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(57) ABSTRACT 

The present invention provides placental stem cells and 
placental stem cell populations, and methods of culturing, 
proliferating and expanding the same. The invention also 
provides methods of di?cerentiating the placental stem cells. 
The invention further provides methods of using the pla 
cental stem cells in assays and for transplanting. 
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PLACENTAL STEM CELL POPULATIONS 

[0001] This application claims bene?t of Us. Provisional 
Application No. 60/754,968, ?led Dec. 29, 2005; and claims 
bene?t of Us. Provisional Application No. 60/846,641, ?led 
Sep. 22, 2006. 

1. FIELD OF THE INVENTION 

[0002] The present invention provides isolated placental 
stem cells, populations of placental stem cells, compositions 
comprising the stem cells, and methods of obtaining the 
stem cells. 

2. BACKGROUND OF THE INVENTION 

[0003] Human stem cells are totipotential or pluripotential 
precursor cells capable of generating a variety of mature 
human cell lineages. Evidence exists that demonstrates that 
stem cells can be employed to repopulate many, if not all, 
tissues and restore physiologic and anatomic functionality. 

[0004] Many different types of mammalian stem cells 
have been characterized. See, e.g., Caplan et al., U.S. Pat. 
No. 5,486,359 (human mesenchymal stem cells); Boyse et 
al., U.S. Pat. No. 5,004,681 (fetal and neonatal hematopoi 
etic stem and progenitor cells); Boyse et al., U.S. Pat. No. 
5,192,553 (same); Beltrami et al., Cell 114(6):763-766 
(2003) (cardiac stem cells); Forbes et al., J. Pathol. 
197(4):510-518 (2002) (hepatic stem cells). Umbilical cord 
blood, and total nucleated cells derived from cord blood, 
have been used in transplants to restore, partially or fully, 
hematopoietic function in patients Who have undergone 
ablative therapy. 

3. SUMMARY OF THE INVENTION 

[0005] The present invention provides isolated placental 
stem cells, populations of placental stem cells, compositions 
comprising the stem cells, and methods of obtaining the 
stem cells. 

[0006] The invention ?rst provides isolated stem cells, and 
cell populations comprising such stem cells, Wherein the 
stem cells are present in, and isolatable from placental tissue 
(e.g., amnion, chorion, placental cotyledons, etc.) The pla 
cental stem cells exhibit one or more characteristics of a 

stem cell (e.g., exhibit markers associated With stem cells, 
replicate at least 10-20 times in culture in an undifferentiated 
state, differentiate into adult cells representative of the three 
germ layers, etc.), and can adhere to a tissue culture sub 
strate (e.g., tissue culture plastic such as the surface of a 
tissue culture dish or multiWell plate). 

[0007] In one embodiment, the invention provides an 
isolated placental stem cell that is CD200+ or HLA-G". In a 
speci?c embodiment, said cell is CD200+ and HLA-G". In 
a speci?c embodiment, said stem cell is CD73+ and CD105". 
In another speci?c embodiment, said stem cell is CD34“, 
CD3 8- or CD45‘. In another speci?c embodiment, said stem 
cell is CD34“, CD38“ and CD45“. In another speci?c 
embodiment, said stem cell is CD34‘, CD38‘, CD45‘, 
CD73+ and CD105". In another speci?c embodiment, said 
stem cell facilitates the formation of one or more embryoid 
like bodies from a population of isolated placental cells 
comprising placental stem cells When said population is 
cultured under conditions that alloW formation of embryoid 
like bodies. 
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[0008] In another embodiment, the invention provides a 
population of isolated placental cells comprising, e.g., that is 
enriched for, CD200", HLA-G+ stem cells. In various 
embodiments, at least 10%, at least 20%, at least 30%, at 
least 40%, at least 50% at least 60%, at least 70%, at least 
80%, at least 90%, or at least 95% or more of said isolated 
placental cells are CD200", HLA-G+ stem cells. In a speci?c 
embodiment of the above populations, said stem cells are 
CD73+ and CD105". In another speci?c embodiment, said 
stem cells are CD34‘, CD38- or CD45‘. In a more speci?c 

embodiment, said stem cells are CD34‘, CD38‘, CD45‘, 
CD73+ and CD105". In other speci?c embodiments, said 
population has been expanded, e.g., passaged at least once, 
at least three times, at least ?ve times, at least 10 times, at 
least 15 times, or at least 20 times. In another speci?c 
embodiment, said population forms one or more embryoid 
like bodies When cultured under conditions that alloW for 
mation of embryoid-like bodies. 

[0009] In another embodiment, the invention provides an 
isolated stem cell that is CD73", CD105", and CD200". In 
a speci?c embodiment, said stem cell is HLA-G". In another 
speci?c embodiment, said stem cell is CD34“, CD38“ or 
CD45‘. In another speci?c embodiment, said stem cell is 
CD34“, CD38“ and CD45“. In a more speci?c embodiment, 
said stem cell is CD34‘, CD38‘, CD45‘, and HLA-G". In 
another speci?c embodiment, said stem cell facilitates 
development of one or more embryoid-like bodies from a 
population of isolated placental cells comprising the stem 
cell When said population is cultured under conditions that 
alloW formation of embryoid-like bodies. 

