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

\ BACKGROUND OF THE INVENTION 

[0002] For an\ilogeneic 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-homologou9^:ell therapy product includes the following steps: thawing a cell 

bank vial and expanding cells tfe inoculate a production vessel; producing cells in a production 

vessel; removing undesirable imparities 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 caVbe quite complex and expensive. For example, the 

cclls for ccll 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 anchorageAtependent cells, such as e.g. human 

umbilical cord tissue derived-cells (hUTCs), can be grown to hiWi cell density by exchanging 

cell growth medium containing 15% Fetal Bovine Serum (FBS) omday 3 of the run. However, 

such a medium exchange is less desirable due to high serum cost, higfl^erum 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 cclls without the n^ed of exchanging 

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

[0005] One embodiment of the invention is a culture medium for growing anchorage-

dependant cells comprising: (1) the amino acids L-Arginine; L-Cystine; L-Cysteine; L-

Glutamine^Jlycine; L-Histidine; L-Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-

PhenylalaninewL-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; L-Alanine; L-

Aspargine; L-AsWtic 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; pyndoxine; and Vitamin B12 (cyanocobalamin); (3) the salts calcium 

chloride, potassium chloode, 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) lipo\acid/thioctic acid; (8) ethanolamine; (9) sodium selenite; and 

(10) one or more energy sources. \ 

[0006] In one embodiment, tnfcculture medium comprises: 

at least about 0.05 g/L of L-Arginme; 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 VL Glycine; at least about 0.02 g/L of L-Histidine; at 

least about 0.09 g/L of L-Isoleucine; at least aDout 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 O.OS^/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/^>f L-Alanine; at 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 of L-Glutamic 

Acid; at least about 0.005 g/L L-Proline; and at least about 0.0008 g/L of L-Taurine; 

from about 5 x 10"6 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 leasi about 0.1 g/L of 

potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least ataut 0.08 g/L of 

sodium phosphate, monobasic, H2O and at least about 0.0005 g/L of sodiun^shosphate, dibasic 

heptahydrate (Na2HP04.7H20); 

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

cytidinc, 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"6 g/L of 

lipofcc acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of 

sodiunrcelenite. 

[0007] \ Another embodiment of the invention is a serum-free nutrient solution for 
growing anchorage dependent cells, which comprises: 

the amii\ acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine, 

L-Leucine, L-Lysiire, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-

tyrosinc, L-Valine, LOUanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Prolinc and 
L-Taurine; \ 

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

pyridoxal; riboflavin; thiamineM-Biotin; pyridoxine; and Vitamin B12 (cyanocobalamin); 

the salts sodium phosphateVnonobasic and sodium phosphate, dibasic heptahydrate; 

the nucleosides adenosine, cj^dine, uridine and guanosine; 

insulin; transferrin; lipoic acid/tmoctic acid; ethanolamine; and sodium selenite. 

[0008] The invention also providcs\its for growing anchoragc-dcpcndcnt 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 o^rowing anchorage-dependent cells (such as 

e.g. umbilical cord tissue-derived cells). \ 

[0009] Accordingly, another embodiment of theunvention is a method of culturing 

isolated umbilical cord tissue-derived cells comprising: \ 

growing umbilical cord tissue-derived cells seeded ommicrocarriers in a culture medium 

comprising amino acids, vitamins, salts, nucleosides, lipoic/thiootic acid, ethanolamine, insulin, 

transferrin, sodium selenium, which is supplemented with serum, rota 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 acflfc, vitamins, salts, 

insulin, transferrin, ethanolamine, lipoic acid/thioctic acid, sodium selenium^ifter 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 acnteve a desired 
final population density. \ 

[0010] The method may further comprise additional steps. In one embodiment,\e 

method further comprises seeding the cells on the microcarriers. In another embodiment, tflfc 
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fl^thod further comprises isolating the cells after culturing. In one embodiment, the desired 

initml 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 havi^an amine treated surface. 

[00111 \ The umbilical cord tissue-derived cells used in the method are isolated from 

human umbilicalcord 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^D117, and HLA-DR. In one embodiment, the cells do not express 

hTERT or telomerase. Tfae 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 embodimentthe culture medium used in the method comprises: 

the amino acids L-Arginine; VCystine; L-Cysteine; L-Glutamine; Glycine; L-Histidine; 

L-Isoleucine; L-Leucine; L-Lysine; L-Ntethionine; 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 D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide; 

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxin^: and Vitamin B12 (cyanocobalamin); 

the salts calcium chloride, potassium chloride, inagnesium 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^nethod comprises: 

at least about 0.05 g/L of L-Arginine; at least about 0.02 g/L of E^ystine; at least about 

0.2 g/L of L-Glutamine; at least about 0.01 g/L Glycine; at least about 0.02VL of L-Histidine; at 

least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at l^st 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 alVut 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-roline; at 

least about 0.005 g/L L-Cysteine; at least about 0.0004 g/L of L-Alanine; at least about O.CTLg/L 
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a!^-Aspargine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic 

Aciavat least about 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine; 

\-orn about 5 x 10"6 g/L to about 0.015 g/L of each of the vitamins; 

at I^ast about 0.05 g/L of Calcium Chloride, Anhydrous, at least about 0.1 g/L of 

potassium cMfiride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 g/L of 

sodium phosphate, monobasic, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2BP04.7H20); 

at least about ftQOOl g/L of thymidine and least about 0.005 g/L of cach of adenosine, 

cytidine, uridine, and guanosine; and 

at least 0.003 g/L oH^sulin, at least 0.05 g/L of transferrin, at least about 5 x 10"6 g/L of 

lipoic acid/thioctic acid, at leasw.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\s supplemented with about 7.5%, about 10%, or about 

15% of FBS. \ 

10015] In one embodiment, the serunwfree nutrient solution used in the method 

comprises: \ 

the amino acids L-Arginine, L-Cystine, L-Cytteine, Glycine, L-Histidine, L-Isoleucine, 

L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, ̂ serine, L-Threonine, L-tryptophan, L-

tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Aoid, L-Glutamic Acid, L-Proline arid 

L-Taurine; \ 
the vitamins D-calcium pantothenate; choline chloridc; roiic acid; I-inositol; niacinamide; 

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin EL 2 (cyanocobalamin); 

the salts sodium phosphate, monobasic and sodium phosphate, «jibasic heptahydrate; 

the trace minerals Copper(II)sulfate pentahydrate (Q1SO4.5H2O), ifcnc sulfate, 

heptahydrate, (ZnS04.7H20); \ 

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 contaiimirther 

components. For exampie, the culture medium and/or serum-free nutrient solution may \rther 

comprise putrescine, a stabilizer, and/or a foaming agent. \ 
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N017] 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 detan^o 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 made without departing from the spirit or scope of the invention. To 

avoid detail not necessary ID enable those skilled in the art to practice the embodiments described 

herein, the description may onait certain information known to those skilled in the art. The 

following detailed description is^herefore, not to be taken in a limiting sense. 

[0019] In one aspect, the mention 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 medrfcn 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 ibr culture media and nutrient solutions 

that are suitable for growing anchorage-dependent cells in stoinner 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 hLH^C to high density in spinner 

flasks without medium exchange. This method reduces serum usage aird 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 nutn^nt solution 

comprising: amino acids (to replenish consumed amino acids in culture); vitamins\alts (to 

maintain osmotic balance in culture); nucleosides; insulin; transferrin; and optionally wt 

preferably ethanolamine; and sodium selenium. This invention allows scalability of the ptocess 
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todarge-scale bioreactors. In yet another embodiment, the invention provides a culture medium 

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\igh 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 tetoms are used throughout the specification and claims. Such terms are to 

be given their ordinary meanmg 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 embodimenf^he cells used in the present invention are generally referred 

to as postpartum ceils or postparturcwterived cells (PPDCs). These cells are more specifically 

"umbilicus-derived cells" or "umbilical aord-derived cells" (UDC), or "umbilical cord tissue-

derived cclls" (UTC). In addition, the ccll^may be described as being stem or progenitor cclls, 

the latter term being used in the broad sense. >he term "derived" is used to indicate that the cells 

have been obtained from their biological source atad 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 belowV 

[0026] Stem cells are undifferentiated cells defined bWhe 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^ells 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 mosk 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. Totipotent cells 

are able to give rise to all embryonic and extraembryonic cell types. Pluripotent cells aS^ble to 

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

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 cefrjineages than multipotent stem cells. Cells, which are unipotent, are able to give 

rise to a single cell lineage (e.g., spermatogenic stem cells). 

[0028] SterW 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 cd|I 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 otheitissue types. An embryonic stem cell is a pluripotent cell from 

the inner cell mass of a blastocysratage 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 extraembironic 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* differentiation into many cell lineages. 

Postpartum stem cells may be blood-derived (e.gL as are those obtained from umbilical cord 

blood) or non-blood-derived (e.g., as obtained fronroie non-blood tissues of the umbilical cord 

and placenta). \ 

[0029] Various terms are used to describe cells inVilture. "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, tissue!^ or organs taken directly from 

an organism(s) before the first subculture. Cells are "expanded" irtaulture when they are placed 

in a growth medium under conditions that facilitate cell growth and/otalivision, resulting in a 

larger population of the cells. When cells are expanded in culture, the rale of cell proliferation is 

sometimes measured by the amount of time needed for the cells to double incumber. This is 

referred to as "doubling time." \ 

[0030] The term "cell line" generally refers to a population of cells formecl^y one or 

more subcultivations of a primary cell culture. Each round of subculturing is referr^Lto as a 

passage. When cells are subcultured, they are referred to as having been "passaged." specific 

population of cells, or a cell line, is sometimes referred to or characterized by the number of 
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titties it has been passaged. For example, a cultured cell population that has been passaged ten 

times may be referred 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^ a secondary culture (PI or passage 1). After the second subculture, the cells 

become a ternary culture (P2 or passage 2), and so on. It will be understood by those of skill in 

the art that ther^iiay 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 (z.Athc number of population doublings) during the period between 

passaging depends on matey factors, including, but not limited to, the seeding density, substrate, 

medium, growth conditions\nd time between passaging. 

[0031] "Differentiatioi\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 istf>ne that has taken on a more specialized ("committed") 

position within the lineage of a cell. TnKterm "committed", when applied to the process of 

differentiation, refers to a ccll that has proctadcd in the differentiation pathway to a point where, 

under normal circumstances, it will continue {^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-differenWation" refers to the process by which a cell 

reverts to a less specialized (or committed) position wirlrin the lineage of a cell. As used herein, 

the "lineage" of a cell defines the heredity of the cell, /.e.,Vhich 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 ha^he capacity to create 

progeny that are more differentiated than itself, and yet retains the cap^ity 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 referrir\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 abl^to self-
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renew. Accordingly, if this type of cell is referred to herein, it will be referred to as a "non-

renting progenitor cell" or as an "intermediate progenitor or precursor cell." 

[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% CO2 and relative humidity maintained at about 

100%. While the foregoing conditions are useful for culturing, it is to be understood that such 

conditions are capablrof being varied by the skilled artisan who will appreciate the options 

available in the art for cu^uring cells. 
[0035] The term "isolate" as used herein generally refers to a cell, which has been 

separated from its natural em^ronment. This term includes gross physical separation from its 

natural environment, e.g., removaMrom the donor animal. In preferred embodiments, an isolated 

cell is not present in a tissue, i.e., tl\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 inventioi^is a method of culturing isolated anchorage-

dependent cells utilizing the culture medium and seVm-free nutrient solution of the invention. 

The method for culturing isolated anchorage-dependem^ells (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 syntheticall\derived materials. Examples 

include collagen-based microcarriers, dextran-based microcarriore, 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.\j|n 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 inducing, but not limited 

to, sodium hyaluronate, poly(monostearoyIglyceride co-succinic acid), poly-DK-lactide-co-

glycolide, fibronectin, laminin, elastin, lysine, n-isopropyl acrylamide, vitronectin^ind collagen. 

Examples further include microcarriers that possess a microcurrent, such as microcanuers with a 

particulate galvanic couple of zinc and copper that produces low levels of biologically raevant 
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electricity; or microcarriers that are paramagnetic, such as paramagnetic calcium-alginate 

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

[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. It is also 

to be understood that the terminology used herein is for the purpose of describing particular 

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

appended claims, tfte singular forms "a", "an" and "the" include plural referents unless the 

content clearly dictatca^thcrwise. Thus, for example, rcfcrcnce to "a cell" includes a 

combination of two or more cells, and the like. 

[0038] "MicrocarrieV' refers to particles, beads, or pellets useful for attachment and 

growth of anchorage-dependentaells 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 auporous coating on the surface; and (c) their surfaces 

(exterior and interior surface in ease of porous carriers) may be positively or negatively charged. 

In one aspect, the microcarriers have an overaf^article diameter between about 150 and 350 

jim, and have a positive charge density of betweeXabout 0.8 and 2.0 meq/g. Exemplary useful 

microcarriers include Cytodex® 1, Cytodex® 2, or Qrtodex® 3 (GE Healthcare Life Sciences). 

10039] In another aspect, the microcarrier is a sotid carrier. Solid carriers are particularly 

suitable for adhesion cells, e.g., anchorage-dependent cellsVThe carrier particle can also be a 

porous microcarrier. Examples further include microcarriers ifaat possess a microcurrent, such as 

microcarriers with a particulate galvanic couple of zinc and copper that produces low levels of 

biologically relevant electricity; or microcarricrs that arc paramagnetic, such as paramagnetic 

calcium-alginate microcarriers. \ 

[0040] "Porous microcarriers" refers to particles useful for attachrHent 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\stirring rate that 

does not cause significant shear damage to the microcarriers or the cells); (b) they\ive pores and 

interior spaces of sufficient size to allow cells to migrate into the interior spaces of thetoarticle; 

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 
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360 ju.m; (b) have pores having an average pore opening diameter of between about 15 and about 

40 jW and (c) have a positive charge density of between about 0.8 and 2.0 meq/g. In some 

embodiments, DEAE (N, N,-diethyIaminoethyl) groups provide the positive charge. Useful 

porous microcarriers include, without limitation, Cytopore 1® and Cytopore 2® (GE Healthcare 

Life ScienccsVPiscataway N.J.). 

[0041] 'i^nchorage-dependent cells" are cells, including mammalian cells, which need to 

attach to a surface,Vg., a tissue culture flask surface or a microcarrier particle surface, to 

replicate in tissue culrare. 

[0042] As used herein, the term "about" when referring to a measurable value such as an 

amount, a temporal duration^nd 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 variation^are appropriate to perform the disclosed methods. 

I. Culture Media and Serum-Fnqe Nutrient Feed Solution 

[0043] This invention provides fonmriched media and concentrated nutrient feed 

solutions, which are serum-free. The media atol 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 aells, 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 ptogenitor cells including but not 

limited to mesenchymal stem cells, bone marrow derived stem celV cells derived from placental 

tissue, adherent cells derived from non-marrow tissues, such as e.g. aoipose 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 neonatalrforeskin fibroblasts. 

A. Culture Media \ 

[0045] One aspect of the invention is a culture medium comprising amino j^ids; 

vitamins; salts; nucleosides; insulin; transferrin; ethanolamine; sodium selenite; D-glocose and 

sodium pyruvate. \ 
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[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-Cystnae; L-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine; L-Lysine; L-

Methionin^: L-Phenylalanine; L-serine; L-Threonine; L-tryptophan; L-tyrosine; L-Valine; and 

optionally L-Cysteine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glutamic Acid; L-Proline; 

and L-Taurine. an alternate embodiment, the culture medium comprises from about 0.0006 

g/L to about 0.1 g/D^)f each of the amino acid. 

[0047] In yet aether embodiment, the culture medium comprises at least about 0.1 g/L 

of L-Arginine; at least abW 0.05 g/L of L-Cystine; at least about 0.3 g/L of L-Glutamine; at 

least about 0.02 g/L GlycineW least about 0.03 g/L of L-Histidine; at least about 0.08 g/L of L-

Isoleucine; at least about 0.08 ^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 afcwut 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-Tflreonine; 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-Cystcinc; at least about 0.000^c/L of L-Alaninc; at least about 0.02 g/L of 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 0.01 g/L L-Proline; and at least about\L0006 g/L of L-Taurine. 

[0048] In an alternate embodiment, the cultuSe medium comprises about 0.09705 g/L of 

L-Arginine; about 0.06779 g/L of L-Cystine; about 0.0^0224 g/L of L-Cysteine; about 0.584 g/L 

of L-Glutamine; about 0.031125 g/L of Glycine; about 0.(^S288 g/L of L-Histidine; about 

0.163713 g/L of L-Isoleucine; about 0.163713 g/LofL-LeucS^e; about 0.16807g/L of L-Lysine; 

about 0.036748 g/L of L-Mcthionine; about 0.073695 g/L of L-P^enylalanine; about 0.05145 g/L 

ofL-serine; about 0.108609 g/L of L-Threonine; about 0.018457 g\ of L-tryptophan; about 

0.121813 g/L of L-tyrosine; about 0.111105 g/L of L-Valine; about 0^00668 g/L of L-Alanine; 

about 0.031978 g/L of L-Aspargine; about 0.0080 g/L of L-Aspartic AcicSabout 0.054728 g/L of 

L-Glutamic Acid; about 0.02403 g/L of L-Proline; and about 0.000844 g/L ̂ L-Taurine. 

[0049] The culture medium further comprises one or more vitamins. InVne embodiment, 

culture medium comprises at least the following vitamins: D-calcium pantothenate^holine 

chloride; folic acid; I-inositol; niacinamide; pyridoxal; riboflavin; thiamine; and optiotally d-

Biotin; pyridoxine; and Vitamin Bn (cyanocobalamin). The media may further comprise^ 

Vitamin C and Vitamin A. In another embodiment, the culture medium comprises from about 5 

-13-



WO 2014/093598 PCT/US2013/074615 

xV g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture medium 

comprises about 0.004338 g/L of D-Calcium Pantothenate; about 0.006094 g/L of Choline 

Chloria^about 0.004302g/L of Folic Acid; about 0.009568 g/L of I-Inositol; about 0.004302 

g/L ofNiabtiiamide; about 0.004153 g/L of Pyridoxal; about 0.000431 g/L of Riboflavin; about 

0.004304 g/I^f thiamine; about 3.75E-05 g/L of d-Biotin; about 1.85E-05 g/L of Pyridoxin and 

about 0.000102g^L of Vitamin Bj2(cyanocobalamin). 

[0050] The oulture 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 Qilcium Chloride, Anhydrous, potassium chloride, magnesium 

sulfate, anhydrous, sodium phobphate, monobasic, H2O, and optionally sodium phosphate, 

dibasic heptahydrate (Na2HPC>4.7HeO). 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 composes 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/L of magnesium 

sulfate, at least about 0.08 g/L of sodium phosphate, monobasic, H2O and optionally at least 

about 0.0005 g/L of sodium phosphate, dibasic nbctahydrate (Na2HP04.7H20). In another 

embodiment, the culture medium comprises about (*2 g/L of Calcium Chloride, Anhydrous, 

about 0.4 g/L of potassium chloride; about 0.9767 g/L\f magnesium sulfate, at least about 0.13 

g/L of sodium phosphate, monobasic, H2O, about 6.4 g/L\f sodium chloride and optionally at 

least about 0.002 g/L of sodium phosphate, dibasic heptahyaWe (Na2HP04.7H20). 

[0051] The culture medium further comprises nucleosides. In one embodiment, the 

culture medium comprises the nucleic acid derivatives (nucleoside^ 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 nucleoside^ In one embodiment, 

the medium comprises at least about 0.0001 g/L of thymidine and least aboW 0.005 g/L of each 

of adenosine, cytidine, uridine, and guanosine. In another embodiment, the madium 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 comprised at 
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laast about 0.003 g/L of insulin. In another embodiment, the culture medium comprises about 

O.Ota/L of insulin. In an alternate embodiment, the culture medium comprises at least about 

0.05 g\of transferrin. In another embodiment, the culture medium comprises about 0.055 g/L 

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. flione embodiment, the culture medium comprises at least about 0.00004 g/L of 

sodium selenite. Iircinother embodiment, the culture medium comprises about 0.000067g/L of 

sodium sclcnitc. In yeianothcr embodiment, the eulture medium does not further comprise 

insulin, transferrin, and eHaanolamine. 

[0053] One embodiirent 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-Lysinet 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: calcium pantothenate; choline chloride; folic acid; I-

inositol; niacinamide; pyridoxal; riboflavin^hiamine; d-Biotin; pyridoxinc; and Vitamin B12 

(cyanocobalamin); the salts: calcium chloride^potassium chloride, magnesium sulfate, sodium 

chloride, and one or more sodium phosphate salt\r/?e 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-Arginnae; at least about 0.02 g/L of L-

Cystine; at least about 0.2 g/L of L-Glutamine; at least about O.Gig/L Glycine; at least about 

0.02 g/L of L-Histidine; at least about 0.09 g/L of L-Isoleucine; at iWist 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 orL-Methionine; at least 

about 0.05 g/L of L-Phenylalanine; at least about 0.03 g/L of L-serine; atieast about 0.08 g/L of 

L-Threonine; at least about 0.009 g/L of L-tryptophan; at least about 0.08 g/Kof 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-Aspargine; at least about 0.006 g/L of I^.spartic 

Acid; at least 0.03 g/L of L-Glutamic Acid; at least about 0.005 g/L L-Proline; and aneast about 

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

5 xlO"6 g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture meokim 
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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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20). In another embodiment, the medium comprises at least about 

0.0001 g/L t\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, cytidinXuridine, and guanosine. In one embodiment, the culture medium further 

comprises at least O.Ote g/L of insulin, and at least 0.03 g/L of transferrin, at least 0.01 g/L of 

ethanolamine and at leas^bout 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;\-Glutamine; Glycine; L-Histidine; L-Isoleucine; L-Leucine; 

L-Lysine; L-Methionine; L-Phenylanmine; 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; 

(2) the vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositoI; niacinamide; 

pyridoxal; riboflavin; thiamine; d-Biotin; pyrmoxine; and Vitamin Bi2(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/tftk>ctic acid; (8) ethanolamine; (9) sodium 

selenite; and (10) one or more energy sources. \ 

[0055] One embodiment of the invention is a cultur^nedium comprising: the amino 
acids\ L-Arginine; L-Cystine; L-Cysteinc; L-Glutamine; Glycire; L-Histidine; L-Isoleucine; L-

Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-lVeonine; L-tryptophan; L-

tyrosine; L-Valine; L-Alanine; L-Aspargine; L-Aspartic Acid; L-Glurimiic Acid; L-Proline; and 

L-Taurine; the vitamins: D-calcium pantothenate; choline chloride; folireicid; I-inositol; 

niacinamide; pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B12 

(cyanocobalamin); the salts: calcium chloride, potassium chloride, magnesium^ulfate, sodium 

chloride, and one or more sodium phosphate salts; the nucleosides (nucleic acid aHrivatives): 
thymidine, adenosine, cytidine, uridine and guanosine; lipoic/thoictic acid; the trace rmnerals 

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 aminXacid. 
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lkanother embodiment, the culture medium comprises at least about 0.05 g/L of L-Arginine; at 

leas^bout 0.02 g/L of L-Cystine; at least about 0.2 g/L of L-Glutamine; at least about 0.01 g/L 

Glycines 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^/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 0.08VL 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/I>of L-Alanine; at least about 0.01 g/L of L-Aspargine; at least about 0.006 

g/L of L-Aspartic Acid; aUeast 0.03 g/L of L-Glutamic Acid; at least about 0.005 g/L L-Proline; 

and at least about 0.0003 g/0^>f L-Taurine. In an alternate embodiment, the culture medium 

comprises from about 5 x 10"6 gi^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 O.lg/L of potassium chloride; at least about 0.2 g/L of magnesium 

sulfate (anhydrous), at least about 0.1 g\of sodium phosphate, monobasic, H2O and at least 

about 0.005 g/L of sodium phosphate, dibasic heptahydrate (Na2HP04.7H20). 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, theimedium comprises at least about 0.0001 g/L of 

thymidine and least about 0.005 g/L of each of adenine, cytidine, uridine, and guanosine. The 

one or more energy sources may be D-glucose and sodVm pyruvate. 

[0056] In addition to the trace mineral sodium selenite, in certain embodiments, the 

culture medium further comprises one or more additional tra^e minerals. In one embodiment, 

the medium further comprises ferric nitrate, copper sulfate, and ajnc sulfate. In one embodiment, 

the medium further comprises ferric nitrate (9H20), copper(II)sulfaVe pentahydrate 

(Q1SO4.5H2O) and Zinc sulfate, heptahydrate, (ZnSC>4.7H20). The trace minerals may be 

present in an amount ranging from about 5 x 10"8 g/L to about 3 x 10"4 g/fio>f each of the trace 

minerals. In an alternate embodiment, the medium further comprises about\001 g/L of ferric 

nitrate (9H20), about 9.33 E-08 g/L of copper(II)sulfate pentahydrate (CUSO4.SH2O) and 3.24 E-

05 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H20). \ 

[0057] Furthermore, the medium may further comprise lipoic acid/thioctic acnL which 

may comprise at least about 5 x 10"6 g/L of the solution. In one embodiment, the mediuni further 

comprises about 0.000015 g/L of lipoic acid/thioctic acid. \ 
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[0858] Optionally, the medium may further comprise putrescine, albumin, a stabilizer, 

and/<\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 available 

AlbuMAXcSi 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 stabilizd^anti-foaming agent Pluronic® F68 (Invitrogen Corporation, Carlsbad, CA). 

