpm. Preferably, the rotation is between about 0.75 and 1
rpm. More preferably, the bottles are rotated at about 0.8 to 1 rpm.

[0115] In another embodiment, roller bottles are filled about 100-300 ml of growth
medium, preferably about 300 ml are used. The bottles are seeded with about 2500 to about
10,000 cells per square centimeter. In one embodiment, the lower end of that range is used, for
example seeding is with less than about 3000 cells per square centimeter. Still more preferred
are embodiments where the seeding is at about 2500 cells/cm®. The seeded bottles are rotated
during attachment and growth. The rotational speed is set at between about 0.5 to 1 rpm.
Preferably, the rotation is between about 0.75 and 1 rpm. More preferably, the bottles are rotated
at about 0.8 to 1 rpm. Rotation near or about 0.9 -1.0 rpm is presently preferred.

[0116] The filled and seeded roller bottles are rotated and incubated for about 5 to 7 days
to achieve maximal doublings. Presently, an incubation time of about 5.5 to about 6.5 days is
preferred.

[0117] The roller bottles may be coated with an agent that aids in the attachment of the
cells to the inner surface of the roller bottles, such as gelatin, extracellular matrix molecules
(such as gelatin, laminin, vitronectin, fibronectin, collagen types I, IV, and VI), or the like. One
example of such commercially available coated bottles are those coated with CellBind (available
from Corning as catalog number 3907). It is envisioned that various coating agents will be found

acceptable for attachment and growth of cells in accordance with the methods provided herein.
B. Spinner Flasks

[0118] Spinner flask culture systems are also known in the art of cell culture. Asused
herein, spinner flask culture systems comprise at least a cell line of interest, growth medium, one
or more spinner flask, a means for rotating the one or more flask, and a means for harvesting the

cells.
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[0119] Spinner flask culture systems typically further comprise means for controlling the
temperature during the incubation, as well as means for aseptically handling the cultures, e.g.
during initial seeding of the flasks with cells, or during subsequent transfers. Harvesting of the
cells may be achieved through enzymatic treatment such as with trypsin, trypsin-EDTA, dispase,
and collagenase, or other enzymes or combinations of enzymes with or without other
components. Other commercial products such as but not limited to TrypLE™ Express (Gibco,
Inc.) can utilized. The cells be also be harvested by manual operations including, e.g., batch
centrifugation, or harvesting can be automated.

[0120] In one embodiment, the rotational speed is set at between about 35 to about 65
rpm, alternatively between about 35 and 45 rpm, alternatively from between about 40 and about
50 rpm, alternatively between about 45 rpm and about 55 rpm, alternatively from between about
55 to about 65 rpm, alternatively from about 50 to about 60 rpm. In preferred embodiments, a
rotational speed of about 40 rpm or 60 rpm is maintained.

[0121] In one embodiment, 3 L spinner flasks are used which may be filled with
approximately 3 L of growth medium, FBS, serum-free nutrient solution, microcarriers, and
cells. In that embodiment, the rotational speed may be set between about 35 and 45 rpm.
Preferably, the rotation is about 40 rpm.

[0122] In another embodiment, 125 ml flasks are used. These flasks may be filled with
approximately 100 ml of a solution comprising the growth medium, FBS, serum-free nutrient
solution, microcarriers, and cells. In one embodiment, the flasks contain approximately 85 ml to
115 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cells. In that
embodiment, the rotational speed may be set between about 55 and 65 rpm. Preferably, the
rotation is about 50 rpm.

[0123] In yet another embodiment, 500 ml spinner flasks are used. These flasks may be
filled with approximately 500 ml of a solution comprising the growth medium, FBS, serum-free
nutrient solution, microcarriers, and cells. In one embodiment, the flasks contain approximately
450 ml to 500 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cells.
In that embodiment, the rotational speed may be set between about 55 and 65 rpm. Preferably,
the rotation is about 50 rpm.

[0124] In an alternate embodiment, 500 ml spinner flasks are used. These flasks may be

filled with approximately 500 ml of a solution comprising the growth medium, FBS, serum-free
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nutrient solution, microcarriers, and cells. In one embodiment, the flasks contain approximately
450 ml to 500 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cells.
In that embodiment, the rotational speed may be set between about 35 and 45 rpm. Preferably,
the rotation is about 40 rpm.

[0125] The flasks may be seeded with about 2,500 to about 10,000 cells/cm?. The cells
may be seeded directly into the flask, onto the surface of the flask or onto microcarrier placed
inside the flask. In a preferred embodiments, the seeding is carried with about 3,000 to about
7,500, alternatively with about 3,000 to about 7,000, alternatively with about 4,000 to about
7,000, alternatively with about 3,000 to about 5,000, alternatively with about 5,000 to about
7,000, alternatively with about 3,500 to about 5,000, alternatively with about 4,500 to about
7,500, alternatively about 3,500 to about 5,500 cells/cm®. The flasks are rotated during
attachment and growth. In one embodiment, to maximize the population doubling rate, the filled
and seeded flasks are rotated and incubated for about 5 to 7 days, with an incubation time of

about 5 to about 6 days preferred.
C. Microcarriers

[0126] Microcarrier culture is a technique, which makes possible the practical high yield
culture of anchorage-dependent cells, e.g., anchorage-dependent postpartum cells. Microcarriers
have been specifically developed for the culture of cells, such as mammalian postpartum cells, in
culture volumes ranging from a few milliliters to greater than one thousand liters. The
microcarrier is biologically inert and provides a strong but non-rigid substrate for stirred
microcarrier cultures. The microcarriers may be transparent, allowing microscopic examination
of the attached cells. Cytodex® 3 (GE Healthcare Life Sciences, Piscataway N.J.) consists of a
thin layer of denatured collagen chemically coupled to a matrix of cross-linked dextran. The
denatured collagen layer on Cytodex® 3 is susceptible to digestion by a variety of proteases,
including trypsin and collagenase, and provides the ability to remove cells from the microcarriers
while maintaining maximum cell viability, function, and integrity.

[0127] Protein free microcarriers can be used to culture the cells. For example,
microcarrier beads for use in manufacturing and laboratory or research use sold under the
tradename HILLEX® (SoloHill Engineering, Inc., Ann Arbor, MI) are modified polystyrene

beads with cationic trimethyl ammonium attached to the surface to provide a positively charged
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surface to the microcarrier. The bead diameter may range from about 90 to about 200 um in
diameter.

[0128] Microcarrier-based methods of cell culture provide many advantages including
ease of downstream processing in many applications. Microcarriers are typically roughly
spherical in shape, and can be either porous or solid. The use of microcarriers for cell
attachment facilitates the use of stirred tank and related reactors for growth of anchorage-
dependent cells. The cells attach to the readily suspended microparticles. The requirement for
suspendability limits the physical parameters of the microcarriers. Thus, microcarriers
commonly have a mean diameter in the range of 50-2000 um. In some applications solid-type
microcarriers range from about 100 to about 250 um whereas porous-type microcarrier beads
range from about 250 to about 2500 um. These size ranges allow for selection of microcatriers,
which are large enough to accommodate many anchorage-dependent cells, while small enough to
form suspensions with properties suitable for use in stirred reactors.

[0129] Among the factors considered in using microcarrier beads and the like are:
attachment efficiency, immunogenicity, biocompatibility, ability to biodegrade, time to reach
confluence, the growth parameters of attached cells including maximum attainable density per
unit surface area, detachment techniques where required, and the efficiency of the detachment,
scalability of the culture conditions as well as homogeneity of the culture under scaled-up
conditions, the ability to successfully scale-up detachment procedures, and whether the beads
will be used for implantation. These considerations can be influenced by the surface properties
of the microcarrier beads, as well as by the porosity, diameter, density, and handling properties
of the microcarrier.

[0130] For example, the density of the microcarrier particles or beads is a consideration.
Excessive density may cause the microcarrier particles or beads to settle out of the suspension, or
tend to remain completely towards the bottom of the culture vessel, and thus may result in poor
bulk mixing of the cells, culture medium, and gaseous phases in the reactor. On the other hand, a
density that is too low may result in excessive floating of the microcarrier. A density of 1.02 to
1.15 g/cm’ is typical of many microcarrier beads.

[0131] The small diameter of microcarrier particles and the volume of particles that can
be added to a reactor allows the microcarriers to contribute substantial surface area in vast excess

to that found in roller bottles or other methods of growing anchorage-dependent cells, e.g. on
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plates. Porous microcarriers provide even greater surface area per unit volume or weight. These
porous microcarriers possess large cavities that are available for the growth of anchorage-
dependent cells. These cavities increase the surface area greatly, and may protect cells from
detrimental mechanical effects, such as shear stress, e.g. from mixing or from gas sparging.
[0132] The microcarrier surface may be textured to enhance cell attachment and
proliferation. The microcarrier surface texture be achieved by techniques including, but not |
limited to, molding, casting, leeching, and etching. The resolution of the features of the textured
surface may be on the nanoscale. The textured surface may be used to induce a specific cell
alignment on the microcarrier surface. The surface of the pores within the porous microcarriers
may also be textured to enhance cell attachment and proliferation. Pore surface texture be
achieved by techniques such as but not limited to molding, casting, leeching, and etching.
[0133] The microcarrier surface may be plasma-coated to impart a specific charge to
microcarrier surfaces. These charges may enhance cell attachment and proliferation.

[0134] In other embodiments, the microcarriers comprise, or are coated with,
thermoresponsive polymers e.g. poly-N-isopropylacrylamide, or have electromechanical
properties. The microcarriers may also possess a microcurrent, such as microcarriers with a
particulate galvanic couple of zinc and copper that produces low levels of biologically relevant
electricity. The microcarriers may be paramagnetic, such as paramagnetic calcium-alginate
microcarriers.

[0135] Both porous and solid types of microparticulate carriers are commercially
available. Examples of commercially available solid microcarriers include Cytodex ® 1 and
Cytodex® 3, both of which are dextran-based microcarriers from GE Healthcare Life Sciences.
Suitable commercially available porous microcarriers include Cytoline™ and Cytopore™ from
GE Healthcare Life Sciences, Biosilon {(NUNC) and Cultispher® (Percell Biolytical).

[0136] In certain embodiments, the methods and kits of the invention utilize a dextran
bead microcarrier having an approximate particle size of about 60-90 pm and a density of about
1.03 g/em® at 25°C. In other embodiments, the methods and kits of the invention utilize a
dextran bead microcarrier having an approximate particle size of about 114-198 pm and a
density of about 1.04 g/cm’ at 25°C. In yet another embodiment, the methods and kits of the
invention utilize a dextran bead microcarrier having an approximate particle size of about 60-87

um and a density of about 1.04 g/en’ at 25°C. In an alternate embodiment, the methods and kits
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of the invention utilize porous microcarriers. These porous microcarriers may have a particle
diameter of about 200-280 pm, an effective surface area of about 1.1 m*/g dry and an average
pore diameter opening of about 30 um. In other embodiments, the methods and kits of the
invention utilize microcarriers having an amine treated surface. In preferred embodiments, the
microcarriers having an amine treated surface have a particle size of about 160-200 pm, a
relative density range of about 1.090-1.150, a surface area of about 515 cm*/g. Such
microcarriers may be provided in solutions contains 5.5 x 10° microcarriers/g.

[0137] The carrier particles may also contain a bioactive agent. The carrier particle may
also contain a bioactive agent or factor that may regulate the growth or function of cells or the
tissue milieu. Suitable factors include but are not limited to fibroblast growth factors,
erythropoietin, vascular endothelial cell growth factors, platelet-derived growth factors, bone
morphogenic proteins, transforming growth factors, tumor necrosis factors, epidermal growth
factors, and insulin-like growth factors. Complete factors, mimetics, or active fragments thereof

may be used.

D. Methods

[0138] Generally, the methods of the invention comprise culturing (e.g. expanding) cells
in a culture medium of the invention, which has been supplemented with serum (e.g. FBS).
After the cells have been grown to a desired density (such as e.g. for a period of about 3-4 days),
the serum-free nutrient solution is added. The cells may be anchorage-dependent cells, which
may be seeded on a microcarrier. The culturing may be carried out in a roller bottle or spinner
flask culture system. Preferably, when the anchorage-dependent cells are seeded on a
microcarrier, a spinner flask culture system is used. The desired period of time is determined by
such parameters as e.g. desired population density, desired population doubling(s) or time. In
certain embodiments, the cells are cultured for 4 to 7 days with the serum-free nutrient medium
added at about day 3. In other embodiments, the cells are grown for 1-2 or population doublings
or until a desired initial population density is achieved prior to addition of the serum-free nutrient
solution. As discussed above, the methods allow for growth of the cells (e.g. hUTC) without

medium exchange
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1. Methods of Culturing Isolated Anchorage-Dependent Cells

[0139] One embodiment of the invention is a method for culturing (e.g. expanding)
anchorage-dependent cells. The method comprises culturing isolated anchorage-dependent cells
seeded on tissue flask surface or preferably microcarrier in a culture medium of the invention,
which has been supplemented with serum, and adding a serum-free nutrient solution after the
cells have been grown for a sufficient period of time to allow for a desired initial population
density. In one embodiment, the cells are grown between about 3 and about 7 days, alternatively
between about 3 and about 5 days, alternatively between about 4 days and about 5 days, prior to
addition of the serum-free nutrient solution. In one embodiment, the cells are grown about 3
days prior to addition the serum-free nutrient solution. In another embodiment, the cells are
grown to allow for at least one or two population doublings prior to addition to the serum-free
nutrient solution. In a preferred embodiment, the cells are seeded on any of the microcarriers
disclosed herein and are grown in spinner flasks under the conditions described above. In one
embodiment, the method comprises thawing a cell bank vial containing these cells and expansion
of the cells to inoculate a production vessel. Another embodiment comprises the step of first
isolating the cells and then seeding the isolated cells.

[0140] As discussed, the medium, including the medium used in these methods, may be
supplemented with about 2% to about 20% of serum (e.g. FBS). In one embodiment, the
medium is supplemented with serum (such as e.g. FBS) during the preparation of the medium.

In another embodiment, the medium is supplemented immediately prior to use (such as via the
addition of a solution comprising serum (e.g. FBS)). In another embodiment, the medium is
supplemented with preferably about 2 to 15% (v/v) of FBS, alternatively from about 2 to about
10%, alternatively from about 3 to about 12%, alternatively from about 5 to about 15%,
alternatively from about 4% to about 10%. In the selected embodiments, the culture medium is
supplemented with about 7.5%, about 10% or about 15% (v/v) of FBS.

[0141] In another embodiment, the method also encompasses seeding the anchorage-
dependent cells. While the target seeding density may vary, in certain embodiments, from about
5,000 to about 8,000, alternatively from about 5,500 to about 7,500, alternatively from about
6,000 to about 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm? are seeded at
a microcarrier concentration of about 12 to about 30, alternatively of about 12 to 20, alternatively

of about 18 to about 25, alternatively of about 15 to about 23 g/L.
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2. Methods of Culturing Isolated Umbilical Cord-Tissue Derived Cells

[0142] One embodiment of the invention is a method of culturing umbilical cord tissue-
derived cells. While this method generally comprises the steps of the method of culturing
isolated anchorage-dependent cells discussed above, there may be some variations. Accordingly
one embodiment of the invention is a method of culturing isolated anchorage-dependent hUTC
attached on microcarriers to high cell density in suspension culture in spinner flasks by enriching
the growth medium with a serum-free nutrient solution. This method optimally eliminates the
need for medium exchange (e.g. on day 3) to consistently grow cells >20,000 cells/cm’.
Furthermore, this method improves robustness for passaging of hUTC. This method utilizes the
culture media and serum-free nutrient solutions of the invention.

[0143] The method comprises culturing isolated hUTC seeded on a microcarrier in a
culture medium of the invention supplemented with serum (e.g. FBS) for a sufficient period of
time to allow the cells to achieve a desired initial population density. In certain embodiments,
culture medium embodiment A, B or C are used. In certain embodiments, the cells are cultured
in a roller bottle and the culturing is carried out on a roller bottle system. In preferred
embodiment, the cells are seeded on microcarriers, cultured in spinner flasks and the culturing is
carried out in the spinner flask system. In one embodiment, cells are incubated at approximately
37 °C under a 10% CO, atmosphere.

[0144] In another embodiment, the flasks are rotated at a rate of from about 55 to about
65 rpm, alternatively from about 55 rpm to about 60 rpm, alternatively from about 58 rpm to
about 61 rpm. In another embodiment, the flasks are rotated at a rate of from about 35 rpm to
about 45 rpm, alternatively from about 38 rpm to about 42 rpm, alternatively from about 40 rpm
to about 43 rpm, alternatively from about 36 rpm to about 45 rpm. In another embodiment, the
microcarrier density in the medium is from about 11.0 to about 13.0 g/L.

[0145] In one embodiment, the hUTC are cultured at approximately 37 °C under a 10%
CO; atmosphere in a 125 ml flask, which is rotated at an rpm range of about 55 rpm to about 65
rpm (preferably about 60 rpm). In yet another embodiment, the hUTC are cultured at
approximately 37 °C under a 10% CO, atmosphere in a 500 ml flask, which is rotated at an rpm
range of about 55 rpm to about 65 rpm (preferably about 60 rpm). In another embodiment, the
hUTC are cultured at approximately 37 °C under a 10% CO, atmosphere in a 500 ml flask,
which is rotated at an rpm range of about 35 rpm to about 45 rpm (preferably about 40 rpm). In
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another embodiment, the hUTC are cultured at approximately 37 °C under a 10% CO,
atmosphere in a 3 1 flask, which is rotated at an rpm range of about 35 rpm to about 45 rpm
(preferably about 40 rpm). In these embodiments, the flasks may contain about 11.0 to about
13.0 g/L of microcarrier in the medium (preferably about 12 g/L).

[0146] To maximize the population density, the filled and seeded flasks or roller bottles
contain hUTC are rotated and incubated for at least about 5 to 7 days, with an incubation time of
about 5 to about 6 days preferred. At approximately the half point of incubation (i.e. after about
2.5 to about 3.5 days (preferably 3 days)) or when the cells have achieved the desired initial cell
density, the serum free-nutrient solution of the invention is added to the hUTC culture. In certain
embodiments, serum free-nutrient solutions embodiment A, B or C are used.

[0147] In a preferred embodiment, the cells are grown for a sufficient period of time to
allow the cells to achieve a desired initial population density prior to addition of the serum-free
nutrient solution.

