
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 oy 

potassium chloride; at least about 0.2 g/L of magnesium sulfate, at least about 0.08 gfL of 
sodium phosphate, monobasic, H2O and at least about 0.0005 g/L of sodium phoswiate, dibasic 

heptahydrate (NazHPO^EhO); / 
at least about 0.0001 g/L of thymidine and least about 0.005 g/L of ofch of adenosine, 

cytidine, uridine, and guanosine; and / 
at least 0.003 g/L of insulin, at least 0.05 g/L of transferrin, aUCast about 5 x 10'6 g/L of 

lipoic acid/thioctic acid, at least 0.05 g/L of ethanolamine and at \dfct 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 jwith about 7.5%, about 10%, or about 

15% of FBS. / 
[0015] In one embodiment, the serum-free tfutrient solution used in the method 

comprises: / 
the amino acids L-Arginine, L-Cystin^ L-Cysteine, Glycine, L-Histidine, L-Isoleucine, 

L-Leucine, L-Lysine, L-Methionine, L-PlwiylalanLne, L-serine, L-Threonine, L-tryptophan, L-
tyrosine, L-Valine, L-Alanine, L-Aspaufigine, L-Aspartic Acid, L-Glutamic Acid, L-Proline and 

L-Taurine; / 
the vitamins D-calcium jymtothenate; choline chloride; folic acid; I-inositol; niacinamide; 

pyridoxal; riboflavin; thiamin^d-Biotin; pyridoxine; and Vitamin B12 (cyanocobalamin); 
the salts sodium ptafsphate, monobasic and sodium phosphate, dibasic heptahydrate; 
the trace minerals Copper(II)sulfate pentahydrate (CUSO4.5H2O), Zinc sulfate, 

heptahydrate, (ZnSQ^HzO); 
the nucle^ides adenosine, cytidine, uridine and guanosine; 

insulinnransfenin; 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 

comonse putrescine, a stabilizer, and/or a foaming agent. 



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- y 
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 abouJTO.O8 
g/L of L-tyrosine; at least about 0.08 g/L of L-Valine; at least about 0.005 g/L L-Cystehie; at 

least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L of L-Asparagine; at leastrabout 0.006 
g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid; at least about 0.005^/L L-Proline; 
and at least about 0.0003 g/L of L-Taurine. In an alternate embodiment, the cyfture medium 
comprises from about 5 x 10*6 g/L to about 0.015 g/L of each of the vitamin/ In one 
embodiment, the culture medium comprises at least about 0.01 g/L of Cafwium Chloride, 
Anhydrous, at least about 0.1 g/L of potassium chloride; at least aboim).2 g/L of magnesium 
sulfate (anhydrous), at least about 0.1 g/L of sodium phosphate, monobasic, HjO and at least 
about 0.005 g/L of sodium phosphate, dibasic heptahydrate (NasHPC^JHoO). 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 mediunancomprises 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 anroodium pyruvate. 

[0056J 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 narrate (9H2O), copper(II)sulfate pentahydrate 
(CUSO4.5H2O) and Zinc sulfate, heptahydrate, (ZnSC^JFfeO). The trace minerals may be 
present in an amount ranging fhnn about 5 x 10'8 g/L to about 3 x 10"4 g/L of each of the trace 
minerals. In an alternate emj^odiment, the medium further comprises about 0.001 g/L of ferric 

nitrate (9HiO), about 9.33^-08 g/L of copper(H)sulfate pentahydrate (CUSO4.5H2O) and 3.24 E-
05 g/L of Zinc sulfati^ieptahydrate, (ZnSC>4.7H20). 