[0059] Exemnlary suitable embodiments of the culture medium are shown in the table 

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

: s.ihv. \ 
Calcium Chloride, Anhydrous \ 0.2 At least about 0.05 0.05 - 0.4 
potassium chloride, USP \ 0.4 At least about 0.1 

00 d
 

©
 

Ms sulfate, anhydrous \ 0.9767 At least about 0.2 0.2-1.8 
sodium chloride, USP ^ , 6.4 At least about 5 5-8 
sodium phosphate, monobasic, H20, 
USP \ 0.133175 At least about 0.08 0.08-0.2 

sodium phosphate, dibasic heptahydrate 
(Na2HP04.7H20) \o.00201 At least about 0.0005 0.0005 - 0.004 

1 r.ici* Mimi.iK \ 
Ferric Nitrate (9 H^O) 0.\)01 At least about 5 E-05 0.00002-0.0002 
Copper(II)sulfate pentahydrate 
(CuS04.5H20) 9.33ES^8 At least about 5E-08 5E-08 - 2E-07 

Zinc sulfate, heptahydrate, 
(ZnS0d.7H?0) 3.24E-05\ Al least about 1E-05 1E-05 - 5E-05 

Sodium Selenate (Na^SeO-O 0.000067 \ At least about 4E-05 3E-05 - 1.2E-04 
\niinn \u<l\ \ 
L-Arginine 0.09705 V 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 AVeast about 0.005 0.005 - 0.020 
L-Glutamine 0.584 Arteast about 0.2 

o
 i <N d
 

Glycine 0.031125 At l^fct about 0.01 0.01-0.06 
L-Histidine 0.048288 At leasKabout 0.02 0.01-0.09 
L-Isoleucine 0.163713 At least abput 0.09 0.05 - 0.4 
L-Leucine 0.163713 At least about 0.09 0.05 - 0.4 
L-Lysine 0.16807 At least abouV).09 0.05 - 0.4 
L-Methionine 0.036748 At least about (V>2 0.01 - 0.07 
L-Phenylalanine 0.073695 At least about ().(\ 0.02-0.14 
L-serine 0.05145 At least about 0.03V 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 \p.04 - 0.25 
L-Alanine 0.000668 At least about 0.0004 O.fe - 0.0013 
L-Asparsine 0.031978 At least about 0.01 0.\- 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 \l 
L-Proline 0.02403 At least about 0.005 0.005 - 0^ 
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Embodiment A Embodiment B Embodiment C 
Amount (g/L) Amount (g/L) Amount (g/L) 

L-T\irine 0.000844 At least about 0.0006 0.0003 -0.002 

D-Calci\n 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 
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 B1? (cyanocobalami\ 0.000102 At least about 0.00002 0.00002 - 0.0002 

:iEipi<h \ 
Lipoic Acid/Thioctic Acid \ 0.000015 At least about 5E-06 5E-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 

> iiS? i c: 1D eri va 11 v o s \ 
Thymidine (\)0045 At least about 0.0001 0.0001 - 0.0009 
Adenosine o\l5 At least about 0.005 0.005 - 0.03 
Cvtidine O.OPfi 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 nntfher comprise 3.02 E-05 g/L of 

putrescine, 2.5 g/L of BSA and 0.015 g/L of Pluronic® F68. \imilarly, for embodiment B, the 

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

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

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

BSA and 0.015 g/L of Pluronic® F68. 

[0060] The culture medium of the invention may further comprise anleast 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 sodiurk 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 serumNontent 

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

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 fron^bout 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) ofFB!^ 

B. Serum-fret nutrient solutions 

[0062] Another aspec^>f 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 tfte nutrient solution, the term "serum-free" means that the 

nutrient solution does not contain seruto prior to addition to the culture medium. Unless 

otherwise indicated, the amounts disclosod for the components of the scrum-free nutrient 

solution are based on measurements of the nrcrease in weight of each component after the serum-

free nutrient solution has been added to a cultute. 

[0063] In one embodiment, the serum-freeuiutrient solution comprises the common 20 L-

amino acids. In another embodiment, the serum-fre^rutrient solution comprises the amino acids 

L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidiroe, L-Isoleucine, L-Leucine, L-Lysine, L-

Methionine, L-Phenylalanine, L-serine, L-Threonine, L-trV)tophan, L-tyrosine, L-Valine, and 

optionally L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and L-Taurine. 

In one embodiment, the solution comprises from at least about (M)001 g/L to at least about 0.03 

g/L of each of these amino acids. In another embodiment, the seruV-free nutrient solution 

comprises at least about 0.005 g/L of L-Arginine, at least about O.OO^s^L of L-Cystine, at least 

about 0.0003 g/L of L-Cysteine, at least about 0.0005 g/L of Glycine, anheast 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 leasW>out 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 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\f L-
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Aspargine, at least about 0.002 g/L of L-Aspartic Acid, at least about 0.01 g/L of L-Glutamic 

ACKL 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, 

HC1; aboiiU).005 g/L L-Cystine, 2HC1; about 0.009 g/L L-Cysteine HC1H2O; about 0.001 g/L 

Glycine; aboW 0.006 g/L L-Histidine, HCI, H2O; about 0.059 g/L L-Isoleucine; about 0.059 g/L 

L-Leucine; about0.022 g/L L-Lysine, HCI; about 0.007 g/L L-Methionine; about 0.008 g/L L-

Phenylalanine; aboW 0.009 g/L L-serine; about 0.013 g/L L-Threonine; about 0.002 g/L L-

tryptophan; about 0.(^6 g/L L-tyrosine, 2Na, 2H2O; about 0.018 g/L L-Valine; about 0.001 g/L 

L-Alanine; about 0.032 gt, L-Aspargine H2O; about 0.008 g/L L-Aspartic Acid; about 0.055 g/L 

L-Glutamic Acid; about 0.0J4 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 nuflqent solution further comprises one or more vitamins. In one 

embodiment, serum-fi'ee nutrient solution comprises at least the following vitamins: D-calcium 

pantothenate; choline chloride; folic aci\ I-inositol; niacinamide; pyridoxal; riboflavin; 

thiamine; d-Biotin; pyridoxinc; and Vitam\ B12 (cyanocobalamin). The solution may further 

comprise Vitamin C and Vitamin A. In one er^bodiment, the solution comprises from about 5 x 

10"6 g/L to 0.001 g/L of each of the one or more vjtamins. In one embodiment, the serum-free 

nutrient solution comprises at least about 0.0001 g/^f D-calcium pantothenate; at least about 

0.0008 g/L of choline chloride; at least about 0.0001 g/^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 lx 10~5 g/L of riboflavin; at least about 0.00001 g/L of thiamine; at least about lx 10"5 

g/L of d-Biotin; at least about lx 10"5 g/L of pyridoxinc; and at taist about lx 10"5 g/L of 

Vitamin B12 (cyanocobalamin). In one embodiment, the serum-fr^nutrient solution comprises 

about 0.000338 g/L D-Calcium Pantothenate; about 0.002094 g/L Chaime Chloride; about 

0.000302 g/L Folic Acid; about 0.002568 g/L I-Inositol; about 0.00030^/L Niacinamide; about 

0.000153 g/L Pyridoxal, HCI; about 3.11E-05 g/L Riboflavin; about 0.0003&4 g/L thiamine, 

HCI; about 3.75E-05 g/L d-Biotin; about 1.85E-05 g/L Pyridoxine HCI; and abSut 0.000102 g/L 

Vitamin B12 (cyanocobalamin). \ 

[0065] Additionally, the serum-free nutrient solution comprises one or more s^ts. In 

another embodiment, the solution comprises from about 0.0005 g/L to about 0.001 g/L o^the 

phosphate salts. In an alternate embodiment, the solution comprises sodium phosphate sucfl^is 
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stadium 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 feast about 0.001 g/L of sodium phosphate, dibasic heptahydrate. In an alternate 

embodiment, the solution comprises about 0.008 g/L of sodium phosphate, monobasic and about 

0.002 g/L o^pdium phosphate, dibasic heptahydrate. 

[0066] The serum-free nutrient solution further comprises nucleosides. In one 

embodiment, the sVum-free nutrient solution comprises the nucleic acid derivatives thymidine, 

adenosine, cytidine, uVidine, and guanosine. In an alternate embodiment, the solution comprises 

at least about 0.0001 g/Dto 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 

g/L of each of adenosine, cytiaine, 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 on^embodiment, the solution comprises at least 0.002 

g/L, alternatively about 0.01 g/L of insulin. l\another embodiment, the solution comprises at 

least about 0.01 g/L, alternatively about 0.06 g/l^f transferrin. In alternate embodiment, the 

solution comprise at least about 0.005 g/L, alternately about 0.02 g/L of ethanolamine. In yet 

another embodiment, the solution comprises at least alWt 2 x 10"5 g/L, alternatively about 7 x 

10"5 g/L of sodium selenite. \ 

[0068] In addition to the trace mineral sodium seleni^ 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 10"8 g/L to about 2 sdO"5 g/L of each of the one or 

more additional trace minerals. In one embodiment, the solution further comprises 

Copper(II)sulfate pentahydrate (CUSO4.5H2O) and Zinc sulfate, heptahydrate, (ZnS04.7H20). In 

another embodiment, the solution further comprises at least about 3x10" $L of 

Copper(II)sulfate pentahydrate (CUSO4.5H2O) and at least about 5 x 10"6 g/L otZinc sulfate, 

heptahydrate, (ZnSC>4.7H20). In an alternate embodiment, the solution further comprises about 9 

x 10~s g/L of Copper(II)sulfate pentahydrate (CUSO4.5H2O) and about 3 x 10~5 g/L o^inc 

sulfate, heptahydrate, (ZnSC>4.7H20). \ 
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[o|D69] Furthermore, in addition to the lipid ethanolamine, the serum-free nutrient 

solutan may further comprise lipoic acid/thioctic acid, which may comprise at least about 

1 x 10"^/L of the solution. 

[0070] \ In one embodiment of the invention, the serum-free nutrient solution comprises: 

the amnio 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,\-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and 
L-Taurinc; \ 

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

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B12 (cyanocobalamin); 

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

the nucleosides adenosine\vtidine, uridine and guanosine; 

insulin; transferrin; ethanolanWie; and sodium selenite. 

This serum-free solution may optionall^ftirther comprise Copper(II)sulfate pentahydrate 

(CUSO4.5H2O) and Zinc sulfate, heptahydrate, (ZnSC>4.7H20). Additionally, the scrum-frce 

solution may optionally further comprise lipo\acid/thioctic acid. In one embodiment, the 

solution comprises: (1) from about 0.0001 g/L to\bout 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"6 g/L 

of sodium phosphate, monobasic and at least about 0.00J g/L of sodium phosphate, dibasic 

heptahydrate; (4) at least about 0.0001 g/L of thymidine aifcd least about 0.005 g/L of each of 

adenosine, cytidine, uridine and guanosine; (5) at least 0.002VL of insulin; (6) at least about 

0.03 g/L of transferrin; (7) at least about 0.005 g/L of cthanolamHie and (8) at least about 5 x 10"5 

g/L of sodium selenite. Optionally, this solution further comprises (©) at least about 7 x 10'8 g/L 

of Copper(II)sulfate pentahydrate (CUSO4.5H2O); (10) at least about ^IO"6 g/L of Zinc sulfate, 

heptahydrate, (ZnS04.7H20); and (11) at least about 1 x 10"6 g/L of lipoiracid/thioctic acid. 

[0071] In another embodiment of the invention, the serum-free nutriaat solution 

comprises amino acids, vitamins, salts, nucleosides, Copper(II)sulfate pentahyaSate 

(CUSO4.5H2O), zinc sulfate, heptahydrate, (ZnS04.7H20) and lipoic/thioctic acid.\n 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^.-

-23-



WO 2014/093598 PCT/US2013/074615 

tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and 

L-TaSnne; 

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

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B12 (cyanocobalamin); 

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

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

[0072] In onte embodiment, this serum-free nutrient solution comprises at least about 

0.005 g/L of L-Arginiita at least 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-Isoleucme, 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-serii\ 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-Aspargine, at least 

about 0.002 g/L of L-Aspartic Acid, at leaskabout 0.01 g/L of L-Glutamic Acid, at least about 

0.008 g/L of L-Proline and at least about 0.00& g/L of L-Taurine. . In another embodiment, this 

serum-free nutrient solution further comprises arteast about 0.0001 g/L of D-calcium 

pantothenate; at least about 0.0008 g/L of choline ^Joride; at least about 0.0001 g/L of folic 

acid; at least about 0.0008 g/L of I-inositol; at least abVtt 0.0001 g/L of niacinamide; at least 

about 0.00005 g/L of pyridoxal; at least about lx 10"5 g/^f riboflavin; at least about 0.00001 

g/L of thiamine; at least about lx 10"5 g/L of d-Biotin; at leabt about lx 10"5 g/L of pyridoxine; 

and at least about lx 10"5 g/L of Vitamin B12 (cyanocobalamii\ 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"8 g/L of Copper(II)sulfate pentahydrate (CUSO4.5H2O), about 5 x 

10"5 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H20) and about 2 x 10"5 g)l of lipoic 

acid/thioctic acid. \ 

[0073] Optionally, the serum-free nutrient solutions may further compris^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™^ell 

Culture, Invitrogen Corporation, Carlsbad, CA), which is lipid-rich bovine serum albumi\ In 
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aether embodiment, the serum-free nutrient solution comprises the commercially available 

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

[0074]\ Exemplary suitable embodiments of the serum-free nutrient solution are shown in 
the table 0Wow: 

Embodiment A 
Amount (g/L) 

Embodiment B 
Amount (g/L) 

Embodiment C 
Amount (g/L) 

liiiii'i inn s illv \ 
sodium phosphate, rWonobasic, 
H20, USP \ 0.008175 At least about 0.001 0.001-0.016 
sodium phosphate, dibaayc 
heptahydrate (NainPO-i./fcLO) 0.00201 At least about 0.0005 0.0005 - 0.004 
Trace Minerals \ 
Copper(II)sulfate pentahydratX 
(CuS04.5H20) \ 9.33E-08 At least about 3E-08 3E-08 - 2E-07 
Zinc sulfate, heptahydrate, > 
(ZnS04.7H20) \ 3.24E-05 At least about 5E-06 5E-06 - 7E-05 
Sodium Selenate Na2Se03 \ 0.000067 At least about 0.00002 0.00002 - 0.00014 
\uiiiin \ 

L-Arginine, HCI TSoi305 At least about 0.005 0.005 - 0.03 
L-Cystine, 2HC1 0.0V22 At least about 0.002 0.002 - 0.00522 
L-Cystcinc HCI H20 0.009^4 At least about 0.003 0.003 - 0.02 
Glycine 0.00112X At least about 0.0005 0.0005 - 0.0025 
L-Histidine, HCI, H20 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 least about 0.008 0.008 - 0.05 
L-Methionine 0.006748 Aneast about 0.002 0.002-0.015 
L-Phenylalanine 0.007695 At leaW about 0.002 0.002 - 0.02 
L-Serine 0.00945 At leasHibout 0.002 0.002 - 0.02 
L-Threonine 0.013409 At least abSut 0.003 0.003 -0.03 
L-tryptophan 0.002457 At least abounL0008 0.0008 - 0.005 
L-tyrosine, 2Na, 2H?0 0.018023 At least about 0\)5 0.005 - 0.04 
L-Valinc 0.017505 At least about 0.003^ 0.005 - 0.04 
L-Alanine 0.000668 At least about 0.0001 \ 0.0001 -0.002 
L-AsparaineH20 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 Vol -0.12 
L-Proline 0.02403 At least about 0.008 0^08 - 0.05 
L-Taurine 0.000844 At least about 0.0002 0.000\0.002 
Vitamins 
D-Calcium Pantothenate 0.000338 At least about 0.0001 0.0001 -0.0V7 
Choline Chloride 0.002094 At least about 0.0008 0.0008 -0.00\ 
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Embodiment A 
Amount (g/L) 

Embodiment B 
Amount (g/L) 

Embodiment C 
Amount (g/L) 

Foli^Acid 0.000302 At least about 0.0001 0.0001 - 0.0007 
l-lnosi\l 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, 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 5E-06 5E-06 - 4E-05 
Vitamin Bp (cyanocobalamin) 0.000102 At least about 0.00002 0.00002 - 0.00025 
I iiiitK \ 

Lipoic Acid/Thioctic Acid \ 0.000015 At least about 0.000005 0.000005 - 0.00004 
Ethanolamine HCI \ 0.02 At least about 0.005 0.005 - 0.05 

IS!?! |£l!!!i! Iflllillll Ill 11! Ill lllllf Rli 
Insulin \ 0.01 At least about 0.002 0.002 - 0.025 
Transferrin \ 0.055 At least about 0.01 0.01 - 0.15 
Niukir W id IhTiv.iliwv \ 
Thymidine 0\)045 At least about 0.0001 0.0001 -0.001 
Adenosine 0.(^6 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/I^f 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 O.OOS 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^odium selenate, 

ethanolamine, insulin, transferrin, thymidine, adenosine, cytidine, uridine, granosine, 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-fra 

nutrient solution do not contain exogenously added factors that promote growth of \ 

-26- \ 



WO 2014/093598 PCT/US2013/074615 

undifferentiated cells. In one preferred embodiment, the culture medium and/or serum-free 

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

II. Human Umbilical Cord Tissue-Derived cells (hUTO 

[0078] \ As discussed above in certain embodiments of the invention, the culture medium 

and serum-freeVitrient solutions may be used to grow isolated human umbilical cord tissue 

derived-cells ("hU^C" or "UTC"). The UTC and UTC populations suitable for use with the 

culture medium, serun^free nutrient solution, kits and methods of the present invention are 

described in detail in derailed herein below as well as U.S. Patent Nos. 7,510,873; 7,524,489; and 

U.S. Pub. App. No. 2005/095863, which are incorporated by reference in their entireties as they 

relate to the description, isolation and characterization of hUTC. 

A. Isolation and Gr^th 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 flaslqJ)eaker, 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 a^Dulbecco's Minimal Essential Medium) or 

phosphate buffered saline (PBS), or any solution used fSr 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 sucl^s 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 environmen\The umbilical cord 

may be separated from the placenta by means known in the art. Alternatively, tta umbilical cord 

and placcnta arc used without separation. Blood and debris are preferably rcmove\from the 

postpartum tissue prior to isolation of UTC. For example, the postpartum tissue may\e washed 

with buffer solution, including but not limited to phosphate buffered saline. The wash buffer 
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ako 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 

embodiment^he 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^ommercially. A non-exhaustive list of enzymes compatible herewith 

includes mucolytic enzyme activities, metalloproteases, neutral proteases, serine proteases (such 

as trypsin, chymotrypsin, or elaMase), and deoxyribonucleases. Presently preferred are enzyme 

activities selected from metalloproteases, neutral proteases and mucolytic activities. For 

example, collagenases are known to Re useful for isolating various cells from tissues. 

Deoxyribonucleases can digest single-snended DNA and can minimize cell clumping during 

isolation. Preferred methods involve enzynteitic 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 colft^enase from Clostridium histofyticum, and 

either of the protease activities, dispase, and thermolysna. 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\ollagenase 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 th^killed artisan may 

also obtain such enzymes directly from their natural sources. The skilled aiijsan is also well-

equipped to assess new or additional enzymes or enzyme combinations for the\utility in 

isolating the cells of the invention. Preferred enzyme treatments are 0.5, 1,1.5, 0^2 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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PM82] In some embodiments of the invention, postpartum tissue is separated into 

sections comprising various aspects of the tissue, such as neonatal, neonatal/maternal, and 

maternSj aspects of the placenta, for instance. The separated sections then are dissociated by 

mechanicaland/or enzymatic dissociation according to the methods described herein. Cells of 

neonatal or imternal lineage may be identified by any means known in the art, e.g. by karyotype 

analysis or in SISL 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, celtaulturcs. Isolated cells are transferred to sterile tissue culture vessels 

either uncoated or coatecrwith 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 thVcell 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), Iscovfc's modified Dulbecco's medium, Mesenchymal Stem 

Cell Growth Medium (MSCGM), DMEM/^2, RPMI 1640, and serum/media free medium sold 

under the trade name CELL-GRO-FREE (Meaiatch, 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 oroiore growth factors, e.g., platelet-

derived growth factor (PDGF), epidermal growth factor (BGF), fibroblast growth factor (FGF), 

vascular endothelial growth factor (VEGF), insulin-like growth factor-1 (IGF-1), leukocyte 

inhibitory factor (LIF) and erythropoietin (EPO); amino acids, including L-valinc; 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 denned in the Examples. 

[0084] The cells are seeded in culture vessels at a density to allow cell growth. In a 

preferred embodiment, the cells are cultured at about 0 to about 5% by volume \C>2 in air. In 

some preferred embodiments, the cells are cultured at about 2 to about 25% O2 in au*, preferably 

about 5 to about 20% O2 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 cultureoun an 

incubator. The medium in the culture vessel can be static or agitated, e.g., using a bioreactol 
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»he 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 OK minimal free radical damage to the cultured cells. 

[0085] \ Methods for the selection of the most appropriate culture medium, medium 

preparation,Vid 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 & Sb«\Chichester; and Ho and Wang (eds.), 1991, Animal Cell Bioreactors, 

Buttei-worth-Heinemchw, 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\ecause of migration from the postpartum tissue or cell division, or 

both. In some embodiments orahe invention, 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 beVitotically expanded. The cells of the invention may be 

used at any point between passage 0 ancUenescence. The cells preferably are passaged between 

about 3 and about 25 times, more preferabV are passaged about 4 to about 12 times, and 

preferably are passaged 10 or 11 times. Clonnag and/or subcloning may be performed to confirm 

that a clonal population of cells has been isolated 

[0087] In certain embodiments, the differen^ell types present in postpartum tissue are 
fractionated into subpopulations from which the UTC c^n 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 a&mponent cells, followed by cloning 

and selection of specific cell types, including but not limited to^lection based on morphological 

and/or biochemical markers; selective growth of desired cells (positive selection), selective 

destruction of unwanted cells (negative selection); separation based utan differential cell 

agglutinability in the mixed population such as, e.g., with soybean agglu^nin; freeze-thaw 

procedures; differential adherence properties of the cells in the mixed population; filtration; 

conventional and zonal centrifugation; centrifugal elutriation (counter-streaminc centrifugation); 

unit gravity separation; countercurrent distribution; electrophoresis; and fluorescence activated 

cell sorting (FACS). For a review of clonal selection and cell separation techniques\ee 

Freshney, 1994, Culture of Animal Cells: A Manual of Basic Techniques, 3rd Ed., Wil^-Liss, 

Inc., New York, which is incorporated herein by reference. \ 
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mss] The culture medium is changed as necessary, e.g. , by carefully aspirating the 

meoSum 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 

explanted\ssue sections may be removed and the remaining cells trypsinized using standard 

techniques onusing a cell scraper. After trypsinization, the cells are collected, removed to fresh 

medium, and inmbated as above. In some embodiments, the medium is changed at least once at 

approximately 24 ramrs post-trypsinization to remove any floating cells. The cells remaining in 
culturc arc considcrccpto be UTC. 

[0089] The UTC Vay 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 cryopreseKed 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 maybe characterized, e.g., by growth characteristics (e.g., population 

doubling capability, doubling time, passagejNo senescence), karyotype analysis (e.g., normal 
karyotype; maternal or neonatal lineage), flow cytometry (e.g., FACS analysis), 
immunohistochemistry and/or immunocytochemisrVy (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 an^vs, 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\f 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, Manakas, 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 designatioWUMB 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 growtl\i 

atmospheres containing oxygen from about 5% to at least about 20% (3) they have the potential 

-31-



WO 2014/093598 PCT/US2013/074615 

i^r 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 

compiles a coating of gelatin, laminin, collagen, polyornithine, vitronectin or fibronectin. 

10093] \ In certain embodiments, the UTC possesses a normal karyotype, which is 

maintained withe cells are passaged. Methods for karyotyping are available and known to those 

of skill in the a\ 

[0094] In oVher embodiments, the UTC may be characterized by production of certain 

proteins, including (lVjroduction 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£ cell surface markers, as detected by flow cytometry. In other 

embodiments, the UTC may b^haracterized by lack of production of at least one of CD31, 
CD34, CD45, CD80, CD86, CDlSj, CD141, CD178, B7-H2, HLA-G, and HLA-DR, DP, DQ 

cell surface markers, as detected by now 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 tisstae factor, vimentin, and alpha-smooth muscle actin. 

[0095] In other embodiments, the UToLmay 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 leastone of interleukin 8; reticulon 1; 

chemokine (C-X-C motif) ligand 1 (melonoma growtlnrtimulating activity, alpha); chemokine 

(C-X-C motif) ligand 6 (granulocyte chemotactic protein 5^; 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 statute 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 n^RNA; cDNA 

DKFZp586M2022 (from clone DKFZp586M2022); mesenchyme homeo box ̂ growth arrest-

specific homeo box); sine oculis homeobox homolog 1 (Drosophila); crystallin, alWia B; 

disheveled associated activator of morphogenesis 2; DKFZP586B2420 protein; simiftu* to 

neyralin l; tetranectin (plasminogen binding protein); src homology three (SH3) and c^teine 

rich domain; cholesterol 25-hydroxylase; runt-related transcription factor 3; interleukin 11\ 
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rHeeptor, alpha; procollagen C-endopeptidase enhancer; frizzled homolog 7 (Drosophila); 

hypothetical gene BC008967; collagen, type VIII, alpha 1; tenascin C (hexabrachion); iroquois 

homeoV>x protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; 

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 intSrmediate/small conductance calcium-activated channel, subfamily N, member 

4; integrin, beta 7; PKinscriptional co-activator with PDZ-binding motif (TAZ); sine oculis 

homeobox homolog 2\Drosophila); KIAA1034 protein; vesiclc-associatcd membrane protein 5 

(myobrevin); EGF-contaMng fibulin-like extracellular matrix protein 1; early growth response 

3; distal-less homeo box 5; iWpothetical protein FLJ20373; aldo-keto reductase family 1, 

member C3 (3-alpha hydroxysr^roid dehydrogenase, type II); biglycan; transcriptional co-

activator with PDZ-binding motinCTAZ); fibronectin 1; proenkephalin; integrin, beta-like 1 (with 

EGF-like repeat domains); Homo sapiens mRNA full length insert cDNA clone EUROIMAGE 

1968422; EphA3; K1AA0367 protein; nWiuretic peptide receptor C/guanylate cyclase C 

(atrionatriuretic peptide rcccptor C); hypothetical protein FLJ14054; Homo sapiens mRNA; 

cDNA DKFZp564B222 (from clone DKFZp5^4B222); BCL2/adenovirus E1B 19 kDa 

interacting protein 3-like; AE binding protein 1; and cytochrome c oxidase subunit Vila 

polypeptide 1 (muscle). \ 

[0097] In other embodiments, the UTC may be\haracterized when cultured by secretion 

of at least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF/KGF, HB-EGF, BDNF, TPO, MlPlb, 

1309, MDC RANTES, and TIMP1. In addition, the UTC ma^e characterized when cultured by 

lack of secrction of at least one of TGF-beta2, ANG2, PDGFbb^MIPlA, 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 oneWthe following 

characteristics: potential for at least about 40 doublings in culture; attachment aWd expansion on 

a coated or uncoated tissue culture vessel that comprises a coating of gelatin, laminci, collagen, 

polyornithine, vitronectin, or fibronectin; production of vimentin and alpha-smooth nroscle 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, 
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increased for a gene encoding interleukin 8 and reticulon 1. In some embodiments, such UTC 

doe^not produce CD45 and CD117. 

[0099]\ In preferred embodiments, the cell comprises two or more of the above-listed 

growth, protein/surface marker production, gene expression, or substance-secretion 

characteristic^ More preferred is a cell comprising three, four, five, or more of the 

characteristics, atiill more preferred is a UTC comprising six, seven, eight, or more of the 

characteristics. Stiltmore preferred presently is a cell comprising all of above characteristics. 

[0100] Amon^ells that are presently preferred for use with the invention in several of 

its aspects are postpartuntaells having the characteristics described above and more particularly 

those wherein the cells hav^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 produc^roteins corresponding to any of the markers CD31, 

CD34, CD45, CD117, CD141, or HLA-D^DP,DQ, as detected by flow cytometry. 

[0101] In one embodiment, the UTC aVe 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 CD1J7 or CD45, and do not express hTERT or 

telomerase. These UTC optionally express oxidized 1^ density lipoprotein receptor 1, 

reticulon, chemokine receptor ligand 3, and/or granulocyta^hemotactic 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\r reticulon 1; and/or express 

CD 10, 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 CD3^nd 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\lso 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 proton; 
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aWor (ii) express, relative to a human fibroblast, mesenchymal stem cell, or iliac crest bone 

mairow cell, increased levels of interleukin 8 or reticulon 1. 