[0148] Thus, in one embodiment, the method comprises growing umbilical cord tissue-
derived cells seeded on microcarriers in a culture medium of the invention for a sufficient period
of time to allow for the cells to achieve a desired initial population density; adding a serum-free
nutrient solution of the invention after the cells have achieved the desired initial population
density; and growing the cells for a sufficient period of time to allow for the cells to achieve a
desired final population density.

[0149] In another embodiment, culture medium embodiment A and serum-free nutrient
solution embodiment A are used. In another embodiment, culture medium embodiment B and
serum-{ree nutrient solution embodiment B are used. In one embodiment, culture medium
embodiment C and serum-free nutrient solution embodiment C are used.

[0150] In one embodiment, the method comprises seeding microcarriers with hUTC prior
to culturing. The microcarriers may be any one of the microcarriers mentioned above. In certain
embodiments, the microcarriers have an amine treated surface. In preferred embodiments, the
microcarriers having an amine treated surface have a particle size of about 160-200 pm, a
relative density range of about 1.090-1.150, a surface area of about 515 cm?/g. In one
embodiment, the microcarrier is Hillex® II Ultra.

[0151]) While the target seeding density may vary, in certain embodiments, from about

5,000 to about 8,000, alternatively from about 5,500 to about 7,500, alternatively from about
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6,000 to about 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm? are seeded at
a microcarrier concentration of about 15 to about 30, alternatively of about 18 to about 25,
alternatively of about 15 to about 23 g/L. The seeded cells are added to a flask. Alternatively,
the seeding is carried out in a flask. In one embodiment, the seeding comprises thawing
cryopreserved hTUC. In one embodiment, the method further comprises thawing cryopreserved
hTUC and expansion of the cells prior to seeding the microcarrier. In one embodiment, the
expansion of the cells is carried out on a microcarrier.
[0152] In one embodiment, the culture media used in the method to grow hUTC is
supplemented with about 2% to about 20% of serum (e.g. FBS). In one embodiment, medium is
supplemented with serum (such as e.g. FBS) during the preparation of the medium. In another
embodiment, the medium is supplemented immediately prior to use (such as via the addition of a
solution comprising serum (e.g. FBS)). In one embodiment, the culture medium is supplemented
with preferably about 2 to 15% (v/v) of FBS, alternatively from about 2 to about 10%,
alternatively from about 3 to about 12%, alternatively from about 5 to about 15%, alternatively
from about 4% to about 10%, alternatively from about 8 % to about 15%, alternatively from
about 10% to about 15%. In the selected embodiments, the culture medium is supplemented
with about 7.5%, about 10% or about 15% (v/v) of FBS.

3. Other Characteristics of Methods of the Invention

[0153] The independent variables in the methods of the invention which may be used to
maximize the number of population doublings achievable in spinner flask or roller bottle culture
without need for medium exchange are rotational speed, seeding density of the cells into the
bottles, amount of microcarrier, time of incubation, type of culture medium, type of serum-free
nutrient solution and volume of medium placed in the bottle. The skilled artisan will appreciate
that other values outside of the tested ranges could be routinely tested using the same
methodology, and these values may prove to offer incremental gains in the number of population
doublings. Maximal response of the dependent variable, here the number of population
doublings achieved is measured as a function of these parameters and embodiments not
specifically exemplified herein are contemplated as part of this disclosure.

[0154] The cells cultured according to the methods provided (such as e.g. hUTC) are
characterized as having substantially the same cell surface marker profile or gene expression

profile as the starting cells. In one embodiment, the cells cultured according to the methods
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provided are characterized as having substantially the same cell surface marker profile or gene
expression profile as the starting cells. For many applications of cell-based therapies, it is
important that the cellular characteristics do not change when scaling up the culture conditions to
increase quantities. For example, the morphology, cell surface markers, and expression of
hallmark genes that help distinguish or denote the therapeutic cell should remain substantially
unchanged if not identical. The cells provided in accordance with the invention and the methods
taught therein are substantially unchanged, or preferably identical in such characteristics as the

same cells grown under laboratory conditions and scale.

V. Kits Comprising the Culture Medium and Serum-Free Nutrient Solution

[0155] Another embodiment of the invention is a kit for growing cells comprising the
culture media of the invention and the serum-free nutrient solution. In one embodiment, the kit
further comprises the cells. In one preferred embodiment, the kit comprises human umbilical
cord tissue-derived cells. The kit may also further comprise instructions of use. Optionally, the
kit further comprises a microcarriers and serum such as fetal bovine serum. In an alternate
embodiment, the kit may also comprise a roller bottle system.

[0156] Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the following illustrative examples, make and utilize the
present invention and practice the claimed methods. The following working examples therefore,
specifically point out the preferred embodiments of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.
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EXAMPLES

EXAMPLE 1
Growth and Harvest of hUTC on Microcarriers in Spinner Flasks with Enriched Media

[0157] In this example the growth and harvest of hUTC on microcarriers in spinner
flasks with various enriched media was investigated. For the studies in this example, umbilical
cord tissue-derived cells were expanded from an inoculum and then grown under a variety of
different growth conditions (Conditions 1-9), each of which employed different culture media as
outlined below.

[0158] The microcarriers used in the studies was Hillex® Ultra (Solohill Engineering,
Ann Arbor, MI), which have a surface area of 515 cm?/g.

[0159] As used in this example, the term “passage” is defined as inoculating a vessel
containing fresh microcarriers with confluent microcarriers from a separate vessel. Furthermore,
as used in this example, the term “population doubling” is defined as the number of times the

population of cells has doubled over a given time and is calculated as follows:

Population Doubling in current passage
_ (In(# of viable cells at end of passage) — In(# of viable cells at start of passage))
In(2)

Procedure for Cell Count

[0160] The cell count as required by the various conditions was carried out by the
following procedure. A 10 ml sample was aseptically taken from the culture and transferred into
a 15 ml conical tube. The sample was then centrifuged at 1600 RPM for 5 minutes. The
supernatant was carefully removed making sure not to remove any microcarriers. 5 to 10 ml of
TrypLE™ Select (Gibco®) pre-warmed to 37 °C was then added to the microcarriers and
agitated on a rotator for 15 to 30 minutes. The contents of the centrifuge tube were then
transferred into a 50 ml conical tube through a 40-pm filter to remove the microcarriers and only
allow passage of detached cells. Two washes with 1 x PBS were performed through the filter.
The 50 ml conical tube was then centrifuged at 1600 RPM for 5 minutes. The supernatant was
carefully removed without disturbing the cell pallet until about 1 to 2 ml of supernatant was left
in the tube. This leftover volume was measured using a pipette and the cell resuspended in this

volume. The resultant cell suspension was counted using CEDEX (Innovatis) cell counting
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equipment which uses the Trypan Blue exclusion method. Based on the CEDEX cell count the

cell concentration in the culture vessel was calculated as follows:
Cell concentration in culture vessel, cells/mL

Resuspension Volume, mL X CEDEX cell count, cells/mL

Sample Volume, mL

Cell Density in culture vessel, cells/sq.cm

(Cell concentration in culture vessel, cells/mL X Culture Volume, mL)

(weight of microcarriers in culture vessel, gm) X (surface area per gram of microcarrier, sq. cm/gm)

Cell Culturing Procedure
[0161] Vials of frozen hUTC were thawed and washed with fresh medium. The cell
suspension was transferred into a 125 ml glass spinner flask containing the medium and
microcarrier. These thawed cells were used to prepare the inoculum.

Preparation of cells for Inoculum
[0162] The inoculum was expanded over multiple passages in control medium comprised
of DMEM and 15% v/v of FBS with 12 g/L concentration of microcarriers in glass spinner flasks
(Corning, NY) of different sizes (125 ml, 500 ml and 3 L). The cumulative population doublings
of the cells in the inoculum was less than 35. The criteria for passage and the culture conditions
during expansion of inoculum are tabulated in table below. On the target day of passage, a cell
count was performed and if the target density for passage was achieved, the cells were passaged
into a new vessel based on the target seeding density in the new vessel. If the target density for
passage was not achieved, an 80% medium exchange was carried out and the cells counted on
the next day. For medium exchange, the vessel was set aside from the spinner platform and the
microcarriers were allowed to settle by gravity for 5 minutes and 80% of the medium was
removed aseptically (without removing the microcarriers) and an equal amount of fresh medium
was added and the vessel was placed back on the spinner platform in the incubator.
[0163] The growth conditions and parameters during serial passaging for inoculum

preparation are outlined below in Table 1-1.
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Table 1-1: Growth conditions and parameters during serial passaging for
inoculums preparation.

Seeding Density of New Culture Vessels Target (Range)
At Thaw, 125 ml spinner flask (viable cells/cm’) 6000 (3000-7500)
At Passage 1, 500 ml spinner flasks (viable cells/cm’) 5000 (3000-7000)
At all other passages (viable cells/cm®) 6000 (4000-7000)
Duration of Passages Target
After Thaw, 125 ml spinner flask (days) 4 (4-5)

At all other passages from 500 ml spinner flask (days) 3(3-4)

3L spinner flask (days). Always 4 days with 80% medium 4
exchange on Day 3

Cell Density at End of Passage Target

Cell Density at End of Passage (viable cells/cm®) =20000
Spinner Flask Working Volumes Target (Range)
125 ml flask working volume (inl) 100 (85-115)
500 mi flask working volume (ml) 500 (450-500)
Incubator Parameters Target
Temperature (°C) 37.0

CO; (%) 10
Spinner Plate Parameters Target (Range)
Agitation in 125 ml flask (rpm) 60 (55-65)
Agitation in 500 ml flask (rpm) 60 (55-65)
Agitation in 3 L flask (rpm) 40 (35-45)
Microcarrier Density Target (Range)
Density of microcarrier in medium 12 (11.0-13.0)

Various Growth Conditions Used in this Example

For each of Conditions 1 to 9, the day of inoculation is considered to be Day 0.

Also for each of the conditions, a cell count was performed on the inoculum,.

[0165] Condition 1 (Control): The target seeding density of this condition was ~6000
viable cells/cm® at a microcarrier concentration of ~18 g/L. Based on the cell count of the
inoculums the desired volume of inoculum was added to a new autoclaved 500 ml glass spinner
flask. The microcarriers were allowed to settle by gravity. The medium from the inoculum was
removed until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a
final weight of ~9g of microcarriers in the flask. Fresh medium comprised of DMEM and 15%
(v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a spinner
platform at 60 RPM in a 37 °C and 10% CO, incubator. On Day 3, an 80% medium exchange
was carried out using DMEM + 15% FBS. Periodic cell counts were performed using the
procedure described above. On Day 3 and 5, 3 ml and 2.5 ml of Glucose were added to the flask,
respectively. 2.5 ml of 200 mM L-Glutamine was added on Day 3.
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[0166] Condition 2: The target seeding density of this condition was ~6000 viable
cells/cm? at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculums the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M5 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 60 RPM in a 37 °C and 10% CO, incubator. On Day 3, feed F5 was added.
No medium exchange was performed. In addition, on Day 3, 2.5 ml of glucose was added.
Periodic cell counts were performed as explained in the cell counting section. On Day 5, 5 ml of
200 mM L-Glutamine was added to the flask.

[0167] Condition 3: The target seeding density of this condition was ~7000 viable
cells/cm? at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 m! was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M1 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F1 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose was added on Day 3. On Day 4, 5 ml of 200 mM L-
Glutamine was added to the flask.

[0168] Condition 4: The target seeding density of this condition was ~7000 viable
cells/cm? at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M2 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F2 was added.

No medium exchange was performed. Periodic cell counts were performed as explained in the
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cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.

[0169] Condition 5: The target seeding density of this condition was ~7000 viable
cells/cm” at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M3 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F3 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monchydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.

[0170] Condition 6: The target seeding density of this condition was ~7000 viable
cells/cm” at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M4 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F4 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.

[0171] Condition 7: The target seeding density of this condition was ~7000 viable
cells/cm’ at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M5 basal medium and

15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
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spinner platform at 45 RPM in a 37 °C and 10% CO, incubator. On Day 3, feed F5 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.
[0172] Condition 8: The target seeding density of this condition was ~7000 viable
cells/cm” at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M6 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F6 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.
[0173] Condition 9: The target seeding density of this condition was ~7000 viable
cells/cm” at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculum the
desired volume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The
microcarriers were allowed to settle by gravity. The medium from the inoculum was removed
until ~ 100 ml was left in the flask. Fresh microcarriers were then added resulting in a final
weight of ~10 g of microcarriers in the flask. Fresh medium comprised of M7 basal medium and
15% (v/v) of FBS was added to bring up the volume to 500 ml. The flask was placed on a
spinner platform at 45 RPM in a 37 °C and 10% CO, incubator. On Day 3, feed F7 was added.
No medium exchange was performed. Periodic cell counts were performed as explained in the
cell counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate)
was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask.

Harvest
[0174] On day 6, all the flasks were harvested. For harvest, the microcarriers were
allowed to settle by gravity and the medium was removed as much as possible without removing
any microcarriers. 250-300ml of TrypLE™ pre-warmed at 37 °C was added to the flask and

placed on a spinner platform in the incubator at 37 °C. After 30 minutes, the agitation was
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stopped and a 25 ml sample was taken from the flask and filtered through a 40 um filter. The
microcarrier retained on the filter was discarded and a cell count was performed on the sample
by directly running the sample on the CEDEX. Based on the TrypLE™ volume added and the
cell count obtained, the total cells in the vessel were calculated and the cell density (cells/cm?)
was calculated.

Composition of the Cell Culture Media

[0175] DMEM (with 1g/L glucose, 4mM L-Glutamine and 3.7g/L Sodium Bicarbonate
and without Sodium Pyruvate and Phenol Red) was the basal medium used for Condition 1 (the
control).

[0176] Several other basal media were also tested to identify some components, which

are critical in eliminating medium exchange, and thereby reduce serum consumption. One of the
components used in the formulations is bovine serum albumin which was provided in the form of
the commercially available AIbuMAX® I (Gibco™ Cell Culture, Invitrogen Corporation,
Carlsbad, CA), which is lipid-rich bovine serum albumin. Table 1-2 provides the formulation of
the basal media (M1-M7). Both the basal media and the feed media contained the commercially

available stabilizer of cell membranes and anti-foaming agent Pluronic® F68.

Table 1-2 Formulation of Basal Media

Basal Medium

M1 M2 M3 M4 M5 Mé M7

(g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (g/L)
Inorganic Salts
Calcium Chloride,
Anhydrous 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Calcium Chloride
{CaCl;.2H,0) 0 0 0 0 0 0 0
potassium chloride, USP 0.4 0.4 04 0.4 0.4 0.4 0.4
Mg sulfate, anhydrous 0.9767 0.9767 0.9767 0.9767 0.9767 0.9767 0.9767
sodium chloride, USP 6.4 6.4 6.4 6.4 6.4 6.4 6.4
sodium phosphate,
monobasic, H,O, USP 0.133175 0.125 0.133175 | 0.133175 | 0.133175 0.125 0.125
sodium phosphate, dibasic
heptahydrate
(Na,HPO,.7H,0) 0.00201 0 0.00201 | 0.00201 | 0.00201 0 0
Trace Minerals
Ferric Nitrate (9 H,O) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Copper(IDsulfate
pentahydrate
(CuS0,.5H,0) 9.33E-08 0 9.33E-08 | 9.33E-08 | 9.33E-08 0 0
Zinc sulfate, heptahydrate,
(ZnS0,4.7H,0) 3.24E-05 0 3.24E-05 | 3.24E-05 | 3.24E-05 0 0
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Table 1-2 Formulation of Basal Media

Basal Medium
M1 M2 M3 M4 M5 M6 M7
(g/L) (g/L) (g/L) (g/L) /L) (g/L) (g/L)
Sodium Selenate
(Nazseog) 0.000067 | 0.000067 0 0.000067 | 0.000067 | 0.000067
Amiino Acids’ i g
L-Arginine, HCI 0.09705 0.084 0.09705 0.09705 0.09705 0.084 0.084
L-Cystine, 2HCI 0.06779 0.06257 0.06779 | 0.06779 0.06779 0.06257 0.06257
L-Cysteine HC] H,O 0.009224 0 0.009224 | 0.009224 | 0.009224 0 0
L-Glutamine 0.584 0.584 0.584 0.584 0.584 0.584 0.584
Glycine 0.031125 0.03 0.031125 | 0.031125 | 0.031125 0.03 0.03
L-Histidine, HCl, H,O 0.048288 0.042 0.048288 | 0.048288 | 0.048288 0.042 0.042
L-Isoleucine 0.163713 0.1048 0.163713 | 0.163713 | 0.163713 0.1048 0.1048
L-Leucine 0.163713 0.1048 0.163713 | 0.163713 | 0.163713 0.1048 0.1048
L-Lysine, HCI 0.16807 0.1462 0.16807 | 0.16807 0.16807 0.1462 0.1462
L-Methionine 0.036748 0.03 0.036748 | 0.036748 | 0.036748 0.03 0.03
L-Phenylalanine 0.073695 0.066 0.073695 | 0.073695 | 0.073695 0.066 0.066
L-serine 0.05145 0.042 0.05145 | 0.05145 0.05145 0.042 0.042
L-Threonine 0.108609 0.0952 0.108609 | 0.108609 | 0.108609 0.0952 0.0952
L-tryptophan 0.018457 0.016 0.018457 | 0.018457 | 0.018457 0.016 0.016
L-tyrosine, 2Na, 2 H,O 0.121813 | 0.10379 | 0.121813 | 0.121813 | 0.121813 | 0.10379 0.10379
L-Valine 0.111105 0.0936 0.111105 | 0.111105 | 0.111105 0.0936 0.0936
L-Alanine 0.000668 0 0.000668 | 0.000668 | 0.000668 0 0
L-Asparagine H,O 0.031978 0 0.031978 | 0.031978 | 0.031978 0 0
L-Aspartic Acid 0.00803 0 0.00803 0.00803 0.00803 0 0
L-Glutamic Acid 0.054728 0 0.054728 | 0.054728 | 0.054728 0 0
L-Proline 0.02403 0 0.02403 0.02403 0.02403 0 0
L-Taurine 0.000844 0 0.000844 | 0.000844 0.000844 0 0
D-Calcium Pantothenate 0.004338 0.004 0.004338 | 0.004338 | 0.004338 0.004 0.004
Choline Chloride 0.006094 0.004 0.006094 | 0.006094 | 0.006094 0.004 0.004
Folic Acid 0.004302 0.004 0.004302 | 0.004302 | 0.004302 0.004 0.004
I-Inositol 0.009568 0.007 0.009568 | 0.009568 | 0.009568 0.007 0.007
Niacinamide 0.004302 | 0.004 | 0.004302 | 0.004302 | 0.004302 | 0.004 0.004
Pyridoxal, HCI 0.004153 | 0.004 | 0.004153 | 0.004153 | 0.004153 | 0.004 0.004
Riboflavin 0.000431 | 0.0004 | 0.000431 | 0.000431 | 0.000431 | 0.0004 | 0.0004
thiamine, HC 0.004304 | 0.004 | 0.004304 | 0.004304 | 0.004304 | 0.004 0.004
d-Biotin 3.75E-05 0 3.75E-05 | 3.75E-05 | 3.75E-05 0 0
Pyridoxine. HCI 1.85E-05 0 1.85E-05 | 1.85E-05 | 1.85E-05 0 0
?é;:g:olzﬁamin) 0000102 | 0 | 0.000102 | 0.000102 | 0.000102 |  © 0
‘Lipids ~ - an e RS
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Table 1-2 Formulation of Basal Media

Basal Medium
Ml M2 M3 M4 M5 M6 M7
(g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (g/L)

Lipoic Acid/Thioctic Acid | 0.000015 0 0.000015 | 0.000015 | 0.000015 0 0
Ethanolamine HCI 0.02 0.02 0 0.02 0.02 0.02 0
Proteins

Insulin 0.01 0.01 0.01 0.01 0.01 0
Transferrin 0.055 0.055 0.055 0.055 0.055 0
Energy Substrates

D-Glucose 1 1 1 1 1 1 1
Sodium Pyruvate 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Nucleic Acid Derivatives

Thymidine 0.00045 | 0.00045 | 0.00045 0 0.00045 0 0
Adenosine 0.015 0.015 0.015 0 0.015 0 0
Cytidine 0.015 0.015 0.015 0 0.015 0 0
Uridine 0.015 0.015 0.015 0 0.015 0 0
Guanosine 0.015 0.015 0.015 0 0.015 0 0
Others

Putrescine.2H,0 3.02E-05 0 3.02E-05 | 3.02E-05 | 3.02E-05 0 0
Pluronic® F68 0.015 0 0.015 0.015 0.015 0 0
Bovine Serum Albumin

(AIbUMAX® T) 2.5 2.5 2.5 2.5 0 2.5 2.5
[0177] As outlined above, on Day 3, an 80% medium exchange was carried out in

Condition 1. For the remaining conditions, a feed was added to eliminate the medium exchange.