10057] Furthermore, the medium may further comprise lipoic acid/thioctic acid, which 
may comprise apfeast 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/oiv&aming agent. In one embodiment, the albumin is bovine serum albumin. In one 

emjjrodiment, bovine serum albumin is provided in the fonn of the commercially available 
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the salts sodium phosphate, monobasic and sodium phosphate, dibasic heptahydrate; and 
the nucleosides thymidine, adenosine, cytidine, uridine and guanosine. / 

[0072] In one embodiment, this serum-free nutrient solution comprises at least abouf 
0.005 g/L ofL-Arginine, at least about 0.002 g/L of L-Cystine, at least about 0.0003 g/^rof L-
Cysteine, at least about 0.0005 g/L of Glycine, at least about 0.002 g/L of L-Histidin^it least 
about 0.01 g/L of L-Isoleucine, at least about 0.01 g/L of L-Leucine, at least abouMj.008 g/L of 

L-Lysine, at least about 0.002 g/L of L-Methionine, at least about 0.002g/L of/-Phenylalanine, 
at least about 0.002 g/L of L-serine, at least about 0.003 g/L of L-Threonino^t least about 
0.0008 g/L of L-tryptophan, at least about 0.005 g/L of L-tyrosine, at lea^f about 0.005 g/L of L-
Valine, at least about 0.0001 g/L of L-Alanine, at least about 0.005 of L-Asparagine, at least 
about 0.002 g/L of L-Aspartic Acid, at least about 0.01 g/L of L-GJutamic Acid, at least about 
0.008 g/L of L-Proline and at least about 0.008 g/L of L-Taurin^T . In another embodiment, this 
serum-free nutrient solution further comprises at least abouU9.0001 g/L of D-calcium 
pantothenate; at least about 0.0008 g/L of choline chlorid# at least about 0.0001 g/L of folic 
acid; at least about 0.0008 g/L of I-inositol; at least aMut 0.0001 g/L of niacinamide; at least 
about 0.00005 g/L ofpyridoxal; at least about lx ip g/L of riboflavin; at least about 0.00001 

g/L of thiamine; at least about lx 10"5 g/L of d-Bfotin; 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 abmt 0.0001 g/L of thymidine and least about 0.01 g/L of 
each of adenosine, cytidine, uridine, ana guanosine. In another embodiment, this solution further 
comprises at least about 3 x 10"8 g/^>f Copper(II)sulfate pentahydrate (CUSO4.5H2O), about 5 x 
10"5 g/L of Zinc sulfate, heptahwate, (ZnSC>4.7H20) and about 2 x 10"5 g/L of lipoic 
acid/thioctic acid. / 

[0073] Optionally^rae serum-free nutrient solutions may further comprise putrescine, 
bovine serum albumin/, stabilizer, and/or foaming agent. In one embodiment, bovine serum 
albumin is provided^n the form of the commercially available AlbuMAX® I (Gibco™ Cell 

Culture, Invitroa^n Corporation, Carlsbad, CA), which is Iipid-rich bovine serum albumin. In 
another embodiment, the serum-free nutrient solution comprises the commercially available 
stabilizer/anti-foaming agent Pluronic® F68 (Invitrogen Coiporation, Carlsbad, CA). 

[0074]/ Exemplary suitable embodiments of the serum-free nutrient solution are shown in 
the table below: 
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Claims 

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

the amino acids L-Arginine; L-Cystine; L-Cysteine; L-Glutamine; Glycine; L-Hjdridine; 

L-Isoleucine; L-Leucine; L-Lysine; L-Metliionine; L-Phenylalanine; L-serine; L-Threonine; L-

tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Gratamic Acid; 

L-ProJine; and L-Taurine; / 

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

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

the salts calcium chloride, potassium chloride, magnesium sttnate, 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 I, wherein ttfe culture medium comprises: 

at least about 0.05 g/L of L-Arginineyat least about 0.02 g/L of L-Cystine; at least about 

0.2 g/L of L-Glutamine; at least about O.CU^/L Glycine; at least about 0.02 g/L of L-Histidine; at 

least about 0.09 g/L of L-Isoleucine; at^east 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^f L-Methionine; at least about 0.05 g/L of L-Phenylalanine; 

at least about 0.03 g/L ofL-serinrf; al least about 0.08 g/L of L-Tbreonine; at least about 0.009 

g/L of L-tryptophan; at least acout 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-Cj^teine; at least about 0.0004 g/L of L-Alanine; at least about 0.01 g/L 

of L-Asparagine; at leaptabout 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic 

Acid; at least about &.005 g/L L-Proline; and at least about 0.0003 g/L of L-Taurine; 

from abom 5 x 10'* g/L to about 0.015 g/L of each of the vitamins; 

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

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

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

he^ahydrate (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!}£ of 
sodium selenite. / 