[0103]\ In another embodiment, the UTC are isolated from human umbilical cord tissue 

substantia^ 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 HLV-DR. Optionally, these cells also do not express hTERT or telomerase. In one 

embodiment, the ceUs also express CD10, CD44, and CD43. In an alternate embodiment, the 

cells also do not exprcbs 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 (ti) 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 capabVof 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 0D31, CD34, CD45, HLA-DR and CD117, and (3) do 

not express hTERT or telomerase. In alternat^mbodiment, the UTC are isolated from human 

umbilical cord tissue substantially free of blood, ace capable of self-renewal and expansion in 

culture, have the potential to differentiate, and have rhe following characteristics: (1) express 

CD10, CD13, CD44, CD90, and HLA-ABC; (2) do noSexpress 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 j^nd/or granulocyte chemotactic 

protein; and (4) express, relative to a human fibroblast, mesenchimal stem cell, or iliac crcst 

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 10%, 20%, 30%, 

40%, 50%, 60%, 70%, 80%, 90%, or 95% UTC of the invention. The heterogenous cell 

populations of the invention may further comprise stem ceils or other progenitor cNls, such as 

myoblasts or other muscle progenitor cells, hemangioblasts, or blood vessel precursoncells; or it 

may further comprise fully differentiated skeletal muscle cells, smooth muscle cells, penHvtes, or 

blood vessel endothelial cells. In some embodiments, the population is substantially \ 

-35-



WO 2014/093598 PCT/US2013/074615 

Homogeneous, i.e., comprises substantially only the UTC (preferably at least about 96%, 97%, 

989\99% or more UTC). The homogeneous cell populations of the invention are comprised of 

umbilious-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 wit^nown methods. Homogeneous UTC populations may comprise a clonal cell 

line of postpartum\erived cells. 
[0106] In one\mbodiment, 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\he 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. \ 

III. Other Suitable Cells 

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

and serum-free nutrient solutions may be used tWow isolated human umbilical cord tissue 

derived-cells ("hUTC" or "UTC"). In addition, throulture medium and serum-free nutrient 

solutions may be used to grow other anchorage dependent cells. 

[0108] In one embodiment of the invention, the cWture medium and serum-free nutrient 

solution are utilized to grow other anchorage dependent cellWich as cells derived from placenta. 

The examples of other anchorage dependent cells include but a^e not limited to bone marrow 

derived mesenchymal stem cells, bone marrow derived progenitoi^f mesenchymal stem cells, 

cells derived from non-marrow tissues, such as adipose tissue, muscle^issue, blood vessel 

including internal mammary artery derived cells, cells derived from the obntal 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 inciting neonatal 

foreskin fibroblasts. \ 
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IV Methods of Culturing 

[01091 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 utiliz^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 atave, UTC can be grown in a variety of culture media. The methods 

of the invention optimally reouce 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 fotarowth of the cells (e.g. hUTC) without medium exchange. 

10111] Exemplary methods ofxrowing cells in roller bottles and microcarriers are 

disclosed in U.S. Pub. App. Nos. 2007/()Wl700 and 2008/0166328, respectively, which arc 

incorporated herein by reference in its entirety as it relates to the description of roller bottle, 

microcarriers and culturing on roller bottles ano^mcrocarriers. 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 thrart 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 harvestSag the cells. 

[0113] Roller bottle culture systems typically further compris^neans 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 transferee Harvesting of the 

cells may be achieved through enzymatic treatment such as with trypsin, trypsiSrEDTA, dispase, 

and collagenase, or other enzymes or combinations of enzymes with or without outer 

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.Xbatch 

centrifugation, or harvesting can be automated. \ 
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[OJ14] In one embodiment, the bottles are filled about 100-300 ml of growth medium, in 

othetambodiments about 100-200 ml are used. In an alternate embodiment about 100-120 ml, 

or eveiV05-l 15 ml are placed in the bottles. In other embodiments, the bottles are filled with 

about 112Sml of growth medium to achieve maximal population doublings. In one embodiment, 

the bottles are^eeded with about 2,500 to about 10,000 cells/cm2. In a one embodiment, the 

lower end of thafc^ange 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 betweerVbout 0.5 to 1 rpm. Preferably, the rotation is between about 0.75 and 1 

rpm. More preferably, tHte 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 300Vl are used. The bottles are seeded with about 2500 to about 

10,000 cells per square centimeterV 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 atabout 2500 cells/cm2. 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\nd 1 rpm. More preferably, the bottles are rotated 

at about 0.8 to 1 rpm. Rotation near or about 0.^1.0 rpm is presently preferred, as shown in the 

figure. \ 

[0116] The filled and seeded roller bottles are rotated and incubated for about 5 to 7 days 

to achieve maximal doublings. Presently, an incubation tVie of about 5.5 to about 6.5 days is 

preferred. \ 

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

cells to the inner surface of the roller bottles, such as gelatin, extracellular matrix molecules 

(such as gelatin, laminin5 vitronectin, fibronectin, collagen types I, I\^ind VI), or the like. One 

example of such commercially available coated bottles are those coated wth CellBind (available 

from Corning as catalog number 3907). It is envisioned that various coating^gents will be found 

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

[0118J Spinner flask culture systems are also known in the art of cell culture. As used 

herein, So inner flask culture systems comprise at least a cell line of interest, growth medium, one 

or more spnaner flask, a means for rotating the one or more flask, and a means for harvesting the 

cells. \ 

[0119] Spmner flask culture systems typically further comprise means for controlling the 

temperature during t^e incubation, as well as means for aseptically handling the cultures, e.g. 
during initial seeding o^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 commerciataroducts such as but not limited to TrypLE™ Express (Gibco, 

Inc.) can utilized. The cells be als^e 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 Bom, alternatively from between about 40 and about 

50 rpm, alternatively between about 45 rpm aruS^bout 55 rpm, alternatively from between about 

55 to about 65 rpm, alternatively from about 50 t^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 arSuised which may be filled with 

approximately 3 L of growth medium, FBS, serum-free nuftuent 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. The\ 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 atoroximately 85 ml to 

115 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cclls. 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 flasflfc may be 

filled with approximately 500 ml of a solution comprising the growth medium, FBS, seruSa-free 

nutrient solution, microcarriers, and cells. In one embodiment, the flasks contain approximately 
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4$£) ml to 500 ml of growth medium, FBS, serum-free nutrient solution, microcarriers, and cells. 

In tmrt embodiment, the rotational speed may be set between about 55 and 65 rpm. Preferably, 

the rotation is about 50 rpm. 
10124] \ 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 

nutrient solutioiVnicrocarriers, and cells. In one embodiment, the flasks contain approximately 

450 ml to 500 ml oWowth medium, FBS, serum-free nutrient solution, microcarriers, and cells. 

In that embodiment, tfte rotational speed may be set between about 35 and 45 rpm. Preferably, 

the rotation is about 40 rpm. 
[0125] The flasks mW be seeded with about 2,500 to about 10,000 cells/cm2. The cells 

may be seeded directly into th^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 3,00^to about 7,000, alternatively with about 4,000 to about 

7,000, alternatively with about 3,000 toN&out 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 5,50taells/cm2. 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 about5 to 7 days, with an incubation time of 

about 5 to about 6 days preferred. \ 

C. Microcarriers \ 

[0126] Microcarrier culture is a technique, which mak\ 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 thoustoid liters. The 

microcarrier is biologically inert and provides a strong but non-rigid substnrte for stirred 

microcarrier cultures. The microcarriers may be transparent, allowing microscopic examination 

of the attached cells. Cytodex® 3 (GE Healthcare Life Sciences, Piscataway N.^ consists of a 

thin layer of denatured collagen chemically coupled to a matrix of cross-linked dexran. The 

denatured collagen layer on Cytodex® 3 is susceptible to digestion by a variety of pro\ases, 
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including trypsin and collagenase, and provides the ability to remove cells from the microcarriers 

whi\maintaining maximum cell viability, function, and integrity. 

[0127]\ Protein free microcarriers can be used to culture the cells. For example, 

microcarnto- 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 catioltic trimethyl ammonium attached to the surface to provide a positively charged 

surface to the microcarrier. The bead diameter may range from about 90 to about 200 jam in 

diameter. \ 

[0128] Microcarrr^r-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 efaher porous or solid. The use of microcarriers for cell 

attachment facilitates the use of stored 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 parambtfers of the microcarriers. Thus, microcarriers 

commonly have a mean diameter in the ran^e of 50-2000 Jim. In some applications solid-type 

microcarriers range from about 100 to about 2M) jam whereas porous-type microcarrier beads 

range from about 250 to about 2500 jim. These sfee ranges allow for selection of microcarriers, 

which are large enough to accommodate many anchVage-dependent cells, while small enough to 

form suspensions with properties suitable for use in stined reactors. 

[0129] Among the factors considered in using microcarrier beads and the like are: 

attachment efficiency, immunogenicity, biocompatibility, abiMy to biodegrade, time to reach 

confluence, the growth parameters of attached cells including maKimum 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, anK whether the beads 

will be used for implantation. These considerations can be influenced by th^urface properties 

of the microcarrier beads, as well as by the porosity, diameter, density, and hancUing 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 suspetaion, or 

tend to remain completely towards the bottom of the culture vessel, and thus may result in pWor 
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'3 is typical of many microcarrier beads. 

The small diameter of microcarrier particles and the volume of particles that can 

ftfcdk 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/ 

[0131] 

be added to Reactor allows the microcarriers to contribute substantial surface area in vast excess 

to that found in poller bottles or other methods of growing anchorage-dependent cells, e.g. on 

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 c^ities 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 microcarrietaurface 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^md etching. The resolution of the features of the textured 

surface may be on the nanoscale. The tortured surface may be used to induce a specific cell 

alignment on the microcarrier surfacc. Th^urface 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 t^molding, casting, leeching, and etching. 

[0133] The microcarrier surface may be plastoa-coated to impart a specific charge to 

microcarrier surfaces. These charges may enhance cel\*ttachment and proliferation. 

[0134] In other embodiments, the microcarriers comprise, or are coated with, 

thermoresponsive polymers e.g. poly-N-isopropylacrylamideVjr 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 l^ls of biologically relevant 

electricity. The microcarriers may be paramagnetic, such as paramagnetic calcium-alginate 

microcarriers. 

10135] Both porous and solid types of microparticulate carriers are <?tommercially 

available. Examples of commercially available solid microcarriers include Cyrfedex ® 1 and 

Cytodex® 3, both of which are dextran-based microcarriers from GE Healthcare Rife Sciences. 

Suitable commercially available porous microcarriers include Cytoline™ and Cytopo^™ from 

GE Healthcare Life Sciences, Biosilon (NUNC) and Cultispher® (Percell Biolytical). 
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[<U36] In certain embodiments, the methods and kits of the invention utilize a dextran 

beamnicrocarrier having an approximate particle size of about 60-90 jam and a density of about 

1.03 g^ei3 at 25°C. In other embodiments, the methods and kits of the invention utilize a 

dextran betoi microcarrier having an approximate particle size of about 114-198 jam and a 

density of about 1.04 g/cm3 at 25°C. In yet another embodiment, the methods and kits of the 

invention utiliz^e dextran bead microcarrier having an approximate particle size of about 60-87 

jam and a density oa&bout 1.04 g/cm3 at 25°C. In an alternate embodiment, the methods and kits 

of the invention utilizroorous microcarriers. These porous microcarricrs may have a particlc 

diameter of about 200-2$SUim, an effective surface area of about 1.1 m2/g dry and an average 

pore diameter opening of abfcwt 30 jam. 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 jam, a 

relative density range of about 1.090^150, a surface area of about 515 cm2/g. Such 

microcarriers may be provided in solutions contains 5.5 x 10s microcarriers/g. 

[01371 The carricr particles may alsW contain a bioactivc agent. The carricr particlc may 

also contain a bioactive agent or factor that mav 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 factors, platelet-derived growth factors, bone 

morphogenic proteins, transforming growth factors, tuntor necrosis factors, epidermal growth 

factors, and insulin-like growth factors. Complete factorsViimetics, or active fragments thereof 

may be used. \ 

D. Methods \ 

[0138J Generally, the methods of the invention comprise cuItuWng (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 periocLof about 3-4 days), 

the serum-free nutrient solution is added. The cells may be anchorage-dependefrt cells, which 

may be seeded on a microcarrier. The culturing may be carried out in a roller botne 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 determined by 

such parameters as e.g. desired population density, desired population doubling(s) or time.\n 
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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 untira desired initial population density is achieved prior to addition of the serum-free nutrient 

solution, discussed above, the methods allow for growth of the cells (e.g. hUTC) without 

medium excftaige 

K Methods of Culturing Isolated Anchorage-Dependent Cells 

[0139] OneVnbodiment of the invention is a method for culturing (e.g. expanding) 

anchorage-dependent aells. 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 supplemente^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 c^lls 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 solutwm. 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, th^cells are seeded on any of the microcarriers 

disclosed herein and are grown in spinner flasks uncftu: the conditions described above. In one 

embodiment, the method comprises thawing a cell ban^ial 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 mediun\sed in these methods, may be 

supplemented with about 2% to about 20% of serum (e.g. FBS). Ii^ne 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 tooise (such as via the 

addition of a solution comprising serum (e.g. FBS)). In another embodiment^he 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 >5%, 

alternatively from about 4% to about 10%. In the selected embodiments, the culture rWedium is 

supplemented with about 7.5%, about 10% or about 15% (v/v) of FBS. 
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[W41] 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 iKabout 8,000, alternatively from about 5,500 to about 7,500, alternatively from about 

6,000 to aOout 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm2 are seeded at 

a microcarrietaoncentration of about 12 to about 30, alternatively of about 12 to 20, alternatively 

of about 18 to aoout 25, alternatively of about 15 to about 23 g/L. 

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 itathod generally comprises the steps of the method of culturing 

isolated anchorage-dependentaells discussed above, there may be some variations. Accordingly 

one embodiment of the inventioXis a method of culturing isolated anchorage-dependent hUTC 

attached on microcarriers to high coll density in suspension culture in spinner flasks by enriching 

the growth medium with a serum-freeVutrient solution. This method optimally eliminates the 

need for medium exchange {e.g. on day iito consistently grow cclls >20,000 cells/cm2. 

Furthermore, this method improves robustness for passaging of hUTC. This method utilizes the 
culture media and serum-free nutrient solution^f the invention. 

[0143] The method comprises culturing isolated hUTC seeded on a microcarrier in a 

culture medium of the invention supplemented with smim (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 certaiirembodiments, the cells are cultured 

in a roller bottle and the culturing is carried out on a roller boflte system. In preferred 

embodiment, the cells are seeded on microcarriers, cultured in spWner flasks and the culturing is 

carried out in the spinner flask system. In one embodiment, cells areuncubated at approximately 
37 °C under a 10% CO2 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 abW 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 embodirant, the 

microcarrier density in the medium is from about 11.0 to about 13.0 g/L. \ 
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[oJ45] In one embodiment, the hUTC are cultured at approximately 37 °C under a 10% 

CO^tmosphere 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% CO2 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% CO2 atmosphere in a 500 ml flask, 

which is rotated at\n rpm range of about 35 rpm to about 45 rpm (preferably about 40 rpm). In 

another embodiment, tfae hUTC are culturcd at approximately 37 °C under a 10% CO2 

atmosphere in a 3 1 flask^hich 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 II.0 to about 

13.0 g/L of microcarrier in the roedium (preferably about 12 g/L). 

10146] 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)) oiwhen the cells have achieved the desired initial cell 

density, the serum free-nutrient solution of th^nvention 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 Ve 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 microcarricrs in a culture medium of th^nvention for a sufficient period 

of time to allow for the cells to achieve a desired initial population\ensity; adding a serum-free 

nutrient solution of the invention after the cells have achieved the deseed initial population 

density; and growing the cells for a sufficient period of time to allow fonrtie cells to achieve a 

desired final population density. \ 

[0149] In another embodiment, culture medium embodiment A and serari-free nutrient 

solution embodiment A are used. In another embodiment, culture medium emboaknent B and 

serum-free nutrient solution embodiment B are used. In one embodiment, culture medium 

embodiment C and serum-free nutrient solution embodiment C are used. \ 
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[0)150] In one embodiment, the method comprises seeding microcarriers with hUTC prior 

to cutiuring. 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 

microcamSrs having an amine treated surface have a particle size of about 160-200 jam, a 

relative densw range of about 1.090-1.150, a surface area of about 515 cm2/g. In one 

embodiment, thwnicrocarrier 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 

6,000 to about 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm2 are seeded at 

a microcarrier concentratioi^of about 15 to about 30, alternatively of about 18 to about 25, 

alternatively of about 15 to aboW 23 g/L. The seeded cells are added to a flask. Alternatively, 

the seeding is carried out in a flasKV 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 t^eeding the microcarrier. In one embodiment, the 

expansion of the cclls is carricd out on a microcarrier. 

[0152] In one embodiment, the cultur^media used in the method to grow hUTC is 

supplemented with about 2% to about 20% of seiW (e.g. FBS). In one embodiment, medium is 

supplemented with serum (such as e.g. FBS) during\he preparation of the medium. In another 

embodiment, the medium is supplemented immediatel^orior 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 aboir^ to about 15%, alternatively 

from about 4% to about 10%, alternatively from about 8 % to abou^5%, 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 inay be used to 

maximize the number of population doublings achievable in spinner flask or roller Dottle culture 

without need for medium exchange are rotational speed, seeding density of the cells im© the 

bottles, amount of microcarrier, time of incubation, type of culture medium, type of serunikfree 

nutrient solution and volume of medium placed in the bottle. The skilled artisan will appreenrte 
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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 

doubling^ichieved 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 haSang substantially the same cell surface marker profile or gene expression 

profile as the starting oells. In one embodiment, the cells cultured according to the methods 

provided are characterizedas 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,Nhe 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\r preferably identical in such characteristics as the 

same cells grown under laboratory conditionsimd scale. 

V. Kits Comprising the Culture Medium aWd Serum-Free Nutrient Solution 

[0155] Another embodiment of the inventionlfi a kit for growing cells comprising the 

culture media of the invention and the serum-free nutrieflf solution. In one embodiment, the kit 

further comprises the cells. In one preferred embodiment, fta kit comprises human umbilical 

cord tissue-derived cells. The kit may also further comprise inductions of use. Optionally, the 

kit further comprises a microcarriers and serum such as fetal bovh^e serum. In an alternate 

embodiment, the kit may also comprise a roller bottle system. \ 

[0156] Without further description, it is believed that one of oroinary 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 a\ not to be 

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

\ EXAMPLE 1 
Gro\ih 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 vaWous enriched media was investigated. For the studies in this example, umbilical 

cord tissue-derhVl 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 microOerriers used in the studies was Hillex® Ultra (Solohill Engineering, 

Ann Arbor, MI), which hav^a surface area of 515 cm2/g. 

[0159] As used in this example, the term "passage" is defined as inoculating a vessel 

containing fresh microcarriers witftaonfluent 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 \ 

(ln(# of viable cells at end ofpassage) \ln(# of viable cells at start ofpassage)) 
lV 

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 takeiwrom the culture and transferred into 

a 15 ml conical tube. The sample was then centrifuged at 160W3PM for 5 minutes. The 

supernatant was carcfully removed making sure not to remove anwnicrocarriers. 5 to 10 ml of 

TrypLE™ Select (Gibco®) pre-warmed to 37 °C was then added to microcarriers and 

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

transferred into a 50 ml conical tube through a 40-jam filter to remove the nucrocarriers 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 su^rnatant 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 resuspende^iin this 

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

cell\oncentration in the culture vessel was calculated as follows: 

Cell concentration in culture vessel, cells/mL 

Re^ifspension 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/mLXCulture Volume, mL) 

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

Cell Culturing Procedure \ 
[0161] Vials of frozen hUTCwere thawed and washed with fresh medium. The cell 

suspension was transferred into a 125ifcl glass spinner flask containing the medium and 

microcarrier. These thawed cells were usfcd to prepare the inoculum. 

Preparation of cells for Inoculum \ 
[0162] The inoculum was expanded os^r 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 an<r3 L). The cumulative population doublings 

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

during expansion of inoculum are tabulated in table below^)n the target day of passage, a cell 

count was performed and if the target density for passage wa^chieved, 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 oik and the cells counted on 

the next day. For medium exchange, the vessel was set aside from thc\cinncr platform and the 

microcarriers were allowed to settle by gravity for 5 minutes and 80% of tta 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 incubaW. 

10163] The growth conditions and parameters during serial passaging for iiWulum 

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 Culiurc Vessels Target (Range) 

\At Thaw, 125 ml spinner flask (viable cells/cm2) 6000 (3000-7500) 
Xt Passage 1, 500 ml spinner flasks (viable cells/cm2) 5000 (3000-7000) 
Afyll other passages (viable cells/cm2) 6000 (4000-7000) 
Duration of Passages Target 
After l^aw, 125 ml spinner flask (days) 4 (4-5) 
At all otfter passages from 500 ml spinner flask (days) 3 (3-4) 
3L spinnei^flask (days). Always 4 days with 80% medium 
exchange on\)ay 3 

4 

Cell Density afand of Passage Target 
Cell Density at I?Kd of Passage (viable cells/cm2) >20000 
Spinner Flask Woi\jng Volumes Target (Range) 
125 ml flask workin^/olume (ml) 100 (85-115) 
500 ml flask working vKlume (ml) 500 (450-500) 

• yihfiubaforP :: 
Temperature (°C) 37.0 
CO, (%) \ 10 

: •!SpinSet5:MlaiS i;i';i® get: :(R&i#e) • ii 
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 \ :;:i::: 
Density of microcarrier in medium \ 12(11.0-13.0) 

Various Growth Conditions Used in this Example 
[0164] For each of Conditions 1 to 9, the day ©^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/cm2 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 auf^claved 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 V" 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% CO2 incubator. On Day 3, an 80% medium exchange 

was carried out using DMEM + 15% FBS. Periodic cell counts were performed usink the 

procedure described above. On Day 3 and 5, 3 ml and 2.5 ml of Glucose were added t^he flask, 

respectively. 2.5 ml of 200 mM L-Glutamine was added on Day 3. \ 
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flU66] Condition 2: The target seeding density of this condition was ~6000 viable 

cellV^cm2 at a microcarrier concentration of ~20 g/L. Based on the cell count of the inoculums the 

desire^olume of inoculum was added to a new autoclaved 500 ml glass spinner flask. The 

microcarroers were allowed to settle by gravity. The medium from the inoculum was removed 

until ~ 100 mi was left in the flask. Fresh microcarriers were then added resulting in a final 

weight of ~10 j^of microcarriers in the flask. Fresh medium comprised of M5 basal medium and 

15% (v/v) ofFBS^s added to bring up the volume to 500 ml. The flask was placed on a 

spinner platform at 6(^PM in a 37 °C and 10% CO2 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 adaSd to the flask. 

[01671 Condition 3: The\arget seeding density of this condition was ~7000 viable 

cells/cm2 at a microcarrier concentration of -20 g/L. Based on the cell count of the inoculum the 

desired volume of inoculum was added 10 a new autoclaved 500 ml glass spinner flask. The 

microcarriers were allowed to settle by gr*\ity. The medium from the inoculum was removed 

until ~ 100 ml was left in the flask. Fresh mictocarriers were then added resulting in a final 

weight of ~10 g of microcarriers in the flask. Freeh medium comprised of Ml basal medium and 

15% (v/v) of FBS was added to bring up the volumerto 500 ml. The flask was placed on a 

spinner platform at 45 RPM in a 37 °C and 10% CO2 nicubator. On Day 3, feed F1 was added. 

No medium exchange was performed. Periodic cell coun\ were performed as explained in the 

cell counting section. 2.5 ml of glucose was added on Day \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/cm2 at a microcarrier concentration of ~20 g/L. Based on the celtaount of the inoculum the 

desired volume of inoculum was added to a new autoclaved 500 ml glas^pinner 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 placeo^n a 

spinner platform at 45 RPM in a 37 °C and 10% CO2 incubator. On Day 3, feed F2 wa^added.. 

No medium exchange was performed. Periodic cell counts were performed as explained imthe 
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cWl counting section. 2.5 ml of glucose (aqueous solution of 220 g/L of dextrose monohydrate) 

wa^dded 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 achted to bring up the volume to 500 ml. The flask was placed on a 
spinner platform at 45 RPfv^fi a 37 °C and 10% CO2 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 glacose (aqueous solution of 220 g/L of dextrose monohydrate) 

was added on Day 3. On Day 4, 5 mtaf 200 mM L-Glutamine was added to the flask. 

[0170] Condition 6: The target\^eding density of this condition was -7000 viable 

cells/cm at a microcarrier concentration ofv20 g/L. Based on the cell count of the inoculum the 

desired volume of inoculum was added to a n^y 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 microcarners were then added resulting in a final 

weight of-10 g of microcarriers in the flask. Fresh meWum comprised of M4 basal medium and 

15% (v/v) of FBS was added to bring up the volume to 50tanl. The flask was placed on a 

spinner platform at 45 RPM in a 37 °C and 10% CO2 incubator On Day 3, feed F4 was added. 

No medium exchange was performed. Periodic cell counts werroerformcd as explained in the 

cell counting section. 2.5 ml of glucose (aqueous solution of 220 gNl of dextrose monohydrate) 

was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was aa^ed to the flask. 

[0171] Condition 7: The target seeding density of this conditionVas -7000 viable 

cells/cm at a microcarrier concentration of -20 g/L. Based on the cell counrof 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 wWs removed 

until - 100 ml was left in the flask. Fresh microcarriers were then added resulting in spinal 

weight of -10 g of microcarriers in the flask. Fresh medium comprised of M5 basal mecKum 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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spioner platform at 45 RPM in a 37 °C and 10% CO2 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 cui Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added to the flask. 

10172] Condition 8: The target seeding density of this condition was -7000 viable 

cells/cm2 at a miococarrier 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 allied to settle by gravity. The medium from the inoculum was removed 

until - 100 ml was left inShe flask. Fresh microcarriers were then added resulting in a final 

weight of-10 g of microcamers in the flask. Fresh medium comprised of M6 basal medium and 

15% (v/v) of FBS was added t(rbring up the volume to 500 ml. The flask was placed on a 

spinner platform at 45 RPM in a 3\C and 10% CO2 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 20® mM L-Glutamine was added to the flask. 

[0173] Condition 9: The target seeding density of this condition was -7000 viable 

cells/cm2 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 aur^claved 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\omprised of M7 basal medium and 

15% (v/v) of FBS was added to bring up the volume to 500 ml.\ffhe flask was placed on a 

spinner platform at 45 RPM in a 37 °C and 10% CO2 incubator. OV 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 oi\extrose monohydrate) 

was added on Day 3. On Day 4, 5 ml of 200 mM L-Glutamine was added tV the flask. 