The different feed formulations are shown in Table 1-3. The amounts shown Table 1-3 presents

the increase in weight (g) of the component per liter (L) of the culture volume when the feed is

added.

Table 1-3: Feed Formulations

Feed Formulations

Fl1 F2 F3 ¥4 F5 Fé6 F7
(g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (g/L)

Inorganic Salts
sodium phosphate,
monobasic, H,O, USP 0.008175 0 0.008175 | 0.008175 | 0.008175 0 0
sodium phosphate, dibasic
heptahydrate 0.00201 0 0.00201 | 0.00201 | 0.00201 0 0
(Na,HPO,.7H,0)
Trace Minerals
Copper(IDsulfate 9.33E-08 0 9.33E-08 | 9.33E-08 | 9.33E-08 0 0
pentahydrate
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Table 1-3: Feed Formulations

Feed Formulations

FI 2 3 ¥4 ¥5 F6 7

(gL) (g/L) (g/L) (g/L) (g/L) (g/L) (g/L)
(CuS04.5H,0)
(Zz'ﬁ‘gf)“"]‘g"gbh)eptahydme’ 304E-05 | 0 | 3.24E-05 | 3.24E-05 | 3.24E-05 | 0 0
(slggig';‘of)ele“ate 0.000067 | 0.000067 0 0.000067 | 0.000067 | 0.000067 0
L-Arginine, HC 0.01305 0 0.01305 | 0.01305 | 0.01305 0 0
L-Cystine, 2HCI 0.00522 0 0.00522 | 0.00522 | 0.00522 0 0
L-Cysteine HCl 1,0 0.009224 | 0 | 0.009224 | 0.009224 | 0.009224 | 0 0
Glycine 0.001125 | 0 | 0.001125 | 0.001125 | 0.001125 | 0 0
L Histidine, HCI, H,0 0.006288 | 0 | 0.006288 | 0.006288 | 0.006288 | 0 0
I Tsoleucine 0058913 | 0 | 0.058913 | 0.058913 | 0.058913 | 0 0
I-Leucine 0.058913 | 0 | 0.058913 | 0.058913 | 0.058913 | 0 0
I -Lysine, HCI 0.02187 0 0.02187 | 0.02187 | 0.02187 0 0
L-Methionine 0.006748 | 0 | 0.006748 | 0.006748 | 0.006748 | 0 0
L-Phenylalanine 0007695 | 0 | 0.007695 | 0.007695 | 0.007695 | 0 0
L-serine 0.00945 0 0.00945 | 0.00945 | 0.00945 0 0
L-Threonine 0.013409 |- 0 | 0.013409 | 0.013409 | 0.013409 | 0 0
L-tryptophan 0.002457 | 0 | 0.002457 | 0.002457 | 0.002457 | 0 0
L-tyrosine, 2Na, 2 F,O | 0018023 | 0 | 0.018023 | 0.018023 | 0.018023 | 0 0
L-Valine 0017505 | 0 | 0.017505 | 0.017505 | 0.017505 | 0 0
L-Alanine 0.000668 | 0 | 0.000668 | 0.000668 | 0.000668 | 0 0
L-Asparagine H,O 0031978 | 0 | 0.031978 | 0.031978 | 0.031978 | 0 0
L-Aspartic Acid 0.00803 0 0.00803 | 0.00803 | 0.00803 0 0
L-Glutamic Acid 0054728 | 0 | 0.054728 | 0.054728 | 0.054728 | 0 0
LProline 0.02403 0 0.02403 | 0.02403 | 0.02403 0 0
L-Taurine 0.000844 | 0 | 0.000844 | 0.000844 | 0.000844 | 0 0
D-Calcium Pantothenate ] 0.000338 | 0 | 0.000338 | 0.000338 | 0.000338 | _ 0 0
Choline Chloride 0.002094 | 0 | 0.002094 | 0.002094 | 0.002094 | 0 0
Folic Acid 0.000302 | 0 | 0.000302 | 0.000302 | 0.000302 | 0 0
IInositol 0.002568 | 0 | 0.002568 | 0.002568 | 0.002568 | 0 0
Niacinamide 0.000302 | 0 | 0.000302 | 0.000302 | 0.000302 | 0 0
Pyridoxal, HCI 0.000153 | 0 | 0.000153 | 0.000153 | 0.000153 | 0O 0
Riboflavin 311E05 | 0 | 3.11E-05 | 3.11E-05 | 3.11E-05 | 0 0
thiamine, HCI 0.000304 | 0 | 0.000304 | 0.000304 | 0.000304 | 0 0
d-Biotin 375E05 | 0 | 3.75E-05 | 3.75E-05 | 3.75E-05 | 0 0
Pyridoxine. HCI 1.85E-05 | 0 1.85E-05 | 1.85E-05 | 1.85E-05 | 0 0
Vitamin By, 0.000102 | 0 | 0.000102 | 0.000102 | 0.000102 | 0 0
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Table 1-3: Feed Formulations

Feed Formulations
F1 F2 F3 ¥4 F5 Fé F7

g/L) (g/L) (gL) (g/L) (g/L) (g/L) (g/L)
(cyanocobalamin)
Lipids
Lipoic Acid/Thioctic Acid | 0.000015 0 0.000015 | 0.000015 | 0.000015 0 0
Ethanolamine HCI 0.02 0.02 0 0.02 0.02 0.02 0.02
Proteins
Insulin 0.01 0.01 0 0.01 0.01 0.01 0.01
Transferrin 0.055 0.055 0] 0.055 0.055 0.055 0.055
Nucleic Acid Derivatives
Thymidine 0.00045 | 0.00045 | 0.00045 0 0.00045 0 0
Adenosine 0.015 0.015 0.015 0 0.015 0 0
Cytidine 0.015 0.015 0.015 0 0.015 0 0
Uridine 0.015 0.015 0.015 0 0.015 0 0
Guanosine 0.015 0.015 0.015 0 0.015 0 0
Others
Putrescine.2H,0 3.02E-05 3.02E-05 { 3.02E-05 | 3.02E-05 0 0
Pluronic® F68 0.015 0 0.015 0.015 0.015 0 0
Bovine Serum Albumin
(AIbuMAX® T) 2.5 2.5 25 2.5 0 2.5 2.5

[0178]

of FBS are shown below:

The media used in Conditions 1 to 9 all had FBS added to them. The components

Table 1-4: Profile of Fetal Bovine Sera (see Price et al., In Vitro, 18:576-584 (1982))

Description Average Range N
Endotoxin 0.356 ng/ml 0.008-10.0 39
pH 7.4% 7.20-7.60 40
Inorganic Salts

Calcium (Ca™) 13.6/100 ml 12.6-14.3 43
Chloride (CI) 103 meq/L 98-108 43
Inorganic Phosphorous 9.8 mg/100 ml 43-11.4 43
Potassium (X") 11.2 meq/L 10.0-14.0 43
Selenium 0.026 pg/ml 0.014-0.038 25
Sodium (Na") 137 meg/L. 125-143 43
Other components

Alkaline Phosphatase 255 mU/ml 111-352 43
Blood Urea Nitrogen 16 mg/100 ml 14-20 43
Creatine 3.1 mg/100 ml 1.64.3 43
Direct Bilirubin 0.2 mg/100 ml 0.0-0.5 43
Glucose 125 mg/100 ml 85-247 43
Hemoglobin 11.3 mg/100 ml 2.4-18.1 17
Lactate Dehydrogenase 864 mU/ml 260-1,215 43
Serum Glutamate Oxalacetate Transaminase 130 mU/ml 20-201 43
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Table 1-4: Profile of Fetal Bovine Sera (see Price ef al., In Vitro, 18:576-584 (1982))
Total Bilirubin 0.4 mg/100 ml 0.3-1.1

Uric Acid 2.9 mg/100 ml 1.3-4.1

- Steroids and Hormones - *. % RS LIRS

Cholesterol 31 mg/100 ml 12-63

Cortisol 0.5 pg/ml <(0.1-2.3 43
Follicle Stimulating Hormone 9.5 ng/ml <2-33.8 34
Growth Hormone 39.0 ng/ml 18.7-51.6 40
Leutinizing Hormone 0.79 ng/ml 0.12-1.8 38
Parathyroid Hormone 1,718 pg/ml 85-6,180 41
Progesterone 8 ng/100 ml <0.3-36 42
Prolactin 17.6 ng/ml 2.00-49.55 40
Prostaglandin E 5.91 ng/mi 0.5-30.48 37
Prostaglandin F 12.33 ng/ml 3.77-42.00 38
T3 119 ng/100 ml 56-233

T4 12.1 ng/100 mi 7.8-15.6

Testosterone 40 ng/100 ml 21-99

Thyroid Stimulating Hormone 1.22 ng/ml <0.24.5

Protein< 6 c v ik SRS CEESEET A T oy i il

Total Protein 3.8 g/100 ml 3.2-7.0

Albumin 2.3 g/100 ml 2.0-3.6

Insulin 10 mU/ml 6-14

Results
[0179] The cell counts from the different conditions are shown in Table 1-5 below. The

results can be analyzed in two parts. By comparing Conditions 1 and 2, it is evident that the
combination of M5 medium and F5 feed on Day3 eliminates medium exchange. This is
important, as this will drastically reduce the serum concentration by over 44%. By comparing
conditions 3 through 9, it is evident that the following three conditions have the lowest
performance in comparison to others: Condition 6, M4 basal medium + 15% FBS with F4 feed
on Day 3; Condition 8, M6 basal medium + 15% FBS with F6 feed on Day 3; and Condition 9,
M7 basal medium + 15% FBS with F7 feed on Day 3. A closer look at the formulations
indicates that none of these three conditions have nucleic acid derivatives in the media or feed.
Hence, it can also be inferred that nucleic acid derivatives are critical for htUTC growth. This
example demonstrates that hUTC can be grown for 6 days without medium exchange by
enriching the culture medium and supplementing additional medium components on Day 3 and

nucleic acid derivatives are critical in order to maintain comparable cell growth.

Table 1-5: Viable Cells counts, cells/cm” for hUTC cultures grown under Conditions 1-9
Condition
Day 1 2 3 4 5 6 7 8 9
0 5690 6061 7030 | 7030 | 7030 | 7030 | 7030 | 7030 | 7030
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3 11942 - 28747 | 32633 | 21431 | 21810 | 19506 | 21320 | 25037

4 - 20035 31976 | 38891 | 25825 | 21256 | 20134 | 17146 | 17569

5 32035 34329 40470 | 49787 | 46249 | 32827 | 36203 | 26921 | 27699
6 49757 53418 69408 | 71271 | 64602 | 38443 | 65313 | 38982 | 39718

Condition 1: DMEM + 15% FBS and 80% medium exchange on Day 3

Condition 2: M5 + 15% FBS and addition of F5 on Day 3

Condition 3: M1 + 15% FBS and addition of F1 on Day 3

Condition 4: M2 + 15% FBS and addition of F2 on Day 3

Condition 5: M3 + 15% FBS and addition of F3 on Day 3

Condition 6: M4 + 15% FBS and addition of F4 on Day 3

Condition 7: M5 + 15% FBS and addition of F5 on Day 3

Condition 8: M6 + 15% FBS and addition of F6 on Day 3

Condition 9: M7 + 15% FBS and addition of F7 on Day 3

EXAMPLE 2

Growth and Serial passaging of HUTCs on Microcarriers and in
Spinner Flasks with Enriched Media

[0180] Serial passaging of Human umbilical tissue cells (WUTCs) attached on
microcarriers in suspension culture in spinner flasks requires medium exchange if cells do not
reach a predetermined optimal cell density of >20,000 cells/cm” on day 3. This medium
exchange adds additional manipulations to the process and makes it difficult to predict cell
passaging schedule. Therefore, this procedure to passage cells is not commercially desirable.
hUTC can be grown to high cell density by exchanging cell growth medium containing 15%
Fetal Bovine Serum. This example investigated an alternate more commercially desirable
method for passaging hUTC. hUTC attached on microcarrier were grown to high cell density in
suspension culture in spinner flasks by enriching the growth medium with serum-free nutrients.
This method eliminates medium exchange on day 3 to consistently grow cells >20,000 cells/cm?.
This method improves process robustness for passaging of hUTCs.

[0181] The following were used in this study: DMEM (with 2g/L glucose, 4mM L-
Glutamine and 3.7g/L Sodium Bicarbonate and without Sodium Pyruvate and Phenol Red); Fetal
Bovine Serum (15% v/v); M5 Basal medium (see Example 1 above); F5 feed (see Example 1
above); and Hillex® Ultra (Solohill Engineering, Ann Arbor, MI) microcarriers were used.

Surface Marker Analysis method:
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[0182] 3% FBS in Dulbecco’s Phosphate Buffer Saline (DPBS) without Ca or Mg was
used as the staining buffer. Six antibodies were used to identify the surface markers and two
antibodies were used as controls. The list of antibodies and their dilutions in staining buffer for

the assay are shown in Table 2-1 below.

Table 2-1 List of Antibodies and Dilutions
Antibody Manufacturer C:;\t;:)l.og ﬂﬁiﬁ;‘;:}:;:; S t:l)i:iunt;o];l:;}er Comments
Control for CD13, CD90,
IgG1 BD Biosciences | 555749 1 pg/20 uL 1:10 HLA-ABC, CD34
1:2 Control for CD117
IgG2 BD Biosciences | 555574 1 pg/20 pL 1:8 Control for HLA-DR
CD13 BD Biosciences | 555394 2 ng/20 pL 1:20
CD34 BD Biosciences | 555822 0.06 ug/20 uL none
CD90 BD Biosciences | 555596 1 ng/20 pL 1:10
CD117 BD Biosciences | 340529 10 pg /ml none
HLA-ABC | BD Biosciences | 555553 0.03 pg/20 ulL none
HLA-DR BD Biosciences | 555812 | 0.125 png /20 pLL none
[0183] Methodology: A cell count was performed on the sample and 2.5 x 10° cells were

resuspended in 10 ml of DMEM + 15% FBS medium. The cells were then centrifuged, the
supernatant removed and resuspended in staining buffer to obtain a cell concentration of 1 x 10
cells/ml. This cell suspension was then distributed into different tubes such that each tube
receives 20000 cells. Appropriate amounts of diluted antibody and staining buffer were then
added as shown in Table 2-1 above. The samples were then incubated for 30 minutes at 2-8 °C.
After incubation, 3 ml of DPBS was added and the samples were centrifuged. The supernatant
was removed and the cell pallet was re-suspended in 500 pl of DPBS. The samples were then
run on Guava® PCA™ instrument, Millipore, MD, USA. Of the six surface markers, three are
positive markers (CD13, CD90, HLA-ABC) and three are negative markers (CD34, CD117,
HLA-DR).

Culture Conditions

[0184] The methods of culturing and serial passaging of hUTCs were explained in
Example 1. As mentioned, this serial passaging used DMEM with 15% FBS as the culture
medium and frequently required medium exchange to meet the passaging criterion. In this
example, it was attempted to eliminate the need for frequent medium exchange during serial

passaging. This was achieved by using modified M5 medium (with 2g/L of glucose instead of
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1g/L) and 15% FBS (v/v). With the use of this modified M5 medium with 15% FBS, the day of

passage was fixed and no medium exchange was performed over six passages. The culture

conditions and criteria are presented in Table 2-2 below.