[0010] In another embodiment, the invention provides a 
population of isolated placental cells comprising, e.g., that is 
enriched for, CD73", CD105", CD200+ stem cells. In vari 
ous embodiments, at least 10%, at least 20%, at least 30%, 
at least 40%, at least 50% at least 60%, at least 70%, at least 
80%, at least 90%, or at least 95% of said isolated placental 
cells are CD73", CD105", CD200+ stem cells. In a speci?c 
embodiment of said populations, said stem cells are HLA 
G". In another speci?c embodiment, said stem cells are 
CD34“, CD38“ or CD45“. In another speci?c embodiment, 
said stem cells are CD34“, CD38“ and CD45“. In a more 
speci?c embodiment, said stem cells are CD34‘, CD38‘, 
CD45“, and HLA-G". In other speci?c embodiments, said 
population has been expanded, for example, passaged at 
least once, at least three times, at least ?ve times, at least 10 
times, at least 15 times, or at least 20 times. In another 
speci?c embodiment, said population forms one or more 
embryoid-like bodies in culture under conditions that alloW 
formation of embryoid-like bodies. 

[0011] The invention also provides an isolated stem cell 
that is CD200+ and OCT-4+. In a speci?c embodiment, the 
stem cell is CD73+ and CD105". In another speci?c embodi 
ment, said stem cell is HLA-G". In another speci?c embodi 
ment, said stem cell is CD34‘, CD38- or CD45‘. In another 
speci?c embodiment, said stem cell is CD34“, CD38“ and 
CD45‘. In a more speci?c embodiment, said stem cell is 
CD34‘, CD38‘, CD45‘, CD73", CD105+ and HLA-G". In 
another speci?c embodiment, said stem cell facilitates the 
formation of one or more embryoid-like bodies from a 
population of isolated placental cells comprising placental 
stem cells When said population is cultured under conditions 
that alloW formation of embryoid-like bodies. 



US 2008/0032401 A1 

[0012] In another embodiment, the invention provides a 
population of isolated cells comprising, e.g., that is enriched 
for, CD200", OCT-4+ stem cells. In various embodiments, at 
least 10%, at least 20%, at least 30%, at least 40%, at least 
50% at least 60%, at least 70%, at least 80%, at least 90%, 
or at least 95% of said isolated placental cells are CD200", 
OCT-4+ stem cells. In a speci?c embodiment of the above 
populations, said stem cells are CD73+ and CD105". In 
another speci?c embodiment, said stem cells are HLA-G". 
In another speci?c embodiment, said stem cells are CD34“, 
CD38- and CD45‘. In a more speci?c embodiment, said 
stem cells are CD34“, CD38“, CD45“, CD73", CD105+ and 
HLA-G". In other speci?c embodiments, said population has 
been expanded, for example, has been passaged at least 
once, at least three times, at least ?ve times, at least 10 times, 
at least 15 times, or at least 20 times. In another speci?c 
embodiment, said population forms one or more embryoid 
like bodies When cultured under conditions that alloW the 
formation of embryoid-like bodies. 

[0013] In another embodiment, the invention provides an 
isolated stem cell that is CD73+ and CD105+ and Which 
facilitates the formation of one or more embryoid-like 
bodies in a population of isolated placental cells comprising 
said stem cell When said population is cultured under 
conditions that alloW formation of embryoid-like bodies. In 
a speci?c embodiment, said stem cell is CD34“, CD38“ or 
CD45‘. In another speci?c embodiment, said stem cell is 
CD34“, CD38“ and CD45“. In another speci?c embodiment, 
said stem cell is OCT4". In a more speci?c embodiment, 
said stem cell is OCT4+, CD34“, CD38“ and CD45“. 

[0014] The invention further provides a population of 
isolated placental cells comprising, e.g., that is enriched for, 
CD73", CD105+ stem cells, Wherein said population forms 
one or more embryoid-like bodies under conditions that 
alloW formation of embryoid-like bodies. In various 
embodiments, at least 10%, at least 20%, at least 30%, at 
least 40%, at least 50% at least 60%, at least 70%, at least 
80%, at least 90%, or at least 95% of said isolated placental 
cells are CD73", CD105+ stem cells. In a speci?c embodi 
ment of the above populations, said stem cells are CD34‘, 
CD3 8' or CD45“. In another speci?c embodiment, said stem 
cells are CD34‘, CD38- and CD45‘. In another speci?c 
embodiment, said stem cells are OCT-4+. In a more speci?c 
embodiment, said stem cells are OCT-4+, CD34“, CD38“ 
and CD45‘. In other speci?c embodiments, said population 
has been expanded, for example, has been passaged at least 
once, at least three times, at least ?ve times, at least 10 times, 
at least 15 times, or at least 20 times. 

[0015] The invention further provides an isolated stem cell 
that is CD73", CD105+ and HLA-G". In a speci?c embodi 
ment, said stem cell is CD34‘, CD38- or CD45‘. In another 
speci?c embodiment, said stem cell is CD34“, CD38“ and 
CD45‘. In another speci?c embodiment, said stem cell is 
OCT-4+. In another speci?c embodiment, said stem cell is 
CD200". In a more speci?c embodiment, said stem cell is 
CD34‘, CD38‘, CD45‘, OCT-4+ and CD200". In another 
speci?c embodiment, said stem cell facilitates the formation 
of one or more embryoid-like bodies from a population of 
isolated placental cells comprising placental stem cells in 
culture under conditions that alloW formation of embryoid 
like bodies. 