Harvest \ 

[0174] On day 6, all the flasks were harvested. For harvest, the microcamers were 

allowed to settle by gravity and the medium was removed as much as possible with^t removing 
any microcarriers. 250-300ml of TrypLE™ pre-warmed at 37 °C was added to the flaslkand 

placed on a spinner platform in the incubator at 37 °C. After 30 minutes, the agitation waX 
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stopped and a 25 ml sample was taken from the flask and filtered through a 40 jim filter. The 

micrBcarrier retained on the filter was discarded and a cell count was performed on the sample 

by direWly running the sample on the CEDEX. Based on the TrypLE™ volume added and the 

cell countVrtained, the total cells in the vessel were calculated and the cell density (cells/cm2) 
was calculate^ 

Compostaon of the Cell Culture Media 

[0175] DM^M (with lg/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 othertoasal 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 AlbuMAN® I (Gibco™ Cell Culture, Invitrogen Corporation, 

Carlsbad, CA), which is lipid-rich boviiXserum 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 antMoaming agent Pluronic® F68. 

Table 1-2 Formulation of Basal Media 
\ Basal Medium 

Ml 
(g/L) 

M2 
(g/L) 

M3 \ 
(g/L) 

M4 
V (g/L) 

M5 
(S/L) 

M6 
(g/L) 

M7 
(S/L) 

liiot-^sinic ^;illv \ 
Calcium Chloride, 
Anhydrous 0.2 0.2 0.2 o\ 0.2 0.2 0.2 
Calcium Chloride 
(CaCl2.2H20) 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 0.9767 0.9767 (fce767 0.9767 0.9767 
sodium chloridc, USP 6.4 6.4 6.4 6.4 6\ 6.4 6.4 
sodium phosphate, 
monobasic, H20, USP 0.133175 0.125 0.133175 0.133175 0.13317^ 0.125 0.125 
sodium phosphate, dibasic 
heptahydrate 
(Na2HP04.7H20) 0.00201 0 0.00201 0.00201 0.00201 0 
Truce Minerals \ 
Ferric Nitrate (9 HiO) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001\ 0.0001 
Copper(II)sulfate 
pentahydrate 
(CUS04.5H,0) 9.33E-08 0 9.33E-08 9.33E-08 9.33E-08 0 \o 
Zinc sulfate, heptahydrate, 3.24E-05 0 3.24E-05 3.24E-05 3.24E-05 0 
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Table 1-2 Formulation of Basal Media 

Basal Medium 
Ml 

(S/L) 
M2 

(S/L) 
M3 

(S/L) 
M4 

(S/L) 
M5 

(S/L) 
M6 

(g/L) 
M7 

(S/L) 
(ZnS04.7H^) 

Sodium Selenite 
(Na2Se03) \ 0.000067 0.000067 0 0.000067 0.000067 0.000067 0 

\niini) \oiili \ 

L-Anjinine, HCI \ 0.09705 0.084 0.09705 0.09705 0.09705 0.084 0.084 

L-Cystine, 2HC1 0.06779 0.06257 0.06779 0.06779 0.06779 0.06257 0.06257 

L-Cysteine HCI H?0 \ 0.009224 0 0.009224 0.009224 0.009224 0 0 

L-Glutamine V 0.584 0.584 0.584 0.584 0.584 0.584 0.584 

Glycine WQ31125 0.03 0.031125 0.031125 0.031125 0.03 0.03 

L-Histidine, HCI, H2O 

00 00 CM 

4 0 0.042 0.048288 0.048288 0.048288 0.042 0.042 

L-Isoleucine 0.163^3 0.1048 0.163713 0.163713 0.163713 0.1048 0.1048 

L-Leucine 0.1637lX 0.1048 0.163713 0.163713 0.163713 0.1048 0.1048 

L-Lysine, HCI 0.16807 V.1462 0.16807 0.16807 0.16807 0.1462 0.1462 

L-Methionine 0.036748 \o3 0.036748 0.036748 0.036748 0.03 0.03 

L-Phenylalanine 0.073695 0.^6 0.073695 0.073695 0.073695 0.066 0.066 

L-serine 0.05145 0.04\ 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 V)18457 0.018457 0.018457 0.016 0.016 

L-tyrosine, 2Na, 2 H20 0.121813 0.10379 0.\l813 0.121813 0.121813 0.10379 0.10379 

L-Valine 0.111105 0.0936 0.1l\p5 0.111105 0.111105 0.0936 0.0936 

L-Alanine 0.000668 0 0.0006?& 0.000668 0.000668 0 0 

L-Aspargine H?0 0.031978 0 0.031978^ ̂ 0.031978 0.031978 0 0 

L-Aspartic Acid 0.00803 0 0.00803 \g0803 0.00803 0 0 

L-Glutamic Acid 0.054728 0 0.054728 0.0V728 0.054728 0 0 

L-Proline 0.02403 0 0.02403 0.024^3 0.02403 0 0 

L-Taurine 0.000844 0 0.000844 0.00084X 0.000844 0 0 

\ ii.miins 

D-Calcium Pantothenate 0.004338 0.004 0.004338 0.004338 0\04338 0.004 0.004 

Choline Chloride 0.006094 0.004 0.006094 0.006094 0.0(\094 0.004 0.004 

Folic Acid 0.004302 0.004 0.004302 0.004302 0.0043^ 0.004 0.004 

I-Inositol 0.009568 0.007 0.009568 0.009568 0.00956^ k 0.007 0.007 

Niacinamide 0.004302 0.004 0.004302 0.004302 0.004302 \o.004 0.004 

Pyridoxal, HCI 0.004153 0.004 0.004153 0.004153 0.004153 \>04 0.004 

Riboflavin 0.000431 0.0004 0.000431 0.000431 0.000431 0.0\4 0.0004 

thiamine, HCI 0.004304 0.004 0.004304 0.004304 0.004304 0.00^ 0.004 

d-Biotin 3.75E-05 0 3.75E-05 3.75E-05 3.75E-05 0 ^ < ° 
Pyridoxinc. HCI 1.85E-05 0 1.85E-05 1.85E-05 1.85E-05 0 \ 0 

Vitamin B]2 0.000102 0 0.000102 0.000102 0.000102 0 
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ble 1-2 Formulation of Basal Media 
Basal Medium 

Ml M2 M3 M4 M5 M6 M7 
(g/L) (S/L) (S/L) (S/L) (S/L) (S/L) (S/L) 

(cyanocoBSJamin) 

Lipids \ 

Lipoic Acid/Th\ptic Acid 0.000015 0 0.000015 0.000015 0.000015 0 0 

Ethanolamine HCl\ 0.02 0.02 0 0.02 0.02 0.02 0 

I'roicius \ 

Insulin \ 0.01 0.01 0 0.01 0.01 0.01 0 

Transferrin \ 0.055 0.055 0 0.055 0.055 0.055 0 

I'lK-r^N SllhMISIIi-s 

D-Glucose \l 1 1 1 

Sodium Pyruvate o\l 0.11 0.11 0.11 0.11 0.11 0.11 

Nudi-u Vi'id Di.riv :tlivcs 

Thymidine 0.00045\ L 0.00045 0.00045 0 0.00045 0 0 

Adenosine 0.015 \0.015 0.015 0 0.015 0 0 

Cytidine 0.015 tog 15 0.015 0 0.015 0 0 

Uridine 0.015 0.0>^ 0.015 0 0.015 0 0 

Guanosine 0.015 0.015\ 0.015 0 0.015 0 0 

OHKT* 

Putrescine.2H20 3.02E-05 0 ^Q2E-05 3.02E-05 3.02E-05 0 0 

Pluronic® F68 0.015 0 o\5 0.015 0,015 0 0 
Bovine Serum Albumin 
(AlbuMAX® I) 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 adde^to eliminate the medium exchange. 

The different feed formulations are shown in Table 1-3. The anwunts shown Table 1-3 presents 

the increase in weight (g) of the component per liter (L) of the culuke volume when the feed is 
added. \ 

Table 1-3: Feed Formulations 
Feed Formulations \ 

FI 
(S/L) 

F2 
(S/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

\?6 
(CTU 

F7 
(S/L) 

Inorganic Salts \ 
sodium phosphate, 
monobasic, H20, USP 0.008175 0 0.008175 0.008175 0.008175 0 \ 0 

sodium phosphate, dibasic 
heptahydrate 
(Na2HP04.7H20) 

0.00201 0 0.00201 0.00201 0.00201 0 
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ible 1-3: Feed Formulations 
Feed Formulations 

FI 
(g/L) 

F2 
(g/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

F6 
(g/L) 

F7 
(g/L) 

1 I.HT Miirfer.iK 
Copper(II)sufete 
pentahydrate \ 
(CuS04.5H,0) \ 

9.33E-08 0 9.33E-08 9.33E-08 9.33E-08 0 0 

Zinc sulfate, heptalWdrate, 
(ZnS04.7H?0) \ 3.24E-05 0 3.24E-05 3.24E-05 3.24E-05 0 0 

Sodium Selenate \ 
(Na,ScO,) \ 0.000067 0.000067 0 0.000067 0.000067 0.000067 0 

\niiii(i \u<ls \ 

L-Arginine, HCI \).01305 0 0.01305 0.01305 0.01305 0 0 

L-Cystine, 2HC1 0Sip522 0 0.00522 0.00522 0.00522 0 0 

L-Cysteine HCI H20 0.00^24 0 0.009224 0.009224 0.009224 0 0 

Glycine 0.00 ll\ 0 0.001125 0.001125 0.001125 0 0 

L-Hislidine, HCI, H20 0.006288> k. 0 0.006288 0.006288 0.006288 0 0 

L-Isoleucine 0.058913 \ 0 0.058913 0.058913 0.058913 0 0 

L-Leucine 0.058913 0.058913 0.058913 0.058913 0 0 

L-Lysine, HCI 0.02187 o\ 0.02187 0.02187 0.02187 0 0 

L-Methionine 0.006748 0 \ 0.006748 0.006748 0.006748 0 0 

L-Phenylalanine 0.007695 0 V.007695 0.007695 0.007695 0 0 

L-serine 0.00945 0 \)0945 0.00945 0.00945 0 0 

L-Threonine 0.013409 0 0.0\409 0.013409 0.013409 0 0 

L-tryptophan 0.002457 0 0.002\7 0.002457 0.002457 0 0 

L-tyrosine, 2Na, 2 H-.0 0.018023 0 0.01802^ 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 o\o668 0.000668 0 0 

L-Asparaine H->0 0.031978 0 0.031978 0.03\78 0.031978 0 0 

L-Aspartic Acid 0.00803 0 0.00803 0.008(\ 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 \02403 0 0 

L-Taurine 0.000844 0 0.000844 0.000844 0.0^844 0 0 

\ il.IDIIIIV 
D-Calcium Pantothenate 0.000338 0 0.000338 0.000338 0.00033V 0 0 

Choline Chloride 0.002094 0 0.002094 0.002094 0.002094 V 0 0 

Folic Acid 0.000302 0 0.000302 0.000302 0.000302 \o 0 

I-Inositol 0.002568 0 0.002568 0.002568 0.002568 0 

Niacinamide 0.000302 0 0.000302 0.000302 0.000302 o\ 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 \o 
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ible 1-3: Feed Formulations 
Feed Formulations 

FI 
(g/L) 

F2 
(g/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

F6 
(g/L) 

F7 
(g/L) 

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 
Vitamin B]2 \ 
(cyanocobalamiffV 0.000102 0 0.000102 0.000102 0.000102 0 0 

Lipoic Acid/Thioctic \:id 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 
I'miriiis \ 

Insulin \ 0.01 0.01 0 0.01 0.01 0.01 0.01 
Transferrin \055 0.055 0 0.055 0.055 0.055 0.055 
Niu'lcic Vrid Ui-ri\:iii\i's \ 
Thymidine 0.0004\ 0.00045 0.00045 0 0.00045 0 0 
Adenosine 0.015 ^ v 0.015 0.015 0 0.015 0 0 
Cytidine 0.015 \.015 0.015 0 0.015 0 0 
Uridine 0.015 (\l5 0.015 0 0.015 0 0 
Guanosine 0.015 o.o\ 0.015 0 0.015 0 0 
Others \ 
Putrescine.2H20 3.02E-05 0 \.02E-05 3.02E-05 3.02E-05 0 0 
Pluronic® F68 0.015 0 \015 0.015 0.015 0 0 
Bovine Scrum Albumin 
(AlbuMAX® I) 2.5 2.5 2\ 2.5 0 2.5 2.5 

[0178] The media used in Conditions 1 to 9 all iW FBS added to them. The components 
of FBS are shown below: \ 

Table 1-4: Profile of Fetal Bovine Sera (see Price etal., In 18:576-584 (1982)) 
Description Average V Range N 
Endotoxin 0.356 ng/ml V008-10.0 39 
PH 7.4* ^0-7.60 40 
Inoru.iiiio "sills \ 
Calcium (Ca~+) 13.6/100 ml 12.6\4.3 43 
Chloride (CI') 103 meq/L 98-108 43 
Inorganic Phosphorous 9.8 mg/100 ml 4.3-11 A 43 
Potassium (K~) 11.2 meq/L 10.0-14.0\ 43 
Selenium 0.026 jig/ml 0.014-0.038 ^ k 25 

Sodium (Na+) 137 meq/L 125-143 \ 43 
mliu umipoiK'iils \ 
Alkaline Phosphatase 255 mU/ml 111-352 •1^ 
Blood Urea Nitrogen 16 mg/100 ml 14-20 4\ 
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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Tabic 1-4: Profile of Fetal Bovine Sera (see Price et a/.. In Vitro, 18:576-584 (1982)) 
\jlucose 125 mg/100 ml 85-247 43 
Itanoglobm 11.3 mg/100 ml 2.4-18.1 17 
Lactate Dehydrogenase 864 mU/ml 260-1,215 43 
Serui\Glutamate Oxalacetate Transaminase 130 mU/ml 20-201 43 
Total BHirubin 0.4 mg/100 ml 0.3-1.1 43 
Uric Acic\ 2.9 mg/100 ml 1.3-4.1 43 
Muoid*. :uiHli«>rmiHii>> 
Cholesterol \ 31 mg/100 ml 12-63 43 
Cortisol \ 0.5 ng/ml <0.1-2.3 43 
Follicle Stimulative Hormone 9.5 ng/ml <2-33.8 34 
Growth Hormone \ 39.0 ng/ml 18.7-51.6 40 
Leutinizins HormoneV 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/ml 0.5-30.48 37 
Prostaglandin F \ 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 \ 1.22 ng/ml <0.2-4.5 40 
Protein \ 
Total Protein \ 3.8g/100ml 3.2-7.0 43 
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 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 elimin^es 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 mednmi + 15% FBS with F4 feed 

on Day 3; Condition 8, M6 basal medium + 15% FBS with F6 feed oW Day 3; and Condition 9, 

M7 basal medium + 15% FBS with F7 feed on Day 3. A closer look at Ihc formulations 

indicates that none of these three conditions have nucleic acid derivatives uwthe media or feed. 

Hence, it can also be inferred that nucleic acid derivatives are critical for hUTC 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 o^)ay 3 and 

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

Table 1-5: Viable Cells counts, cells/cm2 for hUTC cultures grown under Conditions 1-9 
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Condition 

Day 2 3 4 5 6 7 8 9 
0 5690 6061 7030 7030 7030 7030 7030 7030 7030 

V3 11942 28747 32633 21431 21810 19506 21320 25037 
_ 20035 31976 38891 25825 21256 20134 17146 17569 

5 ^ L 32035 34329 40470 49787 46249 32827 36203 26921 27699 
6 \9757 53418 69408 71271 64602 38443 65313 38982 39718 

Conditio^: DMEM + 15% FBS and 80% medium exchange on Day 3 
Condition 2: *15 + 15% FBS and addition of F5 on Day 3 
Condition 3: M\ H-15% FBS and addition of FI on Day 3 
Condition 4: M2 Al5% FBS and addition of F2 on Day 3 
Condition 5: M3 + 15fro FBS and addition of F3 on Day 3 
Condition 6: M4 + 15%SfBS and addition of F4 on Day 3 
Condition 7: M5 + 15% FQ§ and addition of F5 on Day 3 
Conditions: M6 + 15%FB^ od addition of F6 on Day 3 
Condition 9: M7 + 15% FBS am^addition of F7 on Day 3 

EXAMPLE 2 

Growth and Serial passaging V HUTCs on Microcarriers and in 
Spinner Flasks wfth Enriched Media 

[0180] Serial passaging of Human umbilica^tissue cells (hUTCs) 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 celVcm2 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 ijtfiot commercially desirable. 

hUTC can be grown to high cell density by exchanging cell growtlNmedium containing 15% 

Fetal Bovine Serum. This example investigated an alternate more commercially desirable 

method for passaging hUTC. hUTC attached on microcarrier were grownrfo high cell density in 

suspension culture in spinner flasks by enriching the growth medium with s^aim-free nutrients. 

This method eliminates medium exchange on day 3 to consistently grow cells ̂ £0,000 cells/cm2. 

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 R^sH; Fetal 
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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. 

Vurface Marker Analysis method: 
[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\sed as controls. The list of antibodies and their dilutions in staining buffer for 

the assay are showmn Table 2-1 below. 

Table 2-1 List of AntiE^dies and Dilutions 

Antibody Manufacturer Catalog 
No. 

Manufacturer' 
s concentration 

Dilution in 
Staining Buffer Comments 

IgGl BD Biosciences V55749 1 jig/20 jiL 1:10 
Control for CD13, CD90, 

HLA-ABC, CD34 IgGl BD Biosciences V55749 1 jig/20 jiL 
1:2 Control for CD117 

IaG2 BD Biosciences 555^74 1 fig/20 fiL 1:8 Control for HLA-DR 
CD13 BD Biosciences 5553\ 2 u.a/20 iaL 1:20 
CD34 BD Biosciences 555822 ^ .0.06 U.g/20 uL none 
CD90 BD Biosciences 555596 \l jJ.g/20 ixL 1:10 

CD117 BD Biosciences 340529 \o jig /ml none 
HLA-ABC BD Biosciences 555553 0.03V/20 ]xL none 
HLA-DR BD Biosciences 555812 0.125 u^20 uL none 

[0183] Methodology: A ceil count was perrormed on the sample and 2.5 x 106 cells were 

resuspended in 10 ml of DMEM + 15% FBS medium.\he cells were then centrifuged, the 

supernatant removed and resuspended in staining buffer t^btain a cell concentration of 1 x 106 

cells/ml. This cell suspension was then distributed into different tubes such that each tube 

receives 20000 cells. Appropriate amounts of diluted antibody aid 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 centrtfuged. The supernatant 

was removed and the cell pallet was re-suspended in 500 jil of DPBS. TOe samples were then 

run on Guava® PCA™ instrument, Millipore, MD, USA. Of the six surfac^narkers, three are 

positive markers (CD] 3, CD90, HLA-ABC) and three are negative markers (C&J4, CD117, 

HLA-DR). \ 

Culture Conditions \ 

[0184] The methods of culturing and serial passaging of hUTCs were explained\i 

Example 1. As mentioned, this serial passaging used DMEM with 15% FBS as the culture\ 
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medium and frequently required medium exchange to meet the passaging criterion. In this 

exanrole, it was attempted to eliminate the need for frequent medium exchange during serial 

passagW. This was achieved by using modified M5 medium (with 2g/L of glucose instead of 

lg/L) ancP^5% 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 cWteria are presented in Table 2-2 below. 

Table 2-2: Culftire conditions 
Seeding Density of\cw Culture Vessels 
At Thaw: 125 ml spider flask(viable cells/cm2) 6000 (3000-7500) 
At Passage 1: from 12^ml to 500 ml spinner flask (viable cells/cm2) 5000 (3200-7000) 
At all other passages: 50(\nl spinner flasks (viable cells/cm2) 7000 (6000-8000) 

H! £ %Np* =3 :< s I^' W =<1 i M-. Target 
After Thaw: 125 ml spinner fltosk (days) 4 
At all other passages: 500 ml spViiner 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 \ T argcl 
Temperature (°C) \ 37.0 
C02 (%) \ 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 Tabic 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 V 1.5, thereby extending the 

duration of passage by an extra day. With the enriched medium, th^cells had at least over 1.5 

population doublings consistently within 3 days (4 days from vial thau^nd did not require any 

medium exchange. The cells retained their identity after seven passages iiWhis medium and then 

growing these cells for 6 days in this medium with F5 feed on day 3 of the 6-^lay culture. The 
surfacc markers analysis of these cells is shown in Table 2-4 below. \ 
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Table 2-3: Results 

. Passage # Day# Viable cell density, 
cells/cm2 

Population doublings within 
passage 

\ 0 
(After Vial Thaw) 4 31890 2.5 

\ 1 3 34311 2.5 
\ 2 3 40464 2.5 

3 19398 1.5 
3 30816 2.2 

5\ 3 22100 1.7 
6 \ 3 35607 2.3 

Table 2-4: Surface markekresults of cells passaged in M5 medium + 15% FBS for 7 passages, 
followed by 6 day culture ii^VIS medium + 15% FBS and F5 feed on Day 3 of the 6 day culture 

Surface MarkenTO Result 
CD 13 \ (+) 
CD90 \ (+) 

HLA ABC \ (+) 
CD34 \ C-) 
CD117 \ (-) 

HLA DR \ (-) 

Exanwle 3 
Growth of hUTCs on microcarriers in a reduced serum medium in spinner flasks 

[0186] Human umbilical tissue cells (hUTCs)\an be grown to high cell density by 

exchanging cell growth medium containing 15% FBS omday 3 of the run. High serum 

concentration in medium and medium exchange is not desin^le 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\ttached on microcarriers in 

reduced serum growth medium and without medium exchange whil^chieving high cell density. 

[0187] The culture media used in the example was M5 basal medium (see above), with 

2g/L D-glucose instead of lg/L D-Glucose, to which Fetal Bovine Serum \as added. The F5 

feed medium was used. Glucose was provided as an aqueous solution of 22(^L of Dextrose 

Monohydrate. Glutamine was provided as a 200 mM solution. In this exampleVifferent growth 

conditions were studied. These conditions are outlined below. As used in these coWjitions, the 

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

Ann Arbor, MI) microcarriers were used in each condition. \ 
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PH188] Condition 1 (15% FBS): A ceLl count was performed on the inoculum. The 

target seeding density of this condition was ~6000 viable cells/cm2 at a microcarrier 

concentration of ~20 g/L. Based on the cell count of the inoculums the desired volume of 

inoculumVas added to a new autoclaved 500 ml glass spinner flask. The microcarriers were 

allowed to se^Ie 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 th^flask. Fresh medium comprised of M5 basal medium and 15% (v/v) of FBS 

was added to bring up\he volume to 500 ml. The flask was placcd on a spinner platform at 60 

RPM in a 37 °C and IOWCO2 incubator. On Day 3, feed F5 was added. No medium exchange 

was performed. Periodic ceXcounts were performed as explained in the cell counting section. 

2.5 ml of glucose was added omDay 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 utes ~6000 viable cells/cm2 at a microcarrier 

concentration of ~20 g/L. Based on the ccltaount of the inoculums the desired volume of 

inoculum was added to a new autoclaved 500 nal glass spinner flask. The microcarriers were 

allowed to settle by gravity. The medium from tfte inoculum was removed until ~ 100 ml was 

left in the flask. Fresh microcarriers were then addefclresulting in a final weight of-10 g of 

microcarriers in the flask. Fresh medium comprised orM5 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% CO2 incubator. On Day 3, feed F5\ms 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. \ 

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

target seeding density of this condition was ~6000 viable cells/cm2 at a microcarrier 

concentration of ~20 g/L. Based on the cell count of the inoculums the desiredNtolume of 

inoculum was added to a new autoclaved 500 ml glass spinner flask. The microcanuers were 

allowed to settle by gravity. The medium from the inoculum was removed until ~ lOtanl was 

left in the flask. Fresh microcarriers were then added resulting in a final weight of ~10 ^of 

microcarriers in the flask. Fresh medium comprised of M5 basal medium and 7.5% (v/v) onFBS 
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added to bring up the volume to 500 ml. The flask was placed on a spinner platform at 60 

RPMun a 37 °C and 10% CO2 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 of200 mM L-Glutamine was 

added to the flask. 

[0191] Harvest: On day 6, both the flasks were harvested. For harvest, the 

microcarriers were\llowed to settle by gravity and the medium was removed as much as 
possible without remowng 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 ank a 25 ml sample was taken from the flask and filtered through a 40-

jim filter. The microcarrier retamed on the filter was discarded and a cell count was performed 
on the sample by directly running\he sample on the CEDEX. Based on the TrypLE™ volume 

added and the cell count obtained, the^otal cells in the vessel were calculated and the cell density 
2 \ (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\liminate medium exchange but can also 

reduce the serum concentration in the medium, therebwurther minimizing the amount of serum 

used in culture. \ 

Table 3-1 Cell counts, viable cells/cm2 

Day Condition 1 Condition 2 Conditi^ta 3 Control 
0 5652 5652 5652 \ 5690 
4 30839 25182 26802 \ -
5 42358 34827 28889 ^ t 32035 
6 58252 59841 54369 \ 49757 

Condition 1: M5 + 15% FBS & F5 011 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) 
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\ EXAMPLE 4 
\ Isolation of Cells 

[0193]\ Umbilical cell isolation. Umbilical cords were obtained from National Disease 

Research interchange (NDRI, Philadelphia, PA). The tissues were obtained following normal 

deliveries. Tte 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 tire presence of penicillin at 100 U/ml, streptomycin at 100 mg/ml and 

amphotericin B at 0.2^ig/ml (Invitrogen Carlsbad, CA). The tissues were then mechanically 

dissociated in 150 cm2 tiauic culture plates in the presence of 50 ml of medium (DMEM-low 

glucose or DMEM-high gluoose; 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 themjigested 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 jig/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 EMEM-Low glucose medium). In other 

experiments a mixture of collagenase, dispase aniUiyaluronidase ("C:D:H") was used (C:D:H = 

collagenase, 500 U/ml; dispase, 50 U/ml; and hyalunonidase (Sigma), 5 U/ml, in DMEM-Low 

glucose). The conical tubes containing the tissue, mednjm and digestion enzymes were 

incubated at 37°C in an orbital shaker (Environ, Brooklyn^Y) at 225 ipm for 2 hours. 

[0195] After digestion, the tissues were centrifuged aW50 x g for 5 minutes, the 

supernatant was aspirated. The pellet was resuspended in 20 mtaf growth medium 

(DMEM:Low glucosc (Invitrogen), 15% (v/v) fetal bovine scrum (fclS; defined fetal bovine 

serum; Lot #AND18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercattoethanol (Sigma), 

penicillin at 100 U/ml, streptomycin at 100 jig/ ml, and amphotericin B aM).25 jig/ml (each from 

Invitrogen, Carlsbad, CA)). The cell suspension was filtered through a 70 jiSa nylon BD 

FALCON Cell Strainer (BD Biosciences, San Jose, CA). An additional 5 ml raise comprising 

growth medium was passed through the strainer. The cell suspension was then passed through a 

40-nm nylon cell strainer (BD Biosciences, San Jose, CA) and chased with a rinse o\n 

additional 5 ml of growth medium. \ 

-67-



WO 2014/093598 PCT/US2013/074615 

[0N6] The filtrate was resuspended in growth medium (total volume 50 ml) and 

centrimged 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 iiro 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 MJIS isolated from umbilical cord tissues were seeded at 5,000 cells/cm2 onto 

gelatin-coated T-75 flaste (Corning Inc., Corning, 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 remote 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 pass^e 1 to 2 etc.), cells reached sub-confluence (75-85% 

confluence) in 4-5 days. For these su^equent passages, cells were seeded at 5,000 cells/cm2. 