Table 2-2: Culture conditions

Seeding Density of New Culture Vessels

Target (Range)

At Thaw: 125 ml spinner flask(viable cells/cm®)

6000 (3000-7500)

At Passage 1: from 125 ml to 500 ml spinner flask (viable cells/cm®) 5000 (3200-7000)

At all other passages: 500 ml spinner flasks (viable cells/cm®)

7000 (6000-8000)

Duration of Passages Target
After Thaw: 125 ml spinner flask {days) 4

At all other passages: 500 ml spinner flasks (days) 3
Spinner Flask Parameters Target (Range)

125 ml flask working volume (ml)

100 (85-115)

500 ml flask working volume (ml)

500 (450-500)

Incubator Parameters Target
Temperature (°C) 37.0

CO; (%) 10
Spinner Plate Parameters Target (Range)
Agitation in 125 ml flask (rpm) 60 (55-65)
Agitation in 500 ml flask {rpm) 40 (35-45)
Microcarrier Density Target (Range)

Density of microcarrier in medium

12 (11.0-13.0)

[0185] The cells had a robust growth over six passages as shown in Table 2-3 below. In
a process with only DMEM + 15% FBS the cells frequently required a medium exchange on the
day before the passage in order to achieve a population doubling of 1.5, thereby extending the
duration of passage by an extra day. With the enriched medium, the cells had at least over 1.5
population doublings consistently within 3 days (4 days from vial thaw) and did not require any
medium exchange. The cells retained their identity after seven passages in this medium and then

growing these cells for 6 days in this medium with F5 feed on day 3 of the 6-day culture. The

surface markers analysis of these cells is shown in Table 2-4 below.

Table 2-3: Results

Viable cell density,
cells/cm?

Passage # Day #

Population doublings within
passage
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0
(Afier Vial Thaw) | 31890 2.3
1 3 34311 2.5
2 3 40464 2.5
3 3 19398 1.5
4 3 30816 2.2
5 3 22100 1.7
6 3 35607 2.3
Table 2-4: Surface marker results of cells passaged in M5 medium + 15% FBS for 7 passages,
followed by 6 day culture in M5 medium + 15% FBS and F5 feed on Day 3 of the 6 day culture
Surface Marker 1D Result
CD13 )
CD90 ()
HLA ABC (+)
CD34 ()
CD117 ()
HLA DR ()
Example 3

Growth of hUTCs on microcarriers in a reduced serum medium in spinner flasks

[0186] Human umbilical tissue cells (WUTCs) can be grown to high cell density by
exchanging cell growth medium containing 15% FBS on day 3 of the run. High serum
concentration in medium and medium exchange is not desirable from commercial perspective
because of high serum cost, high serum usage for production, and additional operational
manipulations. This example discloses a method to grow hUTCs attached on microcarriers in
reduced serum growth medium and without medium exchange while achieving high cell density.
[0187] The culture media used in the example was M5 basal medium (see above), with
2g/L D-glucose instead of 1g/L D-Glucose, to which Fetal Bovine Serum was added. The F5
feed medium was used. Glucose was provided as an aqueous solution of 220 g/L of Dextrose
Monohydrate. Glutamine was provided as a 200 mM solution. In this example, different growth
conditions were studied. These conditions are outlined below. As used in these conditions, the
day of inoculation is considered to be Day 0. Furthermore, Hillex® Ultra (Solohill Engineering,
Ann Arbor, MI) microcarriers were used in each condition.

[0188] Condition 1 (15% FBS): A cell count was performed on the inoculum. The
target seeding density of this condition was ~6000 viable cells/cm? at a microcarrier

concentration of ~20 g/L. Based on the cell count of the inoculums the desired volume of
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inoculum was added to a new autoclaved S00 ml glass spinner flask. The microcarriers were
allowed to settle by gravity. The medium from the inoculum was removed until ~ 100 ml was
left in the flask. Fresh microcarriers were then added resulting in a final weight of ~10 g of
microcarriers in the flask. Fresh medium comprised of M35 basal medium and 15% (v/v) of FBS
was added to bring up the volume to 500 ml. The flask was placed on a spinner platform at 60
RPMin a 37 °C and 10% CO, incubator. On Day 3, feed F5 was added. No medium exchange
was performed. Periodic cell counts were performed as explained in the cell counting section.
2.5 ml of glucose was added on Day 3 and Day 5. On Day 4, 5 ml of 200 mM L-Glutamine was
added to the flask.

[0189] Condition 2 (10% FBS): A cell count was performed on the inoculum. The
target seeding density of this condition was ~6000 viable cells/cm’ at a microcarrier
concentration of ~20 g/L.. Based on the cell count of the inoculums the desired volume of
inoculum was added to a new autoclaved 500 m! glass spinner flask. The microcarriers were
allowed to settle by gravity. The medium from the inoculum was removed until ~ 100 ml was
left in the flask. Fresh microcarriers were then added resulting in a final weight of ~10 g of
microcarriers in the flask. Fresh medium comprised of MS$ basal medium and 10% (v/v) of FBS
was added to bring up the volume to 500 ml. The flask was placed on a spinner platform at 60
RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F5 was added. No medium exchange
was performed. Pertodic cell counts were performed as explained in the cell counting section.
2.5 ml of glucose was added on Day 3 and Day 5. On Day 4, 5 ml of 200 mM L-Glutamine was
added to the flask.

[0190] Condition 3 (7.5% FBS): A cell count was performed on the inoculum. The
target seeding density of this condition was ~6000 viable cells/cm? at a microcarrier
concentration of ~20 g/L. Based on the cell count of the inoculums the desired volume of
inoculum was added to a new autoclaved 500 ml glass spinner flask. The microcarriers were
allowed to settle by gravity. The medium from the inoculum was removed until ~ 100 ml was
left in the flask. Fresh microcarriers were then added resulting in a final weight of ~10 g of
microcarriers in the flask. Fresh medium comprised of M5 basal medium and 7.5% (v/v) of FBS
was added to bring up the volume to 500 ml. The flask was placed on a spinner platform at 60
RPM in a 37 °C and 10% CO; incubator. On Day 3, feed F5 was added. No medium exchange

was performed. Periodic cell counts were performed as explained in the cell counting section.
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2.5 ml of glucose was added on Day 3 and Day 5. On Day 4, 5 ml of 200 mM L-Glutamine was
added to the flask.

[0191] Harvest: On day 6, both the flasks were harvested. For harvest, the
microcarriers were allowed to settle by gravity and the medium was removed as much as
possible without removing any microcarriers. 300ml of TrypLE™ pre warmed at 37 °C was
added to the flask and placed on a spinner platform in the incubator at 37 °C. After 30 minutes,
the agitation was stopped and a 25 ml sample was taken from the flask and filtered through a 40-
pm filter. The microcarrier retained on the filter was discarded and a cell count was performed
on the sample by directly running the sample on the CEDEX. Based on the TrypLE™ volume
added and the cell count obtained, the total cells in the vessel were calculated and the cell density
(cells/cm®) was calculated.

[0192] Results: The cell counts from the three conditions with different concentration of
FBS in each are shown in Table below. In addition to the results from this example the results
from Example 1, Condition 1 (DMEM +15% FBS with Medium exchange on Day3) are included
for comparison. Thus, the enriched media not only eliminate medium exchange but can also
reduce the serum concentration in the medium, thereby further minimizing the amount of serum

used in culture.

Table 3-1 Cell counts, viable cells/cm®

Day Condition 1 Condition 2 Condition 3 Control
0 5652 5652 5652 5690
4 30839 25182 26802 -

5 42358 34827 28889 32035
6 58252 59841 54369 49757

Condition 1: M5 +15% FBS & F5 on Day 3
Condition 2: M5+ 10% FBS & F5 on Day 3
Condition 3: M5 + 7.5% FBS & F5 on Day 3
Control: 15% FBS with Medium Exchange on Day 3 (Data Shown in Example 1 above)

EXAMPLE 4
Isolation of Cells
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[0193] Umbilical cell isolation. Umbilical cords were obtained from National Disease
Research Interchange (NDRI, Philadelphia, PA). The tissues were obtained following normal
deliveries. The cell isolation protocols were performed aseptically in a laminar flow hood. To
remove blood and debris, the cord was washed in phosphate buffered saline (PBS; Invitrogen,
Carlsbad, CA) in the presence of penicillin at 100 U/ml, streptomycin at 100 mg/ml and
amphotericin B at 0.25 pg/ml (Invitrogen Carlsbad, CA). The tissues were then mechanically
dissociated in 150 cm’ tissue culture plates in the presence of 50 ml of medium (DMEM-low
glucose or DMEM-high glucose; Invitrogen) until the tissue was minced into a fine pulp. The
chopped tissues were transferred to 50 ml conical tubes (approximately 5 g of tissue per tube).
[0194] The tissue was then digested in either DMEM-low glucose medium or DMEM-
high glucose medium, each containing penicillin at 100 U/ml, streptomycin at 100 mg/ml,
amphotericin B at 0.25 pg/ml and the digestion enzymes. In some experiments an enzyme
mixture of collagenase and dispase was used (“C:D”) (collagenase (Sigma, St Louis, MO), 500
U/ml; and dispase (Invitrogen), 50 U/ml, in DMEM-Low glucose medium). In other
experiments a mixture of collagenase, dispase and hyaluronidase (“C:D:H”) was used (C:D:H =
collagenase, 500 U/ml; dispase, 50 U/ml; and hyaluronidase (Sigma), 5 U/ml, in DMEM-Low
glucose). The conical tubes containing the tissue, medium and digestion enzymes were
incubated at 37°C in an orbital shaker (Environ, Brooklyn, NY) at 225 rpm for 2 hours.

[0195] After digestion, the tissues were centrifuged at 150 x g for 5 minutes, the
supernatant was aspirated. The pellet was resuspended in 20 mi of growth medium
(DMEM:Low glucose (Invitrogen), 15% (v/v) fetal bovine serum (FBS; defined fetal bovine
serum; Lot #AND18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercaptoethanol (Sigma),
penicillin at 100 U/ml, streptomycin at 100 ng/ ml, and amphotericin B at 0.25 pg/ml (each from
Invitrogen, Carlsbad, CA)). The cell suspension was filtered through a 70 um nylon BD
FALCON Cell Strainer (BD Biosciences, San Jose, CA). An additional 5 ml rinse comprising
growth medium was passed through the strainer. The cell suspension was then passed through a
40-pm nylon cell strainer (BD Biosciences, San Jose, CA) and chased with a rinse of an
additional 5 ml of growth medium.

[0196] The filtrate was resuspended in growth medium (total volume 50 ml) and
centrifuged at 150 x g for S minutes. The supernatant was aspirated and the cells were

resuspended in 50 ml of fresh growth medium. This process was repeated twice more.
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[0197] After the final centrifugation, supernatant was aspirated and the cell pellet was
resuspended in 5 ml of fresh growth medium. The number of viable cells was determined using
trypan blue staining. Cells were then cultured under standard conditions.

[0198] The cells isolated from umbilical cord tissues were seeded at 5,000 cells/cm? onto
gelatin-coated T-75 flasks (Coming Inc., Coming, NY) in growth medium. After two days,
spent medium and unadhered cells were aspirated from the flasks. Adherent cells were washed
with PBS three times to remove debris and blood-derived cells. Cells were then replenished with
growth medium and allowed to grow to confluence (about 10 days from passage 0 to passage 1).
On subsequent passages (from passage 1 to 2 etc.), cells reached sub-confluence (75-85%
confluence) in 4-5 days. For these subsequent passages, cells were seeded at 5,000 cells/cm®.
Cells were grown in a humidified incubator with 5% carbon dioxide at 37°C.

[0199] In some experiments, cells were isolated from postpartum tissues in DMEM-low
glucose medium after digestion with LIBERASE (2.5 mg/ml, Blendzyme 3; Roche Applied
Sciences, Indianapolis, IN) and hyaluronidase (5 U/ml, Sigma). Digestion of the tissue and
isolation of the cells was as described for other protease digestions above, however, the
LIBERASE/hyaluronidase mixture was used instead of the C:D or C:D:H enzyme mixture.
Tissue digestion with LIBERASE resulted in the isolation of cell populations from postpartum
tissues that expanded readily.

[0200] Procedures were compared for isolating cells from the umbilical cord using
differing enzyme combinations. Enzymes compared for digestion included: 1) collagenase; ii)
dispase; iii) hyaluronidase; iv) collagenase : dispase mixture (C:D); v) collagenase:hyaluronidase
mixture (C:H); vi) dispase:hyaluronidase mixture (D:H); and vii)
collagenase:dispase:hyaluronidase mixture (C:D:H). Differences in cell isolation utilizing these
different enzyme digestion conditions were observed (see Table 4-1).

[0201] Other attempts were made to isolate pools of cells from umbilical cord by
different approaches. In one instance, umbilical cord was sliced and washed with growth
medium to dislodge the blood clots and gelatinous material. The mixture of blood, gelatinous
material and growth medium was collected and centrifuged at 150 x g. The pellet was
resuspended and seeded onto gelatin coated flasks in growth medium. From these experiments a

cell population was isolated that readily expanded.
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[0202] Cells have also been isolated from cord blood samples obtained from NDRI. The
isolation protocol used was that of International Patent Application PCT/US2002/029971 by Ho
et al. Samples (50 ml and 10.5 ml, respectively) of umbilical cord blood (NDRI, Philadelphia
PA) were mixed with lysis buffer (filter-sterilized 155 mM ammonium chloride, 10 millimolar
potassium bicarbonate, 0.1 mM EDTA buffered to pH 7.2 (all components from Sigma, St.
Louis, MO)). Cells were lysed at a ratio of 1:20 cord blood to lysis buffer. The resulting cell
suspension was vortexed for 5 seconds, and incubated for 2 minutes at ambient temperature. The
lysate was centrifuged (10 minutes at 200 x g). The cell pellet was resuspended in Complete
Minimal Essential Medium (Gibco, Carlsbad CA) containing 10% fetal bovine serum (Hyclone,
Logan UT), 4 mM glutamine (Mediatech Herndon, VA), penicillin at 100 U/ml and streptomycin
at 100 pg/ml (Gibco, Carlsbad, CA). The resuspended cells were centrifuged (10 minutes at 200
x g), the supernatant was aspirated, and the cell pellet was washed in complete medium. Cells
were seeded directly into either T75 flasks (Corning, NY), T75 laminin-coated flasks, or T175
fibronectin-coated flasks (both Becton Dickinson, Bedford, MA).

[0203] To determine whether cell populations could be isolated under different
conditions and expanded under a variety of conditions immediately after isolation, cells were
digested in growth medium with or without 0.001% (v/v) 2-mercaptoethanol (Sigma, St. Louis,
MO), using the enzyme combination of C:D:H, according to the procedures provided above. All
cells were grown in the presence of penicillin at 100 U/ml and streptomycin at 100 ug/ml.
Under all tested conditions cells attached and expanded well between passage 0 and 1 (Table 4-
2). Cells in conditions 5-8 and 13—16 were demonstrated to proliferate well up to 4 passages
after seeding, at which point they were cryopreserved.

[0204] The combination of C:D:H, provided the best cell yield following isolation, and
generated cells that expanded for many more generations in culture than the other conditions
(Table 4-1). An expandable cell population was not attained using collagenase or hyaluronidase
alone. No attempt was made to determine if this result is specific to the collagenase that was

tested.

Table 4-1: Isolation of cells from numbilical cord tissue using varying enzyme combinations

Enzyme Digest Cells Isolated Cell Expansion

Collagenase X X
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Dispase +(>10h) +
Hyaluronidase X X
Collagenase:Dispase + (<3 h) ++
Collagenase:Hyaluronidase ++ (<3 h) +
Dispase:Hyaluronidase +(>10h) +
Collagenase; Dispase:Hyaluronidase +++ (<3 h) +++
Key: + = good, ++ = very good, +++ = excellent, X = no success

[0205] Cells attached and expanded well between passage 0 and 1 under all conditions
tested for enzyme digestion and growth (Table 4-2). Cells in experimental conditions 5-8 and
13-16 proliferated well up to four passages after seeding, at which point they were

cryopreserved. All cells were cryopreserved for further analysis.

Table 4-2: Isolation and culture expansion of postpartum cells under varying conditions
Condition Medium 15% FBS BME Gelatin 20% 0O, Growth Factors
1 DMEM-Lg Y Y Y Y N
2 DMEM-Lg Y Y Y N (5%) N
3 DMEM-Lg Y Y N Y N
4 DMEM-Lg Y Y N N (5%) N
5 DMEM-Lg N 2%) Y N (Laminin) Y EGE/EGF (20 ng/ml)
6 DMEM-Lg N (2%) Y N (Laminin) N (5%) EGF/FGF (20 ng/ml)
7 DMEM-Lg N (2%) Y | N (Fibronectin) Y PDGF/VEGF
8 DMEM-Lg N (2%) Y N (Fibronectin) N (5%) PDGF/VEGF
9 DMEM-Lg Y N Y Y N
10 DMEM-Lg Y N Y N (5%) N
11 DMEM-Lg Y N N Y N
12 DMEM-Lg Y N N N (5%) N
13 DMEM-Lg N (2%) N N (Laminin) Y EGF/FGF (20 ng/ml)
14 DMEM-Lg N (2%) N N (Laminin) N (5%) EGF/FGF (20 ng/ml)
15 DMEM-Lg N (2%) N N (Fibronectin} Y PDGF/VEGF
16 DMEM-Lg N (2%) N | N (Fibronectin) | N (53%) PDGF/VEGF
[0206] Nucleated cells attached and grew rapidly. These cells were analyzed by flow

cytometry and were similar to cells obtained by enzyme digestion.

[0207] The preparations contained red blood cells and platelets. No nucleated cells
attached and divided during the first 3 weeks. The medium was changed 3 weeks after seeding
and no cells were observed to attach and grow.

[0208] Populations of cells could be isolated from umbilical tissue efficiently using the
enzyme combination collagenase (a metalloprotease), dispase (neutral protease) and
hyaluronidase (mucolytic enzyme which breaks down hyaluronic acid). LIBERASE, which is a
blend of collagenase and a neutral protease, may also be used. Blendzyme 3, which is

collagenase (4 Wunsch U/g) and thermolysin (1714 casein U/g), was also used together with

-70-




hyaluronidase to isolate cells. These cells expanded readily over many passages when cultured
in growth expansion medium on gelatin coated plastic.

[0209] Cells were also isolated from residual blood in the cords, but not cord blood. The
presence of cells in blood clots washed from the tissue, which adhere and grow under the

conditions used, may be due to cells being released during the dissection process.

EXAMPLE 5
Karvotype Analysis of Cells

[0210] Cell lines used in cell therapy are preferably homogeneous and free from any
contaminating cell type. Human cells used in cell therapy should have a normal number (46) of
chromosomes with normal structure. To identify umbilicus-derived cell lines that are
homogeneous and free from cells of non-umbilical tissue origin, karyotypes of cell samples were
analyzed.