3. A serum-free nutrient solution for glowing anchorage dependent cells comprising: 

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-Histi9ine, 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-GIufamic Acid, L-Proline and 
L-Taurine; / 

the vitamins D-calcium pantothenate; choline chloride^tolic acid; I-inositol; niacinamide 
pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vttamin B12 (cyanocobalamin); 

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

the nucleosides adenosine, cytidine, uridin^and guanosine; and 

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

4. A method of culturing isolated umMlical cord tissue-derived cells comprising: 

a. growing umbilical cord tiss&e-derived cells seeded on microcairiers in a culture 
medium comprising amino acids, vitamins, salts, nucleosides, lipoic/thioctic acid, 
ethanolamine, insulinf transferrin, sodium selenium, wherein the culture medium is 
supplemented witjfsemm, for a sufficient period of time to allow for the cells to 
achieve a desixfi initial population density; 

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

or 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 thp 
potential to differentiate, express CD13, CD90, HLA-ABC, and do not express CD34, CDVn 
and HLA-DR. / 

5. The method of claim 4 wherein the method further comprises seeding the cetts 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 requireroedium exchange. 

8. The method of claim 4, wherein the method is earned o£u in a spinner flask culture 
system. / 

9. The method of claim 4, wherein the characterises 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/fhe desired initial population density is achieved after 3 
to 4 days. / 

12. The method of claim 4, jwherein the microcarriers have an amine treated surface. 

13. The method of clahn 4, wherein the culture medium comprises: 

the amino acids^-Argmine; 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-typosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid; 
L-Proline; amr L-Taurine; 

thjp vitamins D-calcium pantothenate; choline chloride; folic acid; I-inositol; niacinamide; 
pvpfaoxal; 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; anp one or 

more energy sources. / 

14. The method of claim 13, wherein the one or more energy sources are ̂ 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 oJC-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 laast about 0.05 g/L of L-Phenylalanine; 

at least about 0.03 g/L of L-serine; at least about 0.08 jfL of L-Threonine; at least about 0.009 

g/L of L-lryptophan; at least about 0.08 g/L of L»tw6sine; at least about 0.08 g/L of L-Valine; at 

least about 0.005 g/L L-Cysteine; at least about QTO004 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-GIutamic Acid; 

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

from about 5 x 10*6 g/L to abou^O.015 g/L of each of the vitamins; 

at least about 0.05 g/L of CMcium Chloride, Anhydrous, at least about 0.1 g/L of 

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

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

heptahydrate (NasHPO^TJfoO); 

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

cytidine, uridine, ajju guanosine; and 

at leastJT003 g/L of insulin, at least 0.05 g/L of transferrin, at least about 5 x 10'6 g/L of 

lipoic acid/tifioctic acid, at least 0.05 g/L of ethanolamine and at least about 0.00004 g/L of 

sodium syenite. 
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16. The method of claim 15, wherein the culture medium is supplemented with 2 to 20% 

ofFBS. 

17. The method of claim 15, wherein the culture medium is supplemented with about J 
1.5%, about 10%, or about 15% ofFBS. / 

18. The method of claim 15, wherein the culture medium further comprises putrepcine, a 

stabilizer, and/or a foaming agent. / 

19. The method of claim 6, wherein in the serum-free nutrient solution comfmses: 

the amino acids L-Arginine, L-Cystine, L-Cysteine, Glycine, L-His^aine, 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-Aspannc Acid, L-Glutamic 

Acid, L-Proline and L-Taurine; / 

the vitamins D-calcium pantothenate; choline chloride^olic acid; I-inositol; 

niacinamide; pyridoxal; riboflavin; thiamine; d-Biotin; pyridoxine; and Vitamin Bj2 

(cyanocobalamin); / 

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

the trace minerals Copper(II)sulfate penjdhydrate (CUSO4.5H2OX Zinc sulfate, 

heptahydrate, (ZnS04.7H20); / 

the nucleosides adenosine, cytidinre, uridine and guanosine; and 

insulin; transferrin; ethanolaranne; lipoic acid/thioctic acid; and sodium selenite. 

20. The method of claim 21ywherein the serum-free solution further comprises 

putrescine, a stabilizer, and/or a foaming agent. 