Cells were grown in a humidified incubator with 5% carbon dioxide at 37°C. 

[0199] In some experiments, cells wVe isolated from postpartum tissues in DMEM-low 

glucose medium after digestion with LIBERATE (2.5 mg/ml, Blendzyme 3; Roche Applied 

Sciences, Indianapolis, IN) and hyaluronidase (5 Otfml, 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\he 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. \ 

10200] Procedures were compared for isolating cells fron^he umbilical cord using 

differing enzyme combinations. Enzymes compared for digestion included: i) collagenase; ii) 

dispase; iii) hyaluronidase; iv) collagenase : dispase mixture (C:D); v)\ollagenase:hyaluronidase 

mixture (C:H); vi) dispase:hyaluronidase mixture (D:H); and vii) \ 

collagenase:dispase:hyaluronidase mixture (C:D:H). Differences in cell isolztfion utilizing these 

different enzyme digestion conditions were observed (see Table 4-1). \ 

[0201] Other attempts were made to isolate pools of cells from umbilical cW by 

different approaches. In one instance, umbilical cord was sliced and washed with grwth 

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 \ 
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resuspended and seeded onto gelatin coated flasks in growth medium. From these experiments a 

cell population was isolated that readily expanded. 

[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 mixe<rwith lysis buffer (filter-sterilized 155 mM ammonium chloride, 10 millimolar 

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

Louis, MO)). Cells \wre lysed at a ratio of 1:20 cord blood to lysis buffer. The resulting ccll 

suspension was vortexed ibr 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 (Gi^co, Carlsbad CA) containing 10% fetal bovine serum (Hyclone, 

Logan UT), 4 mM glutamine (Meckjatech Herndon, VA), penicillin at 100 U/ml and streptomycin 

at 100 |ig/ml (Gibco, Carlsbad, CA).>The resuspended cells were centrifuged (10 minutes at 200 

x g), the supernatant was aspirated, and flbe cell pellet was washed in complete medium. Cells 

were seeded directly into either T75 flasks ̂ Corning, NY), T75 laminin-coatcd 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/^2-mercaptoethanol (Sigma, St. Louis, 

MO), using the enzyme combination of C:D:H, accordingNo the procedures provided above. All 

cells were grown in the presence of penicillin at 100 U/ml ani^treptomycin at 100 ng/ml. 

Under all tested conditions cells attached and expanded well bcracen 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 foHowing isolation, and 

generated cells that expanded for many more generations in culture than thecrther conditions 

(Table 4-1). An expandable cell population was not attained using collagenase\r hyaluronidase 

alone. No attempt was made to determine if this result is specific to the collagena\ that was 

tested. \ 
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Tabic 4-1: Isolation of cclls from umbilical cord tissue using varying enzyme combinations 
Enzyme Digest Cells Isolated Cell Expansion 

SCollagenase X X 
Oispase + (>10h) + 
HyVuronidase X X 
Collakenase:Dispase ++ (< 3 h) ++ 
Collaa^waseiHyaluronidase ++ (< 3 h) + 
Dispase:£fyaluronidase + (>10h) + 
Collaeenas9tDispase:Hyaluronidase +++ (< 3 li) +++ 
Key: + = goo\ ++ = very good, +++ = excellent, X = no success 

[0205] Cells a^ached 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 ttkfour passages after seeding, at which point they were 

cryopreserved. All cells were onropreserved for further analysis. 

Table 4-2: Isolation and culture Vpansion of postpartum cells under varying conditions 
Condition Medium 15% FBS \ BME Gelatin 20% 02 Growth Factors 

1 DMEM-La Y ^ L Y Y Y N 
2 DMEM-L.a Y \Y Y N (5%) N 
3 DMEM-La Y N Y N 
4 DMEM-Le Y N N (5%) N 
5 DMEM-La N (2%) Y \ N (Laminin) Y EGF/FGF (20 na/ml) 
6 DMEM-La N (2%) Y ^ N (Laminin) N (5%) EGF/FGF (20 na/ml) 
7 DMEM-La N (2%) Y \(Fibronectin) Y PDGF/VEGF 
8 DMEM-La N (2%) Y N^fibronectin) N (5%) PDGF/VEGF 
9 DMEM-La Y N \Y Y N 
10 DMEM-La Y N N (5%) N 
11 DMEM-La Y N Y N 
12 DMEM-La Y N N\ N (5%) N 
13 DMEM-La N (2%) N N (Lamini^V Y EGF/FGF (20 na/ml) 
14 DMEM-La N (2%) N N (Laminin) \ N (5%) EGF/FGF (20 na/ml) 
15 DMEM-La N (2%) N N (Fibronectin) 1 V Y PDGF/VEGF 
16 DMEM-La N (2%) N N (Fibronectin) \N (5%) 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. Noaiucleated 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 efficientK using the 

enzyme combination collagenase (a metalloprotease), dispase (neutral protease) and \ 

hyaluronidase (mucolytic enzyme which breaks down hyaluronic acid). LIBERASE, whiVh is a 
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Mend of collagenase and a neutral protease, may also be used. Blendzyme 3, which is 

collaigenase (4 Wunsch U/g) and thermolysin (1714 casein U/g), was also used together with 

hyaluronidase to isolate cells. These cells expanded readily over many passages when cultured 

in growth expansion medium on gelatin coated plastic. 

[0209] ^Dells were also isolated from residual blood in the cords, but not cord blood. The 

presence of cell^n blood clots washed from the tissue, which adhere and grow under the 

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

\ EXAMPLE 5 
\ Karyotype Analysis of Cells 

[0210] Cell lines usecnb cell therapy are preferably homogeneous and free from any 

contaminating cell type. Humai^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 no^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) w\s selected to allow distinction between neonatal-

derived cells and maternal derived cells (X,X). Ceta were seeded at 5,000 cells per square 

centimeter in growth medium in a T25 flask (Corning^orning, NY) and expanded to 80% 

confluence. A T25 flask containing cells was filled to tha^ieck 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 fo^Juman & Molecular Genetics at 

the New Jersey Medical School, Newark, NJ. Cells were analyzol^Iuring 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 metaplSase cells were 

counted and analyzed when a heterogeneous karyotype number (four) was identirbd. 

[0212] All cell samples sent for chromosome analysis were interpreted by tlV 

cytogenetics laboratory staff as exhibiting a normal appearance. Three of the sixteen lines 

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

characterized as homogeneous. (Table 5-1). 

Table \l: Karyotype results of hUTC 
TissuX Passage Metaphase cells Metaphase cells Number of ISCN 

counted analyzed karyotypes Karyotype 
Umbilical > 23 20 5 2 46, XX 
Umbilical V 6 20 5 2 46, XY 
Umbilical \ 3 20 5 2 46, XX 

[0213] Chromdtome analysis identified umbilicus-derived UTC whose karyotypes 

appear normal as interprefisd by a clinical cytogenetic laboratory. Karyotype analysis also 

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

\ EXAMPLE 6 
Flow Cytometric Evaluation of Cell Surface Markers 

[0214] Characterization of cell surface proteins or "markers" by flow cytometry can be 

used to determine a cell line's identity. T\e consistency of expression can be determined from 

multiple donors, and in cells exposed to diffetent processing and culturing conditions. 

Postpartum cell lines isolated from the umbilicus were characterized by flow cytometry, 

providing a profile for the identification of these ceU lines. 
[0215] Cells were cultured in growth mediumW plasma-treated T75, T150, and T225 

tissue culture flasks (Corning, Corning, NY) until confluent. The growth surfaces of the flasks 

were coated with gelatin by incubating 2% (w/v) gelatin (Srtona, St. Louis, MO) for 20 minutes 

at room temperature. \ 

[0216] Adherent cells in flasks were washed in phosphat^buffered saline (PBS); (Gibco, 

Carlsbad, MO) and detached with trypsin/EDTA (Gibco). Cells we\ harvested, centrifuged, and 

resuspended in 3% (v/v) FBS in PBS at a cell concentration of lxlO7/ mL In accordance with the 

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

added to 100 jal of cell suspension and the mixture was incubated in the darkibr 30 minutes at 4 

°C. After incubation, cells were washed with PBS and centrifuged to remove unbound antibody. 

Cells were resuspended in 500 (J.1 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. \ 
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Table 6-1: Antibodies used in characterizing cell surface markers of UDCs. 
Antibody Manufacturer Catalog Number 

fcpio BD Pharmingen (San Diego, CA) 555375 
cbi3 BD Pharmingen 555394 
CD3\ 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 Hp Pharmingen 559781 
PDGFr-alpha BI%Pliarmingen 556002 
HLA-A, B, C BD P\armingen 555553 
HLA-DR, DP, DO BD Pha\iingen 555558 
IgG-FITC Sigma (St\|Ouis, MO) F-6522 
IgG- PE Sigma \ P-4685 

[0218] Umbilicus-dcrivcd 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. UmVlicus-derived cells cultured on gelatin-

coated flasks were also compared to umbilicus-derivectaells 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/dV>ase 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 fl^A-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, 90, 

PDGFr-alpha and HLA-A, B, C, reflected in the increased values of fluorescence relative to the 
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Iglfi control. These cells were negative for the production of CD31, CD34, CD45, CD117, 

CDl^, 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 bVflow cytometry were all positive for the production of CD10, CD13, CD44, CD73, 

CD 90, PDGRtalpha and HLA-A, B, C, with increased values of fluorescence relative to the IgG 

control. These c^ls were negative for the production of CD31, CD34, CD45, CD117, CD141, 

and HLA-DR, DP, D^D, with fluorescence values consistent with the IgG control. 

[0224] Analysu^f 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, PDGFralpha, and HLA-A,B,C; and negative for CD31, CD34, CD45, 

CD117, CD 141 and HLA-DR, DQ. This identity was consistent between variations in 

variables including the donor, passSge, 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 cuWes under all conditions tested were normal and 

expressed fluorescence values greater than Sac IgG control, thus confirming that the cells 

comprise a homogeneous population, which has positive expression of the markers. 

EXAMP^7 
Analysis of Cells bv Oligonucleotide Array 

[0225] Oligonucleotide arrays were used to compare gene expression profiles of 

umbilicus-derived and placenta-derived cells with fibroblasrSL 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 unrlme molecular markers for 

thesecells. \ 

[0226] Postpartum tissue-derived cells. Human umbilical cordrand placenta were 

obtained from National Disease Research Interchange (NDRI, Philadelphia^ A) from normal 

full term deliveries with patient consent. The tissues were received and cellsVere isolated as 

described in Example 5 after digestion with a C:D:H mixture. The cells were cumired in growth 

medium on gelatin-coated plastic tissue culture flasks. The cultures were incubatecNat 37° C with 

5%C02. \ 
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[0^227] Fibroblasts. Human dermal fibroblasts were purchased from Cambrex 

Incotoorated (Walkersville, MD; Lot number 9F0844) and ATCC CRL-1501 (CCD39SK). Both 

lines wbjre cultured in DMEM/F12 medium (Invitrogen, Carlsbad, CA) with 10% (v/v) fetal 

bovine senmi (Hyclone) and penicillin/streptomycin (Invitrogen)). The cells were grown on 
standard tissita-treated plastic. 

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

Incorporated (WalK^rsville, MD; Lot numbers 2F1655, 2F1656 and 2F1657) and cultured 

according to the manufacturer's specifications in MSCGM Media (Cambrex). The cclls were 

grown on standard tissue\ultured plastic at 37 °C with 5% CO2. 

[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, et al. (W003/025149). The marrow was mixed with lysis buffer (155 

mM NH4CI, 10 mM KHCO3, and O.nmM 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 minutest 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 glutamira^ The cells were centrifuged again and the cell 

pellet was resuspended in fresh medium. The viabl^iiononuclear cells were counted using 

trypan blue exclusion (Sigma, St. Louis, MO). The mononuclear cells were seeded in plastic 

tissue culture flasks at 5 x 104 cells/cm2. The cells were intubated at 37 °C with 5% CO2 at 

either standard atmospheric O2 or at 5% O2. Cells were cultuted for 5 days without a media 

change. Media and non-adherent cclls were removed after 5 da\of culturing. The adherent 

cells were maintained in culture. \ 

[0230] Actively growing cultures of cells were removed from rto 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 frozeiWid stored at -

80° C. Cellular mRNA was extracted and transcribed into cDNA. The cDNA waJthen 

transcribed into cRNA and biotin-labeled. The biotin-labeled cRNA was hybridized\ith 

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

hybridizations and data collection were performed according to the manufacturer's \ 
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specifications. Data analysis was performed using "Significance Analysis of Microarrays" 

(SAM) version 1.21 computer software (Tusher, V.G. etal., 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 arProfessor Tibshirani's web site in the Dep't of Statistics, Stanford University. 

[0231] Fourteen different populations of cells were analyzed in this study. The cells, 

along with passag^information, culture substrate, and culture media are listed in Table 7-1. The 

cells lines are listed bwheir identification code along with passage at the time of analysis, cell 

growth substrate, and gr^th 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) V 3 Gelatin DMEM, 15% FBS, 2-BME 
Umbilical (071003) \4 Gelatin DMEM, 15% FBS, 2-BME 
Placenta (042203) 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% 02) 3 w Plastic MEM 10% FBS 
ICBM (062703) (std. 02) 5 \Plastic MEM 10% FBS 
ICBM (062703 )(5% O?) 5 \astic MEM 10% FBS 
liMSC (Lot 2F1655) 3 Pl^Btic MSCGM 
liMSC (Lot 2F1656) 3 Plasfcc MSCGM 
hMSC (Lot 2F1657) 3 Plasti(\ MSCGM 
hFibroblast (9F0844) 9 Plastic \ DMEM-F12, 10% FBS 
hFibroblast (CCD39SK) 4 Plastic SpMEM-F12, 10% FBS 

[0232] The data were evaluated by principle componenranalysis 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 calculateatfor the comparison 

of the cell pairs. The Euclidean distances were based on the comparison of th^cells based on the 

290 genes that were differentially expressed among the cell types. The Euclideairoistance is 

inversely proportional to similarity between the expression of the 290 genes. The Euclidean 

distance was calculated for the cell types usiug these 290 genes expressed differentiall}\etween 

the cell types. Similarity between the cells is inversely proportional to the Euclidean distance. 
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Table 7-2. The Euclidean Distances or 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 
ICBM-Umbilical 40.15 

VFibroblast-Umbilical 41.59 
>rtSC-Placenta 42.84 
M^C-Umbilical 46.86 
ICffl^l-placenta 48.41 

[0234] Tables 7-3V-4, and 7-5 show the expression of genes increased in placenta-

derived cells (Table 7-3), increased in umbilical cord-derived cells (Table 7-4), and reduced in 

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

Table 7-3: Genes which are specificity increased in expression in the placenta-derived cells as 
compared to the other cell lines assayeit 

Probe Set ID dene Name NCBI Accession 
Number 

209732_at C-type (calcium dependent, csNbohydrate-recognition domain) 
lectin, superfamily member 2 (activation-induced) AF070642 

206067 s at Wilms tumor 1 \ NM 024426 
207016 s at aldehyde dehydrogenase 1 family, mSipiber A2 ABO 15228 
206367 at Renin \ NM 000537 
210004 at oxidized low density lipoprotein (lectin-1 iS^) receptor 1 AF035776 
214993 at Homo sapiens, clone IMAGE:4179671, mR^A, partial eds AF070642 
202178 at protein kinase C, zeta \ NM 002744 
209780 at hypothetical protein DKFZp564F013 \ AL136883 
204135 at downregulated in ovarian cancer 1 \ NM 014890 

213542_at Homo sapiens mRNA; cDNA DKFZp547K 1113 (froNa clone 
DKFZp547Kl 113) \ AI246730 

Table 7-4. Genes which are specifically increased in expression in umtittical cord -
derived cells as compared to the other cell lines assayed. \ 
Probe Set ID Gene Name NCB^Accession Number 

202859 x at Interleukin 8 NM 000^4 
211506 s at Interleukin 8 AF043337\ 
210222 s at reticulon 1 BC000314 \ 

204470_at chemokine (C-X-C motif) ligand 1 (melanoma 
growth stimulating activity NM_001511 \ 

206336_at chemokine (C-X-C motif) ligand 6 (granulocyte 
chemotactic protein 2) NM_002993 \ 

207850 at Chemokine (C-X-C motif) ligand 3 NM_002090 \ 
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Nrablc 7-4. Genes which arc specifically increased in expression in umbilical cord -
d^ived cells as compared to the other cell lines assayed. 
Pr\e Set ID Gene Name NCBI Accession Number 

203484 at reticulon 1 NM 021136 
202644\_at tumor necrosis factor, alpha-induced protein 3 NM 006290 

Table 7-5: Gdkes which were decreased in expression in the umbilical cord and placenta cells as 
compared to throther cell lines assayed. 
Probe Set ID G^pe name NCBI Accession # 
210135_s_at shon^taturc homeobox 2 AF022654.1 
205824 at heat sn^ck 27kDa protein 2 NM_001541.1 
209687_at chemokin^ (C-X-C motif) ligand 12 (stromal cell-derived factor 1) U19495.1 
203666 at chemokine fQ-X-C motif) ligand 12 (stromal cell-derived factor 1) NM 000609.1 
212670 at elastin (suprav^vular aortic stenosis, Williams-Beuren syndrome) AA479278 

213381_at Homo sapiens mfcNA; CDNA DKFZp586M2022 (from clone 
DKFZp586M202\ N91149 

206201 s at mesenchyme homeoo^x 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 activalgr of moiphogenesis 2 BF513244 
213488_at DKFZP5 86B2420 protein \ AL050143.1 
209763_at similar to neuralin 1 \ AL049176 
205200 at Tetranectin (plasminogen binding p\tein) NM_003278.1 
205743 at sre homology three (SH3) and cystein^ich domain NM_003149.1 
200921_s_at B-cell translocation gene 1, anti-prolifcrartye 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 \ BE877796 
201645_at Tenascin C (hexabrachion) \ NM_002160.1 
210239_at iroquois homeobox protein 5 \ U90304.1 
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 n^_004750.1 

204401_at potassium intermediate/small conductance calcium-activated channel, 
subfamily N, member 4 Nl^)02250.1 

216331 at integrin, alpha 7 

«—
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209663_s_at integrin, alpha 7 AF072l\.l 
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"ftablc 7-5: Genes which were decreased in expression in the umbilical cord and placenta cells as 
conhtparcd to the other cell lines assayed. 
Prob^Set ID Gene name NCBI Accession # 
213125_V DKFZP586LI51 protein AW007573 
202133_at\ transcriptional co-activator with PDZ-binding motif (TAZ) AA081084 
20651I_s_at\ Sine oculis homeobox homolog 2 (Drosophila) NM 016932.1 
213435_at \ K1AA1034 protein AB028957.1 
2061l5_at \arly growth response 3 NM 004430.1 
213707_s_at dis^l-less homeobox 5 NM 005221.3 
21818l_s_at hypothetical protein FLJ20373 NM 017792.1 

209160_at aldo-k^lo reductase family 1, member C3 (3 -alpha hydroxysteroid 
dehydrogenase, type II) AB018580.1 

213905_x_at Biglycan \ AAS45258 
201261 x at Biglycan \ BC002416.1 
202132_at transcriptional c^ctivator with PDZ-binding motif (TAZ) AA081084 
21470l_s_at fibronectin 1 \ AJ276395.1 
213791 at Proenkephalin \ NM 006211.1 
205422 s at Integrin, beta-like 1 (wit\EGF-like repeat domains) NM 004791.1 

214927_at Homo sapiens mRNA fiill\ngth insert cDNA clone EUROIMAGE 
1968422 V AL3 59052.1 

206070_s_at EphA3 \ AF213459.1 
212805_at KIAA0367 protein \ AB002365.1 

219789_at natriuretic peptide receptor C/guanyfote cyclase C (atrionatriuretic 
peptide receptor C) \ AI628360 

219054_at hypothetical protein FLJ14054 \ NM 024563.1 

213429_at Homo sapiens mRNA; cDNA DKFZp5640222 (from clone 
DKFZp564B222) \ AW025579 

204929_s_at vesicle-associated membrane protein 5 (myobre^in) NM 006634.1 
201843_s_at EGF-containing fibulin-like extracellular matrix p^ptein 1 NM 004105.2 
221478_at BCL2/adenovirus E1B 19kDa interacting protein 3-rlfce AL132665.1 
201792_at AE binding protein 1 \ NM 001129.2 
204570_at cytochrome c oxidase subunit Vila polypeptide 1 (muscle^ NM 001864.1 
20162l_at neuroblastoma, suppression of tumorigenicity 1 \ NM 005380.1 
2027l8_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 lo the other cell 
lines assayed. \ 
dual specificity phosphatase 2 \ 
KIAA0527 protein \ 
Homo sapiens cDNA: FLJ23224 fis, clone ADSU02206 \. 
dynein, cytoplasmic, intermediate polypeptide 1 \ 
ankyi'in 3, node of Ranvier (ankyrin G) \ 
inhibin, beta A (activin A, activin AB alpha polypeptide) \ 
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i&ble 7-6: Genes which were increased in expression in fibroblasts as compared to the other cell 
limes assayed. 
ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative function) 
KIAAJ053 protein 
microtuBfele-associated protein 1A 
zinc finaer\rotein41 
HSPC019 protein 
Homo sgpiensWNA: FLJ23564 fis, clone LNG10773 
Homo sapiens mfrNA; cDNA DKFZp564A072 (from clone PKFZp564A072) 
LIM protein (similarto rat protein kinase C-binding enigma) 
inhibitor of kappa ligSt polypeptide gene enhancer in B-cells, kinase complex-associated protein 
hypothetical protein F.L^22004 
Human (clone CTG-A4) fljRNA sequence 
ESTs, Moderately similar t\cytokine receptor-like factor 2; cytokine receptor CRL2 precursor fHomo sapiens\ 
transforming growth factor, b\a 2 
hypothetical protein MGC2964\ 
antigen identified by monoclonal'V.tibody MRC QX-2 
putative X-linkcd retinopathy protc\ 

Table 7-7: Genes which were increased in expression in the ICBM-derived cells as compared to 
the other cell lines assayed. \ 
•cardiac ankyrin repeat protein \ 
•MHC class I region ORF \ 
•integrin, alpha 10 \ 
•hypothetical protein FLJ22362 \ 
•UDP-N-acetyl-alpha-D-galactosamine:polypeptide l\icetylgalactosaminyltransferase 3 (GalNAc-T3) 
•interferon-induced protein 44 \ 
•SRY (sex determining region Y)-box 9 (campomelic dyspasia, autosomal sex-reversal) 
•keratin associated protein 1-1 \ 
•hippocalcin-like 1 \ 
•jagged 1 (Alagille syndrome) \ 
•proteoglycan 1, secretory granule \ 

Table 7-8: Genes which were increased in expression in the 
MSC cells as compared to the other cell lines\ssayed. 
•interleukin 26 \ 
•maltase-glucoamylase (q-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 \ 
•WNT1 inducible signaling pathway protein 1 
•MCF.2 cell line derived transforming sequence 
•potassium channel, subfamily K, member 15 
•cartilage 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) 
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[R236] 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 

differentumbilical cords and three different placentas. The study also included two different 

lines of denial 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 array that contained oligonucleotide probes for 22,000 genes. 

[0237] The\nalysis revealed that transcripts for 290 genes were present in different 

amounts in these five afferent cell types. These genes include ten genes that are specifically 

increased in the placenta^terived cells and seven genes specifically increased in the umbilical 

cord-derived cells. Fifty-fouls genes were found to have specifically lower expression levels in 

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

\ EXAMPLE 8 
ImmunohistochemicaNCliaracterization of Cellular Phenotvpes 

[0238] The phenotypes of cells found within human umbilical cord tissue were analyzed 

by immunohistochemistry. \ 

[0239] Human umbilical cord tissue was\arvested and immersion fixed in 4% (w/v) 

paraformaldehyde overnight at 4°C. Immunohistocftemistry was performed using antibodies 

directed against the following epitopes (see Table 8-l)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; SiWa), cytokeratxn 18 (CK18; 1:400; 

Sigma), von Willebrand Factor (vWF; 1:200; Sigma), and CD3Whuman CD34 Class III; 1:100; 

DAKOCytomation, Carpinteria, CA). In addition, the following rtwkers were tested: anti-

human GROalpha-PE (1:100; Becton Dickinson, Franklin Lakes, NJ^enti-human GCP-2 

(1:100; Santa Cruz Biotech, Santa Cruz, CA), anti-human oxidized LDLjeceptor 1 (ox-LDL Rl; 

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 blades were then 

sectioned (10 Jim thick) using a standard cryostat (Leica Microsystems) and mounteronto glass 

slides for staining. \ 
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[0240] Immunohistochemistry was performed similar to previous studies. (E.g., Messina 

et a\Exper. Neurol., 2003; 184: 816-829). Tissue sections were washed with phosphate-

buffere&Lsaline (PBS) and exposed to a protein blocking solution containing PBS, 4% (v/v) goat 

serum (ChSfftiicon, 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 (CD!S4, ox-LDL Rl), 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-LDI^Rl, 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 wiours at room temperature. Primary antibody solutions were 

removed, and cultures washed\ith 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/ta goat anti-rabbit IgG-Alexa 488 (1:250; Molecular 

Probes) or donkey anti-goat IgG-FlTC fol50; 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 epifliWescent microscope (Olympus, Melville, NY). 

Positive staining was represented by fluorescence signal above control staining. Representative 

images were captured using a digital color video came\ and ImagePro software (Media 

Cybernetics, Carlsbad, CA). For triple-stained samples, e^h 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. LouiVMO 
Desmin (rb) 1 150 Sigma \ 
Desmin (m) 1 300 Chemicon, TemecuV 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^A 
GROalpha-PE 1 100 BD, Franklin Lakes, NJ 
GCP-2 1 100 Santa Cruz Biotech \ 
Ox-LDL Rl 1 100 Santa Cruz Biotech \ 
NOGO-A 1 100 Santa Cruz Biotech \ 
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[H242] Vimentin, desmin, SMA, CK18, vWF, and CD34 markers were expressed in a 

subsW of the cells found within umbilical cord (data not shown). In particular, vWF and CD34 

expression were restricted to blood vessels contained within the cord. CD34+ cells were on the 

innermosriayer (lumen side). Vimentin expression was found throughout the matrix and blood 

vessels of th^cord. SMA was limited to the matrix and outer walls of the artery and vein, but 

not contained wfthin the vessels themselves. CK18 and desmin were observed within the vessels 

only, desmin being\estricted to the middle and outer layers. 