[0211] UTC from postpartum tissue of a male neonate were cultured in growth media.
Postpartum tissue from a male neonate (X,Y) was selected to allow distinction between neonatal-
derived cells and maternal derived cells (X,X). Cells were seeded at 5,000 cells per square
centimeter in growth medium in a T25 flask (Corning, Corning, NY) and expanded to 80%
confluence. A T25 flask containing cells was filled to the neck with growth media. Samples
were delivered to a clinical cytogenetics lab by courier (estimated lab to lab transport time is one
hour). Chromosome analysis was performed by the Center for Human & Molecular Genetics at
the New Jersey Medical School, Newark, NJ. Cells were analyzed during metaphase when the
chromosomes are best visualized. Of twenty cells in metaphase counted, five were analyzed for
normal homogeneous karyotype number (two). A cell sample was characterized as
homogeneous if two karyotypes were observed. A cell sample was characterized as
heterogeneous if more than two karyotypes were observed. Additional metaphase cells were
counted and analyzed when a heterogeneous karyotype number (four) was identified.

[0212] All cell samples sent for chromosome analysis were interpreted by the
cytogenetics laboratory staff as exhibiting a normal appearance. Three of the sixteen cell lines
analyzed exhibited a heterogeneous phenotype (XX and XY) indicating the presence of cells
derived from both neonatal and maternal origins (Table 5-1). Each of the cell samples was

characterized as homogeneous. (Table 5-1).
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Table 5-1: Karyotype results of hUTC
Tissue Passage | Metaphase cells | Metaphase cells | Number of ISCN
counted analyzed karyotypes Karyotype
Umbilical 23 20 5 2 46, XX
Umbilical 6 20 5 2 46, XY
Umbilical 3 20 5 2 46, XX
[0213] Chromosome analysis identified umbilicus-derived UTC whose karyotypes

appear normal as interpreted by a clinical cytogenetic laboratory. Karyotype analysis also

identified cell lines free from maternal cells, as determined by homogeneous karyotype.

EXAMPLE 6
Flow Cytometric Evaluation of Cell Surface Markers

[0214]

used to determine a cell line’s identity. The consistency of expression can be determined from

Characterization of cell surface proteins or “markers” by flow cytometry can be
P y y

multiple donors, and in cells exposed to different processing and culturing conditions.
Postpartum cell lines isolated from the umbilicus were characterized by flow cytometry,
providing a profile for the identification of these cell lines.

[0215]

tissue culture flasks (Corning, Corning, NY) until confluent. The growth surfaces of the flasks

Cells were cultured in growth medium, in plasma-treated T75, T150, and T225

were coated with gelatin by incubating 2% (w/v) gelatin (Sigma, St. Louis, MO) for 20 minutes
at room temperature.

[0216] Adherent cells in flasks were washed in phosphate buffered saline (PBS); (Gibco,
Carlsbad, MO) and detached with trypsin/EDTA (Gibco). Cells were harvested, centrifuged, and
resuspended in 3% (v/v) FBS in PBS at a cell concentration of 1x107/ ml. In accordance with the
manufacture’s specifications, antibody to the cell surface marker of interest (see below) was
added to 100 ul of cell suspension and the mixture was incubated in the dark for 30 minutes at 4
°C. After incubation, cells were washed with PBS and centrifuged to remove unbound antibody.
Cells were resuspended in 500 ul PBS and analyzed by flow cytometry. Flow cytometry
analysis was performed with a FACS calibur instrument (Becton Dickinson, San Jose, CA).

[0217] The following antibodies to cell surface markers were used.

Table 6-1: Antibodies used in characterizing cell surface markers of UDCs.
Antibody
CDi0

Manufacturer
BD Pharmingen {San Diego, CA)

Catalog Number
555375
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CD13 BD Pharmingen 555394
CD31 BD Pharmingen 555446
CD34 BD Pharmingen 555821
CD44 BD Pharmingen 555478
CD45RA BD Pharmingen 555489
CD73 BD Pharmingen 550257
CD90 BD Pharmingen 555596
CD117 BD Pharmingen 340529
CD141 BD Pharmingen 559781
PDGFr-alpha BD Pharmingen 556002
HLA-A, B, C BD Pharmingen 555553
HLA-DR, DP, DQ BD Pharmingen 555558
1sG-FITC Sigma (St. Louis, MO) F-6522
[gG- PE Sigma P-4685
[0218] Umbilicus-derived cells were analyzed at passages 8, 15, and 20.
[0219] To compare differences among donors, umbilical cord tissue-derived cells from

different donors were compared to each other. Umbilicus-derived cells cultured on gelatin-
coated flasks were also compared to umbilicus-derived cells cultured on uncoated flasks.

[0220] Four treatments used for isolation and preparation of cells were compared. Cells
derived from postpartum tissue by treatment with: 1) collagenase; 2) collagenase/dispase; 3)
collagenase/hyaluronidase; and 4) collagenase/hyaluronidase/dispase were compared.

[0221] Umbilical cord-derived cells at passage 8, 15, and 20 analyzed by flow cytometry
all expressed CD10, CD13, CD44, CD73, CD 90, PDGFr-alpha and HLA-A, B, C, indicated by
increased fluorescence relative to the IgG control. These cells were negative for CD31, CD34,
CD45, CD117, CD141, and HLA-DR, DP, DQ, indicated by fluorescence values consistent with
the IgG control.

[0222] Umbilical cord-derived cells isolated from separate donors analyzed by flow
cytometry each showed positive for the production of CD10, CD13, CD44, CD73, CD 90,
PDGFr-alpha and HLA-A, B, C, reflected in the increased values of fluorescence relative to the
IgG control. These cells were negative for the production of CD31, CD34, CD45, CD117,
CD141, and HLA-DR, DP, DQ with fluorescence values consistent with the IgG control.

[0223] The umbilical cord-derived cells expanded on gelatin-coated and uncoated flasks

analyzed by flow cytometry were all positive for the production of CD10, CD13, CD44, CD73,
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CD 90, PDGFr-alpha and HLA-A, B, C, with increased values of fluorescence relative to the IgG
control. These cells were negative for the production of CD31, CD34, CD45, CD117, CD141,
and HLA-DR, DP, DQ, with fluorescence values consistent with the IgG control.

[0224] Analysis of umbilical cord-derived cells by flow cytometry has established an
identity of these cell lines. These umbilical cord-derived cells are positive for CD10, CD13,
CD44, CD73, CD90, PDGFr-alpha, and HLA-A,B,C; and negative for CD31, CD34, CD45,
CD117, CD141 and HLA-DR, DP, DQ. This identity was consistent between variations in
variables including the donor, passage, culture vessel surface coating, digestion enzymes, and
placental layer. Some variation in individual fluorescence value histogram curve means and
ranges were observed, but all positive curves under all conditions tested were normal and
expressed fluorescence values greater than the IgG control, thus confirming that the cells

comprise a homogeneous population, which has positive expression of the markers.

EXAMPLE 7
Analysis of Cells by Oligonucleotide Array

[0225] Oligonucleotide arrays were used to compare gene expression profiles of
umbilicus-derived and placenta-derived cells with fibroblasts, human mesenchymal stem cells,
and another cell line derived from human bone marrow. This analysis provided a
characterization of the postpartum-derived cells and identified unique molecular markers for
these cells.

[0226] Postpartum tissue-derived cells. Human umbilical cords and placenta were
obtained from National Disease Research Interchange (NDRI, Philadelphia, PA) from normal
full term deliveries with patient consent. The tissues were received and cells were isolated as
described in Example 5 after digestion with a C:D:H mixture. The cells were cultured in growth
medium on gelatin-coated plastic tissue culture flasks. The cultures were incubated at 37° C with
5% CO;.

[0227] Fibroblasts. Human dermal fibroblasts were purchased from Cambrex
Incorporated (Walkersville, MD; Lot number 9F0844) and ATCC CRL-1501 (CCD39SK). Both
lines were cultured in DMEM/F12 medium (Invitrogen, Carlsbad, CA) with 10% (v/v) fetal
bovine serum (Hyclone) and penicillin/streptomycin (Invitrogen)). The cells were grown on

standard tissue-treated plastic.
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[0228] Human Mesenchymal Stem Cells (hMSC). hMSCs were purchased from Cambrex
Incorporated (Walkersville, MD; Lot numbers 2F1655, 2F1656 and 2F1657) and cultured
according to the manufacturer’s specifications in MSCGM Media (Cambrex). The cells were
grown on standard tissue cultured plastic at 37 °C with 5% CO,.

[0229] Human Iliac Crest Bone Marrow Cells (ICBM). Human iliac crest bone marrow
was received from NDRI with patient consent. The marrow was processed according to the
method outlined by Ho, ez al. (W003/025149). The marrow was mixed with lysis buffer (155
mM NH4Cl, 10 mM KHCOs3, and 0.1 mM EDTA, pH 7.2) at a ratio of 1 part bone marrow to 20
parts lysis buffer. The cell suspension was vortexed, incubated for 2 minutes at ambient
temperature, and centrifuged for 10 minutes at 500 x g. The supernatant was discarded and the
cell pellet was resuspended in Minimal Essential Medium-alpha (Invitrogen) supplemented with
10% (v/v) fetal bovine serum and 4 mM glutamine. The cells were centrifuged again and the cell
pellet was resuspended in fresh medium. The viable mononuclear cells were counted using
trypan blue exclusion (Sigma, St. Louis, MO). The mononuclear cells were seeded in plastic
tissue culture flasks at 5 x 10* cells/em®. The cells were incubated at 37 °C with 5% CO, at
either standard atmospheric O; or at 5% O,. Cells were cultured for 5 days without a media
change. Media and non-adherent cells were removed after 5 days of culturing. The adherent
cells were maintained in culture.

[0230] Actively growing cultures of cells were removed from the flasks with a cell
scraper in cold phosphate buffered saline (PBS). The cells were centrifuged for 5 minutes at 300
x g. The supernatant was removed and the cells were resuspended in fresh PBS and centrifuged
again. The supernatant was removed and the cell pellet was immediately frozen and stored at -
80° C. Cellular mRNA was extracted and transcribed into cDNA. The ¢cDNA was then
transcribed into cRNA and biotin-labeled. The biotin-labeled cRNA was hybridized with
Affymetrix GENECHIP HG-U133A oligonucleotide arrays (Affymetrix, Santa Clara, CA). The
hybridizations and data collection were performed according to the manufacturer’s
specifications. Data analysis was performed using “Significance Analysis of Microarrays”
(SAM) version 1.21 computer software (Tusher, V.G. et al., 2001, Proc. Natl. Acad. Sci. USA
98: 5116-5121). Licenses for the analysis software are available through the Office of
Technology Licensing, Stanford University, and more information is available on the World

Wide Web at Professor Tibshirani’s web site in the Dep’t of Statistics, Stanford University.
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[0231] Fourteen different populations of cells were analyzed in this study. The cells,
along with passage information, culture substrate, and culture media are listed in Table 7-1. The
cells lines are listed by their identification code along with passage at the time of analysis, cell

growth substrate, and growth media.

Table 7-1: Cells analyzed by the microarray study.

Cell Population Passage | Substrate Media
Umbilical (022803) 2 Gelatin | DMEM, 15% FBS, 2-BME
Umbilical (042103) 3 Gelatin | DMEM, 15% FBS, 2-BME
Umbilical (071003) 4 Gelatin | DMEM, 15% FBS, 2-BME
Placenta (042203) 12 Gelatin DMEM, 15% FBS, 2-BME
Placenta (042903) 4 Gelatin | DMEM, 15% FBS, 2-BME
Placenta (071003) 3 Gelatin | DMEM, 15% FBS, 2-BME
ICBM (070203) (5% O») 3 Plastic | MEM 10% FBS
ICBM (062703) (std. O,) 5 Plastic | MEM 10% FBS
ICBM (062703 )(5% O,) 5 Plastic | MEM 10% FBS
hMSC (Lot 2F1655) 3 Plastic | MSCGM
hMSC (Lot 2F1656) 3 Plastic | MSCGM
hMSC (Lot 2F1657) 3 Plastic MSCGM
hFibroblast (9F(0844) 9 Plastic DMEM-F12, 10% FBS
hFibroblast (CCD39SK) 4 Plastic DMEM-F12, 10% FBS

[0232] The data were evaluated by principle component analysis with SAM software as

described above. The analysis revealed 290 genes that were expressed in different relative
amounts in the cells tested. This analysis provided relative comparisons between the
populations.

[0233] Table 7-2 shows the Euclidean distances that were calculated for the comparison
of the cell pairs. The Euclidean distances were based on the comparison of the cells based on the
290 genes that were differentially expressed among the cell types. The Euclidean distance is
inversely proportional to similarity between the expression of the 290 genes. The Euclidean
distance was calculated for the cell types using these 290 genes expressed differentially between

the cell types. Similarity between the cells is inversely proportional to the Euclidean distance.

Table 7-2. The Euclidean Distances for the Cell Pairs.

Cell Pair Euclidean Distance
ICBM-hMSC 24.71
Placenta-umbilical 25.52
ICBM-Fibroblast 36.44
ICBM-placenta 37.09
Fibroblast-MSC 39.63
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Table 7-2. The Euclidean Distances for the Cell Pairs.

Cell Pair Euclidean Distance
ICBM-Umbilical 40.15
Fibroblast-Umbilical 41.59
MSC-Placenta 42.84
MSC-Umbilical 46.86
ICBM-placenta 48.41

[0234]

derived cells (Table 7-3), increased in umbilical cord-derived cells (Table 7-4), and reduced in

Tables 7-3, 7-4, and 7-5 show the expression of genes increased in placenta-

umbilical cord and placenta-derived cells (Table 7-5).

Table 7-3: Genes which are specifically increased in expression in the placenta-derived cells as
compared to the other cell lines assayed.

Probe Set ID Gene Name NCBI Accession
Number
C-type (calcium dependent, carbohydrate-recognition domain
209732_at lect)iE, s(uperfamily E)nembelf 2 (activ);tion-inducge?i) ) AF070642
206067 _s_at |Wilms tumor 1 NM_024426
207016 s at |aldehyde dehydrogenase 1 family, member A2 AB015228
206367_at Renin NM_000537
210004 _at oxidized low density lipoprotein (lectin-like) receptor 1 AF035776
214993 at Homo sapiens, clone IMAGE:4179671, mRNA, partial cds AF070642
202178 at protein kinase C, zeta NM 002744
209780 _at hypothetical protein DKFZp564F013 AL 136883
204135 at downregulated in ovarian cancer 1 NM_014890
Homo sapiens mRNA; cDNA DKFZp547K 1113 (from clone
213542 at DKFZpSgﬁKl 113) P ( Al246730

Table 7-4. Genes which are specifically increased in expression in umbilical cord -
derived cells as compared to the other cell lines assayed.

Probe Set ID Gene Name NCBI Accession Number
202859 x_at | Interleukin § NM_000584
211506 _s_at | Interleukin 8 AF043337
210222 s at | reticulon 1 BC000314
204470 at chemokin.e (C-X-C mo.ti'f) ligand 1 (melanoma NM 001511

- growth stimulating activity —
chemokine (C-X-C motif) ligand 6 (granulocyte
206336_at chemotactic(protein 2) Ve e Y NM_002993
207850 at Chemokine (C-X-C motif) ligand 3 NM_002090
203485 at reticulon 1 NM_021136
202644 _s_at | tumor necrosis factor, alpha-induced protein 3 NM_ 006290

Table 7-5: Genes which were decreased in expression in the umbilical cord and placenta cells as
compared to the other cell lines assayed.
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Probe Set ID Gene name NCBI Accession #
210135 s at short stature homeobox 2 AF022654.1
205824 _at heat shock 27kDa protein 2 NM_001541.1
209687 at chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) U19495.1
203666 _at chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1) NM_000609.1
212670_at elastin (supravalvular aortic stenosis, Williams-Beuren syndrome) AA479278
213381 at g?(n;“% ;;z}é%eﬁszglgl)\m; c¢DNA DKFZp586M2022 (from clone NO91149
206201_s_at mesenchyme homeobox 2 (growth arrest-specific homeobox) NM_005924.1
205817 at Sine oculis homeobox homolog 1 (Drosophila) NM_005982.1
209283 _at crystallin, alpha B AF007162.1
212793 at dishevelled associated activator of morphogenesis 2 BF513244
213488 _at DKFZP586B2420 protein AL050143.1
209763 _at similar to neuralin 1 AL049176
205200 _at Tetranectin (plasminogen binding protein) NM_003278.1
205743 at src homology three (SH3) and cysteine rich domain NM_003149.1
200921 s at B-cell translocation gene 1, anti-proliferative NM_001731.1
206932 _at cholesterol 25-hydroxylase NM_003956.1
204198 s at runt-related transcription factor 3 AA541630
219747 _at hypothetical protein FLJ23191 NM_024574.1
204773 _at Interleukin 11 receptor, alpha NM 004512.1
202465 _at Procollagen C-endopeptidase enhancer NM_002593.2
203706_s_at Frizzled homolog 7 (Drosophila) NM_003507.1
212736 _at hypothetical gene BC008967 BE299456
214587 at Collagen, type VIII, alpha 1 BEB77796
201645 at Tenascin C (hexabrachion) NM_002160.1
210239 at iroquois homeobox protein 5 1J90304.1
203903 s at Hephaestin NM_014799.1
205816 _at integrin, beta 8 NM_002214.1
203069 _at synaptic vesicle glycoprotein 2 NM_014849.1
213909 _at Homo sapiens cDNA FLJ12280 fis, clone MAMMA1001744 AU147799
206315 _at cytokine receptor-like factor 1 NM_004750.1
204401 at ?3;;%; Ii\trl’tfl:nrt:ni%i:rti/small conductance calcium-activated channel, NM_002250.1
216331 _at integrin, alpha 7 AK022548.1
209663_s_at integrin, alpha 7 AF072132.1
213125 at DKFZP586L151 protein AW007573
202133 _at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084
206511_s_at Sine oculis homeobox homolog 2 (Drosophila) NM_016932.1
213435 _at KIAA1034 protein AB028957.1
206115 at early growth response 3 NM_004430.1
213707 _s_at distal-less homeobox 5 NM_005221.3
218181 s at hypothetical protein FLJ20373 NM 017792.1
209160 _at aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid ABO018580.1
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Table 7-5: Genes which were decreased in expression in the umbilical cord and placenta cells as
compared to the other cell lines assayed.