[0016] The invention further provides a population of 
isolated placental cells comprising, e.g., that is enriched for, 
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CD73", CD105+ and HLA-G+ stem cells. In various 
embodiments, at least 10%, at least 20%, at least 30%, at 
least 40%, at least 50% at least 60%, at least 70%, at least 
80%, at least 90%, or at least 95% of said isolated placental 
cells are CD73", CD105+ and HLA-G+ stem cells. In a 
speci?c embodiment of the above populations, said stem 
cells are CD34“, CD38“ or CD45“. In another speci?c 
embodiment, said stem cells are CD34“, CD3 8' and CD45“. 
In another speci?c embodiment, said stem cells are OCT-4+. 
In another speci?c embodiment, said stem cells are CD200". 
In a more speci?c embodiment, said stem cells are CD34‘, 
CD38“, CD45“, OCT-4+ and CD200". In another speci?c 
embodiment, said population has been expanded, for 
example, has been passaged at least once, at least three 
times, at least ?ve times, at least 10 times, at least 15 times, 
or at least 20 times. In another speci?c embodiment, said 
population forms embryoid-like bodies When cultured under 
conditions that alloW the formation of embryoid-like bodies. 

[0017] The invention further provides an isolated stem cell 
that is OCT-4+ and Which facilitates formation of one or 
more embryoid-like bodies in a population of isolated pla 
cental cells comprising said stem cell When cultured under 
conditions that alloW formation of embryoid-like bodies. In 
a speci?c embodiment, said stem cell is CD73+ and CD105". 
In another speci?c embodiment, said stem cell is CD34‘, 
CD38“, or CD45“. In another speci?c embodiment, said 
stem cell is CD200". In a more speci?c embodiment, said 
stem cell is CD73", CD105", CD200", CD34‘, CD38‘, and 
CD45‘. 

[0018] The invention also provides a population of iso 
lated cells comprising, e.g., that is enriched for, OCT-4+ 
placental stem cells, Wherein said population forms one or 
more embryoid-like bodies When cultured under conditions 
that alloW the formation of embryoid-like bodies. In various 
embodiments, at least 10%, at least 20%, at least 30%, at 
least 40%, at least 50% at least 60%, at least 70%, at least 
80%, at least 90%, or at least 95% of said isolated placental 
cells are OCT4+ placental stem cells. In a speci?c embodi 
ment of the above populations, said stem cells are CD73+ 
and CD105". In another speci?c embodiment, said stem 
cells are CD34‘, CD38‘, or CD45‘. In another speci?c 
embodiment, said stem cells are CD200". In a more speci?c 
embodiment, said stem cells are CD73", CD105", CD200", 
CD34“, CD38“, and CD45“. In another speci?c embodi 
ment, said population has been expanded, for example, 
passaged at least once, at least three times, at least ?ve times, 
at least 10 times, at least 15 times, or at least 20 times. 

[0019] The invention further provides an isolated popula 
tion of the placental stem cells described herein that is 
produced according to a method comprising perfusing a 
mammalian placenta that has been drained of cord blood and 
perfused to remove residual blood; perfusing said placenta 
With a perfusion solution; and collecting said perfusion 
solution, Wherein said perfusion solution after perfusion 
comprises a population of placental cells that comprises 
placental stem cells; and isolating a plurality of said pla 
cental stem cells from said population of cells. In a speci?c 
embodiment, the perfusion solution is passed through both 
the umbilical vein and umbilical arteries and collected after 
it exudes from the placenta. In another speci?c embodiment, 
the perfusion solution is passed through the umbilical vein 
and collected from the umbilical arteries, or passed through 
the umbilical arteries and collected from the umbilical vein. 
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[0020] The invention further provides an isolated popula 
tion of the placental stem cells described herein that is 
produced according to a method comprising digesting pla 
cental tissue With a tissue-disrupting enzyme to obtain a 
population of placental cells comprising placental stem 
cells, and isolating a plurality of placental stem cells from 
the remainder of said placental cells. In speci?c embodi 
ments, said placental tissue is a Whole placenta, an amniotic 
membrane, chorion, a combination of amnion and chorion, 
or a combination of any of the foregoing. In other speci?c 
embodiment, the tissue-disrupting enZyme is trypsin or 
collagenase. 
[0021] In more speci?c embodiments, the invention pro 
vides any of the isolated stem cells above, Wherein said stem 
cell expresses one or more genes at a detectably higher level 
than a bone marroW-derived mesenchymal stem cell, 
Wherein said one or more genes are selected from the group 