21. The serum-free nutrient solution of claim 3, wherein the serum-free nutrient solution 

lacks an energy subsjrate. 

22. The metjjrod of claim 4, wherein the serum-free nutrient solution lacks an energy 

substrate. / 
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of L-Asparagine; at least about 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic 

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

from about 5 x 10*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% ofFBS. 

In one embodiment, the culture medium is supplemented with about 7.5%, about 10%, or about 

15% ofFBS. 

[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 an anti-foaming agent. 



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 (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. The 

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

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

culture medium further comprises one or more additional trace minerals. In one embodiment, 

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

the medium further comprises ferric nitrate (9H2O), copper(II)sulfate pentahydrate 

(Q1SO4.5H2O) 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 (Q1SO4.5H2O) 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 anti-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 



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

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

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

0.005 g/L of L-Arginine, at least about 0.002 g/L of L-Cystine, at least about 0.0003 g/L of L-

Cysteine, at least about 0.0005 g/L of Glycine, at least about 0.002 g/L of L-Histidine, at least 

about 0.01 g/L of L-Isoleucine, at least about 0.01 g/L of L-Leucine, at least about 0.008 g/L of 

L-Lysine, at least about 0.002 g/L of L-Methionine, at least about 0.002g/L of L-Phenylalanine, 

at least about 0.002 g/L of L-serine, at least about 0.003 g/L of L-Threonine, at least about 

0.0008 g/L of L-tryptophan, at least about 0.005 g/L of L-tyrosine, at least about 0.005 g/L of L-

Valine, at least about 0.0001 g/L of L-Alanine, at least about 0.005 g/L of L-Asparagine, at least 

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

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

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

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

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

about 0.00005 g/L of pyridoxal; at least about 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 anti-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: 



Claims 

1. A culture medium for growing isolated umbilical cord tissue-derived 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 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 substrate, 

wherein the umbilical cord tissue-derived cells are isolated from human umbilical cord tissue 

substantially free of blood, are capable of self-renewal and expansion in culture, have the potential to 

differentiate, express CD13, CD90, HLA-ABC, and do not express CD34, CD117 and HLA-DR. 

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

at least 0.05 g/L of L-Arginine; at least 0.02 g/L of L-Cystine; at least 0.2 g/L of L-

Glutamine; at least 0.01 g/L Glycine; at least 0.02 g/L of L-Histidine; at least 0.09 g/L of L-

Isoleucine; at least 0.09 g/L of L-Leucine; at least 0.09 g/L of L-Lysine; at least 0.02 g/L of L-

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

Threonine; at least 0.009 g/L of L-tryptophan; at least 0.08 g/L of L-tyrosine; at least 0.08 g/L of L-

Valine; at least 0.005 g/L L-Cysteine; at least 0.0004 g/L of L-Alanine; at least 0.01 g/L of L-

Asparagine; at least 0.006 g/L of L-Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid; at least 

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

from 5 x 10"6 g/L to 0.015 g/L of each of the vitamins; 

at least 0.05 g/L of Calcium Chloride, Anhydrous, at least 0.1 g/L of potassium chloride; at 

least 0.2 g/L of magnesium sulfate, at least 0.08 g/L of sodium phosphate, monobasic, H2O and at 

least 0.0005 g/L of sodium phosphate, dibasic heptahydrate (Na2HP04.7H20); 
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at least 0.0001 g/L of thymidine and least 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 5 x 10"6 g/L of lipoic 
acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least 0.00004 g/L of sodium selenite. 

3. A serum-free nutrient solution for growing isolated umbilical cord tissue-derived 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, 

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

4. A method of culturing isolated umbilical cord tissue-derived cells comprising: 

a. growing umbilical cord tissue-derived cells seeded on microcarriers in a culture medium 
comprising amino acids, vitamins, salts, nucleosides, lipoic/thioctic acid, ethanolamine, 
insulin, transferrin, sodium selenium, and one or more energy substrate, wherein the 
culture medium is supplemented with serum, for a sufficient period of time to allow for 

the cells to achieve a desired initial population density; 

b. adding a serum-free nutrient solution after the cells have achieved the desired initial 
population density, wherein the serum-free nutrient solution comprises amino acids, 
vitamins, salts, insulin, transferrin, ethanolamine, lipoic acid/thioctic acid, sodium 
selenium; and 
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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 cells are isolated from human umbilical cord tissue 

substantially free of blood, are capable of self-renewal and expansion in culture, have the potential to 

differentiate, express CD13, CD90, HLA-ABC, and do not express CD34, CD117 and HLA-DR. 