Probe Set ID Gene name NCBI Accession #
dehydrogenase, type II)
213905_x_at Biglycan AAB45258
201261 x at Biglycan BC002416.1
202132 _at transcriptional co-activator with PDZ-binding motif (TAZ) AAQ081084
214701 s _at fibronectin 1 AJ276395.1
213791 _at Proenkephalin NM_006211.1
205422 s at Integrin, beta-like 1 (with EGF-like repeat domains) NM_004791.1
214927 at {13)617;{ ;gpiens mRNA full length insert cDNA clone EUROIMAGE AL359052.1
206070_s_at EphA3 AF213459.1
212805_at KIAA0367 protein AB002365.1
219789 at ll::lt)rtiilg:tri:c};:f;irdé)receptor C/guanylate cyclase C (atrionatriuretic AI628360
219054 at hypothetical protein FLJ14054 NM_024563.1
213429 at goKr;% ;g}éfg; 21';32NA; cDNA DKFZp564B222 (from clone AW025579
204929 s at vesicle-associated membrane protein 5 (myobrevin) NM_006634.1
201843_s_at EGF-containing fibulin-like extracellular matrix protein 1 NM_004105.2
221478 at BCL2/adenovirus E1B 19kDa interacting protein 3-like AL132665.1
201792_at AE binding protein 1 NM_001129.2
204570 _at cytochrome ¢ oxidase subunit VIIa polypeptide 1 (muscie) NM_001864.1
201621 at neuroblastoma, suppression of tumorigenicity 1 NM_005380.1
202718 _at Insulin-like growth factor binding protein 2, 36kDa NM_000597.1
[0235] Tables 7-6, 7-7, and 7-8 show the expression of genes increased in human

fibroblasts (Table 7-6), ICBM cells (Table 7-7), and MSCs (Table 7-8).

Table 7-6: Genes which were increased in expression in fibroblasts as compared to the other cell
lines assayed.

dual specificity phosphatase 2

KIAA0527 protein

Homo sapiens cDNA: FLJ23224 fis, clone ADSU02206

dynein, cytoplasmic, intermediate polypeptide 1

ankyrin 3, node of Ranvier (ankyrin G)

inhibin, beta A (activin A, activin AB alpha polypeptide)

ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative function)

KIAA1053 protein

microtubule-associated protein 1A

zinc finger protein 41

HSPCQ19 protein

Homo sapiens cDNA: FLI23564 fis, clone LNG10773

Homo sapiens mRNA; cDNA DKFZp564A072 (from clone DKFZp564A072)

LIM protein (similar to rat protein kinase C-binding enigma)

inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase complex-associated protein
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Table 7-6: Genes which were increased in expression in fibroblasts as compared to the other cell
lines assayed.

hypothetical protein FLJ22004

Human (clone CTG-A4) mRNA sequence

ESTs, Moderately similar to cytokine receptor-like factor 2; cytokine receptor CRL2 precursor [Homo sapiens]

transforming growth factor, beta 2

hypothetical protein MGC29643

antigen identified by monoclonal antibody MRC OX-2

putative X-linked retinopathy protein

Table 7-7: Genes which were increased in expression in the ICBM-derived cells as compared to
the other cell lines assayed.

scardiac ankyrin repeat protein

MHC class I region ORF

sintegrin, alpha 10

shypothetical protein FLJ22362

*UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase 3 (GalNAc-T3)

sinterferon-induced protein 44

*SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-reversal)

skeratin associated protein 1-1

shippocalcin-like 1

»jagged 1 (Alagille syndrome)

sproteoglycan 1, secretory granule

Table 7-8: Genes which were increased in expression in the
MSC cells as compared to the other cell lines assayed.
«interleukin 26

*maltase-glucoamylase (c~glucosidase)

*nuclear receptor subfamily 4, group A, member 2

+v-fos FBJ murine osteosarcoma viral oncogene homolog
*hypothetical protein DC42

*nuclear receptor subfamily 4, group A, member 2

*FBJ murine osteosarcoma viral oncogene homolog B

*WNT]1 inducible signaling pathway protein 1

*MCEF.2 cell line derived transforming sequence

spotassium channel, subfamily K, member 15

ecartilage paired-class homeoprotein 1

*Homo sapiens cDNA FLJ12232 fis, clone MAMMA1001206
*Homo sapiens cDNA FLJ34668 fis, clone LIVER2000775
+jun B proto-oncogene

*B-cell CLL/lymphoma 6 (zinc finger protein 51)

+zinc finger protein 36, C3H type, homolog (mouse)

[0236] This example was performed to provide a molecular characterization of the cells
derived from umbilical cord and placenta. This analysis included cells derived from three
different umbilical cords and three different placentas. The study also included two different
lines of dermal fibroblasts, three lines of mesenchymal stem cells, and three lines of iliac crest
bone marrow cells. The mRNA that was expressed by these cells was analyzed on a GENECHIP

oligonucleotide array that contained oligonucleotide probes for 22,000 genes.
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[0237] The analysis revealed that transcripts for 290 genes were present in different
amounts in these five different cell types. These genes include ten genes that are specifically
increased in the placenta-derived cells and seven genes specifically increased in the umbilical
cord-derived cells. Fifty-four genes were found to have specifically lower expression levels in

placenta-derived and umbilical cord tissue-derived cells.

EXAMPLE 8
Immunohistochemical Characterization of Cellular Phenotypes

[0238] The phenotypes of cells found within human umbilical cord tissue were analyzed
by immunohistochemistry.

[0239] Human umbilical cord tissue was harvested and immersion fixed in 4% (w/v)
paraformaldehyde overnight at 4°C. Immunohistochemistry was performed using antibodies
directed against the following epitopes (see Table 8-1): vimentin (1:500; Sigma, St. Louis, MO),
desmin (1:150, raised against rabbit; Sigma; or 1:300, raised against mouse; Chemicon,
Temecula, CA), alpha-smooth muscle actin (SMA; 1:400; Sigma), cytokeratin 18 (CK18; 1:400;
Sigma), von Willebrand Factor (vWF; 1:200; Sigma), and CD34 (human CD34 Class III; 1:100;
DAKOCytomation, Carpinteria, CA). In addition, the following markers were tested: anti-
human GROalpha-PE (1:100; Becton Dickinson, Franklin Lakes, NJ), anti-human GCP-2
(1:100; Santa Cruz Biotech, Santa Cruz, CA), anti-human oxidized LDL receptor 1 (ox-LDL R1;
1:100; Santa Cruz Biotech), and anti-human NOGO-A (1:100; Santa Cruz Biotech). Fixed
specimens were trimmed with a scalpel and placed within OCT embedding compound (Tissue-
Tek OCT; Sakura, Torrance, CA) on a dry ice bath containing ethanol. Frozen blocks were then
sectioned (10 pm thick) using a standard cryostat (Leica Microsystems) and mounted onto glass
slides for staining.

[0240] Immunohistochemistry was performed similar to previous studies. (F.g., Messina
et al., Exper. Neurol., 2003; 184: 816-829). Tissue sections were washed with phosphate-
buffered saline (PBS) and exposed to a protein blocking solution containing PBS, 4% (v/v) goat
serum (Chemicon, Temecula, CA), and 0.3% (v/v) Triton (Triton X-100; Sigma) for 1 hour to
access intracellular antigens. In instances where the epitope of interest would be located on the
cell surface (CD34, ox-LDL R1), triton was omitted in all steps of the procedure in order to

prevent epitope loss. Furthermore, in instances where the primary antibody was raised against
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goat (GCP-2, ox-LDL R1, NOGO-A), 3% (v/v) donkey serum was used in place of goat serum
throughout the procedure. Primary antibodies, diluted in blocking solution, were then applied to
the sections for a period of 4 hours at room temperature. Primary antibody solutions were
removed, and cultures washed with PBS prior to application of secondary antibody solutions (1
hour at room temperature) containing block along with goat anti-mouse IgG-Texas Red (1:250;
Molecular Probes, Eugene, OR) and/or goat anti-rabbit IgG-Alexa 488 (1:250; Molecular
Probes) or donkey anti-goat IgG-FITC (1:150; Santa Cruz Biotech). Cultures were washed, and
10 micromolar DAPI (Molecular Probes) was applied for 10 minutes to visualize cell nuclei.
[0241] Following immune-staining, fluorescence was visualized using the appropriate
fluorescence filter on an Olympus inverted epifluorescent microscope (Olympus, Melville, NY).
Positive staining was represented by fluorescence signal above control staining. Representative
images were captured using a digital color video camera and ImagePro software (Media
Cybernetics, Carlsbad, CA). For triple-stained samples, each image was taken using only one
emission filter at a time. Layered montages were then prepared using Adobe Photoshop software

(Adobe, San Jose, CA).

Table 8-1: Summary of Primary Antibodies Used

Antibody Concentration Vendor
Vimentin 1:500 Sigma, St. Louis, MO
Desmin (rb) 1:150 Sigma
Desmin (m) 1:300 Chemicon, Temecula, CA
alpha-smooth muscle actin 1:400 Sigma
(SMA)
Cytokeratin 18 (CK18) 1:400 Sigma
von Willebrand factor (VWF) 1:200 Sigma
CD34 III 1:100 DakoCytomation, Carpinteria, CA
GROalpha-PE 1:100 BD, Franklin Lakes, NJ
GCP-2 1:100 Santa Cruz Biotech
Ox-LDL R1 1:100 Santa Cruz Biotech
NOGO-A 1:100 Santa Cruz Biotech
[0242] Vimentin, desmin, SMA, CK18, vWF, and CD34 markers were expressed in a

subset of the cells found within umbilical cord (data not shown). In particular, vVWF and CD34
expression were restricted to blood vessels contained within the cord. CD34+ cells were on the
innermost layer (lumen side). Vimentin expression was found throughout the matrix and blood
vessels of the cord. SMA was limited to the matrix and outer walls of the artery and vein, but
not contained within the vessels themselves. CK18 and desmin were observed within the vessels

only, desmin being restricted to the middle and outer layers.
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[0243) None of these markers were observed within umbilical cord (data not shown).
[0244] Vimentin, desmin, alpha-smooth muscle actin, cytokeratin 18, von Willebrand
Factor, and CD 34 are expressed in cells within human umbilical cord. Based on in vitro
characterization studies showing that only vimentin and alpha-smooth muscle actin are
expressed, the data suggests that the current process of umbilical cord-derived cell isolation
harvests a subpopulation of cells or that the cells isolated change expression of markers to

express vimentin and alpha-smooth muscle actin.

EXAMPLE 9
Secretion of Trophic Factors

[0245] The secretion of selected trophic factors from UTC was measured. Factors were
selected that have angiogenic activity e.g., hepatocyte growth factor (HGF) (Rosen et al., Ciba
Found. Symp., 1997; 212:215-26); monocyte chemotactic protein 1 (MCP-1) (Salcedo et al.,
Blood, 2000; 96;34-40); interleukin-8 (IL-8) (Li et al., J. Immunol., 2003; 170:3369-76);
keratinocyte growth factor (KGF); basic fibroblast growth factor (bFGF); vascular endothelial
growth factor (VEGF) (Hughes et al., Ann. Thorac. Surg. 2004; 77:812-8); tissue inhibitor of
matrix metalloproteinase 1 (TIMP1); angiopoietin 2 (ANG?2); platelet derived growth factor
(PDGFbb); thrombopoietin (TPO); heparin-binding epidermal growth factor (HB-EGF); stromal-
derived factor lalpha (SDF-1alpha), neurotrophic/neuroprotective activity (brain-derived
neurotrophic factor (BDNF) (Cheng et al., Dev. Biol., 2003; 258;319-33); interleukin-6 (IL-6);
granulocyte chemotactic protein-2 (GCP-2); transforming growth factor beta2 (TGFbeta2)); or
chemokine activity (macrophage inflammatory protein lalpha (MIP1alpha); macrophage
inflammatory protein 1 beta (MIP lbeta); monocyte chemoattractant-1 (MCP-1); Rantes
(regulated on activation, normal T cell expressed and secreted); 1309; thymus and activation-
regulated chemokine (TARC); Eotaxin; macrophage-derived chemokine (MDC); and (IL-8).
[0246] Cells derived from umbilical cord, as well as human fibroblasts derived from
human neonatal foreskin, were cultured in growth medium on gelatin-coated T75 flasks. Cells
were cryopreserved at passage 11 and stored in liquid nitrogen. After thawing, growth medium
was added to the cells, followed by transfer to a 15 ml centrifuge tube and centrifugation of the
cells at 150 x g for 5 minutes. The cell pellet was resuspended in 4 ml growth medium, and the
cells were counted. Cells were seeded at 5,000 cells/cm? in T75 flasks each containing 15 ml of

growth medium, and cultured for 24 hours. The medium was changed to a serum-free medium
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(DMEM-low glucose (Gibco), 0.1% (w/v) bovine serum albumin (Sigma), penicillin (50 U/ml)
and streptomycin (50 pg/ml, Gibco)) for 8 hours. Conditioned serum-free medium was collected
at the end of incubation by centrifugation at 14,000 x g for 5 minutes and stored at -20°C.

[0247] To estimate the number of cells in each flask, the cells were washed with
phosphate-buffered saline (PBS) and detached using 2 ml trypsin/EDTA (Gibco). Trypsin
activity was inhibited by addition of 8 ml growth medium. The cells were centrifuged at 150 x g
for 5 minutes. The supernatant was removed, and the cells were resuspended in 1 ml Growth
Medium. The cell number was estimated with a hemocytometer.

[0248] Cells were grown at 37°C in 5% CO, and atmospheric oxygen. The amount of
MCP-1, IL-6, VEGEF, SDF-1lalpha, GCP-2 , IL-8, and TGF-beta2 produced by each cell sample
was determined by ELISA (R&D Systems, Minneapolis, Mn.). All assays were performed
according to the manufacturer’s instructions. Values presented are picograms per ml per million
cells (n=2, sem).

[0249] Chemokines (MIP1alpha, MIP1beta, MCP-1, Rantes, 1309, TARC, Eotaxin,
MDC, IL8), BDNF, and angiogenic factors (HGF, KGF, bFGF, VEGF, TIMP1, ANG2,
PDGFbb, TPO, HB-EGF were measured using SearchLight Proteome Arrays (Pierce
Biotechnology Inc.). The Proteome Arrays are multiplexed sandwich ELISAs for the
quantitative measurement of two to sixteen proteins per well. The arrays are produced by
spotting a 2 x 2, 3 x 3, or 4 x 4 pattern of four to sixteen different capture antibodies into each
well of a 96-well plate. Following a sandwich ELISA procedure, the entire plate is imaged to
capture the chemiluminescent signal generated at each spot within each well of the plate. The
signal generated at each spot is proportional to the amount of target protein in the original
standard or sample.

[0250] MCP-1 and IL-6 were secreted by umbilicus-derived PPDCs and dermal
fibroblasts (Table 9-1). SDF-lalpha and GCP-2 were secreted by fibroblasts. GCP-2 and IL-8
were secreted by umbilicus-derived PPDCs. TGF-beta2 was not detected from either cell type
by ELISA.

Table 9-1. ELISA Results: Detection of Trophic Factors

MCP-1 IL-6 VEGF | SDF-1a. | GCP-2 IL-8 TGF-beta2
Fibroblast 1741 6143 29+2 19+1 21+1 ND ND
Umbilical (022803) | 1150+74 | 42344289 | ND ND 160+11 | 2058+145 ND
Umbilical (071003) | 2794484 | 1356443 ND ND 2184498 | 2369423 ND
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| Key: ND: Not Detected., =/- sem

[0251] Searchlight™ Multiplexed ELISA assay. TIMP1, TPO, KGF, HGF, FGF,
HBEGF, BDNF, MIP1beta, MCP1, RANTES, 1309, TARC, MDC, and IL-8 were secreted from
umbilicus-derived PPDCs (Tables 9-2 and 9-3). No Ang2, VEGF, or PDGFbb were detected.

Table 9-2. Searchlight™ Multiplexed ELISA assay results

TIMP1 | ANG2 | PDGFbb | TPO | KGF | HGF | FGF | VEGF | HBEGF | BDNF
hFB | 19306.3| ND ND 2305 | 5.0 ND ND 27.9 1.3 ND
U1 577184 | ND ND 1240.0 | 5.8 | 559.3 | 148.7 | ND 9.3 165.7
U3 21850.0 | ND ND 11345| 9.0 | 1956 | 30.8 ND 54 388.6

Key: WFB (human fibroblasts), Ul (umbilicus-derived PPDC (022803)), U3 (umbilicus-derived PPDC
(071003)), ND: Not Detected.

Table 9-3. Searchlight™ Multiplexed ELISA assay results

MIP1a | MIP1b | MCP1 | RANTES [ 1309 TARC | Eotaxin | MDC | ILS
hFB ND ND 39.6 ND ND 0.1 ND ND 204.9
Ul ND 8.0 1694.2 ND 22.4 37.6 ND 18.9 | 51930.1
u3 ND 5.2 2018.7 41.5 11.6 214 ND 4.8 10515.9

Key: hFB (human fibroblasts), Ul (umbilicus-derived PPDC (022803)), U3 (umbilicus-derived
PPDC (071003)), ND: Not Detected

[0252] Umbilicus-derived cells secreted a number of trophic factors. Some of these
trophic factors, such as HGF, bFGF, MCP-1 and IL-8, play important roles in angiogenesis.

Other trophic factors, such as BDNF and IL-6, have important roles in neural regeneration or

protection.
EXAMPLE 10
Assay for Telomerase Activity
[0253] Telomerase functions to synthesize telomere repeats that serve to protect the

integrity of chromosomes and to prolong the replicative life span of cells (Liu, K, et al., PNAS,
1999; 96:5147-5152). Telomerase consists of two components, telomerase RNA template
(hTER) and telomerase reverse transcriptase (WTERT). Regulation of telomerase is determined
by transcription of hTERT but not hTER. Real-time polymerase chain reaction (PCR) for
hTERT mRNA thus is an accepted method for determining telomerase activity of cells.