consisting of ACTG2, ADARBl, AMIGO2, ARTS-l, 
B4GALT6, BCHE, Cllorf9, CD200, COL4A1, COL4A2, 
CPA4, DMD, DSC3, DSG2, ELOVL2, F2RL1, FL] 10781, 
GATA6, GPR126, GPRCSB, HLA-G, ICAMl, IER3, 
IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, LIPG, LRAP, 
MATN2, MEST, NFE2L3, NUAKI, PCDH7, PDLIM3, 
PJP2, RTNl, SERPINB9, ST3GAL6, ST6GALNAC5, 
SLC12A8, TCF21, TGFB2, VTN, and ZC3H12A, and 
Wherein said bone marroW derived stem cell has undergone 
a number of passages in culture equivalent to the number of 
passages said placental stem cell has undergone. Sequences 
corresponding to these genes are found on AlTymetrix 
GENECHIP® arrays. These genes can also be found at 
GenBank accession nos. NMi00l6l5 (ACTG2), 
BC065545 (ADARBI), (NMil8l847 (AMIGO2), 
AY358590 (ARTS-l), BC074884 (B4GALT6), BC008396 
(BCHE), BC020196 (Cl lorf9), BC031103 (CD200), 
NMi00l845 (COL4A1), NMi00l846 (COL4A2), 
BC052289 (CPA4), BC094758 (DMD), AF293359 (DSC3), 
NMi00l943 (DSG2), AF338241 (ELOVL2), AY336105 
(F2RL1), NMi0l82l5 (FLJ10781), AY416799 (GATA6), 
BC075798 (GPR126), NMi0l6235 (GPRCSB), AF340038 
(ICAMl), BC000844 (IER3), BC066339 (IGFBP7), 
BC013142 (ILlA), BT019749 (IL6), BC007461 (IL18), 
(BC072017) KRT18, BC075839 (KRT8), BC060825 
(LIPG), BC065240 (LRAP), BC010444 (MATN2), 
BC011908 (MEST), BC068455 (NFE2L3), NMi0l4840 
(NUAKI), AB006755 (PCDH7), NMi0l4476 (PDLIM3), 
BC126199 (PKP-2), BC090862 (RTNl), BC002538 (SER 
PINB9), BC023312 (ST3GAL6), BC00201 
(ST6GALNAC5), BC126160 or BC065328 (SLC12A8), 
BC025697 (TCF21), BC096235 (TGFB2), BC005046 
(VTN), and BC005001 (ZC3H12A) as of December 2006. 

[0022] In a more speci?c embodiment, said stem cell 
expresses ACTG2, ADARBI, AMIGO2, ARTS-l, 
B4GALT6, BCHE, Cllorf9, CD200, COL4A1, COL4A2, 
CPA4, DMD, DSC3, DSG2, ELOVL2, F2RL1, FLJ10781, 
GATA6, GPR126, GPRCSB, HLA-G, ICAMl, IER3, 
IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, LIPG, LRAP, 
MATN2, MEST, NFE2L3, NUAKI, PCDH7, PDLIM3, 
PKP2, RTNl, SERPINB9, ST3GAL6, ST6GALNAC5, 
SLC12A8, TCF21, TGFB2, VTN, and ZC3H12A at a 
detectably higher level than a bone marroW-derived mesen 
chymal stem cell. 

[0023] In more speci?c embodiments, the invention also 
provides any of the populations of isolated stem cells above, 
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Wherein said stem cells express one or more genes at a 
detectably higher level than a population of bone marroW 
derived mesenchymal stem cells, Wherein said one or more 
genes are selected from the group consisting of ACTG2, 
ADARBI, AMIGO2, ARTS-l, B4GALT6, BCHE, Cl lorf9, 
CD200, COL4A1, COL4A2, CPA4, DMD, DSC3, DSG2, 
ELOVL2, F2RL1, FLJ10781, GATA6, GPR126, GPRCSB, 
HLA-G, ICAMl, IER3, IGFBP7, ILlA, IL6, IL18, KRT18, 
KRT8, LIPG, LRAP, MATN2, MEST, NFE2L3, NUAKI, 
PCDH7, PDLIM3, PKP2, RTNl, SERPINB9, ST3GAL6, 
ST6GALNAC5, SLC12A8, TCF21, TGFB2, VTN, and 
ZC3H12A, and Wherein said population of bone marroW 
derived stem cells has undergone a number of passages in 
culture equivalent to the number of passages said placental 
stem cell has undergone, and Wherein said population of 
bone marroW-derived mesenchymal stem cells has a number 
of cells equivalent to said population of isolated stem cells. 
In a more speci?c embodiment, the population of isolated 
stem cells expresses ACTG2, ADARB l , AMIGO2, ARTS-l, 
B4GALT6, BCHE, Cllorf9, CD200, COL4A1, COL4A2, 
CPA4, DMD, DSC3, DSG2, ELOVL2, F2RL1, FLJ10781, 
GATA6, GPR126, GPRCSB, HLA-G, ICAMl, IER3, 
IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, LIPG, LRAP, 
MATN2, MEST, NFE2L3, NUAKI, PCDH7, PDLIM3, 
PKP2, RTNl, SERPINB9, ST3GAL6, ST6GALNAC5, 
SLC12A8, TCF21, TGFB2, VTN, and ZC3H12A at a 
detectably higher level than said population of isolated bone 
marroW-derived mesenchymal stem cells. 

[0024] In more speci?c embodiments of methods of 
selecting cell populations, the invention also provides meth 
ods of selecting one of the above-mentioned cell popula 
tions, comprising selecting cells that express one or more 
genes at a detectably higher level than a bone marroW 
derived mesenchymal stem cell, Wherein said one or more 
genes are selected from the group consisting of ACTG2, 
ADARB1,AMIGO2, ARTS-l, B4GALT6, BCHE, Cl lorf9, 
CD200, COL4A1, COL4A2, CPA4, DMD, DSC3, DSG2, 
ELOVL2, F2RL1, FLJ10781, GATA6, GPR126, GPRCSB, 
HLA-G, ICAMl, IER3, IGFBP7, ILlA, IL6, IL18, KRT18, 
KRT8, LIPG, LRAP, MATN2, MEST, NFE2L3, NUAKI, 
PCDH7, PDLIM3, PKP2, RTNl, SERPINB9, ST3GAL6, 
ST6GALNAC5, SLC12A8, TCF21, TGFB2, VTN, and 
ZC3H12A, and Wherein said bone marroW derived stem cell 
has undergone a number of passages in culture equivalent to 
the number of passages said placental stem cell has under 
gone. In a more speci?c embodiment, said selecting com 
prises selecting cells that express ACTG2, ADARBI, 
AMIGO2, ARTS-l, B4GALT6, BCHE, Cllorf9, CD200, 
COL4A1, COL4A2, CPA4, DMD, DSC3, DSG2, ELOVL2, 
F2RL1, FLJ10781, GATA6, GPR126, GPRCSB, HLA-G, 
ICAMl, IER3, IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, 
LIPG, LRAP, MATN2, MEST, NFE2L3, NUAKI, PCDH7, 
PDLIM3, PKP2, RTNl, SERPINB9, ST3GAL6, 
ST6GALNAC5, SLC12A8, TCF21, TGFB2, VTN and 
ZC3H12A at a detectably higher level than a bone marroW 
derived mesenchymal stem cell. 