5. The method of claim 4 wherein the method further comprises seeding the cells on the 

microcarriers. 

6. The method of claim 4, wherein the method further comprises isolating the cells after step c. 

7. The method of claim 4, wherein the method does not require medium exchange. 

8. The method of claim 4, wherein the method is carried out in a spinner flask culture system. 

9. The method of claim 4, wherein the characteristics of the cells before and after culturing are 

substantially the same. 

10. The method of claim 9, wherein the characteristics of the cells before and after culturing are 

the same. 

11. The method of claim 4, wherein the desired initial population density is achieved after 3 to 4 

days. 

12. The method of claim 4, wherein the microcarriers have an amine treated surface. 

13. The method of claim 4, wherein the culture medium comprises: 

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

Isoleucine; L-Leucine; L-Lysine; L-Methionine; L-Phenylalanine; L-serine; L-Threonine; L-

tryptophan; L-tyrosine; L-Valine; L-Alanine; L-Asparagine; L-Aspartic Acid; L-Glutamic Acid; L-

Proline; and L-Taurine; 

the vitamins D-caloium 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; 
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the nucleosides thymidine, adenosine, cytidine, uridine and guanosine; and 

insulin; transferrin; lipoic acid/thioctic acid; ethanolamine; sodium selenite; and one or more 

energy substrate. 

14. The method of claim 13, wherein the one or more energy substrate are D-glucose and sodium 

pyruvate. 

15. The method of claim 13, wherein the culture medium comprises: 

at least 0.05 g/L of L-Arginine; at least 0.02 g/L of L-Cystine; at least 0.2 g/L of L-GIutamine; at 

least 0.01 g/L Glycine; at least 0.02 g/L of L-Histidine; at least 0.09 g/L of L-Isoleucine; at least 0.09 

g/L of L-Leucine; at least 0.09 g/L of L-Lysine; at least 0.02 g/L of L-Methionine; at least 0.05 g/L 

of L-Phenylalanine; at least 0.03 g/L of L-serine; at least 0.08 g/L of L-Threonine; at least 0.009 g/L 

of L-tryptophan; at least 0.08 g/L of L-tyrosine; at least 0.08 g/L of L-Valine; at least 0.005 g/L L-

Cysteine; at least 0.0004 g/L of L-Alanine; at least 0.01 g/L of Asparagine; at least 0.006 g/L of L-

Aspartic Acid; at least 0.03 g/L of L-Glutamic Acid; at least 0.005 g/L L-Proline; and at least 0.0003 

g/L of L-Taurine; 

from 5 x 10"6 g/L to 0.015 g/L of each of the vitamins; 

at least 0.05 g/L of Calcium Chloride, Anhydrous, at least 0.1 g/L of potassium chloride; at 

least 0.2 g/L of magnesium sulfate, at least 0.08 g/L of sodium phosphate, monobasic, H20 and at 

least 0.0005 g/L of sodium phosphate, dibasic heptahydrate (Na2HP04.7H20); 

at least 0.0001 g/L of thymidine and least 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 5 x 10"6 g/L of lipoic 

acid/thioctic acid, at least 0.05 g/L of ethanolamine and at least 0.00004 g/L of sodium selenite. 

16. The method of claim 13, wherein the culture medium is supplemented with 2 to 20% ofFBS. 

17. The method of claim 13, wherein the culture medium is supplemented with 7.5%, 10%, or 

15% ofFBS. 

18. The method of claim 13, wherein the culture medium further comprises putrescine, a 

stabilizer, and/or an anti-foaming agent. 
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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 (CuS04.5H20), 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 an anti-foaming agent. 

21. The serum-free nutrient solution of claim 3, wherein the serum-free nutrient solution lacks an 
energy substrate. 

22. The method of claim 4, wherein the serum-free nutrient solution lacks an energy substrate. 
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