Cell Isolation
[0254] Real-time PCR experiments were performed to determine telomerase production

of human umbilical cord tissue-derived cells. Human umbilical cord tissue-derived cells were
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prepared in accordance with the above Examples and the examples set forth in U.S. Patent No.
7,510,873. Generally, umbilical cords obtained from National Disease Research Interchange
(Philadelphia, Pa.) following a normal delivery were washed to remove blood and debris and
mechanically dissociated. The tissue was then incubated with digestion enzymes including
collagenase, dispase, and hyaluronidase in culture medium at 37°C. Human umbilical cord
tissue-derived cells were cultured according to the methods set forth in the examples of the ‘012
application. Mesenchymal stem cells and normal dermal skin fibroblasts (cc-2509 lot # 9F0844)
were obtained from Cambrex, Walkersville, Md. A pluripotent human testicular embryonal
carcinoma (teratoma) cell line nTera-2 cells NTERA-2 cl.Dl) (See, Plaia et al., Stem Cells,
2006; 24(3):531-546) was purchased from ATCC (Manassas, Va.) and was cultured according to
the methods set forth in U.S. Patent No. 7,510,873,

Total RNA Isolation
[0255] RNA was extracted from the cells using RNeasy® kit (Qiagen, Valencia, Ca.).
RNA was eluted with 50 ul DEPC-treated water and stored at -80°C. RNA was reverse

transcribed using random hexamers with the TagMan® reverse transcription reagents (Applied
Biosystems, Foster City, Ca.) at 25°C for 10 minutes, 37°C for 60 minutes and 95°C for 10
minutes. Samples were stored at -20°C.

Real-time PCR
[0256] PCR was performed on cDNA samples using the Applied Biosystems Assays-On-
Demand™ (also known as TagMan® Gene Expression Assays) according to the manufacturer’s
specifications (Applied Biosystems). This commercial kit is widely used to assay for telomerase
in human cells. Briefly, hTert (human telomerase gene) (Hs00162669) and human GAPDH (an
internal control) were mixed with cDNA and TagMan® Universal PCR master mix using a 7000
sequence detection system with ABI prism 7000 SDS software (Applied Biosystems). Thermal
cycle conditions were initially 50°C for 2 minutes and 95°C for 10 minutes followed by 40
cycles of 95°C for 15 seconds and 60°C for 1 minute. PCR data was analyzed according to the
manufacturer’s specifications.
[0257] Human umbilical cord tissue-derived cells (ATCC Accession No. PTA-6067),
fibroblasts, and mesenchymal stem cells were assayed for hTert and 18S RNA. As shown in
Table 10-1, hTert, and hence telomerase, was not detected in human umbilical cord tissue-

derived cells.
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Table 10-1

hTert | 18S RNA
Umbilical cells (022803) | ND +
Fibroblasts ND +
ND- not detected; + signal detected

[0258] Human umbilical cord tissue-derived cells (isolate 022803, ATCC Accession No.
PTA-6067) and nTera-2 cells were assayed and the results showed no expression of the
telomerase in two lots of human umbilical cord tissue-derived cells while the teratoma cell line

revealed high level of expression (Table 10-2).

Table 10-2
Cell type hTert GAPDH
hTert norm
Exp.1| Exp.2| Exp.1| Exp.2
nTera2 2585 | 27.31 16.41 16.31 0.61
022803 - - 22.97 22.79 -
[0259] Therefore, it can be concluded that the human umbilical tissue-derived cells of the

present invention do not express telomerase.

EXAMPLE 11

Growth of UTC on Microcarriers in Impeller Spinner Flask Reactor
Materials and Methods
[0260] Cells. Cells from CBAT lot# 050604B passage 8 cells were thawed and expanded
in a T225 flask for one passage.
[0261] Microcarriers. Cytodex® 3 (GE Healthcare Life Sciences, cat. no, 17-0485)
microcarrier beads were hydrated in PBS for at least 3 hours and autoclaved.
[0262] Spinner Flasks. Spinner Flask with Internal Overhead Bearing Impeller
Assembly, 100 ml and 250 ml (Bellco, Inc.).
[0263] Confluence. Confluence is defined as approximately 90% of the microcarriers

observed in a representative microscopy field to have greater than approximately 60% of their

surface area covered with cells.
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[0264] Passage. Passage is defined as inoculating a spinner flask containing fresh
microcarriers with an aliquot of confluent microcarriers obtained from a separate spinner flask
culture.

[0265] Inoculation and Culture. Cells were harvested from T225 flask by trypsin and
4.0E+06 cell aliquots were added to 330 mg of microcarrier beads in 100 ml impeller or glass
rod spinner flask containing 40 ml media. Flasks were flushed with 5% CO, gas for 1 minute
prior to incubation. The inoculum speed-frequency was 30 rpm for 2 minutes every 30 minutes
for 8 hours. At eight hours, media volume was increased to 100 ml and the spinner speed was
set to 45-rpm continuous rotation and incubated at 37°C.

[0266] Passage. Passage 1- (100 ml to 250 m! flask) Cells were cultured for eight days.
All microcarriers from the 100 ml flask are collected and allowed to separate from media by
gravity. Media was aspirated and microcarriers were re-suspended in 10 ml fresh media. After
pipetting to ensure an even distribution, 5ml of media with microcarriers were removed and
delivered into a 250 ml spinner flask. Approximately 660 mg of fresh hydrated and autoclaved
Cytodex® 3 microcarriers and media were also added to the flask. The media volume was
increased to 200 ml and the flasks were flushed with 5% CO, gas for 1 minute prior to
incubation. The spinner speed was set to 45-rpm continuous rotation and incubated at 37°C.
Remaining cells were harvested by trypsinization and counted by using a Guava PCA instrument
(Guava Technologies, Hayward, CA).

[0267] Passage 2 - (250 ml to 250 ml flask) Cells were cultured for six days. All
microcarriers from the 250 ml flask are collected and allowed to separate from media by gravity.
Media was aspirated and microcarriers were re-suspended in 25 ml fresh media. After pipetting
to ensure an even distribution, 5ml of media with microcarriers were removed and delivered into
a 250 ml spinner flask. Approximately 660 mg of fresh hydrated and autoclaved Cytodex® 3
microcarriers and media were also added to the flask. The media volume was increased to 200
ml and the flasks were flushed with 5% CO; gas for 1 minute prior to incubation. The spinner
speed was set to 45-rpm continuous rotation and incubated at 37°C. Remaining cells were
harvested by trypsinization and counted by using a Guava PCA instrument.

[0268] Media Exchange. Spinner flasks were removed from culture and the
microcarriers were allowed to settle by gravity to the bottom of the flask. Approximately half the

media volume was removed by aspiration and replaced with an equal volume of fresh media.
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The flasks were flushed with 5% CO, gas for 1 minute and returned to culture. Media exchange
was performed on day 1, and day 4.

[0269] Viability Staining. A 1 ml aliquot was removed from flask and microcarriers were
allowed to settle by gravity. Media was removed by aspiration and replaced with 1ml Live/Dead
staining solution (Molecular Probes cat. no. L3224) and incubated for 15 minutes at 37° C. After
incubation a 20-microliter aliquot was applied to a glass microscope slide and observed by
fluorescent microscopy. Live cells stain green, dead cells stain red. Microscopic fields were
manually analyzed to evaluate the distribution and ratio of live and dead cells adhered to the
microcarriers. At least three microscopic fields were evaluated and the approximate percentage
of viable cells was counted.

[0270] Cell Harvest. Microcarriers were collected from the spinner flask, washed three
times in PBS, and evenly distributed between two 50 ml conical tubes. Each tube was incubated
with 25 ml trypsin for 10 minutes at 37° C. Tubes were brought to 50 ml volume with PBS and
microcarriers were allowed to settle by gravity. Supernatant containing cells was collected by
aspiration and transferred to 50 ml conical tubes pre-filled with 2.5 ml of FBS (yielding a 5%
FBS solution to inactivate trypsin). This process was repeated four times with each fraction
collected separately. All harvested cells were centrifuged, re-suspended in serum containing
growth media, and cells were counted by using a Guava PCA instrument.

[0271} Static T-Flask Culture. An aliquot of cells harvested from the T225 flask are used
to seed two T225 flasks and incubated for four days using methods stated in U.S. Patent
Application No. 10/877012. The cells were harvested and analyzed by flow cytometry

[0272] Flow Cytometry. Cells harvested were analyzed by flow cytometry using a
Becton-Dickinson FACSCalibur™ instrument (Becton Dickinson, San Jose, CA) to determine
the cell surface marker profile. All antibodies purchased from BD PharMingen (San Diego,
CA).

Results

[0273] Cell Harvest. Table 11-1 shows the harvest fractions, cell yields and viability per
passage from UTC cell line 050604B expanded from passage nine to passage eleven on

Cytodex® 3 microcarriers in spinner flask cultures.
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Table 11-1: Cell Harvest
Passage Fractions Total Cells Avg. Viability (%)
Inoculation 4 2.85 x10’ 99.7 +0.19
1 8 9.34 x10’ 99.2 +2.65
2 4 8.80 x10’ 94.4 £1.92
[0274] Cell Kinetics. Table 11-2 shows the growth kinetics from UTC cell line 050604B

expanded from passage nine to passage eleven on Cytodex® 3 microcarriers in spinner flask
cultures. The table shows that the total doublings was 7.48, and the average hours per doubling
was 69.53 (% 17.52) hours.

Table 11-2: Cell Kinetic
Passage Seeded | Yield Days | Expansion | Doubling | Hours/Doubling |
2.00x10° | 0 1
Inoculation | 2.00x10° | 2.85x10’ 8 14.3 3.83 50.09
1 2.85x107 | 9.34x10’ 6 3.28 1.71 84.12
2 2.30x107 | 8.80x10’ 6 3.83 1.94 74.39
[0275] Live/Dead Staining. Analysis of the live/dead stained microcarrier aliquot shows

the majority of the microcarrier surfaces covered with green stained (viable) cells with scant foci
of red stained nuclei (dead). The cells exhibit morphology similar to the morphology of the cells
cultured in static conditions.

[0276] Flow Cytometry Analysis. Table 11-3 shows the results (“+ positive” or “-
negative”) for cell surface markers expressed by human Umbilical Tissue-derived Cells (hUTCs)
harvested microcarrier beads in spinner flasks versus hUTCs harvested from culture in static T
flasks. The table shows that the markers expressed by the cells produced by the two methods

were consistent,

Table 11-3: Comparison of cell surface proteins expression by Umb 050604B cells expanded in static T
flasks or on Cytodex® 3 microcarriers in spinner flask systems and analyzed by flow cytometry.
Cell Surface Marker Static T Flasks Cytodex 3® Microcarriers

CD 10 () (+)

CD 13 () (+)

CD 31 (-) (-)

CD 34 (-) (-)

CD 44 (+) (+)

CD 45 (-) (-)

CD 73 () (+)

CD 90 (+) ()
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Table 11-3: Comparison of cell surface proteins expression by Umb 050604B cells expanded in static T
flasks or on Cytodex® 3 microcarriers in spinner flask systems and analyzed by flow cytometry.
Cell Surface Marker Static T Flasks Cytodex 3® Microcarriers
CD 117 (-) (-)
CD 141 (-) ()
PDGFr-a (+) (+)
HLA-A,B,C (+) (+)
HLA-DR,DP,.DQ (-) (-)
[0277] Conclusion: Human Umbilical Tissue-derived Cells (hUTCs) were cultured on

Cytodex® 3 microcarriers in impeller spinner flask bioreactors. The cells achieved 7.48
population doublings over twenty days and had an average population doubling time of 69 hours.
Cell viability per passage ranged from 94.4% to 99.7%. Analysis for expression of thirteen cell
surface markers on hUTCs cultured on microcarriers was consistent with the cell surface marker
expression by hUTCs cultured in cell culture T flasks. This example indicates that microcarriers

can be used to seed, expand, and harvest hUTCs in bioreactor systems.

EXAMPLE 12
Growth of Expanded hUTCs on collagen coated MGSA and PLGA
Microcarriers in Spinner Flasks

[0278] The ability of hUTCs to attach to materials made of synthetic resorbable
biomaterials with a collagen coating was investigated, including the ability to maintain viability
in spinner flask culture and to proliferate upon re-seeding into static culture. Expanded hUTCs
were seeded onto collagen-coated or uncoated poly-(D,L-lactide-co-glycolide) (PLGA) and
poly(monostearoylglyceride co-succinic acid) (MGSA) microcarriers. The microcarriers with
cells were cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded into

static cultures.

Materials and Methods
Table 12-1 Microcarriers

Microcarrier Manufacturer Process Method Avg. Size (um)
PLGA (50/50) IV 0.43 Alkermes (Willington, OH) SCF 158
MGSA 1 Ethicon (Somerville, NJ) SCF 195
[0279] Microcarrier Preparation. Microcarrier Wetting- Approximately 1g each of

MGSA and PLGA microcarriers were aseptically suspended in 25 mil 70% ethanol for 30

minutes to wet the microcarriers. The ethanol was removed by aspiration and the microcarriers
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were then rinsed three times with PBS and re-suspended 25 ml of in Dulbecco’s phosphate
buffered saline (PBS).

[0280] Collagen coating. Wetted microcarriers (PBS) were pelletized by centrifugation,
the PBS removed by aspiration, and the microcarriers were re-suspended in a 2.9% collagen
solution (Vitrogen 1000, Cohesion, Inc. Palo Alto, CA). The microcarriers were incubated in
collagen for 30 minutes. The residual collagen was removed by aspiration and the collagen

coated microparticles were washed three times with PBS.

Table 12-2 Microcarrier Quantities Used.
Microcarrier Milligrams No. cells Seeded
PLGA (50/50) uncoated 260 3.50 x 10°
PLGA (50/50) coated 260 3.50 x 10°
MGSA I uncoated 330 3.50 x 10°
MGSA I coated 330 3.50 x 10°
[0281] Inoculation and Culture The materials, cell type, growth media, spinner flask,

inoculation and culture conditions, media exchange, viability staining and cell harvest methods

used in Example 11 were used in this example.

Results
Table 12-3 Cell Harvest
Microcarrier Total Cells Viability (%)
PLGA (50/50) uncoated 1.20 x 10° 98.6
PLGA (50/50) coated 1.15x10° 97.6
MGSA I uncoated 1.82x 10° 99.0
MGSA I coated 2.39x 10° 97.8
[0282] Harvest Cell Re-Seed. Cells harvested from the coated and uncoated MGSA and

PLGA microcarriers were re-seeded into T225 at approximately 5,000 cells/cm®. Four days after
re-seeding the cells harvested from both materials proliferated to over 50% confluence.

[0283] Expanded hUTCs were seeded onto collagen coated PLGA and MGSA
microcarrier, cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded
into static cultures. The cells that were harvested from the synthetic microcarriers were over
90% viable. The re-seed cells expanded in static culture within four days demonstrating
retention of their proliferative capacity. This example demonstrates the ability of synthetic

biomaterials to be used as microcarriers for spinner flasks culture.
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Example 13
Expansion of hUTC on Microcarriers in Continuous Spinner Flask Culture

[0284] The goal of this study was to continuously culture expanded hUTC adherent to
commercial microcarriers in spinner flasks over multiple population doublings. The ability to
expand hUTC on microcarriers over multiple population doublings will serve a model system to
be scale-up for large-scale production of hUTC for cell therapy applications. Two hUTC
isolates, 120304~ isolated, expanded and cryopreserved under research conditions, and CNTO
2476- isolated, expanded and cryopreserved under GMP conditions, were evaluated. The
commercial microcarriers Cytodex® 1 or Hillex® II were evaluated also. The cryopreserved
cells were thawed and used to immediately inoculate spinner flask cultures. The cells were
continuously cultured over multiple passages until the cell reached approximately population-
doubling 30. hUTCs were also cultured statically in T225 flasks as a control.

[0285] hUTC isolate 120304 cryopreserved at population doubling 12.8 was able to be
thawed, and expanded on Cytodex® 1 and Hillex® II microcarriers to population doubling 28.6
and 28.7, respectively. The hours per population doubling was consistent from passage to
passage, indicating stable logarithmic growth and was consistent with the T flask growth
kinetics. hUTC isolate CNTO 2476 cryopreserved at population doubling 22.6 was able to be
thawed, and expanded on Cytodex® 1 and Hillex® II microcarriers to population doubling 33.2
and 31.0 respectively. The hours per population doubling was consistent from passage to
passage, indicating stable logarithmic growth and was also consistent with the T flask growth
kinetics. Statistical analysis by one-way ANOA of all hours per population doubling data points
show no significant difference the hUTC growth kinetics for all conditions tested. (p=0.988).
The cell surface protein expression remained consistent at final harvest for all conditions tested.
[0286] This example demonstrate the ability of hUTC to be expanded to approximately
30 population doublings on microcarriers in a stable, consistent manner that maintains the cell’s
surface protein phenotype.

Materials and Methods

[0287] Cells. Cryopreserved expanded hUTC isolate 12034 population doubling (PD) 12
and hUTC isolate CNTO 2476 lot 25126078 PD 22 were used.
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[0288] Growth Media. Dulbecco’s Modified Eagles Media (DMEM)-low glucose
(Gibco- Grand Island, NY), 15% FBS (HyClone- Logan UT), penicillin/streptomycin (P/S)
(Gibco- Grand Island, NY), Betamercaptoethanol (BME) (Sigma- St. Louis, MO)

[0289] Microcarriers. Cytodex® 1 (GE Health Sciences- Piscataway, NJ) microcarriers
were hydrated in PBS for at least 3 hours and autoclaved. Cytodex® 1 microcarriers were used
at a concentration of 3 g/L. Hillex® II (SoloHill Engineering, Inc., Ann Arbor, MI)
microcarriers were hydrated in deionized water for at least 30 minutes autoclaved. Hillex® II
microcarriers were used at a concentration of 12 g/L.

[0290] Spinner Flask. 100 ml and 500 ml single-use, disposable spinner flasks (Corning,
Inc.- Coming, NY) were used.

[0291] Inoculation and Culture in 100 ml Spinner Flask. Cryopreserved vials of hUTC
were thawed, washed and resuspended in growth media. 6.6 x 10° hUTC were added to 3000mg
of Cytodex® 1 (5.0 x 10°cells per cm?) in a 100 ml spinner flask containing 100 ml media and
placed on a37°C tissue culture incubators and incubated for three to four days. Spinner plate was
set to 60-rpm continuous rotation. 3.1 x 10® hUTC were added to 1.2 g of Hillex® II (5.0 x 10°
cells per cm®) in a 100 ml spinner flask containing 100 ml media and placed on a spinner plate
set to 60-rpm continuous rotation. Spinner plates placed in 5% COx.