[0025] The invention also provides compositions that 
comprise one or more of the stem cells of the invention, 
Wherein the stem cell has been isolated from the placenta. 
Thus, the invention further provides a composition compris 
ing a stem cell, Wherein said stem cell is CD200+ and 
HLA-G". In a speci?c embodiment, said stem cell is CD73+ 
and CD105". In another speci?c embodiment, said stem cell 
is CD34“, CD38“ or CD45“. In another speci?c embodi 
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ment, said stem cell is CD34“, CD38“ and CD45“. In a more 
speci?c embodiment, said stem cell is CD34‘, CD38‘, 
CD45‘, CD73", CD105", CD200+ and HLA-G". 

[0026] In another embodiment, the invention provides a 
composition comprising a stem cell, Wherein said stem cell 
is CD73", CD105+ and CD200". In a speci?c embodiment, 
said stem cell is HLA-G". In another speci?c embodiment, 
said stem cell is CD34“, CD38“ or CD45“. In another 
speci?c embodiment, said stem cell is CD34‘, CD38- and 
CD45“. In another speci?c embodiment, said stem cell is 
CD34‘, CD38‘, CD45‘, and HLA-G". 

[0027] In another embodiment, the invention provides a 
composition comprising a stem cell, Wherein said stem cell 
is CD200+ and OCT-4+. In a speci?c embodiment, said stem 
cell is CD73+ and CD105". In another speci?c embodiment, 
said stem cell is HLA-G". In another speci?c embodiment, 
said stem cell is CD34“, CD38“ or CD45“. In another 
speci?c embodiment, said stem cell is CD34‘, CD38- and 
CD45“. In another speci?c embodiment, said stem cell is 
CD34‘, CD38‘, CD45‘, CD73", CD105", and HLA-G". 

[0028] In another embodiment, the invention provides a 
composition comprising a stem cell that is CD73+ and 
CD105", Wherein said stem cell facilitates formation of an 
embryoid-like body in a population of isolated placental 
cells comprising said stem cell under conditions that alloW 
the formation of an embryoid-like body. In a speci?c 
embodiment, said stem cell is CD34‘, CD38- or CD45‘. In 
another speci?c embodiment, said stem cell is OCT-4+. In 
another speci?c embodiment, said stem cell is CD200". In 
another speci?c embodiment, said stem cell is OCT-4+, 
CD200", CD34‘, CD38- and CD45‘. 

[0029] In yet another embodiment, the invention provides 
a composition comprising a stem cell that is CD73", 
CD105+ and HLA-G". In a speci?c embodiment, said stem 
cell is CD34“, CD38“ or CD45“. In another speci?c embodi 
ment, said stem cell is OCT-4+. In another speci?c embodi 
ment, said stem cell is CD200". In another speci?c embodi 
ment, said stem cell is OCT-4+, CD200", CD34“, CD38“ 
and CD45‘. 

[0030] In another embodiment, the invention provides a 
composition comprising a stem cell that is OCT-4+, Wherein 
said stem cell facilitates formation of an embryoid-like body 
in a population of isolated placental cells comprising said 
stem cell under conditions that alloW the formation of an 
embryoid-like body. In a speci?c embodiment, said stem cell 
is CD73+ and CD105". In another speci?c embodiment, said 
stem cell is CD34“, CD38“ and CD45“. In another speci?c 
embodiment, said stem cell is CD200". In another speci?c 
embodiment, said stem cell is CD73", CD105", CD200", 
CD34‘, CD38- and CD45‘. 

[0031] In more speci?c embodiments of the above com 
positions, said stem cell expresses one or more genes at a 
detectably higher level than a bone marroW-derived mesen 
chymal stem cell, Wherein said one or more genes are 
selected from the group consisting of ACTG2, ADARBl, 
AMIGO2, ARTS-l, B4GALT6, BCHE, Cllorf9, CD200, 
COL4A1, COL4A2, CPA4, DMD, DSC3, DSG2, ELOVL2, 
F2RL1, FLJ10781, GATA6, GPR126, GPRCSB, HLA-G, 
ICAMl, IER3, IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, 
LIPG, LRAP, MATN2, MEST, NFE2L3, NUAKl, PCDH7, 
PDLIM3, PKP2, RTNl, SERPINB9, ST3GAL6, 
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ST6GALNAC5, SLC12A8, TCF21, TGFB2, VTN, and 
ZC3H12A, and Wherein said bone marroW derived stem cell 
has undergone a number of passages in culture equivalent to 
the number of passages said placental stem cell has under 
gone. In a more speci?c embodiment of the above compo 
sitions, said stem cells express ACTG2, ADARBl, 
AMIGO2, ARTS-l, B4GALT6, BCHE, Cllorf9, CD200, 
COL4A1, COL4A2, CPA4, DMD, DSC3, DSG2, ELOVL2, 
F2RL1, FLJ10781, GATA6, GPR126, GPRCSB, HLA-G, 
ICAMl, IER3, IGFBP7, ILlA, IL6, IL18, KRT18, KRT8, 
LIPG, LRAP, MATN2, MEST, NFE2L3, NUAKl, PCDH7, 
PDLIM3, PKP2, RTNl, SERPINB9, ST3GAL6, 
ST6GALNAC5, SLC12A8, TCF21, TGFB2, VTN, and 
ZC3H12A at a detectably higher level than a population of 
isolated bone marroW-derived mesenchymal stem cell, 
Wherein said population of stem cells and said population of 
bone marroW-derived mesenchymal cells have equivalent 
numbers of cells. 