[0243] None o\thesc 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 expressed in cells within human umbilical cord. Based on in vitro 

characterization studies showinkthat only vimentin and alpha-smooth muscle actin are 

expressed, the data suggests that tfte current process of umbilical cord-derived cell isolation 

harvests a subpopulation of cells or tmt the cells isolated change expression of markers to 

express vimentin and alpha-smooth musHle actin. 

EXAMPLE 9 
Secretion of ironhic Factors 

10245] The secretion of selected trophic factors from UTC was measured. Factors were 

sclcctcd that have angiogenic activity e.g., hepatocyti^erowth factor (HGF) (Rosen etal., Ciba 
Found. Symp., 1997; 212:215-26); monocyte chemotacti^rotein 1 (MCP-1) (Salcedo et ah, 
Blood, 2000; 96;34-40); interleukin-8 (IL-8) (Li etal., J. Mkwnoh, 2003; 170:3369-76); 

keratinocyte growth factor (KGF); basic fibroblast growth factor (bFGF); vascular endothelial 

growth factor (VEGF) (Hughes etal, Ann. Thorac. Surg. 2004; ^812-8); tissue inhibitor of 

matrix metalloproteinase 1 (TIMP1); angiopoietin 2 (ANG2); plateletalerived growth factor 

(PDGFbb); thrombopoietin (TPO); heparin-binding epidermal growth rartor (HB-EGF); stromal-

derived factor lalpha (SDF-lalpha), neurotrophic/neuroprotective activity\rain-derived 

neurotrophic factor (BDNF) (Cheng et al., Dev. Biol., 2003; 258;319-33); inte^eukin-6 (IL-6); 

granulocyte chemotactic protein-2 (GCP-2); transforming growth factor beta2 (TTSFbeta2)); or 

chemokine activity (macrophage inflammatory protein lalpha (MIPlalpha); macrophage 

inflammatory protein 1 beta (MIP 1 beta); monocyte chemoattractant-1 (MCP-1); Rante\ 
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(^gulated 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 th^ells, 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. CHlls were seeded at 5,000 cells/cm2 in T75 flasks each containing 15 ml of 

growth medium, and cultHred for 24 hours. The medium was changed to a serum-free medium 

(DMEM-low glucose (GibcoJ, 0.1% (w/v) bovine serum albumin (Sigma), penicillin (50 U/ml) 

and streptomycin (50 jig/ml, dibco)) 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 numbVof cells in each flask, the cells were washed with 

phosphate-buffered saline (PBS) and deWied using 2 ml trypsin/EDTA (Gibco). Trypsin 

activity was inhibited by addition of 8 ml gtowth medium. The cells were centrifuged at 150 x g 

for 5 minutes. The supernatant was removed\nd the cells were resuspended in 1 ml Growth 

Medium. The cell number was estimated with a i^mocytometer. 
[0248] Cells were grown at 37°C in 5% CoWid atmospheric oxygen. The amount of 

MCP-1, IL-6, VEGF, SDF-lalpha, GCP-2 , IL-8, and ^GF-beta2 produced by each cell sample 

was determined by ELTSA (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, scm). \ 

[0249] Chemokines (MIPlalpha, MlPlbeta, MCP-1, Rant^t 1309, TARC, Eotaxin, 

MDC, IL8), BDNF, and angiogenic factors (HGF, KGF, bFGF, VEGk TIMP1, ANG2, 

PDGFbb, TPO, HB-EGF were measured using SearchLight Proteome Arteys (Pierce 

Biotechnology Inc.). The Proteome Arrays are multiplexed sandwich ELISVs 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 antibod\s into each 

well of a 96-well plate. Following a sandwich ELISA procedure, the entire plate is lHaaged to 

capture the chemiluminescent signal generated at each spot within each well of the plat\ The 
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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 

fibroblast^Table 9-1). SDF-lalpha and GCP-2 were secreted by fibroblasts. GCP-2 and IL-8 

were secretecrby umbilicus-derived PPDCs. TGF-beta2 was not detected from either cell type 

by ELISA. \ 

Table 9-1. ELISA $ N^sults: Detection of Trophic Factors 
MCP-1 IL-6 VEGF SDF-la GCP-2 IL-8 TGF-beta2 

Fibroblast lVi 61+3 29+2 19+1 2I±1 ND ND 
Umbilical (022803) 115QV4 4234+289 ND ND 160+11 2058+145 ND 
Umbilical (071003) 2794+^ 1356+43 ND ND 2184+98 2369+23 ND 
Key: ND: Not Detected., =/- sei\ 

[0251] Searchlight™ Multiplexed ELISA assay. TIMP1, TPO, KGF, HGF, FGF, 

HBEGF, BDNF, MlPlbcta, MCP1, K&NTES, 1309, TARC, MDC, and IL-8 were secreted from 

umbilicus-derived PPDCs (Tables 9-2 ami 9-3). No Ang2, VEGF, or PDGFbb were detected. 

Table 9-2. Searchlight™ Multiplexed ELISi^ssay results 
T1MP1 ANG2 PDGFbb TPO KGF HGF FGF VEGF HBEGF BDNF 

hFB 19306.3 ND ND 230.5 ND ND 27.9 1.3 ND 
UI 57718.4 ND ND 1240.0 5.SV 559.3 148.7 ND 9.3 165.7 
U3 21850.0 ND ND 1134.5 9.0 ^ ̂ 195.6 30.8 ND 5.4 388.6 
Key: hFB (human fibroblasts), UI (umbilicus-c 
(071003)), ND: Not Detected. 

erived P P^C (022803)), U3 (umbi icus-derived PPDC 

Table 9-3. Searchlight™ Multiplexed ELISA assay results \ 
MlPla MlPlb MCP1 RANTES 1309 TAXC Eotaxin MDC IL8 

hFB ND ND 39.6 ND ND 0.l\ ND ND 204.9 
UI 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 21.4 \ND 4.8 10515.9 
Key: hFB (human fibroblasts), UI (umbilicus-derived PPDC (022803 
PPDC (071003)), ND: Not Detected 

), to (um Dilicus-derived 

[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 atagiogenesis. 

Other trophic factors, such as BDNF and TL-6, have important roles in neural 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 ol\hromosomes and to prolong the replicative life span of cells (Liu, K, et al, PNAS, 

1999; 96:514/^152). Telomerase consists of two components, telomerase RNA template 

(hTER) and telomerase reverse transcriptase (hTERT). Regulation of telomerase is determined 

by transcription of liGiRT 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^xperiments were performed to determine telomerase production 

of human umbilical cord tissue-oerivcd cells. Human umbilical cord tissue-derived cells were 

prepared in accordance with the aboye Examples and the examples set forth in U.S. Patent No. 

7,510,873. Generally, umbilical cordrobtained from National Disease Research Interchange 

(Philadelphia, Pa.) following a normal delwery were washed to remove blood and debris and 

mechanically dissociated. The tissue was tntoi incubated with digestion enzymes including 

collagenase, dispase, and hyaluronidase in culrare medium at 37°C. Human umbilical cord 

tissue-derived cells were cultured according to th^methods set forth in the examples of the '012 

application. Mesenchymal stem cells and normal denrial skin fibroblasts (cc-2509 lot # 9F0844) 

were obtained from Cambrex, Walkersville, Md. A plurfootent human testicular embryonal 

carcinoma (teratoma) cell line nTera-2 cells (NTERA-2 cl!fi^l) (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 (Qiagen, Valencia, Ca.). 

RNA was eluted with 50 jil DEPC-treated water and stored at -80°C. RNXwas reverse 

transcribed using random hexamers with the TaqMan® reverse transcription reagents (Applied 
Biosystems, Foster City, Ca.) at 25°C for 10 minutes, 37°C for 60 minutes and >^C for 10 

minutes. Samples were stored at -20°C. \ 

Real-time PCR 

[0256] PCR was performed on cDNA samples using the Applied Biosystems Ass^ys-On-

Demand™ (also known as TaqMan® Gene Expression Assays) according to the manufacture's 
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specifications (Applied Biosystems). This commercial kit is widely used to assay for telomerase 

in human cells. Briefly, hTert (human telomerase gene) (HsOO 162669) and human GAPDH (an 

intemaVontrol) were mixed with cDNA and TaqMan® 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 ror 15 seconds and 60°C for 1 minute. PCR data was analyzed according to the 

manufacturer's specifications. 

[0257] Humainimbilical cord tissue-derived cclls (ATCC Acccssion No. PTA-6067), 

fibroblasts, and mesenchymal stem cells were assayed for hTert and 18S RNA. As shown in 

Table 10-1, hTert, and henc^elomerase, was not detected in human umbilical cord tissue-

derived cells. \ 

Table 

hTert 18SRNA 

Umbilical cell^J22803) ND + 

Fibroblasts \ ND + 

ND- not detected; + signal detected 

[0258] Human umbilical cord tissue-derived cWls (isolate 022803, ATCC Accession No. 

PTA-6067) and nTera-2 cells were assayed and the resulls showed no expression of the 

telomerase in two lots of human umbilical cord tissue-deriwd cells while the teratoma cell line 

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

Table 10-2 \ 

Cell type hTert GAPDH 
hTerroorm 

Exp. I Exp. 2 Exp. 1 Exp. 2 
hTerroorm 

nTera2 25.85 27.31 16.41 16.31 0.61 \ 
022803 - - 22.97 22.79 -

[0259] Therefore, it can be concludcd that the human umbilical tissuc-dcrh^d cclls of the 

present invention do not express telomerase. \ 

-87-



WO 2014/093598 PCT/US2013/074615 

\ EXAMPLE 11 
\ Growth of UTC on Microcarriers in Impeller Spinner Flask Reactor 

MatenWs and Methods 
[0260] \ Cells. Cells from CBAT lot# 050604B passage 8 cclls were thawed and expanded 

in a T225 flaSk for one passage. 

[0261] Microcarriers. Cytodex® 3 (GE Healthcare Life Sciences, cat. no, 17-0485) 

microcarrier bead^ere hydrated in PBS for at least 3 hours and autoclaved. 

[0262] Spinn&\Flasks. Spinner Flask with Internal Overhead Bearing Impeller 

Assembly, 100 ml and 230 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. \ 

[0264] Passage. Passage is refined 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^vere 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 w^re flushed with 5% CO2 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 increasedio 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) CeUs were cultured for eight days. 

All microcarriers from the 100 ml flask are collected and allowed\ separate from media by 

gravity. Media was aspirated and microcarriers were re-suspended iinlO ml fresh media. After 

pipetting to ensure an even distribution, 5ml of media with microcarrier^ere 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\plume was 

increased to 200 ml and the flasks were flushed with 5% CO2 gas for 1 minute prW 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 iixtrument 

(Guava Technologies, Hayward, CA). \ 
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[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. 

Medians aspirated and microcarriers were re-suspended in 25 ml fresh media. After pipetting 

to ensure ata even distribution, 5ml of media with microcarriers were removed and delivered into 

a 250 ml spinier flask. Approximately 660 mg of fresh hydrated and autoclaved Cytodex® 3 

microcarriers anclmedia were also added to the flask. The media volume was increased to 200 

ml and the flasks v^re flushed with 5% CO2 gas for 1 minute prior to incubation. The spinner 

speed was set to 45-rpno continuous rotation and incubated at 37°C. Remaining cells were 

harvested by trypsinizatitfta and counted by using a Guava PCA instrument. 

[0268] Media Exchahee. 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 aspjration and replaced with an equal volume of fresh media. 

The flasks were flushed with 5% CO^eas for 1 minute and returned to culture. Media exchange 

was performed on day 1, and day 4. \ 

[0269] Viability Staining. A 1 ml aNrjuot 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. L32z^ and incubated for 15 minutes at 37° C. After 

incubation a 20-microliter aliquot was applied to a gfcass microscope slide and observed by 

fluorescent microscopy. Live cells stain green, dead cefcte stain red. Microscopic fields were 

manually analyzed to evaluate the distribution and ratio onJve and dead cells adhered to the 

microcarriers. At least three microscopic fields were evaluated and the approximate percentage 

of viable cclls was counted. \ 
[0270] Cell Hai-vest. Microcarriers were collected from th^spinner flask, washed three 

times in PBS, and evenly distributed between two 50 ml conical tubes^ach tube was incubated 

with 25 ml trypsin for 10 minutes at 37° C. Tubes were brought to 50 ml\rolume with PBS and 

microcarriers were allowed to settle by gravity. Supernatant containing cell^/as collected by 

aspiration and transferred to 50 ml conical tubes pre-filled with 2.5 ml of FBS (fielding a 5% 

FBS solution to inactivate trypsin). This process was repeated four times with eacVfraction 

collected separately. All harvested cells were centrifuged, re-suspended in serum containing 

growth media, and cells were counted by using a Guava PCA instrument. \ 
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[0271] Static T-Flask Culture. An aliquot of cells harvested from the T225 flask are used 

to ssed 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-Dickrtason 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 060604B expanded from passage nine to passage eleven on 

Cytodex® 3 microcarriers in spfconer flask cultures. 

Table 11-1: CellHarv&t 
Passage Fractions \ Total Ceils Avg. Viability (%) 

Inoculation 4 \ 2.85 xlO7 99.7 ±0.19 
1 8 \ 9.34 xlO7 99.2 ± 2.65 
2 4 Vg.80 xlO7 94.4 ± 1.92 

[0274] Cell Kinetics. Table 11-2 shows>he growth kinetics from UTC cell line 050604B 

expanded from passage nine to passage eleven on Otytodex® 3 microcarriers in spinner flask 

cultures. The table shows that the total doublings wa^.48, and the average hours per doubling 

was 69.53 (± 17.52) hours. \ 

Table 11-2: Cell Kinetic \ 
Passage Seeded Yield Days Expansion tifcubling Hours/Doubling 

2.00xl06 0 1 
Inoculation 2.00xl06 2.85xl07 8 14.3 3.8\ 50.09 
1 2.85xl07 9.34x10' 6 3.28 1.7l\ 84.12 
2 2.30xl07 8.80xl07 6 3.83 1.94 > 74.39 

[0275] Live/Dead Staining. Analysis of the live/dead stained micrOTarrier aliquot shows 

the majority of the microcarrier surfaces covered with green stained (viable) cWls 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" orV 

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

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

were consistent. 
Table ^3: Comparison of cell surface proteins expression by Umb 050604B cells expanded in static T 
flasks or o^ Cytodex® 3 microcarriers in spinner flask systems and analyzed by flow cytometry. 

Cck Surface Marker Static T Flasks Cytodex 3® Microcarriers 

\CD 10 ( + ) ( + ) 

OD 13 ( + ) ( + ) 

CD\1 (-) (-) 

CD 34\ (-) (-) 

CD 44 \ ( + ) ( + ) 

CD 45 \ (-) (-) 

CD 73 \ ( + ) ( + ) 

CD 90 \ ( + ) ( + ) 

CD 117 \ (-) (-) 

CD 141 V (-) (-) 

PDGFr-ft 
\ ( + ) 

( + ) 

HLA-A,B,C \( + ) ( + ) 

HLA-DR.DP,DQ \ ) (-) 

10277] Conclusion: Human Umbilical Tissoe-derived Cells (hUTCs) were cultured on 

Cytodex® 3 microcarricrs in impeller spinner flask bioreactors. The cclls achieved 7.48 

population doublings over twenty days and had an averagfcipopulation doubling time of 69 hours. 

Cell viability per passage ranged from 94.4% to 99.7%. Anatysis 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 system\ 

EXAMPLE 12 \ 
Growth of Expanded hUTCs on collagen coated MGSA anAPLGA 

Microcarriers in Spinner Flasks V 

[0278] The ability of hUTCs to attach to materials made of synthetic resorSable 

biomaterials with a collagen coating was investigated, including the ability to maintaSa viability 

in spinner flask culture and to proliferate upon re-seeding into static culture. Expanded BLJTCS 

were seeded onto collagen-coated or uncoatcd poly-(D,L-lactide-co-glycolidc) (PLGA) anc\ 
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ptoly(monostearoylglyceride co-succinic acid) (MGSA) microcarriers. The microcarriers with 

celiWere cultured in spinner flasks for five days, harvested by trypsinization, and re-seeded into 

static cultures. 

Materialratnd Methods 

Table 12-1 MiVrocarriers 
Microcarrier Manufacturer Process Method Avg. Size (fim) 

PLGA (50/50) IVft43 Alkermes (Willington, OH) SCF 158 
MGSA I \ Ethicon (Somerville, NX) SCF 195 

[0279] MicrocaHrier Preparation. Microcarrier Wetting- Approximately lg each of 

MGSA and PLGA microcarriers were aseptically suspended in 25 ml 70% ethanol for 30 

minutes to wet the microcarnWs. The ethanol was removed by aspiration and the microcarriers 

were then rinsed three times wiu^BS and re-suspended 25 ml of in Dulbecco's phosphate 

buffered saline (PBS). 

[0280] Collagen coating. Wened microcarriers (PBS) were pelletized by centrifugation, 

the PBS removed by aspiration, and the nticrocarriers were re-suspended in a 2.9% collagen 

solution (Vitrogen 1000, Cohesion, Inc. Pa\ Alto, CA). The microcarriers were incubated in 

collagen for 30 minutes. The residual collageifyas removed by aspiration and the collagen 

coated microparticles were washed three times wifla PBS. 

Table 12-2 Microcarrier < )uantitie^Used. 
Microcarrier Milligrams\ No. cells Seeded 
PLGA (50/50) uncoated 260 \ 3.50 x 106 

PLGA (50/50) coated 260 \ 3.50 x 106 

MGSA I uncoated 330 \ 3.50 x 106 

MGSA I coated 330 \ 3.50 xlO6 

[0281] Inoculation and Culture The materials, cell type, gnuvth media, spinner flask, 

inoculation and culture conditions, media exchange, viability stainin^and cell harvest methods 

used in Example 11 were used iii this example. \ 
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.suits 

Table 12-3 Cell Harvest 
Microcarrier Total Cells Viability (%) 
PLGA (50/50) uncoated 1.20 x 106 98.6 
PLGA (50/50) coated 1.15 x 106 97.6 
MGSA I uncoated 1.82x10" 99.0 

^MGSAI coated 2.39 xlO6 97.8 

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

PLGA microcarriersNyere re-seeded into T225 at approximately 5,000 cells/cm2. Four days after 

rc-seeding the cells harvested from both materials proliferated to over 50% confluence. 

[0283] Expanded nWTCs were seeded onto collagen coated PLGA and MGSA 

microcarrier, cultured in spinier flasks for five days, harvested by trypsinization, and re-seeded 

into static cultures. The cells tha^vere 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 capacityVThis example demonstrates the ability of synthetic 

biomaterials to be used as microcarriers foe spinner flasks culture. 

ExaVnple 13 
Expansion of hUTC on Microcarrierem 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 r^earch conditions, and CNTO 

2476- isolated, expanded and cryopreserved under GMP conditions^vere evaluated. The 

commercial microcarriers Cytodex® 1 or Hillex® II were evaluated aiSo. The cryopreserved 

cells were thawed and used to immediately inoculate spinner flask cultured The cells were 

continuously cultured over multiple passages until the cell reached approxinwtely 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 passageNo 

passage, indicating stable logarithmic growth and was consistent with the T flask growth \ 
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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\ 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 25H26078 PD 22 were used. 

[0288] Growth Media. DulbeccbJs Modified Eagles Media (DMEM)-low glucose 

(Gibco- Grand Island, NY), 15% FBS (Hj^lone- Logan UT), penicillin/streptomycin (P/S) 

(Gibco- Grand Island, NY), Betamercaptoeths^ol (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 autocftyved. 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 leas^O minutes autoclaved. Hillex® II 

microcarriers were used at a concentration of 12 g/L. \ 

[0290] Spinner Flask. 100 ml and 500 ml single-use, disoosable spinner flasks (Corning, 

Inc.- Corning, 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 106 hUT^vere added to 3000mg 

of Cytodex® 1 (5.0 x 103cells per cm2) in a 100 ml spinner flask containin^iOO 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 106 hUTC were added to 1.2 g of HillexO^I (5.0 x 103 

cells per cm2) 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% CO2. \ 
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[0292] Passage of Culture From One 100 ml Spinner Flask to One 500 ml Spinner Flask. 

100Nil spinner flask was removed from spinner plate and the microcarriers were allowed to 

settle. \he media supernatant is removed by aspiration. The remaining microcarrier pack with 

adherent cMls was resuspended in 20 ml fresh growth media. The microcarriers with adherent 

cells were theta aseptically transferred by pipette to a 500 ml spinner flask containing 480ml 

fresh growth meSia and 4.8 g Hillex® II (6g final microcarrier content) or 1.2 g Cytodex® 1 

(1.5g final microcander content). The spinner flask was then placed on a spinner plate set to 60-

rpm continuous rotatiiV Spinner plates placed in 5% CO2, 37°C tissue culture incubators and 

incubated for three to foutalays. 

[0293] Passage of culture frorn 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 50Vil fresh growth media. Five separate 10 ml aliquots of the 

microcarriers with adherent cells were men aseptically transferred by pipette to five separate 500 

ml spinner flasks each containing 490 ml frWi growth media and 4.8g Hillex® II (6g final 

microcarrier content) or 1.2 g Cytodex® 1 (1final microcarrier content). The spinner flasks 

were then placed on a spinner plate set to 60-rpn\ontinuous rotation. Spinner plates placed in 

5% CO2, 37°C tissue culture incubators and incubated for three to four days. 

[0294] Harvest of cells adherent to Cytodex® ^microcarriers. The 500 ml spinner flask 

was removed from spinner plate and the microcarriers witft^dherent cells were allowed to settle 

by gravity. The media supernatant was removed by aspiratio\ 500 ml of PBS was added to the 

spinner flask and the microcarriers were allowed to settle by graWty. The PBS supernatant was 

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

spinner flask was then incubated on spinner plate for 20 minutes at 60 i®m. The spinner flask 

was removed from spinner plate and the microcarriers were allowed to se^le by gravity. The 

DMEM-low glucose supernatant was removed by aspiration. 500 ml of PB^^as added to the 

spinner flask. The spinner flask was then incubated on spinner plate for 20 minWes 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 TOIS added 

to the spinner flask. The spinner flask was then incubated on spinner plate for 10 minuteSLat 60 

rpm. The spinner flask was removed from spinner plate and the microcarriers were allowecreo 
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settle by gravity. Using a 50 ml serological pipette, the microcarriers-TrypLE™ select solution 

wa^egitated 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 bWgravity. The cell containing supernatant is collect by repeated pipetting and transfer 

to multiple conical tubes pre-loaded with 5ml FBS and a lOOjxm 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] Harveh^of cells adherent to Hillex® II microcarriers. The 500 ml spinner flask 

was removed from spiniwr 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 microcarners were allowed to settle by gravity. 100 ml TrypLE™ select 

was added to the spinner flask. Tne spinner flask was then incubated on spinner plate for 10 

minutes at 60 rpm. The spinner flasl^as removed from spinner plate and the microcarriers 

were allowed to settle by gravity. Using^i 25 ml serological pipette, the microcarriers-TrypLE™ 

select solution was agitated by pipetting ujWid 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 witr^ml FBS and a 100-jom filter unit inserted in 

the tube opening. The tubes were centrifuged for 5 Vinutes at 300rcf, the supernatant decanted, 

and the cells re-suspended in growth media. \ 

[0296] Viability Staining. A 1 ml aliquot of media^nd 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 staininVsolution (Molecular Probes cat. 

no. L3224) and incubated from 15 minutes at 37° C. After incubation, a 20-JJ.I aliquot was 

applied to a glass microscope slide and observed by fluorescent microcopy. 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 spinnV flask) or 10 

ml (500 ml spinner flask) aliquot of homogenous microcarrier suspension was obtaiiKd from 

spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed to\ravity 

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

by abpiration. 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 j.il aliquot of the microcarrier containing nuclei release solution 

was added to\00 jil PBS. A 10 j.d aliquot of this solution was then loaded into a hemocytometer 

and released nuclei counted. 

[0298] In aNiure cell counts- TrypLE™ assay. A 5ml (100 ml spinner flask) or 10 ml 

(500 ml spinner flask)\liquot of homogenous microcarricr suspension was obtained from 

spinner flask vessel and transferred to a 15 ml tube. The microcarriers were allowed to gravity 

separate and the supematantVas 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 addebLand the microcarriers are allowed to gravity separate. 

The cell containing supernatant is collecKby repeated pipetting and transfer to multiple conical 

tubes pre-loaded with 1 ml FBS. The tubc^vcrc ccntrifiiged for 5 minutes at 300 rcf, the 

supernatant decanted, the cells re-suspended iitarowth media, and an aliquot is used determine 

cell count using a Guava PCA instrument (GuavsrFechnologies, Haywood, CA). 

[0299] Static T-Flask Culture. Cryopreserveti 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 analy^d by flow cytometry using a 

Bccton-Dickinson FACSCalibur™ instrument (Bccton DickinsoH. San Jose, CA) to determine 

the cell surface marker profile using methods stated in US2004877C^A. All antibodies 

purchased from BD PharMingen (San Diego, CA). \ 

Results \ 
Table 13-1: Continuous culture of hUTC isolate 120304 on Cytodex® 1 mi\ocarriers. 

Passage Seeded Yield Doubling Total Doublings Time (days) SHours/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 >8.09 
10 3.90E+07 2.17E+08 2.48E+00 2.63E+01 4.00 38SE7 
11 2.17E+08 1.10E+09 2.34E+00 2.86E+01 4.00 41.(\ 
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Talkie 13-2: Continuous culture of hi JTC isolate 120304 on Hillex® II microcarriers. 
Passage Seeded Yield Doubling Total Doublings time (days) Hours/doubling 
6 (seeaV 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 V0OE+O6 1.90E+07 2.66E+00 2.16E+01 3.00 27.04 
9 3\pE+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 2.11l\08 4.16E+08 9.79E-01 2.87E+01 3.00 73.52 

Table 13-3. Continuo\s culture of hUTC isolate CNTO 2476 on Cytodex® 1 microcarriers 
Passage Seeded Y\d doubling Total Doublings time (days) Hours/doubling 
6 (seed) 6.3tffi+05 2.26E+01 

6 6.30E+05 3.44M6 2.45E+00 2.50E+01 3.00 29.40 
7 3.44E+06 5.20E-H47 3.92E+00 2.90E+01 4.00 24.50 
8 4.00E+07 1.60E+0X 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 

Tabic 13-4. Continuous culture of hu\C 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-J-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 5.30E+07 5.60E+08 3.40E+00 \ 3.10E+01 5.00 35.28 

Table 13-5: Continuous culture of hUTC isolate 1203^4 in T225 flasks. 
Passage Seeded Yield doubling Total DoVriings time (days) hours/doubling 
6(seed) 1.12E+07 2.03E+00 1.28^f01 

6 1.12E+07 3.05E+07 1.45E+00 1.42EV 2.00 33.21 
7 2.20E+06 2.03E+07 3.21E+00 1.74E+0K 4.00 29.94 
8 3.75E+05 1.50E+06 2.00E+00 1.94E+01 V 3.00 36.00 
9 3.75E+05 1.85E+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 1.14E+08 2.50E+00 3.16E+01 \)0 38.45 

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

Cell Surface 
Marker 

120304 
T225 flask 

120304 
Cvtodex® 1 

120304 
Hillex® 11 

CNTO 2476 
Cytodex® 1 

ClXo 2476 
Hi W® II 

CD 10 (+) ( +) ( +) (+) 
(\ 

CD 13 ( +) ( +) ( +) ( +) ( +)\ 
CD 31 ( -) ( -) ( -) ( -) C-) \ 
CD 34 ( -) ( -) ( -) ( -) ( -) 
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Tabic 13-6 Comparison of ccll surfacc proteins expression by hUTC expanded on 
microcarrier and T-flasks and analyzed by flow cytometry. 