[0292] Passage of Culture From One 100 ml Spinner Flask to One 500 ml Spinner Flask.
100 ml spinner flask was removed from spinner plate and the microcarriers were allowed to
settle. The media supernatant is removed by aspiration. The remaining microcarrier pack with
adherent cells was resuspended in 20 ml fresh growth media. The microcarriers with adherent
cells were then aseptically transferred by pipette to a 500 ml spinner flask containing 480ml
fresh growth media and 4.8 g Hillex® II (6g final microcarrier content) or 1.2 g Cytodex® 1
(1.5g final microcarrier content). The spinner flask was then placed on a spinner plate set to 60-
rpm continuous rotation. Spinner plates placed in 5% CO,, 37°C tissue culture incubators and
incubated for three to four days.

[0293] Passage of culture from one 500 ml spinner flask to five 500 ml spinner flasks.
500 ml spinner flask was removed from spinner plate and the microcarriers were allowed to
settle. The media supernatant is removed by aspiration. The remaining microcarrier pack with
adherent cells was resuspended in 50 ml fresh growth media. Five separate 10 ml aliquots of the

microcarriers with adherent cells were then aseptically transferred by pipette to five separate 500
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ml spinner flasks each containing 490 ml fresh growth media and 4.8g Hillex® II (6g final
microcarrier content) or 1.2 g Cytodex® 1 (1.5g final microcarrier content). The spinner flasks
were then placed on a spinner plate set to 60-rpm continuous rotation. Spinner plates placed in
5% CO,, 37°C tissue culture incubators and incubated for three to four days.

[0294] Harvest of cells adherent to Cytodex® 1 microcarriers. The 500 ml spinner flask
was removed from spinner plate and the microcarriers with adherent cells were allowed to settle
by gravity. The media supernatant was removed by aspiration. 500 ml of PBS was added to the
spinner flask and the microcarriers were allowed to settle by gravity. The PBS supernatant was
removed by aspiration. 500 ml of DMEM- low glucose was added to the spinner flask. The
spinner flask was then incubated on spinner plate for 20 minutes at 60 rpm. The spinner flask
was removed from spinner plate and the microcarriers were allowed to settle by gravity. The
DMEM-low glucose supernatant was removed by aspiration. 500 ml of PBS was added to the
spinner flask. The spinner flask was then incubated on spinner plate for 20 minutes at 60 rpm.
The spinner flask was removed from spinner plate and the microcarriers were allowed to settle
by gravity. The PBS supernatant was removed by aspiration. 250 ml TrypLE select was added
to the spinner flask. The spinner flask was then incubated on spinner platé for 10 minutes at 60
rpm. The spinner flask was removed from spinner plate and the microcarriers were allowed to
settle by gravity. Using a 50 ml serological pipette, the microcarriers-TrypLE™ select solution
was agitated by pipetting up and down ~10 times to dissociate residual adherent cells from the
microcarriers. 250 ml of PBS was then added to the spinner flask the microcarriers were allowed
to settle by gravity. The cell containing supernatant is collect by repeated pipetting and transfer
to multiple conical tubes pre-loaded with Sml FBS and a 100um filter unit inserted in the tube
opening. The tubes were centrifuged for 5 minutes at 300rcf, the supernatant decanted, and the
cells re-suspended in growth media.

[0295] Harvest of cells adherent to Hillex® II microcarriers. The 500 ml spinner flask
was removed from spinner plate and the microcarriers with adherent cells were allowed to settle
by gravity. The media supernatant was removed by aspiration. 500 ml of PBS was added to the
spinner flask and the microcarriers were allowed to settle by gravity. 100 ml TrypLE™ select
was added to the spinner flask. The spinner flask was then incubated on spinner plate for 10
minutes at 60 rpm. The spinner flask was removed from spinner plate and the microcarriers

were allowed to settle by gravity. Using a 25 ml serological pipette, the microcarriers-TrypLE™
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select solution was agitated by pipetting up and down ~10 times to dissociate residual adherent
cells from the microcarriers. The cell containing supernatant is collect by repeated pipetting and
transfer to multiple conical tubes pre-loaded with 5ml FBS and a 100-um filter unit inserted in
the tube opening. The tubes were centrifuged for 5 minutes at 300rcf, the supernatant decanted,
and the cells re-suspended in growth media.

[0296] Viability Staining. A 1 ml aliquot of media and microcarriers were transferred to
a 15 ml conical tube and the microcarriers were allowed to separate by gravity. Media was
removed by aspiration and replaced with 1ml Live/Dead staining solution (Molecular Probes cat.
no. L3224) and incubated from 15 minutes at 37° C. After incubation, a 20-ul aliquot was
applied to a glass microscope slide and observed by fluorescent microscopy. Live cells stain
green. Microscopic fields were manually analyzed to evaluate the distribution of viable cells
adhered to the microcarriers. At least three microscopic fields were evaluated and the
approximate percentage of viable cells was counted.

[0297] In culture cell counts- Nuclei release assay. A 5 ml (100 ml spinner flask) or 10
ml (500 ml spinner flask) aliquot of homogenous microcarrier suspension was obtained from
spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed to gravity
separate and the supernatant was removed by aspiration. The microcarriers were washed once
with 10 ml PBS, the microcarriers allowed to gravity separate, and the PBS supernatant removed
by aspiration. The microcarriers were incubated for one hour at 37°C in nuclei release solution
(0.1M citric acid (Sigma- St. Louis, MO) containing 0.1% w/v crystal violet (Sigma- St. Louis,
MO)). After incubation, a 100 ul aliquot of the microcarrier containing nuclei release solution
was added to 100 ul PBS. A 10 pl aliquot of this solution was then loaded into a hemocytometer
and released nuclei counted.

[0298] In culture cell counts- TrypLE™ assay. A 5ml (100 ml spinner flask) or 10 ml
(500 ml spinner flask) aliquot of homogenous microcarrier suspension was obtained from
spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed to gravity
separate and the supernatant was removed by aspiration. The microcarriers were washed once
with 10 ml PBS, the microcarriers allowed to gravity separate, and the PBS supernatant removed
by aspiration. The microcarriers were incubated for ten minutes at 37°C in TrypLE™ select.
After incubation, 5 ml of PBS is added and the microcarriers are allowed to gravity separate.

The cell containing supernatant is collect by repeated pipetting and transfer to multiple conical
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tubes pre-loaded with 1 ml FBS. The tubes were centrifuged for 5 minutes at 300 rcf, the

supernatant decanted, the cells re-suspended in growth media, and an aliquot is used determine

cell count using a Guava PCA instrument (Guava Technologies, Haywood, CA).

[0299]

Static T-Flask Culture. Cryopreserved vials of hUTC were thawed, washed and

resuspended in growth media. The cells were cultured statically in T225 over multiple passages

using methods stated in US2004877012A.

[0300]

Flow Cytometry. Harvested hUTC were analyzed by flow cytometry using a

Becton-Dickinson FACSCalibur™ instrument (Becton Dickinson, San Jose, CA) to determine
the cell surface marker profile using methods stated in US2004877012A. All antibodies

purchased from BD PharMingen (San Diego, CA).

Results
Table 13-1: Continuous culture of hUTC isolate 120304 on Cytodex® 1 microcarriers.
Passage | Seeded Yield Doubling | Total Doublings | Time (days) | Hours/doub
6 (seed) 5.32E+06 | 2.03E+00 1.28E+01
6 5.32E+06 4.71E+07 | 3.15E+00 1.59E+01 4.00 30.51
7 8.96E+06 7.30E+07 | 3.03E+00 1.89E+01 3.00 23.79
8 6.60E+06 3.30E+07 | 2.32E+00 2.12E+01 3.00 31.01
9 6.60E+06 3.90E+07 | 2.56E+00 2.38E+01 3.00 28.09
10 3.90E+07 2.17E+08 | 2.48E+00 2.63E+01 4.00 38.77
11 2.17E+08 1.10E+09 | 2.34E+00 2.86E+01 4.00 41.00
Table 13-2: Continuous culture of hUTC isolate 120304 on Hillex® II microcarriers.
Passage | Seeded Yield Doubling | Total Doublings | time (days) | Hours/doubling
6 (seed) 5.32E+06 | 2.03E+00 1.28E+01
6 5.32E+06 4.71E+07 | 3.15E+00 1.59E+01 4.00 30.51
7 8.96E+06 7.30E+07 | 3.03E+00 1.89E+01 3.00 23.79
8 3.00E+06 1.90E+07 | 2.66E+00 2.16E+01 3.00 27.04
9 3.80E+06 2.30E+07 | 2.60E+00 2.42E+01 3.00 27.72
10 2.30E+07 2.64E+08 | 3.52E+00 2.77E+01 4.00 27.27
11 2.11E+08 4.16E+08 | 9.79E-01 2.87E+01 3.00 73.52
Table 13-3. Continuous culture of hUTC isolate CNTO 2476 on Cytodex® 1 microcarriers
Passage | Seeded Yield doubling Total Doublings | time (days) | Hours/doubling
6 (seed) 6.30E+05 2.26E+01
6 6.30E+05 | 3.44E+06 | 2.45E+00 2.50E+01 3.00 29.40
7 3.44E+06 | 5.20E+07 | 3.92E+00 2.90E+01 4.00 24.50
8 4.00E+07 | 1.60E+08 | 2.00E+00 3.10E+01 3.00 36.00
8 1.60E+08 | 7.67E+08 | 2.26E+00 3.32E+01 4.00 42.46
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Table 13-4. Continuous culture of hUTC isolate CNTO 2476 on Hillex® II microcarriers

Passage | Seeded Yield doubling Total Doublings | time (days) | hours/doubling
6 (seed) 1.68E+06 2.26E+01
6 1.68E+06 | 1.29E+07 | 2.94E+00 2.55E+01 4.00 32.64
7 1.29E+07 | 5.30E+07 | 2.04E+00 2.76E+01 3.00 3532
8 | S5.30E+07 | 5.60E+08 | 3.40E+00 3.10E+01 5.00 35.28
Table 13-5: Continuous culture of hUTC isolate 120304 in T225 flasks.
Passage | Seeded Yield doubling Total Doublings | time (days) | hours/doubling
6 (seed) 1.12E+07 | 2.03E+00 1.28E+01
6 1.12E+07 | 3.05E+07 | 145E+00 1.42E+01 2.00 3321
7 | 2.20E+06 | 2.03E+07 | 3.21E+00 1.74E+01 4.00 29.94
8 3.75E+05 | 1.50E+06 | 2.00E+00 1.94EH01 3.00 36.00
9 | 3.95E+05 | 1.85E+06 | 2.30E+00 2.17E+01 4.00 41.69
10 | 3.75E+05 | 2.39E+06 | 2.67E+00 244E+01 3.00 26.95
11 | 7.50E+05 [ 3.14E+06 | 2.07E+00 2.64E+01 4.00 4647
12 | 3.14E+06 | 2.02E+07 | 2.69E+00 2.91E+01 3.00 26.81
13 | 2.02E+07 | 1.14E+08 | 2.50E+00 3.16E+01 4.00 3845
Table 13-6 Comparison of cell surface proteins expression by hUTC expanded on
microcarrier and T-flasks and analyzed by flow cytometry.
Cell Surface 120304 120304 120304 CNTO 2476 | CNTO 2476
Marker T225 flask Cytodex® 1§ Hillex® I | Cytodex® 1 Hillex® I
CD 10 (H (1) (1) (+) (+)
€D 13 () (D () () ()
CD31 (-) (=) (-) (-) ()
CD 34 (-) () (=) (-) ()
CD 44 () () () () (H
CD 45 () () () (-) ()
Cb 73 (H () (N () (4
CD 90 () (9 () () (H
CD 117 (=) () (-) (-) (-)
CD 141 (-} (-) () (-) )
PDGFr-a () (1 () () (H
HLA-ABC () (9 () () ()
HLA-DRDPDQ () (-) (-) (-) ()

[0301]

hUTC isolate 120304 cryopreserved at population doubling 12.8 was able to be

thawed, and expanded on Cytodex® 1 and Hillex® II microcarriers to population doubling 28.6

and 28.7, respectively. The hours per population doubling was consistent from passage to

passage, indicating stable logarithmic growth and was consistent with the T flask growth

kinetics. hUTC isolate CNTO 2476 cryopreserved at population doubling 22.6 was able to be

thawed, and expanded on Cytodex® 1 and Hillex® II microcarriers to population doubling 33.2

and 31.0 respectively. The hours per population doubling was consistent from passage to
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passage, indicating stable logarithmic growth and was also consistent with the T flask growth
kinetics. Statistical analysis by one-way ANOA of all hours per population doubling data points
show no significant difference the hUTC growth kinetics for all conditions tested. (p=0.988). In
addition, the cell surface protein expression remained consistent at final harvest for all conditions
tested. This data demonstrated the ability of hUTC to be expanded to approximately 30
population doublings on microcarriers in a stable, consistent manner that maintains the cell’s
surface protein phenotype.

[0302] While the invention has been described and illustrated herein by references to
various specific materials, procedures and examples, it is understood that the invention is not
restricted to the particular combinations of material and procedures selected for that purpose.
Numerous variations of such details can be implied as will be appreciated by those skilled in the
art. It is intended that the specification and examples be considered as exemplary, only, with the
true scope and spirit of the invention being indicated by the following claims. All references,
patents, and patent applications referred to in this application are herein incorporated by

reference in their entirety.
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Claims

1. A culture medium for growing anchorage-dependent cells comprising:

the amino acids L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid;

L-Proline; and L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin By, (cyanocobalamin);

the salts calcium chloride, potassium chloride, magnesium sulfate, sodium chloride, and

one or more sodium phosphate salts;
the nucleosides thymidine, adenosine, cytidine, uridine and guanosine;

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; sodium selenite; and one or

MOre energy sources.

2. The culture medium of claim 1, wherein the culture medium comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-Cystine; at least about
0.2 g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02 g/L of L-Histidine; at
least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Threonine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L
of L-Asparagine; at least about 0.006 g/L of L-Aspartic Acid,; at least 0.03 g/L of L-Glutamic
Acid; at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;

from about 5 x 10°® g/L to about 0.015 g/L of each of the vitamins;

at least about 0.05 g/L. of Calcium Chloride, Anhydrous, at Jeast about 0.1 g/L of
potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphate, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydrate (Na,HPO,4.7H,0);
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at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of adenosine,

cytidine, uridine, and guanosine; and

at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10°° g/L of
lipoic acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of

sodium selenite.

3. A serum-free nutrient solution for growing anchorage dependent cells comprising:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L.-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and

L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the nucleosides adenosine, cytidine, uridine and guanosine; and

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; and sodium selenite.

4. A method of culturing isolated umbilical cord tissue-derived cells comprising:

a. growing umbilical cord tissue-derived cells seeded on microcarriers in a culture
medium comprising amino acids, vitamins, salts, nucleosides, lipoic/thioctic acid,
ethanolamine, insulin, transferrin, sodium selenium, wherein the culture medium is
supplemented with serum, for a sufficient period of time to allow for the cells to

achieve a desired initial population density;

b. adding a serum-free nutrient solution after the cells have achieved the desired initial
population density, wherein the serum-free nutrient solution comprises amino acids,
vitamins, salts, insulin, transferrin, ethanolamine, lipoic acid/thioctic acid, sodium

selenium; and

c. growing the cells for a sufficient period of time to allow for the cells to achieve a

desired final population density;
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wherein the umbilical cord tissue-derived cells are isolated from human umbilical cord
tissue substantially free of blood, are capable of self-renewal and expansion in culture, have the
potential to differentiate, express CD13, CD90, HLA-ABC, and do not express CD34, CD117
and HLA-DR.

s. The method of claim 4 wherein the method further comprises seeding the cells on the
microcarriers.

6. The method of claim 4, wherein the method further comprises isolating the cells after
step c.

7. The method of claim 4, wherein the method does not require medium exchange.

8. The method of claim 4, wherein the method is carried out in a spinner flask culture
system.

9. The method of claim 4, wherein the characteristics of the cells before and after culturing

are substantially the same.

10.  The method of claim 9, wherein the characteristics of the cells before and after culturing

are the same.

11.  The method of claim 4, wherein the desired initial population density is achieved after 3

to 4 days.
12. The method of claim 4, wherein the microcarriers have an amine treated surface.

13.  The method of claim 4, wherein the culture medium comprises:

the amino acids L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine;
L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-
tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid;
L-Proline; and L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);
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the salts calcium chloride, potassium chloride, magnesium sulfate, sodium chloride, and

one or more sodium phosphate salts;
the nucleosides thymidine, adenosine, cytidine, uridine and guanosine; and

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; sodium selenite; and one or

more energy sources.

14.  The method of claim 13, wherein the one or more energy sources are D-glucose and

sodium pyruvate.

15.  The method of claim 13, wherein the culture medium comprises:

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of L-Cystine; at least about 0.2
g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02 g/L of L-Histidine; at
least about 0.09 g/L. of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at least about 0.09 g/L
of L-Lysine; at least about 0.02 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanine;
at least about 0.03 g/L of L-serine; at least about 0.08 g/L of L-Threonine; at least about 0.009
g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at
least about 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L
of Asparagine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid,;
at least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine;

from about 5 x 107 g/L to about 0.015 g/L of each of the vitamins;

at least about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of
potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of
sodium phosphate, monobasic, H,O and at least about 0.0005 g/L of sodium phosphate, dibasic
heptahydrate (Na,HPO4.7H,0);

at least about 0.0001 g/L of thymidine and least about 0.005 g/L of each of adenosine,

cytidine, uridine, and guanosine; and

at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10 g/L of
lipoic acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of

sodium selenite.
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16.  The method of claim 13, wherein the culture medium is supplemented with 2 to 20% of

FBS.

17.  The method of claim 13, wherein the culture medium is supplemented with about 7.5%,

about 10%, or about 15% of FBS.

18.  The method of claim 13, wherein the culture medium further comprises putrescine, a

stabilizer, and/or a foaming agent.

19.  The method of claim 4, wherein in the serum-free nutrient solution comprises:

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine,
L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Asparagine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and
L-Taurine;

the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide;
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B, (cyanocobalamin);

the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate;

the trace minerals Copper(II)sulfate pentahydrate (CuSQ,.5H,0), Zinc sulfate,
heptahydrate, (ZnS04.7H,0);

the nucleosides adenosine, cytidine, uridine and guanosine; and

insulin; transferrin; ethanolamine; lipoic acid/thioctic acid; and sodium selenite.

20.  The method of claim 19, wherein the serum-free solution further comprises putrescine, a

stabilizer, and/or a foaming agent.
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