[0032] In another speci?c embodiment, any of the fore 
going compositions comprises a matrix. In a more speci?c 
embodiment, said matrix is a three-dimensional scaffold. In 
another more speci?c embodiment, said matrix comprises 
collagen, gelatin, laminin, ?bronectin, pectin, ornithine, or 
vitronectin. In another more speci?c embodiment, the matrix 
is an amniotic membrane or an amniotic membrane-derived 

biomaterial. In another more speci?c embodiment, said 
matrix comprises an extracellular membrane protein. In 
another more speci?c embodiment, said matrix comprises a 
synthetic compound. In another more speci?c embodiment, 
said matrix comprises a bioactive compound. In another 
more speci?c embodiment, said bioactive compound is a 
groWth factor, cytokine, antibody, or organic molecule of 
less than 5,000 daltons. 

[0033] In another embodiment, the invention further pro 
vides a composition comprising medium conditioned by any 
of the foregoing stem cells, or any of the foregoing stem cell 
populations. In a speci?c embodiment, any such composi 
tion comprises a stem cell that is not derived from a placenta. 
In a more speci?c embodiment, said stem cell is an embry 
onic stem cell. In another more speci?c embodiment, said 
stem cell is a mesenchymal stem cell. In another more 
speci?c embodiment, said stem cell is a bone marroW 
derived stem cell. In another more speci?c embodiment, said 
stem cell is a hematopoietic progenitor cell. In another more 
speci?c embodiment, said stem cell is a somatic stem cell. 
In an even more speci?c embodiment, said somatic stem cell 
is a neural stem cell, a hepatic stem cell, a pancreatic stem 
cell, an endothelial stem cell, a cardiac stem cell, or a muscle 
stem cell. 

[0034] The invention also provides methods for producing 
populations of stem cells derived from mammalian placenta. 
In one embodiment, for example, the invention provides a 
method of producing a cell population comprising selecting 
cells that (a) adhere to a substrate, and (b) express CD200 
and HLA-G; and isolating said cells from other cells to form 
a cell population. In another embodiment, the invention 
provides a method of producing a cell population, compris 
ing selecting cells that (a) adhere to a substrate, and (b) 
express CD73, CD105, and CD200; and isolating said cells 
from other cells to form a cell population. In another 
embodiment, the invention provides a method of producing 
a cell population, comprising selecting cells that (a) adhere 
to a substrate and (b) express CD200 and OCT-4; and 
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isolating said cells from other cells to form a cell population. 
In yet another embodiment, the invention provides a method 
of producing a cell population, comprising selecting cells 
that (a) adhere to a substrate, (b) express CD73 and CD105, 
and (c) facilitate the formation of one or more embryoid-like 
bodies When cultured With a population of placental cells 
under conditions that alloW for the formation of embryoid 
like bodies; and isolating said cells from other cells to form 
a cell population. In another embodiment, the invention 
provides a method of producing a cell population, compris 
ing selecting cells that (a) adhere to a substrate, and (b) 
express CD73, CD105 and HLA-G; and isolating said cells 
from other cells to form a cell population. The invention also 
provides a method of producing a cell population, compris 
ing selecting cells that (a) adhere to a substrate, (b) express 
OCT-4, and (c) facilitate the formation of one or more 
embryoid-like bodies When cultured With a population of 
placental cells under conditions that alloW for the formation 
of embryoid-like bodies; and isolating said cells from other 
cells to form a cell population. In a speci?c embodiment of 
any of the foregoing methods, said substrate comprises 
?bronectin. In another speci?c embodiment, the methods 
comprise selecting cells that express ABC-p. In another 
speci?c embodiment, the methods comprise selecting cells 
exhibiting at least one characteristic speci?c to a mesenchy 
mal stem cell. In a more speci?c embodiment, said charac 
teristic speci?c to a mesenchymal stem cell is expression of 
CD29, expression of CD44, expression of CD90, or expres 
sion of a combination of the foregoing. In another speci?c 
embodiment of the methods, said selecting is accomplished 
using an antibody. In another speci?c embodiment, said 
selecting is accomplished using ?oW cytometry. In another 
speci?c embodiment, said selecting is accomplished using 
magnetic beads. In another speci?c embodiment, said select 
ing is accomplished by ?uorescence-activated cell sorting. 
In another speci?c embodiment of the above methods, said 
cell population is expanded. 
[0035] The invention also provides a method of producing 
a stem cell line, comprising transforming a stem cell With a 
DNA sequence that encodes a groWth-promoting protein; 
and exposing said stem cell to conditions that promote 
production of said groWth-promoting protein. In a speci?c 
embodiment, said groWth-promoting protein is v-myc, 
N-myc, c-myc, p53, SV40 large T antigen, polyoma large T 
antigen, Ela adenovirus or human papillomavirus E7 pro 
tein. In a more speci?c embodiment, said DNA sequence is 
regulatable. In more speci?c embodiment, said DNA 
sequence is regulatable by tetracycline. In another speci?c 
embodiment, said groWth-promoting protein has a regulat 
able activity. In another speci?c embodiment, said groWth 
promoting protein is a temperature-sensitive mutant. 