Cell Surface 
^ Marker 

120304 
T225 flask 

120304 
Cytodex® 1 

120304 
Hillex® II 

CNTO 2476 
Cytodex® 1 

CNTO 2476 
Hillex® II 

\ CD 44 ( +) f +) f +) ( +) ( +) 
\ CD 45 ( -) ( -) ( -) C -) ( -) 

VD73 ( +) ( +) ( +) ( +) ( +) 
C©9 0 ( +) ( +") ( +) ( +) ( +) 

CD NJ ( -) ( -) ( -) ( -) 
CD 14V ( -) ( _) ( -) ( -) ( •) 

PDGFr-a\ ( +) ( +) ( +) ( +) ( +) 
HLA-ABC\ ( +) ( +) ( +) ( +) ( +) 

HLA-DRDPDQ > ( ") ( •) ( -) ( -) ( -) 

[0301J hUTC isola\ 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 hour^jer 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 ctropreserved at population doubling 22.6 was able to be 

thawed, and expanded on Cytodex® 1 an^Iillex® 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 

kinctics. Statistical analysis by one-way ANOA onall 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 e^anded to approximately 30 

population doublings on microcarriers in a stable, consistent mWer that maintains the cell's 
surface protein phenotype. \ 

[0302] While the invention has been described and illustrate^ierein by references to 

various specific materials, procedures and examples, it is understood thatthe invention is not 

restricted to the particular combinations of material and procedures selecteatfor that purpose. 

Numerous variations of such details can be implied as will be appreciated by ttase skilled in the 

art. It is intended that the specification and examples be considered as exemplar\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 b\ 

reference in their entirety. \ 
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X CLAIMS 

What\ claimed is: 

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

the ami^p 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-Aspargine; L-Aspartic Acid; L-Glutamic Acid; 

L-Proline; and L-Taurinte: 

the vitamins D-calc\m pantothenate; choline chloride; folic acid; I-inositol; niacinamide; 

pyridoxal; riboflavin; thiamineVd-Biotin; pyridoxine; and Vitamin BJ2 (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/thioct\acid; ethanolamine; sodium selenite; and one or 

more energy sources. \ 

2. The culture medium of claim 1, wherein the \lture 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; atleast 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 orL-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-Threonine; at least about 0.009 

g/L of L-tryptophan; at least about 0.08 g/L of L-tyrosine; at least abouW).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-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-Taurine; 

from about 5 x 10"6 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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sodium phosphate, monobasic, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

hept^wdrate (Na2HP04.7H20); 

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

cytidine, uftdine, and guanosine; and 

at least 0^)03 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10*6 g/L of 

lipoic acid/thiocti^acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of 

sodium selenite. \ 

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

the amino acids L-Argfoine, L-Cystine, L-Cysteine, Glycine, L-Histidine, L-Isoleucine, 

L-Leucine, L-Lysine, L-Methiomoe, L-Phenylalanine, L-serine, L-Threonine, L-tryptophan, L-

tyrosine, L-Valine, L-Alanine, L-As^argine, 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; pyrntoxine; and Vitamin B12 (cyanocobalamin); 

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

the nucleosides adenosine, cytidine, uridine and guanosine; and 

insulin; transferrin; lipoic acid/thioctic acid; ethanWamine; and sodium selenite. 

4. A kit for growing anchorage dependent cells comprising the culture medium of claim 1. 

5. The kit of claim 4, further comprising a serum-free nutrienreolution, wherein the serum-

free nutrient solution comprises: \ 

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Hnridine, L-Isoleucine, 

L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonin\L-tryptophan, L-

tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid^-Proline and 

L-Taurine; \ 

the vitamins D-calcium pantothenate; choline chloride; folic acid; 1-inositol; niacinamide; 

pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin B12 (cyanocobalamin)\ 
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\ the salts sodium phosphate, monobasic arid sodium phosphate, dibasic heptahydrate; 

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

inWin; transferrin; lipoic acid/thioctic acid; ethanolamine; and sodium selenite. 

6. 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 wtfth serum, for a sufficient period of time to allow for the cells to 

achieve a desired liutial population density; 

b. adding a serum-free nofrient solution after the cells have achieved the desired initial 

population density, wherem 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; \ 

wherein the umbilical cord tissue-derived cel\ 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-ABQ^tnd do not express CD34, CD117 

and HLA-DR. \ 

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

microcarriers. \ 

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

step c. \ 

9. The method of claim 6, wherein the method does not require medium exchange. 

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

system. \ 
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l\ The method of claim 6, wherein the characteristics of the cells before and after culturing 

are substantially the same. 

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

are the sameV 

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

to 4 days. \ 

14. The method of clVim 6, wherein the microcarriers have an amine treated surface. 

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

the amino acids L-Arginirfce; 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-AlVine; L-Aspargine; 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; pyndoxine; and Vitamin BI2 (cyanocobalamin); 

the salts calcium chloride, potassium chloridc^nagnesium sulfate, sodium chloridc, and 

one or more sodium phosphate salts; \ 

the nucleosides thymidine, adenosine, cytidinc, uridnac and guanosine; and 

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

more energy sources. \ 

16. The method of claim 15, wherein the one or more energy sourcekare 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 le^t 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-Histutfne; at 

least about 0.09 g/L of L-Isoleucine; at least about 0.09 g/L of L-Leucine; at least about (A09 g/L 

of L-Lysine; at least about 0.02 g/L of L-Methionine; at least about 0.05 g/L of L-Phenylalanme; 
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aWeast 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 orfL-tryptophan; at least about 0.08 g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at 

least alWt 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-Aspai*gine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic 

Acid; at leasN^bout 0.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine; 

from about 5 x 10"6 g/L to about 0.015 g/L of each of the vitamins; 

at least aboutv05 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20^: 

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

at least 0.003 g/L of insulin, at leSst 0.05 g/L of transferrin, at least about 5 x 10"6 g/L of 

lipoic acid/thioctic acid, at least 0.05 g/L onethanolamine and at least about 0.00004 g/L of 

sodium selenite. \ 

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

19. The method of claim 15, wherein the culture medi™ is supplemented with about 7.5%, 

about 10%, or about 15% of FBS. 

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

stabilizer, and/or a foaming agent. \ 

21. The method of claim 6, wherein in the serum-free nutrient solutiomcomprises: 

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histidr^e, L-Isoleucine, 

L-Leucine, L-Lysine, L-Methionine, L-Phenylalanine, L-serine, L-Threonine, L-nwptophan, L-

tyrosine, L-Valine, L-Alanine, L-Aspargine, L-Aspartic Acid, L-Glutamic Acid, L-Pcoline and 

L-Taurine; \ 
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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-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 (hUTCs), 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 B12 (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"6 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20); 

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"6 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 B12 (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 



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 B12 (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 



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"6 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20); 
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"6 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 B12 (cyanocobalamin); 

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

the trace minerals Copper(II)sulfate pentahydrate (CUSO4.5H2O), Zinc sulfate, 

heptahydrate, (ZnS04.7H20); 

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. 



[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 semm-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 tenn "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 



times may be referred to as a P10 culture. The primary culture, i.e., the first culture following 

the isolation of cells from tissue, is designated PO. Following the first subculture, the cells are 

described as a secondary culture (PI 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 tenn "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 progenitor or precursor cell." 



[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 tenn "standard growth conditions," as used herein refers to culturing of cells 

at 37°C, in a standard atmosphere comprising 5% CO2 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 preferced 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 microcanier. 

The microcanier can be comprised of natural or synthetically-derived materials. Examples 

include collagen-based microcaniers, dextran-based microcarriers, or cellulose-based 

microcarriers, as well as glass, ceramics, polymers (such as polystyrene), or metals. The 

microcanier can be protein-free or protein-coated, e.g. with collagen. In a further aspect the 

microcanier can be comprised of, or coated with, compounds that enhance binding of the cell to 

the microcanier and enhance release of the cell from the microcanier 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. 



[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. It is 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 earners) may be positively or negatively charged. 

In one aspect, the microcarriers have an overall particle diameter between about 150 and 350 

|im, 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 earner 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 jam; (b) have pores having an average pore opening diameter of between about 15 and about 

40 j^m; 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, PiscatawayN.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. 

I. 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 semm-free nutrient 

solution can be used to grow anchorage-dependent cells, such as e.g. hUTC, to high density in 

spinner flasks at lower semm consumption. 

[0044] In one embodiment, the culture medium and semm-free nutrient solution are used 

for the growth of umbilical cord tissue-derived cells. In another embodiment, culture medium 

and semm-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-



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-GIutamic 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 B12 (cyanocobalamin). The media may further comprise 

Vitamin C and Vitamin A. In another embodiment, the culture medium comprises from about 5 

x 10"6 g/L to about 0.015 g/L of each of the vitamins. In one embodiment, the culture medium 

comprises about 0.004338 g/L of D-Calcium Pantothenate; about 0.006094 g/L of Choline 

Chloride; about 0.004302g/L of Folic Acid; about 0.009568 g/L of I-Inositol; about 0.004302 
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g/L ofNiacinamide; 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 B12 (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, H2O, and optionally sodium phosphate, 

dibasic heptahydrate (Na2HP04.7H20). 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/L of magnesium 

sulfate, at least about 0.08 g/L of sodium phosphate, monobasic, H2O and optionally at least 

about 0.0005 g/L of sodium phosphate, dibasic heptahydrate (Na2HP04.7H20). In another 

embodiment, the culture medium comprises about 0.2 g/L 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, H2O, about 6.4 g/L of sodium chloride and optionally at 

least about 0.002 g/L of sodium phosphate, dibasic heptahydrate (Na2HP04.7H20). 

[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 



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 B12 

(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 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 xlO*6 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 



heptahydrate (Na2HP04.7H20). 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 Bi2(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 B12 

(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 



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*6 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 0.1 g/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, H2O and at least 

about 0.005 g/L of sodium phosphate, dibasic heptahydrate (Na2HPC>4.7H20). 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 feme nitrate, copper sulfate, and zinc sulfate. In one embodiment, 

the medium further comprises feme nitrate (9H2O), copper(II)sulfate pentahydrate 

(CUSO4.5H2O) and Zinc sulfate, heptahydrate, (ZnS04.7H20). The trace minerals may be 

present in an amount ranging from about 5 x 10'8 g/L to about 3 x 10"4 g/L of each of the trace 

minerals. In an alternate embodiment, the medium further comprises about 0.001 g/L of ferric 

nitrate (9H2O), about 9.33 E-08 g/L of copper(II)sulfate pentahydrate (CUSO4.5H2O) and 3.24 E-

05 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H20). 

[0057] Furthermore, the medium may further comprise lipoic acid/thioctic acid, which 

may comprise at least about 5 x 10"6 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 available 



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 (g/L) 

Inorganic Salts 4v:4^"- ®Hc/;44.; '. - : . -- 4:4 4; 4*- 4-4: \4-
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 0.2-1.8 
sodium chloride, USP 6.4 At least about 5 5-8 
sodium phosphate, monobasic, H20, 
USP 0.133175 At least about 0.08 0.08-0.2 

sodium phosphate, dibasic heptahydrate 
(Na2HP04.7H20) 0.00201 At least about 0.0005 0.0005-0.004 

Trace Minerals 
Ferric Nitrate (9 H20) 0.0001 At least about 5 E-05 0.00002-0.0002 
Copper(II)sulfate pentahydrate 
(CUS04.5H20) 9.33E-08 At least about 5E-08 5E-08 - 2E-07 

Zinc sulfate, heptahydrate, 
(ZnS04.7H20) 3.24E-05 At least about 1E-05 1E-05 - 5E-05 

Sodium Selenate (Na2Se03) 0.000067 At least about 4E-05 3E-05- 1.2E-04 
Amino Acids . .44L:- •4^"4-: = -0>; 44444 
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 0.2-1.0 
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 0.05-0.4 
L-Leucine 0.163713 At least about 0.09 0.05-0.4 
L-Lysine 0.16807 At least about 0.09 0.05-0.4 
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 - 4--K>:>;444:'r^ :.4: c: - ' : : *c: , . •" "V ; •.V 

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]2 (cyanocobalamin) 0.000102 At least about 0.00002 0.00002 - 0.0002 
Lipids 
Lipoic Acid/Thioctic Acid 0.000015 At least about 5E-06 5E-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 semm (FBS) or newborn calf semm (NCS). The semm content 

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

medium. In one embodiment, the medium is supplemented with semm (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 semm (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, semm-free nutrient solution comprises about 0.013 g/L L-Arginine, 

HC1; about 0.005 g/L L-Cystine, 2HC1; about 0.009 g/L L-Cysteine HC1 H2O; about 0.001 g/L 
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Glycine; about 0.006 g/L L-Histidine, HC1, H2O; about 0.059 g/L L-Isoleucine; about 0.059 g/L 

L-Leucine; about 0.022 g/L L-Lysine, HC1; 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, 2H2O; about 0.018 g/L L-Valine; about 0.001 g/L 

L-Alanine; about 0.032 g/L L-Asparagine H2O; about 0.008 g/L L-Aspartic Acid; about 0.055 

g/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, semm-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 B12 (cyanocobalamin). The solution may further 

comprise Vitamin C and Vitamin A. In one embodiment, the solution comprises from about 5 x 

10"6 g/L to 0.001 g/L of each of the one or more vitamins. In one embodiment, the semm-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 lx 10"5 g/L of riboflavin; at least about 0.00001 g/L of thiamine; at least about lx 10*5 

g/L of d-Biotin; at least about lx 10"5 g/L of pyridoxine; and at least about lx 10*5 g/L of 

Vitamin B12 (cyanocobalamin). In one embodiment, the semm-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, HC1; about 3.11E-05 g/L Riboflavin; about 0.000304 g/L thiamine, 

HC1; about 3.75E-05 g/L d-Biotin; about 1.85E-05 g/L Pyridoxine HC1; and about 0.000102 g/L 

Vitamin B12 (cyanocobalamin). 

[0065] Additionally, the semm-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 



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 

g/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*5 g/L, alternatively about 7 x 

10'5 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 10"8 g/L to about 2 x 10"5 g/L of each of the one or 

more additional trace minerals. In one embodiment, the solution further comprises 

Copper(II)sulfate pentahydrate (CUSO4.5H2O) and Zinc sulfate, heptahydrate, (ZnS04.7H20). In 
Q 

another embodiment, the solution further comprises at least about 3x10" g/L of 

Copper(II)sulfate pentahydrate (CUSO4.5H2O) and at least about 5 x 10"6 g/L of Zinc sulfate, 

heptahydrate, (ZnS04,7H20). In an alternate embodiment, the solution further comprises about 9 

x 10'8 g/L of Copper(II)sulfate pentahydrate (CUSO4.5H2O) and about 3 x 10"5 g/L of Zinc 

sulfate, heptahydrate, (ZnS04.7H20). 

[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"5 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 B12 (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 semm-free solution may optionally further comprise Copper(II)sulfate pentahydrate 

(Q1SO4.5H2O) and Zinc sulfate, heptahydrate, (ZnS04.7H20). Additionally, the semm-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"6 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 10"5 

g/L of sodium selenite. Optionally, this solution further comprises (9) at least about 7 x 10"8 g/L 

of Copper(II)sulfate pentahydrate (CUSO4.5H2O); (10) at least about 5 x 10'6 g/L of Zinc sulfate, 

heptahydrate, (ZnS04.7H20); and (11) at least about 1 x 10"6 g/L of lipoic acid/thioctic acid. 

[0071] In another embodiment of the invention, the semm-free nutrient solution 

comprises amino acids, vitamins, salts, nucleosides, Copper(II)sulfate pentahydrate 

(Q1SO4.5H2O), zinc sulfate, heptahydrate, (ZnS04.7H20) 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 B12 (cyanocobalamin); 



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

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

[0072] In one embodiment, this semm-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 lx 10'5 g/L of riboflavin; at least about 0.00001 

g/L of thiamine; at least about lx 10"5 g/L of d-Biotin; at least about lx 10"5 g/L of pyridoxine; 

and at least about lx 10"5 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 10'8 g/L of Copper(II)sulfate pentahydrate (CUSO4.5H2O), about 5 x 

10~5 g/L of Zinc sulfate, heptahydrate, (ZnS04.7H20) and about 2 x 10~5 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 nutrient solution are shown in 

the table below: 



Embodiment A 
Amount (g/L) 

Embodiment B 
Amount (g/L) 

Embodiment C 
Amount (g/L) 

Inorganic Salts 
sodium phosphate, monobasic, 
H30, USP 0.008175 At least about 0.001 0.001-0.016 
sodium phosphate, dibasic 
heptahydrate (Na2HP04.7H20) 0.00201 At least about 0.0005 0.0005 - 0.004 
Trace Minerals 
Copper(II)sulfate pentahydrate 
(CUS04.5H20) 9.33E-08 At least about 3E-08 3E-08 - 2E-07 
Zinc sulfate, heptahydrate, 
(ZnS04.7H20) 3.24E-05 At least about 5E-06 5E-06 - 7E-05 
Sodium Selenate Na2Se03 0.000067 At least about 0.00002 0.00002 -0.00014 
Amino Acids 
L-Arginine, HC1 0.01305 At least about 0.005 0.005-0.03 
L-Cystine, 2HC1 0.00522 At least about 0.002 0.002 - 0.00522 
L-Cysteine HC1 H20 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, HC1, H20 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, HC1 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, 2H20 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-AsparagineH20 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, HC1 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, HC1 0.000304 At least about 0.0001 0.0001 -0.0007 

-25-



Embodiment A 
Amount (g/L) 

Embodiment B 
Amount (g/L) 

Embodiment C 
Amount (g/L) 

d-Biotin 3.75E-05 At least about 1E-05 1E-05 - 8E-05 
Pyridoxine. HC1 1.85E-05 At least about 5E-06 5E-06 - 4E-05 
Vitamin BI2 (cyanocobalamin) 0.000102 At least about 0.00002 0.00002 - 0.00025 
Lipids 
Lipoic Acid/Thioctic Acid 0.000015 At least about 0.000005 0.000005 - 0.00004 
Ethanolamine HC1 0.02 At least about 0.005 0.005-0.05 
P 
Insulin 0.01 At least about 0.002 0.002 - 0.025 
Transferrin 0.055 At least about 0.01 0.01-0.15 
Nucleic Acid Derivatives 
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 semm-free nutrient solutions further comprise putrescine and 

Pluronic® F68. 

[0075] In embodiment, the semm-free nutrient solution comprises sodium selenate, 

ethanolamine, insulin, transferrin, thymidine, adenosine, cytidine, uridine, guanosine, and semm 

albumin (e.g. bovine semm albumin). 

[0076] Optionally, the semm-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 semm-free 

nutrient solution do not contain exogenously added factors that promote growth of 

undifferentiated cells. In one preferred embodiment, the culture medium and/or semm-free 

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



II. 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, semm-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 



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., Hemdon, Va.). The culture medium 

may be supplemented with one or more components including, e.g., fetal bovine semm (FBS), 

preferably about 2-15% (v/v); equine semm (ES); human semm (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 (EPO); 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. In a 

preferred embodiment, the cells are cultured at about 0 to about 5% by volume CO2 in air. In 

some preferred embodiments, the cells are cultured at about 2 to about 25% O2 in air, preferably 

about 5 to about 20% O2 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. 



[0085] Methods for the selection of the most appropriate culture medium, 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, 

Buttei'worth-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 invention, 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 



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 maybe 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), 

immunohistochemistiy 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. 



[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, CDl 17, 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; 



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 FLJ14054; Homo sapiens mRNA; 

cDNA DKFZp564B222 (from clone DKFZp564B222); BCL2/adenovims E1B 19 kDa 

interacting protein 3-like; AE binding protein 1; and cytochrome c oxidase subunit Vila 

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, MlPlb, 

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, MIPIA, 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 8 and reticulon 1. In some embodiments, such UTC 

does not produce CD45 and CDl 17. 



[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, CDl 17, 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 CDl 17 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 

CD 10, 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 CD 13 and CD90, and do not express CD34 and CDl 17. 

Optionally, these cells do not express hTERT or telomerase. In yet another embodiment, the 

cells also express CD 10, 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 

maiTOw cell, increased levels of interleukin 8 or reticulon 1. 



[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, 

CDl 17, and HLA-DR. Optionally, these cells also do not express hTERT or telomerase. In one 

embodiment, the cells also express CD 10, 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 CDl 17, 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 

CD 10, CD13, CD44, CD90, and HLA-ABC; (2) do not express CD31, CD34, CD45, HLA-DR 

and CDl 17; (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 



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 CDl 17. 

III. 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, 
A 

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 ipm. 

[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/cm2. 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 ipm. 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. As used 

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 ipm and about 55 rpm, alternatively from between about 

55 to about 65 ipm, alternatively from about 50 to about 60 ipm. In preferred embodiments, a 

rotational speed of about 40 ipm 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 ipm. 

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, semm-free nutrient solution, microcarriers, and cells. In that 

embodiment, the rotational speed may be set between about 55 and 65 ipm. Preferably, the 

rotation is about 50 ipm. 

[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, semm-free 

nutrient solution, microcarriers, and cells. In one embodiment, the flasks contain approximately 

450 ml to 500 ml of growth medium, FBS, semm-free nutrient solution, microcarriers, and cells. 

In that embodiment, the rotational speed may be set between about 55 and 65 ipm. Preferably, 

the rotation is about 50 ipm. 

[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, semm-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 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/cm2. 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/cm2. 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] Microcanier 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 

microcanier is biologically inert and provides a strong but non-rigid substrate for stirred 

microcanier 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 



surface to the microcanier. The bead diameter may range from about 90 to about 200 ^m in 

diameter. 

[0128] Microcarrier-based methods of cell culture provide many advantages including 

ease of downstream processing in many applications. Microcaniers are typically roughly 

spherical in shape, and can be either porous or solid. The use of microcaniers 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, microcaniers 

commonly have a mean diameter in the range of 50-2000 jam. In some applications solid-type 

microcaniers range from about 100 to about 250 jam whereas porous-type microcanier beads 

range from about 250 to about 2500 jim. These size ranges allow for selection of microcaniers, 

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 microcanier beads, as well as by the porosity, diameter, density, and handling properties 

of the microcanier. 

[0130] For example, the density of the microcanier particles or beads is a consideration. 

Excessive density may cause the microcanier 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/cm3 is typical of many microcarrier beads. 

[0131] The small diameter of microcanier particles and the volume of particles that can 

be added to a reactor allows the microcaniers 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 microcamers provide even greater surface area per unit volume or weight. These 

porous microcaniers 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 microcanier 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 microcanier 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 microcaniers 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 microcaniers may be paramagnetic, such as paramagnetic calcium-alginate 

microcarriers. 

[0135] Both porous and solid types of microparticulate earners are commercially 

available. Examples of commercially available solid microcaniers include Cytodex ® 1 and 

Cytodex® 3, both of which are dextran-based microcarriers from GE Healthcare Life Sciences. 

Suitable commercially available porous microcaniers 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 jj.m and a density of about 

1.03 g/cm3 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 \im and a 

density of about 1.04 g/cm3 at 25°C. In yet another embodiment, the methods and kits of the 

invention utilize a dextran bead microcanier having an approximate particle size of about 60-87 

jam and a density of about 1.04 g/cm at 25°C. In an alternate embodiment, the methods and kits 



of the invention utilize porous microcarriers. These porous microcarriers may have a particle 

diameter of about 200-280 (am, an effective surface area of about 1.1 m2/g dry and an average 

pore diameter opening of about 30 ^m. In other embodiments, the methods and kits of the 

invention utilize microcaniers having an amine treated surface. In preferred embodiments, the 

microcarriers having an amine treated surface have a particle size of about 160-200 jam, a 

relative density range of about 1.090-1.150, a surface area of about 515 cm2/g. Such 

microcaniers may be provided in solutions contains 5.5 x 105 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 microcanier. 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 



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 microcanier 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 semm (e.g. FBS). In one embodiment, the 

medium is supplemented with semm (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 semm (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 microcamers 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/cm2. 

Furthermore, this method improves robustness for passaging of hUTC. This method utilizes the 

culture media and semm-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 semm (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 microcamers, 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% C02 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 ipm, 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% 

CO2 atmosphere in a 125 ml flask, which is rotated at an rpm range of about 55 rpm to about 65 

ipm (preferably about 60 ipm). In yet another embodiment, the hUTC are cultured at 

approximately 37 °C under a 10% CO2 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% CO2 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% CO2 

atmosphere in a 3 1 flask, which is rotated at an rpm range of about 35 rpm to about 45 ipm 

(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 semm-free 

nutrient solution. 
[0148] Thus, in one embodiment, the method comprises growing umbilical cord tissue-

derived cells seeded on microcaniers 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 semm-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 semm-free nutrient 

solution embodiment A are used. In another embodiment, culture medium embodiment B and 

semm-free nutrient solution embodiment B are used. In one embodiment, culture medium 

embodiment C and semm-free nutrient solution embodiment C are used. 

[0150] In one embodiment, the method comprises seeding microcarriers with hUTC prior 

to culturing. The microcaniers may be any one of the microcaniers mentioned above. In certain 

embodiments, the microcaniers have an amine treated surface. In preferred embodiments, the 

microcaniers having an amine treated surface have a particle size of about 160-200 jam, 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 



6,000 to about 8,000, alternatively from about 6,500 to about 7,500 viable cells/cm2 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 microcanier. In one embodiment, the 

expansion of the cells is carried out on a microcanier. 

[0152] In one embodiment, the culture media used in the method to grow hUTC is 

supplemented with about 2% to about 20% of semm (e.g. FBS). In one embodiment, medium is 

supplemented with semm (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 semm (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 microcanier, time of incubation, type of culture medium, type of semm-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 microcamers 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. 



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 microcaniers used in the studies was Hillex® Ultra (Solohill Engineering, 

Ann Arbor, MI), which have a surface area of 515 cm2/g. 