[0036] The invention further provides cryopreserved stem 
cell populations. For example, the invention provides a 
population of CD200", HLA-G+ stem cells, Wherein said 
cells have been cryopreserved, and Wherein said population 
is contained Within a container. The invention also provides 
a population of CD73", CD105", CD200+ stem cells, 
Wherein said stem cells have been cryopreserved, and 
Wherein said population is contained Within a container. The 
invention also provides a population of CD200", OCT-4+ 
stem cells, Wherein said stem cells have been cryopreserved, 
and Wherein said population is contained Within a container. 
The invention also provides a population of CD73", CD105+ 
stem cells, Wherein said cells have been cryopreserved, and 
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Wherein said population is contained Within a container, and 
Wherein said stem cells facilitate the formation of one or 
more embryoid-like bodies When cultured With a population 
of placental cells under conditions that alloW for the forma 
tion of embryoid-like bodies. The invention further provides 
a population of CD73", CD105", HLA-G+ stem cells, 
Wherein said cells have been cryopreserved, and Wherein 
said population is contained Within a container. The inven 
tion also provides a population of OCT-4+ stem cells, 
Wherein said cells have been cryopreserved, Wherein said 
population is contained Within a container, and Wherein said 
stem cells facilitate the formation of one or more embryoid 
like bodies When cultured With a population of placental 
cells under conditions that alloW for the formation of embry 
oid-like bodies. In a speci?c embodiment of any of the 
foregoing cryopreserved populations, said container is a bag. 
In various speci?c embodiments, said population comprises 
about, at least, or at most 1><106 said stem cells, 5><106 said 
stem cells, 1><107 said stem cells, 5><107 said stem cells, 
1><10 said stem cells, 5><108 said stem cells, 1><109 said stem 
cells, 5><109 said stem cells, or 1><101O said stem cells. In 
other speci?c embodiments of any of the foregoing cryo 
preserved populations, said stem cells have been passaged 
about, at least, or no more than 5 times, no more than 10 
times, no more than 15 times, or no more than 20 times. In 
another speci?c embodiment of any of the foregoing cryo 
preserved populations, said stem cells have been expanded 
Within said container. 

3 .1 De?nitions 

[0037] As used herein, the term “SHZ” refers to an anti 
body that binds an epitope on the marker CD105. Thus, cells 
that are referred to as SH2+ are CD105". 

[0038] As used herein, the terms “SH3” and SH4” refer to 
antibodies that bind epitopes present on the marker CD73. 
Thus, cells that are referred to as SH3+ and/or SH4+ are 
CD73". 

[0039] As used herein, the term “isolated stem cell” means 
a stem cell that is substantially separated from other, non 
stem cells of the tissue, e.g., placenta, from Which the stem 
cell is derived. A stem cell is “isolated” ifat least 50%, 60%, 
70%, 80%, 90%, 95%, or at least 99% of the non-stem cells 
With Which the stem cell is naturally associated, or stem cells 
displaying a different marker pro?le, are removed from the 
stem cell, e.g., during collection and/or culture of the stem 
cell. 

[0040] As used herein, the term “population of isolated 
cells” means a population of cells that is substantially 
separated from other cells of the tissue, e.g., placenta, from 
Which the population of cells is derived. A stem cell is 
“isolated” if at least 50%, 60%, 70%, 80%, 90%, 95%, or at 
least 99% of the cells With Which the population of cells, or 
cells from Which the population of cells is derived, is 
naturally associated, i.e., stem cells displaying a different 
marker pro?le, are removed from the stem cell, e.g., during 
collection and/or culture of the stem cell. 

[0041] As used herein, the term “placental stem cell” 
refers to a stem cell or progenitor cell that is derived from 
a mammalian placenta, regardless of morphology, cell sur 
face markers, or the number of passages after a primary 
culture. The term “placental stem cell” as used herein does 
not, hoWever, refer to a trophoblast. A cell is considered a 



US 2008/0032401 A1 

“stem cell” if the cell retains at least one attribute of a stem 
cell, e.g., a marker or gene expression pro?le associated With 
one or more types of stem cells; the ability to replicate at 
least 10-40 times in culture, the ability to differentiate into 
cells of all three germ layers; the lack of adult (i.e., di?fer 
entiated) cell characteristics, or the like. The terms “placen 
tal stem cell” and “placenta-derived stem cell” may be used 
interchangeably. 
[0042] As used herein, a stem cell is “positive” for a 
particular marker When that marker is detectable above 
background. For example, a placental stem cell is positive 
for, e.g., CD73 because CD73 is detectable on placental 
stem cells in an amount detectably greater than background 
(in comparison to, e.g., an isotype control). A cell is also 
positive for a marker When that marker can be used to 
distinguish the cell from at least one other cell type, or can 
be used to select or isolate the cell When present or expressed 
by the cell. In the context of, e.g., antibody-mediated detec 
tion, “positive,” as an indication a particular cell surface 
marker is present, means that the marker is detectable using 
an antibody, e.g., a ?uorescently-labeled antibody, speci?c 
for that marker; “positive” also means that a cell bears that 
marker in a amount that produces a signal, e.g., in a 
cytometer, that is detectably above background. For 
example, a cell is “CD200+” Where the cell is detectably 
labeled With an antibody speci?c to CD200, and the signal 
from the antibody is detectably higher than a control (e.g., 
background). Conversely, “negative” in the same context 
means that the cell surface marker is not detectable using an 
antibody speci?c for that marker compared to background. 
For example, a cell is “CD34'” Where the cell is not 
detectably labeled With an antibody speci?c to CD34. 
Unless otherWise noted herein, cluster of differentiation 
(“CD”) markers are detected using antibodies. OCT-4 is 
determined to be present, and a cell is “OCT-4+” if OCT-4 
is detectable using RT-PCR. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0043] FIG. 1: Viability of placental stem cells from 
perfusion (A), amnion (B), chorion (C), amnion-chorion 
plate (D) or umbilical cord (E). Numbers on X-axis desig 
nate placenta from Which stem cells Were obtained. 