[0159] As used in this example, the tenn "passage" is defined as inoculating a vessel 

containing fresh microcarriers with confluent microcamers 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 

(ln(# of viable cells at end ofpassage) - ln(# of viable cells at start ofpassage)) 

M2) 
Procedure for Cell Count 

[0160] The cell count as required by the various conditions was canied 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 microcaniers and 

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

transfen'ed into a 50 ml conical tube through a 40-jim filter to remove the microcaniers 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/mLX 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 microcaniers 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/cm2) 6000 (3000-7500) 
At Passage 1, 500 ml spinner flasks (viable cells/cm2) 5000 (3000-7000) 
At all other passages (viable cells/cm2) 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 
exchange on Day 3 

4 

Cell Density at End of Passage Target 
Cell Density at End of Passage (viable cells/cm2) >20000 
Spinner Flask Working Volumes 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 
C02 (%) 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 

[0164] 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 microcanier 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 microcaniers 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% CO2 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/cm2 at a microcanier 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 microcaniers were then added resulting in a final 

weight of ~10 g of microcaniers 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% CO2 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/cm2 at a microcanier 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 

microcaniers 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 microcaniers in the flask. Fresh medium comprised of Ml 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% CO2 incubator. On Day 3, feed F1 was added. 

No medium exchange was perfonned. 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 mML-

Glutamine was added to the flask. 

[0168] Condition 4: The target seeding density of this condition was —7000 viable 

cells/cm2 at a microcanier 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 microcaniers 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% C02 incubator. On Day 3, feed F2 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. 

[0169] Condition 5: The target seeding density of this condition was ~7000 viable 

cells/cm2 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 microcaniers were then added resulting in a final 

weight of ~10 g of microcaniers 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% CO2 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 monohydrate) 

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 microcanier 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 

microcaniers 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 microcaniers 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% CO2 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 microcanier 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 

microcaniers were allowed to settle by gravity. The medium from the inoculum was removed 

until ~ 100 ml was left in the flask. Fresh microcaniers were then added resulting in a final 

weight of ~10 g of microcaniers 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 45 RPM in a 37 °C and 10% CO2 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 microcaniers 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% CO2 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 of220 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 microcanier 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 microcaniers 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% CO2 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 microcamers. 250-300ml of TrypLE™ pr^-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 jim 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/cm2) 

was calculated. 

Composition of the Cell Culture Media 

[0175] DMEM (with Ig/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 semm consumption. One of the 

components used in the formulations is bovine semm albumin which was provided in the form of 

the commercially available AlbuMAX® I (Gibco™ Cell Culture, Invitrogen Corporation, 

Carlsbad, CA), which is lipid-rich bovine semm 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 

Ml 
(g/L) 

M2 
(g/L) 

M3 
(g/L) 

M4 
(g/L) 

M5 
(g/L) 

M6 
(g/L) 

M7 
(g/L) 

Inorganic Salts 
Calcium Chloride, 
Anhydrous 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Calcium Chloride 
(CaCl2.2H20) 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 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, H20, USP 0.133175 0.125 0.133175 0.133175 0.133175 0.125 0.125 
sodium phosphate, dibasic 
heptahydrate 
(Na2HP04.7H20) 0.00201 0 0.00201 0.00201 0.00201 0 0 
Trace Minerals 
Ferric Nitrate (9 H20) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Copper(II)sulfate 
pentahydrate 
(CuS04.5H20) 9.33E-08 0 9.33E-08 9.33E-08 9.33E-08 0 0 
Zinc sulfate, heptahydrate, 
(ZnS04.7H20) 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 

Ml 
(g/L) 

M2 
(g/L) 

M3 
(g/L) 

M4 
(g/L) 

M5 
(g/L) 

M6 
(g/L) 

M7 
(g/L) 

Sodium Selenate 
(Na2SeC>3) 0.000067 0.000067 0 0.000067 0.000067 0.000067 0 

; Amino Acids 
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 HCl H20 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, H2O 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, HCl 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 H2O 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-AIanine 0.000668 0 0.000668 0.000668 0.000668 0 0 
L-Asparagine H2O 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 
Vitamins =; -o 
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, HCl 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, HCl 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. HCl 1.85E-05 0 1.85E-05 1.85E-05 1.85E-05 0 0 
Vitamin B]2 
(cyanocobalamin) 0.000102 0 0.000102 0.000102 0.000102 0 0 

Lipids -X:;r.!->-V;? V';;:'v <• ^ 
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Table 1-2 Formulation of Basal Media 
Basal Medium 

Ml 
(g/L) 

M2 
(g/L) 

M3 
(g/L) 

M4 
(g/L) 

M5 
(g/L) 

M6 
(g/L) 

M7 
(g/L) 

Lipoic Acid/Thioctic Acid 0.000015 0 0.000015 0.000015 0.000015 0 0 

Ethanolamine HCl 0.02 0.02 0 0.02 0.02 0.02 0 

Proteins 
Insulin 0.01 0.01 0 0.01 0.01 0.01 0 
Transferrin 0.055 0.055 0 0.055 0.055 0.055 0 
Energy Substrates 
D-Glucose 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.2H20 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 
(AlbuMAX® I) 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 earned 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 
Feet ! Formulations 

F1 
(g/L) 

F2 
(g/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

F6 
(g/L) 

F7 
(g/L) 

Inorganic Salts 
sodium phosphate, 
monobasic, H20, USP 0.008175 0 0.008175 0.008175 0.008175 0 0 

sodium phosphate, dibasic 
heptahydrate 
(Na2HP04.7H20) 

0.00201 0 0.00201 0.00201 0.00201 0 0 

Trace Minerals 
Copper(II)sulfate 
pentahydrate 9.33E-08 0 9.33E-08 9.33E-08 9.33E-08 0 0 
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Table 1-3: Feed Formulations 
Feec Formulations 

F1 
(g/L) 

F2 
(g/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

F6 
(g/L) 

F7 
(g/L) 

(CUS04.5H20) 
Zinc sulfate, heptahydrate, 
(ZnS04.7H20) 3.24E-05 0 3.24E-05 3.24E-05 3.24E-05 0 0 

Sodium Selenate 
(Na2Se03) 0.000067 0.000067 0 0.000067 0.000067 0.000067 0 

Amino Acids 
L-Arginine, HCl 0.01305 0 0.01305 0.01305 0.01305 0 0 

L-Cystine, 2HC1 0.00522 0 0.00522 0.00522 0.00522 0 0 

L-Cysteine HCl H20 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, HCl, H20 0.006288 0 0.006288 0.006288 0.006288 0 0 

L-Isoleucine 0.058913 0 0.058913 0.058913 0.058913 0 0 

L-Leucine 0.058913 0 0.058913 0.058913 0.058913 0 0 

L-Lysine, HCl 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 0.007695 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 H20 0.018023 0 0.018023 0.018023 0.018023 0 0 

L-Valine 0.017505 0 0.017505 0.017505 0.017505 0 0 

L-Alanine 0.000668 0 0.000668 0.000668 0.000668 0 0 

L-Asparagine H20 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 

Vitamins 
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 

I-Inositol 0.002568 0 0.002568 0.002568 0.002568 0 0 

Niacinamide 0.000302 0 0.000302 0.000302 0.000302 0 0 

Pyridoxal, HCl 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, HCl 0.000304 0 0.000304 0.000304 0.000304 0 0 

d-Biotin 3.75E-05 0 3.75E-05 3.75E-05 3.75E-05 0 0 

Pyridoxine. HCl 1.85E-05 0 1.85E-05 1.85E-05 1.85E-05 0 0 

Vitamin B|2 0.000102 0 0.000102 0.000102 0.000102 0 0 
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Table 1-3: Feed Formulations 
Feec 1 Formulations 

F1 
(g/L) 

F2 
(S/L) 

F3 
(g/L) 

F4 
(g/L) 

F5 
(g/L) 

F6 
(g/L) 

F7 
(g/L) 

(cyanocobalamin) 

Lipids 
Lipoic Acid/Thioctic Acid 0.000015 0 0.000015 0.000015 0.000015 0 0 

Ethanolamine HCl 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 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 Semm Albumin 
(AlbuMAX® I) 2.5 2.5 2.5 2.5 0 2.5 2.5 

[0178] The media used in Conditions 1 to 9 all had FBS added to them. The components 

of FBS are shown below: 

Table 1-4: Profile of Fetal Bovine Sera (see Price et a/.. 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 (Cai+) 13.6/100 ml 12.6-14.3 43 
Chloride (CI") 103 meq/L 98-108 43 
Inorganic Phosphorous 9.8 mg/100 ml 4.3-11.4 43 
Potassium (K+) 11.2 meq/L 10.0-14.0 43 
Selenium 0.026 ^g/ml 0.014-0.038 25 

Sodium (Na*) 137 meq/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 1.6-4.3 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 et alIn Vitro, 18:576-584 (1982)) 
Total Bilirubin 0.4 mg/100 ml 0.3-1.1 43 
Uric Acid 2.9 mg/100 ml 1.3-4.1 43 
Steroids and Hormones 
Cholesterol 31 mg/100 ml 12-63 43 
Cortisol 0.5 jtig/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/ml 0.5-30.48 37 
Prostaglandin F 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 1.22 ng/ml <0.2-4.5 40 
Protein 0:::v-v 

Total Protein 3.8 g/100 ml 3.2-7.0 43 
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 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 hUTC 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/cm2 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 

-60-



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 ofF5 on Day 3 
Condition 3: Ml + 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 ofF4 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 (hUTCs) attached on 

microcamers 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 Semm. 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 semm-free nutrients. 

This method eliminates medium exchange on day 3 to consistently grow cells >20,000 cells/cm2. 

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 Semm (15% v/v); M5 Basal medium (see Example 1 above); F5 feed (see Example 1 

above); and Hillex® Ultra (Solohill Engineering, Ann Arbor. MI) microcaniers 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 Catalog 
No. 

Manufacturer' 
s concentration 

Dilution in 
Staining Buffer Comments 

IgGl BD Biosciences 555749 1 |ig/20 |iL 1:10 
Control for CD13, CD90, 

HLA-ABC, CD34 IgGl BD Biosciences 555749 1 |ig/20 |iL 
1:2 Control for CD 117 

IgG2 BD Biosciences 555574 1 ng/20 nL 1:8 Control for HLA-DR 
CD13 BD Biosciences 555394 2 (ig/20 uL 1:20 
CD34 BD Biosciences 555822 0.06 (ig/20 iiL none 
CD90 BD Biosciences 555596 1 iig/20 |iL 1:10 
CDl 17 BD Biosciences 340529 10 ng /ml none 

HLA-ABC BD Biosciences 555553 0.03 |ig/20 jiL none 
HLA-DR BD Biosciences 555812 0.125 ]ig/2Q \xL none 

[0183] Methodology: A cell count was performed on the sample and 2.5 x 106 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 106 

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 jxl of DPBS. The samples were then 

inn 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, CDl 17, 

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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1 g/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/cm2) 6000 (3000-7500) 
At Passage 1: from 125 ml to 500 ml spinner flask (viable cells/cm2) 5000 (3200-7000) 
At all other passages: 500 ml spinner flasks (viable cells/cm2) 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 
C02 (%) 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 

Passage # Day# Viable cell density, 
cells/cm2 

Population doublings within 
passage 
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0 
(After Vial Thaw) 4 31890 2.5 

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 ID 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 (hUTCs) can be grown to high cell density by 

exchanging cell growth medium containing 15% FBS on day 3 of the run. High semm 

concentration in medium and medium exchange is not desirable from commercial perspective 

because of high semm cost, high semm usage for production, and additional operational 

manipulations. This example discloses a method to grow hUTCs attached on microcaniers in 

reduced semm 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 lg/L D-Glucose, to which Fetal Bovine Semm 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/cm2 at a microcarrier 

concentration of ~20 g/L. Based on the cell count of the inoculums the desired volume of 

-64-



inoculum was added to a new autoclaved 500 ml glass spinner flask. The microcaniers 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 

microcaniers 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% CO2 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/cm2 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 microcaniers were then added resulting in a final weight of ~ 10 g of 

microcaniers in the flask. Fresh medium comprised of M5 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% CO2 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. 

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

target seeding density of this condition was ~6000 viable cells/cm at a microcanier 

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 microcamers were then added resulting in a final weight of ~10 g of 

microcaniers 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% CO2 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. 

[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 microcaniers. 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-

\xm 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/cm2) 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 semm concentration in the medium, thereby further minimizing the amount of semm 

used in culture. 

Table 3-1 Cell counts, viable cells/cm2 

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 jig/ml (Invitrogen Carlsbad, CA). The tissues were then mechanically 

dissociated in 150 cm2 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 jig/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 ml of growth medium 

(DMEM:Low glucose (Invitrogen), 15% (v/v) fetal bovine semm (FBS; defined fetal bovine 

semm; Lot #AND18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercaptoethanol (Sigma), 

penicillin at 100 U/ml, streptomycin at 100 jxg/ ml, and amphotericin B at 0.25 j^g/ml (each from 

Invitrogen, Carlsbad, CA)). The cell suspension was filtered through a 70 jam 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-^im 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 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 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 (Corning Inc., Corning, 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: i) 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. 



[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 ng/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, orT175 

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 jig/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 umbilical cord tissue using varying enzyme combinations 
Enzyme Digest Cells Isolated Cell Expansion 

Collagenase X X 
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Dispase + (>10 h) + 
Hyaluronidase X X 
Collagenase:Dispase ++ (< 3 h) ++ 
CoIlagenase:Hyaluronidase ++(<3h) + 
Dispase:Hyaluronidase + (>10h) + 
Collagenase:Dispase:Hyahironidase +++ (< 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% 02 Growth Factors 

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 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 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 (5%) 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 
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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 
Karyotype 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, Coming, 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 inteipreted 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). 



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 laboratoiy. 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] Characterization of cell surface proteins or "markers" by flow cytometry can be 

used to determine a cell line's identity. The consistency of expression can be determined from 

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] Cells were cultured in growth medium, in plasma-treated T75, T150, and T225 

tissue culture flasks (Corning, Coming, NY) until confluent. The growth surfaces of the flasks 

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 lxlO7/ ml. In accordance with the 

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

added to 100 jil 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 p.1 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 Manufacturer Catalog Number 

CD10 BD Pharmingen (San Diego, CA) 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 
IgG-FITC Sigma (St. Louis, MO) F-6522 
IgG- 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, CDl 17, 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, CD 117, 

CD 141, 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, CD 13, 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, CDl 17, 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 CD 10, CD13, 

CD44, CD73, CD90, PDGFr-alpha, and HLA-A,B,C; and negative for CD31, CD34, CD45, 

CDl 17, 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% C02. 

[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. 

-74-



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

Incorporated (Walkersville, MD; Lot numbers 2FI655, 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% CO2. 

[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, et al. (W003/025149). The marrow was mixed with lysis buffer (155 

mM NH4CI, 10 mM KHCO3, 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 semm 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 104 cells/cm2. The cells were incubated at 37 °C with 5% CO2 at 

either standard atmospheric O2 or at 5% O2. 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. 



[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% 02) 3 Plastic MEM 10% FBS 
ICBM (062703) (std. 02) 5 Plastic MEM 10% FBS 
ICBM (062703 )(5% 02) 5 Plastic MEM 10% FBS 
hMSC (Lot 2F1655) 3 Plastic MSCGM 
hMSC (Lot 2F1656) 3 Plastic MSCGM 
hMSC (Lot 2F1657) 3 Plastic MSCGM 
hFibroblast (9F0844) 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 or 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 or the Cell Pairs. 
Cell Pair Euclidean Distance 
ICBM-U mb ilical 40.15 
Fibroblast-Umbilical 41.59 
MSC-Placenta 42.84 
MSC-Umbilical 46.86 
ICBM-pIacenta 48.41 

[0234] Tables 7-3, 7-4, and 7-5 show the expression of genes increased in placenta-

derived cells (Table 7-3), increased in umbilical cord-derived cells (Table 7-4), and reduced in 

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 

209732_at C-type (calcium dependent, carbohydrate-recognition domain) 
lectin, superfamily member 2 (activation-induced) 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 AL136883 
204135 at downregulated in ovarian cancer 1 NM 014890 

213542_at Homo sapiens mRNA; cDNA DKFZp547Kl 113 (from clone 
DKFZp547K1113) AI246730 

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 8 NM 000584 
211506 s at Interleukin 8 AF043337 
210222 s at reticulon 1 BC000314 

204470_at chemokine (C-X-C motif) ligand 1 (melanoma 
growth stimulating activity NM_001511 

206336_at chemokine (C-X-C motif) ligand 6 (granulocyte 
chemotactic protein 2) 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 NMJ)01541.1 
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 Homo sapiens mRNA; cDNA DKFZp586M2022 (from clone 
DKFZp586M2022) N91149 

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 NM003149.1 
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 BE877796 
201645 at Tenascin C (hexabrachion) NM_002160.1 
210239 at iroquois homeobox protein 5 U90304.1 
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 

20440l_at potassium intermediate/small conductance calcium-activated channel, 
subfamily N, member 4 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 AB018580.1 

-78-



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 AA845258 
201261_x_at Biglycan ' BC002416.1 
202132_at transcriptional co-activator with PDZ-binding motif (TAZ) AA081084 
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 Homo sapiens mRNA full length insert cDNA clone EUROIMAGE 
1968422 AL359052.1 

206070_s_at EphA3 AF213459.1 
212805_at KIAA0367 protein AB002365.1 

219789_at natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic 
peptide receptor C) AI628360 

219054_at hypothetical protein FLJ14054 NM 024563.1 

213429_at Homo sapiens mRNA; cDNA DKFZp564B222 (from clone 
DKFZp564B222) 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 c oxidase subunit Vila polypeptide 1 (muscle) NM 001864.1 
201621_at neuroblastoma, suppression of tumorigenicity 1 NMJJ05380.1 
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 ADSUQ2206 
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 
HSPC019 protein 
Homo sapiens cDNA: FLJ23564 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. 
»cardiac ankyrin repeat protein 
*MHC class I region ORF 
'integrin, alpha 10 
•hypothetical protein FLJ22362 
*UDP-N-acetyl-alpha-D-galactosamine:poIypeptide N-acetylgalactosaminyltransferase 3 (GalNAc-T3) 
•interferon-induced protein 44 
•SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex-reversal) 
•keratin associated protein 1-1 
•hippocalcin-like 1 
'jagged 1 (Alagille syndrome) 
•proteoglycan 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 (a-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 
'WNT1 inducible signaling pathway protein 1 
•MCF.2 cell line derived transforming sequence 
•potassium channel, subfamily K, member 15 
•cartilage 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 maiTOw 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 Rl; 

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 jam thick) using a standard cryostat (Leica Microsystems) and mounted onto glass 

slides for staining. 

[0240] Immunohistochemistry was performed similar to previous studies. {E.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 Rl), 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 Rl, NOGO-A), 3% (v/v) donkey serum was used in place of goat semm 

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 Rl 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, vWF 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 (ANG2); platelet derived growth factor 

(PDGFbb); thrombopoietin (TPO); heparin-binding epidermal growth factor (HB-EGF); stromal-

derived factor 1 alpha (SDF-1 alpha), 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 (MlPlalpha); macrophage 

inflammatory protein 1 beta (MlPlbeta); 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/cm2 in T75 flasks each containing 15 ml of 

growth medium, and cultured for 24 hours. The medium was changed to a semm-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 ng/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% CO2 and atmospheric oxygen. The amount of 

MCP-1, IL-6, VEGF, SDF-1 alpha, 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 (MlPlalpha, MlPlbeta, 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-la GCP-2 IL-8 TGF-beta2 

Fibroblast 17+1 61+3 29+2 19+1 21+1 ND ND 
Umbilical (022803) 1150+74 4234+289 ND ND 160+11 2058+145 ND 
Umbilical (071003) 2794+84 1356+43 ND ND 2184+98 2369+23 ND 
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Key: ND: Not Detected., =/- sem 

[0251] Searchlight™ Multiplexed ELISA assay. TIMP1, TPO, KGF, HGF, FGF, 

HBEGF, BDNF, MlPlbeta, 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 230.5 5.0 ND ND 27.9 1.3 ND 
UI 57718.4 ND ND 1240.0 5.8 559.3 148.7 ND 9.3 165.7 
U3 21850.0 ND ND 1134.5 9.0 195.6 30.8 ND 5.4 388.6 
Key: hFB (human fibroblasts), UI (umbilicus-c 
(071003)), ND: Not Detected. 

erived PPDC (022803)), U3 (umbilicus-derived PPDC 

Table 9-3. Searc ilight™ Multiplexed ELISA assay results 
MlPla MlPlb MCP1 RANTES 1309 TARC Eotaxin MDC IL8 

hFB ND ND 39.6 ND ND 0.1 ND ND 204.9 
UI 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 21.4 ND 4.8 10515.9 
Key: hFB (human fibroblasts), UI (umbilicus-derived PPDC (022803 
PPDC (071003)), ND: Not Detected 

), U3 (um Dilicus-derived 

[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 (hTERT). 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 fromNational 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 jxl DEPC-treated water and stored at -80°C. RNA was reverse 

transcribed using random hexamers with the TaqMan® 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 TaqMan® 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 TaqMan® 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. 



Table 10-1 
hTert 18SRNA 

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 nonn 
Exp. 1 Exp. 2 Exp. 1 Exp. 2 

hTert nonn 

nTera2 25.85 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] Microcamers. Cytodex® 3 (GE Healthcare Life Sciences, cat. no, 17-0485) 

microcanier 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 microcaniers 

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 

microcamers with an aliquot of confluent microcamers 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% CO2 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 ml flask) Cells were cultured for eight days. 

All microcamers 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% CO2 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 

microcaniers 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% CO2 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 

microcaniers 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. 



The flasks were flushed with 5% CO2 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 Hawest. Microcamers 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 Hai-vest. 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. 



Table 11-1: Cell Harvest 
Passage Fractions Total Cells Avg. Viability (%) 

Inoculation 4 2.85 xlO' 99.7 ±0.19 
1 8 9.34x10' 99.2 ± 2.65 
2 4 8.80x10' 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 2.85x10' 9.34x10' 6 3.28 1.71 84.12 
2 2.30x10' 8.80xl07 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 Cytometiy 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 C -) (-) 

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 microcamers 

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 microcaniers 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 (|im) 

PLGA (50/50) IV 0.43 Alkennes (Willington, OH) SCF 158 
MGSA I Ethicon (Somerville, NJ) SCF 195 

[0279] Microcarrier Preparation. Microcarrier Wetting-Approximately lg each of 

MGSA and PLGA microcaniers were aseptically suspended in 25 ml 70% ethanol for 30 

minutes to wet the microcaniers. The ethanol was removed by aspiration and the microcaniers 
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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 microcamers 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 i Quantities Used. 
Microcarrier Milligrams No. cells Seeded 
PLGA (50/50) uncoated 260 3.50 xlO6 

PLGA (50/50) coated 260 3.50x10' 
MGSA I uncoated 330 3.50 xlO6 

MGSA I coated 330 3.50 x 10b 

[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 106 98.6 
PLGA (50/50) coated 1.15 xlO6 97.6 
MGSA I uncoated 1.82 xlO6 99.0 
MGSA I coated 2.39 x 106 97.8 

[0282] Ha?"vest 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 microcamers 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 microcamers 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 microcaniers 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 microcaniers 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. 



[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] Microcamers. Cytodex® I (GE Health Sciences- Piscataway, NJ) microcamers 

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 (Coining, 

Inc.- Corning, 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 106 hUTC were added to 3000mg 
^ O 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 106 hUTC were added to 1.2 g of Hillex® II (5.0 x 103 

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% CO2. 

[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 microcaniers 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 microcanier 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% CO2, 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 



ml spinner flasks each containing 490 ml fresh growth media and 4.8g Hillex® II (6g final 

microcanier content) or 1.2 g Cytodex® 1 (1.5g final microcanier content). The spinner flasks 

were then placed on a spinner plate set to 60-rpm continuous rotation. Spinner plates placed in 

5% CO2, 37°C tissue culture incubators and incubated for three to four days. 

[0294] Ha west of cells adherent to Cytodex® 1 microcarriers. The 500 ml spinner flask 

was removed from spinner plate and the microcaniers 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 microcaniers 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 ipm. The spinner flask 

was removed from spinner plate and the microcaniers 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 microcaniers 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 plate for 10 minutes at 60 

ipm. The spinner flask was removed from spinner plate and the microcaniers 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 

microcaniers. 250 ml of PBS was then added to the spinner flask the microcaniers were allowed 

to settle by gravity. The cell containing supernatant is collect by repeated pipetting and transfer 

to multiple conical tubes pre-loaded with 5ml FBS and a \00fim 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] Haj-vest 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 microcamers 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 microcaniers 

were allowed to settle by gravity. Using a 25 ml serological pipette, the microcarriers-TrypLE™ 



select solution was agitated by pipetting up and down ~10 times to dissociate residual adherent 

cells from the microcamers. The cell containing supernatant is collect by repeated pipetting and 

transfer to multiple conical tubes pre-loaded with 5ml FBS and a 100-/mi 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 microcaniers were transfeired to 

a 15 ml conical tube and the microcamers 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-jUl 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 microcanier suspension was obtained from 

spimier flask vessel and transfeired 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 microcaniers 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 fil aliquot of the microcanier containing nuclei release solution 

was added to 100 fx\ PBS. A 10 fx\ 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 transfen*ed to a 15 ml tube. The microcaniers 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 microcaniers are allowed to gravity separate. 

The cell containing supernatant is collect by repeated pipetting and transfer to multiple conical 



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+0I 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 



Table 13-4. Continuous culture of hUTC isolate CNTO 2476 on Hillex® II microcarriers 
Passage Seeded Yield doubling Total Doublings time (days) liours/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 5.30E+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 1.45E+00 1.42E+01 2.00 33.21 
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 1.94E+01 3.00 36.00 
9 3.75E+05 1.85E+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 1.14E+08 2.50E+00 3.16E+01 4.00 38.45 

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® II Cytodex® 1 Hillex® II 
CD 10 (+) ( +) ( +) (+) ( +) 

CD 13 ( +) ( +) ( +) ( +) ( +) 
CD 31 ( -) ( -) ( -) ( -) ( -) 
CD 34 ( -) ( -) ( -) ( •) ( -) 
CD 44 ( +) ( +) ( +) ( +) ( +) 
CD 45 ( -) ( -) ( -) ( -) ( -) 
CD 73 ( +) ( +) ( +) ( +) ( +) 
CD 90 ( +) ( +) ( +) ( +) ( +) 

CD 117 ( -) ( -) ( -) ( -) ( -) 
CD 141 ( -) ( -) ( -) ( -) ( -) 

PDGFr-a ( +) ( +) ( +) ( +) ( +) 
HLA-ABC ( +) ( +) ( +) ( +) ( +) 

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 microcaniers 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). 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 incoiporated by 

reference in their entirety. 



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 B]2 (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 10~6 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20); 
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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"6 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 semm-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 B12 (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 microcamers 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 semm, 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 semm-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, CDl 17 

and HLA-DR. 

5. The method of claim 4 wherein the method further comprises seeding the cells on the 

microcaniers. 

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 microcaniers 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 B12 (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 10*6 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, H2O and at least about 0.0005 g/L of sodium phosphate, dibasic 

heptahydrate (Na2HP04.7H20); 

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"6 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 B12 (cyanocobalamin); 

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

the trace minerals Copper(II)sulfate pentahydrate (CUSO4.5H2O), Zinc sulfate, 

heptahydrate, (ZnS04.7H20); 

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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