[0044] FIG. 2: Percent HLA ABC_/CD45_/CD34_/ 
CD133+ cells from perfusion (A), amnion (B), chorion (C), 
amnion-chorion plate (D) or umbilical cord (E) as deter 
mined by FACSCalibur. Numbers on X-axis designate pla 
centa from Which stem cells Were obtained. 

[0045] FIG. 3: Percent HLA ABC_/CD45_/CD34_/ 
CD133+ cells from perfusion (A), amnion (B), chorion (C), 
amnion-chorion plate (D) or umbilical cord (E), as deter 
mined by FACS Aria. Numbers on X-axis designate placenta 
from Which stem cells Were obtained. 

[0046] FIG. 4: HLA-G, CD10, CD13, CD33, CD38, 
CD44, CD90, CD105, CD117, CD200 expression in stem 
cells derived from placental perfusate. 

[0047] FIG. 5: HLA-G, CD10, CD13, CD33, CD38, 
CD44, CD90, CD105, CD117, CD200 expression in stem 
cells derived from amnion. 

[0048] FIG. 6: HLA-G, CD10, CD13, CD33, CD38, 
CD44, CD90, CD105, CD117, CD200 expression in stem 
cells derived from chorion. 
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[0049] FIG. 7: HLA-G, CD10, CD13, CD33, CD38, 
CD44, CD90, CD105, CD117, CD200 expression in stem 
cells derived from amnion-chorion plate. 

[0050] FIG. 8: HLA-G, CD10, CD13, CD33, CD38, 
CD44, CD90, CD105, CD117, CD200 expression in stem 
cells derived from umbilical cord. 

[0051] FIG. 9: Average expression of HLA-G, CD10, 
CD13, CD33, CD38, CD44, CD90, CD105, CD117, CD200 
expression in stem cells derived from perfusion (A), amnion 
(B), chorion (C), amnion-chorion plate (D) or umbilical cord 
(E) 
[0052] FIG. 10: Culture time courses for amnion/chorion 
(AC), umbilical cord (UC), bone marroW-derived stem cell 
(BM-MSC) and human dermal ?broblast (NHDF) cell lines 
used in this study. All cultures Were groWn and propagated 
using the same seeding and passage densities. Circles indi 
cate Which cultures Were used for RNA isolation. Late 
cultures Were harvested just prior to senescence. TWo UC 
cultures Were harvested at 38 doublings (U C-38) to compare 
the effect of trypsiniZation on gene expression. All other 
cultures Were lysed directly in their culture ?asks prior to 
RNA isolation. 

[0053] FIG. 11: Line plot of relative expression levels of 
8215 genes in amnion/chorion (AC), umbilical cord (UC), 
bone marroW-derived stem cell (BM-MSC) and human 
dermal ?broblast (DF) cells. The number associated With 
each cell line designation on the X-axis indicates the number 
of days the cell line Was cultured prior to evaluation of gene 
expression levels. The chart Was generated from RNA 
expression data analyZed by GeneSpring softWare. AC-03 
Was used as the selected condition. 

[0054] FIG. 12: Subset of the all genes list shoWing genes 
over-expressed 26-fold in AC-03 for amnion/chorion (AC), 
umbilical cord (UC), bone marroW-derived stem cell (BM 
MSC) and human dermal ?broblast (DF) cells. The number 
associated With each cell line designation on the X-axis 
indicates the number of days the cell line Was cultured prior 
to evaluation of gene expression levels. The chart Was 
generated from RNA expression data analyZed by Gene 
Spring softWare. AC-03 Was used as the selected condition. 

[0055] FIG. 13: Placental stem cell-speci?c or umbilical 
cord stem cell-speci?c genes found by fold change ?ltering 
for amnion/chorion (AC), umbilical cord (UC), bone mar 
roW-derived stem cell (BM-MSC) and human dermal ?bro 
blast (DF) cells. The number associated With each cell line 
designation on the X-axis indicates the number of days the 
cell line Was cultured prior to evaluation of gene expression 
levels. The chart Was generated from RNA expression data 
analyZed by GeneSpring softWare. AC-03 Was used as the 
selected condition. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

5.1 Placental Stem Cells and Placental Stem Cell 
Populations 

[0056] Placental stem cells are stem cells, obtainable from 
a placenta or part thereof, that adhere to a tissue culture 
substrate and have the capacity to differentiate into non 
placental cell types. Placental stem cells can be either fetal 
or maternal in origin (that is, can have the genotype of either 


















































































